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Uplift
Uplift is a research and campaigning organisation supporting a just 
transition away from fossil fuels in the UK. Since its establishment in 
2021, Uplift has developed leading analysis of the UK’s oil and gas 
sector and the regulatory framework governing the industry. It has also 
supported campaigns for policy change to align oil and gas production 
in the UK with its environmental targets. Uplift is the Secretariat for the 
All-Party Parliamentary Climate Change Group.

Oceana
Oceana is the largest international advocacy organization dedicated 
solely to ocean conservation. Oceana is rebuilding abundant and 
biodiverse oceans by winning science-based policies in countries 
that control one-quarter of the world’s wild fish catch. With more than 
275 victories that stop overfishing, habitat destruction, oil and plastic 
pollution, and the killing of threatened species like turtles, whales, and 
sharks, Oceana’s campaigns are delivering results. A restored ocean 
means that 1 billion people can enjoy a healthy seafood meal every day, 
forever. Together, we can save the oceans and help feed the world.

Figure 1. Map of UK's marine protected areas and oil & gas licences Report by  
Uplift and Oceana 

Research by 
Dr Fiona Gell, MarFishEco, SkyTruth, the 
Zoological Society of London, Jasmine 
Wakefield and Uplift 

Maps by  
MarFishEco, Zoological Society of London and 
Uplift. 

Design by 
Common Knowledge with Shauna Buckley

Proofreading by  
Khanya Mabusa

500KM

MARINE PROTECTED AREAS

EXISTING LICENCES



IN DEEP WATER 3

EXECUTIVE SUMMARY

This report looks for the first time at the harm caused by the oil and
gas industry on our seas. 

It brings together the available scientific evidence, along with the
expertise of marine biologists, satellite imagery analysts and many more.
The supporting research, including the hundreds of scientific papers and
reports that underpin our work, can be found on our website. 

As well as presenting the scientific facts, this report also hopes to help 
spark a renewed interest in, and appreciation for, the UK’s seas and
the wonderful, diverse creatures that live in them. Our seas are full of
life: from the multicoloured sponges and ancient clams that live on
the seabed to the schools of fish, mammals – whales, dolphins and
porpoises – and seabirds nearer the surface. 

The UK’s seas, though, have become industrialised, making them too
noisy, polluted, built-up, and disturbed for our rich marine life to thrive. 

Now is a critical time for the world’s seas and oceans. The climate crisis
and increased levels of pollution are putting immense strain on marine
ecosystems, just as we are beginning to fully grasp the fundamental
role they play in regulating our climate by acting as a vast carbon store.
This understanding that we need healthy seas and oceans has  finally
translated  into a global target for  governments to protect 30% of the 
global ocean by 2030. 

The UK government has  created  a network of Marine Protected Areas 
here too which it aims to make safe from damaging human activity such 
as industrial fishing. But many of these areas are now threatened by 
proposed new oil and gas developments. This report shows that over 
a third of new oil and gas licences offered in the most recent licensing 
round are within or overlap with UK Marine Protected Areas, threatening 
their ability to protect and restore marine life. When asked, three-
quarters of the UK public are opposed to oil and gas developments in 
protected areas of the sea.  

This report, then, is not just a stocktake of the harm that oil and gas
drilling does to our seas but also asks us to pause and think: do we
continue down this path of industrialisation of our seas, or is now the
time to start to protect and restore their wonder. 
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For five decades, UK oil and gas
production in the North Sea has
taken place largely out of sight
and, therefore, out of mind for
all but those directly involved.
Little thought has been given to
the impact of drilling thousands
of wells and developing hundreds
of oil and gas fields on the UK’s
marine environment.
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Key findings
There are three core areas of concern when it comes to the harm caused 
by oil and gas developments on our seas. 

Pollution from oil, chemicals and noise 
Oil and gas development is a major source of pollution in our seas,
including oil spills, the release of chemicals and micro-plastics during
all phases of production, and a wide range of noise pollution. 

Chronic oil pollution, for example, is released in wastewater and in small
but routine spills, often unreported or underreported. This can lead to large
volumes of oil being released into the sea, including in protected areas.
Exploration, drilling, and decommissioning of oil and gas infrastructure
also lead to the release of toxic chemicals, including PAHs and mercury,
which cause harm to individual creatures across species populations and
whole ecosystems. Micro-plastic waste is also released as part of the
extraction process, directly polluting the marine environment. 

Noise pollution, again created by all stages of oil and gas production,
is another major cause of harm, impacting entire ecosystems. In particular,
seismic airgun surveys – the loudest and most damaging source of
anthropogenic marine noise pollution, which is used almost exclusively
in offshore oil and gas exploration – causes severe harm to protected
marine mammals, commercially important fish species and invertebrates.

These impacts, plus continuing to license new projects increases the
risk of major oil spills, which can have devastating and long-term impacts 
on marine ecosystems. In the North Sea basin, this risk increases as 
deeper and less accessible sites are exploited.

Permitting new oil and gas activity 
in designated protected areas 
fundamentally undermines their 
potential to restore biodiversity.

Harm to habitats, food chains and the UK’s rich marine life 
Beyond creating these types of direct pollution in our seas, oil and gas 
developments are harming some of the UK’s precious marine habitats, 
vital food chains and whole ecosystems.

The UK is home to some extraordinarily biodiverse habitats, such
as deep sponge communities, cold water corals, deep sea mud and
biogenic reefs. As oil rigs and other infrastructure are built on or near 
some of these, it is leading to habitat loss, some of which could take 
decades or more to recover, if at all.

These habitats play an important role in our seas. Deep-sea sponge
communities and cold-water corals, for example, cycle nutrients in
the ocean. Losing or degrading these habitats jeopardises this crucial
function. Oil and gas activity also has multiple negative effects on
plankton, the basis of marine food webs, from noise and oil pollution,
persistent chemicals and contamination by microplastics.

The impacts of oil and gas developments combine and exacerbate the 
many other pressures we are putting on our seas, from shipping to fishing, 
resulting in cumulative impacts that are difficult to measure and mitigate.

Weakening the UK’s seas when we need to restore them
Allowing continued investment in new oil and gas developments will
mean decades more of these impacts on the UK’s marine environment  
at a time when we need to be investing in restoring our seas.

Permitting new oil and gas activity in designated protected areas
fundamentally undermines their potential to restore biodiversity and
provide the many other benefits – from supporting sustainable 
fisheries to protecting our coasts – that we gain from having a thriving 
marine environment.

UK waters play a critical role too in tackling the climate crisis. Expanding oil 
and gas production impacts our seas’ ability to act as a carbon store both 
directly, weakening this function by degrading the marine environment 
and increasing emissions. The continued burning of fossil fuels is having 
a catastrophic impact on the world’s oceans and seas. Unless it is rapidly 
halted, it will lead to the ecological collapse of many marine ecosystems.
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An appreciation 
of the UK’s seas

Imagine an ocean where the seabed erupts in flurries of yellow and 
orange and white sponges, where delicate sea pens sway like elegant 
feathers in a gentle current, where ancient thick-shelled molluscs, older 
than many of our cathedrals, record the past like quiet sentinels. 

Imagine harbour porpoise, sleek, shiny, and purposeful, gently 
breaking the surface and surging after shimmering schools of sand 
eels, streaked with iridescent blue, and flurries of herring glinting 
silver in the sunlight of the surface waters. Imagine the huge blue bulk 
of a breaching humpback whale, the flash of white on its pectoral 
fins, and the gnarled encrusting barnacles around its jaw. Imagine a 
water column rich with the life-sustaining swirl of phytoplankton. The 
industry and intent of the zooplankton – small shrimps, fragile-shelled 
larval molluscs and baby fish – hatching and feeding and settling.

Imagine great schools of copper-tinged cod swimming over a seabed 
alive with invertebrates; horse mussel reefs forming undulating 
mounds and oyster reefs with layer upon layer of shells creating homes 
and habitats for hundreds of species. Gannets diving from above at 
lightning speeds and surfacing to digest their fishy prey. Storm petrels 
flying just above the surface and great rafts of guillemots congregating.

These vibrant scenes are not describing a tropical paradise half the 
world away. They are describing the great, diverse expanse of the 
North Sea stretching up from the French coast to the Norwegian Sea 
and from the enclosed waters of the Irish Sea. 

These are not muddy wastelands or featureless sands, but rich, 
productive ecosystems that provide homes to a huge variety of animals 
and plants and play an essential role in preventing climate breakdown 
and in supporting the health and well-being of the UK’s population. 
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Decisions are being made right  
now that could significantly alter  
the prospects for our seas and  
the diverse and wonderful species  
they sustain. 

If you look at a map overlaid with the uses of UK waters, it is hard to 
imagine the richness of the marine ecosystems that remain. The sea 
appears to be studded with oil rigs and gas platforms, pipelines and 
cables, and heavy industry. It is crisscrossed with shipping routes and 
patchworked with fishing grounds. 

There are oil spills and a constant trickle of oil from wastewater. The 
speckled patterns of these dark slicks on the surface can be clearly 
seen in satellite images. The oil coats seabirds and otters, and is inhaled 
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by sei whales and harbour porpoises as they come up to the surface to 
breathe. It coagulates into tar balls or disperses into tiny droplets, which 
sink and take the pollution to the rich benthic habitats beneath – the 
horse mussel reefs, cold-water corals, and delicate sponge forests. 

Toxic chemicals and microplastics slowly disperse away from the 
oil and gas rigs where they have been discarded and are gradually 
ingested by the worms and shrimps and small bivalves at the bottom 
of the food chain, making their way up through the sand eels and 
snails to the dolphins and whales. Historic pollution is unearthed from 
the seabed sediments around old oil and gas rigs, disturbed by new 
developments or natural activities. 

And the noise is incessant. The deep boom of seismic surveys, always 
underway somewhere, travelling for hundreds of kilometres; the judder 
of enormous ship engines; the blasts of construction; the whine of 
drilling to extract resources from beneath the seabed. 

At the same time, as we continue to burn fossil fuels, the seas are getting 
warmer, disrupting the seasons and cycles on which marine ecosystems 
depend and forcing the more northern species in UK waters to retreat 
into colder waters. Marine heatwaves are becoming more frequent, 
devastating corals and other temperature-sensitive marine life. Rising 
carbon dioxide in the atmosphere is also changing ocean chemistry, 
depleting essential dissolved oxygen, acidifying the sea, and causing 
shelled creatures to lay down thin and inadequate shells.  

The UK’s waters are now networked with Marine Protected Areas 
(MPA), and there are new Highly Protected Marine Areas (HPMA) 
to come. Well-protected MPAs enhance biodiversity within their 
boundaries and beyond, boost fisheries and support the restoration 
of healthy, effectively functioning ecosystems. This in turn, helps the 
ocean provide its vital climate regulating services and can boost the 
capacity of marine habitats and species to lock down carbon that 
would otherwise be contributing to carbon dioxide in the atmosphere. 

The protection of the UK's existing MPAs is patchy, ranging from a tiny 
number of no-take fishing zones to large, designated areas with limited 
protection in place, but this is improving. Restoration projects are 
underway to rebuild the lush seagrass meadows, resplendent oyster 
banks and biodiverse horse mussel reefs that we have lost. Our seas 
are being reshaped for a new future and their importance in supporting 

effective climate action is increasingly acknowledged. But a large 
proportion of these sites are at risk from current and potential new oil 
and gas within their boundaries, very close by or within the radius of 
influence of pollution, noise, and other impacts.

One single action could vastly improve the health of the UK’s 
precious seas and the bounty they bring us: ceasing new oil and gas 
developments. As existing oil and gas installations reach the end 
of their lifetime and are appropriately decommissioned, they will be 
to some extent replaced by offshore wind farms. These offshore 
renewables are essential for our carbon-free future and, whilst their 
less significant impacts must be mitigated,1 they do not have the high-
intensity seismic noise, the routine chemical pollution, the oil spill risks 
or the toxic legacy of oil and gas.2 Nor, of course, the climate impacts. 

If the UK government stopped approving new oil and gas 
developments, the benefits to our wonderful sea life will be endless. 
Most obviously, it would help the UK deliver its essential emissions 
reduction targets, which would help reduce the multiple impacts of 
climate change on the ocean. But the wider ecosystem benefits could 
be game-changing for UK marine conservation too.

This report outlines how continuing to approve new oil and gas is 
contributing in a major way to the myriad problems facing the UK's 
seas, just at the time when we need our marine ecosystems to be as 
healthy as possible.  

The government can end the  
fossil fuel industrialisation of  
our beautiful, bountiful seas, 
starting with a cessation of new
oil and gas projects.
Then together, we must build a vision for our maritime area for the 21st 
century where marine ecosystems are brimming with biodiversity and 
where the wealth of benefits they bring to people and the planet are our 
top priority.
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Figure 2. The diversity of UK marine life 
A simplified food web of marine creatures and the depth they are 
found. Arrows represent food sources and dotted lines represent 
energy and organic matter fluxes
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Introduction
In the current climate emergency, the advice on new fossil fuel 
extraction is clear; most of the planet’s fossil fuel reserves must stay in 
the ground to have any chance of meeting the climate targets required  
to restrict temperature increases to 1.5 °C.3 

Our understanding of the ocean’s 
role in climate change mitigation 
and adaptation is increasing, but a 
rapidly degrading ocean has less 
capacity to continue in this role. 
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Our global efforts should focus on reducing the need for fossil fuels 
through improved energy efficiency, eliminating waste, and investing 
in renewable energy alternatives. The climate change case for this 
transition is clear and uncontroversial and has been the position of the 
International Energy Agency since 2021.4 This stance is increasingly 
being committed to by a growing number of countries in the Beyond 
Oil and Gas Alliance, which are following up on ambitious emissions 
reduction commitments with the necessary move away from the 
extraction of fossil fuels.  

The UK has a laudable and ambitious series of legally binding 
emissions reduction targets to reduce emissions by 68% by 2030,  
78% by 2035 and net zero by 2050 that were heralded as world-
leading when they were announced in 2021.5 Recent policy changes, 
however, have seen an increasing commitment to continuing to 
support, facilitate and even incentivise new offshore fossil fuel 
developments, which risks undermining the UK’s international 
obligations, including those made under the Paris Agreement,6 

and the UK’s previous position as a climate leader.  

For over 30 years leading offshore oil and gas companies have built 
their businesses and lobbied against climate action with the knowledge 
of the impacts of the global temperature rises they were causing.7,8 
It is now known that scientists at Exxon, for example, had the same level 
of understanding of the seriousness of the climate change impacts of 
fossil fuel use as government scientists and academics. However, they 
actively worked to cover up this evidence and lobby strongly against 
government climate initiatives despite that knowledge7 ExxonMobil 
continues to extract oil and gas from over 40 sites in the North Sea.9  

The marine environment has come increasingly under pressure 
in the past century, and these harmful impacts have accelerated 
in the past decade,10 reducing its capacity to deliver ecosystem 
‘services’,11 from fisheries to coastal protection, water quality to climate 
regulation.12,11 Ocean ecosystems have so far provided a buffer for the 
impacts of rising greenhouse gases in the atmosphere, absorbing 
a large proportion of the additional carbon dioxide produced.13 
Marine ecosystems have also helped us adapt to the already visible 
impacts of climate change by protecting our coasts from erosion,14,15 
providing lower carbon food sources16,17 and protecting communities 
from increasingly extreme weather conditions.18 Our understanding 
of the ocean’s role in climate change mitigation and adaptation is 
increasing19-21 but a rapidly degrading ocean has less capacity to 
continue in this role. 

There is a common misperception that British seas, particularly our 
offshore environment, are boring, featureless, and bland, however, 
this could not be further from the truth. From cold-water coral reefs 
to fin whales, our seas are rich, productive, and worth protecting. 
What happens in these offshore areas is often invisible from shore and 
challenging to monitor and measure, but it is essential that the marine 
ecosystems are well-managed and protected from harm. 
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The impact of offshore oil and gas  
on the UK’s marine environment 

There are a whole series of phases in the offshore oil and gas industry, 
from exploration to production and decommissioning of an oil rig or gas 
platform.2 Extraction rigs and other installations are usually designed 
to operate for 15-30 years but are often used for longer.23 Extraction 
can continue for over 30 years, so projects approved now may still be 
producing fossil fuels after the UK’s 2050 net zero target.5 The projects 
without an exploration licence and not yet built certainly will be.  

Each stage has a different set of impacts on the marine environment, 
and each new licence represents a long-term series of consequences 
for the health of our seas.2 

Some of the impacts of offshore oil and gas are more apparent than 
others. The construction of infrastructure like oil rigs and gas platforms 
modify the seabed,24 building pipelines and refineries to bring oil and 

9IN DEEP WATER

gas to shore impacts on coastal habitats and catastrophic oil spills risk 
killing seabirds25 and oiling miles of coastline, with dispersal attempts 
causing additional damage.26 

However, many more impacts are much less obvious but nonetheless 
are degrading our marine ecosystems and contributing to global 
emissions. Leaking installations and intentional flaring of gas, for 
example, result in significant methane emissions, the most potent 
greenhouse gas, which are not usually properly accounted for in the 
national emissions inventory.27 Oil and gas developments in UK waters 
are also affecting every link in the food chain and, because of this, 
affect the essential services and wider benefits that we rely on the 
ocean to supply.28
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Figure 3. The development 
stages and associated 
impacts of offshore oil and  
gas extraction

EXPLORATION

Seismic and other surveys  
to determine geological 
structure of sub-surface  
and sea-surface
Seismic surveys cause 
multiple negative effects on 
sea creatures. These impacts 
include, but are not limited 
to, sound avoidance, stress, 
hearing loss, interference with 
communication and death.

APPRAISAL

To determine economic 
feasibility
The drilling of exploratory wells 
causes marine noise, seabed 
disturbance and habitat loss. 
Drill cuttings disposed on the 
seabed smother benthic habitats.

DEVELOPMENT & PRODUCTION

Drilling of wells & pipe laying
These activities create seabed  
disturbance and habitat loss, 
smothering creatures like sponges 
and corals. Drilling also creates mar-
ine noise and releases pollutants.

Extraction of oil and gas
Flaring (burning gas) and venting 
(direct release) emit greenhouse 
gases. Produced water containing 
oil and chemical pollutants can be 
released, contributing to chronic oil 
pollution (see images on page 12). 
Other pollution sources include the 
disposal of sewage water and drains.

ABANDONMENT

Well plugging with cement 
There is a risk of oil and gas 
leaks if not plugged correctly. 

Structure cut below surface 
and left in place or installations  
are demolished 
If demolished artificial reefs  
are removed and destroyed. 
Long buried toxic chemicals can 
be released as sediments are 
disturbed. Naturally occurring 
radioactive materials from 
petroleum reserves can build-up in 
pipes, which can then be released. 

4 YEARS 15-30 YEARS MAY TAKE DECADES OR NEVER RECOVER6 YEARS

EXPLORATION

First exploratory wells 
Marine noise, seabed distur-
bance and habitat loss, drill 
cuttings disposed on seabed.
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2.1 Pollution
Pollution is the most widely researched and accounted for impact of 
the offshore oil industry. Catastrophic spills like the Exxon Valdez in 
1989 in Alaska, the Braer in the Shetland Isles in 1993 or BP’s Deep 
Water Horizon event in the Gulf of Mexico in 2010 demonstrated 
the immediate wildlife disasters associated with big oil spills29–31 as 
well as the great depths and vast areas over which severe impacts 
were experienced.32 Subsequent monitoring and research have also 
shown the less visible and long-term impacts on coastal and ocean 
ecosystems33–35 and demonstrated the toxic legacy that remains 
decades after a big spill.33,35 

The probability of a major oil spill in UK waters is relatively low,28 
however, the risks associated with a major spill if it did occur are 
tremendous and as oil extraction moves into deeper, more challenging 
sites, the risk of spills increases. Additionally, it is more challenging to 
respond to a major deepwater spill and to properly document the marine 
environmental impacts.37 A recent study found the number of reported 
incidents (blowouts, oil spills, injuries etc.) at platforms was correlated 
with depth and that for every additional 100 feet of depth, there was 
an 8.5% increase in the probability of a reported incident.36 There are 
also indications that while oil spills from tankers have decreased in 
frequency, deepwater blow-outs and pipeline issues have become more 
common.38 This is particularly concerning given the major proposed new 
oil developments in deep water West of Shetland: Rosebank, Cambo and 
Clair South.

