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Foreword: The Importance of Integrating
Cultural Heritage into the UN Ocean Decade

The broadest aim of the UN Decade of Ocean Science for Sustainable Development
2021-2030 is to build scientific capacity and generate knowledge. The initiative
promotes a common framework for supporting stakeholders to study and assess the
health of the world’s ocean. By design, the Ocean Decade fully recognises that there
needs to be a ‘paradigm shift’ in how ocean science is obtained, and knowledge is
generated (IOC/UNESCO, 2020a, p. 6).

The relevance of cultural heritage to the Ocean Decade is due to the direct link
the initiative makes between ocean science and sustainable development, and ulti-
mately between science and tangible changes in the world’s conditions. The Ocean
Decade is therefore also directly linked to the United Nations’ (UN) 2030 Sustainable
Development Agenda and Sustainable Development Goals (SDGs). The goal that
expressly addresses the marine environment, SDG 14 ‘Life below water’, advocates
for the conservation and sustainable use of ‘the oceans, seas and marine resources
for sustainable development’,! but there is no specific SDG that addresses culture or
cultural heritage, although it is a target of SDG 11. The ocean contains interwoven
resources, both natural and cultural — tangible and intangible, that we want to con-
serve and pass onto future generations: our Ocean Heritage. Knowledge generated
from Ocean Heritage data about materials and societies of the past has a significant
role in delivering many of the SDGs,? and all the more so with SDG 14.

Public interest in both tangible and intangible cultural heritage is considerable,
and it is often an integral characteristic of what people seek out and enjoy at the
coast and under water. Cultural heritage already makes a significant contribution to
the environmental, social, and economic pillars of sustainable development — at
least in some parts of the world and in some specific marine environments.
Unfortunately, this is under-recognised and relatively little has been done to support
or enhance the contribution already made by cultural heritage globally. The Ocean

"https://sdgs.un.org/goals/goal 14

>Noting here the relevance of UNESCO’s Thematic Indicators for Culture in the 2030 Agenda to
the Decade: https://whc.unesco.org/en/culture2030indicators
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Decade can provide an opportunity to ensure that insights from studying the past
play a full role in shaping the transformative ocean sciences. The Ocean Decade
provides us with an opportune moment to reflect: How is our ocean investigated?
How can the historical dimension of people’s relationship with the sea be better
integrated within ocean science? How can we ensure that cultural heritage is per-
ceived as integral natural and cultural heritage within maritime landscapes and sea-
scapes — Ocean Heritage? How can we ensure that this Ocean Heritage is holistically
considered, protected, and managed?

The UN Ocean Decade’s Implementation Plan is built up from Actions which are
initiated and undertaken by stakeholders and contribute to the Decade’s Objectives
and Challenges, ultimately helping to achieve seven Societal Outcomes:

1. A clean ocean where sources of pollution are identified and reduced or removed.

2. A healthy and resilient ocean where marine ecosystems are understood, pro-
tected, restored, and managed.

3. A productive ocean supporting sustainable food supply and a sustainable ocean
economy.

4. A predicted ocean where society understands and can respond to changing
ocean conditions.

5. A safe ocean where life and livelihoods are protected from ocean-related
hazards.

6. An accessible ocean with open and equitable access to data, information and
technology, and innovation.

7. An inspiring and engaging ocean where society understands and values the
ocean in relation to human wellbeing and sustainable development (IOC/
UNESCO, 2020b).

Clearly, the emphasis of the Ocean Decade was conceived to focus on the contri-
bution and data of the physical oceanographic sciences such as hydrography, bio-
logical, chemical, and geological oceanography. The fields of studying and
documenting the tangible remains of cultural Ocean Heritage (maritime archaeol-
ogy and archaeological oceanography) are usually perceived as minor partners to or
on the receiving end of data from these other disciplines. This should not be the case.

Human interaction with the historic environment, embodied in intangible tradi-
tional knowledge, is essential to understanding the state and health of our present
ocean and to help forecast change, in particular related to coastal fisheries. Tangible
cultural heritage, embodied by coastal sites as well as shallow- and deep-water sites
like submerged settlements and shipwrecks, can help us understand how marine
ecosystems achieved their present form and to identify the pressures upon them.
Studies of cultural heritage can provide historical datasets to help us gauge patterns
regarding pollution, impacts from climate change, and other short- and long-term
hazards such as deep-sea trawling and ocean acidification (Trakadas, 2022). This
argument can be perhaps outlined more clearly by framing it within the Ocean
Decade’s Outcomes:
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1. A clean ocean: Cultural heritage can contribute to a clean ocean by enabling
better understanding of the extent and risks of legacy pollution from shipwrecks,
mining waste, and land-based sources. A clean ocean is also important for the
long-term preservation of cultural heritage.

2. A healthy and resilient ocean: Culture heritage is fundamental to understand-
ing how many coastal and marine ecosystems achieved their present form and to
understanding the pressures upon them. Cultural heritage can be an important
component of marine ecosystems.

3. A predicted ocean: Understanding the ‘Ocean Past’ (human interaction with the
historic environment) is essential to understanding our ocean at present and to
forecasting change and its implications for human well-being and livelihoods.

4. A safe ocean: Cultural heritage informs the understanding of coastal inhabita-
tion and intervention in the past and present, including the impact of previous
catastrophes, to identify risks, present examples of human adaptations, and
encourage resilience.

5. A sustainably harvested and productive ocean: Cultural heritage is a major
contributor to the Blue Economy, especially through recreation and tourism, and
increasing productivity should enhance, not damage, irreplaceable cultural heri-
tage. This volume specifically focuses on how trawling damages and can even
remove cultural heritage on the seabed — it is not only unsafe for fisherman, but
detrimental to our shared Ocean Heritage (Fig. 1).

Fig.1 The wreck of a barge, likely damaged by bottom trawling, located in northern Qatari waters
recording during the first week of the Qatar MAP project, May 2017. Diving was undertaken from
the Qatar University research vessel RV Janan. Sketchfab image Courtesy Maritime Archaeology
Trust, UK
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6. A transparent and accessible ocean: Information about cultural heritage is
also essential to understanding the past, present, and future of humanity’s rela-
tionship with the seas and oceans.

7. An inspiring and engaging ocean: Information about cultural heritage is fasci-
nating to the public and enables engagement with many topics of Ocean Literacy
(modified from Trakadas et al., 2019).

In order to achieve the desired Outcomes of the Ocean Decade, each require a
historical perspective on human-ocean interactions. Therefore, the Decade presents
an opportunity to increase the contribution of cultural heritage to transformative
ocean research and to plan for its present and future management. I hope that by
2030 — at the end of the Ocean Decade — we have arrived at a paradigm shift, where
cultural heritage is considered an integral ocean science data set.

Throughout the Ocean Decade, a direct link is emphasised between science and
measurable changes in the world’s conditions. Halting the decline of the marine
environments depends on people: hence, understanding how people behave and have
behaved with respect to the sea is critically important. The wealth of knowledge
generated from Ocean Heritage data about past materials and societies’ interactions
with the sea can and will play a significant role in delivering SDG 14. Our contention
is not just ‘how can cultural heritage help deliver the Ocean Decade, but without
cultural heritage, how can you deliver the Decade’ (Trakadas et al., 2019, p. 163)?

The Ocean Decade Heritage Network Athena Trakadas
Copenhagen, Denmark
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Chapter 1
Introduction

Charlotte Jarvis

Trawling has been recognised as a profoundly damaging practice with lasting nega-
tive consequences on seabed ecology and marine life since its first mention in a
1376 parliamentary petition. Mobile fishing gear (including any dredge, trawl, or
similar device) is used to tow or push a net with a boat to catch fish. Bottom trawl-
ing, in particular, grew from a need to keep up with declining fish stocks and devel-
oped further with technological changes and increased demands, though it created
‘anger and resentment’ within the fishing communities (Bolster, 2012, p. 236). All
three trawling revolutions—invention, mechanisation, and later deep-water expan-
sion—have been met with controversy and pushback by the public and environmen-
talists alike (Roberts, 2008).

There is no doubt that trawling has decimated fish stocks globally which has
brought hardship on fishing communities. Today’s boats must work an estimated 17
times harder than in the past because there are literally fewer fish in the sea (Roberts,
2012; Thurstan et al., 2010). Every year trawlers plough areas of the seabed roughly
equal to half of the world’s continental shelves and convert the rich seafloor below
into a bleak landscape of flat nothing (Watling & Norse, 1998). With one pass by a
trawler, boulders can be displaced, large epifaunal invertebrates removed and dam-
aged, and sediment re-suspended (Freese et al., 1999). Yet little has been done to
seriously limit the practice and protect the underwater landscape.

Crucially, archaeological impacts and data are also missing from biological
reports and published articles on the practice. Trawling also has dramatic impacts
on maritime archaeology sites, though these effects are less well known. The sea-
floor landscape includes historical information and sites of cultural significance.
Bottom trawling does not just destroy the physical fish habitats—important ship-
wrecks and artefacts are lost too and ostensibly have been since the inception of
trawling. Trawling gear damages wrecks when their nets snag and are tangled with

C. Jarvis (B<)
The Ocean Foundation, Washington, DC, USA

© The Author(s) 2024 1
C. Jarvis (ed.), Threats to Our Ocean Heritage: Bottom Trawling,
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shipwreck structures, often destroying components, and the trawl doors and chains
can destroy and scatter artefacts and vessel components (Brennan, 2016).
Archaeologists have recently begun raising awareness about the impact of trawling
on their sites, and more work is needed.

Although legislation that limits trawling can help biological communities
rebound, the archaeological material lost can never be recovered. And although
efforts to illustrate sustainability in seafood, such as the Marine Stewardship Council
stamp, may attempt to show safe fishing practices, one can never be sure of the
wider harm being done, especially to Underwater Cultural Heritage (UCH). Despite
decades of research and protests against trawling from fishery scientists and marine
ecologists, archaeologists have only recently begun examining this industry’s
impacts to UCH sites.

This book serves as a call for action to address the threats to our Ocean Heritage
from the destructive activities of bottom trawling. In the follow up to his seminal
work The Unnatural History of the Sea, conservationist Callum Roberts writes in
The Ocean of Life that the ‘impacts [of trawling in this case] are discussed in isola-
tion at different meetings and by different people, who never quite see the overall
picture’ (Roberts, 2012, p. 6). He is referring to different people within the marine
scientific fields such as those focused on fishery sciences or pollution. His point
holds true, though, with a group of people many do not consider: Ocean Heritage
professionals. Underwater Cultural Heritage is an integral part of both cultural heri-
tage and natural heritage, thus making it a shared Ocean Heritage which must be
considered part of a Marine Spatial Planning programme that should ban bottom
trawling at UCH sites.

1.1 The Importance of Our Ocean Heritage

1.1.1 Cultural Heritage

The stories of our societies and our ancestors are wrapped in intangible connection
with the ocean and preserved on the seafloor as artefacts, shipwrecks, and remains
of those lost or buried at sea. Marine global heritage has largely been based on natu-
ral features, and the inextricable link between natural and cultural has been ignored.
However, UCH functions in a shared space of natural and cultural heritage: Ocean
Heritage. Bottom trawling impacts this Ocean Heritage and harms both natural and
cultural objects on the seafloor.

Coastal trawling is particularly destructive to UCH since it is where most known
wrecks are located and is where nearly all submerged landscapes, the continental
shelf where submerged prehistoric sites are located from time periods of lower
water levels, are situated (Evans et al., 2014; Bailey et al., 2017). However, there is
also a massive amount of ecological damage from trawling in coastal waters. Coastal
seas are some of the most ecologically productive areas, with delicate plants, marine
life, and complex ecological systems. A 2021 report found that trawling is most
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Fig. 1.1 The relative intensity of all types of fishing around the coast is illustrated here in tonnes
per square kilometre. (Source: Pauly D., Zeller D., Palomares M.L.D. (Editors), 2020. Sea Around
Us Concepts, Design and Data (seaaroundus.org) printed under Creative Commons Attribution
Non-Commercial 4.0 International License)

intense in the territorial (12 nautical miles offshore) seas of coastal states (Steadman
et al., 2021; Pauly et al., 2020) (Fig. 1.1).

As technology improves, archaeological investigation will move further out to
the deep sea, and those sites must be protected from trawling too. The deep-water
sites are also valuable resources since, being inaccessible for so long, they have had
the least anthropogenic damage. Remotely Operated Vehicle (ROV) technology has
allowed previously impossible deep-sea exploration and has revealed both beauti-
ful, complex habitats as well as shipwrecks that have been already damaged by
trawlers. For example, in the Black Sea and Turkey’s Mediterranean, Aegean, and
Black Sea shores (Brennan et al., 2016), there is evidence of trawl damage on deep-
water wrecks. Eregli E, one of the oldest deep-water wrecks yet discovered in the
Black Sea, could have been one of the most significant wrecks in the area, but by the
time it was found in 2011, it had already been nearly destroyed by trawling (Brennan
et al., 2016).

1.1.2 Natural Heritage

Trawling also does extensive damage to the seafloor and ecosystems within it, as
will be discussed in Chap. 2. The effects have been likened to clear cutting a forest.
Structural components of fish habitats are removed, and biodiversity is lost. For
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example, the North Sea has been heavily fished for centuries, and this increased
significantly in the 1900s (Frid et al., 2000). Information from published and unpub-
lished sources dating back 60 years shows that fishing has influenced the benthic
communities of the North Sea, with a definite change in composition of the benthos
coinciding with increased rates of trawling (Frid et al., 2000).

Important deep-sea sites have been destroyed before scientists have even been
able to study them. In deeper waters, fauna is less adapted to changes and distur-
bances to their environment. The effects of trawling here take decades, not years, to
be recovered (Jones, 1992). The morphology of the seafloor is changed over time,
as trawl gear displaces sediments and reduces the original complexity (Puig et al.,
2012). Bottom trawling has become a driver of deep seascape evolution and is com-
parable to areas destroyed by large-scale agricultural ploughing (Puig et al., 2012).

1.1.3 Underwater Cultural Heritage as Both Natural
and Cultural

UCH can support ecological marine biodiversity and helps boost sea connectivity.
A paper by Kirstin S. Meyer-Kaiser and Calvin H. Mires coined the term ‘Maritime
Heritage Ecology’, a field that must be further explored (Meyer-Kaiser & Mires,
2022) and the importance of which is highlighted in chapter 6. This is because cul-
tural heritage and natural heritage are intertwined. UCH can support ecological
marine biodiversity and helps boost sea connectivity. Natali Pearson and Benjamin
Thompson argue that it is beneficial for sites with high UCH and high natural heri-
tage to co-occur and be used strategically together (Pearson & Thompson, 2023).

Over time, shipwrecks come into equilibrium with the marine environment
around them and become part of the benthic topography (Brennan et al., 2016).
Trawling destroys this equilibrium, which often has been balanced for centuries
(Brennan et al., 2013). Shipwrecks function as artificial reefs and are crucial to
habitats. They provide shelter for juvenile species, add hard materials to an other-
wise soft seafloor, and can be as indispensable to the seafloor ecology as a natural
coral reef or seamount. Waters around protected wrecks have been documented to
produce higher fish population and biomass than in areas of high trawling with no
structures on the seafloor (Brennan, 2016; Krumholz & Brennan, 2015). Through
this process of ‘spill over’, protected shipwrecks can help increase the strength of
surrounding fish stocks. Thus, shipwrecks should not be viewed solely in a cultural
significance context. They are part of the natural ocean landscape as well and our
Ocean Heritage.

Trawling can also cause damage to potentially polluting shipwrecks (PPWs) and
further hurt the seabed ecosystem (Brennan et al., 2023). The topic of PPWs is cov-
ered in Michael Brennan’s edited volume Threats to Our Ocean Heritage: Potentially
Polluting Wrecks and a recent article highlight, through case studies, the risk to oil-
containing shipwrecks posed by trawling (Brennan et al., 2023).
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It is difficult to map the history of trawling on sites, as many visible trawl scars
on the seabed fade over time, rendering them invisible to an archaeologist investi-
gating the site. There have been a few regional studies in recent years, though, that
clearly illustrate the danger faced by historic sites. In this book, after an introduction
to the history of bottom trawling and the ecological damage caused by mobile fish-
ing gear, Maria Pefia Ermida highlights the legal context within which bottom
trawling sits, and advocates for the precautionary principle! and duty to protect
UCH within the marine environment.

Next, case studies from some archaeological sites destroyed by trawling are used
to illustrate the destructive nature of the practice. Michael Brennan begins the case
study section with an overview of his extensive work highlighting trawl damage in
the Mediterranean and discussing more recent scholarship. The work done by
Brennan and the team in Turkey presents a method ‘to truly quantify change to a
shipwreck site over time by bottom trawling’ by conducting return visits and
repeated surveys to sites. It is proposed that ‘more work like this is needed to illus-
trate the threat posed to shipwrecks’.

The chapter from Jan Majcher, Rory Quinn, Gert Normann Andersen, and David
Gregory explores the impact of bottom trawling on individual shipwreck sites. The
authors discuss shipwrecks as process-response systems, which over time reach a
state of quasi-equilibrium that can be disrupted by the physical disturbance of
bottom-contact fishing. They draw on examples from recent geophysical surveys
carried out in the Irish, Baltic, and North Seas, examining the potential of contem-
porary geophysical techniques in tracking changes at underwater sites induced by
bottom trawling. Furthermore, knowledge gaps related to the impact of bottom-
contact fishing on UCH are identified, as well as the challenges associated with
addressing them. It can be difficult to directly detect evidence of disturbance on
dynamic seafloors, but detailed examination of wreck distribution may provide
some clues to whether structural damage to the ship can be attributed to bottom
trawling. The chapter concludes with the authors advocating for more case studies
to better understand the impact of fishing on shipwreck sites.

Calvin Mires, Benjamin Haskell, and Kirstin Meyer-Kaiser use a US National
Marine Sanctuary, Stellwagen Bank (SBMNS), as a case study to show the com-
plexities of protecting UCH at risk for trawling while also working within unique
situational requirements. SBMNS is in New England, where fishing activities are an
integral part of many people’s livelihoods and have been since long before the sanc-
tuary. Additionally, as a national sanctuary, Stellwagen’s management is also bound
to facilitate public and private activities, like fishing, while also protecting the sanc-
tuary’s resources, like Ocean Heritage. Along with providing images that show
trawling’s negative impacts on both natural and cultural heritage, the authors also
deliver a case study that highlights the voice of fishers in the area, and the needs of
all stakeholders. They show the necessity to integrate maritime historical ecology
into management systems because the Ocean Heritage that needs protection

'Also often cited as the precautionary approach.
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encompasses both natural and cultural resources. They also suggest that ‘UCH
offers many opportunities to understand ocean processes, and its archaeological and
ecological roles are intertwined’. Maritime Heritage Ecology (MHE) is part of a
solution for Stellwagen’s trawling management dilemma.

Ben Ferrari, Antony Firth, David Gregory, and Louise Sanger also discuss a road
to safeguard Ocean Heritage from trawling in a way that, crucially, also safeguards
fishers. They highlight the ‘shared concerns between heritage managers and other
stakeholders in the context of a complex marine management and stewardship envi-
ronment’, and the needs for both evidence-based characterisations of the impacts of
fishing, and their integration into consideration of site formation. They introduce
three exciting new initiatives focused on this: The European Research Council’s
Project ENDURE, Lloyd’s Register Foundation’s work on UCH protection in the
context of engineering a safe, sustainable ocean economy, and Historic England’s
work to engage with fishers to mitigate damage to UCH and develop better manage-
ment regimes. They tie their work to the notion of a rapidly growing Blue Economy
and the future strains that will be placed on ocean systems in the decades to come.
This leads to the conclusion of this volume, where possible steps forward are dis-
cussed and a call to action is made.

1.2 Steps Forward

Underwater policies formulated to manage offshore fishing based on cultural pres-
ervation are lacking. Archaeologists are significantly behind benthic ecologists and
fishery management professionals in advocating for regulation. Some trawling
restrictions have been placed after backlash in the 1990s when ecologists and fisher-
ies experts, well aware of the dangers of trawling, lobbied for more restrictions. This
research and advocation for regulation is a good start but needs more activism led
by archaeologists. There is a preferred policy for in situ preservation considered as
a first option in the 2001 UNESCO Convention but some practical measures for site
managers to address the threats from bottom trawling are needed. If in situ preserva-
tion is to be supported, moorings should be added so that shipwrecks, when left in
place, can become artificial reefs. However, what is needed most is for states and
international fishing organisations to ban bottom trawling at and around identified
UCH sites, as has already been done for some seamounts. Most importantly, trawl-
ing damage should not be allowed as a justification for salvage by treasure-hunting
companies either, as Michael Brennan discusses in Chap. 8.

These results cannot be achieved without the voice and support of the fishing
community. Wrecks can also present problems to fishers. When nets snag, gear is
lost or ruined and can be costly to replace. Shipwrecks can also endanger the lives
of those onboard vessels. In Britain, from 1976 to 2005, around 16 vessels capsised
after gear was snagged on obstructions, and many lives were lost (Atkinson, 2012).
Although some shipwreck sites have only been found because of fishers’ reports,
there is no requirement for them to do so. A clearer partnership between
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archaeologists and fishers is needed and archaeologists must understand the context
fishers operate in to communicate effectively.

The steps we take to minimise trawling damage to Ocean Heritage can pave the
way for other important ocean exploitation. Climate change will continue to threaten
our ocean (for example, sea-level-rise sinking previously terrestrial sites) and we
know ecologically why it is important to protect the ocean. While there are many
unknowns regarding deep-sea biodiversity and ecosystem services, what we do
know clearly points to vast and far-reaching damage. In other words, we know
enough from the existing trawling damage that tells us we should stop similar prac-
tices, like seabed mining, immediately.

We must use precautionary measures, explained by Maria Pefla Ermida in Chap. 3
and not start further exploitative practices. This is particularly important when talk-
ing about the deep-sea, since it is often left out of conversations about the ocean,
which in turn have been left out of discussions about climate and environment. In
fact, these things are all crucial and deeply connected. We cannot predict what sites
are yet to be discovered and which are historically significant. Trawling is a danger,
both to fish populations and habitats, as well as cultural landscapes. There should
not be a choice between humans and the natural world. Restrictions must be passed
as soon as possible to prevent further destruction to our Ocean Heritage.
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Chapter 2
History of Trawling and Ecological Impact

Check for
updates

Charlotte Jarvis and Michael L. Brennan

2.1 The History of Trawling

Bottom trawling developed from the practice of fishing with a net or long lines, but
that older style was able to be more controlled and discriminate in its catch. With
bottom trawling, nets are weighted to keep them low along the seafloor and a large
beam on deck spreads nets wide to increase catch. Marine biologists and environ-
mentalists have been concerned about trawling since it began. As far back as 1376,
the English parliament highlighted the destructive nature of the practice to fish pop-
ulations and habitats, noting that it ‘runs so heavily and hardly over the ground
when fishing that it destroys the flowers of the land’ and takes so many fish ‘to the
great damage of the commons and the destruction of the fisheries’ (Petition by the
Commons to King Edward III, 1376 seen in Bolster, 2012). This first known men-
tion of trawling calls for the removal of the practice and yet the activity endures.
Trawling in Europe continued sporadically through the medieval and early modern
periods using mainly the beam trawl method until the early nineteenth century when
the industrial revolution pushed the technology further.

By 1840, fishers using sail power were already noticing depleted stocks, so
changes developed out of a necessity to compensate for a declining catch. The intro-
duction of steam-powered vessels ushered in a new modern era of commercial fish-
ing (Roberts, 2012). The first purpose-built British steam trawling vessels were
completed in 1881 and could gather four times more fish per catch than a sailing
vessel (Bolster, 2012). Steam powered vessels were not as limited by weather and
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had the strength to power nets with chain reinforcements on the seafloor. By the end
of the nineteenth century, this enabled the transition to the otter trawl, where two
‘doors’ are used to open the nets and accommodating larger nets (see Fig. 2.1 for a
comparison of the methods) (National Research Council, NRC, 2002). Net size was
no longer limited by the length of the vessel or the wooden beam, but by the power
of the tow vessel (Atkinson, 2012). Beam trawling remained popular in some
European countries, though and while otter trawl use increased, beam trawls were
never fully abandoned (Ferrari, 1995).

