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Chairman’s Preface

When the Sea Empress Environmental
Evaluation Committee (SEEEC) came into
existence the consequences of the Sea Empress
oil spill were of widespread concern and
commanded intense media coverage. The likely
impact on the environment, on human health,
the local economy and natural resources was not
known. It was our responsibility to assess some
but not all of these impacts. Our terms of
reference established by Government (see §1.4)
focused on the establishment and co-ordination
of monitoring programmes to assess the impact
of the Sea Empress oil spill on the environmental
resources of the area, including fisheries,
agriculture, amenity and wildlife conservation,
and to assess their recovery. The committee was
asked to publish its principal findings and make
recommendations where changes in procedures
might improve responses in the event of a future
major oil spill: that we have done in this Report.

Our terms of reference excluded public health
matters which were primarily the responsibility
of the relevant health authority, although we
assisted in supplying information on aerial
concentrations of pollutants which were
gathered for other purposes. Furthermore,
economic impact assessments were rapidly
commissioned by the local authority and other
public bodies and have been reported
elsewhere.

Our first task was to establish what work had
already started to assess environmental impact
and how best this work might be co-ordinated.
We then had to identify and prioritise the gaps
in the existing programme, find resources to
carry out the most important projects using the
best contractors available and integrate these
projects within a programme which could make
an overall assessment of impact. To assist in this
preparatory work we established thrée task
groups (see §1.5), comprising both SEEEC
members and experts in relevant fields, many
with a great deal of local knowledge. We agreed
that this organisational structure, supported by
cross-membership, provided assurance that our
programme would be of high quality and
comprehensive.

In July 1996 we published our Initial Report
which described our preparatory work and
invited readers to comment on our proposals.

With few exceptions,
relating to  priorities
assigned to projects, these
proposals were widely
accepted.

The programme of further
work identified in our
Initial Report was
accepted by Government
and funds were provided
to support it. The task
groups were retained to
oversee the progress of
these studies, and a
system of professional
project management,
provided principally by
the Count-ryside Council
for Wales, the
Environment Agency and MAFF, was established
to ensure we received value for money and that
our strict time-table for delivery was achieved.

In this final report, we have had some difficulty
in striking a balance between producing, on the
one hand, a detailed and comprehensive
account of all our studies - inevitably a very
technical document - and, on the other hand, a
selective account of these investigations for a
much wider non-specialist readership, focusing
particularly on those studies which showed,
reliably, either significant impacts or an absence
of them. In general, we have sought primarily to
satisfy the wider readership - perhaps not
always successfully! The full list of studies we
have commissioned is shown in Appendix C and
reports of these studies are available to those
readers with specific interests who wish to
obtain more detailed information which
underpins our conclusions. But, as with all
investigations of this nature - and particularly
ecological ones - attributing environmental
changes after oil spills directly or indirectly to
the effects of the oil is not always easy, for the
environment is inherently variable, and many
populations of animals and plants fluctuate from
year to year. Conclusions are sometimes
therefore equivocal and cautionary, and, where
doubt has arisen about changes being a
consequence of the oil spill, we have sought to
draw the reader’s attention to our reservations.
There were two subject areas within our remit

Professor
Ron Edwards, CBE



which we regarded as especially sensitive, namely
the effectiveness of the clean-up procedures and
the collection, cleaning and rehabilitation of oiled
seabirds. Both were of great concern to many
people and, conse-quently, of wide media
interest. The committee set up special
arrangements to instigate a review of these
subject areas. The conclusions of our review on
clean-up arrangements were generally reassuring
although some important general issues were
identified, particularly in relation to the disposal
of oiled beach material, which must be addressed
urgently. The review of bird cleaning and
rehabilitation raises serious doubts about the
conservation and animal welfare benefits of such
exercises — at least for some important species -
which some may find unpalatable or contentious;
it also proposes a major improvement in the
organisational arrangements for any future bird
collection and cleaning.

During the course of our investigations we have
become increasingly concerned by the lack of
national and local planning for assessing the
environmental impacts of major oil spills (or,
more generally, any spill of damaging
substances) in coastal waters. Such plans that
ensurc¢ that effective monitoring
arrangements are set in place immediately. We
have proposed a revision of these arrangements
which will require the immediate participation
of the main organisations with responsibilities
within the coastal and marine environment.

would

In making our recommendations, we have tried
to distinguish those which relate more
specifically to Milford Haven and the adjacent
area - in part because of the continued high risk
and the high environmental value of the area
and in part because that was the area we studied
intensively - and those recommendations which
apply more generally to the UK coast. In
accordance with our terms of reference, our
conclusions are to inform Government, but
where it is possible to identify organisations
which are likely to be affected by our
recommendations we have sought to do so in
the expectation that these organisations will
critically examine the recommendations we
have made.

Looking back to the time of the spill in February
1996 and the immediate visual impact of the
72,000 tonnes of oil spreading along the coast,
many observers anticipated that the
environmental consequences would be
widespread and of long duration. In the event,
most of the oil evaporated or dispersed at sea
and the majority of the bulk oil that stranded on
beaches was removed by Easter. The restrictions
on both commercial and sport fisheries were of
comparatively short duration. Although some
wildlife populations were damaged (some
severely) and a few may take years to recover,
the great majority proved resilient and, after two
years, have regained their former abundance.
But this is no cause for complacency. Our good
fortune is, in part, due to the time of the year
that the spill took place, when many fish species
were not in the affected area and before most of
the migratory seabirds had returned to breed. In
addition, the type of oil, and the pattern of
winds and tides, which carried much of the oil
away from sensitive parts of the Pembrokeshire
coast and islands, helped mitigate the effect.

On a personal note I wish to pay tribute to the
work of the members of the committee and the
commitment they have shown. Whilst perhaps
invidious to be selective I must mention the task
group chairmen, John Portmann, Malcolm Smith
and Charlie Pattinson. But I must also
acknowledge the wider body of people and
organisations associated with the work of these
task groups and whilst this Report is that of the
committee appointed by the Secretary of State
for Wales, it could not have been produced
without the unstinting help of these many
supporters.

Finally, on behalf of the committee, I wish to
express our thanks for the help and guidance we
received from our extraordinarily patient and
conscientious Secretary, Tim Kirby, and his
supportive and enthusiastic assistants Sarah
Norton (up to August 1997) and Helen Jenkins
(from August to December 1997).
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Glossary of some terms used throughout the report

Algae

Amenity

Benthos /
benthic

Bio-
degradation
Biota

Bivalve
mollusc

Bulk oil

Crustacean

Emulsion
Fresh oil
Intertidal

Molecular

weight
Mollusc

Moribund
Mortality

Narcotisation

Neap tide

Opportunist

Plankton

Quadrat

Non-flowering water plants
such as seaweeds and some
types of plankton.

Aspects of the local
environment which local
residents and visitors use and
enjoy. See Chapter 9.

Animals and plants living on
the sea bed

Breakdown of oil by micro-
organisms. See Box 2.3

Animals and plants.

Molluscs such as mussels
and razorshells which have
two hinged shells.

Oil in large quantities.
Member of group of hard
shelled, mainly aquatic
animals, such as crabs,
lobster,etc.

A mixture of water in oil.
Oil before it emulsifies.

Between the low and high
water mark.

The weight of each
hydrocarbon molecule.
See Box 2.2.

Member of group of animals
including snails, mussels etc.

Dying.
Death

Equivalent to being drugged -
arising from exposure to
certain components of the oil.

Tide at the times of the month
when there is least difference
between high and low water -
cf Spring tide

Adapting to take advantage of
increased availability of food,
space etc.

Small plants and animals
carried passively by currents
in the near surface waters.

A representative area chosen
for detailed study.

Rehabilitation

Sedentary

Sediment
shores

Sheen

Splash zone

Spring tide

Strandline

Subtidal

Transect

Volatile

Water column

Weathered oil

UNITS

mg/kg mg/1
dry wt /
wet wt

Knot

ppm

Cleaned birds successfully
returned to live in the wild.

Animals living stationary in
the sediment or attached to
rocks.

Shores composed of mud,
fine sand or coarse sand.

Very thin oil.

Area just above where high
tide reaches.

Tide at the times of the month
when there is greatest
difference between high and
low water - cf Neap tide

Line along upper shore where
debris is deposited at high
water.

Below the low water mark.

A line across an area chosen
for study.

Evaporating quickly.

The body of water between
the sea’s surface and the sea
bed.

Oil that has undergone
physical and chemical
changes.

Microgram (ie one millionth
of a gram) per kilogram (kg)
or per litre (1) - units for
hydrocarbon concentrations.
“Dry wt”(weight) or “wet wt”
refers to the way the analysis
was carried out.

Hectare - unit of area equal to
10,000m” or about 2.5 acres.

1 nautical mile per hour, or
1.85 km/h

Parts per million.

“Plus or minus”. 10 £ 2 means
somewhere in the range 8 to
12,



1 Setting the Scene

1.1 Introduction

On 15 February 1996 the Sea Empress, a tanker
bringing crude oil to a refinery in Milford Haven
in south-west Wales, ran aground and over the
following week released 72,000 tonnes of crude
oil and 480 tonnes of fuel oil into the sea.
Despite a rapid response at sea, oil came ashore
along 200 km of coastline - most of which isin a
national park - in an area of international
importance for its wildlife and natural beauty. A
ban was imposed on commercial and
recreational fishing in the region and there was
concern that tourism, important for the local
economy, would be badly affected by the
heavily-oiled beaches. Thousands of oiled birds
washed ashore, leading to a major collection,
cleaning and rehabilitation operation. The
events prompted widespread fears of an
environmental catastrophe.

Over the following weeks, a massive shoreline
operation managed to clean the main amenity
beaches sufficiently for tourists’ use during the
Easter holiday period, and it became apparent
that in several cases the environmental impact
was not as severe as many people had initially
feared. The ban on taking fish was lifted in May
1996 and within 18 months of the spill the
fisheries were all open and there were few
visible signs of the effects of the oil except in the
most heavily oiled areas where some continuing
clean-up was required.

This report describes the impact the oil has had
on the environment, both at sea and along the
shore. It also looks at the response to the spill -
the clean-up operation, the environmental
monitoring programme and the cleaning and
rehabilitation of oiled birds - and, from the
experience gained, recommends improvements
for assessing and responding to future spills.

The report has been prepared by the Sea Empress
Environmental Evaluation Committee (SEEEC), an
independent committee appointed by the UK
Government and chaired by Professor Ron
Edwards CBE. Over the course of 20 months, the
committee brought together teams of experts and
commissioned about 80 scientific studies. The
results of these studies, along with earlier research
on the ecology of the region and work carried out
by other organisations, provided the information
on which this report is based. This has been a

large-scale exercise involving people from a wide
range of organisations including government and
public bodies, universities, voluntary organis-
ations, research institutions, and companies
specialising in oil spill or ecological assessment
work.

This chapter sets out what the committee was
asked to do and how this work was carried out,
and gives background information on the region
affected by the spill.

1.2 Other investigations

Our report is only one of a number of
investigations of the Sea Empress incident. The
accident itself and the salvage operation were
investigated by the Marine Accident
Investigation Branch of the Department of the
Environment, Transport and the Regions
(DETR)* , which published its report in July
1997'. The Marine Pollution Control Unit
(MPCU) has produced a detailed account of the
clean-up ()pcration:. The effects of the spill on
public health are being investigated by Dyfed
Powys Health Authority ' with SEEEC providing
information on vapour levels to assist with their
longer-term research. Pembrokeshire County
Council and other public bodies commissioned
a study of the potential economic consequences
of the spill (see §9.2.6).

1.3 Early environmental monitoring

Environmental monitoring started very soon
after the grounding of the Sea Empress. Initially,
much of the environmental monitoring work

* Note: Since the oil spill several organisations have undergone reorganisation or have changed their names. Throughout this report these

organisations are referred to by the names current at the time of writing the report. The Abbreviations list gives lists these organisations’ former

names.
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was driven by the Environment Team of the
Joint Response Centre (JRC, the organisation co-
ordinating the shoreline clean-up operation) at a
time when they were under extreme pressure.
The Countryside Council for Wales (CCW),
together with OPRU, started to co-ordinate an
early scientific response, particularly with
regard to birds; and ideas and proposals - such as
the establishment of leave-alone sites where oil
was left untreated - were discussed and agreed
with key members of the JRC. The Ministry of
Agriculture, Fisheries and Food (MAFF) rapidly
set up a team to advise on fisheries and to assess
the scale of the spill and the species most at risk.

South-west Wales benefits from having many
locally based scientists who were able to react
quickly to the incident, often under contract to
CCW. These included ecologists, ornithologists
and marine biologists in a variety of
organisations. Many devoted a considerable
amount of time to
mapping and recording,
on a daily basis, the effects
of the oil on the local flora
and fauna and setting up
other studies to determine
the effects of the spill. In
many cases, samples were
taken from areas of
particular interest just
before the oil reached
them to provide up-to-date
information for later
comparison.

This early work was
funded from a variety of sources, with many of

the organisations involved using their own

Box 1.1 SEEEC’s TERMS OF REFERENCE:

resources. CCW was provided with an initial
£250,000 by the Secretary of State for Wales,
which was used to start a more comprehensive
monitoring programme.

During March and April 1996, a co-ordinating
group met on two occasions to exchange
information on the work carried out by the
various agencies involved, and SEEEC itself took
over from this group at the start of April.

1.4 Key questions

The establishment of SEEEC was announced on
27 March 1996 by the Secretary of State for
Wales. The terms of reference set for SEEEC by
the UK government are given in Box 1.1 and
Appendix A lists the members of the committee.

To fulfil its terms of reference, SEEEC has sought
answers to a number of key questions:

® Where did the oil go and what has since
happened to it?

® What have been the short-term and long
term effects of the oil on the species,
ecosystems, fisheries and amenity of the
region?

® Was the clean-up operation carried out
effectively and did it cause any additional
environmental damage?

® Was the monitoring
programme effectively organised and carried

environmental

out?

® How effective was the collection, cleaning
and rehabilitation of oiled birds?

® What lessons have been learnt to help
improve the response and environmental
impact assessment of any future oil spill?

® To co-ordinate monitoring work carried out by government departments and other public
bodies to assess the environmental impact of the Sea Empress oil spill and the subsequent clean-

up activities.

® To ensure that a comprehensive set of monitoring data on environmental distributions and
impacts is obtained, taking account of studies by other organisations and the need to avoid gaps

and overlaps.

® Through these monitoring programmes, to assess the overall impact of the incident on
environmental resources of the area affected, these resources to include fisheries, agriculture,
amenity and wildlife conservation, and to assess the subsequent recovery of these resources.
Information on the distribution of pollutants relevant to human health will be passed to public

health authorities for assessment.

® To publish the principal findings and conclusions of these studies with the purpose of
informing the Government, the public and those specific groups directly affected by the
incident. Recommendations will be made where improvements in procedures or further actions
are required, which might have wider application. :



Box 1.2 NATURAL VARIABILITY AND BIOLOGICAL RECOVERY

The marine and shoreline environment is not stable and variations in species composition and
numbers arise for several reasons. For example, at sea unusually cold or warm conditions may
affect the hatching of eggs or the survival of larvae of a certain species; or a particularly strong
year-class of fish may prey unusually heavily on another species. Many species are opportunists
and, regardless of the cause, will exploit opportunities such as a temporary gap in the species
web with resultant short term explosions in numbers. Such natural events are often difficult to
distinguish from effects caused by humans, and it is important to recognise this when
interpreting the results of studies investigating the impact of a particular event such as the Sea
Empress oil spill.

Biological recovery, in the context of getting back to normal after an oil spill, can mean a number
of different things depending on the expectations of the observer. A definition which is fairly
widely accepted’ is that recovery has been achieved when a healthy biological community has
been re-established in which the plants and animals characteristic of that community are present
and are functioning normally. This does not necessarily mean all the same species are present
again nor does it mean that the age structure previously present is replicated. Furthermore,
because of the natural variability in what is normal, even if there are differences, it will often be
impossible to establish whether those detectable differences are attributable to the oil spill.

Some of these questions could be answered with
a single study while others required a whole
suite of studies. By far the greatest number were
directed at the second question - the effects on
species and ecosystems. It was clearly
impossible to study the impact of the oil spill on
every species in every part of the region affected
or on every possible fishery in the area. Choices
had to be made. We have tried to cover all the
main types of onshore and marine environments
- such as rocky shores, sediment shores, the
water column and seabed - and have chosen to
consider some key species in the following

categories:

® hcavily impacted by the spill;

® indicative of the health of the environment
under consideration;

® of conservation importance in the area -
such as those which are rare or which have
populations of national importance;

Oil at Tenby Harbour (E Bent)

® important in the
marine food chain;
® of economic value.

The studies chosen also
had to be practical and
likely to produce results
which were scientifically
reliable. They were also
required to make best use
of the wealth of available
scientific data, expertise
and | exXpericence -
benefiting from the ecological studies
carried out in Pembrokeshire over many This
years was important due to the natural

variability of many populations (see Box 1.2)

1.5 How the committee tackled its task
To make its task more manageable - and to bring
in extra technical and
scientific expertise - the
committee established three
task groups to provide advice
on marine impacts, shoreline
impacts, and matters related
to the behaviour of the oil
and to the
operation. These task groups

clean-up

included some members of
the main committee along
with invited experts from a
wide range of organisations.
Experts were chosen for
their individual knowledge
rather than as represen-
tatives of their organisations,

1 Setting the Scene
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and the aim was to have a balanced range of
expertise to cover all aspects of each group’s
remit. Two of the groups additionally set up
subgroups targeted at specific issues such as
birds, amenity impacts and the effectiveness of
clean-up. The members of each task group are
given in Appendix B.

The task groups began by
reviewing the work already
underway and then designed
studies to fill in the gaps and
particularly to answer those
questions listed in §1.4. These
studies were presented in the
committee’s Initial Reports.
Appendix C gives a full list of the
projects mostly commissioned
on behalf of SEEEC. Reports
arising from the studies (and, in
a few cases, work carried out ¥
independently of SEEEC) were (@
reviewed by small teams with
relevant expertise and then by
the task groups. Some of the key
reports were also sent for review
to nationally recognised experts in the field not
associated with SEEEC. The Government and
government agencies provided funding for
these studies (apart from a few which were
already being funded by other organisations). In
addition, CCW, the Environment Agency (EA)
and MAFF provided project management and
contract administration.

This programme of work has involved around 50
people from 25 or so different organisations on
the committee and its task groups, with more
than 50 different contracting organisations
carrying out the projects. The programme has
cost nearly £2 million, with most of this money
coming from the Welsh Office, CCW, MAFF,
DETR, MPCU, EA and the European Commission
(EC). The Worldwide Fund for Nature - UK, The
Wildlife Trusts, Texaco and Pembrokeshire
Coast National Park Authority have also
sponsored studies.

1.6 SOUTH-WEST WALES
1.6.1 Natural environment

South-west Wales is an area of great natural
beauty and ecological interest which attracts
thousands of visitors each year.

The highly indented coast and numerous islands
provide a wide range of habitats which scientists
have been studying in detail for many years.
Within the zone affected by the spill,

thedominant type of shoreline is of rocky cliffs,
rock platforms and boulders (58%). Sand
habitats make up 21% of the shoreline and
mudflats 2%, while shingle shorelines (mobile
boulders, cobbles and pebbles) comprise 19%
and saltmarshes less than 1%

Oil at Green Bridge of Wales,
Castlemartin (PCNPA)

These various coastal habitats are especially rich
in birds. For example, in the breeding season
around half of the world’s breeding population
of Manx shearwaters (Puffinus puffinus) can be
found here; Grassholm Island supports the
world’s third largest population of gannets
(Morus bassanus), and Carmarthen Bay shelters
large, wintering flocks of common scoter
(Melanitta nigra), a species of sea-duck.
There were around 8,000 scoters in the
Bay during early to mid-February 1996, a
population considered to be of European
importance.