It is a long time since the UK has seen a major oil spill, and that has led 
to some level of complacency about the risks and consequences if we 
were to have one. When 72,000 tonnes of crude oil spilt from the Sea 
Empress off the Welsh coast in 1996, there were wide-ranging impacts 
on coastal habitats, including saltmarsh39 and major impacts on seabird 
populations that lasted for years after the event.40 Three years earlier, 
the Braer oil tanker ran aground in Shetland releasing over 84,000 
litres of light crude oil. This resulted in elevated levels of polycyclic 
aromatic hydrocarbons - or PAHs – in fish and shellfish,41 oiling of 
sea otters42 and respiratory illnesses in grey seals.43 It also had major 
impacts on local fisheries, with fishing excluded within 400 miles of the 
spill and reported impacts on herring spawning and scallop fisheries.44   

If a major deep-sea blowout of an oil well were to occur in the 
proposed Rosebank oilfield, depending on the conditions, it could 

result in a series of catastrophic impact. It would affect the fragile, 
deep water coral habitats and ocean quahog aggregations within 
the site, horse mussel reefs and herring spawning grounds further 
afield, as well as seabirds, sea otters’ resident in coastal waters and 
migrating fin whales and sei whales. 

Modelling shows that a major oil 
spill from Rosebank could risk 
serious impact to at least 16 UK 
Marine Protected Areas. 

Oil spills harm marine mammals in many ways, for example, through 
direct contact with oil when swimming, swallowing oil when feeding in 
contaminated areas or on oiled prey, or through inhaling toxic vapours 
at the surface. Some marine mammals may die immediately from oil 
spills, and there is evidence from many species for longer-term health 
issues and on the number of young they produce, affecting populations 
and whole ecosystems.35 Major oil spill incidents in the Shetland 
Islands,46 for instance, including the Braer oil spill42 led to deaths and 
long-term population changes among European otters. 

Long-term impacts on fisheries can also be significant. The BP Deepwater 
Horizon oil spill took place during a key time for fish spawning. It was 
estimated to have resulted in the direct death of between 2 and 5 trillion 
fish larvae in the area – leading to long-term production losses.47 In the UK 
and USA, high PAH levels have been found in seafood following major oil 
spill events, putting consumers at risk as well as fish and shellfish.48

 
Oil contamination also causes cardiac arrest and high levels of 
mortality in blue mussels and horse mussels,49 two key reef-building 
species that create productive biodiversity hotspots in UK waters.50 
Chemicals are often used to help disperse the oil, and while these may 
address some of the more visible impacts of oil spills, for example,  
the oiled birds and the impact on seals and other marine mammals,  
they can be damaging to other species, including cold-water corals51,52 
and spawning fish.31  
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Major accidental oil spills and blowouts are not, though, the main 
source of oil contamination in UK seas. The vast majority comes from 
something called produced water. This is the water that is extracted 
from deposits along with oil as part of the production process. It has 
been identified by the OSPAR Commission, which is the international 
body overseeing protection and offshore activities in the Northeast 
Atlantic, as accounting for 95-99% of all reported oil discharges 
to the region’s waters between 2009 and 2018 (except for 2011-12 
when a large oil spill accounted for 11-12%).53,54 There are fifteen 
governments under OSPAR, and due to a higher proportion of older 
and less efficient installations,53 the UK was identified as having the 
highest concentration of oil in produced waters in all of OSPAR’s 
fifteen governments. 
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Figure 4. European Space 
Agency Sentinel-1 satellite 
image showing two ~20 km 
long oil discharges 210 km 
North-East of Aberdeen. 
The green shapes show other 
slicks detected by SkyTruth's 
AI-powered Cerulean system 
over a two-year period from  
the same rigs. 

Chronic oiling is the ongoing release of smaller, everyday oil slicks, 
mainly from anthropogenic sources,55 and produced water is a major 
source of chronic oiling, which is still prevalent in offshore areas. Some of 
these releases are reported, and data is available on the size and location 
of the release. Others are not reported but are large enough to be picked 
up by satellite imagery. The oil released from these spills has the same 
potential to kill seabirds56,57 and sea life and to significantly impact the 
life chances and reproductive success of others.  

This chronic oiling is going on under the radar but with a potentially 
enormous cumulative effect, adding significantly to the overall impact 
of the industry. Research from Skytruth and Uplift using satellite imagery 
and artificial intelligence has revealed the extent of North Sea chronic 
oiling, and its geographical spread is extensive, representing large 
volumes of oil (Figure 4).
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Whales, dolphins and seabirds, 
and some of our most endangered 
species and habitats are subject to 
a constant flow of small oil spills, 
which, added together represent 
an enormous source of pollution. 

In addition to oil, other pollutants are associated with produced water, 
including toxic chemicals added to the drilling process.58 These chemicals 
are generally expected to be present in high enough concentrations 
to impact marine life within an area up to a kilometre from drilling 
activities.59,60  They have also been shown, in both field studies and 
laboratory experiments, to cause skeletal deformities in haddock,61 
permanent changes to genetic material and cancer-causing changes 
to DNA,62 reduced filtration rates in bivalves60 and reduced growth and 
survival in other marine species.24 

Polyacrylamide (PAM), for example, is commonly used in oil extraction 
and found in high concentrations in waste water.68 It persists in the 
environment and can also degrade into highly toxic and carcinogenic 
acrylamide, which can impact ecosystems and has also been found  
in seafood.69 

Other processes involved in oil and gas production also introduce 
chemical pollutants. Contaminants are present, for example, in drill 
cuttings, fragments of solid material that are removed from a well 
during the drilling process, and in drill muds, which are used to lubricate 
the well during the drilling process. The contaminants in these materials, 
including alkylphenols and PAHs, are toxic to marine life60 causing 
defects in developing foetus, permanent and transmissible changes in 
genetic material and cancers.63,64 PAHs also accumulate in individuals 
and ecosystems, amplifying their toxicity higher up the food chain.  
To illustrate, accumulation of PAHs has been recorded in blue mussels 
even at low concentrations,65 and contaminants found in waste material 
associated with drilling can adversely impact lobsters, affecting the 
growth, development, respiration and feeding rates of lobster larvae.66 

Mercury, one of the most toxic metals, is also present in fossil fuel 
reserves; when infrastructure is decommissioned it is released into the 
environment in the waste produced during extraction. Mercury builds  
up through the food chain with documented toxic effects on marine 
animals and humans via seafood.67 
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Figure 5. Sources of pollution from offshore oil and gas infrastructure
How oil and gas pollution interacts with the marine environment: 
Oil releases directly harm marine life in a number of ways. Marine 
mammals are contaminated when swimming, swallowing oil or 
ingesting contaminated prey, and inhaling toxic vapours at the surface. 
Some may die immediately, others may have long-term health effects. 
Oil contaminates animals and plants, like corals, sponges and ocean 
quahogs on the seabed, and coast-bound oil pollutes eelgrass and 
saltmarshes, both of which are blue-carbon habitats. Oil dispersal 
chemicals also harm corals and spawning fish. In addition, oil contains 
toxic mercury, PAHs and PAM, which leach into the ocean and can 
contaminate marine organisms, accumulating in creatures and 
ecosystems, amplifying their toxicity up the food chain to commercial 
fish and edible mussels. Pipes built along the seabed cut through 
benthic habitats, and seabed habitats up to 500m around installations 
can be lost through smothering.
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SPECIES AND HABITAT CASE STUDIES 

Harbour Porpoises
While harbour porpoises are the most abundant species of cetacean in 
UK waters248 and populations are thought to be stable,249 this species is 
highly endangered elsewhere250 and is very vulnerable to disturbance, 
pollution, and loss of food sources. 

Oil and gas activities are a major contributor to the cumulative 
impacts on these small, energetic creatures, potentially leading them 
to starvation as they divert energy into responding to disturbances. 
Harbour porpoises are under additional pressure from pollutants,251 
many originating from the oil and gas industry,252 that bioaccumulate 
and can also be passed onto young in their mothers’ milk.253

Seismic surveys in Scotland led to significant changes in harbour 
porpoise behaviour up to 25km from the survey89 and construction 
noise led to porpoises moving up to 20km out of an area to avoid the 
disturbance.254 Survey and construction noise has been shown to reduce 
porpoises’ capacity to detect prey effectively. A recent study of the 
impact of the construction of a new gas platform on the Dogger Bank 
showed major changes in the numbers and activity of porpoises that 
continued for months.255

Oil slicks on the surface also pose a serious challenge to porpoises as 
they must return to the surface every 5 minutes or so to breathe. Their 
blow holes can easily become contaminated with oil, toxic vapours, and 
other pollutants from the surface.231 Their behaviour can also exacerbate 
pollution impacts because they may not move from their feeding ground 
and can continue to feed in highly polluted areas and ingest polluted 
prey.256 They can also experience further disturbance from oil spill clean-
up activities and toxic effects from substances used to disperse oil.257

Even in the absence of a big spill, porpoises experience negative impacts 
from the chemicals used in the drilling process and are also released 
from historic activity when sites are decommissioned or otherwise 
disturbed. Studies have found that PCBs (now banned but previously 
widely used in offshore oil and gas and still being released from 
developments) are very likely to be passed to harbour porpoise calves 
as they feed from their mothers.253 The combination of contaminants 
passed to the calves were particularly potent as neurotoxins and likely  
to impact on the development of the juveniles.258

 

Because harbour porpoises are numerous and have an important 
ecological role,259 these multiple impacts do not just affect this fascinating 
creature but create a cascading effect on the whole ecosystem.

Figure 6. Overlay of harbour porpoise densities, SACs and oil and 
gas current and proposed sites 
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2.2 Habitat Loss
When oil rigs, gas platforms and their associated pipelines, cables and 
other infrastructure are built they cause direct habitat loss.28 Many 
offshore installations, such as mobile offshore drilling units, can also 
be anchored to the seabed, resulting in areas of habitat loss and risk of 
further damage, i.e., if the anchors begin to drag during severe storms.70  

As the area lost to these structures appear relatively small, it has often 
been disregarded by developers and regulators. But habitat loss still 
occurs and is not confined to the immediate footprint of development 
but can extend at least 500 metres from the installation.71 This happens 
because construction and drilling create sedimentation,72 displacing 
mud and sand, which can form thick layers on the surrounding seabed. 
This sedimentation can smother habitat-building sea creatures and 
lead to the complete loss or major degradation of habitats.22 Habitat 
loss also happens due to pollution. Oil pollution, for instance, can 
lead to large-scale and long-term habitat loss, and drill cuttings and 
other chemical pollutants can impact habitat-building organisms like 
mussels, degrading the diverse habitats they create. 

Habitat loss due to oil and gas infrastructure is always significant but 
is of special concern when it impacts Marine Protected Areas, rare 
habitats or species, or vulnerable marine ecosystems. The deep sponge 
communities of the Faroe-Shetland Sponge Belt MPA are a case in 
point. This habitat is currently assessed as in unfavourable condition73 
– the technical term for its conservation objection objectives not being 
met– and efforts should be underway to recover it. Yet hydrocarbon 
exploration and extraction are already underway, and further sites 
are currently being made available in areas of this habitat or nearby, 
including the huge Rosebank and Cambo oil fields. 

Both fields would require pipelines and other infrastructure in the 
MPA, putting the sponge communities at risk. There is already clear 
evidence of the complete loss of some sponge habitats and lack  
of recovery after drilling in the Laggan Field, which is in the middle of  
the protected area.74

The Rosebank and Cambo oil 
fields would require pipelines and 
other infrastructure in the Marine 
Protected Area, putting the sponge 
communities at risk.  

DEEP-SEA SPONGE 
COMMUNITIES
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2.3 Noise
The offshore oil and gas industries are a major source of ocean noise,75 
the impacts of which are often downplayed or underestimated but have 
serious impacts on UK ecosystems. 

A building cacophony of marine noise (dubbed the “anthropophony”)76 
from the thrum of boat engines through to underwater explosions, 
hugely impacts marine life.77 Similar to other marine noise pollution, it is 
transboundary and cumulative in its impacts.78 The extent and duration 
of the impact of the noise associated with oil and gas is difficult to 
measure, but it affects entire ecosystems and future generations of 
marine animals.79  

Of particular concern are the seismic airgun surveys carried out to find 
oil and gas resources, which are among the loudest anthropogenic 
sounds.82 These are much more intrusive than those used for other 
marine developments, such as windfarms.80 They involve intense sound 
impulses81 that can be detected 4000km away.83 

Behaviour-altering noise extends 
over thousands of square kilometres 
around every seismic survey.84 
 
For marine mammals, this can mean direct physical impacts, including 
hearing loss in bottlenose dolphins85 which has serious implications for 
animals highly dependent on sound,86 or in extreme cases, death.87 It can 
cause them to reduce the echolocation they use for communication,16 
leave good feeding areas,88 reduce hunting activity89 and put precious 
energy into moving long distances to avoid the noise, diverting that 
energy from investing in producing young and therefore impacting 
future generations too.90 

Large-scale analyses of UK seismic surveys have shown decreases 
in marine mammal sightings following seismic activity, with harbour 
porpoises and sperm whales showing the greatest sensitivity.91,92  
Minke whales have also demonstrated avoidance behaviour92 and 
humpback whales changed their behaviour and avoid seismic activity, 
with a distance of up to 12km.94 Seismic sound can change important 
migratory behaviours so that marine mammals find themselves in the 
wrong place at the wrong time and miss opportunities to feed or breed. 

18IN DEEP WATER

Bottlenose dolphins, for example, switched from their normal fish diet 
to feeding on seabed sponges85 to avoid seismic noise. The smaller 
a marine mammal is, the more delicate the balance between energy 
derived from food and the energy needed to survive. For example, 
adding unnecessary detours into a harbour porpoise's daily life can have 
significant consequences, including increasing the risk of starvation.95

While older research has given an understanding of the importance 
of noise to whales and dolphins, the impact of anthropogenic noise 
on other marine life is only just being understood/researched.75 For 
example, there is emerging research on the importance of hearing in 
turtles and the potential for impacts by seismic surveys and other marine 
noise.96 Invertebrates can also be affected; for example, scallop larvae 
showed major fatal deformities following seismic impacts97 and giant 
squid were found to have damage to tissue, organs, and their important 
sensing statoliths.98 Negative effects linked to seismic sound have also 
been revealed from studies on crabs, cuttlefish,99 lobsters,100 mussels, 
octopus,101 squid98 and many other species and limited recovery from the 
effects was recorded a year after the seismic impact.100 

The noise associated with seismic surveys also impacts fish and 
fisheries. Fishers are often concerned and report low catches following 
seismic surveys, which have also been confirmed in studies.102-108 
Research has shown, for instance, a stress response in North Sea 
Atlantic cod,102,103 with impacts lasting for weeks. Catch rates of Atlantic 
cod also decreased during, and for at least 5 days after, a seismic 
survey.104 Studies have shown negative impacts from seismic surveys 
on many other commercially important fish, including haddock,105 
blue whiting,106 saithe102 and sand eel species.107,108 The impacts have 
included stress responses, behaviour change, permanent defects in 
fish larvae, reduction in the capacity of fish to breed successfully,  
and the life expectancy of individual fish. 
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Figure 8. Map showing where 
showing the intensity of 
seismic activity from oil and gas 
exploration in UK seas  

New analysis by Uplift (Figure 8) highlights how the frequency and 
intensity of noise pollution associated with oil and gas seismic 
surveys are high throughout UK waters and even some of our Marine 
Protected Areas are subject to excessive noise for long periods. 

Once offshore oil and gas reserves have been identified, further noise 
pollution is associated with the construction and drilling of exploration 
wells, as well as the installation and removal of the infrastructure at the 
end of its life.28 The main impacts associated with construction are the 
noises related to drilling and piling for foundations and disturbance 
associated with a higher level of shipping and the movement of 
equipment. This type of noise causes changes in communication 
behaviour in dolphins and other marine mammal species. Construction 
noise can cause harbour porpoise to be displaced by around 20km.109,110

Underwater sound is generated from production platforms and 
operational activities, including drilling, vessel traffic and pipeline 
laying. Where the drilling rig or production platform relies on support 
and supply from other standby and supply vessels, these are often 
equipped with dynamically positioned thrusters and powerful engines 
and therefore contribute towards the overall noise level of drilling 
and production activities.111 Oil and gas development and operation 
inevitably result in an overall increase in marine noise in the immediate 
area but over much wider areas too. 
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2.4 Legacy
Aside from the massive long-term consequences of burning fossil fuel 
reserves, and the emissions, leaks and other pollutants released in the 
production process, there is a problem with the disposal of the extensive 
infrastructure left behind when production ceases. The disposal of 
offshore oil and gas infrastructure is another source of disturbance112 and 
additional marine113 and air pollution.114 

The lifecycle of a typical oil or gas installation can be well more than 25 
years,23 after which these substantial and often still polluting installations 
must be removed from the marine environment to avoid further issues. 

Long-buried toxic chemicals produced in the drilling and extraction process 
can be released as sediments are disturbed.113 Naturally occurring radioactive 
materials from the petroleum reserves can build up within pipelines and 
other infrastructure, which can then also be released in problematic 
concentrations.113 Further marine noise and disturbance is also created and 
there are ecological and logistical challenges to removing the large quantities 
of marine life that may have colonised the structure over decades.115,116  

Before 1995, oil and gas infrastructure was disposed of – dumped – at 
sea.117 This changed after the high-profile case of the Shell Brent Spar oil 
storage installation. Originally approved for disposal in the deep sea, it was 
eventually dismantled, and its parts recycled onshore after intense media 
coverage and political debate.118 Since 1998, the dumping or abandoning  
of all or part of offshore installations has been prohibited.119 

While there is an ongoing debate about the pros and cons of de-
commissioning, in particular, over the loss of species that colonise 
offshore structures,120,121 this infrastructure represents a major modification 
of the seabed and the loss of natural habitats and species. It also creates 
a long-term pollution issue associated with contaminated sediments, 
radioactive elements113 and other toxic substances, which can accumulate 
up the food chain and potentially contaminate seafood.113,122 Additional 
toxic chemicals are also used in decommissioning, including the cement 
used to plug abandoned wells (which often fail, leading to ongoing 
seepage of contaminants).123 

If the UK government is serious about protecting and restoring the UK's 
marine environment, then the best option for our seas is to avoid the 
high costs124 and additional issues associated with decommissioning 
by ceasing to approve new installations in the first place. 

Figure 9. Map of boreholes from oil and gas drilling around the UK 
Uplift analysis of North Sea Transition Authority Data
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SPECIES AND HABITAT CASE STUDIES

Ocean Quahog Aggregations
Ocean quahogs are remarkable long-lived climate change sentinels 
and a priority species for conservation278 and the designation of Marine 
Protected Areas279–282 but they are under threat from existing283 and 
new offshore oil and gas developments284 leading to habitat loss and 
accumulating contamination.285

These thick-shelled bivalve molluscs are found in sandy and gravelly 
seabeds down to around 500 metres286 and are best known for their 
remarkable longevity.287 One Icelandic specimen was 507 years old, 
making them the longest-lived non-colonial animal. Centuries-old 
individuals have been regularly recorded from UK waters.288 Their 
great age, and the fact that they lay down annual growth rings which 
provide information about the environment in which they were 
living, makes them extremely useful in the study of environmental 
history289,290 and the science of climate change.291,292 They are 
also used as indicators of environmental health, for example, both 
providing information about accumulating toxins like heavy metals 
through the concentrations in their shells and flesh285 and their 
preference for less contaminated sediment.293

Their slow growth, time taken to reach maturity and longevity all 
contribute to making this species vulnerable to anthropogenic impacts286 
and it may take decades or even centuries for populations to recover. 