In the United States, scientists initially welcomed trawling as it gathered more
fish to study and, since they believed the sea to be limitless, they were unconcerned
about the practice (Bolster, 2012). Beam trawlers were introduced just before the
twentieth century in Cape Cod and soon gasoline powered engines revolutionised
the industry (NRC, 2002). In 1912, Congress appointed funds to the Bureau of
Fisheries to investigate ‘whether or not this method of fishing is destructive to the

Fig. 2.1 A beam trawl (top) and otter trawl (bottom). (Source: Ecomare/Oscar Bos, licensed under
the Creative Commons Attribution-Share Alike 4.0 International)
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fish species or is otherwise harmful’ (Bureau of Fisheries, 1914 and quoted in
Bolster, 2012, p. 258). Two and a half years later, the report was published and, in
an effort to prevent monopolies, did not recommend the prohibition of the practice
and opened the door to large-scale otter trawling in ‘certain definite banks and
grounds’, though it admitted ‘While the facts before us show no proof or presump-
tion of any depletion of the fisheries on the banks frequented by American otter
trawlers... it is possible that the seeds of damage already have been sown and that
their fruits may appear in the future’ (Bureau of Fisheries, 1914 and quoted in
Bolster, 2012, p. 258).

Arguably the most detrimental technological advance came after World War
II. Factory-sized, freezer-equipped trawlers were introduced that had stern ramps to
accommodate larger nets, quick freeze facilities and storage, and fishmeal process-
ing machines onboard. The increase in cod catches off Newfoundland are a good
example to illustrate the effects. From 1875 to 1955, steam and gasoline power
caused catches to rise from 160,000 to 300,000 metric tons. New factory trawlers
brought in 500,000 tons in 1960 and 800,000 tons in 1967. These examples also
illustrate how quickly stocks can become depleted, however, because over the next
9 years, catches fell to 150,000 tons (Bolster, 2012).

Trawling spread to greater depths, spearheaded by the Soviet Union, and it
quickly grew into a global industry. Previously, the high seas were regarded as too
dangerous and not economically worth fishing, but the 1950s and 1960s saw the rise
of echosounders and increased access to areas beyond the reach of shallow trawls.
But these new fishing grounds often had rough seafloors that shredded the nets. In
response, a technology was developed to shield the nets from obstructions, but
which also significantly increased the destructive power of trawls. ‘Rockhopper
gears’, measuring up to 1 m in diameter and weighing hundreds of kilograms, are
massive steel rubber rollers attached to ground ropes on trawl nets, enabling the nets
to roll over obstacles, but which increase the damage to the seabed (He et al., 2021;
Watling & Norse, 1998). “Tickler chains’ would also be added ahead of the ground
rope to scrape the seafloor and drum up catch (Jones, 1992; Watling & Norse, 1998)
(Figs. 2.2 and 2.3).

Fig. 2.2 Rockhopper gear (left) and position on a trawling net (right). (Source Seafish: www.seaf-
ish.org/ reprinted with permission)
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Fig. 2.3 Trawling net with tickler chains towed ahead of net. (Source Seafish: www.seafish.org/
reprinted with permission)

Commercial fishers now had the technology to send their boats out for longer,
fish further away, and fish faster with larger nets (NRC, 2002). Eastern European
nations took these to a new level creating ‘floating towns built for the sole purpose
of processing marine life into food” (Roberts, 2008, p. 189). Biologically productive
deep seamounts became the new targets and using sonar, vessels could trawl through
a large group of fish taking in 50-60 tonnes in a few minutes (Roberts, 2008).

Today, trawling has grown to previously unimaginable rates. The nets used, some
measuring more than 4 stories tall, cut paths through the seafloor at least 100 m
wide, pulling in fish at unsustainable rates—a recent FAO report shows that one-
third of global fish stocks are overfished (FAO, 2020). A study by Villy Christensen
and his team estimated that today’s fish stocks are a tenth of what they were in 1900,
and two thirds of that destruction comes from 1950 onwards (Christensen et al.,
2003). But, as Callum Roberts shows, by 1900 stocks were already heavily decreased
so the real number is more likely less than 5% of natural levels (Roberts, 2008).

Many nets are made of synthetic materials which do not break easily when
snagged, allowing for higher powered vessels (Brennan, 2016). These nets also
make up the largest portion of marine debris and plastic pollution in the ocean
(Napper et al., 2022). With modern improved gear and electronics, vessels use sonar
to target schools of fish and specific bathymetric areas, allowing for fishing over
targeted areas of seabed, and drag their nets over rougher seafloor than before, deci-
mating fish populations to a greater extent (Pederson & Dorsey, 1997).

2.1.1 Dredging

Trawling is not the only method of bottom fishing, and in many cases the impacts of
dredging on the seabed are just as harmful as bottom trawling. Dredging and trawl-
ing are grouped together as fishing methods known as ‘mobile fishing gear’ and
though bottom trawling is the focus of this book, dredging will be briefly sum-
marised. A dredge is a cage-like contraption, sometimes with a scraper blade or


http://www.seafish.org/

2 History of Trawling and Ecological Impact 13

teeth on the lower part, which is towed behind the vessel to excavate organisms out
of substrate and capture them (He et al., 2021). Molluscs, particularly mussels, oys-
ters, scallops, and clams, are the most targeted species. Towed dredges or mecha-
nised (hydraulic) dredges are used, and these methods have similar environmental
impacts to trawling with both long- and short-term results including the elimination
of natural bottom features and flattening of substrate, shift in surface sediment,
burying of organisms, reduction in seagrass, and reduction in species abundance
(Caddy, 1973; Currie & Parry, 1996; Hall et al., 1990; Hall-Spencer, 2000; Kaiser,
1997). Dredges also carve deeper furrows in the seabed than trawls, as their target
species are within the sediment rather than on top of it (Fig. 2.4).

The historical origins of dredging are unknown but seem to predate trawling in
some areas (Ferrari, 1995). The impact on UCH is similar to bottom trawling and
many surveys and research mention dredging activity in the area (see Steinmetz’s
thesis examining trawling and dredging impacts on shipwrecks in the Mid-Atlantic
2010). For example, off the Isle of Mull, Scotland, the wreck of the Swedish general-
cargo steamship SS Hispania (built 1912) has been salvaged and visited by divers
since the 1950s. In 1999, a scallop dredger caught on the vessel and the scrapes
made by the gear damaged the hull as well as laying a mast on its side (Robertson,
2007). Additional surveys in 2001 showed further dredge damage. Dredging also
poses a significant risk to UCH found in the waters of the Arctic (Ragnarsson et al.,
2006). This is especially worrying to archaeologists because of the high level of
preservation exhibited by shipwrecks in this location (Ncevstad, 2006). Like in the
deep-sea, shipwrecks that have been undiscovered and well-preserved are damaged
by fishing activities before they can be studied. For example, scallop dredgers near
Spitsbergen have pulled anchors, ship timbers, and ceramics from the ocean and
with only a few incidents actually reported, it is difficult to know the full extent of
damage (Ncevstad, 2006). Dredge impacts have also been documented on steel
hulled wrecks, such as that of the oil tanker Coimbra, sunk off Long Island in 1942
(Brennan et al., 2023).

Fig. 2.4 Scallop dredge (left) and row of scallop dredges (right). (Source Seafish: www.seafish.
org/ reprinted with permission)


http://www.seafish.org/
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2.2 The Ecological Impact

Trawling has been shown to harm sea life and the sea floor by reducing topography,
compression and resuspension of sediments, decreasing complexity, and causing
both physical and chemical damage to the ecosystem. Trawling can penetrate sedi-
ment 20 cm or more and cut scars into the ground 1-3 m wide, causing advection
and reoxygenation of the sediment strata (Friedlander et al., 1999). The otter trawls
can rework the seafloor, sometimes moving boulders that weigh more than 30 tonnes
(Atkinson, 2012). This decreases the roughness, and thus the complexity of the bot-
tom, by smoothing the bottom structures and removing bottom fauna (Pederson &
Dorsey, 1997; Brennan et al., 2012). Structures like ripples, mesophotic reefs, and
other soft suberate habitats are destroyed (Brennan et al., 2016).

Coastal seas are some of the most ecologically productive areas and areas of
heavy trawling. Marine ecologist Callum Roberts writes that ‘the spread of trawling
caused the greatest human transformation of marine habitats’ (Roberts, 2008,
p- 156). Seas have shifted from complicated, productive, rich environments to
expanses of flat gravel and mud as continuous trawling in these fishing grounds has
eliminated entire habitats. In the Wadden Sea, for example, reefs thousands of years
old are gone and so are the bottom habitats, and fauna reliant on them (e.g., oyster
reefs, eelgrass, seaweed) (Lotze, 2005).

Trawling also resuspends sediments, which is detrimental to the sedimentary
and chemical processes occurring on the seafloor (Brennan et al., 2016). The
nutrients and toxins within the sediment can alter the chemical composition of the
habitat, which also can increase metal corrosion and organic material deteriora-
tion on shipwrecks (Duplisea et al., 2001; Mayer et al., 1991; Pilskaln et al.,
1998). The resuspension and reoxygenation of the sediments disturb the anoxic
bacterial processes occurring below the sediment-water interface and diminishes
the benthic role of bacterial decomposition of organic matter within the surface
sediments.

A more obvious impact of trawling is the decimation of fish populations.
Intensive fishing alters the balance between the young and old of a population and
when the balance is off, populations cannot recover. Areas that have been heavily
trawled become dominated by small-bodied species that can colonise and recover
quickly, displacing larger long-lived species (Olsgard et al., 2008). These smaller
benthic species can withstand the mortality imposed by trawling and then benefit
from the reduced competition in the ecosystem (Jennings et al., 2001).

The continuous intensive overfishing of target species makes it nearly impossible
for populations to recover and reduces the ability for the fishery to be sustainable.
This is shown by an example that during WWI and WWII, as the fishers and their
boats were taken into the war services, some fish populations rebounded. In the
North Sea, species benefited from the break in exploitation and when fishing
resumed in peacetime, there were larger catches than previous (Beare et al., 2010;
Holm, 2012). Inevitably, the populations crashed again, and fishers sought new
grounds.
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The effects of trawling in deep water are more pronounced. Fish species in the
deep ocean have lower growth rates and populations take longer to recover than in
coastal waters. Early 1980s catches in the deep waters of the Gulf of Maine were
twice as high as the levels that could be sustainable and by the mid-1980s, 60-80%
of species were taken (Dobbs, 2000). Various estimates of the cod population in this
area today put the numbers around one third of one percent of what it should be
(Rose, 2004). Trawlers also commonly target deep seamounts, which function as
‘refuelling stops’ for many fish species in the open ocean. The populations here, and
the benthic ecosystems, have been decimated by continuous overfishing.

Trawling has not necessarily helped fishers and the global fish market either.
Intensive trawling, through seafloor destruction and population decimations, under-
mines food webs that support the fish species we seek to catch for consumption.
Roberts estimates that fishers today pull in just 6% of what they did about a century
ago, showing that there are literally fewer fish in the sea because of human practices
(Roberts, 2012). A World Bank report, The Sunken Billions, noted that if we fished
less, the major fish stocks globally would begin to produce 40% more in a few years
and maybe 60% in European waters (Willmann & Kelleher, 2009). But fishing quo-
tas set by EU policy leaders still tend to range one third higher than the safe catch
levels recommended by their own scientists.

2.3 Regional Case Studies

Due to a number of factors, including accessibility and research conducted, not
every region of the ocean could be covered as a case study in this volume. Some of
the key findings and notable research are summarised below.

2.3.1 Pacific

The issue of heritage destruction by trawling is important to the Asia-Pacific Region
because traditionally, trawling studies with UCH have focused on European and
North American waters, even though roughly 50% (over the last decade of available
data) of all bottom trawled fish come from the continental shelf/EEZs of Asian
nations or the foreign fleets of Asian countries (Steadman et al., 2021, p. 5). Many
wrecks in the Pacific region lie in areas of heavy trawling activity and the wreck
timbers have already been damaged. For example, the Longquan Wreck is a
fifteenth-century wreck with timbers standing nearly two metres tall in the deep
water off the coast of Malaysia. It was originally found with a fairly intact cargo but
was later found to have been flattened by Thai trawling vessels (Flecker, 2002). This
was also the case with the sixteenth-century Singtai Wreck (Flecker, 2002).

Three kilometres west of Ko Si Chang, Thailand, the Chang I wreck was found
in 1982 during the excavation of a nearby site (Green et al., 1986). The site
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consisted of scattered ceramic sherds and some exposed hull timbers. The wreck
was visited in subsequent seasons and archaeological survey markers were left
behind. By the time archaeologists revisited the site in 1985, the markers from 1983
were missing, likely sheared off by trawl gear given the trawling activity in the area
and presence of trawl nets hung up on portions of the site (Green et al., 1986). The
excavators also noted there were no complete ceramic vessels found, and ‘thought
that the trawlers have scoured the surface of the site and caused material to be dam-
aged or moved off the site’ (Green et al., 1986, p. 116).

In Vietnam, less than two miles from the southern tip of Phu Quoc Island, a team
of archaeologists were invited by the Vietnam Salvage Company in 1991 to examine
anewly discovered shipwreck, later dated to the fourteenth or early fifteenth century
(Blake & Flecker, 1994). Much of the hull remained intact and the vessel was sur-
rounded by a large amount of ceramic, nearly all broken. The archaeologists, Warren
Blake and Michael Flecker, noted that ‘trawling and the use of explosives, both
common fishing methods in the area, could explain the widespread field of broken
pottery around the hull’ (Blake & Flecker, 1994, p. 73). Additionally, off the coast
of NSW Australia, many wrecks have been impacted by scallop dredgers including
the City of Launceston, Euralba, Eleutheria, the Isis, and the Lady Darling (Derksen
& Venturoni, 2011).

2.3.1.1 West Africa

The waters around West Africa present an interesting case of fisheries management,
foreign exploitation of local livelihoods, and an illustration of the lack of archaeo-
logical work in the developing world. Since the 1950s, West Africa’s fisheries have
been targeted by foreign nations including Russia, Europe, and most recently China
(Steadman et al. 2021). In the 1980s, as their own fish stocks showed signs of deple-
tion, China developed a fleet to fish in foreign waters and now deploys trawlers in
the EEZs of nearly every country in West Africa. The technologically superior for-
eign vessels can catch five times as much in one day as a small village fleet gather
in one year (Wester, 2023).

This exploitation by foreign vessels has led to conflict between the industrial
vessels and local small-scale boats where more than 250 of West African fishers die
each year because of collisions or incidents with trawling vessels (Steadman et al.
2021). Journalists have investigated the issue (e.g., Wester, 2023; Jacobs, 2017) and
highlight many cases of witnessed corruption within the African fishery inspectors
and port authorities. Illegal fishing is also rampant with many vessels catching more
than their quotas or switching off their vessel tracking systems (Welch et al., 2022).

The risks to UCH are understudied in this part of the ocean as well. Maritime
archaeology in Africa is less common when compared with places like the
Mediterranean, European waters, or North America. For example, Gregory Cook,
Rachel Horlings, and Andrew Pietruszka’s work (Cook, 2012; Cook et al., 2016;
Horlings & Cook, 2017) off the coast near Elmina Castle, Ghana was the first in the
area and other major maritime archaeology work includes work in Senegal (Guérout,
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Classical era Middle Ages
-

Fig. 2.5 An example of shipwrecks off the coast of Africa. This only shows Dutch vessels with
historic evidence for wrecking or archaeological confirmation of a vessel covering centuries of
history. Vessels like these ones are at risk from trawling. (Source: Maritime Stepping Stones
(MaSS), licensed under the Creative Commons Attribution-ShareAlike license (CC BY-SA))

1996) and Cape Verde (Smith, 2002). The potential that maritime archaeology in
West Africa is immense and could be impacted by trawling if it has not been already
(Fig. 2.5).

2.3.2 Arctic

UCH in the Arctic is also at risk from mobile fishing gear. A report commissioned
by the Nordic Council of Ministers (Ragnarsson et al., 2006) gives an excellent
overview of both the ecological damage as well as destruction of UCH presented by
Dag Neevstad. For example, when a vessel was doing maintenance work on an oil
platform in the North Sea, an 11-m-long, 2-ton, piece of a ship’s keel was found,
tangled in a net. It had, seemingly, been dragged by a trawling vessel until being
brought to the oil platform near Norway (Necevstad, 2006). Plenty of prehistoric
material, including Stone Age tools, have also been trapped in fishing gear and
removed from their contexts (Neevstad, 20006). Parts of wooden ships dating back to
the sixteenth century have also been brought up by trawlers near Greenland
(Neevstad, 2006).
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2.3.3 Prehistoric Material

It is not just shipwrecks being destroyed. Among the sites worst affected by trawlers
is Doggerland, a 30,000-km? area inhabited during the Mesolithic period (8000 years
ago), which is now under the waters of the North Sea. Hundreds of stone tools and
bones have been dragged up over the centuries as it has been continually targeted by
trawlers (Louwe Kooijmans, 1970; Ward & Larcombe, 2008; Mol et al., 2006). This
area is a valuable example of a site that is both a paleo-seascape as well as a site of
past human inhabitation and rising sea levels have put many other prehistoric land-
scapes under coastal waters.

Also in the North Sea, near Brown Bank, Dutch fishers found items dating to
7200-6000 BC and near Colijnsplaat, Netherlands, when Roman alter stones were
dragged up (Louwe Kooijmans, 1970; Hassal, 1978). Even a Neanderthal skull
fragment has been found in this area (Hublin et al., 2009) and many more examples
of prehistoric material, such as mammoth bone, have been brought up by North Sea
fishers since at least 1874 (Glimmerveen et al., 2008). English fishers have pulled
material as well, with notable studies in tools taken by oyster dredgers in Solent,
near the Isle of Wight (Momber et al., 2011) and overall interactions between fish-
ing and the North Sea’s historic environment (Firth et al., 2013).

There are many examples of this in North America too. As a result of deglacia-
tion and isostatic uplift, many indigenous sites are now covered by water, many are
located kilometres offshore. For example, in 1988 a hydraulic clam dredge on
Maryland’s eastern shore of the Chesapeake found the Nicolas Point site (Lowery
& Martin, 2009). The dredges in the area act as a ‘backhoe’ and ‘virtually every
clam dredger has discovered prehistoric artefacts while dredging’ (Lowery &
Martin, 2009, p. 160). At Nicolas Point, this included a rare Archaic-age burial fea-
ture. Additionally, fishers off the coast of Maine have found 9000-year-old tools,
which prompted an Institute of Maritime History survey sponsored by a NOAA grant.!

2.4 Management of Trawling and Fishery Sustainability

Fisheries require management at multiple levels and bottom trawling is no different.
Within a nation’s Exclusive Economic Zone (200 nautical miles from the shoreline)
the coastal state has the rights to fish and responsibility for management. Domestic
regulatory framework is the primary way this is done. Within the European Union
(EU), the Common Fisheries Policy (CFP) is in place and is managed by the
European Commission. At an international level, in the UN fisheries are managed
by the Food and Agriculture Organisation (FAO) and Straddling Fish Stocks

"https://www.maritimehistory.org/submerged-prehistoric-landscape-survey-in-blue-hill-bay-
maine/
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Agreement (the United National Fish Stock Agreement adopted 1995 and in force
in 2001) regulates fish stocks which pass through multiple countries’ EEZs.
Management and regulation of fisheries continues to advance. As European waters
are some most heavily trawled, in 2019, the European Commission implemented ‘a
global management strategy for the whole western Mediterranean’ although each
country still manages its own waters and governs which areas or seasons bottom
fishing is restricted (Vigo et al., 2023, p. 2). In other waters, however, such as south-
east Asia, trawling remains largely unregulated and non-selective (Hilborn
et al., 2023).

While bottom trawling is the largest type of physical disturbance by humans to
the marine environment, it is also an essential component of the global food supply
(Hiddink et al., 2020). The ‘magnitude of the effect of the trawl disturbance on ben-
thic communities depends on the frequency of trawling, the impact per trawl pass,
and the individual recovery rates of biota exposed to trawling’ (Hilborn et al., 2023,
p. 568; Hiddink et al., 2017). However, the idea that trawling needs to be banned
entirely and is unsustainable is not accurate. Effective management can lead to sus-
tainable fisheries. While many fish stocks worldwide are overexploited, this is a
“failure of fisheries management to control fishing pressure rather than a direct con-
sequence of the fishing gear used’ (Hilborn et al., 2023, p. 1568). In essence, bottom
trawling in some form is necessary, as it provides a form of food production, which
in fact has been shown to have a lesser footprint than other forms, such as aquacul-
ture, crops, and livestock (Hilborn et al., 2023). That having been said, bottom
trawls are the least fuel-efficient types of fishing gear, but allowing fish stocks to
rebound and be fished sustainably would minimise the distance fishing vessels need
to travel to find new grounds.

In addition to fisheries management and sustainability, another recent concern
has been the contribution of bottom trawl fishing operations to carbon emissions.
One of the major impacts to the seabed of mobile fishing gear is the resuspension of
the top strata of sediments that plows through benthic communities and alters bio-
geochemical processes at the sediment-water interface. The concern is that the
resuspension of sediments allows for more mixing of the sediments with seawater
and allow remineralisation of carbon initially buried in the seabed to be exposed
again to oxygen and prevent its sequestration (Zhang et al., 2023). Initially proposed
by Sala et al. (2022), the idea is controversial, as other scholars suggest the increase
in nutrients from the resuspended sediments that thereby increase primary produc-
tion may offset the influx of carbon. However, not to diminish the profound impact
of trawling to the marine environment, an evaluation of the carbon flux from sedi-
ments due to trawling indicates that only a fraction of sequestered carbon would
impact atmospheric CO, levels and that there is little evidence trawling has contrib-
uted directly to greenhouse gas emissions (Hilborn et al., 2023).

Nevertheless, bottom trawling must be regulated to maintain sustainable fisher-
ies worldwide, which is a trade-off between the detrimental environmental effects
with food scarcity, income, and employment (Hilborn et al., 2023). Gear modifica-
tions to lessen impacts to the seabed and minimise bycatch of protected species or
juveniles can do much to this effect. In addition, management and regulation that
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reduce the footprint of trawling has shown that this results in higher fish stock
yields than if fishing operations are spread over a wider area of seabed (Bloor
et al., 2021).

2.5 Marine Protected Areas and Spillover

Hilborn and colleagues (2023) note that sensitive habitats, such as coral reefs or
nearshore nurseries, can be protected from fishing activities effectively when loca-
tions are known and closed off to vessels, ‘prior to significant disturbance’ (p. 1573).
The same is true for non-natural hard substrate, such as shipwrecks and artificial
reefs, which provide important habitat for juvenile fish and concentrate populations.
For example, vessel-reefs off southeastern Florida were shown to support a higher
species richness and abundance than natural reefs and ‘enhanced local fish popula-
tions’ (Ross et al., 2016, p. 46). If marine protected areas can be established around
shipwreck sites, or areas of numerous wrecks, such as offshore certain historic har-
bours, they can be protected like other areas of sensitive habitat are. This creates a
win-win scenario for both marine environmental protection and cultural heritage
protection.

An additional benefit to fisheries management and ecosystem protection comes
with the concept of ‘spillover’ where protected areas can allow for populations,
especially juveniles, a safe haven to develop, and those populations would then
spillover into fishable ground, increasing the fishery. This was put forth for ancient
shipwrecks in the Mediterranean area as a management option if marine protected
areas were set up around shipwreck sites, juvenile fish populations could thrive and
spillover into other areas, thereby protecting the shipwreck sites while helping to
increase the fishery (Krumholz & Brennan, 2015). Recent research on seabed recov-
ery from trawl damage has also put forth this argument: ‘The establishment of
Marine Protected Areas, such as legally recognized no-take reserves where fishing
activity is prohibited, could be a useful management measure... the benefits obtained
from MPAs could also be observed in adjacent areas, as a result of the spillover of
adults and juveniles from the protected area’ (Vigo et al., 2023, p. 2). Management
synergy can be found here between marine environmentalists, fisheries manage-
ment, and maritime archaeologists. Developing sustainable fishing regulations and
promoting those operations, with less destructive gear, for example, can ‘offer de
facto protection for UCH’ (Pearson & Thompson, 2023), while establishing protec-
tions for UCH can also help sustain and increase fish stocks.