Within the region, marine plants and animals
characteristic of relatively warm Atlantic waters
occur alongside those characteristic of colder
Arctic waters. As a result, the range of species to
be found is large and includes some which have
been discovered here as well as lesser-known
species of corals, jewel anemones and the sea
fan, Eunicella verrucosa.

An area of great scientific and economic
importance to the area is the Milford Haven
waterway, part of a drowned valley (or “ria”)
which includes the Eastern and the Western
Cleddau rivers. The Haven’s coastline is
approximately 110 km long, with tidal
influences extending 7 km upriver of the
confluence of the two Cleddau rivers. The
nature of the waterway results in a diverse range
of habitats which are of great conservation
value.



Another important area is Carmarthen Bay, a
wide, shallow bay on the south coast of
Pembrokeshire and Carmarthenshire with
extensive sandflats, dunes and four important
estuaries with sand, mud and saltmarsh habitats.
These, along with other marine and coastal
environments within the bay, are of consid-
erable ecological importance.

1.6.2 Species and habitat protection

Most of the coastline affected lies within the
Pembrokeshire Coast National Park which is the
only national park in Britain primarily
designated for its coastal and estuarine
landscapes. In the main area affected by the spill
there are around 35 Sites of Special Scientific
Interest - places designated as being important
as habitats for plants and animals, or for
geological features. Two National Nature
Reserves have been declared at Stackpole and
Skomer as exceptional examples of wildlife
habitats and geological features. The sea and
intertidal areas around Skomer and the Marloes
peninsula forms one of the United Kingdom’s
three Marine Nature Reserves, a designation for
conserving specially important marine habitats
and wildlife; and much of the south-west Wales
coastline has been defined as Heritage Coast.

1 Setting the Scene

Further protection has been given to parts of the
region through European Commission
designations which require rigorous assessment
of any proposed development in the designated
area. Special Protection Areas designated under
the EC Birds Directive 1979 are listed in figure
7.1. These are intended to conserve the habitats
of migratory birds and birds which are either
rare or vulnerable. The UK Government has
proposed three Special Areas of Conservation
under the Habitats Directive, along the
Castlemartin coast, a large sea area around some
of the Pembrokeshire islands and the Milford
Haven waterway, and Burry Inlet saltmarsh and
estuary. (See figure 1.1)

1.6.3 The economy

The main centres of population in south-west
Wales are the towns of Carmarthen (population
14,600 (1991 census)), Milford Haven (13,600),
Haverfordwest (13,300), Pembroke Dock
(8,600) and Pembroke (7,200).

The economy of the region faces substantial
problems resulting from closures of major
industrial and defence establishments and from
the decline in some agricultural sectors.
Unemployment rates within the county of
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Pembrokeshire are amongst the highest in
Wales, and attracting new industry to the area is
difficult due to the poor infrastructure and its
distance from major centres. The region’s
economy relies heavily on a few key industries,
particularly the oil industry, tourism, agriculture
and fishing.

Tourism plays a vital role in the economy of
south-west Wales as thousands of visitors are
attracted each year to its sandy beaches and
spectacular scenery. Many of these visitors stay
in the vicinity of the popular seaside resorts of
Tenby and Saundersfoot which lie along the
west coast of Carmarthen Bay. Other visitors are
attracted by the abundant wildlife or by the
educational opportunities offered by the field
studies centres in the region. In 1995, tourists
spent an estimated £160 million in
Pembrokeshire.

The fishing industry is centred around Milford
Haven waterway which is one of the most
productive commercial fisheries in Wales, taking
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2 Fate of the Ol

2.1 INTRODUCTION

This chapter describes what happened to the oil
over the days and months following the spill.
Several different processes - both natural and
resulting from clean-up activity - acted on the
oil, and these determined where the oil went, its
fate, and, to a large extent, its impact on the
environment.

Monitoring work and surveys, along with data
from previous field trials using the type of oil
spilt from the Sea Empress, were used to
estimate the amounts of oil which evaporated,
dispersed at sea, stranded on the shore or were
removed by the clean-up operation. These
estimates were used to construct a series of mass
balance budgets showing the fate of the oil
progressively during the period following the
spill.

2.2 THE RELEASE OF OIL

On the evening of Thursday 15 February 1996,
the Sea Empress - laden with more than
130,000 tonnes of crude oil intended for the
Texaco refinery - ran aground in the entrance
to Milford Haven waterway, with an initial loss
of oil. Although quickly refloated, the tanker
listed badly and was anchored to await another
tanker into which the oil could be transferred.
During the night of Saturday 17 February, tugs
were unable to hold the tanker against a
combination of wind and strong tides and the
Sea Empress was swept onto rocks near St
Ann’s Head with a further loss of oil. Further
groundings occurred over the next few days,
and oil was lost in the hours around each low
tide, with the largest release occurring on
Monday 19 February. Table 2.1 gives estimates
of the times and volumes of the main oil
releases, though it is difficult to provide
accurate quantities and the figures are only
indicative. Figure 2.1 shows the wind and tide
conditions around the time of the spill. The
Sea Empress was finally refloated on the high
tide on Wednesday evening (21 February) and
moved to the Herbrandston jetty in Milford
Haven waterway where the remainder of the
crude oil was transferred to another tanker and
discharged at the Texaco jetty. A small amount
of crude oil was released on 22 February while
the tanker was at the jetty.

It is estimated that
230 tonnes of
heavy fuel oil -
the oil used to
power the tanker
- was lost before
the tanker was
brought into the
Milford Haven
waterway, with
a further 250
tonnes released
after the tanker
was alongside
Herbrandston jetty, mainly on the night of 21/22
February. A relatively small quantity of this oil
had been trapped beneath the damaged tanker
or in its internal structure, and this was released
on 27 March when the tanker was turned at the
start of its journey to Belfast for repairs, causing
recontam-ination of a stretch of coastline within
Milford Haven waterway.

These estimated quantities were based on
observations and logs on board the tanker, data
from remote sensing aircraft and the balance of
the crude oil finally transferred from the tanker.
Some of these figures, particularly those for the
fuel oil, differ from estimates made soon after
the spill, and some observers estimated the
initial loss on 16 February to be higher: for
example, the tanker’s captain reported about
5,000 tonnes lost.

Box 2.1 describes the Sea Empress spill in a
worldwide context.

2.2.1 Conditions at the spill

The region is characterised by a large tidal
range (for example, a 7.6 m spring tide in
Milford Haven on 20 February 1996), well-
mixed coastal waters, strong currents and a
region of rapidly changing water flows in the
mouth of Milford Haven waterway. The wind
speed in the first week of the spill varied
between a moderate breeze to near gale force
conditions (figure 2.1) - comparable with the
Exxon Valdez incident but not as extreme as
the very rough conditions at the Braer incident
where wind speeds were consistently gale to
storm conditions.

2 Fate of the Oil
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Box 2.1 THE SEA EMPRESS OIL SPILL IN CONTEXT

With all the media attention given to major tanker spills in recent years, it is not surprising that there
is a general perception that such events are becoming more frequent. In fact, since the start of the
1980s through to the present day there have on average been fewer than nine tanker spills greater
than 700 tonnes world-wide each year. This is about one-third of the equivalent figure recorded in
the 1970s. However, the low incidence of large tanker spills is understandably of little relevance to
those whose coastal areas and resources are affected by such events.

The UK can be considered unfortunate to have suffered three of the world’s 20 largest spills, two of
them only three years apart. The grounding of the Sea Empress in February 1996 followed the
wrecks of the Braer in Shetland in January, 1993 (where 85,000 tonnes of oil was released) and the
Torrey Canyon in the Western Approaches in March, 1967 (119,000 tonnes of oil).

The volume of oil lost is, however, only one of the factors which determine how serious a spill is in
terms of clean-up requirements and the impact on the environment and on economic resources.
The behaviour of the spilled oil, its effects and where it ends up depend on a combination of factors
including the type of oil, weather and sea conditions, and the physical, biological and socio-
economic characteristics of the spill location. The time of year and the type (and effectiveness) of
clean-up measures will also have an influence. In consequence, brief descriptions and simple
comparisons between spills can be highly misleading.

One of the most significant factors is oil type. For example, light crude oils and light refined
products (such as petrol) evaporate rapidly and dissipate easily and so do not normally remain on
the sea surface for any significant time. There is usually only a limited requirement for clean-up, and
any coastal contamination is generally short-lived. Light oils contain a high proportion of toxic
components, but these are generally lost rapidly through evaporation, and so in turbulent, well-
mixed waters lethal concentrations leading to mortalities of marine life will be rare and highly
localised.

In contrast, heavy crude oils and heavy fuel oils are more viscous and have fewer components which
evaporate. They are therefore more persistent on the sea surface and can travel great distances from
the original spill location. These oils are also resistant to many clean-up techniques, particularly at
sea and in coastal waters, and so can lead to widespread contamination of coastal areas and
resources. Whilst generally of low toxicity, heavy crude oils and heavy fuel oils pose a particular
threat to seabirds, marine mammals and intertidal organisms which can become coated in the oil,
resulting in the impairment of normal functions such as respiration, feeding and movement. In
some circumstances, particularly where there are high quantities of sediment particles in the water,
heavy oils can sink, thereby transferring problems to the sea bed and causing severe difficulties to
fisheries which rely on bottom trawling or on pots and traps.

There have been comprehensive studies of the behaviour and effects of only a relatively few oil
spills. These include:

® Amoco Cadiz, which lost its entire cargo of about 223,000 tonnes of Arabian light and Iranian
crude oil when it grounded on the Brittany coastline in France in March 1978 causing wide-
spread coastal contamination and requiring a major shoreline clean-up operation;

® Exxon Valdez, which released some 37,000 tonnes of Prudhoe Bay crude into the subarctic
environment of Prince William sound, USA in March 1989, leading to extensive contamination
of the Alaskan coastline and a clean-up response on an unprecedented scale over many hundreds
of miles of remote shorelines; and

® Braer, which was wrecked on the southern tip of Shetland, UK in January 1993 with the loss of
its cargo of about 85,000 tonnes of Gullfaks crude oil. In the prevailing severe weather and sea
conditions the light crude oil dispersed naturally, rendering a major clean-up operation
unnecessary, both at sea and on shore.

Even though two of these spills occurred around the same time of the year as the Sea Empress in
areas with broadly similar environmental conditions to south-west Wales, the different oil types,
weather and sea conditions resulted in significantly different environmental and economic impacts.
Comparisons are made throughout this report with the results of the studies conducted following
these three major spills, as well as with others such as the Torrey Cannon.
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Figure 2.1: Wind speed and direction and tides
around the time of the spill

2.3 OVERVIEW OF THE CLEAN-UP
OPERATION

The clean-up operation is reviewed in detail in
chapter 10, but an overview is given here to
provide a context for the discussions later in this
chapter.

Within a few hours of the Sea Empress going
aground, two centres had been set up to oversee
the clean-up operation: the Marine Response
Centre (MRC) to handle the response at sea and
the Joint Response Centre (JRC) to co-ordinate
the shoreline response. The main approach for
the clean-up at sea was to use planes to spray
chemical dispersants onto relatively fresh oil;
this resulted in the oil mixing more readily into
the water column (see §2.7.1), reducing the

Table 2.1: Estimate of the main releases of crude oil

amount of oil left on the surface of the sea.
Dispersants were only used more than 1 km
away from the shore to avoid shallow water
where the dispersed oil would not dilute so
rapidly and where, consequently, marine
organisms could become exposed to elevated
concentrations of dispersed oil. The
dispersant operation at sea continued until
22 February.

Complementing the use of dispersants,
mechanical recovery vessels were used to collect
oil from the sea surface. Initially two small
recovery vessels were used in the Milford Haven
waterway, but larger vessels able to work outside
the waterway arrived on 21 February and on
subsequent days. Recovery vessels only function
effectively in relatively calm conditions, and so
were mainly used in the Milford Haven
waterway and in the inshore waters of
Carmarthen Bay around Tenby. These areas
were relatively sheltered and were too close to
the shore to use dispersants.

Around 200 km of shoreline was contaminated
by oil, requiring a major clean-up operation
lasting many months. The worst affected areas
were West Angle Bay to Linney Head, western
Carmarthen Bay and the southern shore of the
Milford Haven waterway. The first phase of the
shoreline clean-up was the removal of bulk oil at
all accessible sites along the whole coastline
affected. The operation then turned to cleaning
the residual oil and trying to tackle bulk oil along
inaccessible areas of coast.

A wide range of techniques was used, depending
on the complex interaction between the oil and
different types of shoreline material. Rocky
shores away from the main amenity areas,
inaccessible cobble and boulder shores,
mudflats and saltmarshes were left to clean
naturally, along with several sites left untreated
for study purposes.

from the Sea Empress
Date Time Wind Speed *Wind Estimate of oil
(Feb. 1996) (GMT) (knots) Direction (°) released (tonnes)
Thur 15 20:00 - 22:00 16 290 2,000
Fri 16
Sat 17 20:00 - 23:00 19 250 5,000
Sun 18 10:00 - 13:00 3 290 . 2,000

18 21:00 - 24:00 28 020 5,000
Mon 19 10:00 - 13:00 8,000

19 22:00 - 01:00 29 020 20,000
Tue 20 10:00 - 13:00 26 040 15,000
Wed 21 00:00 - 02:00 21 030 10,000

: 2 11:00 - 14:00 13 350 5,000

TOTAL 72,000

* the direction the wind comes from is measured clockwise from the north
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The clean-up operation generated a large
amount of oiled waste material including liquid
waste collected during the mechanical recovery
at sea, oiled sand, and oiled materials such as
beach debris and protective clothing. The liquid
waste was taken to the Texaco refinery where it
was reprocessed to recover the oil. Oiled sand
was mostly taken to Texaco’s landfarm, where
conditions are maintained which promote the
breakdown of oil by bacteria. The remainder of
the oiled material was taken to a landfill site.

2.4 BEHAVIOUR OF OIL

Crude oils are a mixture of many chemical
compounds (Box 2.2), and the composition and
properties of different crude oils vary, as does
their behaviour when spilled. A number of
natural processes take place when oil is spilt at
sea, and these are supplemented by further
processes resulting from the clean-up response.

The processes are:

® Evaporation: This is one of the most
important processes. As it is the lighter
compounds in the oil which evaporate most
readily, evaporative loss is often very
pronounced (up to 40% in the case of light,
volatile crude oils), whereas with heavier oils
itis far less. The loss of the light compounds
through evaporation changes the
composition and properties of the oil which
remains.

® Spreading and drifting on the sea
surface: Oil normally spreads very rapidly
to form a thin slick which is ransported
across the sea surface by wind and currents.
Tidal currents reverse direction periodically,
so it is wind and waves which dominate
where the oil is carried over a period of days.

® The formation of an emulsion: Once the
lighter components have evaporated,
physical processes can mix water into the oil
to form an emulsion. This increases the
volume of the oil by a factor of 3 to 4 and also
makes it more viscous and much harder to
disperse. Chemical “demulsifiers” can be
used to break an emulsion down into oil
which can then be dispersed.

® Natural dispersion: The physical action of
waves and turbulence in the water column
breaks oil which has not emulsified into
small droplets which become suspended in
the water. Some of the lighter components
of the oil also dissolve.

® Chemically-enhanced dispersion: When
chemical dispersants are applied to fresh oil,
the oil forms droplets much more readily
and so the natural dispersion process is
enhanced. Although dispersants do not

cause the oil to sink, their use, combined
with natural turbulence, results in increased
oil concentrations throughout the water
column.

® Biodegradation: Micro-organisms in sea
water can use much of the dispersed oil as an
energy source, breaking it down mainly to
carbon dioxide and water. Some compounds
of oil are biodegraded less easily than others.

® Interaction with suspended sediments:
Even most of the heavier compounds in
crude oils are less dense than sea water and
so will not sink. However, some oil may stick
to the fine sediment particles in the water
and will eventually be deposited on the
seabed.

Heavy fuel oil is a refined product used to power
ships’ engines. It consists of only the heavier
chemical compounds in crude oil and so it is
more viscous and behaves very differently. In
particular, it is likely to spread less quickly and to
evaporate, emulsify and disperse to a far lower
degree; and once onshore it is less susceptible to
natural and human clean-up.

The following sections discuss how the above
processes applied to the Forties Blend crude oil
and heavy fuel oil spilled from the Sea Empress.
Forties Blend crude oil combines oils from 16
different North Sea fields, but a good deal of
research - both in the laboratory and through
controlled experiments at sea - has been carried
out on oil of this type, and so its behaviour is
well understood.

2.5 EVAPORATION: OIL IN THE
ATMOSPHERE

Evaporation was one of the most important
processes affecting the Forties crude oil. Eight
samples of surface emulsion were taken during
the early stages of the spill to check the
proportion of oil which had evaporated. These
samples were from oil which had been on the
sea surface for between 9 and 37 hours, and
showed that between 35% and 45% of the
volume of the oil had evaporated. This agreed
well with the results of previous field trials on
Forties Blend crude (figure 2.2) and suggested
that, over the course of the first week or so,
between 24,000 and 32,000 tonnes of the lighter
fraction of the oil entered the atmosphere.
There, it would be expected to disperse rapidly
and widely due to air movement and, over a
period of days to weeks, to be deposited in very
low concentrations over a large area or to be
broken down by sunlight and chemical
reactions.



Box 2.2 COMPONENTS OF CRUDE OIL

Crude oil typically consists of many thousands of different components. Most of these are
hydrocarbons - carbon and hydrogen atoms arranged in chains or rings. Molecular weight
(ie the weight of each hydrocarbon molecule) principally depends on the number of carbon
atoms, which can vary from one to more than 100. A light oil has a greater proportion of the low
molecular weight components, while a heavy oil has more of the high molecular weight
components. The refining process separates the crude oil into fractions with similar molecular
weight; petrol, for example, includes only relatively light components. The lower molecular
weight components, particularly those with fewer than 15 carbon atoms, evaporate rapidly. The
presence of higher molecular weight components tends to make the oil more viscous (ie thicker).

Several groups of components are referred to in this report, including;

® The “BTEX” fraction (ie benzene, toluene, ethyl benzene and xylene): These have a single
ring of carbon atoms and are acutely toxic. They have very low molecular weights and
evaporate very quickly when oil is spilled.

® PAHS (polycyclic aromatic hydrocarbons): There are a large number of different PAHs - all
with two or more rings of carbon atoms - covering a range of molecular weights. PAHs
evaporate, but less rapidly than the BTEX fraction. Several PAHs (or the products they are
broken down into within an animal’s body) have been implicated in cancer. PAHs occur
naturally and are also a product from combustion.

® n-alkanes: These have straight chains of carbon atoms. Some of these can have a narcotic
effect on animals, though the animals generally recover when exposure ceases.

® Asphaltenes: These have high molecular weights and do not break down readily.

There are different techniques available for measuring the concentration of components of oil in
samples, for example to test for specific PAHs, the total amount of PAHs or total hydrocarbons
(THC - the total concentration of all the components of oil present). By using a technique which
measures the relative proportions of different molecular weight components in a sample of oil,
samples can be compared to see if they are of the same oil type.

The proportion of oil which evaporated was
higher than at many other incidents; for
example, there was around 20% evaporation at
the Braer and Exxon Valdez incidents where
Gullfaks and Alaskan North Slope crude oils
were spilt. The difference is due to the Forties
Blend crude oil containing a larger proportion
of volatile components.