They are an OSPAR threatened or declining species294 and a ‘feature of 
conservation interest’ for Marine Conservation Zone designation in UK 
waters279 and are critically endangered in the Baltic Sea.250 The ocean 
quahog can occur in very low densities but also forms dense beds 
where there may be hundreds within a square metre and the North Sea 
has some of the highest densities recorded in the world.295 The ocean 
quahog is a northern species at the southern-most extent of its range in 
the mid-North Sea and not extending all the way south and is therefore 
sensitive to temperature increases associated with climate change.296

The quahog has an important role in the productivity of sand and gravel 
ecosystems and is also an important food for cod297 and other species. 
It is vulnerable to the chemical pollution associated with the offshore oil 
and gas industry and given its long lifespan, is particularly susceptible 
to persistent and accumulating pollutants such as PAHs and heavy 
metals.285 Noise impacts have not been studied in the ocean quahog 

but evidence for impacts of seismic survey sound on other bivalves97 
highlights the potential for major development impacts.

Risks to ocean quahog aggregations have been highlighted in 
several MPAs with offshore oil and gas activity, including the Faroe-
Shetland Sponge Belt MPA298 and the North-east Faroe-Shetland 
Channel MPA where quahogs were surveyed within 50 metres of the 
hydrocarbon infrastructure.263

Figure 10. Offshore UK oil & gas extraction impacts of Ocean Quahogs  
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Quahogs live a remarkably long 
time: one was found to be 507 
years old. They are important for 
the productivity of sand and gravel 
ecosystems and as a food source for 
commercially important atlantic cod.
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2.5 A Combination of Effects
The cumulative impacts of offshore oil and gas are particularly 
important to consider. This refers both to the combination of negative 
impacts of an individual development, which can impact the same 
species and habitats in multiple ways throughout the process, and 
how all the impacts of offshore oil and gas combined with other past, 
current, and future pressures on the marine environment, exacerbating 
the overall effects.125  

A key challenge with cumulative impacts is that they are difficult to 
attribute, measure and monitor over time and therefore very difficult  
to mitigate.126,127 They are also often underestimated.  
 
It is important to note that impacts from pollution, habitat loss and 
noise from oil and gas developments are also exacerbated by the 
added pressures of climate change,128 particularly increasing sea 

temperatures and changes in ocean chemistry.129 For instance, as sea 
temperatures rise, oxygen levels can fall, which can make cold-water 
coral reefs more vulnerable to the effects of ocean acidification.130 This 
can lead to the hard skeletons of the coral colonies weakening and 
becoming more susceptible to damage by development activities and 
less resilient to the impacts of pollution.128 Ocean acidification is also 
increasing the toxicity of heavy metal pollutants and amplifying their 
impact on marine organisms.131  

It is important to see the impacts of new oil and gas developments in the 
context both of existing projects and of all the other impacts on our marine 
environment. A more holistic approach to assessing and mitigating the 
cumulative impacts of offshore developments is urgently needed.132
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SPECIES AND HABITAT CASE STUDIES

Deep-Sea Sponge Communities 
Deep-sea sponge communities are colourful, diverse and with 
highly varied shapes and textures they create deep-sea biodiversity 
hotspots260 and important fish nursery grounds.22 However, oil and gas 
impacts are leading to the loss of this habitat and serious degradation 
that will take decades if not centuries to recover.22 

Sponge communities provide diverse ecosystem services261 and they 
play an important role in the cycling of nutrients.262 Up to 50 species 
of sponges are found in the sponge aggregations of the North-East 
Faroe-Shetland Channel MPA263 and these structurally diverse 
habitats provide homes for many other species including brittlestars, 
brachiopod (rare two-shelled animals unrelated to molluscs), squat 
lobsters and tube-building worms.264

Deep-sea sponge communities are recognised as Vulnerable Marine 
Ecosystems265,266 and an OSPAR threatened/declining habitat.222 These 
little-known habitats are only just beginning to be understood by 
scientists and newly discovered sponges and their associated bacteria 
have yielded novel pharmaceutical compounds.267 But anthropogenic 
pressures, including those associated with offshore oil and gas, and 
exacerbated by climate impacts, are expected to deplete these species 
and impact the potency of the valuable compounds they produce.268

Sponge communities are particularly vulnerable to direct habitat loss 
as a result of drilling activities,269  with studies showing complete loss of 
the habitat within 200 metres of drilling.74 The sponges are smothered 
completely and die or are partially covered in sediment, hindering 
filtration and respiration,270 or survive in an impaired state.22 Those 
areas covered in drill cuttings may not show any recovery at all after 
10 years.74  If particularly damaging drill fluids are used (synthetic or 
oil based) then impacts to sponge habitats can be detected up to a 
kilometre away.227 Oil-based drill fluids have largely been phased out  
in UK waters, as a result of OSPAR recommendations, but their impacts 
have been serious and widespread.271 Sponge habitats are at risk from 
the proposed Cambo and Rosebank oil fields, with pipelines planned to 
run through prime sponge areas.272,273

Because sponges take in substances from the surrounding water 
both as dissolved matter and as particles, they accumulate the toxins 
produced and can act as a monitoring species, highlighting when high 

levels have been reached.274 Some sponges are relatively resilient to oil 
pollution275 while oil has impacted others’ membranes. Impairment of 
reproduction and settlement have also been reported275 and oil pollution 
can also impact the capacity of sponges to sequester carbon.276 Important 
sponge species in these communities like Geodia are also susceptible 
to sea temperature increases associated with climate change.277

Figure 12. Offshore UK oil & gas activity impacts on deep-sea 
sponge communities

ENCROUSTING SPONGE AND BRITTLE STARS
ABERDEENSHIRE, SCOTLAND
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hotspots. As filter feeders, they 
are particularly vulnerable to 
smothering from oil & gas drilling, 
which reduces their important 
capacity to lock-in carbon.



2.6 Impact on Most Valuable and Protected Areas
Today, offshore oil and gas development is threatening some of the 
UK’s flagship marine conservation initiatives and undermining decades 
of progress in marine protection, as well as the efforts of thousands of 
stakeholders and specialists. 

Marine Protected Areas are places in the sea that are protected 
from damaging activities for the primary benefit of biodiversity and 
are increasingly seen as an essential part of UK and global marine 
conservation efforts.133  

Evidence from the UK and around the world has shown how highly 
protected and effectively managed marine areas can boost biodiversity 
over a much larger area, support sustainable fisheries,134 enhance 
community well-being,135 offer improved resilience to climate change136 
and deliver other important services which benefit people and the wider 
environment. An effective MPA can also provide a haven for breeding and 
feeding fish and shellfish, which can boost catches in adjacent areas and 
ensure the long-term sustainability of fisheries.137 A well-protected MPA 
also safeguards and enhances the whole suite of ecosystem services that 
the sea provides and on which we depend. They also provide reference 
sites which help scientists understand how a healthy ecosystem works.  

Domestic and international climate action targets are driving larger areas 
and more effective protection for marine environments, including the 
goal to effectively protect 30% of seas by 2030, enshrined in the recently 
agreed Kunming-Montreal agreement.138  

The UK has 374 MPAs139 ranging from a few small highly protected areas 
where all fishing and development is banned to MPAs that presently 
have little additional protection from harmful activities, however, the 
management of MPAs is improving. In 2022 damaging bottom trawling 
fishing was banned in four key MPAs, including the Dogger Bank Special 
Area of Conservation,144 offering the ecosystems more meaningful 
protection from harm, and a legal challenge by Oceana, a non-profit ocean 
conservation organisation, has forced the government to commit to 
managing all bottom towed fishing gear by 2024. Work is also underway 
to designate new Highly Protected Marine Areas in English145 and Scottish 
waters,146 offering much more effective protection. Many organisations, 
including Oceana, the Marine Conservation Society and Rewilding 
Britain,147 are advocating for 30% of UK waters to be classed as Highly 
Protected Marine Areas by 2030. 

This valuable and growing network of UK MPAs, however, is threatened 
by oil and gas development. Existing offshore oil and gas developments 
occur within or near many of our most important sites,143 and new licences 
are now being issued that will encroach on protected areas.  

Analysis by Uplift shows that in the latest offshore oil and gas licensing 
round140 352, or well over a third of the nearly 900 locations being 
offered for development, fall within or overlap with designated MPAs. 
166 of the sites are fully within a protected zone. This is despite 
international practice in Marine Protected Area management clearly 
stating that oil and gas extraction and other forms of offshore mining 
are incompatible with effective MPAs.141,142

IN DEEP WATER 2424IN DEEP WATER

166
of the sites fall fully within a protected area.

352  
of 
900
In the latest offshore oil and gas licensing round 
well over a third of the nearly 900 locations 
being offered for development, fall within or 
overlap with protected areas of the uk’s sea.
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Figure 13. Location of Marine Protected Areas, oil and gas fields 
and pipelines

Given the noise, disturbance, pollution, and long-term disposal issues 
associated with offshore oil and gas, and it is an understatement to say 
continuing to licence developments within the UK's MPAs is counter-
intuitive. Inappropriate industrial activity within MPAs is seen as a 
major impediment to their effective function,148-149 and it limits the huge 
range of benefits to marine users and the wider environment. It is also 
largely unpopular with the public; in a recent survey, members of the 
public highlighted oil and gas extraction as one of the least compatible 
activities for a Marine Protected Area.150 

The siting of MPAs and HPMAs is also critical to ensure that they 
fulfil their principal purpose of allowing the recovery of biodiversity. 
This means creating an ecologically coherent network of areas)145,146 
that are not adversely impacted by offshore oil and gas and locating 
protected areas away from oil and gas infrastructure. Inner Silver Pit 
South, for example, is a candidate to become a Highly Protected Marine 
Area152 to protect blue mussel reefs, ross worm reefs and important 
foraging areas for seals, cetaceans and seabirds.152 While the outlined 
marine protected area is free from any oil and gas proposals,140 the 
site is surrounded by new licensing blocks. To position one of the UK’s 
flagship marine protection sites amid the pollution, habitat loss and 
disturbance of new and existing offshore oil and gas developments, 
which could be in operation for decades to come, risks undermining the 
concept of HPMAs completely.  

A related risk is the impact of oil and gas development on marine and 
coastal habitat restoration projects, which are becoming more common 
in MPAs. Expensive and high-profile projects around the UK coast 
are seeing biodiverse and potentially carbon-storing habitats like 
seagrass meadows153 and oyster reefs154 being restored after decades 
of decline.155 Most projects are coastal and are therefore at most risk 
from oil and gas infrastructure where it comes to shore, as well as from 
catastrophic oil spills. 

Considering these risks, in the case of offshore oil and gas, the best 
way to ensure the integrity of the UK's existing network of Marine 
Protected Areas would be to cease offshore oil and gas approval and 
licensing completely throughout UK seas and examine the ongoing 
impacts from existing oil and gas extraction within Marine Protected 
Areas very carefully. 
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2.7 Risk to Blue Carbon: An Emerging Climate Solution
Healthy seas play a critical role in climate action18. The capacity for marine 
species and habitats to capture and store carbon and help curb climate 
change is threatened by the impacts of offshore oil and gas, and by the 
climate impacts they exacerbate.156   

In 2022 the UK Climate Change Committee recommended that the 
UK strengthen marine protection and restoration, and support efforts 
to sustainably manage marine and coastal ecosystems, “giving due 
consideration to their carbon value”.157  

The impacts of offshore oil and gas 
must also now be carefully considered 
from a blue carbon perspective. 

The concept of blue carbon has only gained mainstream attention in 
the past decade,158 and the importance of carbon laid down in marine 
sediments and captured by marine species and habitats is now 
recognised as a leading nature-based solution for climate change.159,160  

Currently, the best known and most comprehensively studied blue carbon 
habitats occurring in the UK are seagrasses and saltmarshes and are now 
under consideration to become the first marine habitats to be included in 
the UK national greenhouse gas inventory.161 Marine algae, such as kelp 
forests can also play a role in carbon sequestration, although research 
on this is still developing.162 In future, the protection and enhancement of 
these habitats will not just be important to conservation163 but also relevant 
to international emissions reporting and compliance with domestic and 
international emissions reduction targets.164–166  

Saltmarshes and seagrass beds are both coastal habitats, so are most at 
risk from large accidental oil spills which make landfall167 or from habitat 
loss associated with bringing oil and gas to shore, such as pipelines, 
refineries and port infrastructure.168 Seagrass meadows around the UK 
have been much depleted by human activities over the past century155,169 
and are also at risk from extreme heat events170 which are made more 
likely and more severe by climate change. 

In terms of total carbon accumulation, it is marine sediments that have 
the greatest capacity.  Extensive work has been done in Scotland171,172 
and further south in the English North Sea173 that has shown the 
importance of offshore sediments157 in storing carbon. One of the threats 
to blue carbon habitats is fishing using trawls and dredges, but this 
damage is beginning to be addressed in some of the UK’s MPAs, i.e.,  
the new fishing restrictions recently introduced on the Dogger Bank.144  

The impacts of offshore oil and gas must also now be carefully considered 
from a blue carbon perspective.173 Blue carbon habitats can be lost 
directly when they occur in the development footprint of an oil and gas 
project or are impacted by a major oil incident. They are also at risk 
from smothering and long-term contamination by wastes and toxins 
released during operation.  

Blue carbon is also stored in marine animals, and recent studies have 
highlighted how large fish174 and marine mammals175 which die naturally and 
sink to the bottom of deep-sea areas, can be a vital carbon store. This work 
is still developing, and it is unlikely that this blue carbon will be included in 
inventories in the near future,176 but it highlights the complexity of nature-
based climate solutions and the importance of healthy ecosystems.  

As we have seen, the pollution and disturbance associated with 
offshore oil and gas can impact marine mammals, including some of 
our biggest animals such as sei and fin whales, which forage in, and 
migrate through, some areas of very high oil and gas activity. While 
these oil and gas impacts rarely kill whales and large fish outright, 
they do reduce their capacity to successfully reproduce. Increased 
climate change impacts177,178 will also reduce future populations and 
the overall carbon that will ultimately be stored in the deep sea.

While blue carbon science is still developing and impacts on blue carbon 
reserves have yet to be officially accounted for, it is clear that offshore oil 
and gas is already impacting blue carbon in countless ways, making the 
case for it to be a key consideration in future licensing decisions.
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2.8 Climate Change Impact on Marine Ecosystems
Perhaps the most obvious and gravest impact that continued oil and 
gas production and use is having on the UK's seas179 is its central role 
in driving climate change. The wide-ranging and long-term impacts on 
marine ecosystems are already visible, and research shows these are 
expected to accelerate.128  

Increasing average sea temperatures are already impacting the 
distribution of UK species and habitats, with colder water species 
disappearing and warmer water species moving in.180 Modelling using 
a medium emissions scenario predicted the loss of horse mussel reef 
habitat, a biodiversity hotspot,50 from UK waters by 2080.181 Additionally, 
the northern sea fan, the northern stone crab and the deeplet sea 
anemone have also been identified as vulnerable to rising temperatures.182  

Climate change is driving changes in the seasonality, diversity, and 
abundance of plankton in the waters of the UK,183 with a knock on effects 
on whole ecosystems. Phytoplankton (plants) or zooplankton (animals), 
are at the base of marine food webs, and climate-driven changes to 
their distribution can have knock-on effects throughout the food web. 
Substantial changes are already being documented; For example, 
zooplankton distribution is moving north by 200 to 250km per decade.183 
And the copepod Calanus finmarchicus, which is the favoured prey of 
many fish species, has been declining in the North Sea, while a similar 
species Calanus helgolandicus has been increasing.183,184 Climate impacts 
on their plankton prey are also thought to be a factor in the changing 
distributions and population dynamics of cod.185 

Warmer water species of cetacean like striped dolphin, short-beaked 
common dolphin, and Cuvier’s beaked whale appear to be extending 
their ranges north and colder water species like the white-beaked 
dolphin may be experiencing a contraction in range.186 There are also 
human health implications for increased sea temperatures; the disease-
causing bacteria Vibrio showed a significant increase in the North Sea 
between 1958 and 2011.187 Increasing seawater temperature could 
also lead to more harmful algal blooms (HARs) which can contaminate 
seafood,183 with evidence of this from a major marine heatwave off 
Alaska in 2016.188 There is also evidence for changes in vital nutrient 
cycling functions and primary production, which is the very basis of 
marine food chains.128  

Oxygen dissolved in seawater is essential for marine life but climate 
change and other human impacts have led to its decline in the ocean 
since the 1960s189 and it is expected to continue to decrease in UK 
waters as sea temperatures rise.190 Oxygen deficiency is increasingly 
being recorded in the North Sea in late summer, in part because of 
climate change.190 Oxygen depletion impacts all aspects of marine life 
and, in extreme cases results in death. It reduces the survival, growth, 
and the reproduction of marine animals and plants and can change 
their behaviour.190

 
Marine heat waves are intensifying and becoming more frequent191 and 
can have serious and irreversible impacts on marine life.191,192 They can 
impact blue carbon habitats, wiping out areas of seagrass where the 
high temperatures have been sustained for too long.170 Marine heat 
waves are reaching deeper waters188 and impacting a wide range of 
species and habitats, including sponges.193  

27IN DEEP WATER

STRIPED DOLPHIN

CONTENTS	

EXECUTIVE SUMMARY

AN APPRECIATION OF THE UK'S SEAS

	

INTRODUCTION

	

→ THE IMPACTS OF OFFSHORE OIL AND

  GAS ON THE UK'S MARINE ENVIRONMENT	

OUR FUTURE SEAS	

	

CASE STUDIES: MARINE PROTECTED AREA

	

REFERENCES



IN DEEP WATER 2828IN DEEP WATER

As atmospheric concentrations of carbon dioxide increase, so does 
the concentration of carbon dioxide dissolved in the ocean, leading to 
the ocean becoming increasingly acidic. The pH of the world’s ocean 
has decreased by 0.1 since 1850 and is predicted to decrease by 0.3 
by 2100.128 This and other chemical changes are impacting species 
and ecosystems, with consequences for the large proportion of marine 
species that lay down hard skeletons.  

There is already evidence of acidification impacts in UK waters. A study 
of planktonic marine snails in Scottish waters has shown shell damage 
that correlated with changes in ocean chemistry.194 Habitats that 
depend on species with shells, such as oyster reefs, blue mussel beds, 
horse mussel reefs and maerl beds are thought to be particularly at 
risk from ocean acidification.195 The deep-water coral Lophelia pertusa, 
present in UK waters, is expected to be increasingly vulnerable to 
ocean acidification and by 2060 it has been predicted that around 85% 
of UK cold-water corals could be exposed to corrosive waters.130 

Climate change is also causing ice caps to melt and sea levels to rise 
which is particularly problematic for blue carbon-storing coastal 
habitats, like saltmarshes and seagrasses meadows which are 
suffering from coastal squeeze – habitat loss from encroaching sea 
levels on one side and expanding coastal development on the other.156

UK weather patterns and sea conditions are also changing, including 
the frequency of storms.196 

These changing conditions are 
expected to put increasing pressure 
on offshore infrastructure and could 
lead to more issues around both 
routine and catastrophic pollution 
from accidents like oil spills. 
As an example, modelling of increases in wave height197 showed a 
heightened risk to oil tankers. Another study highlighted how increased 
extremities in weather could make offshore structures more vulnerable 
to incidents impacting the environment.198
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2.9 Perpetuating Plastic Pollution
Offshore oil and gas are also making a major contribution to the ocean 
plastics crisis. The impacts of ubiquitous marine litter and specifically 
plastic pollution have been a big focus for ocean conservation in recent 
years199,200 and plastics production is a major source of greenhouse gas 
emissions.201 While the link is not always obvious, there are two main 
ways in which the offshore oil and gas industry contributes to plastic 
pollution, 1) microplastics used in offshore oil and gas industry, and 2) 
plastics are manufactured from oil and gas industry products.  