Commercial-scale fisheries exist due to the demand for seafood worldwide.
Technological advances in fishing gear and vessels continues to drive the industry to
put pressure on marine ecosystems (Clare et al., 2023). Marine protected areas and
other no-take type of areas are essential for overfished areas to rebound and enhance
fishery yields. Maximising mutual benefits of multi-use areas can help ‘minimize
trade-offs between conflicting preferences’ (Clare et al., 2023, p. 1297). Synergy in
cultural resources allow shipwrecks to act as artificial reefs and obtain protections
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themselves within no-fish zones around them. Wrecks have been studied as artificial
reefs. The typically vertical structures may not imitate a natural environment but
have been shown to ‘establish their own community, which is influenced by the
spatial orientation and complexity of the structure’ (Fagundes-Netto et al., 2011,
p. 104). Research off Brazil on the metal-hulled wreck of Orion indicate an increase
of juvenile fish around the wreck, supporting the spillover concept (Fagundes-Netto
et al., 2011). The trouble with establishing marine protected areas around ship-
wrecks for their protection and for establishment of protected environments is locat-
ing shipwrecks, especially those in deep water, which is a main challenge for
shipwreck preservation.
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Chapter 3
The Duty to Protect Our Ocean Heritage
from Bottom Trawling

Maria Pena Ermida

Abstract This chapter seeks to provide an overview of the legal framework sur-
rounding the protection of UCH as a part of the Marine Environment within the
context of law of the Sea, focusing particularly on the rules regarding bottom
trawling.

3.1 Introduction

A book such as this provides a platform to contribute to the discussion of the protec-
tion of Underwater Cultural Heritage (UCH) from bottom trawling. The focus of
this chapter lies in its collaboration with archaeology, joining forces with the law to
frame the protection of UCH within the legal international arena. It will provide an
overview of the framework for protecting UCH, as part of the marine environment,
from bottom trawling.

This chapter starts with a discussion of the main legal instruments that contain
provisions which flesh out a duty to protect cultural heritage, namely, the 1972
Stockholm Declaration and the World Heritage Convention, the Law of the Sea
Convention, the 1992 Rio Declaration, the 2001 UNESCO Underwater Cultural
Heritage Convention, and fits the new agreement on Biodiversity Beyond National
Jurisdiction (BBNJ) in where relevant. The chapter briefly introduces the
Precautionary Principle! and how it applies to an activity such as bottom trawling.
The final part of the chapter will bring all this together, offering a legal path toward
protecting UCH from an activity as hazardous as bottom trawling.

! Also known as the Precautionary Approach in some cases.
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Fig. 3.1 The maritime zones include the 12 nm Territorial Sea, the 24 nm Contiguous Zone, the
200 nm Exclusive Economic Zone, and the High Seas. Image from: United States Department of
State. (n.d.). Maritime zones under the international law of the sea. https://www.state.gov/
about-ecs/

The framework concerning the protection of UCH results from the interaction
between different legal entities, namely the law of the sea, environmental law, and
cultural heritage. Various legal instruments will be referred to, and although they
may seem unrelated at first, the reader will be guided through their unifying points
concerning the protection of UCH as a part of the Marine Environment.

The Law of the Sea Convention (LOSC) is the main Convention regarding the
ocean, and it strives to protect the global marine water column and the seafloor—
regardless of its distance to shore or depth. However, the current governance system
for this space is based on an underlying idea of ‘divide and conquer’, which distin-
guishes between Areas Within National Jurisdiction and Areas Beyond National
Jurisdiction. Areas Within the National Jurisdiction of states include the Territorial
Sea (LOSC 1982, Article 2), the Contiguous Zone (LOSC 1982, Article 33), the
Exclusive Economic Zone (EEZ), and the Continental Shelf (LOSC 1982, Article
76). Areas beyond National Jurisdiction include the High Seas (the water column
and resources therein beyond the EEZ of States) and the Area (the soil, subsoil, and
resources beyond the continental shelves of States) (LOSC 1982, Article 133 et
seq.; LOSC 1982, Part XI) (Fig. 3.1).

3.2 Sources of Duty to Protect Cultural Heritage

3.2.1 The 1972 Stockholm Declaration and the World
Heritage Convention

The 1972 Stockholm Declaration (Stockholm Declaration 1973) is usually cited as
instrumental in the ‘development of provisions that resulted in the 1982 Law of the
Sea Convention and the framework for the conduct of activities at sea, which must
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consider the duties to protect our natural and cultural heritage’ (Varmer, 2020, p. 88;
Schneider, 1979). It codified the customary practice of nations to balance develop-
ment with protecting the environment so that future generations may inherit it in a
healthy state. The framework contains principles that document and delineate the
duty to protect the environment and a duty to cooperate for that purpose under cus-
tomary international law. For instance, principle 4 mentions a ‘special responsibil-
ity’ to safeguard and wisely manage the heritage of wildlife and its habitat, which is
now gravely imperilled by a combination of adverse factors.

Also in 1972, the World Heritage Convention took place and played a significant
role in integrating the conservation of natural and cultural heritage. With 193 State
parties, it focused initially on terrestrial sites and traditional cultural structures.
However, it soon evolved to recognise heritage in the marine environment beyond
the territorial sea into the EEZ/CS. This move seaward continues as there are calls
for recognition of heritage in the high seas, including wreck sites such as Titanic.

Considering these two legal instruments, it is clear how the awareness of the
Global Community grew regarding the protection of UCH as a part of the Marine
Environment. This elevated UCH makes it a target of protection against human
activities capable of causing adverse impacts in the marine environment, such as
bottom trawling.

3.2.2 The 1982 UN Law of the Sea Convention

The Law of the Sea Convention, also referred to as the Constitution of the Oceans
(Koh, 1982), is the comprehensive legal framework instrument that balances spe-
cific legal values such as the flag State rights of navigation, fishing, and other uses
with the coastal State jurisdiction, and authority in the maritime zones under its
jurisdiction and even, in certain occasions, beyond them. The Convention, however,
does not contain any specific mention of bottom trawling. This practice is subject to
the general fisheries provisions of the Convention, which do not deal with this activ-
ity’s particular destructive power.

The LOSC should, however, always be read in line with the implementing agree-
ments that were adopted posteriorly, namely the 1994 Agreement on Part 11, the
1995 Fish Stocks Agreement,” and the more recent 2023 Agreement on the
Conservation and Sustainable Use of Marine Biological Diversity of Areas Beyond
National Jurisdiction (BBNJ). Although the relevance on the 1994 Agreement
regarding the issue of bottom trawling is marginal, the same cannot be said about
the latter two. While neither specifically refer to bottom trawling, they do contain
some relevant provisions for the issue at hand, which will be analysed further in this
text. However, both agreements are quite different in how they are structured. The

2The 1994 Agreement relating to the Implementation of Part XI of the United Nations Convention
on the Law of the Sea of 10 December 1982 on part XI and the 1995 Agreement for the
Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10
December 1982 Relating to the Conservation and Management of Straddling Fish Stocks and
Highly Migratory Fish Stocks.
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1995 Agreement has a purely sectoral approach while the BBNJ attempts to move
away from it, addressing ABNJ as a whole, with the goal of ‘protecting, caring for
and ensuring responsible use of the marine environment, maintaining the integrity
of ocean ecosystems and conserving the inherent value of biological diversity of
areas beyond national jurisdiction’.?

Being a widely accepted international agreement ratified by 168 nations plus the
European Union,* most of the LOSC is recognised as having codified customary
international law (Churchill, 2015, p. 30). As a result, over the past four decades, it
has been followed in practice by parties and non-parties, with many rights and obli-
gations that result from this treaty being pointed at as being customary international
law (Churchill, 2015, p. 30). This includes a duty to protect UCH.?

The LOSC does contain provisions on the ‘protection’ and ‘preservation’ of our
cultural heritage, referred to in the Convention as ‘archaeological and historical
objects’ (Scovazzi, 2017a, b).® in Articles 149 and 303. Article 303 is in the general
provisions of Part XVI of the LOSC, while Article 149 regards the Area. (LOSC
1982, Article 1 (1) (1)).” These short articles make up a broad and somewhat vague
duty to protect UCH without any definitions or further details to understand ways to
implement it. Another relevant provision in this regard is Article 192 which focuses
on the obligation of the protection of the marine environment. These provisions will
be taken as a starting point for this analysis.

3.2.2.1 Duty to Protect Cultural Heritage Under Article 149 and 303
Article 149
According to Article 149 ‘all objects of an archaeological and historical nature

found in the Area shall be preserved or disposed of for the benefit of mankind as a
whole, particular regard being paid to the preferential rights of the State or country

3BBNJ Agreement, Preamble.

41982 United Nations Convention on the Law of the Sea — Treaty Status. Retrieved September 3
2023 from https://treaties.un.org/pages/ViewDetailsIIl.aspx?src=TREATY &mtdsg_no=XXI-
6&chapter=21&Temp=mtdsg3&clang=_en#:~:text=Signatories%20%3A%20157.,Parties %20
%3A%20169.&text=CTC%2DArabic%3B%20CTC%2DChinese, 1833%2C%20p

>Take for instance the case of the US, which although being criticised for not ratifying the 2001
UNESCO Convention on the protection of UCH, has on numerous occasions adopted domestic
laws that seek to protect UCH.For example, Antiquities Act of 1906, the Archaeological Resources
Protection Act of 1979, or the National Marine Sanctuaries Act of 1972, to name a few. The US
was a facilitator in the adoption of the Agreement Concerning the Shipwrecked Vessel RMS
Titanic 2003 which mentions in its Preamble that UCH should be protected in the interest of pres-
ent and future generations.

A seemingly deceiving provision which should however be read in a broad sense to include arte-
facts undoubtedly within the field of archeology but also those of relatively recent origin but that
hold a historical weight, such as a sunken ship from WWIL For this reason, throughout this text,
for a question of clarity the term used to describe such artefacts will be Underwater Cultural
Heritage as defined in the 2001 Convention on Underwater Cultural Heritage (UCH).

"The seabed and ocean floor and subsoil thereof, beyond the limits of national jurisdiction.
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of origin, or the State of cultural origin, or the State of historical and archaeological
origin’. This gives UCH similar legal protection to the Area and its resources, which
are subject to the principle of the Common Heritage of Humankind (Scovazzi,
2017a; Aznar, 2017). Moreover, the drafters have a clear preference to protect UCH
for the public good over the private interest. Although there is no specific mention
of the protection of UCH against economic activities, such as bottom trawling, these
main ideas are cited as a source of inspiration for the duty to protect UCH contained
inthe 2001 Convention on the protection of Underwater Cultural Heritage (Scovazzi,
2017a, mn. 15).

Article 303

Article 303(1) establishes two general duties: the duty to protect UCH and the duty
to cooperate in doing so (Scovazzi, 2017b, mn.10). For instance, Article 303 (2)
limits the geographic scope of coastal State jurisdiction to protect UCH from
foreign-flagged vessels and nationals up to the 24-mile limit of the Contiguous
Zone. Beyond that, the Coastal state only holds sovereign rights over the ‘natural
resources’—a concept that does not encompass UCH (Aznar, 2014; Oxman, 1988,
p. 363; Scovazzi, 2017b, mn. 20).2 However, if a foreign national or vessel conducts
activities that trigger this jurisdiction over natural resources in the EEZ/CS, namely
due to treasure hunters, salvors, or looters, a coastal state may enforce its natural
resource regulations against them.

The LOSC also recognises that coastal States have jurisdiction, authority, and
control over the placement and management of artificial reefs. Thus, if UCH on the
CS beyond the 24 nm Contiguous Zone serves as an artificial reef (as many ship-
wrecks do), a coastal State may be able to protect, manage, and prevent looting and
unwanted salvage under that regime. This aligns with the LOSC drafters’ intention
to avoid any significant erosion of the principle of freedom of the high seas, particu-
larly regarding the ‘creeping jurisdiction’ of coastal States in areas beyond the ter-
ritorial sea (Oxman, 1988, p. 363).

There is, however, no concern for the protection of UCH indirectly harmed by
human activities, such as bottom trawling, but activities directed at the pursuit of
UCH itself. Nevertheless, it is a starting point to argue that the LOSC does establish
a duty to protect UCH against human activities, such as bottom trawling, which are
directed at exploiting resources around and that can impact UCH.

Moreover, the text in Article 303(4) implicitly recognises that there is little guid-
ance or detail concerning the scope and reach of this duty (Aznar, 2022; Varmer,
2020, p. 77; Scovazzi, 2017b), mn. 10). This provision is therefore an open clause
calling for a further expansion in international law of the duties enounced in this

$The looting in salvage is not within the scope of the rights or freedom of navigation.
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provision (Rosenne & Sohn, 1989, p. 162).° This need for further details on how to
implement this duty to protect cultural heritage has been largely addressed by the
UNESCO 2001 Convention discussed below. However, before doing so, it is worth
looking at the Duty to Protect the Marine Environment under the LOSC contained
in Article 192. This may provide better guidance, particularly when cultural heri-
tage is inextricably integrated with the natural heritage, as it is when shipwrecks act
as artificial reefs.

3.2.2.2 Duty to Protect Cultural Heritage Under Article 192

Article 192 of the LOSC establishes a ‘general obligation to protect and preserve
the marine environment’” (LOSC 1982, Article 192). Although the concept of Marine
environment is not defined in Article 1 of the LOSC, it could be argued, taking from
the preparatory works of the Convention (Malta Draft Articles, 1973), that the draft-
ers sought to go beyond an anthropocentric understanding of the term ‘environ-
ment’ and intended it to include the entire marine ecosystem, especially the habitats
of species, many targeted by bottom trawling and in areas which often contain UCH
(Czybulka, 2017, mn. 25). Thus, the obligation under Part XII provides guidance on
how to address the threat to the marine environment from bottom trawling and may
also provide guidance to how to implement the duties under Articles 303 and 149
(Varmer, 2020, p. 92).

3.2.3 The 1992 Rio Declaration

The 1992 Conference on Environment and Development in Rio de Janeiro, Brazil,
resulted in the Rio Declaration on Environment and Development, which estab-
lished in Agenda 21, a duty to protect the marine environment and to cooperate for
that purpose—expressly stemming from the 1982 LOSC.!® One of the most essen-
tial aspects of Agenda 21, however, is the fact that it identifies approaches to imple-
ment this duty and calls explicitly for integrated management and a precautionary
approach to the sustainable development and protection of the marine environment.
As Varmer notes, “While much of the focus is on the conservation of marine living
resources, the consideration of cultural heritage can be found throughout, including
environmental impact assessments and integrated management’ (Varmer,
2020, p. 88).

Predicting that the details needed for this new area of international underwater heritage law would
be addressed by State practice and presumably in a new UNESCO Convention.

1Chapter 17.1 highlights how the LOSC ‘sets forth rights and obligations of States and provides
the international basis upon which to pursue the protection and sustainable development of the
marine and coastal environment and its resources.’
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Thus, although it is undeniable that the LOSC provided the first tier of the frame-
work for the legal protection of UCH found in all maritime zones, other tools, put
into place since the signing of the LOSC, have been vital to build a structure to
protect UCH, not only from salvage and looters but also from activities with the
potential of having a negative impact on the marine environment, including bottom
trawling.

3.2.4 The UNESCO 2001 Convention

The UNESCO 2001 Convention arose as the Agreement to implement the call for
more details under LOSC Art 303(4).!! At the negotiation meetings, there was con-
sensus regarding four principles: (1) to protect and preserve UCH; (2) the preferred
first policy option of in situ preservation and adherence to the Annex Rules when a
party decides not to preserve in situ, and recovery is in the public interest; (3) no
‘commercial exploitation’ of UCH; and (4) cooperation among States to protect
UCH, particularly for training, education, and outreach. The primary purpose and
focus were to address the threat from activities directed at UCH, such as looting and
unwanted salvage. However, there are some provisions regarding human activities,
with the indirect potential of damaging or destroying UCH, such as bottom trawling.

Firstly, the preamble of the Convention highlights ‘the need to respond appropri-
ately to the possible negative impact on the underwater cultural heritage of legiti-
mate activities that may incidentally affect it’. Article 2 (3), in turn, emphasises the
idea of an obligation of preservation of UCH in the Area, as stated in Article 149 of
the LOSC, placing a general duty of protection for all UCH even if there is no direct
interest for a State in doing so (Blake, 2015, p. 99). Furthermore, Article 8 of the
2001 Convention provides that ‘States Parties may regulate and authorize activities
directed at underwater cultural heritage within their contiguous zone’, making it
clear that there is indeed an obligation to actively protect UCH through coastal state
jurisdiction, and also reinforcing the idea that the duty to protect UCH does include
economic activities that may adversely impact UCH, such as bottom trawling.

The Annex to the 2001 Convention, concerning activities directed at UCH, also
addresses the threats to natural resources and the environment around it, hinting at
the idea that UCH is, in fact, a part of the marine environment. For instance, its
drafters stated in Rule 10(l) that the project design required for all activities con-
cerning UCH, mentioned in Rule 9, must contain an environmental policy. According
to Rule 29, the project design must also be ‘adequate to ensure that the seabed and
marine life are not unduly disturbed’. This concern is again expressed in Rule 14,
which states that “The preliminary work referred to in Rule 10 (a) shall include an
assessment that evaluates the significance and vulnerability of the underwater

"'There are currently 72 parties to the 2001 Convention.
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cultural heritage and the surrounding natural environment to damage by the pro-
posed project, and the potential to obtain data that would meet the project objectives’.

Thus, the 2001 Convention provides guidance for implementing the duty to pro-
tect under the LOSC, feeding the notion that UCH is often inextricably connected
to the natural marine environment, namely when UCH also serves as an artificial
reef, thus reinforcing the protection of Article 192 of the LOSC.

3.3 The Precautionary Principle

It is generally agreed upon that applying the precautionary principle presupposes
that we are before three cumulative requirements. Firstly, the object of potential
application of this must be an activity or substance. Secondly, said object must pose
a risk of serious or irreversible harm. Thirdly, there must be scientific uncertainty
about the degree, likeliness, or type of damage that can be caused by such an activity
or substance (Recuerda, 2008, p. 10).'> However, this was not always so. In fact, in
its early stages, the focus of international environmental law was a reactive one,
centring on remedying damage that had already occurred or on preventing damage
that was sure to occur (Trail Smelter Case (US v Canada), 1938, p. 1965). Precaution,
meaning the idea of seeing beyond the cause-effect paradigm and instead thinking
of an unidentified risk or potential future harm, was not a factor that entered the
discussion for various decades. This consciousness only arose with the scientific
recognition of the delicate balance of ecosystems, the uncertainties surrounding
them, and the effects certain activities can have on them and Humankind (Jaeckel,
2017, p. 28).

This has been included in several international legal instruments, such as the
1992 Rio Declaration which is yet another instrument famous for its Principle 15 on
the Precautionary Principle and Agenda 21 of specifically, Chapter 17.22, which
calls for a precautionary approach to the protection of the marine environment, the
1995 Fish Stocks Agreement,'® and, more recently, the Agreement on the Protection
of Biodiversity Beyond National Jurisdiction, still to enter into force.

International Jurisprudence, mainly that produced by the International Tribunal
for the Law of the Sea (ITLOS), has also been an avid defender of the application of
a precautionary approach to the protection of the marine environment, including
fishing. On ITLOS alone, five occasions can be identified with such an underlying

12 Scientific uncertainty may arise due to a lack of data, the dubious origin of that data or even from
contradicting data.

3The precautionary approach may also be found in the 1992 United Nations Framework
Convention on Climate Change, the 1995 WTO Agreement on the Application of Sanitary and
Phytosanitary Measures, the 1998 Agreement on the International Dolphin Conservation Program,
the 2000 Convention on the Conservation and Management of Highly Migratory Fish Stocks in the
Western and Central Pacific Ocean, the 2001 International Convention on the Control of Harmful
Anti-Fouling Systems, and the 2001 Agreement on the Conservation of Albatrosses, to name a few.
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idea: three court cases, namely, the Southern Bluefin Tuna, the MOX Plant, and the
Land Reclamation cases, and two Advisory Opinions, specifically that on state
Responsibility concerning activities in the Area and that concerning Illegal,
Unreported, and Unregulated (IUU) Fishing.

Although the claimants mention the precautionary approach in all three court
cases in their arguments, the ITLOS did not phrase it as such. Instead, the court kept
to less compromising language such as ‘for instance’ and the use of expressions
such as ‘prudence’ and ‘caution’ (Southern Bluefin Tuna, (New Zealand v. Japan;
Australia v. Japan) 1999, para. [77]; MOX Plant (Ireland v. United Kingdom),
2001, para [84]; Land Reclamation, (Malaysia v Singapore) 2003, para [99]). The
ITLOS Advisory Opinions, however, reveal an evolution in this sense, referring
clearly to a ‘precautionary approach’ and even evoking Principle 15 of the Rio
Declaration (AO ITLOS, 2011, para. [127]). In fact, in its 2015 Advisory Opinion,
in addressing the issue concerning flag State obligations in the case of IUU Fishing,
the Tribunal already mentioned that parties should apply conservation and manage-
ment measures based on the best available scientific evidence but that if said evi-
dence is insufficient, the ‘precautionary approach’ should be applied (AO ITLOS
2015, para. [208]).

As Kiristina Gjerde beautifully puts it, ‘to ensure consistent application of prin-
ciples agreed to by the world community (...), the principles, policies, and best
practices that were adopted (...) will need to be explicitly recognized and incorpo-
rated into management action at all levels’ (Gjerde, 2006, p. 305). Thus, a path
emerges where the precautionary principle is included into both legal instruments as
well as case law. Potentially, it could even become a common standard that applies
to fishing activities, including bottom trawling (Sands et al., 2012, p. 225).

3.4 Steps Forward

The last few years have seen an increase in global concern over the impact fisheries,
and in particular bottom trawling, on the marine environment, particularly in what
concerns vulnerable marine ecosystems (VME). However, there has been little
political will to take real international action against such threats. For instance,
when United Nations General Assembly (UNGA) attempted to move towards a ban
of bottom trawling in 2006, the measures were blocked (Goodwyn, 2015, p. 808).
However, in 2007 and 2009, the UNGA adopted Resolution 61/105 and 64/72. In
both resolutions, there is a clear emphasis on a need for sustainable fisheries. In
addition, these resolutions also included a recognition of the work that was already
carried out by Regional Fisheries Management Organisations (RFMOs),'* in what
concerns bottom trawling. The latest 2011 UNGA resolution 66/68 led to a further

"“International organisations meant to regulate regional fishing activities in the high seas. For
example, North-East Atlantic Fisheries Commission or the International Commission for the
Conservation of Atlantic Tunas.
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increase in management bodies’ efforts concerning the establishment of closed
areas to protect VMESs. These resolutions have sustained a call to action for these
entities to further adopt and start to ‘implement measures, in accordance with the
precautionary approach, ecosystem approaches, and international law, for their
respective regulatory areas as a matter of priority’ (UN, 2006, Para. [83]). These
measures have been mainly of two types: Area Based Management Tools (ABMT)
and rules concerning fishing gear.

Regarding fishing gear, in 2009, FAO released the International Guidelines for
the Management of Deep-Sea Fisheries in the High Seas (FAO, 2008). Bottom fish-
ing gear has been shown to impact wrecks severely and has likely caused oil release
events due to damage from mobile gear (e.g., Brennan, 2016; Brennan et al., 2023).
Although this document only targeted specific VME and biodiversity protection,' it
has contributed to changes in the industry, namely through the modification of gear
to reduce the effects of this activity in the deep seabed, namely by reducing its
weight and size or building it in a way that keeps most of it above the seabed
(O’Leary et al., 2020, p. 5).

Nevertheless, it is generally agreed upon that the most effective option to miti-
gate human impact within the marine environment are ABMT (O’Leary et al., 2020,
p- 9). ABMT aim to manage human activities, establish areas for biodiversity and
ecosystem conservation, and sustainable use of resources. RFMOs have been essen-
tial in this regard, adopting measures to control bottom trawling, namely through
MPAs (Rayfuse, 2015, p. 1296).

One of the ways in which the BBNJ agreement proposes to do this is through the
establishment of ABMT.!S This is to be done through a framework based on coop-
eration and coordination as the BBNJ attempts to strike a balance between the inter-
ests of the Agreement and those of all individual Parties and established international
bodies.!” There is undeniable potential for adopting solutions and enhanced coop-
eration in protecting the Marine Environment, particularly UCH, in a legal frame-
work such as the BBNJ. However, at the present moment, there are various
uncertainties as to when this agreement and its institutions will enter into force, if at
all (Chavez-Molina et al., 2023).