According to the field trial data, evaporation is
most rapid within the first few hours of the oil
being spilt. Even if oil is dispersed, a similar
proportion of the oil will eventually evaporate -
though the process may be slower. The
remaining o0il becomes more viscous and
persistent on the sea surface, but it is also less
toxic as many of the most toxic compounds are
amongst those evaporating.
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Heavy fuel oil is a refined product with a much
lower proportion of volatile components than
crude oil, and only 5% will evaporate over 24
hours.

2.5.1 The oil vapour

Vapour from recently spilt crude oil contains
some of the more toxic components of the oil,
and an atmospheric monitoring programme was
established on the evening of the 17 February to
monitor vapour levels. With the possibility of
explosion, the emergency services took the
precautionary measure of evacuating St Ann's

peninsula.  Vapour levels were monitored

continually at St Ann’s Head and downwind on
the Angle peninsula. However, these gave no
cause for concern; the highest levels recorded
peaked at 9 parts per million (ppm) at West
Angle and 3 ppm around Dale and St Ann’s Head.

It was agreed, given the circumstances specific
to this spill, that measurements exceeding 50
ppm would be reported immediately to the
support team which would advise anyone
working outside to wear personal protective
equipment; and if the vapour were likely to pass
near to residential areas they would advise
members of the public to remain inside. If the
concentration had risen higher than 100 ppm,
evacuation would have been considered.

Computer modelling was used to estimate
concentrations in oil vapour of total
hydrocarbon and of specific toxic components
(the BTEX fraction (see Box 2.2) and 1,3
butadiene) around the Milford Haven waterway
in the days following the spill'. Using estimates
of the volume and time of oil releases, and
knowledge of wind and
tide movements, the
model calculated the
spread and evaporation
rate of the oil and
from that the likely
concentrations in air.
The calculations showed
that the highest
concentrations occurred
close to oil on the
sea surface within 12
hours of its release.
There was not good
quantitative agreement
between concentrations
derived from the model
and from monitoring: the
model suggested higher

Heavily-emulsified crude oil with
mechanical recovery vessel (ITOPF)

maximum levels (averaged over an hour) than
were measured of benzene and toluene Over
land and of all compounds over se€a.
Nevertheless, the model confirmed that
concentrations over land would generally be
low as the predominant wind direc-tions were
seawards throughout most of the period when
oil was evaporating.

2.5.2 Aerosols

Winds caused a small quantity of oil to be blown
ashore as an aerosol (ie as fine droplets). This oil
was deposited near to the coast: measurements
of polycyclic aromatic hydrocarbons (PAHs - se€
Box 2.2) in grass samples found the greatest
quantities around St Ann’s Head and along the
Castlemartin coast (see §5.2 and figure 5.1).

2.6 OIL IN THE SEA SURFACE
2.6.1 Water-in-oil emulsion

Once the lighter components of the oil had
evaporated, the crude oil left on the sea surface
readily formed a water-in-oil emulsion or
“‘mousse”. This resulted from turbulence near
the sea surface which caused small droplets of
water to be incorporated into the oil slick. The
emulsion consisted of around 70% water and
30% oil, which increased the volume of
pollutant by a factor of three to four. This meant
that after 40% of the oil had evaporated, the
remaining oil had the potential to form an
emulsion with double the volume of the oil
originally spilt. The emulsion was much more
viscous than the crude oil: samples taken at the
spill showed that in 15 to 30 knot winds the
crude oil was forming viscous emulsions within
6 to 12 hours of being released. Forties Blend
emulsions do not disperse readily, and field trials
in the North Sea have shown that they can
persist at sea for many days.

2.6.2 Movement

The tidal current in the open coastal waters
outside the Milford Haven waterway can reach
3.5 to 5 km/h, but tides reverse direction every 6
hours causing the slick to move to and fro along
the direction of the tide. The overall movement
of an oil slick over a period of days to weeks is,
therefore, dominated by wind and waves. These
create a current in the water which, at the
surface, is about 3% of the wind speed, and this
would have resulted in an overall drift down
wind at a rate of around 1 to 3 km/h. A
computer model with information of wind
speeds and local tides was used to predict the
probable movement of the major areas of oil and
the likely composition of the pollutant, and



surveillance aircraft were used throughout the
operation at sea to track the location and extent
of the oil.

Flights early on 16 February showed that oil had
come ashore south of the mouth of the Milford
Haven waterway at Linney Head and West Angle
Bay, confirming initial modelling predictions a:
Over the next two days, westerly winds
continued to keep the surface oil close to the
coastline (figure 2.3a). Had the wind remained
in this direction during the main period when
oil was released, all the oil would have quickly
stranded near the Haven, allowing little chance
of any response at sea. However, on the evening
of the 18 February, when the wind veered to the
north, most of the oil was driven south into
open water where the use of dispersants was
possible.  Figure 2.3b shows the surface
pollution for the morning of 21 February, by
which time most of the oil spilt during the
incident had been released. The continuing
northerly winds on 22 February kept the oil
offshore.

In the early hours of the 22 February, after the
Sea Empress had been brought into Milford
Haven waterway, an estimated 250 tonnes of
heavy fuel oil was released. Winds drove this
rapidly onto the waterway’s southern shoreline,
and oil entered Pembroke River and Angle Bay.
Some also stranded on the north shores of the
waterway.

On the morning of 23 February the winds
backed to the south-west and the remaining
surface oil at sea was pushed onto the beaches of
Carmarthen Bay (figure 2.3cd,e). The wind
continued to come from this general direction,
and by 28 February much of the oil on the sea
surface had impacted the shoreline (figure 2.3f).
It is estimated that 70% of the total volume of
stranded emulsion came ashore between Tenby
and Pendine.

The northerly winds at the end of February and
the beginning of March resulted in some patches
of sheen offshore, but by this stage little oil
remained on the sea surface.

2.7 OIL IN THE WATER COLUMN

2.7.1 Natural and chemically-enhanced
dispersion

Oil is broken up into very small droplets by
waves and turbulence in the water. While the
mixing processes continue, the smaller droplets
- typically 1 to 70p.m‘— remain dispersed in the
water column, though in completely calm

Box 2.3 BIODEGRADATION

The dispersion process does not remove oil
from the marine environment but rather makes
the oil available to the many kinds of micro-
organisms in sea water that can use
hydrocarbons as an energy source (ultimately
converting the oil principally to carbon dioxide
and water). The most easily biodegraded oil
components are those with straight chains of
carbon atoms (n-alkanes and paraffins) and the
low molecular weight aromatics (such as
naphthalenes and phenanthrenes).

Forties Blend crude oil is a relatively
biodegradable oil and once the light (low
molecular weight) compounds have evaporated
then 95% of the remaining oil can be
biodegraded. By contrast, a considerably
smaller fraction - approximately 40%, depen-
ding on the exact composition - of the heavy
fuel oil can be degraded readily. Under typical
conditions for UK waters, biodegradation of
crude oil will take a period of weeks to months.

conditions they may tend to float slowly back to
the surface and form a sheen. When oil forms an
emulsion, dispersion decreases significantly.
Forties Blend crude oil has a relatively low
viscosity and it would be expected that under
typical winter conditions it would disperse at
around 1% per hour over the first few hours
after release, but only 10% to 20% of the oil
would disperse naturally over a period of days to
a week due to emulsification. The heavy fuel oil
released was very viscous and so as little as 2%
was expected to disperse naturally.

Chemical dispersants increase the natural rate of
dispersion by reducing the amount of energy
required to form droplets of oil, and they then
keep the droplets from recombining so that
droplets remain small and disperse through the
water column more quickly. Eventually, the
droplets of oil are likely to be biodegraded (see
Box 2.3) or, in some instances, to combine with
fine sediment particles and sink.

The main reason for using dispersants is to
remove a large quantity of oil quickly from the
sea surface before it reaches the coastline or
impacts sea birds and mammals. This, however,
is a trade-off as dispersion increases the
exposure of animals and plants within the sea to
the oil (see §3.2). Away from shallow water the
dispersed oil becomes diluted very rapidly, and
so marine organisms are unlikely to experience
elevated concentrations for long periods.

2 Fate of the Oil
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Figure 2.4 Graph
of hydrocarbon
concentrations at
depths of 1 metre
and 4 metres
below oil, showing
the effect of
dispersant use

Figure 2.5 Total
hydrocarbon
concentrations
near to and away
from the
dispersant
operation.
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2.7.2 Concentrations of dispersed oil

According to a survey of the literature4, the
normal background concentration of total
hydrocarbons in marine waters ranges from 1 to
10 pg/l in most areas, with concentrations
higher than 3 pg/l only reported in inshore
waters.  Within Milford Haven waterway,
measurements of concentrations before the spill
varied between 5 and 53 pg/l in the jetty area

and Pembroke River. In comparison, at another

port - Southampton — concentrations were in
the range 90 to 1,900 pg/l.

For the first time at a major oil spill, oil
concentrations in the water column were
monitored during the dispersant operation.
Figure 2.4 shows concentrations measured over
a distance of 2 km at depths of 1 metre and 4
metres below oil. The right hand section
corresponds with an area where dispersants had
not been used. Very little oil had reached a
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depth of 4 metres, and the concentration at 1
metre was very patchy, with peak
concentrations around 5,000 to 10,000 pg/l
where individual waves had mixed large
droplets of oil into the water. The left hand
section of the diagram shows concentrations
beneath oil two hours after dispersants had been
applied. Here the concentration at 4 metres was
much higher, at around 1,500 pg/l, showing
clearly that there had been a significant transfer
of oil into the water column.

Figure 2.5 shows concentrations of total
hydrocarbon in two areas on 22 Februarys'(’,
combining measurements made by the National
Environmental Technology Centre of AEA
Technology (NETCEN) directly under the
dispersant spraying operation with those made
by the EA in an area where dispersants were not
used. Total hydrocarbon concentrations
exceeded 1,000 ug/l (to a depth of 5 m) where
dispersants were being used, but were generally
much lower in the other area.

The dispersed oil concentrations decreased
rapidly5 *. Two to three days after the end of the
dispersant operation, concentrations were less
than 1,000 pg/l. By the end of March,
concentrations had decreased to less than 100
ug/l over most of the affected area, with a few
local “hot-spots” up to 500 pg/l; and by the end of
June, concentrations were at background levels
(1 to 10 pg/D) (figure 2.6).

As well as NETCEN and the EA, a third
organisation, the Centre for Environment,
Fisheries and Aquaculture Science (CEFAS), was
also involved in this monitoring. Checks were
made on the comparability of the measurements
made by the three organisations’, and, although
there were some differences, these were not
sufficient to affect any conclusions.

Taking sediment samples (CEFAS)

2.7.3 Composition of dispersed oil

Once oil dispersed into the water column,
mixing caused it to become more dilute and
currents moved it away from the area. Several
factors influenced the composition of this oil,
and therefore its possible impact. Evaporation
removed the lighter components of the oil
rapidly (see §2.5): analysis of oil sampled from
near the tanker suggested that within one to two
hours of release about 25% of the oil had been
lost to evaporation - enough to remove a large
proportion of the low molecular weight toxic
components, and all the BTEX fraction (see Box
2.1). Natural dispersion may have resulted in
small quantities of these components mixing
into the water, but dispersants were generally
applied several hours after the oil had been
released from the tanker. Much of the oil was
released at night, and even releases during the
day were not sprayed immediately as the oil was
within the limit of 1 km from the shore. (A
notable exception took place on 19 February
when dispersants were applied to oil as soon as
it had drifted away from the immediate
proximity of the tanker.) In general, therefore,
the dispersed oil was unlikely to contain high
levels of BTEX or the other light molecular
weight components except, possibly, when
natural or chemical dispersion took place close
to the tanker.

Biodegradation removed further of the lighter
components of the dispersed oil over time; this
was demonstrated by the analysis of samples of
dispersed oil reaching Carmarthen Bay, some
distance from the tanker .

2.8 OIL IN SEDIMENTS
2.8.1 Interaction with suspended sediment

It is sometimes thought that dispersants cause
oil to sink, but even after the light compounds
have evaporated very few crude oil residues will
have densities higher than that of seawater.
Unless mixing processes such as wave action
keep the small droplets of dispersed oil mixed in
the water column, they will tend to rise back to
the surface.

However, under turbulent conditions in shallow
water there may be a high concentration of
sediment and silt particles which have been
stirred up from the sea bed or discharged from a
river. Some oil may stick to these particles
which may sink, eventually ending up in
“sediment sinks” where currents are weak
enough to allow deposition. These sinks are
usually characterised by sediments with a high
content of fine mud. This process took place
following the severe storm conditions at the
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Braer oil spill where a significant proportion of

the oil (up to 35%) was deposited in deep water
& 9

sediment sinks .

With the experience of the Braer in mind, effort
was spent in considering where oiled sediment
from the Sea Empress spill might accumulate.
The first stage was to identify potential sites for
sedimentation through computer modelling and
a review of the characteristics of sediment
transport and the sea bed in the reggl(’)n (to
identify areas with high mud content) . The
areas identified both by the modelling and by a
literature review of potential sediment transport
paths and the location of fine sediment deposits
were:

® inner and outer Carmarthen Bay, and
® 15 km south of St Govan’s Head.

Additional areas identified by the literature
review were:

® the Celtic Deep,

® inner St Brides Bay,

® inner Cardigan Bay,

® Wexford Harbour, Bideford, and Newport
Bay.

Since oil in sediments can remain for months or
years, the presence of oil cannot necessarily be
linked to the Sea Empress spill, and a literature
survey showed the background concentrations
in the sediments in these areas to vary between
10,000 and 100,000 ug/kg depending on the

sediment type, with the fine silt sediments
having the higher background values .

An extensive survey of sedimentary regions
carried out by CEFAS over summer 1996 covered
an area of 1,500 km’, including all the areas listed
above apart from Wexford Harbour, Bideford
and Newport Bay. Figure 2.7 summarises the
results. Total hydrocarbon concentrations in
sediment ranged from 500 to 180,000 ug/kg dry
wt with an average of 40,000 ug/kg - generally
within the range of background concentrations
for the area. Analysis of some of the samples -
for example those from West Angle Bay -
showed clearly that the oil was Forties Blend
crude; but for many of the others - such as St
Brides Bay and Swansea Bay - the tests showed

Oil at Lindsway Bay (PCNPA)




that the contamination had not come from the
Sea Empress.

In order to provide a comprehensive survey of

potential sites for oil sedimentation, the survey

area was widened to cover nearly 9,000 km? in
— May to June 1996. The
;FL average total hydrocarbon
! concentration in the
sediments sampled was
even lower, at 22,000
ug/kg.  The conclusion
' from this work was that,
unlike the Braer incident,
there was no significant
! deposit of oiled sediment
material from the Sea
Empress spill.

While the survey
confirmed that there was
no large area of oil in
sediments, one localised
area - the nearshore
E sediments of Skrinkle
" Haven - did have very high
total hydrocarbon conc-entrations, the highest
concentration being 2,700,000 pg/kg three to
four months after the spill. Analysis confirmed
this was Forties Blend crude oil. It is thought
that the high concentration of hydrocarbons
resulted from delays in assessment and the
difficulty of access to Skrinkle Haven by clean-up
teams which prevented large quantities of
emulsion on the shore from being removed
before it became buried by sand. Later re-
working of this buried oil by the action of the
sea may then have resulted in some of it being
deposited in near-shore waters.

Oil on a shingle
beach (E Bent)

2.9 OIL ON THE SHORELINE
2.9.1 Different shoreline types

It is the oil stranding on the shoreline
which has the greatest
environmental impact in
. most oil spills. It also
determines to a large
| extent the public
' perception of the scale of
, an oil spill.

A survey soon after the
spill (see §2.9.2) showed
that oil had affected about
200 km of the region’s
very varied coastline, with
the worst hit areas being

20 Oiled beach
(H Prosser)

within Milford Haven waterway and along the
south coast of Pembrokeshire.

The main types of shoreline in the affected area
were:

® rocky cliffs, wave-cut platforms and
immobile boulders, approximately 58%;

® sand 21%,;

® mud flats 2%;

® shingle, mobile boulders, cobbles and
pebbles 19%; and

® saltmarshes less than 1%

More saltmarsh and mud flats would have been
affected if a significant quantity of oil had
reached further up the Daugleddau estuary, as it
did, for example, during the 100 tonne EIl Omar
incident in 1988. The separation between the
different shoreline types was not always clear,
and in many places there was a mixture of
different beach materials which added to the
complication of the clean-up operation.

Oil quickly pcnciratcd porous beach material
(where the size of the sediment grains left gaps
for the oil to move into), collecting in pockets on
top of non-porous layers beneath - such as
bedrock or clay. In some instances these pockets
of oil caused later recontamination of areas of
cleaned beaches. Even the heavy fuel oil was
able to penetrate shingle and gravel to a greater
degree than expected. Oil generally strands at
the high water mark, but in places like Angle Bay
oil also penetrated mud below the original high
tide stranding.

Movement of sand off and back on to a beach
was very important. During the winter of
1995/96, sandy beaches along the south
Pembrokeshire coast were scoured down to
their lowest level for several years. The
subsequent build-up of sand (as much as 2
metres at Precipe) buried oil which is likely to
remain for several years until exposed by future
movement of the beach material.

The speed with which beaches are cleaned
naturally depends on several factors. Although
oil can penetrate more readily into sediments
with a coarse grain size, the oil can subsequently
be flushed out more easily by water. Wave
action in exposed areas will also result in faster
cleaning. On the other hand, oil which has
penetrated mud in sheltered areas is likely to
persist for longer and to become associated with
the organic layer surrounding the fine mud
particles. Biodegradation is relatively slow
where oxygen is limited, such as in very fine-



grained sediments or the interior of thick layers
of oil.

2.9.2 Initial levels of shoreline oiling

Estimating the quantity of oil which stranded on
the shoreline was a difficult process. The
approach taken was to use a qualitative survey
which categorised levels of oiling along the
whole coastline, and then to relate these levels
to estimates of shoreline oiling gained through a
detailed study of the amount of oil at several
sites .

This method cannot provide an accurate answer
with confidence - for reasons given below - but
the aim of this work was simply to get an idea of
the amount of oil which came ashore.
Nevertheless, the method used the best
information available and it is unlikely that,
without far greater resources, the estimate could
have been improved substantially.

During the period 23 February to 9 March 1996,
12 teams undertook a walking survey of some
300 km of coastline. Visible oil in the different
habitats was classified as “thick mousse”, “heavy
oiling”, “moderate” and “light” (including
sheens). However, almost a quarter of the
affected area could not be surveyed with the
same degree of reliability due to dangerous
conditions, or sheer or overhanging cliffs. The
teams had not been trained in assessing oil and
there was inevitably a substantial degree of

subjectivity in their assessment, and so, as part
of the process of making quantitative estimates,
the records were all examined and compared
with other available information (including a
video recording of the coastline made from a
helicopter on 21/22 February 1996) so that
minor adjustments could be made.

Approximately 200 km of coastline were found
to be oiled, with about 98 km in the combined
categories of “mousse” and “heavy”; 34 km
classified as “moderate” and 66 km as “light"”.