Firstly, microplastics are used in the offshore oil and gas industry in 
substances such as demulsifiers and corrosion inhibitors which are 
discharged into the marine environment.202 It has been estimated that 
in 2016 over 100 tons of microplastics were released into the North 
Sea by oil and gas operations;203 and studies of sediments and marine 
creatures near installations have shown significantly higher levels of 
microplastics than elsewhere.204  

Plastics are impacting some of our most precious habitats; research 
showed that 11% of marine creatures’ samples from the East Mingulay 
Marine Protected Area in the Hebrides have ingested microplastics.205 
Plastic ingestion causes a wide range of negative impacts on species, 
from a reduction in energy reserves206 to death.207 There is still a lack of 
research and thus understanding of the impact of plastic pollution on 
ecosystems,  however, concerns remain about the effect of plastics on 
blue carbon capacity208 and other ecosystem services, including the 
contamination of seafood and the associated public health risks.209  

Secondly, plastics are manufactured from oil and gas industry products 
and the industries are very closely linked.210 It has been widely reported 
that oil and gas companies are increasingly promoting the use of 
their products in the plastics industry and investing in petrochemical 
infrastructure as demand reduces for transport and heating fuel.211,212 
Despite increasing national and international commitments to 
reduce plastic waste and to promote the reuse and recycling of 
plastics, commercial use of single-use plastics continues to grow 
in many sectors213 and investment in the petrochemicals industry is 
growing.214 To illustrate, Shell’s revenue in 2019 included 3.9% from 
petrochemicals, which increased to 6.5% in 2020 215. By 2030 the 
petrochemical industry is forecast to account for more than a third of 
the projected growth in oil demand.216  

This focus on increasing the production of plastic from fossil fuels 
rather than recycling existing materials or developing reusable options 
has grave implications for the sea and is fuelling the growing marine 
litter and plastic pollution crisis in UK waters and internationally.201
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2.10 Challenges Around Regulation and Management
The challenges facing the UK's seas outlined in this report underline 
the importance of having robust environmental safeguards and 
regulations that are properly implemented.  

The UK has a good framework of environmental protection, which 
should ensure that new developments do not adversely impact marine 
species and habitats. However, analysis carried out for this report of 
the latest Offshore Energy Strategic Environmental Assessment,217 (an 
assessment of whether the environmental impacts of the government’s 
offshore energy plans outweigh the benefits), highlighted a wide 
range of short-comings around offshore oil and gas regulations. This 
indicates that environmental regulations are not necessarily offering 
the protection they should. 

There is strong evidence that oil and gas companies are conducting 
poor quality environmental impact assessments (EIAs), when 
assessing offshore oil and gas developments.219 

EIAs should flag up environmental risks and ensure there will be no 
adverse effects on MPAs or the wider environment,218 however there is 
a lack of high quality EIAs with meaningful and effectively implemented 
mitigation measures of direct impacts.220

There is strong evidence that oil 
and gas companies are conducting 
poor quality environmental impact 
assessments (EIAs), when assessing 
offshore oil and gas developments. 

A recent review recommended improvements in the detail provided 
in environmental statements on pollution, waste and greenhouse 
gas emissions, and the integration of a higher standard of effective 
mitigation methods. The need for a more consistent approach on 
assessing cumulative impacts was also highlighted, acknowledging the 
rising number of developments, and increasing threats to our marine 

life. International work has also highlighted the particular challenges 
around carrying out effective EIAs in deep sea environments,221 which 
increases the risk of increased impacts from oil developments (a good 
example of this is the challenges of oil spill modelling for deep sites).37 

The shortcomings of the EIA process is evident in an assessment of 
the environmental statement for the BP Alligin development, which lies 
within the Faroe-Shetland Sponge Belt MPA. It was expected to involve 
well-drilling, significant seabed infrastructure and the discharge 
at sea of over 1500 tonnes of water-based mud and drill cuttings. 
However, BP claimed that the development would not have any 
significant adverse impact on the MPA. This is an area known to have 
deep-sea sponge communities, an internationally recognised habitat 
of conservation concern,222 ocean quahog aggregations, and many 
types of dolphins and whales recorded. The environmental statement 
concluded with: “No significant adverse impacts are anticipated that 
would warrant specific mitigation measures or monitoring conditions”. 
Without a critical engagement, the UK regulator agreed and approved 
the project,223 which began production in February 2020.224

The environmental work that underpins much of the approval  
and decision-making around offshore energy developments is 
informed by the Strategic Environmental Assessment (SEA) process.225 
It has emerged from analysis for this report and in feedback from 
environmental organisations that there is a general tendency for these 
assessments to dismiss or downplay some impacts of developments 
on the marine environment. Additionally, there are frequent delays 
in including new evidence or technical information in consultation 
responses not being adequately captured at all. 

In the latest assessment, Offshore Energy Strategic Assessment 
4 (OESEA4), 217 the impacts of seismic sound on marine mammal 
behaviour were classed as minor as they are “short-term impacts”, 
despite the surveys often taking months to complete. Impacts of 
drilling on marine life are also downplayed despite a wealth of studies 
to the contrary.60,71,74,226–228 The government report further dismissed 
contaminated drilling discharges because they are considered to 
disperse widely and not accumulate in significant quantities, despite 
evidence that PAHs found in drill cutting piles have had demonstrable 
negative effects on fish, including haemorrhages and lesions.229,230
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2.11 International Good Practice
A few countries are taking considerable action, and leading the way in 
the phasing out of offshore oil and gas. Denmark, Ireland, France, Spain, 
Belize, Greenland, Costa Rica, Sweden, and Wales have all joined the 
Beyond Oil and Gas Alliance, launched at COP26 in Glasgow in 2021, 
and have all ceased new licensing and set clear targets for phasing 
out of oil and gas production.234 Belize and Greenland cite marine 
environmental protection as the main driver for change.235  

The approach these countries are taking accommodates the ongoing 
need for oil and gas while renewable alternatives become mainstream 
and comply with just transition commitments by helping businesses 
and individuals prepare and plan for the changes to come. Some 
regions and states have taken similar steps including New South Wales 
in Australia, which banned offshore oil and gas exploration in 2022.236 

Many countries have specific policies relating to the protection of 
MPAs from offshore oil and gas impacts. In 2019, Canada banned 
oil and gas development in all its protected areas,237 after it decided 
to adopt the highest standards set out in the International Union for 
Conservation of Nature (IUCN) Guidelines,141,142 helping to redress the 
balance between prioritising oil and gas and protecting biodiversity.238 
This was reportedly partly in response to a public outcry to the 
announcement that the Laurentian Channel MPA – which protects 
among other things, porbeagle shark breeding grounds, leatherback 
turtles and sea pens239 – would allow oil and gas extraction in all but 2% 
of its area.151   

Most of the USA’s National Marine Sanctuaries are similarly protected 
from oil and gas development.240 Papahānaumokuākea Marine 
National Monument in Hawai’i is the largest contiguous fully protected 
conservation area under American jurisdiction and one of the largest 
MPAs in the world with an area of 1,508,870 km2, throughout which 
all exploring for, developing, or producing oil, gas, or minerals is 
prohibited.241 In Australia, the Great Barrier Reef marine park (344,400 
km2) has been completely protected from offshore oil and gas 
developments since its proclamation in 1975.242 

While leading efforts to phase out oil and gas, these countries are also 
protecting their seas and the marine life they sustain.  
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In the context of oil spill risk, OESEA4 states that mortality in marine 
mammals following oil exposure is unlikely, despite it having been 
observed in multiple studies on species such as otters,30,231 common 
seals and orca231 and bottlenose dolphins.232 The important concept of 
the precautionary approach, which enables decision-makers to adopt 
precautionary measures when scientific evidence is uncertain, seems 
to rarely be implemented, despite being advised by OSPAR233 and other 
good practice guidance.

Regulation around oil and gas activity is increasing and OSPAR 
highlighted progress in the use and discharge of problematic chemicals 
and in the decommissioning of infrastructure. But OSPAR also 
acknowledged that there is a real issue in understanding the reality of 
risks and impacts and actual consequences in the marine environment.2 

Harmful chemicals are still being discharged during decommissioning 
and better guidelines are needed to manage seismic surveys and other 
marine noise issues. Improved controls on the use and release of plastics 
in offshore oil and gas, and improved monitoring of cumulative impacts 
are also proposed; from 2023, OSPAR will be assessing the impacts of 
climate change on the sea area and will consider pollution prevention 
measures in the context of climate impacts.2

In the meantime, however, new oil and gas developments continue to 
be approved with all that means for the UK's seas. 
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Conclusion: 
Our Future 
Seas
Decisions about offshore oil and gas are not just about their significant 
and long-term contribution to greenhouse gas emissions, but also 
about the health of our beautiful and biodiverse seas that are essential 
for regulating climate. Continuing to license and approve new oil and 
gas production commits us to a whole suite of devastating impacts on 
the UK seas that will go on for decades and potentially have a much 
more prolonged negative legacy on our marine ecosystems. 

The benefits to the UK from healthy seas extend far beyond sustaining 
fisheries, from new compounds for pharmaceuticals243 to recreation244 
and wellbeing245 to protection of our coasts from erosion14. A wide 
range of initiatives are currently investing in healthier UK seas, 
establishing Marine Protected Areas and strengthening their protection, 
restoration and rewilding areas. Furthermore, helping nature to rebuild 
the oyster reefs and seagrass meadows that we have lost, improve the 
management of fisheries, innovate to reduce the footprint of trawling and 
dredging, and develop sustainable aquaculture. All these actions will be 
undermined by new offshore oil and gas projects and not just for the next 
few years, but for decades.

The accepted evidence and advice from the UN and scientists around 
the world is that real protection of the ocean is essential for human 
life and for regulating our climate. Halting the licensing and approval 
of new offshore oil and gas would not just be an opportunity for the 
UK to build on its offshore wind success and become a leader in just 
transition to phase out oil and gas extraction,23 it would also be an 
enormous endorsement of the UK government’s commitment to marine 
conservation and the protection of biodiversity. 

The UK’s seas may have been 
heavily impacted and modified,  
but they are still rich and beautiful 
and contain oases of wonder  
and diversity. 
Importantly, they still have the capacity for recovery to the fish-filled 
waters sustained by rich reefs that we had historically.

The ocean is already key in mitigating the worst of climate change.18 
Over 90% of the heat trapped by rising carbon dioxide is absorbed by 
the ocean and 25-30% of carbon dioxide that would otherwise stay in 
the atmosphere and cause more warming. Without that capacity, we 
would be in a much worse situation today. 

This is the capacity of a degraded ocean that we have not been looking 
after properly. There is great potential for much more carbon storage 
in a healthy, well-protected ocean, with numerous highly protected 
marine reserves, with minimal bottom trawling and dredging and with 
all the other impacts on marine ecosystems significantly reduced. This 
unrealised potential for the ocean to be a much more effective climate 
action tool is becoming increasingly acknowledged, fuelling calls for 
more effective ocean protection.

The conflict between expanding oil and gas extraction and protecting 
marine biodiversity is a global experience, with hydrocarbon extraction 
impacting marine ecosystems around the world. However, routine co-
location with Marine Protected Areas is rare.246 For a country claiming 
to be a world leader in climate action and marine conservation, this lack 
of consistency is shocking and it is time the public was more aware of 
this issue. 

Stopping new oil and gas infrastructure and extraction will reduce the 
problems we are storing up for future generations. These are long-term 
commitment to emissions and infrastructure, the noise and pollution, 
the expensive and complex decommissioning challenges and along 
with it a long list of impacts on our marine environment.

32IN DEEP WATER

CONTENTS	

EXECUTIVE SUMMARY

AN APPRECIATION OF THE UK'S SEAS

	

INTRODUCTION

	

THE IMPACTS OF OFFSHORE OIL AND GAS ON 

THE UK'S MARINE ENVIRONMENT		

→ OUR FUTURE SEAS	

	

CASE STUDIES: MARINE PROTECTED AREA

	

REFERENCES



 Figure 14. Multiple threats to the ocean
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OVER-EXPLOITATION
Overfishing, today and previously, 
reduces commercial fish stocks 
and limits ability for recovery.

 

OVER-EXPLOITATION 
Bottom trawling drags nets across 
the sea floor, damaging ecologically 
important habitats and species like 
mussel reefs and Ocean quahogs.

MARINE NOISE

PLASTICS 
Crude oil extracted by oil & gas 
companies is used to make 
plastic. Plastic wastes ends up 
in the ocean, marine life ingests 
and is harmed by plastic waste.

CLIMATE CHANGE 
CO2 in the atmosphere is 
absorbed by the ocean (around 
25-30%), once in the ocean it 
makes the ocean more and more 
acidic, lowering the pH. This 
makes it harder for crustaceans 
to build thick strong shells, 
which they use for protection. 

CLIMATE CHANGE 
Sea level rise, caused by higher 
global temperatures and melting 
ice, changes coastal habitats by 
submerging them deeper in water.

CLIMATE CHANGE 
Greenhouse gasses like CO2 absorb extra heat 
energy from the sun, warming our planet. Around 
90% of the heat trapped by greenhouse gasses 
is absorbed by the ocean, which would otherwise 
stay in the atmosphere causing more warming. 
As sea temperatures rise, oxygen levels fall. Less 
oxygen in the sea reduces fish species.

OIL & GAS IMPACTS 
Pipelines cutting through stressed 
benthic habitats.

OIL & GAS IMPACTS 
Infrastructure directly leaking chemical 
pollutants, microplastics, and oil.  

OIL & GAS IMPACTS 
Drill muds and cuttings disposed 
on the sea bed leach pollutants to 
surrounding waters and organisms.

OIL & GAS IMPACTS 
Seismic surveys release extreme 
amounts of sound energy into the 
ocean, they cause marine organisms 
stress, injury and sometimes death.
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Considering the wide range 
of marine ecosystem impacts 
associated with offshore oil and gas, 
in addition to the devasting climate 
impact of continuing to extract 
fossil fuels, the over-riding policy 
recommendation is to halt licensing 
and approval of new offshore oil 
and gas extraction in UK waters.

This advice is underpinned by guidance from the International Energy 
Agency4 and a wide range of UK and global analysis. Halting the 
licensing of new offshore oil and gas projects in the UK will benefit 
international climate action and the UK’s international reputation.

The current unfolding situation with hundreds of new licences being 
awarded and dozens of new oil and gas installations up for approval 
or coming online over the next few years is completely incompatible 
with a healthy future for our seas. All our marine areas need to be well 
managed to sustain and support us in an uncertain future, but it is 
particularly important that the UK government ramps up the protection 
of our most diverse and productive sites, many of which fall within our 
MPA network. 

The seas around the UK are wonderful and diverse and full of life and 
they are a vital part of climate solutions.13, 247 But instead of delivering on 
domestic and international commitments for ocean conservation, with 
each new oil and gas licensing, they are becoming more industrialised 
and places that are too noisy, too polluted, too built-up, and too 
disturbed for our marine life to thrive. 

Allowing new offshore oil and gas projects will not cut our energy bills 
or increase our energy security. It will build more infrastructure and 
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create more emissions which are at odds with domestic and global 
climate commitments. Committing to halt this rapidly outdated industry 
will allow us to recover our marine ecosystems, including better-managed 
MPAs, and more sustainable fisheries, prioritising renewable offshore 
energy and restore the rich and beautiful seas to which we all aspire.
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Case Studies: 
Marine Protected Area 

Marine Protected Areas (MPAs) are supposed to be some of our most 
special and highly protected sea areas, where marine life can thrive,  
be safe from human impacts and can deliver government commitments 
for clean, healthy, diverse, and productive seas supporting people  
and nature.299 

Whilst many people are now aware of the widespread impacts of 
destructive fishing methods like trawling and dredging in MPAs,300 
very few people appreciate the extent of oil and gas activity in these 
places, or the direct and indirect effects fossil fuel extraction is having  
on our most important ocean places. 

DEAD MAN’S FINGERS WITH POLYCHAETE AND A COMMON SUNSTAR
ST ABB’S HEAD, SCOTLAND
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Figure 15. Oil and gas impacts 
on features and functioning of 
Marine Protected Area
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CARBON

FUNCTION OF A GOOD MPA
•	  Creates habitats and protections to 

increase the number of fish, allow 
them to grow larger and increase the 
species diversity 

•	  Increases resilience to 
environmental change 

•	  Protects and restores marine 
habitats

•	 Adult fish and shellfish spill over into 
adjacent areas.  

•	  Protecting a small area benefits a 
large area.  

INCLUDED IN GOOD MPAS
•	 Protection of the sea floor and reef 

habitats where fish spawn and feed
•	 No or restricted fishing (line fishing) 

produces more and bigger fish
•	 Non-extractive activities like diving 

could be allowed 
•	 Blue carbon sequestration
•	 Good monitoring and enforcement 
•	  Less noise pollution and 

disturbance  

INCLUDED IN BAD MPA
•	 Sea floor bottom trawled 
•	 Infrastructure allowed to be built
•	 Overall fewer and smaller fish with 

reduced biodiversity
•	 Carbon being released from 

degraded habitats
•	 Poor monitoring and enforcement 
•	 High levels of disturbance, 

particularly noise pollution 

CARBON
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5.1 Dogger Bank Special Area of Conservation
Dogger Bank Special Area of Conservation (SAC) is a rich, productive, 
and unique sandbank feature301 in the North Sea that has sustained 
sand eel and commercially important fish populations for centuries.302 
It overlaps substantially with the Southern North Sea SAC303 which is 
designated to protect harbour porpoise populations.303 It is regarded 
as a particularly important part of the UK MPA network because it is the 
largest single expanse of a sandbank in UK waters, including more than 
70% of the UK’s sandbank habitat, and its glacial formation makes its 
sandbank feature particularly interesting.304 

In 2022 trawling and dredging were banned in the MPA,144 improving 
the protection offered to the sandbank habitat conservation feature. 
With this protection, recovery of currently scarce species including the 
thornback ray305 could be possible. However, current and any future oil 
and gas activity undermine existing and future protection and drastically 
reduce the benefits which could be delivered by the mobile fishing ban. 
 

Within the boundary of the Dogger 
Bank Special Area of Conservation, 
our analysis has shown there are 176 
wells, 13 platforms and a network 
of 633 km of associated pipelines.
The marine life associated with the sandbank habitat includes worms, 
amphipods, bivalves, crabs, flatfish, and dense aggregations of 
brittlestars.306 There are areas of soft coral, branching bryozoans 
(sea chervil) and reef-building tubeworms (serpulids).307 Sand eels 
support a diverse ecosystem, prey species for grey seals and common 
seals,308 harbour porpoises303,309 and many species of seabird. Ocean 
quahogs are also found here.306 Minke whales, long-finned pilot whales, 
bottlenose dolphins, common dolphins, white-beaked dolphins, and 
Atlantic white-sided dolphins use the area too.310 

The Dogger Bank SAC is already heavily impacted by the offshore 
fossil fuel industry. Within the boundary of the SAC, our analysis has 
shown there are 176 wells, 13 platforms and a network of 633 km of 

associated pipelines. The estimated physical footprint of the platform 
and well infrastructure is 0.188km2. The estimated area impacted by the 
associated drill cuttings for these wells and platforms is 71 km2.311 

In terms of noise impacts on cetaceans, the focus here is on the potential 
impacts on harbour porpoises, as a designated feature of the Southern 
North Sea SAC.303 Harbour porpoises are particularly sensitive to 
disturbance and vulnerable as their high metabolic rate, small size and 
low-fat reserves mean behavioural responses are potentially costly.75,77 
Where disturbance increases energy demands or decreases foraging 
efficiency there is the potential for significant effects on survival at the 
level of the individual and population.95 Behavioural and physiological 
responses to both continuous and impulsive anthropogenic noises have 
been observed in porpoises.312, 77 When echolocation detectors were 
deployed on Dogger Bank at an offshore gas platform before, during and 
after construction, coupled with detectors at control sites to monitor 
porpoise activity,255 they reported displacement with significantly less 
porpoise activity during the year-long drilling and construction phase, 
with activity returning to baseline levels five months post construction.

5.2 East of Gannet and Montrose NCMPA
East of Gannet and Montrose Fields Nature Conservation MPA is 
important for ocean quahog and unusual deep-sea mud habitats 
but both features are rated as an unfavourable condition.313 This is 
unsurprising as the site is extensively used for offshore oil and gas.314 
Rather than work to recover the site, additional new areas are currently 
on offer for oil and gas development as part of the latest licensing 
round315 which will have further adverse effects. 