Nevertheless, we can confidently say there is a light at the end of the tunnel. The
Vienna Convention on the Law of the Treaties contains certain obligations regarding

!3For instance, according to Chapter 5.2 ‘A marine ecosystem should be classified as vulnerable
based on the characteristics that it possesses’. The guidelines do provide a list of such characteris-
tics which includes uniqueness or rarity, functional significance of the habitat, fragility, life-history
traits of component species that make recovery difficult and structural complexity. Examples con-
tained in Annex I of the guidelines include ‘Coldwater corals and hydroids’, ‘some types of sponge
dominated communities’, ‘communities composed of dense emergent fauna where large sessile
protozoans (xenophyophores) and invertebrates (e.g., hydroids and bryozoans) form an important
structural component of habitat’ and endemic ‘seep and vent communities comprised of inverte-
brate and microbial species’.

1" BBNJ Agreement, Article 1(1), BBNJ Agreement, Article 17 (a), (b) and (c).
7”BBNJ Agreement, Article 17 (d), (e) and Article 19 (2) and (3).
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the actions of States that may defeat the object and purpose of a Treaty,'® which in
this case include ensuring the conservation of marine biodiversity in areas beyond
national jurisdiction.!” Moreover, the legal duties to protect our Ocean Heritage
under international law and the goals of the UN Decade of Ocean Science for
Sustainable Development (UN, 2017) show that the best way to address the threats
from bottom trawling is a precautionary approach. This approach has gained trac-
tion within legal instruments and decisions in the last decade and has even been
included in the final text of the BBNJ. The application of precautionary measures
such as a temporary moratorium regarding bottom trawling until several conditions
are met, namely surveys to ensure that no UCH finds itself in planned exploitation
areas, proper Environmental Impact Assessments, and significant natural and cul-
tural heritage aside as Marine Protected Areas. This is the logical solution against a
fishing technique that can result in irreparable harm and destruction to UCH and
marine life. Suppose this precautionary principle is respected and the standards are
developed and followed. In that case, the results will be a healthier ocean, a neces-
sary characteristic of Earth’s life support system, as well as the safeguarding of
humanity’s own culture and history through the preservation of UCH.
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Chapter 4

Quantification of Bottom Trawl Damage
to Ancient Shipwrecks: A Case Study
from the Coastal Waters of Turkey

Michael L. Brennan

Ancient shipwrecks in the Mediterranean region are particularly susceptible to dam-
age by bottom trawl fishing activities because of their low relief on the seabed.
Shipwrecks from the Greek and Roman periods typically consist of mounds of
amphora cargoes, which slump onto the seabed in the shape of the vessel outline
once the wooden hulls deteriorate following consumption by wood boring organ-
isms. These low relief mounds do not snag trawl nets the way steel-hulled ship-
wrecks do in which fishers lose gear and could avoid those locations later. Instead,
the fragile ceramic artefacts that comprise ancient wrecks are exposed to repeated
strikes by trawls until they are broken and scattered across the seabed, potentially to
the extent that they can no longer be found. Expeditions from 2008 through 2013 by
Ocean Exploration Trust (OET) and the Exploration Vessel Nautilus documented
numerous ancient shipwrecks in the Black and Aegean Sea coastal waters of Turkey
that exhibited a range of damage from trawls, and which allowed for quantification
of some of this damage.

Understanding the effects of bottom trawling on ancient wrecks, and assessing
the threat posed to them, requires finding the wrecks, documenting their current
state of preservation, and finally quantifying the amount of damage already inflicted,
prior to the implementation of any protection measures. Hard bottom substrate,
which the amphora cargoes of these wrecks provide, are important habitat for juve-
nile fish and other organisms as artificial reefs, and trawl activities cause severe
impacts to the benthos. The drastic effects of continued trawl activities also include
the smoothing over of seabed substrates and erasure of seabed structures such as
ripples and other bedforms, soft reef substrate like carbonate outcrops, and other
structures such as wrecks (Vigo et al., 2023; Puig et al., 2012). Efforts to protect
shipwreck sites specifically from trawling have been minimal. For shipwrecks in
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deep water, and unobservable to researchers and resource managers, the essential
component missing in reducing the damage inflicted by bottom trawling is thorough
documentation of threatened sites by return visits and repeated surveys (Brennan
et al., 2016).

4.1 Trawling in the Mediterranean

The Mediterranean Sea is home to the oldest — and some of the most overexploited —
trawling grounds in the world. The deep-sea fishery was historically centred on the
deep-water red shrimp species, Aristeus antennatus and Aristaeomorpha foliacea,
originating in the western and central Mediterranean. When the eastern
Mediterranean countries, namely Greece and Turkey, began to exploit their own
deep-water resources in the early 2000s, the fishing grounds were determined as
non-virginal seabed, since Italian trawlers had already been exploiting them
(Pulcinella et al., 2023; Pinello et al., 2018). Over the last two decades, the coastal
resources of the Mediterranean have become overexploited due to the increasing
power of trawling vessels and the expansion of benthic fisheries deeper onto the
continental shelf down to depths of 1000 m. Recent work has investigated the ‘spa-
tiotemporal patterns of trawling pressure and impact... particularly towards com-
mercial species and unwanted catches, but also as trawling extent and intensity on
European wide habitats’ (Smith et al., 2023, p. 2). This chapter builds upon previous
history of Turkish fisheries, specifically, presented in Brennan et al. (2012), to
update the discussion with recent scholarship.

European Union guidance has begun to further regulate the fishing industry with
the objective of assuring that the marine waters of the Mediterranean Sea are in
‘Good Environmental Status (GES)’ (Smith et al., 2023, p. 1) to help determine, and
improve, the pressures and impacts of fisheries on the marine ecosystem and pro-
vide better ecosystem management. Other major efforts in Europe in recent years
have included the BENTHIS project! which conducts mapping of the seabed for the
purposes of identifying trawling impacts (Eigaard et al., 2017). Such work has pro-
duced a series of scientific papers that discuss large areas of the Mediterranean and
document trawling impacts across the entire sea ‘for benthic status in relation to
trawling intensity, landings and value’ for habitats at varying depths (Smith et al.,
2023, p. 2). In 2019, the European Commission implemented ‘a global management
strategy for the whole western Mediterranean’ although each country still manages
its own waters and governs in which areas or seasons bottom fishing is restricted
(Vigo et al., 2023, p. 2).

Bottom trawling has been active throughout the Mediterranean for more than
80 years, and most fishery stocks are being captured at their maximum yield or
above, putting them at unsustainable levels (Vigo et al., 2023; FAO, 2022). In
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addition to overfishing and the indiscriminate nature of trawl nets, bottom trawling
is also a highly destructive force that flattens and damages the benthic ecosystem on
and within the seabed. This repetitive action changes the morphology of the seabed,
smoothing over bedforms and other bathymetric features, as well as causes the
resuspension and removal of sediment through the impacts of the wires, nets, and
otter doors (Vigo et al., 2023; Puig et al., 2012). Areas of intense commercial trawl-
ing, therefore, act as an anthropogenic geological force that changes the bathymetry
and benthic ecology, often scraping down far enough to expose hard substrate.
Large swaths of continental shelf substrate have been damaged in this way, particu-
larly in the Straits of Sicily, the northern Aegean Sea, and areas of the Adriatic Sea
(Pulcinella et al., 2023; Ferra et al., 2020). A recent study established a no-take area
and observed the recovery of the benthos, which showed that ecological recovery
following the cessation of trawling occurred in a relatively short time (Vigo et al.,
2023). This is positive information for resource managers and fishery biologists.
However, ancient shipwrecks cannot recover from the impacts of trawling like a
benthic ecosystem can; damage to these historic sites is permanent.

A recent development in maritime shipping is the introduction of the Automatic
Identification System (AIS), which was developed to avoid collisions between
ships, and has been required on all vessels greater than 15 m in length since 2014
for the monitoring and management of a number of maritime activities, including
fishing (Ferra et al., 2020). The implementation of AIS on fishing vessels allows for
the tracking of their mobility and operations, resulting in ‘consistent data to observe
large deep-sea trawlers’ (Pulcinella et al., 2023, p. 810). This tracking system also
shows instances where there are data gaps stemming from captains switching off the
system for short periods and allowing ‘hidden fishing’ or unobserved bottom trawl-
ing in prohibited areas (Ferra et al., 2020). Bottom trawling is often focused on
prime bathymetric areas that contain morphologic features conducive to both the
habitat necessary for the targeted catch species and ease of towing gear. However,
trawling is generally prohibited within 3 miles of the coast in the Mediterranean or
within the 50 m isobath as well as below 1000 m (Smith et al., 2023). Illegal trawl-
ing operations may target areas within these parameters that are otherwise prohib-
ited, and vessels operate for short periods with their AIS transponder switched off to
avoid it being reported.

4.2 Nautilus Expeditions 2008-2012

4.2.1 Yalikavak

Ocean Exploration Trust began operations in the coastal waters of Turkey in 2008
while E/V Nautilus was in drydock near Istanbul being made ready for use the fol-
lowing year. A small dive boat was used to tow a side-scan sonar along survey lines
around the northwestern side of the Bodrum peninsula in southwest Turkey around
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the town of Yalikavak. Two late Hellenistic wrecks were already known by the
Institute for Nautical Archaeology, one in the Yalikavak harbour and the other just
outside, and another four were located. Two of these consisted of rock ballast piles,
likely from the nearby island of Cavus Adasi as, historically they brought rock
around from the back side to build a breakwater on the eastern side and ceramics
among the rock indicated these were shipwrecks and from the Byzantine period.
Another wreck, lying just outside the entrance to the natural harbour, consisted
almost entirely of terra cotta pipes (Brennan, 2009).

During the sonar survey of the areas west and northwest of Yalikavak harbour,
the survey team noted significant trawl scars across the submarine landscape, par-
ticularly to the northwest. A line on the nautical chart denoted a 2.5 km boundary
within which trawling operations were prohibited. The sonar indicated that the vis-
ible trawl scars on the seabed disappeared consistently at this demarcation on the
chart, and even showed curves to the west as fishers began veering away while they
recovered their towed gear. This indicated that the trawlers in this coastal area
abided local regulations (Brennan et al., 2012a).

4.2.2 Knidos

One of the first expeditions with E/V Nautilus in 2009 continued the surveys off
Yalikavak and continued south of Bodrum to the northern, western, and southern
coastal areas around the Datca peninsula where the ancient site of Knidos lies.
Twenty-six shipwrecks were located and documented in these areas between 2009
and 2012, ranging in age from Classical Greek to Ottoman (Brennan et al., 2012a,
b; Brennan & Ballard, 2013). This set of shipwrecks also ranges in impacts from
trawling gear. Like those off Yalikavak to the north, trawlers off Knidos appear to
adhere to the 2.5 km from shore restriction. While none of the Knidos wrecks found
are within that range, we did note that, likely due to this prohibition, trawl damage
increased with distance from shore (Brennan et al., 2012a, b). The bathymetry south
of Knidos is a flat, gentle southward slope, allowing for easy trawling operations
parallel to the peninsula in an east-west direction.

Four other wrecks were found to the east off the coast of Marmaris, one of which
that was carrying Late Roman Amphora (LRA) style amphora, in particular, showed
significant trawl damage (Fig. 4.1). This wreck, Marmaris B, is easily comparable
with two other LRA wrecks off Knidos (A and C), which have both been damaged
by trawls, but not to the extent that Marmaris B has. These wrecks illustrate just how
destructive repeated strikes from bottom trawls are to ancient shipwrecks (Brennan
et al., 2020).
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Fig. 4.1 ROV image of Marmaris B shipwreck (Ocean Exploration Trust)

4.2.3 Sinop

Exploration in the Black Sea along the northern Turkish coast was initiated in 1999
by Robert Ballard and the Institute for Exploration to investigate the isolated sea for
preserved paleoshorelines and potentially well-preserved ancient shipwrecks lying
in the anoxic waters below 155 m. Through 2003, the expeditions located and iden-
tified four shipwrecks off the coast of the Sinop peninsula. Three of these were
mounds of ‘carrot’ shaped amphora on the continental shelf dating to the early
Byzantine period, and the fourth was deeper at 325 m, well into the anoxic zone,
and with wooden elements, including the mast, that were perfectly preserved
(Ballard et al., 2001; Ward & Ballard, 2004; Ward & Horlings, 2008; Brennan et al.,
2011). This latter shipwreck proved the theory put forth in 1976 by Willard Bascom
that shipwrecks could be found well preserved in the anoxic depths of the Black Sea
(Bascom, 1976).

E/V Nautilus returned to the southern Black Sea in 2011 to continue mapping the
area off Sinop to further characterise the dynamics of the suboxic zone between the
oxygenated surface waters and the anoxic layer below, and to see what the ship-
wrecks in the area could reveal about these processes. While exploration located an
additional four ancient wrecks in various states of preservation, this work also docu-
mented significant trawl damage to wrecks along the shelf, particularly those found
during the expeditions in the early 2000s (Brennan et al., 2013). Sinop A, in particu-
lar, showed significant changes to the site over a decade. More artefacts were
exposed, with some clearly removed from the site, and wooden elements of the
wreck were dug up out of the sediment during the decade between visits.
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4.2.4 Eregli

The 2011 and 2012 expeditions also conducted survey in a new area of the southern
Black Sea, off the coast of Eregli, Turkey, formerly Heraclea Pontica, where a flat
shelf, like that off Sinop, lies off the coast above the continental shelf where the
suboxic zone transitions to the anoxic deep waters. The main objective of these
expeditions was to document internal waves between the oxic and anoxic waters
moving across these shelves, and the varying levels of preservation of shipwrecks
from different time periods illustrated these dynamics (Brennan et al., 2013). In
addition, newly discovered wrecks in this area showed evidence of trawl damage.
Eregli A, B, and C are wooden wrecks with much of the timber still preserved but
they were jumbled, with timbers pulled off site, by trawling. These wrecks with
wooden elements preserved exhibit trawl damage differently than the amphora-
mound wrecks in the Aegean Sea.

One wreck found in 2011, Eregli E, is a Hellenistic era vessel that primarily
consists of an artefact mound with some preserved wood, and it showed clear evi-
dence of trawl damage (Davis et al., 2018). The standard protocol for newly discov-
ered shipwrecks during these expeditions was to conduct a photomosaic and
multibeam microbathymetry survey with sensors on the Hercules ROV, and this was
done for Eregli E. The 2012 Nautilus expedition returned to the site about 11 months
later and upon visual inspection, it was clear that the site had sustained heavy trawl
impacts since we first documented it. A repeated sonar survey allowed a direct com-
parison of the site between 2011 and 2012 and showed significant material had been
removed from the wreck, including specific artefacts, both ceramic and timber, that
were identified in 2011 (Brennan et al., 2016). Some artefacts were traceable to
other parts of the wreck, while most were entirely missing. These sort of return
visits and repeated surveys are essential in documenting and quantifying bottom
trawl damage to shipwrecks.

4.3 Quantification

Quantifying the amount of damage to a shipwreck site is difficult, especially
wrecks in deep water that are hard to access with any frequency or consistency.
This work off Turkey implemented two ways to look at trawl damage quantita-
tively that allow for comparison between wrecks and establish baselines for future
documentation.

The first attempt was done for ten amphora wrecks off Knidos and Marmaris.
The high-resolution photomosaics from surveys of the wrecks allowed for visual
analysis of the sites following the expeditions. Broken and unbroken amphoras
were counted, estimating when a group of sherds likely represented ‘one’
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amphora, to develop a total number in order to derive a percentage of those that
were broken on the site. This percentage reflected the level of damage from
trawls and allowed for comparison between sites in these areas. This was also
plotted against distance from shore and showed that trawl damage increased
farther offshore from the 2.5 km boundary where trawling was prohibited
(Fig. 4.2). The most heavily trawled site, Marmaris B, exhibited 62.5% of its
amphoras broken, and is also the farthest shipwreck from shore among those
analysed (Brennan et al., 2012b).

The comparative analysis mentioned above of the two bathymetric surveys of
Eregli E 11 months apart was the ‘first detailed documentation of how an ancient
shipwreck site changes morphologically due to repeated strikes by bottom trawl
gear’ (Brennan et al., 2016, p. 87). The calculated difference between these two
surveys is shown in Fig. 4.3. White colour indicates no change, while red shows
negative change, or material removed from the site, and blue is positive change
where artefacts or sediment were deposited. The greatest indicator of negative
change is at the wreck itself, while some areas around the wreck show positive
change due to material from the wreck being moved to the surrounding area by
trawls. This shows how trawl gear scrapes shipwrecks away over time because they
are bathymetric highs on a flat seabed. We estimated that about 15 m* was removed
across an area 184 m? (Brennan et al., 2016). This method of return visits and
repeated surveys allowed for the opportunity to truly quantify change to a ship-
wreck site over time by bottom trawling, and more work like this is needed to illus-
trate the threat posed to shipwrecks.
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Fig. 4.2 Graph showing extent of trawl damage by distance from shore in terms of % broken
amphoras. (From Brennan et al. 2012b)
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Fig. 4.3 Two sonar surveys of Eregli E conducted 11 months apart and the difference between
them illustrating the material moved by trawling. (From Brennan et al., 2016).

4.4 Updated Work

While no further Nautilus expeditions have been conducted in Turkish waters, pre-
venting the opportunity to revisit additional deep-water shipwrecks located between
2009 and 2012, some additional work has been undertaken since by other research-
ers. Exploration and documentation of ancient shipwrecks has continued in Turkey,
along the eastern Aegean and northern Mediterranean coasts (Kizildag, 2022; Ozdas
et al., 2022) as well as along the Bulgarian coast of the Black Sea (Pacheco-Ruiz
etal., 2019, Prahov et al., 2021). While none of these studies looked at trawl damage
directly, they made some observations to that effect.

Numerous remote sensing and photomosaic surveys were conducted by the
Shipwreck Inventory Project of Turkey (SHIPT), including off the Aegean coast at
Canakkale and Yalikavak (Kizildag, 2022). Five shipwrecks are reported from sur-
veys in 2016 and 2018, three of which are amphora cargo wrecks of different ages;
one of these was located by the Institute of Nautical Archaeology in 1990 in
Yalikavak harbour and denoted Yalikavak II and is also among the wrecks docu-
mented during the Nautilus expeditions (Kizildag, 2022, Brennan et al., 2012b). Due
to its location in the harbour, it is not damaged by trawls. Two amphora wrecks were
found near Canakkale, one Hellenistic and one Late Roman, and are generally in
good condition—Ilikely due to their location near the shore and within that exclusion
zone discussed previously. A shipwreck consisting of a cargo of flat stones from the
eighteenth century was located off the Gallipoli peninsula near Canakkale. This
wreck is located 2 km offshore and exhibited trawl damage, trawl scars in the sedi-
ment nearby, and fishing nets covering parts of the wreck. The last wreck reported
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by these recent surveys for SHIPT is a warship from the Ottoman period located off
Bozcaada about 2.5 km from shore and was found to be heavily damaged by trawls,
particularly one deep furrow that damaged the eastern side of the site (Kizildag,
2022). The study also notes that the use of side-scan sonar allows for the imaging of
the seabed surrounding the shipwrecks and the trawl marks running through the
sites, assisting with the interpretation of the damage (Kizildag, 2022, p. 340).

SHIPT also reports on a 2018 survey in the near-shore and coastal waters along
the southern coast of Turkey around the island of Kekova Adasi (Ozdas et al., 2022).
This survey documented more than 25 sites along the near-shore area, many consist-
ing of scattered and mixed assemblages due to the overlapping of activities and
well-travelled routes as well as disturbance by waves action, as these sites are in
shallow water. The authors note that disturbance of underwater sites, in both shal-
low water by coastal processes and deep water by anthropogenic activities such as
fishing, ‘presents a major challenge to preservation and study’ (Ozdas et al., 2022,
p. 14). Instead of fishing at these shallow areas, however, sites around Kekova Adasi
were often disturbed by ‘casual collection before its declaration as a Specially
Protected Area in 1990’ (Ozdas et al., 2022, p. 5).

The Black Sea Maritime Archaeology Project (Black Sea MAP) was conducted
in Bulgarian waters of the Black Sea from 2015 to 2017 and located 65 shipwrecks
ranging from the fourth century BC to the nineteenth century AD in depths ranging
from 40 to 2200 m. This survey employed deep-sea robotics for detailed photo-
grammetry of each shipwreck (Pacheco-Ruiz et al., 2019). Many of the wrecks
discovered during this work were in the anoxic waters below 155 m depth and well
preserved, but also out of the reach of trawling vessels, which do not trawl anoxic
waters where fish do not live. The authors note a large difference between the wrecks
located on the shelf and those in the anoxic waters due to disarticulation by trawl-
ing. For this project, however, most of the wrecks discovered were fortunately in the
anoxic waters (Pacheco-Ruiz et al., 2019).

Analysis of the shipwrecks discovered during the Black Sea MAP project is
ongoing. Bulgarian archaeologists have analysed their waters for litter and other
anthropogenic debris, and this includes deep-water shipwrecks as additional impacts
aside from trawling (Prahov et al., 2021). Bulgaria has yet to regulate bottom trawl
fishing and the activity has impacted most of the continental shelf in Bulgarian
waters down to depths of 100 m. As noted above, some of the Black Sea MAP
wrecks were impacted by trawls, but the larger results of this project have yet to be
published. However, policy and regulations are clearly needed for Bulgarian waters,
for both ecological and archaeological reasons.

4.5 Marine Protected Areas

A colleague and I reviewed the species of fish visible on the numerous wrecks
located during Nautilus expeditions in Turkish coastal waters through the ROV
imagery. This led to a discussion about how shipwrecks act as hard substrate and
artificial reefs and habitat for benthic ecosystems and fish to congregate at,
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particularly juveniles. If shipwreck sites — or in the case of areas like Sinop or
Knidos, certain areas containing multiple shipwrecks — were protected in estab-
lished Marine Protected Areas (MPAs), juvenile fish populations could thrive and
‘spillover’ into areas where fishing remained allowed, thereby both protecting the
shipwreck sites and helping to increase the fishery (Krumholz & Brennan, 2015).
This is a common topic in fishery sustainability research, but here applied to ancient
shipwrecks. Recent research of seabed recovery from trawling continues to put
forth this argument: ‘The establishment of Marine Protected Areas, such as legally
recognized no-take reserves where fishing activity is prohibited, could be a useful
management measure... the benefits obtained from MPAs could also be observed in
adjacent areas, as a result of the spillover of adults and juveniles from the protected
area’ (Vigo et al., 2023, p. 2).

The development of modern satellite technology now offers new options for
resource management in remote areas. All vessels now carry AIS and active trawlers
can be monitored (Pulcinella et al., 2023). Such use can provide the resources nec-
essary so deep-water shipwrecks are no longer out of sight and out of mind. An
option for resource managers and regulatory agencies could be to set up a type of
EZPass (used for tolls on the highways in the United States) implementing trawlers’
AIS. Geofences can be set up so when a trawler crosses into certain protected areas,
such as areas of high numbers of shipwrecks like that off Knidos, a fine is deducted
from their account. A fine can also be deducted if the AIS is turned off, indicating
hidden fishing in illegal areas (Ferra et al., 2020). This new technology can allow for
real-time monitoring and protection of shipwreck sites, assuming they are first
located and documented.

4.6 Conclusions

The shipwrecks located in Turkish waters during the Nautilus expeditions have not
been revisited in the last decade, but nothing has changed in terms of trawling regu-
lations for these waters, so it is likely that these wrecks are continuing to be dis-
mantled by active trawling operations. The European Union and UNESCO are
making headway in regulating trawling for environmental reasons, and cultural
resources could be added to the discussion moving forward. European Member
States are obligated to ensure that their fisheries are sustainable and that their waters
are in Good Environmental Status (GES) (Smith et al., 2023). Shipwrecks can be
added to this, if more support is provided to ocean exploration for documentation
and return visits to these sites and repeat surveys to document damage.
Implementing modern satellite technology and improving upon AIS systems
already in place can provide management options that would only require infra-
structure to be developed, which regulatory agencies could do. The need, therefore,
is for expanded deep-water exploration and documentation of shipwrecks world-
wide that are within the depths that can be trawled. We cannot protect a resource we
do not know about. Pulcinella et al. (2023) show that the Turkish fishers’” exploita-
tion off Knidos is not intense. Ancient shipwrecks that sank in more heavily trawled
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areas, such as the Straits of Sicily, may have been trawled to the point that they no
longer exist, but those in Turkish waters may yet still be preserved.
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Chapter 5
Wreck Sites as Systems Disrupted
by Trawling

Jan Majcher, Rory Quinn, Gert Normann Andersen, and David Gregory

Abstract This chapter examines the effects of bottom trawling on shipwreck sites, con-
ceptualising them as process-response systems that achieve a quasi-equilibrium state
over time. Disruptions to this state by bottom-contact fishing gear are analysed through
examples from recent geophysical surveys in the Irish, Baltic, and North Seas. The study
highlights the capabilities and limitations of modern geophysical methods in detecting
changes at underwater archaeological sites caused by bottom trawling. Specifically, it
addresses the challenges of identifying evidence of disturbance on dynamic seabeds and
suggests that detailed analysis of wreck distribution might provide indirect proxies of
structural damage due to trawling activities. Furthermore, it emphasises the potential of
these disturbances to mobilise hazardous materials, such as unexploded ordnance and
fuel from modern shipwrecks, posing an added environmental risk. Acknowledging
existing knowledge gaps in the understanding of trawling impacts on underwater cul-
tural heritage and the marine environment, the authors call for more case study research .