The linear data from the shoreline survey were
converted to a very approximate oil mass by
reference to estimates of oil loading that were
available for a number of heavily oiled sites
covering a total of 19.4 km of coastline. The total
amount of oil over all these sites was estimated
to be in the range 740 to 1,060 tonnes (2,200 -
3,200 tonnes of emulsion). The average oil
loading over these sites was therefore 38 to 54
tonnes/km, although the oil loading varied
considerably between sites. Based on this
estimate of oil loading and the visual
assessments of oiling made during the survey, it
was estimated that approximately 3,700 to 5,300
tonnes of oil (11,000 to 16,000 tonnes of
emulsion) stranded along the coast. (Estimates
of oil on the moderate and lightly oiled coastline
have not been included since they add little to
the estimate for heavily oiled beaches, given the
errors in estimating oil quantities.)
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Figure 2.9 Mass balance budgets for the crude oil
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The survey took place at a time when there was
still considerable re-mobilisation of oil due to
tidal activity, opening up the possibility of some
double counting. On the other hand, clean-up
operations - concentrating on the removal of
bulk oil - were already underway on many of the
beaches, suggesting that initial levels of oiling
may have been higher than 5,300 tonnes.

Inside the Milford Haven waterway many areas
were also contaminated with heavy fuel oil.
Very little quantitative information was
recorded on fuel oil stranding, but it was
estimated from the amount of fuel oil lost in the
waterway that typical levels were initially 4 to 5
tonnes per km along about 50 km of coastline.

2.9.3 Rate of oil removal from the shoreline

The rate at which stranded oil was removed by
clean-up operations and natural cleaning varied
considerably between beaches and even for
different areas of the same beach, depending on
shoreline type, type of oil and the exposure of
the beach to wave action.

A further, more detailed survey of the coastline
was carried out in summer 1996, mainly
between late April and July, but with some
segments surveyed in August and September.
This survey was carried out by staff with some
training in the assessment of oil on shorelines,
and so the results were probably not directly
comparable site-by-site with the earlier survey.
However, by the height of the summer holiday
period an intensive clean-up operation, as well
as natural removal and weathering processes,
had removed most of the free oil (see figure 2.8).
The length of coastline categorised as having
“heavy” oiling had consequently been reduced
from a little under 100 km to about 10 km. On
the basis of the same calculation as followed for
the first survey (§2.8) this was equivalent to
approximately 500 tonnes of oil.

Most of the surface oil was in western
Carmarthen Bay where it had originally been
stranded between 24 and 27 February during a
period of calm weather and neap tides.
Successive tides had then pushed it high up the
shore. Much of the oil remaining at the time of
the survey was thought to be in subsurface
deposits, and this was more difficult to assess.
Using detailed data from five test sites to
estimate oil thickness and burial depths over the
whole affected coastline, the estimated quantity
of oil remaining was split between:

® surface oil: 120 - 280 tonnes
® sub-surface oil: 170 tonnes.

In summary, the analysis of data from the two
shoreline surveys suggested that, during
summer 1996, the quantity of oil stranded on the
shorelines of Pembrokeshire was reduced from
between 3,700 and 5,300 tonnes to about 500

tonnes.

2.10 MASS BALANCE
FOR THE FORTIES
BLEND CRUDE OIL

The purpose of the mass
balance budgets is to
account for the 72,000
tonnes of oil spilt and to
provide a basis for
assessing whether the
response methods were =
effective. Most of the
clements of the budget -
evaporation, dispersion,
collection from the
shoreline etc. - have already been discussed.
This section brings these together to provide a
snapshot of the fate of the oil at a series of times,
in particular:
® The first few hours after the release of oil,
where the process of evaporation
dominated.

® At the end of the use of dispersant at sea
- ie at the end of February 1996, when only
sheens remained.

® After the primary shoreline response -
ie in the middle of March 1996 when the
majority of the bulk oil had been removed
from the beaches.

® The long term fate of the oil - six months
to one year on from the spill.

These are shown in figure 2.9.

2.11 MASS BALANCE FOR THE HEAVY FUEL
OIL

Heavy fuel oil (HFO) is used as the fuel in most
ships, and spills are not uncommon. Although
spills of HFO are often relatively small,
experience from around the world has shown
that their impact can be significant because HFO
does not readily disperse and biodegrade.
Laboratory weathering studies carried out on
the HFO from the Sea Empress indicate that only
around 2% to 5% will evaporate, and less than 5%
will disperse naturally since it is highly viscous
even when fresh. Therefore, unless oil is
recovered mechanically from the sea surface,
typically 90% to 95% of an HFO spill will impact
the shoreline.

2 Fate of the Oil
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The precise fate of the 480 tonnes of HFO
released at the Sea Empress spill depended on
whether it was released as a mixture with the
Forties Blend crude (230 tonnes) or as HFO
alone (250 tormes)".

The 230 tonnes of HFO released at the mouth of
the Haven between 15 and 22 February will have
mixed into the large quantities of Forties Blend
crude released during this period and the
properties of the resulting mixture are likely to
have been dominated by the properties of the
crude oil. The HFO will therefore simply have
made up a small proportion of the oil in the
Forties Blend mass balance budget. At the Braer
incident a similar mixing of HFO into the crude
oil - aided by the stormy conditions - explained
how the HFO dispersed into the water column.

Table 2.2 The crude oil mass balance for the Exxon Valdez, the
Braer and the Sea Empress spills after the first stage response at
sea and on the shoreline.

Oil Fate BExxon Valdez Braer Sea Empress
1989 14.15.16,17 1993 18 1996

Total amount spilled 37,000 tonnes 84,000 tonnes 72,000 tonnes

Evaporated 20% - 30% 9% -19% 35% - 45%

Dispersed 20% - 25% 46% -56% 45% - 59%

Recovered at sea 4% - 8% 0 1% - 2%

Recovered from

the shoreline 7% - 15% 0 1.5% -3.5%

Stranded on the

shoreline 22% - 51% <1% 2% - 6%

In subtidal sediments 35%

The 250 tonnes of HFO which was released on
22 February inside the Haven was not mixed
with Forties Blend. Surveys have shown that the
areas most heavily impacted by the HFO were in
and around Milford Haven waterway. The
proportion of contamination due to HFO ranged
from almost entirely HFO at Pwllcrochan to
around a third of the total contamination at
Gelliswick. The length of affected coastline
inside the Haven was around 50 km. With an
estimated 90% to 95% of the HFO coming
ashore, this meant that on average 4 to 5 tonnes
of HFO came ashore per kilometre. It was
estimated that a year after the spill between 10%
and 50% (25 to 125 tonnes) of the HFO
remained on the shoreline.

2.12 A COMPARISON WITH OTHER SPILLS

This section compares the mass balance budget
from the Sea Empress with two recent spills
representing two extremes for the fate of crude
oil.

The Braer spill is an example where the fate of
the oil was determined entirely by natural

processes, with almost the entire crude oil cargo
evaporating, dispersing or becoming attached to
sediments. The response to the Exxon Valdez
concentrated heavily on containment and
recovery rather than chemical dispersion. A
significant volume of the oil spilled at the Exxon
Valdez was stranded on the shoreline.

Although the weather conditions at the Sea
Empress were similar to those at the Exxon
Valdez - and significantly less severe than at the
Braer incident - the crude oil mass balance was
closer to that observed at the Braer incident
except for the absence of large quantities of oil
trapped in sediments. With both the Braer and
the Sea Empress, evaporation and dispersion of
the oil dominated the oil mass balance, with less oil
stranding on the shoreline than at the Exxon
Valdez.

2.13 CONCLUSIONS

At the Sea Empress spill, monitoring teams were
mobilised to measure concentrations of oil at
the same time as the response to the spill. As a
result, the oil budget and the potential sources
of o0il contamination resulting in any
environmental impacts have been more fully
characterised than for most previous spills.
Monitoring the natural fate of the oil and the
effects of the response has considerable
operational benefits, such as providing
information on the proportion of oil
evaporating and dispersing.

The part of the budget with the greatest degree
of uncertainty was the estimate of the quantity
of oil stranding on the shoreline. In some
previous spills, such as the Exxon Valdez in
1989, an extensive shoreline survey was carried
out by a Shoreline Clean-up Assessment Team
(SCAT) using a standardised methodology as
part of the integrated response operation. This
was carried out to guide the clean-up operation,
but the results of the survey were also used to
estimate the volume of oil stranding on the
shoreline. Although a shoreline survey was
carried out shortly after the Sea Empress spill
(see §2.9.2), the staff carrying out the work had
not had appropriate training and this initial
survey did not use standardised methodology.
Whilst it provided some useful information, it
did not meet all the needs of those studying the
environmental impact of the spill on the
shoreline.

Estimating the quantity of oil on the shoreline at
future oil spills by using SCAT-type methodology
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would - in addition to assisting the clean-up developed and in place before the spill, with
operation - provide valuable information for the appropriate training linked with pre-spill
assessment of the environmental impact of the simulation exercises.

spill. The necessary protocols would need to be

Heavy emulsified
crude oil in Tenby
Harbour (ITOPF)
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3 Marine Impacts

3.1 INTRODUCTION

This chapter describes the results of a wide-
ranging investigation of possible effects of the
Sea Empress oil spill on the marine environment
below the low water mark. It explains
why it was necessary to impose a closure order
to restrict fishing
temporarily in the region
affected by the oil, and
how the closure order
was lifted gradually as
hydrocarbon
concentrations in
samples returned to
normal levels. There is
then a discussion of the
mass strandings of some
species on the shoreline
shortly after the spill,
followed by descriptions
of the impact on fish,
commercially-exploited
shellfish, benthic species generally (ie animals

Analysing cod
(CEFAS, Crown

marine animals - that are carried passively by
currents in the near surface waters). The
chapter closes with a discussion of possible
effects of the clean-up operation.

The region affected by the spill has a wide
variety of commercially-exploitable species
which are of local economic importance,
although the fisheries are mostly small
compared with total UK landings. There are
fisheries for whitefish such as bass, and for
shellfish such as crabs, lobsters, mussels and
cockles; and a new export fishery for whelks
was developing in the years just before the spill.
The region also has several important salmon

and sea trout rivers with important recreational
fisheries.

The timing of the spill was, in some respects,
fortunate. Commercial fishing was at a relatively
low level, several species were absent through
migration, and in many other species feeding

and other activity was at a seasonal low. The
Copyright) living on the sea bed) and plankton (ie small region had been well studied over many years
plants and animals - including eggs and larvae of and there was therefore a relatively good
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understanding of the local marine eco-system
and the species most likely to be affected. There
have been a number of small scale oil spills
around Milford Haven waterway, and many of
the potential effects were therefore well
understood; this proved useful when assessing
the impact of the Sea Empress spill.

This knowledge of the area, along with
information on the geographical extent of
oiling, allowed studies to be targeted on those
areas of the environment most likely to be
affected. Inevitably, this meant that not all
habitats and species would be studied in depth.
Accordingly, care was taken to select
representative species and communities from
the major habitats within the spill area. By
focusing effort in this way it was considered that
it ought to be possible to make appropriate
extrapolations if concern arose about other
species or communities. Apart from the
instances where large numbers of dead or
moribund organisms are washed onto beaches,
the effects of an oil spill on subtidal marine
organisms are often not obvious. For example,
behaviour such as migration patterns may be
affected, animals may absorb oil and become
more susceptible to disease or suffer breeding
failure, and fish and commercially-exploited
shellfish may become unpalatable to consumers.
Studies were therefore designed to investigate
all these possibilities.

Some of the results presented here are
preliminary. For several species, there will not
be full confirmation that breeding in 1996 was
successful until the animals born that year reach
an age where they can be legally caught in
commercial fisheries. Several future studies
have therefore been suggested.

3.2 THE EXTENT OF CONTAMINATION

Perhaps the most important issue to address
immediately after the spill, and then to keep
under review, was the area in which oil could be
detected and the level of contamination within
that area.

Sections 2.4 - 2.7 in the previous chapter
described the movement of the oil and the range
of concentrations found in the water column
and sediments. It was rapidly established that
significant amounts of oil had affected or were
likely to affect an area extending from St David’s
Head in the north-west to Port Eynon Point in
the south-east, including the Milford Haven
waterway.

Concentrations of oil in water were shown in
§2.7.2, and figure 3.1 shows the concentrations
of oil found in sediments during the period 23 to
28 February. Generally the levels of total
hydrocarbon in the surveyed area were well
above background (see Box 3.1 overleaf) in both
water and sediment. However, the oil
contamination in Swansea Bay was not related to
the Sea Empress (see §2.8.1) Samples taken
during the spill (see §2.7.2) suggested that, in
the early days, relatively little oil penetrated
further than the top few metres of the water
column - except where dispersants were used,
when the oil tended to mix much more
completely into the full water depth.

The extent of water and sediment
contamination meant that many marine animals
and plants were likely to have been affected. At
previous spills such as Torrey Canyon, Amoco
Cadiz and Braer commercially-exploited
species were shown to have taken up oil, either
directly from the water or through their food.
Samples of fish, molluscs, crustaceans and
seaweed were therefore collected at sea and
along the shoreline in the affected region of
south-west Wales. Some of this sampling was
done by the Centre for Environment Fisheries
and Agriculture Science (CEFAS) scientists and
South Wales Sea Fisheries Committee (SWSFC)
officers working from a research vessel and
shore bases. Some sampling was carried out by
local fishermen who had voluntarily suspended
commercial fishing in the area very soon after
the spill. Similarly, samples of salmon and sea
trout were obtained for CEFAS by Environment
Agency (EA) staff working with local fishermen.
In addition, samples of particular commercially-
exploited species and a wide variety of other
species were collected by field workers from
other organisations.

The first samples arrived for analysis at the
CEFAS Laboratory at Burnham-on-Crouch on 22
February. The early results clearly demonstrated
the presence of oil in most samples of mussels,
although levels of oil in the samples of fish were
only slightly higher than background levels.
These results showed that oil had contaminated
some shellfish species which are consumed by
humans and indicated that some fish and
shellfish might therefore taste unpleasantly of
oil.

3.3 THE CLOSURE OF FISHERIES

Contaminated fish or shellfish could potentially
be unsafe to eat because of elevated levels of
PAHs (components of oil which are known to be

3 Marine Impacts
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harmful to humans and other species - see Box
2.2). As with other components of oil, low
concentrations of PAHs are found in the tissue of
most marine species around the UK. Although
there are no formal standards in the UK, these
low concentrations are similar to those found in
a variety of other foodstuffs and are considered
acceptable.

Box 3.1 BACKGROUND CONCENTRATIONS
IN VARIOUS SAMPLE MATERIALS

Oil is a natural material, and in some areas there
are natural seepages into the sea. A wide variety
of industrial and other human activities also
result in inputs of hydrocarbons, as do various
biological processes. As a consequence, there
are always some hydrocarbons present in the
water and sediments around the UK, with
higher concentrations in industrial areas. The
table gives details of concentrations that can be
considered normal (“background”) for non-
industrialised areas. Concentrations of
hydrocarbons measured in samples of
organisms, water or sediments were compared
with these background levels to judge whether
the samples had been contaminated and when
the concentrations had returned to normal.

As the background concentrations detailed
below are those to which marine species are
normally exposed, concentrations of that order
or a few times higher are unlikely to prove
harmful. Concentrations more than about ten
times background might be expected to cause
harmful effects, including mortality, in sensitive
species and this is borne out by the results of
laboratory toxicity experiments. Slightly
elevated concentrations too low to be harmful to
the animals themselves may still cause fish and
shellfish to have an unpleasant flavour or “taint”
when eaten.

Location THC Total PAH
Sea Water North Sea 02 -15 <0.0001 - 0.017
(ug/ Irish Sea 02 - 09 <0.0001 -0.015
Clean
estuary up to 20  <0.0001-0.001
Sediment (ug/l  Clean sand upto 3,000
dry weight) Clean mud upto 10,000 75
Estuary
sand 1,700 - 14,000 50
Estuary mud up to 200,000 100
Biota (ug/1
wet welght)
whelk sw Wales 2,000 - 10,000 10-30
lobster sw Wales 1,000 - 3,000 4-46
crab daw sw Wales 1,000 - 3,000 4-20
mussels sw Wales 5,000 - 20,000 20- 60
whiting Shetland 03 - 10
whiting sw Wales 500 - 2000 10-1
plaice Shetland it <)
plaice sw Wales 700 - 2000 7-43
dab Shetland 5 - 42
dab sw Wales 900 - 2000 7-35

In the early stages it was important to establish
the degree and spread of contamination and so
samples were analysed using a relatively rapid
fluorescence technique which indicates the
concentration of oil in tissue. To establish
whether or not PAH compounds were present
required more complex and time-consuming
analysis using mass spectrometry (a method that
allows identification of individual compounds).
However, it was considered prudent to formalise
the local fishermen’s voluntary suspension of
fishing and to prohibit all fishing in the entire
area thought likely to be affected. This was done
on 28 February using powers under the Food
and Environment Protection Act 1985 (FEPA).
The closure area (shown on figure 3.1) was
based on results from the samples analysed up to
that date and on expert judgement on the likely
further spread of significant concentrations of
oil. Sampling and analysis continued in order to
check whether the designated area needed to be
modified, but no extension was considered
necessary.

The FEPA Exclusion Order was designed to
protect consumers by placing a statutory ban on
fishing activities within a designated area off
part of the south-west Wales coast. The Order
covered all fishing activities for fish, shellfish (ie
edible molluscs and crustaceans), edible
seaweed and samphire. Recognising a possible
risk with salmon and migratory trout (which
may have passed through contaminated water
during migration), a separate Order was made
on 20 March to include these species in all rivers
and streams discharging into the designated area
between Port Eynon Point and St David’s Head.
The areas affected by the two Orders covered a
total of 2,100 km?.

The Orders were imposed as a precautionary
measure. Although there was obvious
contamination of species such as mussels, only
low concentrations of oil were ever found in
fish. Contamination levels in crustacean
shellfish (eg crabs and lobsters) were generally
between the two. The Orders also served to
protect the good reputation of the local fishing
industry by preventing the sale of products that
could be unpalatable or potentially unsafe to eat.
It is apparent - from reports received from
people connected with the fishing industry, fish
and shellfish marketing and the recreational
fishing and angling community - that the
precautionary nature of the Orders was not
sufficiently clear to everyone. Despite efforts to
communicate the situation to those concerned
via news releases and direct contact with
representative groups, some people were under



the mistaken impression that all species in the
closure area were severely contaminated, very
unsafe to eat and likely to die or be seriously
harmed. There also appeared to have been some
confusion over how the return to normality
would be assessed.

Once it was established that there was no
scientific or technical need to expand the
geographical boundaries of the closure area,
analytical procedures were extended to include
the more time-consuming measurement of PAH
concentrations. This allowed the maintenance
of the Orders to be kept under review to ensure
it could be lifted, in total or in part, as soon as
it was judged safe to do so - ie when
concentrations had declined to background for
a particular species. Before lifting the Order for
a particular species, taste tests were carried out
by a trained taste panel as a further check of
consumer acceptability. In all cases the panel
confirmed the absence of any oily taste in
samples that had been declared clear of
contamination following chemical analysis.

3.4 LIFTING OF FISHING RESTRICTIONS
3.4.1 Salmon (Salmo salar) and sea trout
(Salmo trutta)

During the Braer spill, salmon in sea-cages at
fish farms to the west of Shetland were exposed
to high concentrations of oil in the water which
they were unable to avoid. Concentrations of up
to 14,000 ug/kg PAH were found in these salmon
10 days after the spill. In contrast, PAH
concentrations were much lower in wild salmon
caught off the coast or in estuaries after the Sea
Empress spill, ranging from 12 to 186 ug/kg.
Very soon after the spill, all the measured
concentrations were within or below the
background values found in fish from outside
the area. The restrictions on salmon and sea
trout fishing were therefore lifted on 3 May
1996.