The MPA was proposed for the protection of ocean quahog 
aggregations and offshore deep-sea muds.314 Offshore subtidal sand 
and gravel habitats at depths between 80 and 100m, which are suitable 
for colonisation by ocean quahog are also included as a designated 
feature.316 The offshore deep-sea muds present are one of the few 
examples of Atlantic-influenced offshore deep-sea mud habitats on the 
continental shelf in the region317 and this is the only MPA in the northern 
North Sea designated to protect offshore deep-sea muds318 which are 
being increasingly acknowledged for their blue carbon value.173 

The muddy sediment, sea pens and presence of N. norvegicus burrows 
are all indicative of the OSPAR habitat ‘sea pen and burrowing megafauna 
communities’319 and the UK Biodiversity Action Plan priority habitat 
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‘Mud Habitats in Deep Water’.320 Three species of sea pens have been 
reported from the site,318 and the site also includes important habitat for 
the Norway lobster,313 a burrowing crustacean with an important role in 
oxygenating the upper sediment layers.321

There is extensive hydrocarbon activity in the northern and western 
parts of the MPA. There are a total of 225 wells, 4 platforms and 827km 
of pipeline. The estimated physical footprint of the platform and 
well infrastructure is 0.179km². The estimated area impacted by the 
associated drill cuttings for these wells and platforms is 55 km². 
This infrastructure is thought likely to have impacted ocean quahog 
populations in the MPA.313 Recovery of populations from disturbance 
is likely to be extremely slow, on the order of centuries.313 It is thought 
that UK waters act as a sink for the species, with larval recruits 
originating from Icelandic waters and long periods between successful 
recruitment events. It is, therefore, important that the abundance and 
age structure is conserved in the long term to maintain the population 
within the site.313 

While cetaceans are not a designated feature of the MPA, there is 
scope for noise impacts on cetacean species which are still protected 
by law throughout UK waters. Based on their distribution and 
observations, harbour porpoises, white-beaked dolphins, Atlantic 
white-sided dolphins, bottlenose dolphins and minke whales are the 
most likely species to be impacted by noise in the EGMF MPA.322–324  
A high level of seismic survey activity has been reported throughout 
this site, with implications for marine mammals and other species.

5.3 Faroe-Shetland Sponge Belt Nature Conservation Marine 
Protected Area
This large MPA is a biodiversity hotspot of international importance, 
home to diverse sponge aggregations, and frequented by long-finned 
pilot whales, Atlantic white-sided dolphins and many other residents 
and migrant marine mammals.298 Hydrocarbon exploration and 
production activities have been taking place in the Faroe-Shetland 
Channel since the early 1990s22 and a large proportion of this MPA is 
currently being offered in the latest licensing round315, threatening 
more habitat loss, disturbance, and pollution. 

The Faroe-Shetland Sponge Belt Nature Conservation MPA is home 
to diverse boreal ostur sponge communities unlike those found 
anywhere else and is categorised as a Vulnerable Marine Ecosystem, 

SEA-PEN
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of international value and interest.266 They create rich and productive 
habitats for many other species including endangered sharks, rays and 
chimaerae.261,264 They are important in ocean nutrient cycling325 and are 
likely to be important for fisheries.263 

In addition to the sponge communities, the main ecological features 
for designation are ocean quahog aggregations and offshore subtidal 
sands and gravels. The conservation status of all these features is 
classed as unfavourable. The area is interesting from an oceanographic 
point of view, where warm Atlantic water overlies cold water from the 
Norwegian sea,326 creating an extreme and varying thermal gradient 
which influences the biodiversity of marine life in the area.327 Other 
species of conservation interest include anemones, cup corals, sea 
pens, and soft corals and ocean curiosities including sea spiders with 
40cm leg spans and enormous basket stars, relatives of normal starfish 
but with ultra-branching arms with over 5000 arm tips.328

The Faroe-Shetland Channel is well known for its abundance of large 
whales and dolphins.329,330,331 Fin whales are thought to be seasonal 
migrants and summer visitors, and there are also occasional sightings 
of blue whales, sei whales and humpback whales. Long-finned pilot 
whales, Atlantic white-sided dolphins, white-beaked dolphins, and 
harbour porpoises are all common in the MPA. Oil and gas activity is 
already underway near these features of conservation interest.263

Within the boundary of Faroe-Shetland Sponge Belt MPA, there are 285 
wells, 543 km of pipeline and currently no platforms. The estimated 
physical footprint of the well infrastructure is 0.29km². The estimated 
area impacted by the associated drill cuttings for these wells is 57 
km². A study of the Laggan field which is within the MPA showed major 
impacts on seabed ecology after drilling and only partial recovery after 
10 years.74 The construction and operation of oil infrastructure have 
a visible impact on the distribution of marine species that have been 
studied using seafloor imaging.332

CONTENTS	

EXECUTIVE SUMMARY

AN APPRECIATION OF THE UK'S SEAS

	

INTRODUCTION

	

THE IMPACTS OF OFFSHORE OIL AND GAS ON 

THE UK'S MARINE ENVIRONMENT		

OUR FUTURE SEAS	

	

→ CASE STUDIES: MARINE PROTECTED AREA

	

REFERENCES

DEAD MAN’S FINGERS ON A ROCK WITH POLYCHAETE AND A COMMON SUNSTAR 
ST ABB’S HEAD, SCOTLAND



IN DEEP WATER 40

References
1. Galparsoro, I. et al. Reviewing the ecological 
impacts of offshore wind farms. npj Ocean Sus-
tainability 1, 1 (2022).
2. Marappan, S., Stokke, R., Malinovsky, M.P., & 
Taylor, A. Assessment of impacts of the offshore 
oil and gas industry on the marine environment. 
in OSPAR, 2023: The 2023 Quality Status Report 
for the North-East Atlantic. (OSPAR Commission, 
2022).
3. Welsby, D., Price, J., Pye, S. & Ekins, P. Unex-
tractable fossil fuels in a 1.5 °C world. Nature 597, 
230–234 (2021).
4. IEA. Net Zero by 2050. https://www.iea.org/
reports/net-zero-by-2050 (2021).
5. BEIS/Prime Minister’s Office. UK enshrines 
new target in law to slash emissions by 78% by 
2035. https://www.gov.uk/government/news/uk-
enshrines-new-target-in-law-to-slash-emissions-
by-78-by-2035 (2021).
6. UNFCCC. The Paris Agreement. https://unfccc.
int/process-and-meetings/the-paris-agreement/
the-paris-agreement (Undated).
7. Supran, G., Rahmstorf, S. & Oreskes, N. Assess-
ing ExxonMobil’s global warming projections. 
Science 379, eabk0063.
8. Franta, B. Early oil industry disinformation 
on global warming. Environmental Politics 30, 
663–668 (2021).
9. ExxonMobil. https://www.exxonmobil.co.uk/
company/overview/uk-operations/production. 
https://www.exxonmobil.co.uk/company/over-
view/uk-operations/production (2019).
10. McCauley, D. J. et al. Marine defaunation: 
Animal loss in the global ocean. Science 347, 
1255641 (2015).
11. Worm, B. et al. Impacts of Biodiversity Loss 
on Ocean Ecosystem Services. Science 314, 
787–790 (2006).
12. Palumbi, S. R. et al. Managing for ocean bio-
diversity to sustain marine ecosystem services. 
Frontiers in Ecology and the Environment 7, 
204–211 (2009).
13. Hoegh-Guldberg, O. et al. The ocean as a 
solution to climate change: Five opportunities for 
action. (2019).
14. Smale, D. A., Burrows, M. T., Moore, P., O’Con-
nor, N. & Hawkins, S. J. Threats and knowledge 
gaps for ecosystem services provided by kelp 
forests: a northeast Atlantic perspective. Ecology 
and Evolution 3, 4016–4038 (2013).
15. Ondiviela, B. et al. The role of seagrasses in 
coastal protection in a changing climate. Coastal 
Engineering 87, 158–168 (2014).
16. Bloor, I. S. M. et al. Boom not bust: Cooperative 
management as a mechanism for improving the 
commercial efficiency and environmental out-

comes of regional scallop fisheries. Marine Policy 
132, 104649 (2021).
17. Avdelas, L. et al. The decline of mussel 
aquaculture in the European Union: causes, 
economic impacts and opportunities. Reviews in 
Aquaculture 13, 91–118 (2021).
18. Hoegh-Guldberg, O., Northrop, E. & Lubchen-
co, J. The ocean is key to achieving climate and 
societal goals. Science 365, 1372–1374 (2019).
19. Laffoley, D. et al. The forgotten ocean: Why 
COP26 must call for vastly greater ambition 
and urgency to address ocean change. Aquatic 
Conservation: Marine and Freshwater Ecosystems 
32, 217–228 (2022).
20. Roberts, C. M. et al. Marine reserves can miti-
gate and promote adaptation to climate change. 
Proc Natl Acad Sci USA 114, 6167 (2017).
21. Duarte, C. M. et al. Rebuilding marine life. 
Nature 580, 39–51 (2020).
22. Vad, J. et al. Chapter Two - Potential Impacts 
of Offshore Oil and Gas Activities on Deep-Sea 
Sponges and the Habitats They Form. in Advanc-
es in Marine Biology (ed. Sheppard, C.) vol. 79 
33–60 (Academic Press, 2018).
23. Animah, I. & Shafiee, M. Condition assess-
ment, remaining useful life prediction and life 
extension decision making for offshore oil and 
gas assets. Journal of Loss Prevention in the 
Process Industries 53, 17–28 (2018).
24. Hjorth, M. et al. Effects of Oil and Gas 
Production On Marine Ecosystems and Fish 
Stocks in the Danish North Sea: Review. Report for 
WSP Denmark. https://mst.dk/media/222352/
oil_gas-effect-report_final.pdf (2021).
25. Stowe, T. J. & Underwood, L. A. Oil spillages 
affecting seabirds in the United Kingdom, 
1966–1983. Marine Pollution Bulletin 15, 147–152 
(1984).
26. Moore, J., Taylor, P. & Hiscock, K. Rocky 
shores monitoring programme. Proceedings of 
the Royal Society of Edinburgh. Section B. Biologi-
cal Sciences 103, 181–200 (1995).
27. Riddick, S. N. et al. Methane emissions from oil 
and gas platforms in the North Sea. Atmospheric 
Chemistry and Physics 19, 9787–9796 (2019).
28. Cordes, E. E. et al. Environmental Impacts of 
the Deep-Water Oil and Gas Industry: A Review 
to Guide Management Strategies. Frontiers in 
Environmental Science 4, (2016).
29. Frost, K. J. et al. Alaska, and Adjacent Areas 
Following the Exxon Valdez Oil Spill Marine Mam-
mal Study Number 5. (1994).
30. Garrott, R. A., Eberhardt, L. L. & Burn, D. M. 
Mortality of sea otters in Prince William Sound fol-
lowing the Exxon Valdez oil spill. Marine Mammal 
Science 9, 343–359 (1993).
31. Kerr, R., Kintisch, E. & Stokstad, E. Will Deep-

water Horizon Set a New Standard for Catastro-
phe? Science 328, 674–675 (2010).
32. Montagna, P. A. et al. Deep-Sea Benthic Foot-
print of the Deepwater Horizon Blowout. PLOS 
ONE 8, e70540 (2013).
33. Bodkin JL et al. Long-term effects of the 
Exxon Valdez oil spill: sea otter foraging in the 
intertidal as a pathway of exposure to lingering oil. 
Mar Ecol Prog Ser 447, 273–287 (2012).
34. Heintz, R. A., Short, J. W. & Rice, S. D. 
Sensitivity of fish embryos to weathered crude 
oil: Part II. Increased mortality of pink salmon 
(Oncorhynchus gorbuscha) embryos incubating 
downstream from weathered Exxon valdez crude 
oil. Environmental Toxicology and Chemistry 18, 
494–503 (1999).
35. Matkin, C. O., Saulitis, E. L., Ellis, G. M., 
Olesiuk, P. & Rice, S. D. Ongoing population-level 
impacts on killer whales Orcinus orca following 
the ‘Exxon Valdez’ oil spill in Prince William 
Sound, Alaska. Marine Ecology Progress Series 
356, 269–281 (2008).
36. Muehlenbachs, L., Cohen, M. A. & Gerarden, 
T. The impact of water depth on safety and en-
vironmental performance in offshore oil and gas 
production. Energy Policy 55, 699–705 (2013).
37. Gallego, A. et al. Current status of deepwater 
oil spill modelling in the Faroe-Shetland Channel, 
Northeast Atlantic, and future challenges. Marine 
Pollution Bulletin 127, 484–504 (2018).
38. Jernelöv, A. The threats from oil spills: now, 
then, and in the future. Ambio 39, 353–366 
(2010).
39. Moore, J. et al. SEA EMPRESS SPILL: IM-
PACTS ON MARINE AND COASTAL HABITATS. 
International Oil Spill Conference Proceedings 
1997, 213–216 (1997).
40. Banks, A. N. et al. The Sea Empress oil spill 
(Wales, UK): Effects on Common Scoter Melanitta 
nigra in Carmarthen Bay and status ten years lat-
er. Marine Pollution Bulletin 56, 895–902 (2008).
41. Webster, L. et al. Long-term Monitoring of 
Polycyclic Aromatic Hydrocarbons in Mussels 
(Mytilus edulis) Following the Braer Oil Spill†. 
Analyst 122, 1491–1495 (1997).
42. Conroy, J. & Kruuk, H. Changes in Otter Num-
bers in Shetland Between 1988 and 1993. Oryx 
vol. 29 197–204 (1995).
43. Hall, A. J., Watkins, J. & Hiby, L. The impact of 
the 1993 Braer oil spill on grey seals in Shetland. 
Science of The Total Environment 186, 119–125 
(1996).
44. Goodlad, J. Effects of the Braer oil spill on the 
Shetland seafood industry. Science of The Total 
Environment 186, 127–133 (1996).
45. Equinor. Rosebank Environmental Statement 
ES/2022/001. https://assets.publishing.service.

gov.uk/government/uploads/system/uploads/
attachment_data/file/1097880/Rosebank_En-
vironmental_Statement_-_Final_for_Submis-
sion_To_OPRED_Equinor_3rd_August_2022.
pdf (2022).
46. Baker, J. R., Jones, A. M., Jones, T. P. & 
Watson, H. C. Otter Lutra lutra L. mortality and 
marine oil pollution. Biological Conservation 20, 
311–321 (1981).
47. Joye, S. B. et al. The Gulf of Mexico ecosys-
tem, six years after the Macondo oil well blowout. 
Deep Sea Research Part II: Topical Studies in 
Oceanography 129, 4–19 (2016).
48. Law, R. J. & Hellou, J. Contamination of Fish 
and Shellfish Following Oil Spill Incidents. Envi-
ronmental Geosciences 6, 90–98 (1999).
49. Bakhmet, I., Fokina, N. & Ruokolainen, T. 
Changes of Heart Rate and Lipid Composition 
in Mytilus Edulis and Modiolus Modiolus Caused 
by Crude Oil Pollution and Low Salinity Effects. J 
Xenobiot 11, 46–60 (2021).
50. Fariñas-Franco, J. M. et al. Are we there yet? 
Management baselines and biodiversity indica-
tors for the protection and restoration of subtidal 
bivalve shellfish habitats. Science of The Total 
Environment 863, 161001 (2023).
51. DeLeo, D. M., Ruiz-Ramos, D. V., Baums, I. B. & 
Cordes, E. E. Response of deep-water corals to 
oil and chemical dispersant exposure. Deep Sea 
Research Part II: Topical Studies in Oceanography 
129, 137–147 (2016).
52. DeLeo, D. M., Lengyel, S. D. & Cordes, E. E. As-
sessing Oil Spill Impacts to Cold-Water Corals of 
the Deep Gulf of Mexico. 2016, PO13F-05 (2016).
53. OSPAR. Assessment of the OSPAR Report on 
Discharges, Spills and Emissions from Offshore 
Installations 2009 – 2018. https://www.ospar.org/
documents?v=43787#:~:text=The%20total%20
quantity%20of%20dispersed%20oil%20dis-
charged%20with%20produced%20and,a%20
19%25%20decrease%20from%202009. (2020).
54. OSPAR. OSPAR report on discharges, 
spills and emissions from offshore oil and gas 
installations in 2012. https://oap-cloudfront.ospar.
org/media/filer_public/54/79/54796902-37e5-
4166-816c-5177bf65b584/p00634e_offshore_
discharges_report_2012.pdf (2014).
55. Dong, Y., Liu, Y., Hu, C., MacDonald, I. R. & Lu, 
Y. Chronic oiling in global oceans. Science 376, 
1300–1304 (2022).
56. Camphuysen, K. C. J. Declines in oil-rates of 
stranded birds in the North Sea highlight spatial 
patterns in reductions of chronic oil pollution. 
Marine Pollution Bulletin 60, 1299–1306 (2010).
57. Camphuysen, K. & Heubeck, M. Beached 
Bird Surveys in the North Sea as an Instrument 
to Measure Levels of Chronic Oil Pollution. in 

40IN DEEP WATER

CONTENTS	

EXECUTIVE SUMMARY

AN APPRECIATION OF THE UK'S SEAS

	

INTRODUCTION

	

THE IMPACTS OF OFFSHORE OIL AND GAS ON 

THE UK'S MARINE ENVIRONMENT		

OUR FUTURE SEAS	

	

CASE STUDIES: MARINE PROTECTED AREA

	

→ REFERENCES



IN DEEP WATER 4141IN DEEP WATER

Oil Pollution in the North Sea (ed. Carpenter, A.) 
193–208 (Springer International Publishing, 
2016). doi:10.1007/698_2015_435.
58. Neff, J., Lee, K. & DeBlois, E. M. Produced 
Water: Overview of Composition, Fates, and 
Effects. in Produced Water: Environmental Risks 
and Advances in Mitigation Technologies (eds. 
Lee, K. & Neff, J.) 3–54 (Springer New York, 2011). 
doi:10.1007/978-1-4614-0046-2_1.
59. OSPAR. Report on impacts of discharges of 
oil and chemicals in produced water on the marine 
environment. https://www.ospar.org/docu-
ments?v=47303 (2021).
60. Bakke, T., Klungsøyr, J. & Sanni, S. Environ-
mental impacts of produced water and drilling 
waste discharges from the Norwegian offshore 
petroleum industry. Marine Environmental Re-
search 92, 154–169 (2013).
61. Hansen, B. H. et al. Embryonic exposure to 
produced water can cause cardiac toxicity and 
deformations in Atlantic cod (Gadus morhua) and 
haddock (Melanogrammus aeglefinus) larvae. Ma-
rine Environmental Research 148, 81–86 (2019).
62. Meier, S. et al. DNA damage and health effects 
in juvenile haddock (Melanogrammus aeglefinus) 
exposed to PAHs associated with oil-polluted 
sediment or produced water. PLOS ONE 15, 
e0240307 (2020).
63. Neff, J. M. Polycyclic aromatic hydrocarbons 
in the aquatic environment. Biol. Conserv.;(United 
Kingdom) 18, (1980).
64. Tuvikene, A. Responses of fish to polycyclic 
aromatic hydrocarbons (PAHs). Annales Zoologici 
Fennici 32, 295–309 (1995).
65. Sundt, R. C., Pampanin, D. M., Grung, M., 
Baršienė, J. & Ruus, A. PAH body burden and 
biomarker responses in mussels (Mytilus edulis) 
exposed to produced water from a North Sea oil 
field: Laboratory and field assessments. Marine 
Pollution Bulletin 62, 1498–1505 (2011).
66. Capuzzo, J. M., Lancaster, B. A. & Sasaki, G. C. 
The effects of petroleum hydrocarbons on lipid 
metabolism and energetics of larval development 
and metamorphosis in the american lobster 
(homarus americanus Milne Edwards). Marine 
Environmental Research 14, 201–228 (1984).
67. Kho, F. et al. Current understanding of the 
ecological risk of mercury from subsea oil and 
gas infrastructure to marine ecosystems. Journal 
of Hazardous Materials 438, 129348 (2022).
68. Al-Kindi, S., Al-Bahry, S., Al-Wahaibi, Y., Taura, 
U. & Joshi, S. Partially hydrolyzed polyacrylamide: 
enhanced oil recovery applications, oil-field 
produced water pollution, and possible solutions. 
Environmental Monitoring and Assessment 194, 
875 (2022).
69. Xiong, B. et al. Polyacrylamide degradation 