5.1 Introduction

Shipwreck sites can be considered as systems reaching a quasi-equilibrium state
after the initial wrecking event (Astley, 2016; Majcher et al., 2021; Quinn, 2006;
Quinn & Boland, 2010). This balanced state is fluid and is both susceptible to and
dependent on external and internal influences. Any disturbances might lead to a new
equilibrium state or maintain the existing one, contingent on the site’s overall resil-
ience to external forces (Quinn & Boland, 2010).
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The internal factors can be understood as those variables which are determined
before and during the ship’s deposition on the seabed: its form, design, materials,
function, operating conditions and the nature of the sinking (Gibbs, 2006; Gregory
et al., 2012; Muckelroy, 1976). After the dynamic sinking event, the wreck begins
interacting with its surrounding environment, settling onto the seabed. This is when
the local ocean environment and human impacts—namely, the external factors such
as bottom trawling—come into play.

The influence of the local environment depends on local and regional oceano-
graphic and geological factors. If the archaeological material is exposed on highly
energetic seabeds—affected by waves, strong currents, storms and induced sedi-
ment mobility—it will most likely undergo continuous alteration (Astley, 2016;
Majcher et al., 2021; Quinn & Boland, 2010; Stieglitz & Waterson, 2013) (Fig. 5.1a).
Such conditions can lead to site burial/exposure events, accelerated structural col-
lapse from hydrodynamic forcing, and changes in the distribution of forces acting
on the vessel due to sediment transport, such as mobile bedforms and seabed scour
(Quinn, 2006). Conversely, the preservation of sites located in less dynamic ocean
environments, with limited influence from hydrodynamic forcing, is primarily
affected by processes like chemical corrosion and biological encrustation, and their
associated parameters like oxygen concentration, temperature and salinity (Gregory,
2020) (Fig. 5.1b). No conditions exist in which a site deposited underwater is pre-
served indefinitely (Fig. 5.1c). Natural forces always induce positive entropy and a
disequilibrium trend over time, even when their magnitudes are minimal.

The majority of natural processes, with the exception of heavy storms, exert a
relatively weak long-term impact, especially when compared to often abrupt human
impacts. Activities such as commercial fishing, illegal salvage, dredging, and sea-
bed engineering are potentially capable of causing impulses of intense disruption to
the archaeological record of an individual wreck site (Brennan et al., 2016; Quinn
& Boland, 2010). Such disturbances are often challenging to identify and predict,
and once detected, it is difficult to establish whether the causative force was natural
or anthropogenic (Brennan, 2016), or a combination of both. Additionally, in cases
where the disturbance is anthropogenic, pinpointing the exact type of human activ-
ity that caused the visible disruption can be difficult.

As outlined in other chapters of this book, commercial fishing—particularly bot-
tom trawling—can exert a devastating impact on Underwater Cultural Heritage
(UCH). There needs to be additional case studies to understand the magnitude and
scale of these impacts. Such studies will pave the way for novel strategies to address
the issue, encompassing both monitoring and prevention measures. This chapter
delves into the potential consequences of bottom trawling on shipwreck sites, view-
ing them as systems at various stages of equilibrium corresponding to their sur-
rounding environment. The discussion draws on examples from recent geophysical
surveys carried out in the Irish, Baltic and North Seas. It examines the potential of
contemporary geophysical techniques in tracking changes at underwater sites
induced by bottom trawling. Through this discourse, the authors identify knowledge
gaps related to the impact of bottom-contact fishing on UCH, as well as the chal-
lenges associated with addressing them.
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(Adapted from Majcher et al., 2021)
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5.2 Bottom Trawling as an Anthropogenic Trigger
Disrupting Wreck Sites

When a wreck system experiences disruption due to external forcing, the site either
absorbs the disruption, maintaining its current state, or undergoes change, reaching
anew equilibrium state (Quinn & Boland, 2010). The outcome depends on the resil-
ience of the site, which is determined both by its pre-depositional parameters (i.e.,
materials used to construct the hull, nature of the wrecking incident etc.) and post-
depositional processes it undergoes. The composition of the seabed plays a signifi-
cant role, either enabling or preventing further disruption. While the impact of
bottom contact fishing has not been explored experimentally or through case studies
within the ‘open system’ framework, potential scenarios can be inferred from
known examples of natural and other anthropogenic forces disrupting sites.

The first relevant example, published by Quinn and Boland (2010), pertains to a
site situated in a highly dynamic riverine environment. The Drogheda Boat site,
near the River Boyne’s outlet to the Irish Sea was discovered during dredging opera-
tions in 2006, and subsequently monitored for impacts associated with dredging.
Even though much of the seabed surrounding the wreck mound had been excavated,
the site itself remained undisturbed by the dredging operators. Successive geophysi-
cal surveys showed that the wreck mound was eroding rapidly, revealing artefactual
material. This observation necessitated the redeposition of some sediment that had
previously been dredged from around the site.

Quinn and Boland (2010) outlined how rapid erosion of the wreck mound was
triggered by changes in hydrodynamic patterns associated with the dredging. They
further framed this example within the ‘open system’ narrative, theorising that
because of the external trigger (i.e., the capital dredging operation), the site exceeded
its resilience threshold, transitioning to a new system state characterised by elevated
erosion potential and consequent material loss. Bottom trawling possesses a similar
capacity to push sites beyond their resilience thresholds, promoting erosion and/or
site reorganisation.

Trawling is potentially capable of mechanically displacing or causing collapse of
individual wreck site elements, leading to reorganisation of the site. The extent of
this depends on the site’s resilience and capacity to absorb such impacts. For
instance, if the site is predisposed to erosion due to its sedimentary setting, like the
Drogheda Boat site (Quinn & Boland, 2010), this will negatively affect the site’s
resilience. Specifically, displaced elements, particularly larger objects, would act as
new obstacles to water flow. This alters the hydrodynamic regime at the site, effec-
tively making these objects nuclei for further seabed scour (Quinn, 2006). Such
dynamics might lead to the exposure or burial of other sections of the wreck, even
if they were not originally in contact with the trawling gear. This is analogous to the
dredging activity observed at the Drogheda Boat site. While the primary focus of
dredging was directed away from the site, it inadvertently caused progressive expo-
sure. As such, when trawling impacts a site, it is safe to assume that the resultant
disturbance could extend beyond the initial point of interaction.
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Fig. 5.2 Multibeam echosounder data-derived, hillshaded digital elevation models of (a) a steam-
ship wreck, possibly SS Edgar in the Baltic Sea with (b) a bathymetric profile denoted as AA’. (¢)
hillshaded digital elevation model of an unknown wreck in the Danish North Sea. Numbers shown
in on the figures correspond to structural elements discussed in the text. (Data courtesy of
JD-Contractor A/S)

Convincing evidence of direct trawl damage to the wreck of a steamship (likely
SS Edgar, lost in 1894) in the Baltic Sea is shown in Fig. 5.2a. The site is intersected
by multiple interpreted trawl marks, and numerous displaced sonar contacts are
scattered around the wreck. One particularly prominent example, marked as (1) in
Fig. 5.2a, displays a structural element that measures roughly 4 x 1.5 x 0.3 m in
terms of length, width, and height, respectively. The object is located 32 m from the
wreck’s hull and lies at the end of a linear trawl mark which intersects the stern sec-
tion of the vessel. It is probable that this object was dislodged from the wreck and
represents one of its original structural components. A scour pit measuring 10 m
across and 0.5 m deep is developed around the object (Fig. 5.2b). Although, in this
instance, the scour pit does not directly threaten the integrity of the hull, it shows
how the site’s system adapted to the redistributed wreck components on the seabed.

Another example of a site most likely impacted by trawling (Fig. 5.2b) is repre-
sented by a significantly deteriorated, unidentified wreck in the North Sea at a depth
of 20 m. While a large portion of the wreck’s hull has decayed, several heavily-
engineered structural elements remain on the seabed, likely remnants of the ship’s
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steam engine and machinery. Two boilers are imaged, one rests within the deterio-
rated hull ((1) in Fig. 5.2b) and the other is located externally, offset to the north of
the vessel ((2) in Fig. 5.2b).

Multiple explanations for the second boiler’s position outside of the main wreck
structure are conceivable. One possibility is a salvage operation that resulted in the
boiler’s relocation. Another scenario is that the boiler slid out during the wrecking
event. A third possibility is displacement due to trawling. While the first scenario
remains plausible, the second appears less likely. This is because the ship’s hull
maintains a coherent shape, suggesting it did not break up or undergo a violent
wrecking event to displace the boiler from its original position. Even though no
prominent trawl marks are evident in the multibeam data, the third possibility is
credible, depending on the specifications of the trawl gear (Brennan, 2016). Open-
source Vessel Monitoring System (VMS) data from EMODnet (2023) demonstrate
that beam trawls, bottom otter trawls, and bottom seines are operational in the area.
Given that a significant portion of the ship’s structure has decayed, the boilers, now
largely exposed in the water column, pose clear obstructions to fishing gear.

As evidenced in many surveys (e.g., Fig. 5.2b) boilers are among the most resil-
ient structural elements on shipwreck sites. This may be attributed to the fact that
they were built to withstand high operating pressures and temperatures, with thick
and strong iron or steel structures. Additionally, due to their location within a vessel,
boilers are also sheltered from the physical forces affecting the wreck’s hull exter-
nally, hence being protected by its structure until it gradually deteriorates or col-
lapses. These factors possibly contribute to their long-term durability in the marine
environment compared to the other parts of the ship.

Nevertheless, the displacement of the boiler recorded in the multibeam data
(Fig. 5.2b) could have implications for its further preservation. Just as the structural
element pulled out of the shipwreck in Fig. 5.2a, the displacement and exposure of
the boiler to bottom currents led to the formation of a small scour pit around it. The
boiler that remained within the hull is not affected by seabed scour, possibly because
it is shielded by the hull remains. Therefore, the displaced boiler is more exposed to
the physical environment, after losing the protective function of the wreck’s struc-
ture. While both boilers appear to be in good condition presently, this example
underscores the destructive potential that trawling or other human activities capable
of causing displacement might have, especially when juxtaposed with natural
forces. The future preservation potential of the boiler removed from the wreck’s hull
may be compromised due to that displacement event.

Given the examples mentioned here, it can be inferred that the detrimental
impacts of bottom-contact fishing are not confined to ancient sites (Brennan et al.,
2016). They also extend to larger, relatively more coherent modern wrecks, like the
steamship shown in Fig 5.2a. In essence, a trawling event acts as a ‘scrambling
device’ (Muckelroy, 1976), initially triggering reorganisation of a wreck site. This
site may then undergo further changes, depending on its capacity to absorb the dis-
ruption. Potential outcomes might involve seabed erosion leading to heightened
exposure of relocated structural components to external forces, and result in the
acceleration of corrosion process.
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5.3 Challenges in Detecting Trawling Damage at Wreck Sites
Using Geophysical Methods

When viewing an underwater wreck site through the lens of an open system—one
that begins with a set of pre-depositional conditions and can adapt or change in
response to various influences, both natural and anthropogenic—it becomes imper-
ative to identify the primary drivers of these changes. Recent attempts at quantify-
ing the rates of geomorphic change (e.g. scour, bedform migration) and associated
hydrodynamic triggers were discussed by Majcher et al. (2021) using this ‘open
system’ concept, inspired by earlier investigations (Astley, 2016; Quinn, 2006;
Quinn & Boland, 2010). Geomorphic change can be effectively recorded using
high-resolution geophysical data in a time-lapse sense. Furthermore, if the data col-
lected over a shipwreck are of sufficient spatial resolution, an initial assessment of
the wreck’s structural changes can be conducted. However, as discussed in this
chapter, determining whether the observed changes were caused by natural or
anthropogenic forces presents a complex challenge.

Recent advancements in geophysical techniques have afforded researchers
unprecedented insights into the dynamics of underwater shipwreck sites. For exam-
ple a recent study captured centimetric-scale alterations in the seabed surrounding
several metal-hulled shipwrecks in the Irish Sea (Majcher et al., 2021). The investi-
gation determined that some of the sites, located on sandy seabeds with large active
tidal bedforms, undergo constant change with high volumes of sediment transported
through the sites. For example, between 2015 and 2019, the SS WM Barkley site
experienced a remarkable elevation change of 4.9 m in one area, partly exposing the
starboard side of the vessel (Fig. 5.3a). To investigate these rapid changes,
Computational Fluid Dynamic (CFD) simulations were used to model tidal current
flows which supported the understanding of the hydrodynamic patterns at the site
and explained the pervasive bedform movement and seabed scour.

In addition to investigating geomorphic adjustment at these sites, an attempt was
made to detect structural changes at these wrecks through point-cloud comparisons
of high density multibeam data. Although the subjective nature of the manual point
cloud cleaning process meant that detecting minor centimetric changes was chal-
lenging due to the noise associated with wreck data, the method was sensitive
enough to identify substantial structural displacements. For example, between 2015
and 2019, the SS WM Barkley wreck suffered the detachment of a considerable part
of its portside gunwale near the stern (Fig. 5.3a).

The environmental dynamics and the nature of the SS WM Barkley shipwreck’s
degradation present a compelling argument for the involvement of anthropogenic
external forces, such as trawling, as catalysts for the observed changes. The wreck
is tilted towards its starboard side, and if the gunwale had collapsed due to corrosion
only, it would be expected to have moved gravitationally towards the deck. However,
it moved in the opposite direction, towards the seabed. The possibility of an external
force, like an anchor or trawl door pull, causing this movement becomes more likely
given the direction of detachment.
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Fig. 5.3 (a) Differences between multibeam echosounder point clouds obtained for the SS WM
Barkley site in 2015 and 2019. (b) CFD-simulated NNW-oriented tidal current flow pressure
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is provided in the original publication of Majcher et al., 2022
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The distant location of SS WM Barkley from significant ports (30 km from the
port of Dublin) reduces the likelihood of anchor drags. Instead, it emphasises the
potential impact of trawling activities in the area. As evidenced by the multibeam
data, SS WM Barkley is located in a very dynamic environment, dominated by
mobile sediment and strong bi-directional tidal currents. Pervasive sandwaves are
capable of quickly masking any evidence of trawl scars. Although it has been shown
that trawl marks can remain visible for 2—7 months in dynamic environments like
inter-tidal basins (Brylinsky et al., 1994), significant geomorphic change and sand-
wave migration were detected even at a weekly time intervals at the SS WM Barkley
site (Majcher et al., 2021), potentially eradicating any trawling evidence.

Therefore, to understand possible causes of the gunwale displacement, CFD-
modelled variables (Fig. 5.3b—e) were compared against structural changes (Majcher
et al., 2022). A few observations were made: (1) the stern section is generally sub-
ject to relatively high flow -exerted pressure under the NNW, flow, tidal current
(Fig. 5.3b); (2) vortices are created over the gunwale (Fig. 5.3c) with streamline
contraction and increase in the flow speed (Fig. 5.3d), and (Fig. 5.3) the collapsed
gunwale was subject to high shear-stress exerted under the NNW flow conditions
(Fig 5.3e). On the other hand, the modelled tidal current flowing in the opposite,
ebb, SSE direction (tidal currents are bi-directional in the area) exerted lower shear
stress on the same gunwale. Although these observations support the idea that the
deterioration of the gunwale could be due to natural causes, specifically the NNW
tidal current-induced push towards the wreck’s portside, the influence of fishing
cannot be ruled out. It remains probable that the tidal flows caused gradual wear
which enabled a passing trawl door or net to eventually detach the gunwale.

A contrasting Irish Sea example, where bottom trawling is assumed to directly
impact a site (similar to the Baltic site of SS Edgar discussed above), is the FV St.
Michan (Majcher et al., 2021). St. Michan, a motor fishing trawler, was lost in 1918
at a depth of 70 m, close to the Western Irish Sea Mudbelt, an area heavily trawled
for Dublin Bay prawn (Nephrops Norvegicus) (Coughlan et al., 2015). The site was
surveyed with high-resolution multibeam echosounder data in 2015 and 2019, and
recent trawl marks directly intersecting the wreck were detected in the 2019 data
(Fig. 5.4). Although no substantial damage was observed to the wreck’s structure in
the multibeam data, it cannot be ruled out, as the vessel is relatively small (30 m
long) and lying exposed in a scour pit.

The examples provided here show that the degree of ambiguity in determining
the influence of bottom trawling on UCH using non-invasive geophysical methods
depends on many things, including local seabed conditions and the timing of sur-
veys relative to trawling activities. It is nearly impossible to directly detect evidence
of trawling on dynamic seabeds, due to high rates of sediment transport masking
trawl scars. Detailed examination of wreck distribution on the seabed, aimed at find-
ing displaced structural elements and assessment of sediment- and hydro-dynamic
conditions may provide some clues about whether structural damage may be attrib-
uted to anthropogenic activities such as bottom trawling. Additionally, analysis of
fishing activity data, for example based on AIS or VMS tracking (EMODNet, 2023)



62 J. Majcher et al.

Change: 2019 - 2015
319I100

DoD [m]
B +0.26- +0.30
B :021-+025
I +0.16-+0.20
[ +0.11-+0.15
R [ ] +0.06-+0.10
= [ ] +0.01-+0.05
2o [ ] -0.04-0.00
. [ ]-009--005
Stripi:fsa::fac}.s £ ‘:l -0.14 --0.10
‘ I 0.19--0.15
B -024--0.20
B 029-025

--------- Trawl marks

Striping artefacts
<15cm

5935900
1

« Striping artefacts
; <15 cm

Deposition ——»

5935800
rosion

Striping artefacts
Y <15¢cm
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tion model created using the data collected in 2019. New trawl marks were recorded in the 2019
data. (Adapted from Majcher et al., 2021)

can provide information about trawling intensity in the area. Following this, more
detailed examination of wrecks could be carried out by visual inspection with a
remotely operated vehicle or by diving and photogrammetric techniques to detect
primary damage or other proxies of trawling e.g. presence of ghost nets (Pedersen
et al., 2022). Conversely, in more static seabed environments, with minimal sedi-
ment transport, trawling can easily be evidenced and monitored using high resolu-
tion bathymetry, backscatter or side-scan sonar data (Brennan et al., 2016; Gournia
et al., 2019; Majcher et al., 2021).
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5.4 Conclusion and Further Research

The preservation of historic wrecks on the seabed is controlled by a complex set of
changing environmental and anthropogenic variables. Considering underwater sites
as process-response systems at some equilibrium state with their environment,
enables an in-depth analysis of a degree of influence of individual factors and their
potential to cause disruption affecting long-term preservation. Bottom-contact fish-
ing can be considered one element of the system. Such an abrupt, high-impact trig-
ger can lead to significant disruption of a site, permanently displacing structural
elements, which in turn may lead to wholescale changes at the site in terms of domi-
nant processes, such as a new scour regime.

However, determining the exact combination of factors responsible for particular
damage recorded at a site is challenging. High-resolution geophysical methods do
provide some proxies of trawling under the right seabed conditions; if the seabed is
relatively static with no significant sediment transport, trawl marks will be recorded.
Conversely, identification of trawl scars at highly dynamic sites with mobile sedi-
ments is often impossible. In the latter case, visual inspection may provide informa-
tion about the presence of anthropogenic interference, such as ghost nets. Additional
information can be sourced from open-source portals providing fishing intensity
data or delineating common fishing areas. Case studies conducted in the Danish
Baltic Sea (Pedersen et al., 2022) and the British North Sea (Revill & Dunlin, 2003),
found the presence of ghost nets on 11 out of 18 investigated wrecks located in
known fishing areas. This shows high likelihood (>50%) of direct interaction
between fishing gear and a shipwreck if it is indeed located within a fishing zone.

In order to reduce the gap in knowledge pertaining to the influence of anthropo-
genic factors like fishing on shipwrecks, extending the sample of case studies is
necessary. A quantitative statistical assessment could shed light on the scale of the
problem. A new study conducted in terms of the ENDURE project (www.endureerc.
com), described in Chap. 6 and Gregory et al. (2024), presents a possible further
research direction by integrating geophysical datasets (high-resolution multibeam
echosounder scans) with various metocean, oceanographic and human activity
information sourced online. Another novel approach considers a shipwreck site as a
complex adaptive system, which can be studied using Agent Based Modelling
(ABM) (Vega-Sanchez & Herrera, 2022). Various pre-depositional and post-
depositional factors are included in the ABM conceptual model, which could refine
our understanding and determine pathways of deterioration for individual
wreck sites.

Understanding anthropogenically-induced preservation or deterioration of ship-
wreck sites is crucial not only for their heritage value, but also from a potentially
polluting perspective. Many modern wrecks, especially those from World War 11,
contain fuels and other hazardous materials like unexploded ordnance which are
potentially detrimental to the ocean environment. Assessing their stability on the
seabed is vital for environmental health (Carter et al., 2021; Szafranska et al., 2021).
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As demonstrated in this chapter, bottom-contact fishing has the potential to displace
large and heavy structural elements, such as steam boilers. Consequently, it can be
inferred that trawling is also capable of moving unexploded ordnance and triggering
the sudden release of pollutants to the ocean environment. This potential for pollu-
tion introduces another dimension to the importance of understanding and monitor-
ing the impact of trawling on shipwreck sites.
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Chapter 6

Multi-use and Multi-vocal Challenges
of Preserving Underwater Cultural
Heritage in Stellwagen Bank National
Marine Sanctuary

Calvin Mires, Benjamin Haskell, and Kirstin Meyer-Kaiser

6.1 Introduction

The cultural identity of Massachusetts is intrinsically linked to the sea. For hun-
dreds of years, ship-borne trade, migration, whaling, and fishing have tied
Massachusetts to a world system of maritime commerce and culture and brought the
world back to it through the area that is now Stellwagen Bank National Marine
Sanctuary (SBNMS). Established in 1992, SBNMS is an 842-square mile area in
the mouth of Massachusetts Bay, located 25 miles east of Boston, 3 miles southeast
of Cape Ann, and 3 miles north of Provincetown, Massachusetts. Named for Lt.
Henry S. Stellwagen, a nineteenth-century Navy surveyor, the sanctuary protects a
productive and diverse marine ecosystem which has been the subject of centuries of
fishing activity. It is also estimated that 200 shipwrecks rest on the seafloor within
the sanctuary’s boundaries, representing more than 400 years of maritime history,
industry, and culture (Fig. 6.1).

6.2 The Problem

SBNMS is one of 15 United States marine protected areas (MPAs) under the
National Marine Sanctuaries Act (NMSA) and 2 marine national monuments under
the Antiquities Act within the National Marine Sanctuary System (NMSS) managed
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STELLWAGEN BANK NATIONAL MARINE SANCTUARY
and adjacent coastal zone iyl

W

Fig. 6.1 Map of Stellwagen Bank National Marine Sanctuary. (Courtesy of SBNMS)

by the Office of National Marine Sanctuaries (ONMS), a part of the National
Oceanic and Atmospheric Administration (NOAA). Due to each MPA’s unique dif-
ferences in settings, resources, and threats, each has a tailored management plan
(Lawrence & Marx, 2011; Lawrence et al., 2015; Mires et al., 2020; Harrelson
et al., 2022).