3.4.2 Other fish

Although a variety of commercially-exploited
fish were collected from throughout the closure
area, all were found to have low concentrations
of both total hydrocarbons and PAHs - no mor¢
than 5 times background levels. This was not
unexpected for a number of reasons. Many
species are mobile and able to avoid oiled areas,
and only low concentrations of oil were ever
detected in water samples from anywhere other
than places where large amounts of oil were
present on the water surface. At the time of the
incident many species were not actually feeding
in the area. In addition, the digestive system of

fish includes an enzyme system that allows them
to metabolise and excrete PAHs quite rapidly.
The PAHs detected were primarily those of low
molecular weight (see Box 2.2) which would
only have been at elevated concentrations in the
water column for a short period. Although some
of these compounds have a potential for taint
(unpleasant flavour), the concentrations in all
samples were always low and by mid-May were
indistinguishable from background levels. The
trained taste panel did not detect any taint and
the Exclusion Order on all species of fin fish was
lifted on 21 May 1996.

3.4.3 Crabs and lobsters

Edible crabs (Cancer pagurus), velvet crabs
(Necora puber), spider crabs (Maja squinado)
and lobsters (Homarus vulgaris) were all
sampled across the entire closure area, with a
few additional samples taken outside it for
reference. Within Milford Haven waterway, total
PAH concentrations of between 100 and 2,450
ug/kg wet weight were found in samples of
edible crabs, velvet crabs and lobsters during
February, March and April. However, by May
1996 concentrations were decreasing outside
the Haven with only the samples from sites such
as Angle and close to the mouth of the Haven
proving to have concentrations greater than 100
ug/kg. As with the fish, it was mainly the low-
molecular weight PAHs which were detected,
but by late June the concentrations of even these
compounds had decreased to background.
Following a taint test by the taste panel,
restrictions on fishing for all crustaceans -
except those within Milford Haven waterway -
were lifted on 29 August 1996. The restrictions
for crustaceans within the waterway were lifted
on 19 October 1996.

Before the decision to lift restrictions on
crustaceans, several samples of crabs were
reported to have been found with what looked
like oil contamination of their gills and lower
surfaces. Samples of these crabs were eventually
supplied for analysis. No traces of oil were
found, and it was concluded that the black
material on the crabs was either anoxic mud or
decomposing algae or egg mass. Such
phenomena have been recorded elsewhere’ and
are unrelated to oil contamination. However,
the additional testing triggered by these
observations delayed the re-opening of the
crustacean fishery.

3.4.4 Whelks (Buccinum undatum)

In the two to three years prior to the Sea
Empress oil spill, a new fishery for whelks had
been established off the south-west Wales coast,
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Whelk (SWSFC)

with almost the entire
catch being exported to
the Far East.
Following the spill,
the first samples of
whelks -- collected on
25 February when
oil was observed
coming ashore around
Carmarthen Bay
showed contamination
by oil, with total hydrocarbon concentrations
(THC) of about 40,000 pg/kg wet weight and
PAH concentrations up to 3,800 ug/kg. Levels of
contamination varied, and some samples
seemed only to have background
concentrations; it is therefore likely that the
contamination was fairly localised. By early
June, whelks sampled over the entire area
between Carmarthen Bay and the Isle of Lundy
contained only low concentrations of PAH (less
than 50 pg/kg). As with other species, low
molecular weight compounds predominated.
No smell of oil could be detected by the taste
panel. However, there were continuing reports
from fishermen of oiled pots and tainted whelks
from particular areas, but additional detailed
sampling failed to confirm these concerns and

the Order was eventually lifted for whelks on 29
August 1996.

3.4.5 Other shellfish

There are commercial fisheries for cockles
(Cerastoderma edule) and mussels (Mytilus
edulis) in the Three Rivers and Burry Inlet areas
of Carmarthen Bay. Pacific oysters (Crassostrea
gigas) are reared at Carew and there is also a
small fishery for native oysters (Ostrea edulis)
close to this site. Mussels are collected non-
commercially at many sites along the coast.

Hydrocarbon concentrations in both cockles
and mussels rose rapidly following the spill and
reached high concentrations (more than 3
million pg/kg THC) in some of the most severely
oiled populations outside of the Burry Inlet and
Three Rivers estuaries. Figure 3.2 illustrates
hydrocarbon concentrations in mussels sampled
in March along the coast from New Quay to
Ogmore-by-Sea, showing that contamination
extended from Three Rivers in the east to
Newgale Sands in St Brides Bay to the west.
Further samples of mussels were taken at
intervals from all-of the originally sampled sites
and, although concentrations did not rise
further, their decline was relatively slow.
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Mussels only have a limited ability to metabolise
oil and the concentrations in their body tissue
largely reflect the concentrations to which they
are exposed. There was little evidence of
weathering or metabolism of the oil in the
mussels, and the decrease seems to have
depended on the slow decline in background
concentrations in water and sediment and the
weathering of oil on the shore. Similar
observations were made at the Amoco Cadiz
spill on the Brittany coast .

Cockles in the Burry Inlet were only very lightly
contaminated and concentrations in samples
decreased to background by late June; the Order
for these was therefore lifted on 3 July 1996.
Restrictions remained in force for the Three
Rivers area until 12 September 1996 - around a
month later than the normal start of commercial
fishing — by which time concentrations had
returned to background.

Riddling cockles, Penclawdd (SWSFC)

Concentrations in mussels from more heavily-
contaminated sites continued to remain above
background, with occasional local increases
caused by re-oiling incidents (some of which did
not involve oil originating from the Sea
Empress). However, by early summer 1997 they
had returned to background, with the exception
of samples from within Milford Haven waterway
and around Skrinkle Haven where oil still
remained. All restrictions on the gathering of
shellfish from the intertidal zone between St
David’'s Head and St Ann’s Head were lifted on 10
June 1997. The only remaining restriction on
fishing at that date applied to bivalve molluscs in
Milford Haven waterway, including the oyster
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farm at Carew. Restrictions on the casual
gathering of shellfish in the intertidal zone
between St Ann’s Head and Port Eynon Point
remained in force until 12 September 1997
when all remaining restrictions were lifted.

3.4.6 Edible plants and seaweeds

Intertidal plants and seaweeds were fairly
extensively coated with oil in some locations,
including those areas where some species such
as Porphyra umbilicalis and P purpurea (the
species normally collected and used for making
laver bread), Chondrus crispus, Rhodymenia
pseudopalmata and samphire (Salicornia spp)
are commercially exploited. Most of the oiling
was probably surface contamination rather than
true absorption by the plant tissues but it
persisted throughout 1996. New growth in 1997
saw a marked reduction in concentrations of
both total
restrictions on  the

hydrocarbons and PAH, and
gathering of edible
seaweeds were lifted on
10 June, 1997.

3.5 STRANDINGS

In the weeks following
the spill large numbers
of dead or moribund
marine animals were
washed up on beaches in
the spill area. Most of
these animals were
bivalve molluscs and
other sediment dwelling
species normally living in the lower shore or
shallow subtidal zones. While it is not unusual
for many of these species to become
occasionally washed out of the sediment and
numbers,

stranded in moderately large

Mass stranding of
bivalves, Angle Bay,
February 1996

(E Bent)

Stranded bivalves
(E Bent)
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particularly after winter storms, the extent of
the strandings during the spill was very unusual.
The timing and geographic extent of the
strandings, the large numbers involved, the
range of species, and the levels of hydrocarbons
present in some tissue samples, suggests that
most strandings resulted from the spill.
Strandings of a similar range of species have
been observed following other spills”. The
expectation that strandings would occur
prompted the Environment Team of the Joint
Response Centre (JRC) to establish a recording
and sampling programme.

The first observations were of moribund
razorshells (Ensis siliqua) on the lower shore of
Dale beach on the 19 February. Hundreds of
razorshells (in densities of around 4 per m?)
were protruding from the muddy sand and most
died in that position over the following few days.
This area would have been one of the first to be
subjected to high concentrations of oil in the
water. Dead cockles (Cerastoderma edule) were
then observed in Angle Bay on 23 February
though, in common with commercially
exploited stocks of fish and crustaceans, no
commercially-exploited stocks of cockles were
affected. Over the next week, increasing
numbers of dead and moribund cockles were
observed around the strandline of Angle Bay.
These bivalves are present in large numbers in
the intertidal muddy sand on this beach, which
received large quantities of fresh crude oil in the
first few days of the spill.

Over the next few weeks strandings occurred on
many other beaches with individual stranding
events usually involving a single species. This
was particularly noticeable on Dale beach where
many spiny cockles (Acanthocardia aculeata)
were found lying on the surface with their feet
protruding on 24 February (5 days after the
razorshells) and this was followed by strandings
of hundreds of heart urchins (Echinocardium
cordatum) in the first days of March. The reason
why the different species stranded at different
times is not known, but it may be that different
species were subjected to the oil contamination
at different times, that they each have different
tolerances to oil or that other factors caused a
delayed response in strandings of some species.
Unusual timings of strandings also occurred in
west Carmarthen Bay.

In west Carmarthen Bay the first strandings of
large numbers of bivalve molluscs occurred at
Pendine Sands, soon after the surface oil
reached that area on 25 February. These were
mainly striped Venus shells (Chamelea gallina)
and cockles. However, it was not until 27

February that large numbers of cockles washed
up around Tenby and Saundersfoot and not until
5 March that dead cockles were recorded at
Wiseman’s Bridge and Amroth. Between then
and 17 March (mainly between 9 and 14 March),
many thousands of cockles, banded wedge shells
(Donax vittatus), rayed trough shells (Mactra
stultorum), razorshells and egg-shell razor
(Pharus legumen) were washed up between
Tenby North beach and Wiseman’s Bridge. All of
these species are present in large densities in the
shallow subtidal and extreme lower shore sands
of west Carmarthen Bay. It has been shown’
that several species of bivalves, including razor
shells react to oil and other contaminants with a
rather unexpected escape response which
propels them out of their burrows. It seems
likely that similar escape responses to the
elevated concentrations of hydrocarbons, or in
some species a simple narcotisation effect,
resulted in these animals being washed out of
the sediment and onto the beaches in a
moribund state. Analysis of hydrocarbons from
bivalves sampled in this area showed elevated
concentrations (up to 669,000 pg/kg THC in
cockles from Saundersfoot). Concentrations in
live razorshells from Saundersfoot were still
elevated in early May (105,000 pg/kg THC on 3
May). However, observations from a brief diving
survey of the shallow subtidal area off
Saundersfoot in late July 1997 found large
populations of egg-shell razor, razorshells,
striped Venus shells and heart urchins®,
suggesting that only a proportion of the original
population had been killed by the spill.

Notable strandings of starfish, heart-urchins and
crabs also occurred along the beaches of west
Carmarthen Bay during March. The first event
involved many hundreds of common starfish
(Asterias rubens) washed up on Tenby North
beach on 2 and 3 March, which attracted large
numbers of scavenging gulls. These starfish are
present in large densities in this area where they
feed on the subtidal sediment bivalves and on
mussel beds. Hundreds of heart urchins and
many masked crabs (Corystes cassivelaunus)
were washed up on Caldey Island, and the
beaches between Tenby and Wiseman’s Bridge
during March. A much later event, on 3 May,
involved over 100 masked crabs emerging from
their burrows in a narcotised state on the
extreme lower shore at Monkstone Point near
Saundersfoot.

It should be noted that stranding events do
occur naturally - for example after storms,
unusually cold weather or toxic plankton booms
- and although the incidents described above



probably were caused by the oil spill, the
evidence in most cases is circumstantial rather
than definitive. A stranding event of particular
interest occurred on 3 April at Rhossili Bay on
the Gower which was not obviously affected, at
least by surface oil, when thousands of
moribund rayed trough shells washed up there.
Initial thoughts were that this might be a natural
event, as it was not thought likely that high
concentrations of dispersed oil could have
occurred so far from areas of significant surface
oiling. However, oil was clearly detectable
(54,000 to 620,000 pg/kg THC) in tissue samples
of these bivalves, and it seems likely that it was
attributable to the spill though quite how or
when oil reached this area so long after the spill
is unclear. A similar mass stranding of bivalves
and heart urchins occurred some distance
away from and some time
after the Amoco Cadiz
spillm, although in this case
it was associated with
observed contamination by
emulsified oil.

Strandings of small
numbers of various other
species were recorded in
the spill area. These
included a few individual
inshore fish (particularly
blennies) and various
WOrms.

Some species of fish and
crustaceans live in rock
pools and inlets round the coast, and a number
of these were found dead immediately after the
spill. However, samples of wrasse collected
within a few weeks of the spill proved not to be
seriously contaminated, and, given that there
were no other reports of dead fish, it seems
likely that the smaller fish suffered only light
mortalities, except perhaps in very severely
oiled locations such as Angle Bay.

There were no reports at all of mortalities of
commercially-exploited crustaceans or fish
(including salmon and sea trout). These species
are mobile and can take evasive action if they
find conditions unattractive to them; and, at the
time when oil concentrations in the water
column were at their highest, crabs, lobsters and
fish near the shore would not have been actively
feeding, while species such as crawfish, spider
crabs and many fish would still have been in
their winter feeding grounds away from the
affected area.

Emerging razorshell (E Bent)

3.6 SUB-LETHAL EFFECTS ON FISH
3.6.1 Salmon and sea trout

Salmon and sea trout live in rivers until they are
two or three years old, then leave to spend a
number of years at sea, finally returning to
spawn in the river where they were born. South-
-west Wales has several fine salmon and sea trout
rivers, particularly the River Tywi, which are
important both for commercial netting and for
recreational angling. There was concern that,
because salmon and sea trout returning to these
rivers may have passed through contaminated
water shortly after the spill, they may have
become contaminated or otherwise adversely
affected.

A literature review of the effects of oil on salmon
and sea trout suggested that continuous
exposure to concentrations
of oil of the order of a few
thousand pg/1 for a period
of days might cause
death under laboratory
conditions' . However, such
conditions did not pertain
at sea, and in any case the
fish are able to detect and
avoid
water.

oil-contaminated
Concentrations of
oil in water around Milford
Haven waterway reached
several thousand pg/l on
occasion, but no dead
salmon or sea trout were
reported.

Other potential effects of oil demonstrated
under laboratory conditions were interference
with the homing instinct and with vital enzyme
systems which might subsequently affect health
or breeding success. These effects had not,
however, been observed outside the laboratory.

Studies on salmon and sea trout were
commissioned. The first was a laboratory
experimcnt” which investi-gated the effects of
dispersed oil on salmon behaviour, and the
second examined whether stocks had changed
by analysing rod and net catches, estimating the
numbers of juvenile fish in the rivers, and
enquiring whether the numbers of anglers and
the frequency of visits had been affected”.

The laboratory experiment was designed to
assess whether the migratory behaviour of
salmon might be affected by oil. The results
confirmed that the fish, under laboratory
conditions, could detect and avoid
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concentrations of oil in excess of 4-5 pg/1 THC,
ie below background concentrations of THC in
estuarine water and only just above those
considered background in open sea water.

To find out whether sea trout had been exposed
to oil, maturing fish were caught by
electrofishing in August 1996 from the Rivers
Tywi, Eastern Cleddau and Dee (which is in
north Wales and was used as a comrol)“. As the
study was conducted some time after the spill,
two methods were used to show whether the
fish had been exposed to oil. Analysis was
carried out on the enzyme system cytochrome
P450 which acts as a marker of previous
exposure to oil, and samples were also tested for
breakdown products of oil. There was a wide
variability in the levels of P450 in fish from the
Tywi and Dee, and although two of the Tywi fish
had the highest concentrations there was no
statistically significant difference between the
rivers in the mean level of P450. All the fish
caught in all three rivers showed similar
evidence of breakdown products of oil in their
bile. As they had probably all only recently
migrated into the rivers (judging by the
presence of sea lice), it was concluded that if
there had been any exposure to Sea Empress oil,
it was no more severe than the level of exposure
to oil that fish experience normally around the
Welsh coast.

There are no fish counters or traps on any of the
rivers affected by the Fisheries Exclusion Order
and so it was not possible to monitor directly
adult salmon and sea trout stocks. However, one
indication of whether numbers of salmon and
sea trout had changed following the spill was
provided by examining records of catches on
the Tywi and the Teifi (a river in the same region
but outside the affected area). To allow proper
comparison, the catches were expressed in
terms of “catch per unit effort” (CPUE), ie the
number fish caught per tide fished (using nets)
or per hour of fishing effort (using rods). For
commercial net catches, the CPUE of salmon on
both rivers was within the normal range and it
followed the normal seasonal progression on the
Tywi. Anglers’ log books showed that angling
CPUE for salmon on the Tywi was the highest for
the period 1990 to 1996.

The picture for sea trout was somewhat
different. Both net and angler CPUE levels were
markedly lower in the Tywi in 1996 compared
with previous years. The coracle catch of sea
trout on the Teifi was also lower, though to a
lesser degree. These differences were
particularly marked during May, June and July

after which catches improved to a level
comparable with earlier years. Anecdotal
evidence suggested, however, that there were
similar trends on other rivers and this needs to
be established before a suggested local impact
on sea trout fisheries can be substantiated. A
more detailed analysis of statutory licence
returns from the rod and net fisheries has
therefore been started. This should establish
whether CPUE declined in a similar way on
neighbouring rivers outside the closure area.

The sale of rod licences to salmon and sea trout
anglers showed an overall decline compared
with other parts of England and Wales”. A
questionnaire survey of local and visiting
anglers indicated that the oil spill was a
contributing factor in this decrease, but this was
no more significant than a number of other
factors such as poor river flows (which generally
reduced numbers of fish) and an increase in the
licence fee. A higher than usual number of
anglers upgraded their fishing licences to
salmon licences during the year, suggesting their
perceptions changed over time.

Even if salmon and sea trout returned to their
spawning grounds in normal numbers, it was
possible that their ability to breed successfully
may have been influenced by exposure to oil
whilst at sea. This will only become clear in
future years. To allow a proper assessment to be
made, baseline information was collected on the
numbers of juvenile salmon and trout present in
rivers within the affected area (the Tywi, East
and West Cleddau, and the Taf) and in two
control rivers outside the closure area, the Teifi
and Conwy, to provide a baseline against which
any impact could be assessed.

3.6.2 Sea bass (Dicentrachos labrax)

The bass is probably the single most important
species of marine fish exploited along the south
Wales coast. As the young fish spend much of
their early life in very shallow water, there was
concern that the oil spill might have affected
their survival.

Over a number of years, CEFAS scientists in
association with Swansea University have been
studying the breeding success and general
behaviour of the Bristol Channel stock of bass.
The number of sites studied was increased in
1996" to assess any effects of the spill, with the
additional sampling taking place in September
and October 1996, and in 1997. The main
spawning ground for bass and the sampling sites
are shown in figure 3.3. Except at the new sites
in Milford Haven waterway, previous



experience allowed sampling to be targeted at
locations known to be favoured by O-group fish
(ie fish born that year). These fish normally
reach their nursery areas in the Bristol Channel
in late June or early July.

The first arrivals were somewhat later in 1996
than in 1995 - especially along the south Wales
coast where no O-group fish were detected
before the end of May. The distribution of these
fish between the south side of the Bristol
Channel and the south Wales coast had also
changed, with a greater abundance along the
south side instead of the more equal distribution
observed in previous years. The abundance
along the south side of the Bristol Channel was
also higher than recorded in that area during
recent years. The abundance of O-group bass at
sites within Milford Haven waterway seemed to
be lower than elsewhere on the south Wales
coast, but the lack of previous data for the Haven
made it difficult to establish whether this was
Factors other than the oil spill may
have been responsible for these changes. For
example, during cold years (such as the 1995/96
winter) the spawning ground moves south,

unusual.

increasing the distance the bass larvae have to
travel to get to the south Wales coast.