and its implications in environmental systems. npj 
Clean Water 1, 1–9 (2018).
70. Cruz, A. M. & Krausmann, E. Vulnerability 
of the oil and gas sector to climate change and 
extreme weather events. Climatic Change 121, 
41–53 (2013).
71. Santos, M. F. L., Lana, P. C., Silva, J., Fachel, J. 
G. & Pulgati, F. H. Effects of non-aqueous fluids 
cuttings discharge from exploratory drilling activ-
ities on the deep-sea macrobenthic communities. 
Deep Sea Research Part II: Topical Studies in 
Oceanography 56, 32–40 (2009).
72. Veltman, K., Huijbregts, M. A., Rye, H. & 
Hertwich, E. G. Including impacts of particulate 
emissions on marine ecosystems in life cycle 
assessment: The case of offshore oil and gas 
production. Integrated Environmental Assessment 
and Management 7, 678–686 (2011).
73. Taylor, J., Drewery, J., & Boulcott, P. 1218S 
Cruise Report: Monitoring survey of Faroe-Shet-
land Sponge Belt NCMPA, Rosemary Bank 
Seamount NCMPA and Wyville Thomson Ridge 
SAC. https://data.jncc.gov.uk/data/6b1576f1-
2b10-45ed-9d91-e2ff4f8d7f9c/JNCC-Report-
630-FINAL-WEB.pdf (2019).
74. Jones DOB, Gates AR, & Lausen B. Recovery 
of deep-water megafaunal assemblages from 
hydrocarbon drilling disturbance in the Faroe−
Shetland Channel. Mar Ecol Prog Ser 461, 71–82 
(2012).
75. Duarte, C. M. et al. The soundscape of the 
Anthropocene ocean. Science 371, eaba4658 
(2021).
76. Krause, B. Voices of the wild: animal songs, hu-
man din, and the call to save natural soundscapes. 
(Yale University Press, 2015).
77. Williams, W.J., Curnick, D.J., & Deaville, R. 
(last). Identification of key species in the UK, with 
a focus on English waters, sensitive to underwater 
noise. https://randd.defra.gov.uk/ProjectDe-
tails?ProjectId=20856 (2021).
78. Chou, E., Southall, B. L., Robards, M. & 
Rosenbaum, H. C. International policy, recom-
mendations, actions and mitigation efforts of an-
thropogenic underwater noise. Ocean & Coastal 
Management 202, 105427 (2021).
79. Rako-Gospić, N. & Picciulin, M. Chapter 
20 - Underwater Noise: Sources and Effects 
on Marine Life. in World Seas: An Environmental 
Evaluation (Second Edition) (ed. Sheppard, C.) 
367–389 (Academic Press, 2019). doi:https://doi.
org/10.1016/B978-0-12-805052-1.00023-1.
80. Mooney, T. A., Andersson, M. H. & Stanley, J. 
Acoustic impacts of offshore wind energy on fish-
ery resources. Oceanography 33, 82–95 (2020).
81. Nowacek, D. P. et al. Marine seismic surveys 
and ocean noise: time for coordinated and 

prudent planning. Frontiers in Ecology and the 
Environment 13, 378–386 (2015).
82. Erbe, C., Duncan, A., Hawkins, L., Terhune, 
J. M. & Thomas, J. A. Introduction to Acoustic 
Terminology and Signal Processing. in Exploring 
Animal Behavior Through Sound: Volume 1 111–152 
(Springer, 2022).
83. Nieukirk, S. L. et al. Sounds from airguns and 
fin whales recorded in the mid-Atlantic Ocean, 
1999–2009. The Journal of the Acoustical Society 
of America 131, 1102–1112 (2012).
84. McCauley, R. D. et al. Widely used marine seis-
mic survey air gun operations negatively impact 
zooplankton. Nat Ecol Evol 1, 1–8 (2017).
85. Mann, D. et al. Hearing Loss in Stranded 
Odontocete Dolphins and Whales. PLOS ONE 5, 
e13824 (2010).
86. Kavanagh, A. S., Nykänen, M., Hunt, W., 
Richardson, N. & Jessopp, M. J. Seismic surveys 
reduce cetacean sightings across a large marine 
ecosystem. Sci Rep 9, 19164 (2019).
87. Castellote, M. & Llorens, C. Review of the Ef-
fects of Offshore Seismic Surveys in Cetaceans: 
Are Mass Strandings a Possibility? in The Effects 
of Noise on Aquatic Life II (eds. Popper, A. N. & 
Hawkins, A.) 133–143 (Springer New York, 2016).
88. Lucke, K., Siebert, U., Lepper, P. A. & Blanchet, 
M.-A. Temporary shift in masked hearing thresh-
olds in a harbor porpoise (Phocoena phocoena) 
after exposure to seismic airgun stimuli. The 
Journal of the Acoustical Society of America 125, 
4060–4070 (2009).
89. Pirotta, E., Brookes, K. L., Graham, I. M. & 
Thompson, P. M. Variation in harbour porpoise ac-
tivity in response to seismic survey noise. Biology 
Letters 10, 20131090 (2014).
90. Gordon, J. C. D. et al. A Review of the Effects 
of Seismic Survey on Marine Mammals. Marine 
Technology Society Journal 37, (2003).
91. Stone, C. J. The effects of seismic activity on 
marine mammals in UK waters, 1998-2000. 74 
https://data.jncc.gov.uk/data/bf3ea885-e5c5-
4088-956b-4f5ff9ca0b56/JNCC-Report-323-
FINAL-WEB.pdf (2003).
92. Stone, C. J., Hall, K., Mendes, S. & Tasker, M. 
L. The effects of seismic operations in UK waters: 
analysis of Marine Mammal Observer data. 
Journal of Cetacean Research and Management 
16 (2017).
93. Dunlop, R. A. et al. The behavioural response 
of migrating humpback whales to a full seismic 
airgun array. Proceedings of the Royal Society B: 
Biological Sciences 284, 20171901 (2017).
94. McCauley, R. D. et al. MARINE SEISMIC 
SURVEYS— A STUDY OF ENVIRONMENTAL 
IMPLICATIONS. The APPEA Journal 40, 692–708 
(2000).

95. Wisniewska, D. M. et al. Ultra-High Foraging 
Rates of Harbor Porpoises Make Them Vulnerable 
to Anthropogenic Disturbance. Current Biology 
26, 1441–1446 (2016).
96. Nelms, S. E., Piniak, W. E. D., Weir, C. R. & 
Godley, B. J. Seismic surveys and marine turtles: 
An underestimated global threat? Biological 
Conservation 193, 49–65 (2016).
97. Soto, N. A. et al. Anthropogenic noise causes 
body malformations and delays development in 
marine larvae. Sci Rep 3, 1–5 (2013).
98. Guerra, A., González, Á. & Rocha, F. A review 
of records of giant squid in the north-eastern 
Atlantic and severe injuries in Architeuthis dux 
stranded after acoustic exploration. ICES CM 
2004, (2004).
99. Solé, M., Monge, M., André, M. & Quero, C. A 
proteomic analysis of the statocyst endolymph in 
common cuttlefish (Sepia officinalis): an assess-
ment of acoustic trauma after exposure to sound. 
Scientific Reports 9, 9340 (2019).
100. Day, R. D., McCauley, R. D., Fitzgibbon, Q. 
P., Hartmann, K. & Semmens, J. M. Seismic air 
guns damage rock lobster mechanosensory 
organs and impair righting reflex. Proceedings 
of the Royal Society B: Biological Sciences 286, 
20191424 (2019).
101. André, M. et al. Low-frequency sounds induce 
acoustic trauma in cephalopods. Frontiers in Ecol-
ogy and the Environment 9, 489–493 (2011).
102. Davidsen, J. G. et al. Effects of sound 
exposure from a seismic airgun on heart rate, 
acceleration and depth use in free-swimming 
Atlantic cod and saithe. Conservation Physiology 
7, coz020 (2019).
103. Sierra-Flores, R., Atack, T., Migaud, H. & 
Davie, A. Stress response to anthropogenic noise 
in Atlantic cod Gadus morhua L. Aquacultural 
Engineering 67, 67–76 (2015).
104. Engås, A. & Løkkeborg, S. Effects of seismic 
shooting and vessel-generated noise on fish 
behaviour and catch rates. Bioacoustics 12, 
313–316 (2002).
105. Løkkeborg, S., Ona, E., Vold, A. & Salthaug, 
A. Sounds from seismic air guns: gear- and 
species-specific effects on catch rates and 
fish distribution. Can. J. Fish. Aquat. Sci. 69, 
1278–1291 (2012).
106. Slotte, A., Hansen, K., Dalen, J. & Ona, E. 
Acoustic mapping of pelagic fish distribution and 
abundance in relation to a seismic shooting area 
off the Norwegian west coast. Fisheries Research 
67, 143–150 (2004).
107. Hassel, A. et al. Reaction of sand eel to 
seismic shooting: A field experiment and 
fishery statistics study. https://www.iqoe.org/
library/15972 (2003).

108. Hassel, A. et al. Influence of seismic shooting 
on the lesser sandeel (Ammodytes marinus). ICES 
Journal of Marine Science - ICES J MAR SCI 61, 
1165–1173 (2004).
109. Merchant, N. D. & Robinson, S. Abatement of 
underwater noise pollution from pile-driving and 
explosions in UK waters. in vol. 12 (2019).
110. Dähne, M. et al. Effects of pile-driving on 
harbour porpoises (Phocoena phocoena) at the 
first offshore wind farm in Germany. Environmen-
tal Research Letters 8, 025002 (2013).
111. Genesis Oil and Gas & Consultants. Review 
and Assessment of Underwater Sound Produced 
from Oil and Gas Sound Activities and Potential 
Reporting Requirements under the Marine Strate-
gy Framework Directive. https://assets.publishing.
service.gov.uk/government/uploads/system/
uploads/attachment_data/file/851545/Review_
and_Assessment_of_underwater_sound_pro-
duced_from_oil_and_gas_sound_activities.
pdf (2011).
112. Fowler, A. M. et al. Environmental benefits 
of leaving offshore infrastructure in the ocean. 
Frontiers in Ecology and the Environment 16, 
571–578 (2018).
113. MacIntosh, A., Dafforn, K., Penrose, B., 
Chariton, A. & Cresswell, T. Ecotoxicological 
effects of decommissioning offshore petroleum 
infrastructure: A systematic review. Critical 
Reviews in Environmental Science and Technology 
52, 3283–3321 (2022).
114. Cantle, P. & Bernstein, B. Air emissions asso-
ciated with decommissioning California’s offshore 
oil and gas platforms. Integrated Environmental 
Assessment and Management 11, 564–571 (2015).
115. Coolen, J. W. P. et al. Ecological implications 
of removing a concrete gas platform in the North 
Sea. Journal of Sea Research 166, 101968 (2020).
116. Stap, T., Coolen, J. W. P. & Lindeboom, H. J. 
Marine Fouling Assemblages on Offshore Gas 
Platforms in the Southern North Sea: Effects of 
Depth and Distance from Shore on Biodiversity. 
PLOS ONE 11, e0146324 (2016).
117. Ahiaga-Dagbui, D., Whyte, A. & Boateng, 
P. Costing and Technological Challenges of 
Offshore Oil and Gas Decommissioning in the UK 
North Sea. Journal of Construction Engineering 
and Management 143, (2017).
118. Jørgensen, D. OSPAR’s exclusion of rigs-to-
reefs in the North Sea. Ocean & Coastal Manage-
ment 58, 57–61 (2012).
119. OSPAR. OSPAR Decision 98/3 on the Dispos-
al of Disused Offshore Installations. https://www.
ospar.org/work-areas/oic/installations (1998).
120. Fortune, I. S. & Paterson, D. M. Ecological 
best practice in decommissioning: a review of sci-
entific research. ICES Journal of Marine Science 



IN DEEP WATER 4242IN DEEP WATER

77, 1079–1091 (2020).
121. Tidbury, H. et al. Social network analysis as 
a tool for marine spatial planning: Impacts of de-
commissioning on connectivity in the North Sea. 
Journal of Applied Ecology 57, 566–577 (2020).
122. Ekins, P., Vanner, R. & Firebrace, J. Decom-
missioning of offshore oil and gas facilities: A 
comparative assessment of different scenarios. 
Journal of Environmental Management 79, 
420–438 (2006).
123. Aslani, F., Zhang, Y., Manning, D., Valdez, L. C. 
& Manning, N. Additive and alternative materials 
to cement for well plugging and abandonment: 
A state-of-the-art review. Journal of Petroleum 
Science and Engineering 215, 110728 (2022).
124. North Sea Transition Authority (NSTA). 
UKCS Decommissioning Cost Estimate 2022. 
https://www.nstauthority.co.uk/media/8321/de-
com_cost-estimate-2022_020822_final_v3.pdf 
(2022).
125. Hegmann, G. et al. Cumulative Effects As-
sessment Practitioners Guide. (1999).
126. Kirkfeldt, T. S. et al. Why cumulative impacts 
assessments of hydrocarbon activities in the Arc-
tic fail to meet their purpose. Reg Environ Change 
17, 725–737 (2017).
127. Pirotta, E. et al. Understanding the combined 
effects of multiple stressors: A new perspective 
on a longstanding challenge. Science of The Total 
Environment 821, 153322 (2022).
128. Bindoff, N. L. et al. Changing ocean, marine 
ecosystems, and dependent communities. IPCC 
special report on the ocean and cryosphere in a 
changing climate 477–587 (2019).
129. Gissi, E. et al. A review of the combined 
effects of climate change and other local human 
stressors on the marine environment. Science of 
The Total Environment 755, 142564 (2021).
130. Jackson, E. L., Davies, A. J., Howell, K. L., Ker-
shaw, P. J. & Hall-Spencer, J. M. Future-proofing 
marine protected area networks for cold water 
coral reefs. ICES Journal of Marine Science 71, 
2621–2629 (2014).
131. Roberts, D. A. et al. Ocean acidification 
increases the toxicity of contaminated sediments. 
Global Change Biology 19, 340–351 (2013).
132. Willsteed, E., Gill, A. B., Birchenough, S. N. R. 
& Jude, S. Assessing the cumulative environmen-
tal effects of marine renewable energy develop-
ments: Establishing common ground. Science of 
The Total Environment 577, 19–32 (2017).
133. Laffoley, D. et al. Chapter 29 - Marine 
Protected Areas. in World Seas: An Environmental 
Evaluation (Second Edition) (ed. Sheppard, C.) 
549–569 (Academic Press, 2019). doi:https://doi.
org/10.1016/B978-0-12-805052-1.00027-9.
134. Roberts, C. M., Bohnsack, J. A., Gell, F., 

Hawkins, J. P. & Goodridge, R. Effects of Marine 
Reserves on Adjacent Fisheries. Science 294, 
1920–1923 (2001).
135. Ban, N. C. et al. Well-being outcomes of 
marine protected areas. Nature Sustainability 2, 
524–532 (2019).
136. Sheehan, E. V. et al. Rewilding of Protected 
Areas Enhances Resilience of Marine Ecosystems 
to Extreme Climatic Events. Frontiers in Marine 
Science 8, (2021).
137. Gell, F. R. & Roberts, C. M. Benefits beyond 
boundaries: the fishery effects of marine 
reserves. Trends in Ecology & Evolution 18, 
448–455 (2003).
138. Convention on Biological Diversity. Final 
text of Kunming-Montreal Global Biodiversity 
Framework. https://prod.drupal.www.infra.cbd.
int/sites/default/files/2022-12/221222-CBD-
PressRelease-COP15-Final.pdf (2022).
139. JNCC. UK Marine Protected Area Network 
Statistics. https://jncc.gov.uk/our-work/uk-ma-
rine-protected-area-network-statistics/ (2022).
140. North Sea Transition Authority (NSTA). 
Offshore Petroleum Licensing Rounds. https://
www.nstauthority.co.uk/licensing-consents/
licensing-rounds/offshore-petroleum-licens-
ing-rounds/#tabs (2022).
141. Guidelines for applying the IUCN protected 
area management categories to marine protected 
areas. (IUCN).
142. Stolton, S., Shadie, P., & Dudley, N. IUCN 
WCPA Best Practice Guidance on Recognising 
Protected Areas and Assigning Management 
Categories and Governance Types.
143. Burdon, D., Barnard, S., Boyes, S. J. & Elliott, 
M. Oil and gas infrastructure decommissioning 
in marine protected areas: System complexity, 
analysis and challenges. Marine Pollution Bulletin 
135, 739–758 (2018).
144. Marine Management Organisation. The Dog-
ger Bank Special Area of Conservation (Specified 
Area) Bottom Towed Fishing Gear Byelaw 2022. 
https://www.gov.uk/government/publications/
the-dogger-bank-special-area-of-conservation-
specified-area-bottom-towed-fishing-gear-bye-
law-2022 (2022).
145. JNCC. English Highly Protected Marine Ar-
eas. https://jncc.gov.uk/our-work/english-high-
ly-protected-marine-areas/ (2022).
146. Scottish Government. Highly Protected 
Marine Areas (HPMAs) - site selection: draft 
guidelines. https://www.gov.scot/publications/
draft-guidelines-identification-highly-protect-
ed-marine-areas-hpmas-scotlands-seas/ (2022).
147. Marine Conservation Society & Rewilding 
Britain. Marine Conservation Society & Rewil-
ding Britain. (2022) Blue carbon: Ocean-based 

solutions to fight the climate crisis. A report by 
the Marine Conservation Society and Rewilding 
Britain. (2022).
148. Grorud-Colvert, K. et al. The MPA Guide: A 
framework to achieve global goals for the ocean. 
Science 373, eabf0861 (2021).
149. Santo, E. M. D. Assessing public “participa-
tion” in environmental decision-making: Lessons 
learned from the UK Marine Conservation Zone 
(MCZ) site selection process. Marine Policy 64, 
91–101 (2016).
150. Engel, M. T. & Vaske, J. J. Balancing public 
acceptability and consensus regarding marine 
protected areas management using the Potential 
for Conflict Index2. Marine Policy 139, 105042 
(2022).
151. Gies, Erica. Canada Has New Rules Govern-
ing Its Marine Protected Areas. Do They Go Far 
Enough? Hakai Magazine https://hakaimagazine.
com/news/canada-has-new-rules-governing-its-
marine-protected-areas-do-they-go-far-enough/ 
(2019).
152. DEFRA. Inner Silver Pit South: Consultation 
factsheet for candidate Highly Protected Marine 
Area (HPMA). https://consult.defra.gov.uk/hpma/
consultation-on-highly-protected-marine-areas/
supporting_documents/ (2022).
153. Gamble, C. et al. Seagrass Restoration 
Handbook: UK and Ireland. in (Zoological Society 
of London, 2021).
154. Fodrie, F. J. et al. Oyster reefs as carbon 
sources and sinks. Proceedings of the Royal Soci-
ety B: Biological Sciences 284, 20170891 (2017).
155. Green, A. E., Unsworth, R. K. F., Chadwick, M. 
A. & Jones, P. J. S. Historical Analysis Exposes 
Catastrophic Seagrass Loss for the United King-
dom. Frontiers in Plant Science 12, (2021).
156. Lovelock, C. E. & Reef, R. Variable Impacts 
of Climate Change on Blue Carbon. One Earth 3, 
195–211 (2020).
157. Climate Change Committee. Briefing: Blue 
Carbon-March 2022 Climate Change Committee. 
https://www.theccc.org.uk/publication/brief-
ing-blue-carbon/ (2022).
158. Costa, M. & Macreadie, P. The Evolution of 
Blue Carbon Science. Wetlands 42, (2022).
159. Claes, J., Hopman, D., Jaeger, G. & Rogers, M. 
Blue carbon: The potential of coastal and oceanic 
climate action. (2022).
160. Macreadie, P. I. et al. Blue carbon as a natural 
climate solution. Nature Reviews Earth & Environ-
ment 2, 826–839 (2021).
161. Burden, Annette & Clilverd, Hannah. Moving 
towards inclusion of coastal wetlands in the UK 
LULUCF inventory: rapid assessment of activity 
data availability. 61 (2022).
162. Krause-Jensen, D. et al. Sequestration of 

macroalgal carbon: the elephant in the Blue Car-
bon room. Biology Letters 14, 20180236 (2018).
163. Cullen-Unsworth, L. C. & Unsworth, R. K. 
Strategies to enhance the resilience of the world’s 
seagrass meadows. Journal of Applied Ecology 
53, 967–972 (2016).
164. Hiraishi, T. et al. 2013 supplement to the 
2006 IPCC guidelines for national greenhouse 
gas inventories: Wetlands. IPCC, Switzerland 
(2014).
165. Austin, W., Smeaton, C., Houston, A. & Balke, 
T. Scottish saltmarsh, sea-level rise, and the 
potential for managed realignment to deliver blue 
carbon gains. (2022).
166. Smeaton, C. et al. Using citizen science to 
estimate surficial soil Blue Carbon stocks in Great 
British saltmarshes. Frontiers in Marine Science 
1461 (2022).
167. Boorman, L. Saltmarsh Review. An overview of 
coastal saltmarshes, their dynamic and sensitivity 
characteristics for conservation and management. 
https://data.jncc.gov.uk/data/4c1a28e7-de13-
4ff5-b7c8-088e879e5a1a/JNCC-Report-334-
FINAL-WEB.pdf (2003).
168. Davy, A., Bakker, J. & Figueroa, M. Human 
modification of European salt marshes. Human 
impacts on salt marshes: a global perspective. 
University of California Press, Berkeley, California, 
USA 311–336 (2009).
169. Jones, B. L. & Unsworth, R. K. F. The perilous 
state of seagrass in the British Isles. Royal Society 
Open Science 3, 150596.
170. Arias-Ortiz, A. et al. A marine heatwave 
drives massive losses from the world’s largest 
seagrass carbon stocks. Nature Climate Change 
8, 338–344 (2018).
171. Porter, J. et al. Blue carbon audit of Orkney 
waters. https://data.marine.gov.scot/dataset/
blue-carbon-audit-orkney-waters (2020).
172. Austin, W., Turrell, W. & Tilbrook, C. A brief 
history of Scottish blue carbon science and the 
Scottish Blue Carbon Forum: Where next? in.
173. Burrows, M. et al. Assessment of carbon 
capture and storage in natural systems within 
the English North Sea (Including within Marine 
Protected Areas). (2021).
174. Mariani, G. et al. Let more big fish sink: 
Fisheries prevent blue carbon sequestration—
half in unprofitable areas. Science Advances 6, 
eabb4848.
175. Pershing, A. J., Christensen, L. B., Record, N. 
R., Sherwood, G. D. & Stetson, P. B. The Impact of 
Whaling on the Ocean Carbon Cycle: Why Bigger 
Was Better. PLOS ONE 5, e12444 (2010).
176. Christianson, A. B. et al. The promise of blue 
carbon climate solutions: where the science 
supports ocean-climate policy. Frontiers in Marine 