6 Multi-use and Multi-vocal Challenges of Preserving Underwater Cultural Heritage... 69

As envisioned by Congress in the NMSA, they are not ‘sanctuaries’ in the tradi-
tional sense of the word but are multiple-use areas with a mandate to facilitate pub-
lic and private activities that are compatible with the primary objective of the MPA:
resource protection. When SBNMS was designated by Congress, it carried the stip-
ulation that recreational and commercial fishing would be allowed and continue to
be controlled under existing fisheries management law. In no small part because
fishing is a key component of the maritime history, identity, and economy in New
England. There is strong public pressure to continue to allow these activities, and
everywhere in SBNMS is currently open to fishing except for a small area (known
as ‘the sliver’) that is closed under prior federal fishing law to commercial bottom-
tending mobile and fixed gear and overlaps with a closed area in the Western Gulf
of Maine. However, these activities have also proven to be destructive to Underwater
Cultural Heritage (UCH) throughout the sanctuary (Meyer-Kaiser et al., 2022b;
Harrelson et al., 2022; Mires & Meyer-Kaiser, 2023). In fact, fishing gear impacts
were identified as the greatest threat to archaeological resources in the sanctuary
(ONMS, 2020; SBNMS, 2021). Figure 6.2 visualises the complexity of the prob-
lem, showing the high degree of overlap between the shipwrecks (black dots) with
the intensity of commercial fishing activity (background colour range). Therefore,
SBNMS managers are left in a difficult and ironic situation: charged to protect
resources under the NMSA and the National Historic Preservation Act while also
unable to regulate the very activity and equipment that puts them at risk. Finding a
solution is the reality, and challenge, SBNMS managers face.

Fig. 6.2 Heatmap with
shipwrecks (black dots
show approximate
locations) overlayed on
areas of fishing activity.
Red areas indicate high
fishing intensity; Green,
low intensity. Gray area is
‘the sliver’ with fishing
prohibited (SBNMS,
2023a)

Low M N High
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6.3 Underwater Cultural Heritage in SBNMS

Sanctuary historic resources, like UCH, refers to all traces of anthropogenic exis-
tence and activities with cultural, historical, or archaeological character that have
been submerged for a period (UNESCO, 2001). Cultural heritage in general—and
UCH specifically here—have an inherent multivocality, which means a single heri-
tage resource in space, place, and landscapes, can be viewed simultaneously in a
variety of ways (Graham et al., 2000). This multivocality is part of a dynamic, dis-
cursive process that is often filled with contention and dissonance since space,
place, and landscape are constantly mutating concepts characterised by a complex-
ity of imagery and symbolism (Pile & Keith, 1997; Osborne, 1998; Brundage, 2000;
Graham et al., 2000; Seaton, 2001). Heritage is fundamental to constructs of iden-
tity because it allows an individual or group to associate itself with a particular
interpretation of the past. Thus, heritage provides social benefits of value but can
also underly a particular worldview (Lowenthal, 1996; Rosenzweig & Thelen,
1998; Graham et al., 2000).

Value, like heritage, involves multivocality as various agents (individual or
groups) make behavioural choices based on their respective preferences and per-
spectives. When these preferences conflict, intense feelings arise between compet-
ing stakeholders (Graham et al., 2000) and may be heightened because of the dual
nature of cultural and economic value. Cultural value is most often associated with
‘non-use’ values of preservation and intrinsic worth whereas economic value places
a value on the use or exploitation of a resource.

Archaeology and heritage are strongly associated with each other. The contribu-
tions of archaeology to heritage are usually discussed in terms of providing cultural
value, such as new information, authenticity, commemoration, symbolism, and con-
tinuity of cultural identity and sense of place. Archaeological sites encompass
aspects of space, place, and landscape and have been used to reinforce or refute how
heritage is perceived or valued (Trigger, 2009; Graham et al., 2000; Kristiansen,
2000; Lipe, 2002; McManamon, 2002; Jameson & Scott-Ireton, 2007).

In SBNMS, there are more than 200 hundred shipwrecks of which 50 have been
located, 12 identified, and 7 of those are now listed on the National Register of
Historic Places (see Table 6.1 for identified shipwrecks). They are often referred to
as time capsules and while this is true, they are also rich databases that may be stud-
ied as artefacts themselves, carrier of artefacts, microcosms of maritime cultures
and associated systems, sites of trauma and commemoration, or combinations of all
the above (Gould, 1983; Murphy, 1983; Lawrence et al., 2015). Careful analysis of
shipwrecks has great potential to alter our understanding of local, regional, national,
and global communication and interactions, and provide new information about the
expansion, trading patterns, and contributions from disenfranchised groups (Watson,
1983; Murphy, 1983; Flatman, 2003).

Shipwrecks are ultimately part of an environmental and ecological system that
was never intended to exist. UCH attracts a range of biological organisms and serves
as isolated, island-like habitats. UCH is first colonised by microorganisms, which
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Table 6.1 List of Identified Shipwrecks within Stellwagen Bank National Marine Sanctuary

Ship Vessel type Built | Length (ft) | Lost | Reason for loss
Acme Ii Stern trawler 1966 |69 1988 | Engine room flooded
Edna G* Eastern-rig Dragger 1956 |54 1988 | Foundered
Frank A Four-masted 1897 2745 1902 | Collided with Louis
Palmer* Coal Schooner B. Crary
Heroic Minesweeper 1941 |97 1969 | Fire
Joffre* Two-masted Eastern- | 1918 105.5 1947 | Fire
rig Dragger
Josephine Stern Trawler 1969 |80 1992 | Foundered
Marie
Lamartine® Two-masted Granite 1848 |79.9 1893 | Foundered due to heavy
Schooner seas
Louise Five-masted 1900 | 267 1902 | Collided with Frank
B. Crary* Coal Schooner A. Palmer
North Star Eastern-rig Dragger 1967 |55 2003 | Capsised
Patriot Western-rig Dragger 1997 |62 2009 | Capsised
Paul Palmer* | Five-masted Coal 1902|276 1913 | Fire
Schooner
Portland® Passenger Steamship | 1889 | 290 1898 | Sank in the Portland
Gale of 1898

Indicates vessel listed on the National Register of Historic Places (NHRP; SBNMS, 2023b)

may utilise the novel materials as substrates for metabolic reactions (Price et al.,
2020; Hamdan et al., 2021). Invertebrates such as sponges and cnidarians capitalise
on the hard-bottom habitats offered by UCH (Perkol-Finkel & Benayahu, 2007,
Meyer-Kaiser et al., 2022a). It can take centuries for the community on UCH to
match the species composition of the background community (Gravina et al., 2021),
and in some cases, structural differences mean the communities never match
(Perkol-Finkel et al., 2006). The net effect of UCH is usually an increase in local or
regional biodiversity (Paxton et al., 2019).

The use of human-made structures as artificial reefs has been documented
since the 1700s. Anthropogenic activities on and around UCH inevitably contrib-
ute to site formation over time. In SBNMS, UCH attracts anthropogenic activity
primarily from the diving and fishing industries. Diving on shipwrecks ranges
from simple visitation and photography to looting and salvage activities. Contact
from divers, particularly unskilled individuals with poor buoyancy control, can
damage UCH (Siciliano et al., 2016). The diving industry in SBNMS is not large
but contains a few key players: locally-owned companies with a loyal base of
skilled divers. Because SBNMS is an offshore sanctuary and relatively deep (i.e.,
30 m or deeper), the market consists primarily of experienced divers who live
locally rather than student divers or tourists. Experienced divers who are aware of
sanctuary regulations present a low risk to the integrity of UCH.

Fishing near or on UCH in SBNMS includes trawling, scallop dredging, gillnets,
recreational gear, and lobster pots (Harrelson et al., 2022). The history of fishing in
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SBNMS dates back centuries before the area was designated a sanctuary and is a
key facet of heritage in the region. In fact, some families have been involved in the
commercial fishing industry for generations. Fishing and livelihoods from the sea
are interwoven with cultural identity in Massachusetts and across New England.
Today, the lobster and scallop fisheries are major economic forces in the region.
Commercial fishers are also organised in strong trade groups, which have a public
voice. These include the Massachusetts Lobsterman’s Association, the Northeast
Seafood Coalition, and the Cape Cod Commercial Fisherman’s Alliance.

Finally, SBNMS has an obligation under the US National Historic Preservation
Act of 1966 to identify, assess, and mitigate any harmful actions and effects of
undertakings on historic properties (such as UCH) eligible for or listed on the
National Register of Historic Places (NRHP). This includes consideration of public
views and opinions (Section 106). It assumes responsibility for the preservation of
historic resources that fall under its jurisdiction and identify other historic proper-
ties eligible for listing on NRHP (Section 110).

Since its inception, SBNMS has used a policy of non-disclosure to try and bal-
anced its dual mandate of protecting UCH and facilitating compatible uses of sanc-
tuary resources. The locations of all known shipwrecks were kept confidential to
prevent looting by divers and intentional targeting of shipwrecks for fishing. In
2017, however, it became clear that this policy of non-disclosure was ineffective
after intensive scallop fishing occurred on the northwest corner of Stellwagen Bank.
Side-scan surveys were conducted to assess the damage to various sites after the
season closed. Figure 6.3 illustrates damage to North Star, a modern fishing vessel,
which was scattered across the seafloor significantly losing site articulation, integ-
rity, and an unknown number of artefacts. In 2019-2020, a cooperative agreement
between ONMS and Woods Hole Oceanographic Institution enabled research on
three UCH sites in SBNMS (Mires et al., 2020). The project revealed severe fishing
damage to multiple sites, including new entanglements of fishing nets that had not
been observed during the previous survey in 2009. The primary risk to UCH is com-
mercial fishing activity and gear impacts.

6.4 Impacts

The most obvious impact of fishing on UCH is the entanglement of ghost gear,
which damages shipwreck structures. Repeatedly targeting the area exacerbates this
problem and puts the UCH at higher risk for permanent loss (Brennan, 2016). For
example, sometime between 2009 and 2019, fishing gear ripped almost 40-m? of the
fantail-stern from the passenger steamer, Portland, (Fig. 6.4) which sank with an
estimated 200 people onboard, during the storm which bears its name, the Portland
Gale of 1898. The fantail now lies on the seafloor with remnants of a gillnet draped
across it (Mires & Meyer-Kaiser, 2023).

Figure 6.5 shows another example from the Portland Gale, the shipwreck pre-
sumed to be the coal schooner King Philip. The side-scan image on the left shows
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Fairly tight grouping of components
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Fig. 6.3 The fishing vessel, North Star, in 2016 before (left) and after a scallop derby in 2017
(right) where the site has suffered wide scattering and dispersal of features due to trawling activity;
dredge marks are visible in the debris field. (Image courtesy of SBNMS)

multiple dredge marks running northeast to southwest and on the right, the image
clearly shows part of the starboard bow disarticulated from the wreck with dredge
marks running over it. Further, lost gillnets or monofilament lines caught on ship-
wrecks can destroy and unintentionally entangle artefacts, snag, and break struc-
tures, and relocate artefacts.

Ghost gear continues to fish after abandonment in the ocean as fish can become
entangled in ghost trawl nets (Ross et al., 2016), and two seals have drowned while
caught in a ghost trawl net ensnared on the Patriot shipwreck in 2019 (V. Malkoski,
MA DMA, pers. comm.). Fishing gear also impacts biological communities in less
obvious ways. Repeated trawling along a shipwreck’s hull damages or scrapes off
three-dimensional sessile invertebrates, including sponges and corals that are key
foundation species in the community. Areas of shipwrecks with entangled ghost
gear have lower species richness and lower evenness than unaffected areas and they
tend to be dominated by opportunistic species (Meyer-Kaiser et al., 2022b; Fig. 6.6).
Trawling damage to a shipwreck’s structure causes a change in the microhabitats
available for colonisation and can lead to shifts in community composition (Mires
& Meyer-Kaiser, 2023; Fig. 6.7).

It is not always clear from examination of UCH whether fishing activity was
targeted on the site. Some ghost gear may represent nets that were lost off-site and
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Fig. 6.4 Top: Sidescan of
Portland in 2010 with
intact stern; Middle: In
2021 with stern missing;
Bottom: Photogrammetric
model of Portland showing
fishing gear draped over
and around damaged stern
area. (Original Images
courtesy of SBNMS; Mind
Technology; and Marine
Imaging Technologies)
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accumulated on the wreck because of tidal currents. Despite the economic incentive
to target dense fish populations, shipwrecks impact the safety of captains and their
equipment as well as present a navigational hazard. Entanglement can damage fish-
ing gear, lead to gear loss, or in extreme cases cause smaller fishing vessels to sink
(Harrelson et al., 2022). To reduce both intentional and unintentional damage to
UCH and increase the safety of captains operating in the area, SBNMS undertook a
departure from the previous policy of non-disclosure in the Shipwreck Avoidance

Pilot Program.
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Fig. 6.5 Side-scan image of trawl marks through the possible King Philip shipwreck site (left);
and through the ship’s starboard bow section (right)

Fig. 6.6 Biological communities and impacts of fishing gear entanglement on the coal schooners
Frank A. Palmer and Louise B. Crary. (a) sonar image of the two ships interlocked, courtesy of
SBNMS; (b) a horse star (Hippasteria phrygiana) with fluffy anemones (Metridium senile) and
sponges (Mycale lingua) on the shipwreck’s hull; (¢) dense clusters of hydroids (Ectopleura cro-
cea) and fluffy anemones on monofilament strung between the hulls; (d) a net entangled on a cleat,
with hydroids and sponges
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Fig. 6.7 Biological communities and impacts of fishing gear entanglement on Portland. (a) a
dense population of fluffy anemones (Metridium senile) with entangled fishing gear (bottom left)
on the walking beam; (b) a community of anemones and sea stars (Henricia sp.) on the walking
beam; (c) fluffy anemones and sponges (Halichondria sp., Mycale lingua) on the aft hull; (d) tuni-
cates (Molgula sp.) and tubed anemones (Cerianthus borealis) on a low-lying part of the ship-
wreck; (e) Acadian redfish (Sebastes fasciatus) rest on a pile of dinnerware near entangled fishing
gear on the starboard side; (f) a stone crab (Lithodes maja) feasts on a cusk (Bromse bromse) that
died following entanglement in ghost fishing gear. (All images courtesy of Marine Imaging
Technologies)

6.5 Shipwreck Avoidance Pilot Program (SAPP)

In 2018-2021, SBNMS collaborated with NOAA fisheries to implement SAPP. The
program involved the disclosure of several shipwreck locations at the beginning of
the fishing season along with guidelines for voluntary avoidance with a 110-m buf-
fer zone (Fig. 6.8). In 2018, SBNMS disclosed the locations of 3 modern and 4
historic shipwrecks for the first time in the history of the sanctuary. In 2020, the
program expanded to include 4 more shipwrecks and an increased avoidance buffer
of 122 m.
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Fig. 6.8 Outreach bulletin requesting voluntarily avoidance of listed wreck sites (left); placards
that could be placed in wheelhouses as avoidance reminders (middle and right); a QR Code (mid-
dle of right-hand panel) takes fishers to a NOAA Fisheries Web site where they can see the site
locations and download coordinates to upload into their chart plotters

Data collection for the SAPP included mapping vessel tracks, pre- and post-
season side- scan surveys, and interviews with fishing captains. The Automatic
Identification System (AIS) and Vessel Monitoring System (VMS) were used to
track vessel locations; however, these methods did not provide adequate resolution
and coverage to be useful due to technology constraints involving time stamps
(VMS) and vessel size requirements (AIS).

Interviews were conducted with 78 scallop, groundfish, and lobster vessel cap-
tains to assess the effectiveness of SAPP. Many vessel captains were supportive of
the disclosure of shipwreck sites, although most local fishers were already aware of
the locations. Mobile gear captains reported that they usually stayed more than
110 m away to reduce gear loss risk. However, some captains, particularly gillnet
fishers, admitted to targeting wrecks. Side-scan sonar surveys proved to be the most
effective tool for evaluating compliance of the voluntary avoidance buffers. The
side-scan showed that compliance was incomplete due to evidence of continual
activities (Harrelson et al., 2022).

There was interest among vessel captains to learn more about the shipwreck
sites, particularly the human stories associated with them. Some captains felt it was
unclear why particular wrecks were being preserved and stated that more historical
information could impact their willingness to comply with voluntary avoidance
guidelines. Most captains (53%) viewed the sites as having broad historic value or
memorial significance, while some (21%) also named the creation of habitat to sup-
port fish populations (Harrelson et al., 2022). Some captains had never considered
shipwrecks as valuable and thought of them primarily as hazards. Nevertheless, they
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viewed education about UCH to be an important next step to create a transparent pro-
cess and develop voluntary guidelines for shipwreck avoidance.

The SAPP illustrated the challenges of protecting UCH in a multi-use environ-
ment. Compliance with voluntary avoidance buffers was mixed, and outreach to the
fishing industry was challenging. The current sanctuary regulations provide insuf-
ficient deterrence for captains to avoid shipwrecks. Some captains also remain
unconvinced that shipwreck sites on Stellwagen Bank need protection, although
there was broad support for the continued release of wreck locations to aid in vessel
safety. Expanded background information that helps illustrate the importance of
shipwrecks, both to the sanctuary mission and to captains’ values, could be a useful
addition to future notices. Because formal sanctuary efforts to assess and protect
important maritime heritage resources are still very much in development, there is a
clear need for continued research to help guide best practices (Harrelson et al., 2022).

6.6 Integrating Maritime Heritage Ecology

The fishing captains’ attitudes towards the perceived benefits of preserving ship-
wrecks and their desire for more information are emblematic of the multi-use and
multivocality challenge SBNMS faces with its UCH and current policies. More than
twice as many captains recognised the historical value of UCH than the ecological
and biodiversity value. The third most common response was ‘no benefit’ (13%),
indicating that fishers perceive only two benefits of UCH. Furthermore, only 3 of 78
respondents (<5%) perceived any benefit to researching shipwrecks (Harrelson
et al., 2022). However, UCH offers many opportunities to understand ocean pro-
cesses, and its archaeological and ecological roles are intertwined.

Therefore, SBNMS has adopted Maritime Heritage Ecology (MHE) to help
shape their management efforts. MHE is an ‘interdisciplinary research framework
that aims to understand the interactive biological, natural, and anthropogenic factors
that drive site formation processes and answer critical management questions for
UCH’ (Meyer-Kaiser & Mires, 2022). This framework can help integrate the dispa-
rate UCH contexts discussed here and hopefully help balance the dual mandate
in SBNMS.

For example, the interdisciplinary framework of MHE could help integrate soci-
ological and ecological factors to understand fishing patterns and engage fishers in
active protection of key habitats—not just compliance with policies and regulations.
Educating them about the importance of UCH habitats for vulnerable species such
as cusk (Bromse bromse) and the endangered wolf fish (Anarhichas lupus) could
help motivate shipwreck avoidance. Understanding risk-taking behaviours among
fishers could also help managers craft incentive programs and ensure policy compli-
ance. Furthermore, sharing of information about UCH, which fishers themselves
suggested, will help preserve fishing heritage. The North Star, damaged by scallop
fishing in 2017, was a steel clam dredge vessel and one of 45 shipwrecks represent-
ing the fishing industry in SBNMS. Engaging fishers in the process of heritage and
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embracing its multivocality will create a more personal connection to UCH and
willingness to preserve these non-renewable resources.

MHE also provides an opportunity to engage other disciplines and technologies
for innovative cooperation. For instance, moorings placed on UCH could serve as
visual and digital markers of prescribed buffer zones and provide data on real-time
conditions at sea. Similar programs already exist within the NMS in Michigan,
Wisconsin, and Florida. Moorings become a part of the ecosystem, attract further
biodiversity, and provide an anchor point for diving and swimming (Harrelson et al.,
2022). Additionally, Massachusetts has a highly active shark monitoring program
along the Cape Cod National Seashore, but there is little tracking information in the
sanctuary and northwards. UCH could be used to provide data stations for these
apex predators to help protect wildlife.

Anthropogenic structures are integral to marine ecosystems. MHE stresses that
to protect biodiversity and preserve UCH, a clear understanding of all natural, bio-
logical, and anthropogenic processes impacting UCH is necessary. By engaging the
fishing community in all components of MHE, SBNMS could build personal con-
nections to the multivocal heritage and ecology of UCH. Interdisciplinary collabo-
ration is needed for healthy fisheries and heritage preservation alike.

6.7 Conclusion

SBNMS is a case study in the multiutility and multivocality of heritage. The use and
non-use values of UCH are defined differently by researchers, managers, and stake-
holders, creating dissonance in preservation and management (Graham et al., 2000).
Education and research in MHE can help build a common foundation and engage
the fishing community. Management policies affect the livelihoods of fishers, so it
is essential to consider their perspectives. This chapter has focused on fishing
because it is the major management challenge in SBNMS, but a comprehensive
management plan will engage other user groups, including SCUBA divers and
indigenous tribes.

It is clear based on recent research that entanglement of trawl nets, monofila-
ment, and other fishing gear is a major threat to shipwrecks in SBNMS. Protecting
archaeological sites and biodiversity alike will require a radius around highly vul-
nerable UCH free from fishing activity. However, fishing is an economically impor-
tant industry that provides identity for the Bay State. SBNMS is forced to balance
these two competing priorities.

While a moratorium on fishing may be appropriate for NOAA Fisheries authori-
ties to consider, the sanctuary lacks the authority to implement one without going
through the entire sanctuary designation process again. It is also important for the
sanctuary to avoid becoming a ‘paper park’ that fails in its conservation goals
(Relano & Pauly, 2023). Shipwreck protection practices that have been developed
in Thunder Bay and Florida Keys National Marine Sanctuaries provide a precedent
for SBNMS. The SAPP made great strides in establishing communication with the
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fishing community and testing the feasibility of voluntary compliance. Expanding
this program and exploring technological and infrastructure solutions for shipwreck
avoidance will be key components of SBNMS management moving forward
(SBNMS, 2023a).

Finally, expanding MHE research in SBNMS is critical to protecting resources.
The newly implemented Sanctuary Mapping Initiative (SMI) enlists the help of fish-
ers to conduct side-scan sonar surveys to locate and document shipwrecks and char-
acterise seafloor habitats. Observational and experimental research on biological
communities could provide new information on biodiversity hotspots and the role of
UCH in supporting fisheries. Interviews and vessel monitoring will show how atti-
tudes and behaviours of fishers affect site formation of UCH. The integrative, inter-
disciplinary approach of Maritime Heritage Ecology provides a foundation for
SBNMS to balance the sanctuary’s dual mandate and become an effective multi-use
sanctuary for generations to come.
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Chapter 7

Underwater Cultural Heritage and Fishing
Communities: Safeguarding Heritage

and Safeguarding Fishers

Check for
updates

Benjamin Ferrari, Antony Firth, David Gregory, and Louise Sanger

7.1 Introduction

This paper proposes that three elements are required in order to develop a fit-for
purpose management regime to protect underwater cultural heritage (UCH) from
negative impacts caused by some fishing gear: evidence-based characterisation of
impacts; understanding of the pressures and constraints acting upon fishing com-
munities; and commitment to engagement with fishers and industry associations. In
addition, strategies for protection of UCH from fishing and other hazards cannot be
developed in isolation from existing marine management regimes. This challenge of
integration and alignment with broader stewardship of complex marine systems is
set to grow more difficult as industrial activity grows, competition for resources
intensifies, and governments and agencies seek to exert new levels of control over
larger areas of ocean.

There are more than three million shipwrecks estimated worldwide according to
UNESCO (Croome, 1999). The UNESCO convention on the protection of under-
water cultural heritage, encourages in situ preservation (UNESCO, 2001) and states
that wrecks older than 100 years count as a cultural heritage site. This definition
now encompasses many metal shipwrecks, including World War I casualties and
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soon will encompass casualties from World War II. Significant conflicts of interest
are now evident—even in the context of conservation-oriented assessments (Firth,
2018). Shipwrecks are habitats for marine life, enhancing biodiversity and biomass
(Balazy et al., 2019). They can also pose environmental pollution threats, especially
if they contain hazardous substances such as oil, chemicals, or munitions (Ndungu
etal., 2017; Szafranska et al., 2021). Indeed, this issue of potentially hazardous and
polluting legacy wrecks is receiving focused attention from influential advisory
bodies. The International Union for the Conservation of Nature (IUCN) recently
passed resolutions urging its members to take action with a view to preserving bio-
diversity (IUCN, 2020). The challenge of addressing the urgent need for remedia-
tion while also acknowledging heritage value (including potential war grave status)
will need to be addressed comprehensively. Marine spatial planning issues often
arise as wrecks can interfere with the ever-increasing offshore sub-sea engineering
efforts, such as the installation of cables, pipelines, or wind farms with a need to
protect heritage value—a source of potential added costs to developers and opera-
tors (Papageorgiou, 2018). Shipwrecks are also treated as geohazards and obstacles
to marine engineering, posing risks to navigation or safety.

The impact of fishing activity on UCH must be addressed but such impacts can
also be a major concern to owners and operators of ocean infrastructure who have
proposed various forms of fishing exclusion zones and technical remedies.
Therefore, while UCH and its management, as described above, can give rise to
conflicts of interest, there are also shared concerns between heritage managers and
other stakeholders in the context of a complex marine management and stewardship
environment.