Other aspects of the study did not show a clear-
cut relationship with oil
Furthermore, some of the more detailed features
of the results suggested that more natural factors
may have been involved. Growth rates of the
fish were measured at two sites on the south
shore of the Bristol Channel (Taw and Camel)

contamination.
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and two sites on the south Wales coast (at
Loughor within the area marginally affected by
the spill, and at Swansea outside this area). The
Loughor result (0.60 mm/day) was not
significantly different from the results at the
Taw and Camel sites (0.75 and 0.67 mm/day).
The growth rate at the Swansea site, however,
was much poorer (0.34 mm/day) and a much
higher proportion of O-group bass at sites on the
south Wales coast failed to reach the length of 60
mm by the end of the summer, compared with
those along the south Bristol Channel shore.
This length is believed to be critical for winter
survival, and further studies are being
undertaken to assess whether more fish died as
a result.

The greatest abundance of O-group bass in the
south Wales sites was found in the Nyfer and
Teifi estuaries which had not been affected by
the oil, but the fish from the Teifi were in poor
condition and the weight of their stomachs was
generally found to be low. In contrast, at the
sites where the greatest impact of oil might be
expected - Ferryside and Milford Haven
waterway - the condition of the fish (including
stomach fullness and average stomach weight)
was similar to or better than at other sites in
south Wales.

The slower growth rates, lower abundance and
late arrival of the O-group bass suggested that
increased mortality of eggs and larvae occurred
along the South Wales coast in 1996 and could
well affect future catches along that coast and
possibly the Bristol Channel as a whole. Only
continued collection of detailed catch statistics
and age data will establish whether that
prognosis is correct and its significance. Even
then it will be necessary to assess whether
natural causes such as a cold late spring affected
the location of the spawning area in 1996 or
whether the oil spill was the cause of any clear
changes in recruitment.

3.6.3 Sand eels and other shoaling fish

Although sand eels are not of great commercial
importance, they are an important part of the
marine food chain and provide a major source of
food for some seabirds and larger fish such as sea
trout and bass. The fishery is regulated by the
Sea Fisheries Committee, and fishermen
intending to catch sand eels using a beach net
are required to hold a special permit and to
submit catch data on each fishing operation.
The FEPA Exclusion Order was lifted at about
the time of year (21 May) when fishing would
normally have started.
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Puffin with sand eels
(E Bent)
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Sand eels live in shallow waters and bury into
the sand. The main species found on the south
Wales coast is Ammodytes tobianus which
spawns either in February to April or in
September to November. Three samples of
adults were collected from Tenby South Beach
between 10 April and 19 May and were analysed
for total hydrocarbons. By the third sample,
concentrations were down to 3,400 pg/kg THC,
ie around background level.

In addition to analysing catch returns’ " the
South Wales Sea Fisheries Committee sent a
carefully-designed questionnaire to all the 1996
permit holders. They received 52 returns, of
which 26 were suitable for detailed
consideration (some permit holders do not
always fish for sand eels, holding their permits
only as a precautionary measure in case they
do). Confidence that the responses received
were reasonably objective was gained from the
range and type of response returned, and the
actual catch returns, plus knowledge of the
behaviour of the species and its response to oil”.

The main fishing areas are around the sandy
beaches between Tenby South Beach and
Broadhaven, but reports were received from
fishermen along the coastline between
Whitesands (near St David’s) to the north and
the Gower to the east. About one third of the
fishermen reported a decline in catches
compared with previous vyears, but the
remainder considered catches to be normal and
a few reported an increase. Most other
fishermen recorded catches as being normal at
Tenby South and at Manorbier and Skrinkle. No
mass mortalities, such as those observed after
the Torrey Canyon spillw. were reported. It was

concluded that there had been little, if any,
impact on sand eels.

Telephone enquiries in 1997 showed that
catches (up to late August) were very good, with
one fisherman reporting many small sand eels -
from a successful spawning in either autumn
1996 or spring 1997 - passing through his net.
This was in line with observations after the
Braer spill where, although there was clear
evidence of exposure of adult and larval sand
eels to oil, there appeared to be normal survival
of the sand eels born that ycar"".

Records of fish caught with the sand eels or
which escaped from the nets were generally not
comprehensive. Little can be concluded other
than that small flatfish greater than 75 mm were
observed, but a few sand eel fishermen reported
that they thought there were fewer small flatfish
(ie the young of that year) present than normal.

Other shoaling fish such as whitebait, herring
and sprat were reported to be present in 1997 in
greater numbers than normal. Only low
numbers of small flatfish have been reported,
tending to confirm the anecdotal reports from
sand eel fishermen in 1996.

Although no formal observations were carried
out on young flatfish in 1996, CEFAS carry out a
young fish survey in the Bristol Channel every
year. Their records have been examined to
assess whether or not the 1996 year class was
affected by the spill. The records show that in
1996, sole from that year were rather scarce as 0-
-group fish but that in 1997, as 1-group fish, they
were especially abundant. The 1996 year class of
plaice appears to be a little less abundant as 1-
group fish in 1997 than the previous two year
classes were at that age. However, in 1997, the
1994 and 1995 year classes were more abundant
than similar aged fish were in 1995, the year
before the spill. This suggested that plaice were
not detrimentally affected. Dab appear to be no
less abundant in 1996 or 1997 than in 1995. In
short the year class data for flatfish indicate the
Sea Empress oil spill did not have a deleterious
effect on the survival of juvenile flatfish. The
anecdotal reports can therefore probably best
be explained on the basis that small flatfish
avoided certain contaminated shallow areas
rather more actively than sand eels.

3.6.4 Other fish species

Territorial species of fish (ie fish which remain
in one small area), such as gobies and wrasse,



were likely to be affected by the oil to a similar
extent as the sand eels. A few samples were
analysed, and in all the samples total
hydrocarbon concentrations were low and
similar to those found in sand eels and other
fish. Few mortalities of these fish were
reported.
Species was therefore considered unnecessary.

Further analysis of these and other

Two other studies on fish were conducted” ™. The
first investigated the induction of EROD, an
enzyme system which metabolises components
of oil". A limited amount of induction was
Observed in some fish, suggesting that these
might have been recently exposed to oil.
However the degree of EROD induction is also
affected by other contaminants and by seasonal
factors, especially spawning behaviour which
raises the natural level of EROD. In the
observations made in this study many of the fish
were either spawning or had spawned and it was
difficult to establish a baseline from which to
relate induction to levels of exposure to oil.

The second study sought to investigate possible
long-term genetic effects and carcinogenic
gamagc to fish. The main approach used was to
Investigate the extent to which DNA adducts
(chemicals which physically bind to the DNA)
had been formed. This technique provides an
indication of abnormalities caused by exposure
Fo oil which, if not repaired, may develop later
N0 more serious problems including the
dcvcl()pmcm of neoplasia, which in turn can
lead to tumour formation. The first results of
this programme demonstrated that in summer
1996 levels of adduct formation in blennies
(Blennius pholius) taken from rock pools, and
dab and plaice in Carmarthen Bay, were clevated
When compared with samples taken from
reference sites. However, the preliminary
findings of repeat samples taken from offshore
N summer 1997 showed decreased levels of
adduct formation. As these results relate to
different fish from those examined in 1996 it
Will be necessary to subject material from the
1997 fish samples to histopathological
“Xamination to establish whether any damage
they may have suffered in 1996 through
€Xposure to oil has developed into more serious
Neoplasia or tumour stages. This work has not
Yetbeen completed.

A study of the effect of the oil on herring in
Milford Haven waterway had been planned .
T.hc herring stock is believed to be genetically
distinct angd spawns in late February or early
March; and in some years - depending on
demand and the availability of other species -

there is a local fishery for these herring with a
typical yield less than 10 tonnes. The stock had
been the subject of previous investigations and
there were therefore reasonable background
data on its biology. Unfortunately, it was too late
to establish the success of spawning in 1996, but
special arrangements were made to investigate
the 1997 spawning using commercial fishermen
to collect samples of adult herring, eggs and
lavae. However, because abundant and cheap
supplies of herring were available from
Scandinavia, no commercial fishing for herring
took place in Milford Haven waterway in 1997,
and the contractor failed to make any assessment
of spawning success. Nevertheless a few
samples of adult herring were collected. They
were found to be in good spawning condition or
to have recently spawned, suggesting that even if
there had been an effect in 1996 spawning was
normal in 1997.

The success of spawning in 1996 and 1997 could
be assessed by studying the age structure of fish
in spring 1998 via the use of growth rings. The
committee’s experience suggests it would be
unwise to rely on obtaining samples via
commercial fishermen.

3.7 SUB-LETHAL EFFECTS ON SHELLFISH
3.7.1 Crabs and lobsters

At the time of the oil spill, the South Wales Sea
Fisheries Committee was already conducting a
study on the population structures of edible
crabs and lobsters, but this was not due to be
completed until after the completion of this
report. Only a partial analysis of data collected
between April and June in 1995, 1996 and 1997
has therefore been possible for this report”. A
permit scheme for crab and lobster fishing has
been in operation in the region since 1980.

3 Marine Impacts
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Following the Amoco Cadiz oil spill, large
numbers of crustaceans were found dead along
the shoreline™, but this was not the case after
the Sea Empress spill. The Amoco Cadiz spill was
also reported to have led, in both the year of the
spill and the following year, to unusually low
numbers of egg-bearing lobsters and spider
crabs (and possibly edible crabs - though these
were not caught in sufficient numbers to be
sure)”. If the Sea Empress spill had had a similar
effect on young crabs spawned in 1995 or in
1996 (or on lobsters past the egg stage) a
decreased number of young crabs (and young
lobsters) born in 1995 and probably 1996 would
be expected. However, this would not become
apparent until these animals became old enough
to be caught in numbers in commercial traps, ie
from 1998 onwards. There was a clear increase
between 1995 and 1997 in the numbers of egg-
bearing lobsters in all areas from St David’s Head
to the Gower, though not along the Gower coast
itself. This suggested that the spill had not
affected lobster mating and egg-carrying
behaviour. The catch data analysed suggested
that both crab and lobster fisheries continued to
be very productive. Fishermen have reported
that catches, particularly of lobsters, have been
better in 1997 than in previous years, both in
numbers and in size. These results may have
been due to decreased fishing pressure during
1996 while the fishery was closed. The closure,
however, led to increased fishing outside the
closure area, such as along the Gower and to the
north of St David’s Head.

More detailed analysis of the full 1995-1997
records is required to establish the actual status
of the stock, and studies are needed for up to
three years, starting in 1998, in order to show
whether the crustaceans born in 1995 and 1996
were affected by the spill.

3.7.2 Whelks

A study was commissioned” to establish
whether the spawning of whelks had been
affected by the spill and to investigate any
impact on numbers and size distributions.
There had been a few anecdotal reports -
without independent corroboration - that egg
masses had been found less frequently on pots
and substrata in 1996, but preliminary results of
the study suggested that there was no loss of a
year class in 1996, nor any significant effect on
the numbers or sizes of whelks being caught.
However, any firm conclusions were hampered
by the newness of the fishery and lack of
baseline data. Whelks normally mature at about
3 years of age (and live for about 6 years) and so

it will not be possible to confirm that the 1996
year class was not affected until at least 1998.

3.7.3 Mussels

“Scope for growth” (SFG)* an indicator of
condition, was measured in mussels around the
Irish Sea as part of a study already underway at
the time of the spill"". The study included two
sites within the closure area, St Ishmaels in
Milford Haven and St Brides. In June 1996, SFG
was lower in mussels from St Ishmaels (and, to a
lesser degree, St Brides) than at Fishguard,
though it was lower still at some other sites on
the Irish Sea coast. Tissue PAH concentrations
were not raised in the St Brides samples,
suggesting that the effect seen here was not due
to the spill. PAH levels were clearly elevated in
the St Ishmaels samples, but so too was the
concentration of tin-based compounds used in
anti-fouling paints which are used on tankers
using the port, and these compounds are
acknowledged to have a detrimental effect on
molluscs, including mussels.

SFG was also measured as part of the special
studies of the impact of oil undertaken by
CEFAS. Samples of mussels were taken from the
shoreline at 15 sites from New Quay in mid-
Cardigan Bay, southwards to Dale in Milford
Haven and eastwards to Ogmore-by-Sea. The
results are summarised in figure 3.4. In March
19906, SFG was negative in the samples measured
at four sites — Dale, Amroth, Pendine and Port
Eynon. In October there was an increase in SFG
in the mussels from most sites due to seasonal
factors related to spawning and feeding, but
mussels from the four sites which had negative
SFG in March still exhibited SFG close to zero,
with a negative value for the sample from
Pendine. The shorelines at Pendine, Amroth and
Dale were heavily impacted by oil from the Sea
Empress with some oiling also at Port Eynon. It
would appear that the negative SFG measured in
mussels from these sites was caused by oil
contamination. This was in part borne out by
the mussel tissue, total hydrocarbon residue data
from these sites.

Sub-lethal effects on the immune system of
mussels - associated with high concentrations of
total hydrocarbons in their tissues - were
observed in samples from sites along the south
Wales coast”. Mussels are a fairly robust species
and generally survive even heavy oiling.
However, in addition to the short-term “scope
for growth” effects, mussels from the affected
area also revealed significant modulations in
cell-mediated immunity that correlated well

"SFG is a measure of the energy of the surplus which, under normal circumstances, is available for the mussel to grow. SFG is
reduced when less food is available or when the mussel requires more energy, for example when breeding or due to stresses such

as the effects of oil.
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concentrations. However, the immune response
of contaminated mussels gradually improved
and generally showed no difference compared
with other mussels 11 weeks after the spill. By
then the total hydrocarbon content of the
contaminated mussels had declined by 70-90%
and the PAH content by over 90%.

3.8 BENTHIC SPECIES

Section 3.5.1 described strandings of dead or
moribund animals. These strandings showed
that benthic animals (ie those living in or on the
sea bed) had been affected by the oil, and several
studies were designed to examine how

considered to be of particular priority were the
Skomer Marine Nature Reserve, areas directly
impacted by the tanker (such as the mid-channel
rocks), and areas which had been studied
intensively in the past, such as within the
Milford Haven waterway.

The first study, which was carried out by divers
very shortly after the spill (between 23 and 27
February 1996)50, examined six sites within the
mouth of Milford Haven waterway and two just
outside, including the mid-channel rocks on
which the tanker grounded. The effects were
surprisingly limited, even though oil in the
water column must have come into contact with
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the benthic species. The main effects observed
were in the shallow muddy sand off Dale Fort,
where anemones (Cereus pedunculatus) were
narcotised and shrimps (Crangon crangon)
appeared slow to move, although shore crabs
(Carcinus maenas) seemed unaffected.

3.8.1 Rocky sea bed communities

Diver survcysSl of rocky sea bed communities
were carried out in June 1997 at sixteen coastal
sites which had been surveyed in 1978 or
1993"*%, or during the 1996 survey immediately
following the spill (figure 3.5). Where available,
samples of mussels were collected for total
hydrocarbon analysis. The divers paid particular
attention to the presence or absence of small
crustaceans which are often affected by oil spills.
At most sites the marine communities were in
good condition. Ascidians (sea squirts) were
found to be particularly diverse and abundant.
However, at sites around the entrance to Milford
Haven waterway there were very few small
crustaceans such as amphipods and isopods -
although these species were found at other sites,
sometimes in abundance.

At the base of Eastmoor Cliff at Manorbier many
empty razor shells (Ensis spp) were found,
possibly resulting from the same mortalities that
gave rise to shells stranded on beaches shortly
after the spill. The mussel samples did not
contain elevated concentrations of total
hydrocarbons, indicating that the sites where
these had been taken - Eastmoor Cliff and the
north side of St Margaret’s Island - were no
longer contaminated.

A detailed comparison with the results of the
1978 survey will probably not be possible.
Although the sites surveyed were the same (so
far as it was possible to judge), the survey and
observation techniques used in 1997 - which
followed current standards - were different
from those used in 1978.

The mid-channel rocks where the Sea Empress
grounded were expected to be a good indicator
of initial effects and subsequent recovery, but
surveys shortly after the spill and approximately
eighteen months later suggested that the plant
and animal communities on and around the
rocks and the navigation marker had not been
much affected. Nevertheless, a permanent
monitoring site has been set up on the rocks;
this is clearly marked and can be revisited
accurately and surveyed at intervals. This could
provide important baseline data should another
oil spill occur in the area.

3.8.2 Skomer Marine Nature Reserve

Skomer Marine Nature Reserve is one of only
three Marine Nature Reserves so far established
in the UK, and Skomer Island is of international
importance for breeding seabirds. There was
considerable concern that such a sensitive area
might have been affected by the oil. Some oiling
was seen in and around the area of the Nature
Reserve, and patches of oil could still be found
up to late March 1996. Much of the surface oil
dispersed naturally in the vigorous tidal currents
before it could affect the shoreline.

A survey had been carried out in 1993 to
establish a baseline for the subtidal sediment
macrofauna (ie animals greater than 0.5 mm in
length) in the area”. This was seen as part of a
wider study of the Marine Nature Reserve,
dating back to 1982. Ten of the 18 stations
surveyed on that occasion were surveyed again
in November 1996, and samples were collected
of benthic fauna and sediments. The sediment
samples were analysed for total hydrocarbon
concentrations and for particle size.

The benthic fauna appeared to be markedly less
diverse and abundant in 1996 compared with
1993. In particular, there was an absence of
small crustaceans, a feature which had also been
noted at subtidal rocky sites around the mouth
of Milford Haven waterway (see §3.8.3). Total
hydrocarbon concentrations in the sediment
samples were above background levels (though
by less than a factor of ten), and it was likely that
the absence of the small crustaceans was due to
the oil spill as such species are known to be
sensitive to oil pollution”. The larger scale
changes in benthos may, however, have been
due in part to changes in sediment structure
(possibly caused by unusually severe wave
action during extreme October 1996 storms),
with more fine or very fine sand present at most
of the sample sites in 1996 compared with 1993.
The finer the sediment the more suitable it is for
animals that burrow rather than those that
shelter in gaps or settle on coarser material.

Long term photographic monitoring of rocky
sea bed communities has shown no significant
effects or any change from natural cycles on the
broad sea fan (Eunicella verrucosa), ross coral
(Pentapara foliacea) or sponge communities off
Skomer.

3.8.3 Milford Haven waterway

An extensive survey of the sediment type,
benthic invertebrate fauna and level of oil
contamination was carried out in October 1993



by the Milford Haven Waterway Environmental
Monitoring Steering Group%. This provided an
excellent set of baseline data. Following the Sea
Empress oil spill, a repeat survey‘ was
undertaken in October 1996 using essentially the
same methods and personnel as in 1993. Samples
were taken at 36 stations along the length of the
waterway. In addition, 11 stations (9 of which
corresponded to stations sampled in October
1993 and 1996) were sampled in March 1996
(shortly after the spill) and again in April 1997.

On all three sampling occasions after the
incident there was a close agreement with the
1993 survey in the variety of species and in the
overall numbers of individuals found. The
predominant factor affecting the benthic fauna
was found to be the progression from river
habitat in the uppermost stations to marine
habitat in the lower Haven. There were some
differences in the distributions and densities of
individual species which could be ascribed to
changes in the sediment type resulting from
small changes in the position of the samples, or
to natural variability. One notable feature,
however, was the absence, in samples taken after
the spill, of certain species of amphipod
crustaceans at many sites, particularly those in
the lower reaches of the waterway. These
animals do show considerable variation in
abundance naturally, but similar effects have
been observed in other studies (see §3.8.1 and
3.8.2) and in previous surveys of the impact of
major oil spills.