Science 589 (2022).
177. Durfort, A. et al. Recovery of carbon benefits 
by overharvested baleen whale populations is 
threatened by climate change. Proceedings of 
the Royal Society B: Biological Sciences 289, 
20220375 (2022).
178. Tulloch, V. J. D., Plagányi, É. E., Brown, C., 
Richardson, A. J. & Matear, R. Future recovery 
of baleen whales is imperiled by climate change. 
Global Change Biology 25, 1263–1281 (2019).
179. Bijma, J., Pörtner, H.-O., Yesson, C. & Rogers, 
A. D. Climate change and the oceans – What 
does the future hold? Marine Pollution Bulletin 74, 
495–505 (2013).
180. Wright, P., Pinnegar, J. & Fox, C. Impacts of 
climate change on fish, relevant to the coastal 
and marine environment around the UK. 354–381 
https://www.mccip.org.uk/sites/default/
files/2021-07/16_fish_2020.pdf (2020).
181. Gormley, K. et al. Connectivity and Dispersal 
Patterns of Protected Biogenic Reefs: Implica-
tions for the Conservation of Modiolus modiolus 
(L.) in the Irish Sea. PLOS ONE 10, e0143337 
(2015).
182. Hiscock, K. Exploring Britain’s Hidden World: 
A Natural History of Seabed Habitats. (2018). 
doi:10.2307/j.ctv21r3pxc.
183. Edwards, M. et al. Plankton, jellyfish and 
climate in the North-East Atlantic. MCCIP Sci. Rev 
2020, 322–353 (2020).
184. Fromentin JM & Planque B. Calanus and 
environment in the eastern North Atlantic. II. 
Influence of the North Atlantic Oscillation on C. 
finmarchicus and C. helgolandicus. Mar Ecol Prog 
Ser 134, 111–118 (1996).
185. Engelhard, G. H., Righton, D. A. & Pinnegar, J. 
K. Climate change and fishing: a century of shift-
ing distribution in North Sea cod. Global Change 
Biology 20, 2473–2483 (2014).
186. Evans, P. G. H. & Waggitt, J. J. Impacts of cli-
mate change on marine  mammals, relevant to the 
coastal and  marine environment around the UK 
(MCCIP Science Review 2020). https://research.
bangor.ac.uk/portal/files/37579599/EvansWag-
gitt_MCCIP1_Publication.pdf (2020).
187. Vezzulli, L. et al. Climate influence on Vibrio 
and associated human diseases during the 
past half-century in the coastal North Atlantic. 
Proceedings of the National Academy of Sciences 
113, E5062–E5071 (2016).
188. Walsh, J. E. et al. The high latitude marine 
heat wave of 2016 and its impacts on Alaska. Bull. 
Am. Meteorol. Soc 99, S39–S43 (2018).
189. IPCC. Climate change 2014: Synthesis report. 
Contribution of working groups I, II and III to the 
Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change [Core Writing Team, 



IN DEEP WATER 4343IN DEEP WATER

R.K. Pachauri and L.A. Meyer (eds.)]. 151 https://
www.ipcc.ch/site/assets/uploads/2018/02/
SYR_AR5_FINAL_full.pdf (2014).
190. Mahaffey, C., Palmer, M., Greenwood, N. 
& Sharples, J. Impacts of climate change on 
dissolved oxygen concentration relevant to the 
coastal and marine environment around the UK. 
MCCIP Science Review 31–53 (2020).
191. Smith, K. E. et al. Biological Impacts of 
Marine Heatwaves. Annu. Rev. Mar. Sci. (2023) 
doi:10.1146/annurev-marine-032122-121437.
192. Oliver, E. C. J. et al. Marine Heatwaves. Annu. 
Rev. Mar. Sci. 13, 313–342 (2021).
193. Bell, J. J. et al. Marine heat waves drive 
bleaching and necrosis of temperate sponges. 
Current Biology 33, 158-163.e2 (2023).
194. León, P. et al. Relationship between shell 
integrity of pelagic gastropods and carbonate 
chemistry parameters at a Scottish Coastal Ob-
servatory monitoring site. ICES Journal of Marine 
Science 77, 436–450 (2020).
195. Findlay, H. et al. Climate change impacts on 
ocean acidification relevant to the UK and Ireland. 
MCCIP Science Review 2 (2022).
196. Wolf, J., Woolf, D. & Bricheno, L. Impacts of 
climate change on storms and waves relevant 
to the coastal and marine environment around 
the UK. MCCIP Science Review 2020, 132–157 
(2020).
197. Vanem, E. & Bitner-Gregersen, E. M. Sto-
chastic modelling of long-term trends in the wave 
climate and its potential impact on ship structural 
loads. Applied Ocean Research 37, 235–248 
(2012).
198. Bitner-Gregersen, E. M., Eide, L. I., Hørte, T. & 
Skjong, R. Potential Impact of Climate Change on 
Design of Ship and Offshore Structures. in Ship 
and Offshore Structure Design in Climate Change 
Perspective 43–52 (Springer Berlin Heidelberg, 
2013). doi:10.1007/978-3-642-34138-0_5.
199. Thompson, R. C. et al. Lost at Sea: Where Is 
All the Plastic? Science 304, 838–838 (2004).
200. Stafford, R. & Jones, P. J. S. Viewpoint 
– Ocean plastic pollution: A convenient but dis-
tracting truth? Marine Policy 103, 187–191 (2019).
201. Ford, H. V. et al. The fundamental links 
between climate change and marine plastic 
pollution. Science of The Total Environment 806, 
150392 (2022).
202. Bergmann, M. et al. Plastic pollution in the 
Arctic. Nat Rev Earth Environ 3, 323–337 (2022).
203. Wyllie, J. Oil industry dumping tons of 
microplastics into North Sea each year. Press and 
Journal (2018).
204. Knutsen, H. et al. Microplastic accumulation 
by tube-dwelling, suspension feeding poly-
chaetes from the sediment surface: A case study 

from the Norwegian Continental Shelf. Marine 
Environmental Research 161, 105073 (2020).
205. La Beur, L. et al. Baseline Assessment of 
Marine Litter and Microplastic Ingestion by 
Cold-Water Coral Reef Benthos at the East 
Mingulay Marine Protected Area (Sea of the 
Hebrides, Western Scotland). Frontiers in Marine 
Science 6, (2019).
206. Wright, S. L., Rowe, D., Thompson, R. C. & 
Galloway, T. S. Microplastic ingestion decreases 
energy reserves in marine worms. Current Biology 
23, R1031–R1033 (2013).
207. Roman, L., Schuyler, Q., Wilcox, C. & 
Hardesty, B. D. Plastic pollution is killing marine 
megafauna, but how do we prioritize policies to 
reduce mortality? Conservation Letters 14, e12781 
(2021).
208. Adyel, T. M. & Macreadie, P. I. Plastics in blue 
carbon ecosystems: a call for global cooperation 
on climate change goals. The Lancet Planetary 
Health 6, e2–e3 (2022).
209. Smith, M., Love, D. C., Rochman, C. M. & Neff, 
R. A. Microplastics in Seafood and the Implica-
tions for Human Health. Current Environmental 
Health Reports 5, 375–386 (2018).
210. Bauer, F. & Fontenit, G. Plastic dinosaurs – 
Digging deep into the accelerating carbon lock-in 
of plastics. Energy Policy 156, 112418 (2021).
211. Carpenter, S. Why The Oil Industry’s $400 
Billion Bet On Plastics Could Backfire. Forbes 
https://www.forbes.com/sites/scottcarpen-
ter/2020/09/05/why-the-oil-industrys-400-bil-
lion-bet-on-plastics-could-backfire/ (2020).
212. Lo, J. Plastics resolution tees up battle 
over oil industry’s plan B, Climate Home News. . 
Climate Home News https://www.climatechange-
news.com/2022/03/14/plastics-resolution-tees-
up-battle-over-oil-industrys-plan-b/ (2022).
213. Oceana. The Cost of Amazon’s Plastic Denial 
on the World’s Oceans. https://oceana.org/
reports/the-cost-of-amazons-plastic-denial/ 
(2022).
214. BP. BP Energy Outlook – 2018 edition. 125 
(2018).
215. Shell. 4 Segment information - Shell Annual 
Report 2020. https://reports.shell.com/annual-re-
port/2020/consolidated-financial-statements/
notes/4-segment-information.php (2021).
216. International Energy Agency. The Future of 
Petrochemicals. 132 https://iea.blob.core.win-
dows.net/assets/bee4ef3a-8876-4566-98cf-
7a130c013805/The_Future_of_Petrochemicals.
pdf (2018).
217. BEIS. UK Offshore Energy Strategic Envi-
ronmental Assessment 4 (OESEA4). https://
www.gov.uk/government/consultations/uk-off-
shore-energy-strategic-environmental-assess-

ment-4-oesea4 (2022).
218. CIEEM. The Guidelines for Ecological Impact 
Assessment in the UK and Ireland. https://cieem.
net/wp-content/uploads/2018/08/ECIA-Guide-
lines-2018-Terrestrial-Freshwater-Coast-
al-and-Marine-V1.1.pdf (2018).
219. Barker, A. & Jones, C. A critique of the per-
formance of EIA within the offshore oil and gas 
sector. Environmental Impact Assessment Review 
43, 31–39 (2013).
220. Hancox, E. QUALITY REVIEW OF OFF-
SHORE PETROLEUM DEVELOPMENT ENVI-
RONMENTAL STATEMENTS AGAINST THE EIA 
DIRECTIVE. 50 (2019).
221. Clark, M. R., Durden, J. M. & Christiansen, S. 
Environmental Impact Assessments for deep-sea 
mining: Can we improve their future effective-
ness? Marine Policy 114, (2020).
222. OSPAR. Status Assessment 2022 - Deep-sea 
sponge aggregations. https://oap.ospar.org/en/
ospar-assessments/committee-assessments/
biodiversity-committee/status-assesments/
deep-sea-sponge-aggregations/ (2022).
223. OPRED. Environmental Statement Summary 
- Alligin Development. https://assets.publishing.
service.gov.uk/government/uploads/system/up-
loads/attachment_data/file/791454/Alligin_De-
velopment.pdf (2018).
224. BP. BP announces first oil from Alligin field, 
west of Shetland | News and insights | Home. bp 
global https://www.bp.com/en/global/corporate/
news-and-insights/press-releases/bp-announc-
es-first-oil-from-alligin-field.html (2020).
225. BEIS & OPRED. Offshore Energy Strategic 
Environmental Assessment (SEA): An overview of 
the SEA process. https://www.gov.uk/guidance/
offshore-energy-strategic-environmental-as-
sessment-sea-an-overview-of-the-sea-process 
(2023).
226. Currie, D. R. & Isaacs, L. R. Impact of explor-
atory offshore drilling on benthic communities in 
the Minerva gas field, Port Campbell, Australia. 
Marine Environmental Research 59, 217–233 
(2004).
227. Ellis, J., Fraser, G. & J, R. Discharged drilling 
waste from oil and gas platforms and its effects 
on benthic communities. Marine Ecology Progress 
Series 456, 285–302 (2012).
228. Gates, A. R. & Jones, D. O. B. Recovery 
of Benthic Megafauna from Anthropogenic 
Disturbance at a Hydrocarbon Drilling Well (380 
m Depth in the Norwegian Sea). PLOS ONE 7, 
e44114 (2012).
229. Stein J E, Reichert W L, & Varanasi U. Mo-
lecular epizootiology: assessment of exposure to 
genotoxic compounds in teleosts. Environmental 
Health Perspectives 102, 19–23 (1994).

230. Gerrard, S., Grant, A., Marsh, R. & London, C. 
Drill cuttings piles in the North Sea: management 
options during platform decommissioning. Centre 
for Environmental Risk, Res. Rpt (1999).
231. Helm, R. C. et al. Overview of effects of oil 
spills on marine mammals. Handbook of oil spill 
science and technology 455–475 (2014).
232. Venn-Watson, S. et al. Adrenal Gland and 
Lung Lesions in Gulf of Mexico Common Bottle-
nose Dolphins (Tursiops truncatus) Found Dead 
following the Deepwater Horizon Oil Spill. PLOS 
ONE 10, e0126538 (2015).
233. OSPAR. Precautionary Principle. https://
www.ospar.org/convention/principles/precau-
tionary-principle (2022).
234. Beyond Oil and Gas Alliance (2022). https://
beyondoilandgasalliance.com/who-we-are/ 
(2022).
235. Linde, L., Sanchez, F., Mete, G. & Lindberg, 
A. North Sea oil and gas transition from a regional 
and global perspective. (2022).
236. NSW Government. NSW Government rules 
out commercial offshore exploration and mining. 
https://www.nsw.gov.au/media-releases/off-
shore-exploration-mining (2022).
237. Government of Canada. Protection Stan-
dards to better conserve our oceans. https://
www.dfo-mpo.gc.ca/oceans/mpa-zpm/stan-
dards-normes-eng.html (2022).
238. Kapoor, A., Fraser, G. S. & Carter, A. 
Marine conservation versus offshore oil and gas 
extraction: Reconciling an intensifying dilemma 
in Atlantic Canada. The Extractive Industries and 
Society 8, 100978 (2021).
239. Fisheries and Oceans Canada. Background-
er: Laurentian Channel Marine Protected Area. 
https://www.canada.ca/en/fisheries-oceans/
news/2019/04/backgrounder-laurentian-chan-
nel-marine-protected-area.html (2019).
240. Office of National Marine Sanctuaries. Reg-
ulations. https://sanctuaries.noaa.gov/protect/
regulations/ (No date).
241. Papahānaumokuākea Marine National 
Monument. Papahānaumokuākea Marine 
National Monument Permitting. https://www.
papahanaumokuakea.gov/permit/welcome.html 
(No date).
242. Great Barrier Reef Marine Park Authority. 
Activities and use. https://www2.gbrmpa.gov.au/
our-work/managing-activities-and-use/activi-
ties-use (2022).
243. Jaspars, M. et al. The marine biodiscovery 
pipeline and ocean medicines of tomorrow. 
Journal of the Marine Biological Association of the 
United Kingdom 96, 151–158 (2016).
244. Hyder, K., Maravelias, C. D., Kraan, M., Rad-
ford, Z. & Prellezo, R. Marine recreational fisheries 

— current state and future opportunities. ICES 
Journal of Marine Science 77, 2171–2180 (2020).
245. White, M. P., Elliott, L. R., Gascon, M., 
Roberts, B. & Fleming, L. E. Blue space, health and 
well-being: A narrative overview and synthesis of 
potential benefits. Environmental Research 191, 
110169 (2020).
246. Venegas-Li, R. et al. Global assessment of 
marine biodiversity potentially threatened by 
offshore hydrocarbon activities. Global Change 
Biology 25, 2009–2020 (2019).
247. Gattuso, J.-P. et al. Ocean solutions to 
address climate change and its effects on marine 
ecosystems. Frontiers in Marine Science 337 
(2018).
248. IAMMWG, C. C. & Siemensma, M. A Conser-
vation Literature Review for the Harbour Porpoise 
(Phocoena phocoena). JNCC Report (2015).
249. Evans, P. & Waggitt, J. Impacts of climate 
change on Marine Mammals, relevant to the 
coastal and marine environment around the UK. 
(2020).
250. HELCOM. Red List of Baltic Sea underwater 
biotopes, habitats and biotope complexes. (2013).
251. Borrell, A. PCB and DDT in blubber of 
cetaceans from the northeastern north Atlantic. 
Marine Pollution Bulletin 26, 146–151 (1993).
252. Law, R. J. & Whinnett, J. A. Polycyclic aro-
matic hydrocarbons in muscle tissue of harbour 
porpoises (Phocoena phocoena) from UK waters. 
Marine Pollution Bulletin 24, 550–553 (1992).
253. Heuvel-Greve, M. J. van den et al. Polluted 
porpoises: Generational transfer of organic con-
taminants in harbour porpoises from the southern 
North Sea. Science of The Total Environment 796, 
148936 (2021).
254. Graham, I. M. et al. Harbour porpoise re-
sponses to pile-driving diminish over time. Royal 
Society Open Science 6, 190335 (2019).
255. Todd, V. L., Williamson, L. D., Couto, A. 
S., Todd, I. B. & Clapham, P. J. Effect of a new 
offshore gas platform on harbor porpoises in 
the Dogger Bank. Marine Mammal Science 38, 
1609–1622 (2022).
256. Jarvela Rosenberger, A. L., MacDuffee, M., 
Rosenberger, A. G. J. & Ross, P. S. Oil Spills and 
Marine Mammals in British Columbia, Canada: 
Development and Application of a Risk-Based 
Conceptual Framework. Archives of Environmen-
tal Contamination and Toxicology 73, 131–153 
(2017).
257. Helm, R. C. et al. Overview of Effects of Oil 
Spills on Marine Mammals. in Handbook of Oil 
Spill Science and Technology 455–475 (2014). 
doi:10.1002/9781118989982.ch18.
258. Williams, R. et al. Levels of polychlorinated 
biphenyls are still associated with toxic effects in 