The first section of this chapter highlights the need for evidence-based charac-
terisation of the impact of fishing and integration of this analysis with wider consid-
eration of site formation dynamics. A major European Research Council research
project, ENDURE, is introduced. Based at the National Museum of Denmark,
ENDURE is a multi-year programme that aims to disentangle natural and anthropo-
genic decay processes and determine their cumulative effects on UCH. The aim is
to validate the efficacy of in situ preservation.! The subsequent sections develop the
proposition that the successful application of such foundational work on new man-
agement regimes will be compromised in the absence of full appreciation of the
pressures and constraints operating on the fishing industry in general and coastal
fisheries in particular. Effective management of UCH requires concerted effort com-
mitted to close engagement with fishers. Not all fishing activity poses an equal
threat to UCH, and it is critical that an understanding of material differences in
impact influences the management solutions proposed.

The second section introduces the work of Lloyd’s Register Foundation (LRF),
shaping a future for the fishing industry that is safe for all fishers working in a sus-
tainable ocean economy. Today’s fisheries are part of a highly stressed marine
system, and the human cost of fishing is appallingly high. LRF’s work will help

"Project ENDURE https://www.endureerc.com
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inform proposals for protection of UCH that avoid exacerbating occupational safety
challenges. The third section presents work undertaken by Historic England (HE) to
engage with fishers in order to mitigate damage to UCH and develop fit-for-purpose
management regimes. It emphasises the need for broad engagement with agencies
as well as industry bodies and communities.

7.2 Out of Sight but Not Out of Mind: Sustainable
Preservation of Underwater Archaeological Sites

The scale of the heritage management challenge is considerable with a wide range
of site types in complex, dynamic environments. Consequently, a desk-based
approach for identification and assessment of the most significant site formation
processes is urgently needed especially as rapidly progressing marine remote sens-
ing techniques allows effective non-intrusive detection, characterisation, and moni-
toring of underwater sites (Plets et al., 2011; Westley et al., 2019). The remote
characterisation and monitoring of change at individual sites (Quinn & Boland,
2010; Brennan et al., 2016) includes environmental factors to understand the physi-
cal formation processes that are most influential in determining levels of site pres-
ervation (Smyth & Quinn, 2014; Fernandez-Montblanc et al., 2018; Quinn &
Smyth, 2018; Geraga et al., 2020; Majcher et al., 2021). Gregory and Manders
(2015) formed a baseline process-based approach to control, assess and achieve
in situ preservation.

One of its central points is the assessment of the most significant chemical, bio-
logical and physical threats to the site. Understanding the formation of underwater
sites also enables more accurate archaeological interpretation. Assessing environ-
mental factors can not only lead to better understanding of events that caused the
sinking of the vessel but also help to predict pathways of future deterioration. This
enhances understanding of potential pollution and fishing hazards and addresses
UCH management needs.

In ongoing work (Gregory et al., 2024) baseline post-depositional site formation
processes for more than 500 shipwreck sites, located in the North and Baltic Seas,
are being examined. Multi-beam bathymetry data supplied by a marine survey com-
pany (JD-Contractor A/S) are integrated with multiple environmental and anthropo-
genic influence data layers sourced from open-data portals. A revised form of
Muckelroy’s (1977) approach was used to achieve an initial manual classification of
the sites and subsequently, statistical correlation analysis was used to determine the
most significant variables. Fishing activity was assessed through inclusion of vari-
ables representing fishing efforts and only the fishing methods entailing direct con-
tact of the fishing gear with the seabed were deemed to be relevant in this study.
EMODnet (2022) provides a variety of quantified fishing activities in the Baltic and
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Fig. 7.1 Fishing intensities. (a) Bottom beam trawling, (b) bottom otter trawling, (c¢) bottom
seines, (d) total bottom fishing intensity. Grey areas represent lack of data. (Figure from Gregory
et al. (2024) prepared by Jan Majcher)

North Seas and bottom seiner, beam and otter trawler fishing data were downloaded
from the EMODnet portal, representing fishing intensities averaged across
three years (Fig. 7.1). However, some caution is required as there is on-going
research into the footprint and actual impact of fishing on seabed habitats that may
allow further refinement of this methodology (McConnaughey et al., 2020).

Although the study presents a simplified, preliminary approach, it serves as a
big-data-driven attempt to assess the predominant basin-scale post-depositional site
formation factors acting at UCH sites in order to enable strategic, evidence-based
management decisions to be made. Water depth, bottom fishing intensity and ocean-
ographic variables like salinity have significant influence in addition to the expected
correlation between the age of a wreck site (sinking date) and its current preserva-
tion state. These aspects are being further developed in the ENDURE project
addressing the following key knowledge gaps: (1) the efficacy and long term sus-
tainability of ‘in situ preservation’; (2) what to preserve and why; (3) a comprehen-
sive understanding of decay processes (including their rates) and how and in what
circumstances these can be mitigated for; (4) the invisible and inaccessible nature of
these sites and how such a large resource can be effectively monitored; (5) the
increasingly dynamic and changing nature of the marine environment due to both
natural and anthropogenic drivers; and (6) the lack of integration of UCH manage-
ment with other disciplines and end users of the marine environment.
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7.3 'The World’s Most Dangerous Industry

The damage caused to UCH by trawling activity cannot be ignored by responsible
Government agencies and Lloyd’s Register Foundation? (LRF) is committed to sup-
porting the safe and effective management of UCH. However, LRF believes that
attempts to develop better management regimes for UCH located on or near fishing
grounds must be informed by a high-level of awareness of challenges faced by the
fishing community—especially in the global south. Accordingly, LRF Heritage
Education Centre, has launched the Learning from the Past programme (LRF n.d.-
a). The aim is to use historical and archaeological evidence to generate insights that
contribute to contemporary fisher safety while also helping archaeologists and his-
torians to communicate with fishers and policy makers in order to enhance efforts to
limit harm to both the natural and historic marine environments.

Illegal fishing, climate change, weak governance, poverty and reduced fish stocks
all contribute to make fishing one of the world’s most dangerous professions. Recent
work by the FISH Safety Foundation indicates that more than 100,000 fishing-
related fatalities occur annually with the majority in the developing world (Willis
et al., 2023; FISH Safety Foundation, 2023). Negative health effects on industry
participants in general and fatalities greatly exceed those in the wider shipping sec-
tor (S&P Global, 2020). In Bangladesh, more than 1350 fishers die at sea every year,
often in boats lacking the most basic safety equipment and these losses can result in
profound hardship for families and communities (FISH Safety Foundation, 2023).

Lloyd’s Register Foundation identified fishing as a safety challenge in its highly
influential Insight Report on Safety in the Fishing Industry (Attwood, 2018). Since
then, the Foundation has further investigated to better understand the nature of the
safety challenge in the fishing industry. It has drawn on expert knowledge and opin-
ion to understand what activity is already underway to improve fishing safety and
what additional action is needed. Causes of fatalities differ in the developed and
developing world. However, they are generally related to the economic status, value
placed on life, and social outlook of the fishers in the respective countries. The
report recommended that an international programme should be established, focused
on local community partnerships, to improve safety in ways that are appropriate for
local communities. LRF believes that this community approach is a critical element
of managing fishery impacts on UCH. LRF has subsequently launched several ini-
tiatives, such as FishSafe2025, to help assure fisher safety through training and
awareness (LRF, 2020). The Foundation has also supported development of new
safety technology—for example SeaWise®, a tablet-sized device that monitors the
stability of smaller fishing vessels (LRF, 2021). These outputs contain many insights
that may be valuable in designing new UCH management regimes—especially in
inshore waters.

Marine Protected Areas (MPAs) and latterly, Highly Protected Marine Areas
(HPMAs), will be a key tool in both marine nature and heritage conservation.

2https://www.Irfoundation.org.uk/en/
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However, the resulting displacement of fishers from familiar grounds, whether
through creation of MPAs or other processes, can carry a severe cost that must be
recognised and addressed in planning stages. The LRF funded film Two Kinds of
Water tells the story of fishers in Africa’s most vulnerable fishing communities
(LRF, 2022). Displaced from their traditional fishing grounds into stormier waters,
fishers are forced to venture further and stay at sea longer in poorly adapted vessels.
The need to operate further from land also results in loss of access to mobile tele-
communication networks—previously the prime source of weather and other safety
information as well as contact with the shore. Larger, mechanised fishing vessels,
also moving from regular fishing grounds due to reduction and migration of fish-
stocks due to overfishing, now compete with artisanal fishers for fish and sea-space.
They pose a direct safety threat to the more fragile, smaller craft and mortality rates
are rising as catches fall.

This is not a problem confined to the Global South. Fishing communities around
the UK face disruption and displacement. Fishers have been moved from traditional
shore facilities due to redevelopment causing operational and occupational safety
issues. The UK Government plans for new HPMAs may also deny fishers access to
traditional inshore grounds (DEFRA, 2019). UK sea fisheries associations have
warned of a looming displacement crisis with increased risk and lasting harm to
coastal communities (National Federation of Fishermen’s Organisations, 2022).

There have been extensive consultations on proposed HPMAs off the English
coast and eventually two of the proposed designations (Lindisfarne and Inner Silver
Pit South) were refused. The needs of fishing communities were prominent in the
published rationale for rejection (DEFRA, 2019). For Lindisfarne, reasons included
residents’ concerns about losing their heritage, community and cultural identity
through losing fishing and also their health and safety concerns, including mental
health. The Inner Silver Pit South designation was refused on the basis that the rela-
tively high costs to fishers would not be offset by the potential benefits from its
designation as a HPMA.

A similar pattern has emerged in Scotland (in which, like in England, relevant
powers are devolved to the Scottish Parliament). The initial announcements by
Scottish Ministers included commitments to designate at least 10% of Scotland’s
seas as Highly Protected Marine Areas by 2026 (Scottish Government, 2022).
However, there was an immediate backlash that united coastal communities, grass-
roots campaigners and sectors of the fishing industry—even spawning a popular
protest song (SKIPINNISH, 2023). Former Finance Secretary Kate Forbes warned
people, not wildlife, could become the ‘endangered species’ in Highland and
Island areas due to jobs being lost as a result of the proposals. The strength of
the opposition has resulted in withdrawal of the initial timetable for creation of
HPMASs and the First Minister of Scotland, Humza Yousaf, stated that no HPMAs
would be imposed on island and coastal communities without their consent
(HPMAs, 2023).
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7.4 Protecting England’s Maritime Heritage and Fishing
Community Engagement

Fishing in English waters, using both mobile and static gear, involves a variety of
complex interactions with underwater cultural heritage. Fishing has given rise to
important heritage both underwater and along our coastlines, but fishing can also
cause damage to UCH. Fishing is often a source of information about UCH—in the
form of new discoveries—even where those discoveries are a consequence of fish-
ing impacts.

Historic England (HE) is the government’s advisor on the historic environment
in England, including in the UK Marine Area (UKMA) off England,* encompassing
the territorial sea to 12 nautical miles (nm), and the UK Continental Shelf and
Exclusive Economic Zone to median lines with neighbouring countries or to the
boundary of national jurisdiction (200 nm) in the southwest. HE’s capacity to des-
ignate sites under heritage legislation is limited to the territorial sea but HE advises
government on a range of other powers relating to resource use, the environment
and fishing that apply to the full extent of national jurisdiction. For fisheries man-
agement, another key boundary lies at six nautical miles, which is the outer limit of
areas administered by Inshore Fisheries and Conservation Authorities (IFCAs).
Beyond six nautical miles, fisheries management was subject to the Common
Fisheries Policy (CFP) of the European Union (EU). Since the UK left the EU,
fisheries off England beyond six nautical miles are now administered by the Marine
Management Organisation (MMO), one of the family of public bodies sponsored by
the Department for Environment, Food and Rural Affairs (DEFRA).

HE, including through its precursor English Heritage, has been engaging with
fisheries for many years. It commissioned a wide-ranging examination of fishing
and the historic environment that encompassed the contribution of fishing to the
historic environment as well as direct and indirect interactions, both positive and
negative (Firth et al., 2013). The report spurred further investigations and continues
to provide evidence to support advice to government.

In 2012-2013, HE funded a pilot project to encourage fishers to report their dis-
coveries of UCH through a Fishing Industry Protocol for Archaeological Discoveries
(FIPAD) (Davidson, 2013). FIPAD was further developed with the support of the
National Lottery Heritage Fund and Sussex IFCA in 2016-2018.*

At an earlier juncture—in the 1990s—‘fishermen’s fasteners’ were among the
core data recorded in a national inventory now known as the National Marine
Heritage Record. Fasteners are places where fishers have noted snags to their gear
which, in several cases, proved to be historic wrecks. Whilst fasteners indicate
potential UCH, their actual character is unknown. This, and several other ambigui-
ties, prompted a project led by Sussex IFCA to better understand fasteners and their

3 Cultural heritage and fisheries in the UK are both devolved matters: distinct arrangements apply
in England, Scotland, Wales, and Northern Ireland.

“https://fipad.org/
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heritage implications, including testing whether the survey methods used by IFCAs
for fisheries and habitat mapping could also be used to examine fasteners. The proj-
ect, which incorporated dialogue and joint fieldwork with fishers, confirmed the
continued importance of fishermen’s fasteners as a source of information (Firth &
Dapling, 2020). The project also flagged the safety issues presented by cultural heri-
tage to fishing insofar as some fishing vessels, and fishers’ lives, have been lost from
snagging obstructions and other historic material such as ordnance (Marine Accident
Investigation Branch, 2015; Marine Accident Investigation Branch, 2022). The
potential for IFCAs to use habitat survey methods to examine UCH was further
explored in a project led by Isles of Scilly IFCA with the University of Plymouth
(Firth et al., 2020).

Notwithstanding these positive instances of collaboration, fishing is still a cause
of impacts to UCH, including to highly significant historic wrecks designated under
heritage legislation. Several instances of documented damage are currently being
investigated as heritage crimes and in other instances fieldwork has been commis-
sioned to remove Abandoned, Lost and Discarded Fishing Gear (ALDFG) that is
obscuring designated sites and presenting a hazard to licensed divers. Whilst dam-
age is a criminal offence, fishing as an activity is not restricted on these sites.
Consequently, and in addition to pursuing criminal damage, HE efforts are twofold:
working with the fishing sector to discourage the use of potentially damaging meth-
ods in the vicinity of important sites; whilst also exploring the use of fisheries man-
agement measures to formally restrict fishing.

New fisheries legislation, the Fisheries Act 2020, was introduced to accompany
the UK leaving the EU and encompasses ‘features of archaeological or historic
interest’ within the scope of the marine and aquatic environment that can be con-
served, enhanced, and restored through financial assistance, regulations, or condi-
tions on sea fishing licences. It was confirmed by the Minister in Parliament that
regulations for conservation purposes may be used to amend or introduce legislation
to protect features of archaeological or historic interest individually or collectively
(Fisheries Bill [Lords], 2020, column 144).

Exclusion of fishing activity from limited areas around specific heritage sites is a
residual option if the risk of impact cannot be reduced through other means, but it is
not the starting point. As noted earlier, fishing is a valued part of our heritage, con-
tributing to the character and sense of place of coastal communities, including peo-
ple who work in them or visit. Often, UCH is itself the heritage of fishing generally
but also of the fishers themselves: numerous fishing vessels lie wrecked in English
waters, not least from the First and Second World Wars when fishing vessels and
fishing crews served in the hazardous role of minesweeping. HE has supported the
contribution of fishing heritage to regeneration of coastal communities through
Heritage Action Zones (HAZs) and High Street Action Zones (HAZs). Examples of
this include the ‘Kasbah’ at the heart of Grimsby’s historic fishing industry (Historic
England, n.d.), and the Whapload Road area of North Lowestoft (Bristow, 2019).
HE is carrying out a thematic assessment of heritage relating to steam fishing,
encompassing heritage assets on land and at sea.



7 Underwater Cultural Heritage and Fishing Communities: Safeguarding Heritage... 91

HE continues to explore how heritage contributes to the sustainability of fishing,
reducing impacts to UCH but potentially contributing to the wider sustainability of
our continued use and enjoyment of our seas. HE is supporting and co-supervising
a PhD on using cultural heritage proactively to help manage UK marine fisheries in
conjunction with Heriot Watt University and the University of Exeter as part of the
Centre for Doctoral Training in in Sustainable Management of UK Marine Resources
(CDT SuMMeR). The research will examine how the legacy of cultural heritage
embedded in the practice of small-scale fishing—traditional ecological knowledge,
maritime landscapes, historic landing places, traditional vessels, and all their asso-
ciated skills and material culture—can be used to drive greater sustainability within
fisheries management.

Historic England continues to engage with DEFRA and the MMO on major
changes to fisheries management introduced by the Fisheries Act 2020. The new
Joint Fisheries Statement (JFS)—which sets out the overall direction of fisheries
management across the UK —acknowledges that the seafood sector is an important
part of the economy of coastal communities and has a rich cultural heritage from
which many of those communities draw a sense of place and identity (DEFRA
et al., 2022). There is work to do, however, on detailing how this rich cultural heri-
tage is to be conserved and enhanced through the JFS. Historic England is engaged
on the practical implications of the Fisheries Management Plans (FMPs) that sup-
port the JES through binding obligations and identified measures for dealing with
individual fish stocks, types of fishing and geographic areas (DEFRA et al., 2023).
The introduction and implementation of FMPs provides a key opportunity to flag
the impacts of specific fisheries and how they can be reduced, but also the positive
contribution that heritage can make to the long-term sustainability of fishing and
coastal communities.

7.5 Conclusion

There is undoubtedly an urgent need for greatly improved protection of UCH from
certain fishing gear impacts. However, this challenge, nested as it is within multiple,
broader ocean stewardship issues, is not set to become any less complex—possibly
quite the reverse.

The pace and scope of growth in the ocean-based economy has led to realisation
that we are on the verge of a new maritime industrial revolution without an adequate
governance framework or sufficient information to ensure that safety and sustain-
ability can be assured. The notion of the Blue Economy is well established. Ocean
industries underpin our critical infrastructures and supply chains—80% of our
goods are transported by ship and it is estimated that $90 trillion will be invested
over the next decade on marine infrastructure alone. Oceans contribute $1.5 trillion
annually to the global economy, and this number is expected to double to $3 trillion
by 2030 (LRF, 2021). The UN estimates that the ocean directly supports the
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livelihood of about 500 million people and many poorer countries are almost wholly
dependent on the ocean economy. As the global population is estimated to grow to
8.5 billion by 2030 and 9.7 billion by 2050, there will be increased pressure on
ocean resources such as increasing demand for food, energy, jobs, transportation,
and coastal land.

There is a broad acceptance that the Blue Economy must be a sustainable one. A
just transition to a low carbon, sustainable ocean economy necessitates investment,
education, infrastructure, innovation, and decent, safe jobs. But the capacity to
industrialise is growing ever more rapidly. Marine ecosystems face unprecedented
cumulative pressures from human activities and climate change. This is happening
in a largely unmapped geography and a complex and uncertain governance land-
scape—a phenomenon dubbed the ‘Blue Acceleration’ (Jouffray et al., 2020). Put
simply, the ocean has never been busier: shipping has increased by 1600% since
1982, when the UN Law of the Sea Convention was signed and a phenomenal rate
of change over the last 50 years has produced a race among diverse and often com-
peting interests for ocean food, material, and space.

Marine systems are becoming increasingly complex and safe management of
shared space at sea is becoming a central topic of concern. Current management
effort is necessarily focused on actions within territorial jurisdictions. However,
there is increasing interest in management regimes for resources in areas beyond
national jurisdiction as competition for these resources escalates (United Nations,
2023). These areas comprise 95% of the ocean and UCH is widely present within
them, in both tangible and intangible form. For example, alongside individual wreck
sites of varying antiquity, The Middle Passage, a maritime heritage landscape in the
Atlantic Basin of immense significance to the African diasporic cultural memory, is
potentially vulnerable to industrial activity such as mineral extraction being consid-
ered for licensing by the International Seabed Authority (Turner et al., 2020).

There is a time-limited conjunction of threat and opportunity. Never has UCH
been under greater threat from industrial activity and fishing activities. Equally,
there has never been a better opportunity to define and promote the standard and
protocols required to deal with these threats and safety challenges and to communi-
cate them as part of broader, international efforts to create a safe and sustainable
ocean economy. As described in the preface of this volume, The UN Decade of
Ocean Science for Sustainable Development (2021-2030) was launched with the
vision ‘the science we need for the ocean we want’.

The critical role of maritime heritage in achieving this outcome was recognised
early, with the Cultural Heritage Framework Programme (CHFP), led by the Ocean
Decade Heritage Network (ODHN), being among the first of the ‘Actions’ to receive
formal UN Decade endorsement. The CHFP offers an efficient interface between
heritage and the Ocean Decade, providing advice and assistance to other pro-
grammes, projects and activities in key areas.’

Shttps://oceandecade.org/
°https://oceandecade.org/actions/cultural-heritage-framework-programme/
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It is essential to use this channel to foster ongoing dialogue with the broader
ocean sustainability community based on an evidence-led approach to the actual
nature and scale of impacts created by different types of fishing gear in different
locations. Fishing is also an inherently hazardous occupation and any approach that
fails to address impact on occupational safety will founder. The built heritage asso-
ciated with coastal fisheries is increasingly recognised for its contribution to a
‘sense of place valued by the broader community’ (Khakzad & Griffith, 2016) as are
the embedded intangible cultural heritage values widely noted in consultations and
programmes supporting the regional socio-economic role of fisheries.” Heritage
agencies have worked successfully with fishing communities to explore collabora-
tive management approaches. Indeed, examples exist of fishing communities
recruited and trained specifically to assist with monitoring and conservation of
UCH. However, much more effort is needed to develop ways to balance the needs
of fishers with preservation of nature and heritage. Lloyd’s Register Foundation will
continue to support such efforts (LRF, n.d.-b).
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Chapter 8
Beneath a Facade: The Unscientific
Justification of Treasure Salvage

Check for
updates

Michael L. Brennan

Professor Thijs Maarleveld of the University of Southern Denmark and co-founder
of the ICOMOS International Committee on the Underwater Cultural Heritage
(ICUCH), was a fierce guardian of underwater cultural heritage and proponent of
the UNESCO recommendation of in situ preservation as a first option. Despite his
unfortunate and untimely passing in 2020, Prof. Maarleveld’s efforts to combat the
misrepresentation of commercial salvage as archaeological investigation remains a
beacon in the field and a reminder of best practices for protecting UCH. He cham-
pioned the guiding principle that ‘the preservation in situ of underwater cultural
heritage shall be considered as the first option’. Maarleveld noted that ‘the principle
to consider in situ preservation first is not to be confused with the foregone conclu-
sion that in situ preservation is what is to be decided to’ (2016, p. 478), only that it
is considered as a first option. In addition, strides have been made by UNESCO and
other organisations to develop tools for preservation in situ of shipwreck sites that
contribute to long term management options but do not ‘reduce a central principle
to a management tool” and it is even understood that there are situations and condi-
tions in which in sifu preservation is not a preferred or feasible option (Maarleveld,
2016). However, there are those that have used this as a way to argue instead for
commercial salvage of any shipwrecks, not just those that are threatened.

If one does an online search for information about trawl damage to shipwreck
sites, a number of grey literature sources come up relating to the work conducted by
treasure hunting company Odyssey Marine Exploration, which attempts to exploit
the fact that some shipwrecks are damaged by bottom trawling activities into a
broad justification for commercial salvage. Through their work surveying in the
English Channel, upon observing that many shipwrecks there exhibited evidence of
impacts from fishing gear, the company used this as an opportunity to argue against
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UNESCO?’s principle of in situ preservation as the first option. However, the recov-
ery of entire shipwrecks-worth of artefacts is not the answer to the problem of trawl
damage to wrecks, as this volume addresses. What is needed is further documenta-
tion of trawl damage to shipwrecks, which in turn requires expanded deep-water
exploration to locate, document, and conduct repeat visits in order to quantify dam-
age (Brennan et al., 2016). Most imperative is locating sites in deep water within
range of trawls, particularly depths from 200 to 2000 m. It is as important to protect
known shipwrecks from trawling as it is to find unknown wrecks to document and
protect, as mentioned in a previous chapter by Brennan (Chap. 4, this volume).
Expanded funding for exploration is sorely needed. We cannot protect or manage
shipwreck sites we don’t know about.