The range of total hydrocarbon concentrations
in the Milford Haven waterway sediments
sampled in October 1993 (4,000 to 1.2 million
ug/kg dry weight, most greater than 50,000
ug/kg) indicates that most are contaminated by
hydrocarbons to some extent. Detailed analysis
of PAHs, which are constituents of oil but can
also be formed during combustion processes,
indicated that the PAH in the sediments were
predominantly derived from combustion.
Nevertheless it would appear that total
hydrocarbon concentrations in sediment were
elevated relative to the levels found in the 1993
survey, ie before the Sea Empress spill. Total
hydrocarbon concentrations were particularly
high in the lower part of the Haven in March
1996 but progressively decreased in successive
surveys, with levels returning to background by
October 1996 in the middle Haven, and by April
1997 in the lower Haven (Table 3.1).

The presence of an oil sheen, suggesting free
hydrocarbons within the sediment matrix, was
observed at all stations sampled in March 1996,
except at the uppermost station situated

downstream of Lawrenny. No such sheening
was observed in either the October 1996 or the
April 1997 surveys. The analysis of PAH in
sediment samples collected in October 1996
shows the same basic pattern as that from
October 1993, with combustion-derived PAH
dominating the profile, indicating that there is
no evidence of any long term incorporation of
Forties Blend crude oil into the sediments.

Table 3.1: Average total hydrocarbon
concentrations (thousand pg/kg dry weight) for
selected lower and middle Haven stations over
the four successive surveys:

October  March October  April

93 96 96 97
Middle Haven 295 415 269 255
(3 stations)
Lower Haven 64 658 208 91
(3 stations)

In short, there appeared to have been a short-
term oiling of sediments in the lower reaches of
the Milford Haven waterway, but sampling in
October 1996 and April 1997 suggested that
there has been no long-term accumulation of oil
from the Sea Empress in the subtidal sediments
of the waterway. The only major effect on the
benthic fauna which might be attributed to the
spill was the marked absence of certain species
of amphipod crustaceans. This latter finding is,
however, significant as these crustaceans are a
favoured food species for many animals such as
fish and the larger crustaceans. Further surveys
at the same sites and times of year to monitor the
re-establishment of these amphipods would
seem advisable.

3.8.4 Other benthic studies

Samples of benthos were collected from the
Celtic Decp” and other sites during the surveys,
looking for possible areas where oil might have
accumulated in offshore sediments (see §2.8.1
and figure 2.7). As the samples showed no
evidence of the deposition of Sea Empress oil,
detailed analysis of benthic structure was not
warranted, but visual inspection at the time of
collection suggested that the species present
appeared to be consistent with the physical
nature of the sediment.

Three surveys were carried out in March 1996,
October 1996 and April 1997 on seabed
macrofauna in the coastal waters between St
Brides Bay and Rhossili Bay'w. The total
hydrocarbon levels were relatively low given
that the first survey occurred within a few
weeks of the spill. Despite the lack of detailed
baseline data for the whole of the survey area,
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where such data were available (such as for
Carmarthen Bay) the macrobenthic commu-
nities agreed well with historical descriptions.
There was little, if any, direct evidence of
impacts from the spill and the major factors
influencing the seabed macrofauna appeared to
be water depth and sediment type. The effects
on amphipod fauna seen at sites in the Milford
Haven waterway were not apparent outside the
Haven''.

Scoter ducks in Carmarthen Bay were believed
to be feeding at the time of the spill on egg-shell
razors (Pharus legumen) which may have been
contaminated by oil that had dispersed into the
water column (see §7.3.3). Attempts to collect
samples of this species were unsuccessful and it
is not possible to say whether egg-shell razors
were contaminated or not. However, it is likely
that egg-shell razors demonstrated the same
response as larger razor shells (Ensis spp) and
emerged from their burrows when exposed to
low concentrations of oil. The Ensis spp were
only very lightly contaminated with oil and were
collected from the same area just after the spill.
It therefore seems unlikely that the egg-shell
razors were seriously contaminated.

3.9 EFFECTS ON PLANKTON

At previous spills any effects on plankton (ie
small plants and animals, including fish and
shellfish larvae, which are found suspended in
the water) were of short duration and limited
overall ecological significance“. Nevertheless,
several studies were commissioned - mostly
based on investigations already underway - to
look for possible effects of the Sea Empress oil
on plankton™".

The Sir Alister Hardy Foundation for Ocean
Science (SAHFOS) sampled plankton along
specific shipping routes using a Continuous
Plankton Recorder. The results for 1996 in the
area affected by the oil were compared with a
model of the plankton community based on 25
years of data. The only unusual finding was the
absence of barnacle larvae in the spring 1996
samples, but this was probably a reflection of
the pattern of currents and sampling time as
there was a good settlement of barnacles on the
south Pembrokeshire coast in May 1996

Routine monitoring of phytoplankton (ie plant
species of plankton) has been carried out by
CEFAS since 1993 in Milford Haven waterway, as
part of a national programme of monitoring for
the occurrence of those species which cause
bivalve shellfish to become toxic to humans.

The limited data available from this programme
showed nothing abnormal in 1996".

The EA also has a routine programme checking
for unusually large concentrations of
phytoplankton (blooms) as part of its
monitoring of compliance with the EC Directive
on bathing water quality and in relation to the
Urban Waste Water Treatment Directive.
Records showed that blooms of Phaeocystis spp
(algae which produce brown coloration and
foam) occurred at all nine bathing water sites in
the area affected by the oil, and at four of these
the blooms lasted longer than at any time since
1991. However, similar blooms also occurred at
24 sites outside the affected area and were of
record duration at three of these. Blooms in the
affected area were generally of similar density to
those observed in previous years, except at
Amroth where the density was lower. A bloom
of the diatom Asterionella was observed at
Pembrey, lasting four weeks - an unusually long
period for this area, though similar blooms of
this species have been recorded at other sites
around the Welsh coast in the past. The overall
conclusion of these investigations was that the
Sea Empress oil spill did not appear to have
affected the dynamics of phytoplankton
populations.

A study at various sites around the coast of
Britain of the effect of sediment oil
contamination on eggs of calanoid copepods
(types of small crustacean) was extended
following the spill to include four sites in
Milford Haven waterway: West Angle Bay, the
east side of Angle Bay, west Pwllcrochan Flats
and Pembroke Flats. Copepod eggs settle
naturally out of the water column (most
copepods are planktonic) and into the sediment.
Sediment samples from these sites were
collected between April 1996 and April 1997 and
analysed for total PAH using a fluorescence
method that does not distinguish between PAH
compounds. The samples were treated in three
different ways to assess the viability of eggs (ie
the proportion of the eggs which hatched).

There was a marked reduction in egg viability in
the April 1996 samples from Milford Haven
waterway compared with the other sites around
Britain. Viability increased in the June 1996
samples, and by November 1996 egg viability at
the Milford Haven sites was not significantly
different from that found at the other sites.

The reduction in copepod egg viability was
consistent with previous studies” and was likely
to have been caused by oil contamination.



However, the change in viability did not
correlate with total PAH concentrations in the
sediments. A possible explanation of this is that
in April 1996 there were more of the low
molecular weight PAH compounds present, and
these were more toxic and more readily
available to be absorbed by the copepod eggs.
The rapid recovery of egg viability suggested
that the sediments were cleansing quite rapidly
and that there were good prospects for an early
recovery of other small crustaceans, including
amphipods. For the sedentary species, this will
also depend on the rate of recruitment into the
areas affected from outside. Studies of
amphipods in other areas (see §3.8) tend to
confirm the forecast of an early recovery.

3.10 EFFECTS OF CLEAN-UP

Dispersants played an important role in the
clean-up operation at sea following the oil spill
(see §2.3 and §10.4). Modern dispersants are
not particularly toxic: the types of dispersants
used at the spill were required to have passed a
test demonstrating that dispersant plus
chemically-dispersed oil was no more toxic for a
number of species than the same concentrations
of naturally-dispersed oil. Although toxicity
varies with species, extensive consultation and a
literature review have indicated that it is
unlikely that the oil plus dispersant will be more
toxic to marine organisms than oil of similar
droplet size dispersed naturally. Tests following
the Braer spill showed that the dispersants did
not cause oil to be dispersed into smaller
droplets than those resulting from patural
dispersion by wind and wave turbulence . The
only effect of dispersants, therefore, would have
been to increase the amount of oil in the water
column and its availability to species in the
water column and on the sea bed.

The earlier sections of this chapter suggest that
dispersed oil did not have a major effect on
plankton and other species in the water column
such as fish, though it did probably affect
Species living on the sea bed. Small crustaceans,
especially amphipods, appear to have suffered
major mortalities, similar to those observed
following the wreck of the Amoco Cadiz on the
French coast. Effects on bivalves and other
shallow subtidal burrowers were also observed
including some stranding events a long way
from the original source of the oil (§3.5.1). Itis
Possible that these animals may not have come
into contact with comparable concentrations of
dispersed oil if dispersants had not been used,
and so the use of chemical dispersants may have
contributed to their loss. Such possibilities need

to be taken into account when considering the
net environmental benefits of using dispersants
alongside the more predictable impacts of the
treated and untreated oil on fisheries, birds,
shoreline species and amenity interests.

Two further aspects of the clean-up operation
could potentially have resulted in impacts on the
marine environment: the bioremediation study
which, because it involved the addition of
nutrients, may have led to increased algal
growth, and washing of cobbles in the surf zone
which might have raised hydrocarbon levels
locally.  Monitoring of these activities is
described in §10.7.6 and §10.7.4, but no impacts
were noted.

3.11 CONCLUSIONS

Almost all of the effects observed have been
typical of major spills involving oil of a similar
type to that released from the Sea Empress,
though concentrations of oil in contaminated
fish and shellfish returned to background levels
somewhat faster than might have been
expected. This was probably due to the oil
dispersing widely and out of the area rather than
becoming incorporated into sediments in high
concentrations (as occurred following the Braer
spill); and many of the commercially-exploited
species were out of the area at the time of the
spill when oil concentrations in the water
column were at their highest.

There were a number of strandings of dead or
moribund bivalves and other benthic species
similar to those observed at other spills.
Elevated hydrocarbon concentrations in tissue
linked some of these strandings to the spill, but
it is not clear whether others - in particular the
stranding of rayed trough shells in April in
Carmarthen Bay - were caused by the oil
Although on balance it seems likely that oil was
the cause, it remains unclear how this species
was exposed to lethal concentrations.

There appears to have been no lasting effect on
plankton, and some fish species (such as sand
eels) that breed inshore appear not to have been
affected.

It is not yet certain whether the 1996 year classes
of edible crabs, lobsters and whelks survived,
and this will not be apparent until at least 1998
when the first of these should start to be found
in the catching pots. There is, however, clear
evidence that the adult populations remained
healthy and they appeared to breed normally in
1997.
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It is suggested that work is undertaken in 1998
to establish whether there have been any effects
on the herring stock in the Milford Haven
waterway, though it is known that the fish
spawned normally in 1997 and so the fishery is
unlikely to have been affected severely. There is
evidence that there were fewer young bass on
the south Wales coast in 1996, but natural factors
have not been ruled out as the cause. No effects
have been observed on the salmon and sea trout
fisheries (apart from the decrease in sales of
licences to anglers in 1996), though it will be
some years before a more comprehensive
assessment on stocks can be made: however, on
the evidence available so far, major effects seem
unlikely.

For the remainder of the offshore marine
community, the impact of the oil seems to have
been minimal - apart from a reduction in small
crustacean species such as amphipods in some
localities. This effect is likely to be of relatively
short duration as amphipods, despite not having
a planktonic stage, will eventually spread from
unaffected areas.

It is difficult to forecast when populations and
community structures will return to “normal’,
but it is likely that by the end of 1998 almost all
the species expected to be present in the area
will be close to their usual numbers. There is the
possibility that a year class of a particular species
may be reduced in numbers, but the effect this
has on future year classes is unlikely to be
detectable against the variability that occurs
naturally, for instance due to weather
fluctuations at breeding times.

If a fishery Exclusion Order needs to be imposed
at a future spill, it is important that the reasons
behind the order and the criteria for lifting it are
explained and communicated effectively -
particularly differentiating between an order
imposed to protect consumers and markets from

an established risk, and one imposed as a
precautionary measure while adequate data are
collected.

A number of further studies are suggested:

® A study of the age structure of herrings in
the Milford Haven fishery, carried out by an
organisation with an established track
record of successfully completing such
investigations, could establish whether
breeding success in 1996 and 1997 has been
affected.

® A similar study on the age structure of
whelks in Carmarthen Bay and to the west of
Milford Haven waterway would also be
beneficial.

® Continued observations of the age structure
of bass in the Bristol Channel would
establish whether the suspected poor
recruitment and survival of the 1996 year
class along the south Wales coast was serious
enough to affect overall stocks, and it would
also assess whether it was due to natural
events or was influenced by the oil spill.

® Continued observation of crab and lobster
catches until at least 1999 would establish
whether the 1996 year class entered the
fishery in normal numbers.

® The installation of fish counters or traps on
key major rivers could obtain baseline data
on adult salmon and sea trout runs. :

® Benthic surveys - at the same sites and time
of year as those described above - would be
useful to establish when the small
crustaceans become re-established in the
lower Milford Haven waterway, off Skomer
and elsewhere. Resurveying a number of the
coastal sites studied in June 1997 as part of a
long term monitoring study would also
provide baseline data against which to
measure future change.
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4 Shoreline Impacts

4.1 INTRODUCTION

In the days following the spill, oil and emulsion
came ashore along about 200 km of coastline.
This chapter describes the impact of this oil on
the shoreline environment between the low and
high water marks (the intertidal zone).

Shoreline study, Wiseman’s
Bridge (A Little)

The degree of exposure to the oil varied
considerably from site to site. As described in
§2.9.2, some stretches of shoreline were more
heavily oiled than others and the composition
(and toxicity) of the oil varied. The areas most
heavily oiled were West Angle Bay to Linney
Head, western Carmarthen Bay and the
southern shore of Milford Haven. Some sites
close to where the tanker grounded (such as
West Angle Bay and areas within the waterway)
were oiled repeatedly with fresh oil, while some
sites further away were exposed only to sheens
or weathered oil.

The length of time the oil remained on the shore
depended on a number of factors, including the
type of beach material, clean-up activity,
exposure to wave action and whether any oil
became buried or trapped. As well as the bulk
oil which tended to be stranded at the high
water mark, the whole intertidal zone in many
areas was exposed to raised levels of
hydrocarbon in the water washing over it during
each tide in the days following the spill. Natural
cleaning by the waves and tide - and some clean-

-up activity - also resulted in stranded oil being
washed back into the sea, possibly resulting in
further exposure. Figure 2.8, based on shoreline
surveys carried out between April and
September 1996 (see §2.9.3), provides an
indication of the degree of oiling in that period.

&= This chapter is divided into two
parts. The first discusses
impacts on species found on
rocky shores - the rock
platforms, rockpools, boulders
and cobble and shingle beaches
which cover approximately
three quarters of the affected
area. The second considers the
sediment shores - the areas of
sand and mud which make up
most of the remaining coast.

A study was carried out to assess
the environmental impacts of
various shoreline clean-up
techniques. This is reported in
§10.8.

Rocky Shores

4.2 INTRODUCTION

Rocky shores dominate much of the coastline of
Pembrokeshire and the Milford Haven
waterway. A large number of species live in
these habitats, including familiar animals such as
limpets and barnacles, large brown seaweeds
and a host of smaller animals and plants. Each
species is adapted to live in a specific rocky
shore habitat and there is a wide variety of those
habitats - including open bedrock surfaces,
rockpools, crevices, shaded underhangs,
boulders and shingle. Some species are
nationally rare or scarce and are of conservation
importance, and some of these were affected by
the spill. This section describes the effects of
the oil spill on the rocky shore species and the
balance between them.

In some areas the bedrock is found only on the
upper shore, but boulders and shingle (which
are colonised by typical rocky shore species)
often continue across the shore into the subtidal
zone. Oiling of rocky shore habitats was
extremely patchy, and only a few areas - such as

4 Shoreline Impacts
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West Angle Bay - were covered across almost the
whole shore (see §2.3). In most areas oil was
concentrated on upper shore rocks, particularly
at the backs of coves and amongst the shingle in
sheltered bays. However, a high proportion of
the rest of the rocky shore area will also have
been subjected to some contamination, at least
temporarily, by light sheens and high
concentrations of oil in water.

Considerable pre-spill data exist for the rocky
shore communities in Milford Haven and on
Skomer, but there are only limited data and some
anecdotal records for other areas of the South
Pembrokeshire coast. Figure 4.1 shows the sites
where there were pre-spill surveys and
established monitoring programmes.
Fortuitously, most of these sites had been
surveyed less than 6 months before the spill.
These pre-spill studies were funded and co-
ordinated by the Milford Haven Waterway
Environmental Monitoring Steering Group
(MHWEMSG), the Countryside Council for
Wales (CCW) and the Field Studies Council
(FSC). In addition, local biologists initiated a
number of surveys of oiled and likely-to-be-
oiled sites and habitats in the weeks immediately
following the spill to provide some reference
data from which to follow the effects of the spill
and the clean-up.

4.3 EFFECTS ON LIMPETS, OTHER
SHORELINE GRAZING ANIMALS AND
ALGAE

4.3.1 Initial impact on limpets and other
grazers

Within a few hours of oiling, limpets (Patella
spp) were seen to fall off the rocks in affected

areas and two weeks later there had been over
90% limpet mortality in some parts of West
Angle leyI (table 4.1). Limpets are known to be
particularly sensitive to the narcotising effect of
fresh oil and individuals rarely survive after they
have become detached. Occasionally, individual
limpets had lost their shells but remained
attached to the rock. Significant reductions in
limpet densities were also described from other
monit?ring sites around the entrance to Milford
Haven'. Elsewhere, observations of dead limpets
and recent ‘home-scars’ (marks on the rocks
where limpets had previously been attached)
were reported from many sites along the South

Pembrokeshire coast between West Angle Bay
and Saundersfoot.

WstAngleBay(N.)(mve-eq:osedso\mfadngslope)

Date Mean Density ,  Standard No.of
(limpets per 0.25m’)  deviation quadrats

April 30 1995 43.83 10.13 36

March 91997 10.43 4.63 21

West Angle Bay (S.) (wave-sheltered plateau)

Date Mean Density ,  Standard No.of
(limpets per 0.25 m deviation uadrats

April 301995 9,76 ) 7.39 33

February 28

1997 416 2.21 25

Table 4.1 reductions in densities of limpet
Populations at West Angle Bay. Note: Student t-

tests found the differences to be significant at
P<0.005.

It must be emphasised that acute effects were
extremely patchy. Many shores in the affected
area showed few signs of spill-related mortality
and no dead limpets were recorded from any
areas west and north of St Ann’s Head. Previous
studies have shown that the mortality rate of
oiled limpets can vary enormously, depending
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on the freshness (and therefore the toxicity) of
the oil, the period of direct exposure and the
activity state of the limpets at the time of ()iling*.
The Sea Empress oil that affected West Angle Bay
was more acutely toxic than the relatively
weathered oil which affected areas further away
(see §2.7.3). However, an empty ‘scar’ does not
necessarily mean that the limpet is dead, but
may be a result of it moving away from the oiled
rock. Such avoidance was observed at West
Angle Bay and Dale where numbers of limpets
were seen to increase in some rockpools and on
the un-oiled backs of some rocky ridges .