IN DEEP WATER 4444IN DEEP WATER

harbor porpoises (Phocoena phocoena) despite 
having fallen below proposed toxicity thresholds. 
Environmental Science & Technology 54, 
2277–2286 (2020).
259. Santos, M. & Pierce, G. The diet of harbour 
porpoise (Phocoena phocoena) in the Northeast 
Atlantic. Oceanogr Mar Biol Annu Rev 41, 
355–390 (2003).
260. Hogg, M. et al. Deep-sea sponge grounds: 
reservoirs of biodiversity. UNEP-WCMC biodiver-
sity series 32, 1–86 (2010).
261. Lea-Anne Henry & Roberts, J. Applying the 
OSPAR habitat definitions of deep-sea sponge 
aggregations to verify suspected records of the 
habitat in UK waters. 508 (2014).
262. Cathalot, C. et al. Cold-water coral reefs and 
adjacent sponge grounds: hotspots of benthic 
respiration and organic carbon cycling in the 
deep sea. Frontiers in Marine Science 2, (2015).
263. JNCC. North-east Faroe-Shetland Channel 
MPA: Supplementary Advice on the Conser-
vation Objectives (SACO). https://data.jncc.
gov.uk/data/91754596-aa1e-4a53-b45d-
aa92806eb61c/NEFSC-3-SACO-v1.0.pdf (2018).
264. Howell, K., Davies, J. & Narayanaswamy, 
B. Identifying deep sea megafaunal epibenthic 
assemblages for use in habitat mapping and 
marine protected area network design. Journal 
of the Marine Biological Association of the United 
Kingdom 90, 33–68 (2010).
265. ICES. A suggestive list of deep-water VMEs 
and their characteristic taxa. https://www.ices.
dk/data/Documents/VME/VMEs%20and%20
their%20taxa.pdf (2020).
266. ICES. ICES/NAFO JOINT WORKING GROUP 
ON DEEP-WATER ECOLOGY (WGDEC). file:///C:/
Users/owner/Downloads ICESNAFOJointWork-
ingGrouponDeepwaterEcologyWGDEC_Repub-
lished.pdf (2020).
267. Indraningrat, A. A. G., Smidt, H. & Sipkema, 
D. Bioprospecting Sponge-Associated Microbes 
for Antimicrobial Compounds. Marine Drugs 14, 
(2016).
268. Cooley, S. et al. Oceans and coastal eco-
systems and their services In: in Climate Change 
2022: Impacts, adaptation and vulnerability. 
Contribution of the WGII to the 6th assessment 
report of the intergovernmental panel on climate 
change IPCC AR6 WGII (Cambridge University 
Press, 2022).
269. Daniel O. B. Jones, Ian R. Hudson, & Brian 
J. Bett. Effects of physical disturbance on the 
cold-water megafaunal communities of the 
Faroe–Shetland Channel. Mar Ecol Prog Ser 319, 
43–54 (2006).
270. Tjensvoll I, Kutti T, Fosså JH, & Bannister RJ. 
Rapid respiratory responses of the deep-water 

sponge Geodia barretti exposed to suspended 
sediments. Aquat Biol 19, 65–73 (2013).
271. Henry, L.-A., Harries, D., Kingston, P. & Rob-
erts, J. M. Historic scale and persistence of drill 
cuttings impacts on North Sea benthos. Marine 
Environmental Research 129, 219–228 (2017).
272. BBC News. Cambo oil field project ‘could 
jeopardise deep sea life’. BBC News (2021).
273. SICCAR POINT ENERGY. 2021. Cambo Oil 
Field, UKCS Blocks 204/4a, 204/5a, 204/9a 
and 204/10a Environmental Impact Assessment 
(EIA). https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attach-
ment_data/file/991817/D-4261-2021_-_ES.pdf 
(2021).
274. Webster, L. et al. Monitoring of Polycyclic 
Aromatic Hydrocarbons (PAHs) in Scottish Deep-
water environments. Marine Pollution Bulletin 128, 
456–459 (2018).
275. Luter, H. M. et al. The Effects of Crude Oil 
and Dispersant on the Larval Sponge Holobiont. 
mSystems 4, e00743-19 (2019).
276. Kahn, A. S., Yahel, G., Chu, J. W. F., Tunni-
cliffe, V. & Leys, S. P. Benthic grazing and carbon 
sequestration by deep-water glass sponge reefs. 
Limnology and Oceanography 60, 78–88 (2015).
277. Guihen, D., White, M. & Lundälv, T. Tem-
perature shocks and ecological implications at a 
cold-water coral reef. Marine Biodiversity Records 
5, (2012).
278. OSPAR Commission. Background Document 
for Ocean quahog Arctica islandica. https://
qsr2010.ospar.org/media/assessments/Species/
P00407_Ocean_quahog.pdf (2010).
279. JNCC and Natural England. Review of the 
MCZ Features of Conservation Importance. 
https://data.jncc.gov.uk/data/94f961af-0bfc-
4787-92d7-0c3bcf0fd083/MCZ-review-foci-
201605-v7.0.pdf (2016).
280. Garcia, S. et al. Protecting the North Sea: 
Holderness. 32 (2019).
281. Department of Agriculture, Environment and 
Rural Affairs. Conservation Objectives and Po-
tential Management Options: Outer Belfast Lough 
Marine Conservation Zone (MCZ). https://niopa.
qub.ac.uk/bitstream/NIOPA/5164/1/Conserva-
tion%20Objectives%20and%20Potential%20
Management%20Options%20-%20Outer%20
Belfast%20Lough%20MCZ_0.pdf (2016).
282. Hawes, J., Noble-James, T., Lozach, S., 
Archer-Rand, S., & Cunha, A. North East of Farnes 
Deep Marine Conservation Zone (MCZ) Monitoring 
Report 2016.
283. Mazik, K, S. N. et al. A review of the recovery 
potential and influencing factors of relevance to 
the management of habitats and species within 
Marine Protected Areas around Scotland. (2015).

284. Offshore Petroleum Regulator for Envi-
ronment and Decommissioning. Talbot Field 
Development. https://www.gov.uk/government/
publications/talbot-field-development (2022).
285. Steimle, F.W., Boehm, P.D., Zdanowicz, V.S., 
& Bruno, R.A. Organic and trace metal levels in 
ocean quahog, Arctica islandica Linne, from the 
Northwestern Atlantic. FISHERY BULLETIN 84, 
(1986).
286. Tyler-Walters, H. & Hiscock, K. Arctica is-
landica Icelandic cyprine. In Tyler-Walters H. and 
Hiscock K. (eds) Marine Life Information Network: 
Biology and Sensitivity Key Information Reviews. 
Plymouth: Marine Biological Association of the 
United Kingdom. in (2017).
287. Ridgway, I. D. & Richardson, C. A. Arctica 
islandica: the longest lived non colonial animal 
known to science. Reviews in Fish Biology and 
Fisheries 21, 297–310 (2011).
288. Butler, P. G., Wanamaker, A. D., Scourse, J. 
D., Richardson, C. A. & Reynolds, D. J. Variability 
of marine climate on the North Icelandic Shelf 
in a 1357-year proxy archive based on growth 
increments in the bivalve Arctica islandica. Palae-
ogeography, Palaeoclimatology, Palaeoecology 
373, 141–151 (2013).
289. Estrella-Martínez, J. et al. Reconstruction of 
Atlantic herring ( Clupea harengus ) recruitment in 
the North Sea for the past 455 years based on the 
δ 13 C from annual shell increments of the ocean 
quahog ( Arctica islandica ). Fish and Fisheries 
20, (2019).
290. Butler, P. G. et al. Is there a reliable tapho-
nomic clock in the temperate North Atlantic? 
An example from a North Sea population of the 
mollusc Arctica islandica. Palaeogeography, 
Palaeoclimatology, Palaeoecology 560, 109975 
(2020).
291. Arellano-Nava, B. et al. Destabilisation of the 
Subpolar North Atlantic prior to the Little Ice Age. 
Nature Communications 13, 5008 (2022).
292. Stott, K. et al. The potential of Arctica islandi-
ca growth records to reconstruct coastal climate 
in north west Scotland, UK. Quaternary Science 
Reviews 29, 1602–1613 (2010).
293. Liehr, G. A., Zettler, M. L., Leipe, T. & Witt, G. 
The ocean quahog Arctica islandica L.: a bioindi-
cator for contaminated sediments. Marine Biology 
147, 671–679 (2005).
294. OSPAR Commission. List of Threatened 
and/or Declining Species & Habitats. OSPAR 
Commission https://www.ospar.org/work-areas/
bdc/species-habitats/list-of-threatened-declin-
ing-species-habitats (2008).
295. Witbaard, R. & Bergman, M. J. N. The dis-
tribution and population structure of the bivalve 
Arctica islandica L. in the North Sea: what possi-

ble factors are involved? Journal of Sea Research 
50, 11–25 (2003).
296. Ballesta-Artero, I., Janssen, R., Meer, J. van 
der & Witbaard, R. Interactive effects of tempera-
ture and food availability on the growth of Arctica 
islandica (Bivalvia) juveniles. Marine Environmen-
tal Research 133, 67–77 (2018).
297. Brey, T., Arntz, W. E., Pauly, D. & Rumohr, H. 
Arctica (Cyprina) islandica in Kiel Bay (Western 
Baltic): growth, production and ecological signif-
icance. Journal of Experimental Marine Biology 
and Ecology 136, 217–235 (1990).
298. JNCC. Faroe-Shetland Sponge Belt Nature 
Conservation Marine Protected Area: Data 
Confidence Assessment. https://data.jncc.
gov.uk/data/411ea794-b135-4877-9fc8-e3e-
6c054eef9/FSSB-2-DataConfidenceAssess-
ment-v5.0.pdf (2014).
299. Hopkins, C. R., Bailey, D. M. & Potts, T. Scot-
land’s Marine Protected Area network: Reviewing 
progress towards achieving commitments for 
marine conservation. Marine Policy 71, 44–53 
(2016).
300. Solandt, J.-L., Pikesley, S. K., Trundle, C. & 
Witt, M. J. Revisiting UK Marine Protected Areas 
governance: A case study of a collaborative 
approach to managing an English MPA. Aquatic 
Conservation: Marine and Freshwater Ecosystems 
30, 1829–1835 (2020).
301. Kröncke, I. & Knust, R. The Dogger Bank: 
A special ecological region in the central North 
Sea. Helgoländer Meeresuntersuchungen 49, 
335–353 (1995).
302. Plumeridge, A. A. & Roberts, C. M. Conser-
vation targets in marine protected area manage-
ment suffer from shifting baseline syndrome: A 
case study on the Dogger Bank. Marine Pollution 
Bulletin 116, 395–404 (2017).
303. JNCC. Southern North Sea MPA – Relevant 
Documentation & Conservation Advice 2019. 
https://hub.jncc.gov.uk/assets/206f2222-5c2
b-4312-99ba-d59dfd1dec1d#SouthernNorth-
Sea-conservation-advice.pdf (2019).
304. JNCC. Progress towards completion of the 
UK network of marine Special Areas of Conserva-
tion for Annex I qualifying features. https://hub.
jncc.gov.uk/assets/ab711067-5fc2-43f4-b690-
4d6f277d5346 (2013).
305. Jak, R.G., Bos, O.G., Witbaard, R, & Linde-
boom, H.J. Conservation objectives for Natura 
2000 sites (SACs and SPAs) in the Dutch sector of 
the North Sea. (2009).
306. Eggleton, J. et al. Dogger Bank SCI 2014 
Monitoring R&D Survey Report. (2017).
307. Diesing, M. et al. Understanding the marine 
environment: seabed habitat investigations of the 
Dogger Bank offshore draft SAC. (2009).

308. Jones EL et al. Patterns of space use in 
sympatric marine colonial predators reveal scales 
of spatial partitioning. Mar Ecol Prog Ser 534, 
235–249 (2015).
309. Cucknell, A.-C., Boisseau, O., Leaper, R., 
McLanaghan, R. & Moscrop, A. Harbour porpoise 
(Phocoena phocoena) presence, abundance and 
distribution over the Dogger Bank, North Sea, in 
winter. Journal of the Marine Biological Associa-
tion of the United Kingdom 97, 1455–1465 (2017).
310. Reid, J. B., Evans, P. G. & Northridge, S. 
P. Atlas of cetacean distribution in north-west 
European waters. (Joint Nature Conservation 
Committee, 2003).
311. JNCC. Supplementary Advice on Con-
servation Objectives for Dogger Bank Special 
Area of Conservation. https://data.jncc.gov.uk/
data/1422e961-edfb-40e8-b1ad-2eaf67cf21f0/
FSSB-3-SACO-V1.0.pdf (2018).
312. Erbe, C. et al. The Effects of Ship Noise on 
Marine Mammals—A Review. Frontiers in Marine 
Science 6, (2019).
313. JNCC. Supplementary Advice on Conserva-
tion Objectives for East of Gannet and Montrose 
Fields Nature Conservation MPA [Online]. https://
data.jncc.gov.uk/data/7d1e751a-e082-405b-
aad9-51eeaf53dd67/EGM-3-SACO-v1.0.pdf 
(2018).
314. JNCC. East of Gannet and Montrose Fields 
MPA. https://jncc.gov.uk/our-work/east-of-gan-
net-and-montrose-fields-mpa/#conserva-
tion-advice (2021).
315. North Sea Transition Authority (NSTA). 
NSTA. 33rd Petroleum Licensing Round, South-
ern North Sea: SNS Cluster Rationale [Online]. 
https://www.nstauthority.co.uk/media/8425/
sns-cluster-rationale-accessible-7-october.pdf 
(2022).
316. JNCC. Management Options Paper: EAST 
OF GANNET AND MONTROSE FIELDS NATURE 
CONSERVATION MARINE PROTECTED AREA 
(MPA). https://data.jncc.gov.uk/data/18a1c6a2-
7dc3-4ee5-b6fd-09f756d2d30c/EGM-4-Man-
agementOptionsPaper-v4.0.pdf (2014).
317. JNCC. East of Gannet and Montrose Fields 
Nature Conservation MPA: Data Confidence 
Assessment. https://data.jncc.gov.uk/data/18a-
1c6a2-7dc3-4ee5-b6fd-09f756d2d30c/
EGM-2-DataConfidenceAssessment-v5.0.pdf 
(2014).
318. McCabe, C., McBreen, F., & O’Connor, 
J. East of Gannet and Montrose Fields MPA 
Monitoring Report 2015 (Version 2). https://data.
jncc.gov.uk/data/78cb6096-16a3-4904-9014-
f17fc56d402a/JNCC-MSS-Report-1-Version2-
WEB.pdf.
319. OSPAR. Background Document for Seapen 



IN DEEP WATER 4545IN DEEP WATER

and Burrowing megafauna communities. https://
www.ospar.org/documents?v=7261 (2010).
320. JNCC. UK Biodiversity Action Plan Priority 
Habitat Descriptions Mud Habitats in Deep Water. 
https://data.jncc.gov.uk/data/c9721550-e422-
4181-805d-2a0b58afa9d7/UKBAP-BAPHabi-
tats-37-MudHabitatsDeepWater.pdf (2008).
321. Sabatini, M. & Hill, J.M. Sabatini, M. & Hill, 
J.M. 2008. Nephrops norvegicus Norway lobster. 
https://dx.doi.org/10.17031/marlinsp.1672.1 
(2008).
322. Hibiscus Petroluem. Teal West Develop-
ment: Environmental Statement. https://assets.
publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/1099286/
Teal_West_Environmental_Statement_1_Re-
dacted.pdf (2022).
323. Reid, J. B., Evans, P. G. & Northridge, S. 
P. Atlas of cetacean distribution in north-west 
European waters. (Joint Nature Conservation 
Committee, 2003).
324. DECC. Environmental Statement (ES) Sum-
mary and Sign-Off Godwin Development. https://
assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/
file/599631/TalismanGodwin.pdf (2011).
325. Maldonado, Manuel et al. Sponge Grounds 
as Key Marine Habitats: A Synthetic Review of 
Types, Structure, Functional Roles, and Conser-
vation Concerns. in Marine Animal Forests: The 
Ecology of Benthic Biodiversity Hotspots 145–183 
(Springer International Publishing, 2017).
326. Turrell, W. R., Slesser, G., Adams, R. D., 
Payne, R. & Gillibrand, P. A. Decadal variability 
in the composition of Faroe Shetland Channel 
bottom water. Deep Sea Research Part I: Oceano-
graphic Research Papers 46, 1–25 (1999).
327. Bett, B. J. UK Atlantic Margin Environmental 
Survey: Introduction and overview of bathyal 
benthic ecology. Continental Shelf Research 21, 
917–956 (2001).
328. Tangye, Tom. What else is lurking in the 
depths of the Faroe-Shetland Sponge Belt MPA? 
JNCC Blog https://jncc.gov.uk/about-jncc/jncc-
blog/archive/what-else-is-lurking-in-the-depths-
of-the-faroe-shetland-sponge-belt-mpa/ (2021).
329. Hastie, G. D., Swift, R. J., Slesser, G. & Turrell, 
W. R. Sperm whale distribution and seasonal den-
sity in the Faroe Shetland Channel. in (2003).
330. Weir, C. R., Pollock, C., Cronin, C. & Taylor, 
S. Cetaceans of the Atlantic Frontier, north and 
west of Scotland. Continental Shelf Research 21, 
1047–1071 (2001).
331. Macleod, K., Simmonds, M. & Murray, E. 
Summer distribution and relative abundance of 
cetacean populations off north-west Scotland. 
Journal of the Marine Biological Association of the 

UK 83, 1187–1192 (2003).
332. Vad, J. et al. Environmental controls and 
anthropogenic impacts on deep-sea sponge 
grounds in the Faroe-Shetland Channel, NE Atlan-
tic: the importance of considering spatial scale 
to distinguish drivers of change. ICES Journal of 
Marine Science 77, 451–461 (2020).

Image Credits
Front cover: Oil rig and vessel at the sunset. 
Devil's Hole. Scotland, United Kingdom. North Sea 
Expedition. July 2017.© OCEANA Carlos Minguell
Page 3: Harbor Porpoise (Phocoena phocoena), 
North Sea Photographer: Peter Verhoog / Buit-
en-beeld / Minden Pictures             
Page 5: Lion’s mane jellyfish (Cyanea capillata), 
juveniles of whiting (Merlangius merlangus) and 
Oceana diver. Aberdeenshire, Scotland, United 
Kingdom. North Sea Expedition. July 2017.© 
OCEANA Juan Cuetos  
Page 8: Oil spill in the Ventanilla sea. © OCEANA 
Sebastián Castañeda Page 9: Oil rig at the 
sunset and support vessels. Devil's Hole, United 
Kingdom. North Sea Expedition. July 2017. © 
OCEANA Juan Cuetos  
Page 13: View of the coast with seabirds colonies 
in the cliffs. Aberdeenshire, Scotland, United 
Kingdom. North Sea Expedition. July 2017. © 
OCEANA Juan Cuetos  
Page 13: View of the coast with seabirds colonies 
in the cliffs. Aberdeenshire, Scotland, United 
Kingdom. North Sea Expedition. July 2017. © 
OCEANA Juan Cuetos  
Page 21: Ocean Quahog. Skagerrak. North Sea 
Expedition. July 2017. © OCEANA Juan Cuetos 
Page 22: Lophelia coral, JM Roberts (Changing 
Oceans Expedition 2012) 
Page 23: Encrousting sponge (Myxilla incrustans) 
and brittle stars. Aberdeenshire, Scotland, United 
Kingdom. North Sea Expedition. July 2017. © 
OCEANA Juan Cuetos  
Page 28: Great spider crab (Hyas araneus) and 
hydrozoans on kelp. Aberdeenshire, Scotland, 
United Kingdom. North Sea Expedition. July 2017. 
© OCEANA Juan Cuetos  
Page 31: Fire boat response crews battle the 
blazing remnants of the off shore oil rig Deep-
water Horizon April 21. A Coast Guard MH-65C 
dolphin rescue helicopter and crew document 
the fire aboard the mobile offshore drilling unit 
Deepwater Horizon, while searching for survivors 
April 21. Public domain  
Page 34: Oil spill clean-up in the Ventanilla sea. © 
OCEANA Sebastián Castañeda  
Page 35: Dead man’s fingers (Alcyonium digi-
tatum) on a rock with polychaete cf. (Pomatoc-
eros triqueter) and algae and common sunstar 
(Crossaster papossus). Wuddy rocks at St Abb's 
Head, Scotland, United Kingdom. 2017 North Sea 
Expedition.© OCEANA Juan Cuetos  
Page 39: Dead man’s fingers (Alcyonium 
digitatum) on a rock with a common sunstar 
(Crossaster papossus). Wuddy rocks at St Abb's 
Head, Scotland, United Kingdom. 2017 North Sea 
Expedition.© OCEANA Juan Cuetos

Accessibility
The image included on the cover and the 
following pages have been digitally altered for 
this report: 3, 16 and 38.

Oceana DOI code
Oceana DOI 10.5281/zenodo.7786071