That said, the publications by Odyssey Marine are professionally formatted with
the appearance of an academic publication. The flashy logo and colour photos
engage the reader with an appearance of scientific rigor, which is only present on the
surface, and which archaeologists have referred to as creating ‘an illusion of
research’ (Greene et al., 2011, p. 115). Their Oceans Odyssey books and handful of
other papers published on their website have no overt reference to them having been
peer reviewed, which is troubling. Why is this important? Peer review is done by
external reviewers with familiarity of the subject to ensure the work is original,
scholarly and in the case of this subject, meets professional archaeological stan-
dards including the use of appropriate scientific methodologies, and that the proj-
ects were conducted in accordance with professional ethics of archaeologists and
conservators. Odyssey Marine used glossy underwater photographs of damage to
shipwrecks from bottom-fishing activities to justify the ‘salvage’ of our common
heritage and sale of it for private profit. It of course, does not save our heritage for
future generations and instead uses public resources for personal gain. In all of
Odyssey’s writings, there is a clear, systematic justification of their salvage being
presented to the reader.

Four volumes of ‘Oceans Odyssey’ were released through the Odyssey Marine
website and printed by Oxbow Books. They contain a variety of papers by expedi-
tion personnel that strive to look like an assemblage of scholarly works. In the
Preface, Odyssey Marine founder, Greg Stemm, lays out the idea that trawl damage
to wrecks justifies their commercial salvage and sale: ‘We found that even in deep
water, shipwrecks were being destroyed at an alarming rate and that the politics of
underwater cultural heritage were so complex that some government bureaucrats
were happier to see shipwrecks being destroyed in situ than to consider a new pri-
vate sector model for managing cultural heritage... It was a very expensive endeav-
our — far beyond the budgets of academic archaeological institution... we also
allowed for generating of profits by... making large quantities of duplicate arte-
facts — such as coins — available to the public’ (Stemm, 2010, p. vii).

Their plan for the privatisation of our public heritage is further presented by John
Kimball in Oceans Odyssey 2: ‘Only artefacts that fit our Trade Good definition are
offered for sale. This is a category characterized by large quantities of mass-
produced objects, such a coins, bottles, pottery and other mass-produced cargo...
Duplicates are only sold to private collectors after thorough study and recording’
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(2011, p. 14). This business model is ‘commercial exploitation’ and inconsistent
with the 2001 Convention and US historic preservation law (Ole Varmer, personal
communication). The fact that some shipwreck sites are threatened by anthropo-
genic or natural factors is convenient to their objective. However, it does not over-
come the conflicts with heritage law and policy or justify privatising public
resources. Kimball further writes: ‘Odyssey has discovered hundreds of ship-
wrecks... Our policy is to record the site, and then either pick up a small selection
of diagnostic artefacts for study and permanent retention or, in the majority of cases,
leave the site undisturbed in situ’ (2011, p. 16), which further illustrates that they
only recover things of monetary value that they can sell for a profit. A major prob-
lem with Odyssey Marine’s business model is the speculative sale of duplicate coins
and other artefacts to try and secure funds for exploration and recovery. As indi-
cated, there is also the problem of the sale of artefacts salvaged from shipwrecks
resulting in the privatisation of public resources. Such sales then may be used to
raise funds for future treasure hunting, commercial salvaging, if not looting, of
other wrecks. In reference to the Oceans Odyssey volumes, Liz Greene writes, ‘such
seemingly innocuous descriptions serve as a veiled justification for the sale of arte-
facts and reflect Odyssey CEO Greg Stemm’s desire to separate ‘cultural artefacts’
and ‘trade goods’ so the latter can be sold on the open market’ (Greene et al., 2011,
p. 115).

Stemm leans further into the facade of good science in the Oceans Odyssey I
Preface regarding archaeologists’ views: ‘Their stated position is that any company
with a profit motive could not possibly be concerned with science’ (Stemm, 2010,
p. viii). This is far from the case, as cultural resource management (CRM) firms
conduct rigorous archaeology worldwide, particularly in the United States, where it
is reported to, reviewed by, and approved by both State and Federal archaeologists
for concurrence. Numerous government and private industry archaeological proj-
ects have developed into peer reviewed publications, for example that on USS
Monitor (Broadwater, 2012), Japanese midget submarines off Pearl Harbor (Delgado
et al., 2016), World War II shipwrecks in the Gulf of Mexico (Church & Warren,
2008), and the wreck of Clotilda in the Mobile River (Delgado et al., 2023), just to
name a few. If Odyssey Marine was so concerned with science, where are their
academic publications? What journal articles have come out using any of the scien-
tific data collected by any of these expeditions? In one chapter, Sean Kingsley
emphasises the observation that there are a scarcity of shipwrecks predating 1800 in
the English Channel (Kingsley, 2010, p. 226). The implication here is that bottom
trawling has erased them entirely. It is possible this occurred. However, if a scien-
tific approach were to be taken in writing this chapter, sedimentation, sediment load
from nearby rivers, burial, tidal flux and current dynamics would be researched and
presented, but no such information is even hinted at. Such omissions would likely
have been caught by peer reviewers. Odyssey Marine’s publications are an attempt
to appear legitimate and scientific, only to then rationalise commercial sales of their
recovered artefacts. However, not only is the work unscientific, but the work is also
unauthorised and unregulated, and often destructive.
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Kingsley’s later book, Fishing and Shipwreck Heritage, is not officially part of
the Oceans Odyssey series but has the same underlying objective. In the Preface,
Kingsley complains that the UK’s Joint Nautical Archaeology Policy Committee
(JNAPC) tried to ‘suppress and discredit all research’ by Odyssey Marine in an
effort to stop them from excavating the wreck of HMS Victory, which Odyssey
Marine discovered in 2008 (Kingsley, 2016, p. xiv). The author states that the com-
mittee questioned the evidence of trawling presented by Odyssey Marine. While
that may be the case, it is clear that the JINAPC did not want to see Odyssey Marine
involved in the recovery of British heritage particularly the plan that the artefacts
were to be sold. This led to statements such as ‘the notion of selling shipwreck arte-
facts, from potsherds to coins, whether for direct profit or to channel back into fund-
ing science, is portrayed as the slaying of archaeology’s most sacred cow’ (2016,
p- 9). Such actions are what led to the UNESCO Annex Rule 2 that ‘the commercial
exploitation of underwater cultural heritage for trade or speculation or its irretriev-
able dispersal is fundamentally incompatible with the protection and proper man-
agement of underwater cultural heritage. Underwater cultural heritage shall not be
traded, sold, bought or bartered as commercial goods’ (as cited by Kingsley, 2016,
p. 10). Bottom trawl] fishing is a problem for the preservation of shipwrecks in many
parts of the world, and as this volume illustrates, it is one the archaeological com-
munity is working to address. Blatant and intentional destruction of a shipwreck site
for the purpose of selling the artefacts for profit, regardless of whatever ‘science’ is
done ahead of it, goes against all principles of archaeology. Kingsley also states that
‘wrecks subjected to treasure hunting are typically not published scientifically’
(2016, p. 11). While trying to separate Odyssey Marine from other treasure hunters,
as discussed previously, Odyssey Marine’s publications do not qualify as scientific.

In his review of Kingsley’s book, Prof. Maarleveld wrote, ‘neither fishing nor
heritage lie at the heart of this book. Rather, I get the impression that they serve as
a decoy for continuous complaint about the archaeological profession, authorities,
international organizations such as UNESCO, regulations, committees and bureau-
cracy that curb the freedom of action of everyone, but first and foremost of Dr
Kingsley himself’ (Maarleveld, 2016, p. 478). In other words, Odyssey Marine’s
arguments regarding trawling damage are not so much that archaeological sites are
being damaged, but if fishers can damage sites, why can’t we? ‘Much treasure hunt-
ing has disguised itself with an image of respectable explorative research’ Maarleveld
further wrote (2016, p. 479). The hidden agenda of Odyssey Marine is not a new
tactic. Maarleveld concludes his review by directing readers to another book in the
same series as Kingsley’s by Colin Renfrew, Loot, Legitimacy and Ownership,
which ‘explains why archaeologists should steer clear of operations purporting to
work as archaeologists while selling artefacts and promoting the market for archae-
ological objects’ (p. 479).

Mischaracterisations plague Odyssey Marine’s writings as they try to warp actual
scientific publications to fit their narrative. One example is some of the work I've
put forth from expeditions in the Black Sea. Nautilus expeditions in the Black Sea
in 2011 and 2012 followed work by Robert Ballard in 2000 and 2003 that located
four Byzantine shipwrecks off Sinop. These expeditions discovered additional
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shipwrecks, both off Sinop as well as off Eregli along the northern coast of Turkey
(Brennan et al., 2013, 2016). Many of these wrecks exhibited trawl damage, which
we had also documented on ancient shipwrecks in the Aegean Sea (Brennan et al.,
2012, Brennan, Chap. 4, this volume). Like off southwestern Turkey in the Aegean,
we proposed marine protected areas and regions of additional trawling prohibitions
to begin to protect these newly discovered wrecks (Brennan et al., 2012; Krumholz
& Brennan, 2015). We concluded, ‘It is essential to continue to conduct rapid com-
prehensive surveys of such threatened areas before these sites are damaged further,
potentially beyond the point at which they can be detected’ (Brennan et al., 2012,
p. 69, cited in Kingsley, 2016, p. 95). Kingsley states that “The team’s deductions
are hard to square with their own additional conclusions’ (p. 95). The point made in
our Black Sea articles is the same as here: we cannot protect underwater cultural
resources we do not know about. Ocean exploration, especially in depths that are in
the range of trawlers (200-2000 m), is essential to locate wrecks that need to be
protected through marine protected areas (MPAs) or other exclusion zones. This is
a consistent argument throughout all the publications related to trawling stemming
from the Nautilus expeditions.

One wreck in the Black Sea, Eregli E, was of particular importance for a number
of reasons. It is the oldest shipwreck in deep water found along the southern Black
Sea coast of Turkey, and also exhibited extensive damage from trawls (Brennan
et al., 2013, 2016; Davis et al., 2018). The wreck was discovered in 2011 and
mapped with video, still cameras and multibeam sonar. In this imagery were objects
that we suspected may be human bones, which were likely trawled up from below
the mudline. Upon our return and remapping of the site in 2012, approximately
11 months later, the site had been further trawled, many of the artefacts moved off-
site, and the bones were no longer visible (Brennan et al., 2016). Kingsley states
‘This data loss can hardly have come as a shock’ (2019, p. 18). He adds, ‘leaving
wrecks in situ without selective sampling or excavation seems at best counter-
intuitive’ (2016, p. 96). Odyssey Marine may not have been too concerned about
obtaining permits. Nautilus was operating in Turkish waters and had Turkish observ-
ers aboard with specific stipulations in our marine scientific research permits
through the Ministry of Foreign Affairs that prohibited touching or removing any-
thing from a shipwreck. We were very aware of the fragile state of Eregli E and
would have collected the bones for analysis had we been able. In fact, when we
returned in 2012, it was with specific permission from Turkey to recover the bones
that we sought through proper channels. It was an unfortunate circumstance that
they were no longer there. However, the urgency of a site’s imminent danger from
trawls does not supersede the need for legal compliance through permissions from
the coastal state.

In 2007, Odyssey Marine located the wreck of what they called the ‘Black Swan’
that was subsequently proven to be the Spanish Navy frigate, Nuestra Sefiora de las
Mercedes. Mercedes sank off Portugal in 1804 with a cargo of gold and silver specie
in a battle with the British. Evidence showed Odyssey Marine’s discovery came
after researching the potential location of the wreck in order to find and recover its
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treasure. After doing so, they moved the artefacts to Gibraltar for a quick air ship-
ment home to Tampa and the filing of a claim in a Federal Admiralty court. Spain
intervened in the US court to contest the Florida-based company’s assertion of
rights to recover the artefacts taken from the wreck site on the continental shelf of
Portugal, which remained the property of the State and subject to sovereign immu-
nity from an admiralty arrest since it was a sunken state craft. Odyssey Marine
claimed in court that the 17 tonnes of coins it had recovered were jettisoned cargo
from an unknown ship (Delgado & Goold, 2021, p. 352). Video and photographic
data were mischaracterised, diagnostic artefacts either hidden in a locked storage
unit in Gibraltar or left undocumented on the site, and knowingly false statements
were made to the court. While their operations were self-proclaimed to be scientific
and adhering to archaeological standards, what the court unveiled was that recovery
operations by Odyssey Marine were ‘consistent with a sustained effort using sophis-
ticated ROV systems to recover as many of the 900,000 pesos presumed to be on the
site as could be accomplished in a one-two month period... [and] very few artefacts
of other types were recovered’ (Delgado & Goold, 2021, p. 358). Artefacts that
were recovered that were diagnostic and refuted Odyssey Marine’s claim were not
disclosed, including uniform buttons of a Captain of the Spanish Royal Navy
Marine. If diagnostic information was collected from other artefacts, such as bronze
culverins that had the Spanish coat of arms, it was not disclosed, and Spain later
documented these during their own visit to the site. As a witness in the case, Kingsley
stated under oath: ‘[n]o stamped or incised epigraphic evidence has been recorded. ..
to identify the Black Swan site’ (Delgado & Goold, 2021, p. 359). In other words,
Odyssey Marine intentionally did not record essential data for proper archaeology.

The Federal Admiralty court in Florida noted that Odyssey Marine researched
Mercedes and intentionally surveyed waters off Portugal for the wreck, that the
wreck’s identity was ‘well known to Odyssey from the start’, and that their efforts
had ‘concentrated on a sustained effort to recover coins and little else’ (Delgado &
Goold, 2021, p. 359). That is not scientific. That is not archaeology. That is com-
mercial salvage and treasure hunting. The court ultimately ordered the coins
returned to Spain and fined Odyssey Marine in excess of $1 million for false repre-
sentations to the court and to Spain. This case serves as a prime example of how this
for-profit company was not concerned with legitimate archaeological or scientific
practices, despite what they may try to market or project.

Returning to the subject at hand of bottom trawl fishing damage to shipwrecks,
Kingsley undercuts his entire argument in the conclusion of his book: “When con-
fronted by the figure of three million shipwrecks worldwide, this aspiration appears
not just daunting but crippling. The number of sites actually requiring attention,
however, is a minimal percentage of the global total’ (Kingsley, 2016, p. 118). It is
clear that his concern for shipwrecks being damaged does not apply equally to all
shipwrecks. Ostensibly, those of interest are those of potential commercial value.

Odyssey found 267 wrecks in the English Channel, and they concluded that only
a handful of those deserved full excavation—Ilikely to be followed by recovery and
sale of artefacts. What about the rest? It hardly has to be said that it is not possible
to fully excavate and recover every shipwreck in the world. This is one of the main
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reasons behind the in situ preservation policy of professional archaeologists, and
codified in domestic and international law including the UNESCO 2001 Convention.
It is not a prohibition on recovery under the Annex rules but rather a policy or prac-
tice ‘as the first option’ to be considered in the management of the resource in the
public interest and not for private profit. Who should decide what wreck is most
important to excavate, and based on what? Its potential value to collectors? What
about the other 200+ wrecks in the English Channel? Should those deemed less
important (i.e., less valuable) be left to be destroyed? There are solutions that can
help protect all shipwrecks, those deemed valuable and those mundane wrecks that
treasure hunters would not care about, but which hold the stories of everyday mari-
ners that are equally engaging and historically important.

Potential solutions become apparent with advances in technology, such as satel-
lite and digital infrastructure, that can enable government and international organ-
isational oversight of known shipwreck sites, be it in established Marine Protected
Areas or some other sort of exclusion zone. This can include all types of shipwrecks,
even those deemed mundane. Kingsley (2016) states: ‘vast slices of the world’s
sunken history are almost impossible to police’ (p. 120) and considers such efforts
‘afool’s paradise’ (2012, p. 24). This is convenient for his argument, and also incor-
rect. Through tracking of vessels by Automatic Identification Systems (AIS) and
other global positional systems, management of sensitive areas and sites is achiev-
able with the right level of funding and infrastructure, and we have been moving in
that direction.

A good example is Stellwagen National Marine Sanctuary located offshore of
New England. The Shipwreck Avoidance Pilot Program is making an effort to pro-
tect shipwrecks within the sanctuary, which does not prohibit fishing from active
trawlers. The program disclosed wreck locations and installed geofences around
them (Trethewey, 2023; Mires et al., Chap. 6, this volume). When a vessel crossed
one of these boundaries, monitored through its GPS navigation system, a warning
would come up stating, ‘Captain, your vessel has entered a shipwreck avoidance
area... NOAA requests that you keep your gear at least 400 feet [122 m] away’
(Trethewey, 2023). This system is a strong stride forward. A colleague and I pro-
posed a series of marine protected areas (MPAs) for the wrecks Nautilus found off
Turkey in high densities in the Black and Aegean Seas over a series of expeditions
(Krumholz & Brennan, 2015). The argument is that protection of such resources,
which serve as hard substrate and artificial reefs, can allow for juvenile fish to sur-
vive and ‘spillover’ into fishable areas, thereby both protecting shipwrecks and
helping to sustain local fisheries. Such marine protected areas do not, however, need
to be wide swaths of seabed in the traditional MPA structure, but could be as small
as geofences that modern technology can assist with ensuring fisher avoidance.

Recent international treaties have continued to further the implementation of
protected areas worldwide. The United Nations’ Biodiversity Beyond National
Jurisdiction (BBNJ) resolution is a new legally binding instrument adopted in June
2023. This treaty addresses, among other things, Area Based Management Tools
(ABMT) and marine protected areas and includes protective measures that all ships
must adhere to (IMO, 2023). Such sensitive areas could include a broader use of
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geofences around areas of known shipwreck sites, noting that such geofences can be
larger areas so as not to completely disclose a wreck’s location. I propose that an
international automated system be established with stronger penalties for trawlers
entering shipwreck geofences and MPAs or turning off their AIS, including fines
that can be automatically deducted from an account, similar to EZPass for tolls on
the highways in the United States. In today’s era of modern technology, this is real-
istic. What is required, in addition to funding and organising this sort of infrastruc-
ture development and implementation, is vastly larger support for ocean exploration
to find shipwrecks that can then be documented, managed, and ultimately, protected.

In situ preservation efforts as a first option to management of UCH does not
imply that such effort will be successful in preserving a shipwreck forever. A ship-
wreck has been stated to have a ‘life cycle’ (e.g., Muckelroy, 1978; Brennan et al.,
2011) that begins with the vessel’s sinking until which time it is either degraded or
corroded to the point that it no longer exists, or it is completely buried in sediment
and no longer discoverable. Such a life cycle is natural. Protection of shipwreck
sites, and their preservation in situ, does not seek to stop this natural process. Titanic
will one day—centuries from now—be a pile of rust on the seabed of the Atlantic
Ocean; this is a fitting end to the site as the resting place of 1,517 souls. A shipwreck
is like an ancient redwood tree in the forest that will one day die and fall. In situ
preservation efforts, archaeological characterisation of shipwreck sites, and the
high-resolution documentation of them—which increases as technology advances—
is the work of maritime archaeologists to preserve the shipwreck is as much detail
for the historical record as possible before this happens. In the same way that we
would make every effort to protect the redwood from forest fires, we would also
protect it from those looking to cut the tree down to profit from its wood. That is the
effort by UNESCO and archaeologists to prevent both bottom trawlers and treasure
hunters from destroying shipwreck sites, whether incidentally or for profit. Similarly,
while the warships sunk in World Wars I and II will corrode and deteriorate over
time, that is different than the commercial salvage of these hulls for steel that eradi-
cate the site from the seabed, which has been ongoing in the South Pacific. The fact
that a shipwreck may one day disappear through natural degradation or burial does
not mean it should be ripped from the seabed and its parts sold to the highest bidder.

Bottom trawling is a profound threat to our Ocean Heritage, but recent scientific
work to address this threat and the implementation of modern technology can begin
to establish protections for shipwrecks in jeopardy from this activity. It is certainly
not a justification for the commercial salvage of valuable artefacts from select ship-
wrecks for sale. Nor is trawling the greatest threat to shipwrecks. As Professor
Maarleveld stated in his review of Fishing and Shipwreck Heritage, ‘the greatest
threat to archaeology, is bad archaeology’.
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Chapter 9
Conclusion: Looking Forward

Charlotte Jarvis

The case studies presented in this volume offer a compelling look at the damage
caused to many forms of Underwater Cultural Heritage (UCH) by bottom trawling
and other mobile fishing gear, as well as provide some suggestions to protect this
vital Ocean Heritage resource for future generations. The authors from Stellwagen
Bank National Marine Sanctuary (Chap. 6, this volume) highlight their new
Sanctuary Mapping Initiative which works with fishers to ‘to conduct side-scan
sonar surveys to locate and document shipwrecks and characterise seafloor habi-
tats’. It is a promising step forward and can help to show fishers in other waters the
shared natural and cultural importance to shipwrecks and highlight the need for
protection of seabed heritage.

Michael Brennan’s work in Turkey indicates this is possible: his data shows
‘curves to the west as fishers began veering away while they recovered their towed
gear’, indicating ‘that the trawlers in this coastal area abided by local regulations’
(Brennan, Chap. 4, this volume). A desire to reach this sort of compliance is sorely
needed, as noted in Chap. 7, that focuses on trawling and fishing communities. The
authors call for more effort ‘to develop ways to balance the needs of fishers with
preservation of nature and heritage’ (this volume).

New technology allows this balance to be monitored in new ways. Brennan high-
lights throughout his work in this volume the potential use of AIS monitoring. AIS
is carried by most vessels, so active trawlers can be monitored. This can ‘provide the
resources necessary to ensure that deep-water shipwrecks are no longer out of sight
and out of mind’ (Brennan, Chap. 4, this volume). Brennan argues for a type of
EZPass (as used for tolls on the highways in the United States) to implement this.
Geofences can be utilised to ensure that when a trawler crosses into, for example,
areas of high numbers of shipwrecks or a vessel switches off its AIS, a fine is levied.

C. Jarvis (B<)
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What will be most beneficial in accomplishing these solutions is an increase in
monitoring shipwrecks at risk from trawling and a greater pool of case studies to
learn from. As noted by Majcher et al. in Chap. 5, ‘advancements in geophysical
techniques have afforded researchers unprecedented insights into the dynamics of
underwater shipwreck sites’. Project ENDURE is working towards using new
insights to increase the amount of data and analysis available for scientists to moni-
tor shipwrecks at risk from bottom trawling. The archaeological data should also be
considered alongside natural ocean science data, for example the Census of Marine
Life,! to see the impacts on both. Trawling threatens not just UCH, but also natural
resources in the ocean.

This damage from bottom trawling also feeds into another volume in this series,
Threats to Our Ocean Heritage: Potentially Polluting Wrecks (2024). Here, editor
Michael Brennan pulls together case studies that demonstrate the risks to Ocean
Heritage from Potentially Polluting Wrecks (PPWs). In several cases, wrecks sur-
veyed as PPWs have also showed evidence of bottom trawling impacts and it is
possible that those impacts contributed to an oil leak (Brennan et al., 2023).

9.1 Maritime Heritage Ecology and Steps Forward

UCH can support ecological marine biodiversity and helps boost sea connectivity.
Kirstin S. Meyer-Kaiser and Calvin H. Mires coined the term ‘Maritime Heritage
Ecology’, a field that must be further explored (Meyer-Kaiser & Mires, 2022) and
the importance of which is highlighted in Chap. 6. Cultural heritage and natural
heritage are intertwined: UCH can support ecological marine biodiversity and help
boost sea connectivity. Natali Pearson and Benjamin Thompson argue that it is ben-
eficial for sites with high UCH and high natural heritage to co-occur and be used
strategically together (Pearson & Thompson, 2023).

Finally, damage from bottom trawling provides a look into the potential future of
our Ocean Heritage if effective regulations are not passed for Deep Seabed Mining
(DSM). What we do with trawling can pave the way for other ocean exploration and
exploitation (Jarvis, 2023). Additionally, while there are many unknowns in deep
sea biodiversity and ecosystem services, what is already known clearly points to
vast and far-reaching damage by humans. In other words, we know enough from
existing trawling damage that tells us we should stop similar practices, like seabed
mining, and look to regulate existing practices. Trawling is a clear and present threat
not only to fish populations and habitats, but also to submerged cultural landscapes.
There should not be a choice between humans and the natural world. Restrictions,
such as the options outlined in this volume, must be passed as soon as possible to
prevent further material and heritage destruction.

Thttp://www.coml.org/index.html
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