While limpets were the most noticeable victims,
other herbivorous gastropods were also acutely
affected. Dead topshells (Gibbula umbilicalis
and Monodonta lineata) and the periwinkles,
Littorina saxatilis and L littorea were found at
heavily oiled sites, though not extensively. Many
live topshells were seen apparently feeding
amongst mid-shore rocks and boulders that
were heavily oiled and then continually exposed
to oily sheens for many months. Nevertheless,
populations of these creatures were certainly
reduced at sites around the entrance to the
Haven’, and this in turn will have had an effect
on the abundance of algae. It has been hard to
estimate the geographic extent of such impacts
due to the difficulty of monitoring densities of
mobile gastropods on boulder and shingle
shores. Re-surveys of some local populations
studied in the mid-1980s’ are underway.

Oiled limpets
() Moore, OPRU)

4.3.2 The ‘green flush’ phase

The reduced grazing by limpets and other snails
allowed algae to grow unchecked, with the
expected result of a ‘green flush’ of algae over
large areas of lower and mid-shore rock

surfaces. It is not unusual for green algae to be
found in abundance in areas of freshwater run-
off and for the algae to thrive during the spring
and early summer (particularly in a cold bright
spring followed by a warm wet summer
like that of 1996), but their dominance at
many sites around South
Pembrokeshire was un- S
usual. Some lower shore
rocks at West Angle Bay |
were coated in a dense &
green ‘baize’ of the
green alga Enteromorpha
throughout the summer of &=
1996, except for small
halos of grazed rock &
surrounding the few
remaining limpets. In
some places this green
alga competed for space [
with lower shore @&
communities of red algae
and prevented barnacle §
larvae from settling on the §
rocks. The contrast with
adjacent areas of rock that
still had large numbers of limpets was dramatic.

However, it appears that 1996 was a particularly
good year for rapid growth of rocky shore algae
throughout Pembrokeshire and this was also
observed in other areas of the UK. These flushes
of growth in 1996 were not confined to
ephemeral green algae but included the brown
fucoid algae (Fucus spiralis, F vesiculosus and F
serratus). The significant increases in cover of
green and brown algae in 1996 at monitoring
sites in Milford Haven waterwayz were striking
and were not correlated with the extent of oiling
(although cover of Enteromorpha spp and Ulva
spp was particularly high at Chapel Bay). The
spill undoubtedly contributed to the unusual
green algal flushes around the entrance to
Milford Haven waterway, but it was not possible
to relate the impact of the spill outside the
Haven to the spatial distribution of green
flushes.

Films of ephemeral mixed algae (ie thin layers of
transitory single-celled algae of various species)
and filamentous brown algae (ie mats of algal
filaments a few millimetres long) were also
observed in unusually high abundance on rocky
shores during the summer of 1996. Samples of
algal films collected from four sites during
August and September 1996 were dominated by
cyanobacteria with some diatoms’. Very little is
known about these algal films and the processes
that occur at the microscopic level. The

4 Shoreline Impacts

Dense cover of
Enteromorpha with
a small area grazed
by a limpet, West
Angle Bay, June 1996
() Moore, OPRU)
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Green flush of Enteromorpha
at Manorbier, summer 1996
(E Bent)

abundance of all eph-
emeral algae decreased
during the winter months
& and then increased again
during the spring of 1997,
but less extensively than in
1996, even on the heavily
oiled shores.

2 4.3.3 Colonisation of
% fucoid algae at West
= Angle Bay

In September 1996 spor-
; e elings of the brown fucoid
algae Fucus vesiculosus and F spiralis settled on
the rock surfaces at West Angle Bay, as they do
every year. However, without the usual grazing
pressure from limpets they sur-vived much
better than has been observed previously at this
site, and by May 1997 there was an extensive and
unusually dense cover of the bladderless form of
this fucoid F vesiculosus v linearis which can
grow on wave-exposed rock faces. This was
expected and has been described previously
from limpet exclusion experiments and from
studies of the effects of oil and toxic cleaning
agents in Cornwall following the Torrey Canyon
spillx. The latter studies showed that large areas
of shore were dominated by fucoid algae for
about five years until the grazing pressure of the
increasing limpet population was restored. A

Quadrat in West
Angle Bay before
the spill (March
1995) and in June
1997 showing the
cover of brown
fucoid algae.

(R Crump,
Orrielton Field
Centre)

similar time scale of fucoid domination is
expected for the rocks around West Angle Bay,
but the effect has been less obvious elsewhere in
the area affected by the spill.

4.3.4 Limpet recruitment and growth
Limpets (Patella spp) spawn during November
and the larvae settle after only a short period in

404

30

Frequency

Figure 4.2 Change in
the size distribution
of limpets at West
Angle Bay between
April 1995 and
March 1997.

The pattern of
distribution in 1997
has fewer small
limpets and several
limpets larger than

Pre-spill: 30 April 1995

40+

30
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fewer smaller limpets

any measured
during the earlier
sampling.

Post-spill: 9 March 1997
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the plankton. The limpet spat then hide over the
winter and emerge during the spring and start
growing. Juvenile limpets will therefore have
been present on the shore during February 1996
and will have been vulnerable to Sea Empress
oil. It seems probable that, like the adults, these
juveniles are very sensitive to oil, and mortality
may have been high. One of the most consistent
features of the transect surveys at sites in Milford
Haven and at Manorbier was the relatively low
densities of juveniles recorded during the
summer and autumn of 1996, in comparison
with 1995, even at sites which were only lightly
oiled”. At heavily oiled sites there appeared to
be almost no recruitment from the winter
1995/96 settlement (ie none of the spat became
juveniles), while recruitment at un-oiled sites in
the Daugleddau Estuary and outside the spill
area in north Pembrokeshire was much greater.
Signs of recruitment in 1997, however, were
much better, with moderate densities of fast
growing juveniles even at West Angle Bay. It is
not known whether the oil had any sub-lethal
effects on reproductive capacity of the
remaining limpets at West Angle Bay, but it is
clear that sufficient planktonic larvae were
produced by limpets around Pembrokeshire to
begin the recovery process.

Growth rates of the remaining limpets at West
Angle Bay, as reflected in the change in size
distribution, were much higher than in 1995,
showing that competition for food was
previously limiting (table 4.2 and figure 4.2).
Similar results have been shown at a study site
near Dale. It is expected that a similar situation
to that described’ after the Torrey Canyon spill,
where a very large proportion of the limpet
population was killed, will occur at these badly
affected sites in Pembrokeshire. Following the
Torrey Canyon there was a rapid recruitment
and growth of limpets over a period of 3 to 5
years, followed by a crash in populations which
outgrew the available food, and then a period of
smaller fluctuations until the balance between
grazers and algae was restored. The worst
affected sites in Cornwall took 10 to 15 years to
return to normal levels of spatial and temporal
variability”. It is possible that a similar period
may be required at West Angle Bay, but other

Date Mean length (mm) Standard No. of
deviation individuals

April 30 1995 17.04 4.98 294

March 9 1997 23.02 5.62 219

Table 4.2 Change in the size distribution of limpels at
West Angle Bay between April 1995 and March
1997.

4 Shoreline Impacts

affected areas around Pembrokeshire will
recover much more quickly. Populations of
limpets in lightly oiled areas are not expected to
have undergone any more than short term
effects.

4.4 BLEACHING OF RED
ALGAE
4.4.1 Coralline algae

Most algae appeared to
survive the oil spill with
little obvious effect on §
them. This is typically the
case after oil spillsm and is
due in part to their
protective mucous coating.
However, some red algae §
were affected by the Sea
Empress oil. Of particular note was the
extensive bleaching of pink encrusting coralline
algae (mainly Lithophyllum incrustans and
Phymatolithon purpureum) on shores between
Manorbier and Skomer . This bleaching was
very marked, appearing as a well-defined white
band along lower shore and subtidal fringe rocks
and surrounding the edges of rockpools. It was
first reported in West Angle Bay only six days
after oiling and was at its most extensive after
five weeks. Anatomical studies showed that
some affected plants had a layer of dead cells
occupying up to 40% of the thickness of the
crust, with live cells below. Other plants
temporarily lost pigm-entation. The story is
slightly complicated by observations of
bleaching in other areas of Wales and the UK,
suggesting that the hot weather in summer 1995
or cold weather in winter 1995/96 could have
had an effect. However, the observed timing and
distribution of severe bleaching, and the
anatomical evidence from affected plants, bear
out the conclusion that oil was the principal
cause of the damage in Pembrokeshire.

Bleached coralline
algae in West Angle
Bay, March 1996

(R Crump, Orielton
Field Centre)

Continued monitoring during 1996 and 1997
showed that while some plants of Lithophyllum
and Phymotolithon died completely, most plants
shed the dead layers and continued growing. By
August 1996 most populations were pink and
healthy and very few showed any evidence of
the damage caused by the spill.

Similar effects were observed in the coralline
alga Corallina officinalis, which forms a low turf
in rockpools and lower shore areas. The
recovery potential of this species was
highlighted by results from one upper shore
rockpool where the plants were dead in August
1996, but by April 1997 the rockpool sides were
covered with healthy small plants.
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Qiled barnacles and
new spat, June 1996
() Moore, OPRU)
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It is worth noting that while oil-induced
bleaching of corallines has been observed at
spills in the past, this has been the first detailed
study of the effect and recovery.

4.4.2 Other red algae

Broad scale monitoring of rocky shore habitats
using close-up video at selected oiled sites’
showed that some species of foliose and
filamentous red algae were bleached. These
included Chondrus crispus and the sand-binding
alga Audouinella which was extensively bleached
in March and April 1996 but which quickly
recovered and then had a very good year in 1997.
Records for a few of the less common species
suggest that pre-spill populations were not
present in post-spill surveys at West Angle Bay.

4.5 BARNACLES AND OTHER
CONSPICUOUS FAUNA

Large scale mortality of barnacles, particularly
Semibalanus balanoides and the two species of
Chthamalus, was reported from around Dale
and in a few locations around Tenby,
Saundersfoot and Pendine”. The mortality

varied between sites and was caused by
toxicity,

chemical large scale physical

smothering or a combination of both. However,
in most areas the majority of barnacles appeared
to survive, with only small patches smothered by
thick oil. During May 1996 there was generally a
good settlement of Semibalanus balanoides
spat on shores throughout Pembrokeshire,
although recruit-ment of juveniles on some
shores around Milford Haven may have been

hindered by the presence of dense algae. This
was expressed as a slight reduction in adult
barnacle densities recorded at a few sites in
October 1996, compared with pre-spill records
from October 1995°. Densities of other
barnacles, and of S. balanoides at most sites,
were otherwise very similar to pre-spill
densities.

Oiled sea slater,
February 1996 (E Bent)

Comparison of October 1995 and October 1996
abundances for other conspicuous invertebrates
(ie invertebrates which are not hidden in
crevices or elsewhere) in Milford Haven
waterway showed only a very few significant
changes that could be related to oil exposure’.
The conspicuous rocky shore species that were
visibly affected by oil immediately after the spill
included: many sea slaters (Ligia oceanica),
which were smothered by oil in some upper
shore areas; some dogwhelks (Nucella lapillus),
which had fallen from rocks at St Catherine’s
Island; some rockpool blennies (Blennius
pholis), which were washed up around Tenby”’
However, sea slaters had a good year in 1996 and
large numbers of juveniles were observed at
various sites in September.

4.6 CRYPTIC FAUNA

Effects on the many small cryptic (ie “hidden”)
species of rocky shore fauna which hide in
crevices and algal turfs are much harder to
detect, but there was evidence of impacts on
certain groups. For example, many species
of gammarid amphipods (small mobile
crustaceans, such as sand hoppers) are known to
be sensitive to oil pollution, and dead
amphipods were observed under upper shore
stones at some oiled sites including Chapel Bay
(see also §4.13.1).



Two further studies have also shown that
amphipod populations were depleted. In the
first, oarweed (Laminaria digitata) holdfasts (ie
the branching structure where oarweed fastens
itself to rock, which typically contains a high
diversity of small animals) were collected from
16 sites around Pembrokeshire and north Devon
in March 1996". Analysis of the fauna present in
these holdfasts showed a strong negative
correlation between numbers of species and
distance from the spill site (ie there were fewer
species near the spill site). Small crustaceans
were particularly affected, with an almost
complete lack of any amphipods at the badly
oiled sites, while large numbers of Jassa falcata,
Lembos websteri and Aora typica were present
at unaffected sites. Polychaete worms (parti-
cularly Polydora ‘ciliata’ and Fabricia sabella)
and brittlestars were also missing, but molluscs
did not show a clear pattern related to the spill.
These results suggest that the greatest effects
were limited to sites up to 6 kilometres from the
spill - ie where the oil was most acutely toxic -
but an intermediate zone of effect extended to
15 kilometres. Further studies are underway to
follow the recovery process.

A similarly striking loss of amphipods and other
cryptic fauna was recorded in a study of fauna
living in Corallina alga turf in rockpools at West
Angle Bay“. In this case the comparisons were
with control sites in South Devon and some pre-
-spill observations at West Angle Bay. Analysis of
samples taken two months after the spill showed
that there were very few mobile crustaceans,
worms or molluscs in the West Angle Bay turf
and that the brittle star Amphipholis squamata,
which is normally characteristic of these turfs,
was absent. On the other hand, there were
unusually high abundances of harpacticoid
copepod  crustaceans, nematodes and
turbellarian worms. Evidence of a fairly rapid
recovery could be seen in July and October (four
and eight months after the spill), through a
process of adult recolonisation (from deeper
areas of the pools and the subtidal zone) and the
recruitment of juveniles; but the communities
were still different from the expected normal
situation. However, there was an apparent full
recovery by March 1997, demonstrating the
opportunistic nature of these species with short
life histories and high fecundity. The results of
this study also highlight the potential value of
algal turf fauna for pollution monitoring. The
acute sensitivity of the species to oil, the
vulnerability of their habitat near the surface of
rockpools and the ease of quantitative sampling
make them almost ideal subjects for such
monitoring.

4.7 OVERHANGS, UNDER-BOULDER AND
ROCKPOOL COMMUNITIES

Lower shore habitats are not often oiled in oil
spills and very few previous studies have
described notable impacts on the communities
found there. The availability in Pembrokeshire
of considerable pre-spill information and
experienced marine biological surveyors has
been used to study some of these communities
in much greater detail than has been possible at
most other spills. Furthermore, during the first
week of the spill the large spring tides did
expose lower shore habitats to quantities of
fresh crude oil. West Angle Bay was particularly
badly affected and many rockpools, overhangs
and under-boulder communities of this rocky
shore - which is designated as a marine
biological SSSI - were smothered in oil during
low tide on many consecutive days. The richly
colonised overhangs and caves at St Catherine’s
Island, Tenby, were also badly oiled.

The results of the studies to date do not,
however, indicate any serious or long term
damage to lower shore or rockpool communities
(other than the effects on cryptic fauna
described above and Asterina below). Typical
communities of sponges, hydroids, anemones,
bryozoans, ascidians and red algae were still
present and apparently healthy in surveys

7.2,15,16,17

carried out during 1996 and 1997 ;

The rockpool study' highlighted the profusion
of the green alga Enteromorpha during the
summer of 1996, but by March 1997
communities had returned to a more normal
structure, similar to those in March 1996.
Observed mortality of macrofauna was limited
to some dogwhelks, periwinkles and limpets in a
few small upper and mid-shore pools around
the Tenby area. However, there was evidence
that prawns (Pandalus and Palaemon spp etc.)
and gobies (Pomatoschistus spp etc.) in rock
pools had decreased in numbers temporarily, as
decreased predation on eggs of the cushion
starfish and barnacles was observed during
1996". This study has also acted as a pilot study
on rockpool monitoring methodologies and has
listed a number of guidelines for the
establishment of monitoring programmes at
future oil spills.

Studies of reproductive development in the
lower shore bryozoan  Alcyonidium
gelatinosum'q have produced some puzzling
results that may have been caused by the oil.
Release of larvae from colonies at Angle was
much later and more protracted (from October
1996 to April 1997) than at the reference site at
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Solva in north Pembrokeshire (May to July),
suggesting a possible delay in development.
However, it seems that this was a temporary
effect, as the colonies began to release larvae
again in June 1997. Other stages in the life cycle
of Alcyonidium populations do not appear to
have been affected.

4.8 EFFECTS ON UPPER SHORE AND
SPLASH ZONE LICHENS

The lichens in the splash zone (ie the area just
above where the high tide reaches) on some
rocky shores were badly oiled. This was due to
the extremely high tides during the first few
weeks of the spill and some strong northerly
winds that drove oil high into splash zone areas
on north-facing shores. The heavy fuel oil on
the relatively wave-sheltered north-facing
shores of Milford Haven has caused the greatest
concern. An almost continuous coating of oil
remains on splash zone and intertidal fringe
lichen communities along a 10 km stretch of this
coast, and this could remain for

several years”"m21 Impacts on
lichens have also been described
at West Angle Bay and at
Hopgang Cove on the mainland
within the Skomer Marine
Nature Reserve . There are
patches of oil on splash zone
lichens in many places along the
south Pembrokeshire cliffs.

The clearest effects were seen in & :
the lower splash zone. Here the
foliose orange lichen Xanthoria
parietina and the fruticose
lichen Ramalina siliquosa ©%
showed signs of necrosis and
bleaching within a few weeks of
the spill, and some colonies
disappeared over the following winter. The
yellow lichens Caloplaca marina and C
thallincola also showed some signs of stress and
damage, with damaged fronds visible in many
oiled thalli in spring 1997. The bulk of the splash
zone lichen communities above the distinct oil
tide mark were apparently unaffected. Below
the splash zone it is more difficult to see the
effects of oil on lichens, particularly on the black
Verrucaria maura which dominates the
intertidal fringe and appears to survive under a
thin coating of oil. However, some colonies of
Lichina pygmaea were bleached or partially
bleached by oil, with a subsequent reduction in
colony size.

These observations are similar to those
described following a large spill in Bantry Bay,

south-west Ireland™. The long term fate and
recovery rate of oiled lichens is uncertain, and
longer term monitoring could provide useful
information.

4.9 SPECIES OF PARTICULAR
CONSERVATION IMPORTANCE
4.9.1 Cushion starfish

Impacts of the oil spill on two pecies of cushion
star - the common Asterina gibbosa and the rare
A phylactica - in rockpools on the north side of
West Angle Bay have generated considerable
interest. The populations in these pools have
been well studied” and the initial description of
A phylactica as a new species was from
specimens collected there™. The site is also one
of only a few places where the species is known
to occur in the UK, although recent interest has
resulted in the discovery of some subtidal
populations in north and south Wales. The
population is therefore of scientific and
conservation importance.

Cushion starfish Asterina phylactica (the small,
darker-coloured starfish) and A gibbosa (S Schott)

The pools were heavily oiled with fresh crude oil
on the first day of the spill and on subsequent
occasions and, although the area was targeted
for intensive clean-up effort, they remained
contaminated to some extent for many weeks.
The first two post-spill surveys, in late April and
early June, found that the populations of starfish
had been severely affected although the larger
individuals of A gibbosa were still relatively
abundant and apparently hcalthym. Of greatest
concern was the reduction of the A phylactica
population from a pre-spill population of over
150 individuals to a post-spill total of only 13
individuals widely spaced over the area.
Asterina do not have a planktonic larval stage
and so it was expected that recovery of such a
small population would take many years.



Follow-up surveys and observations over the
next 12 months showed a rapid recovery of the
A gibbosa population, with size frequency
distributions very similar to those from the same
months in the 1970s surveys. It is possible that
the recruitment of juveniles benefited from the
effects of the oil on the shrimp Palaemon
elegans, a known predator of Asterina egg
masses. Circumstantial evidence (see §4.7)
suggested that these shrimps were missing
during much of 1996, but have since returned.

Recovery of the A phylactica population was
slower and much less certain. However, some
egg masses were laid and successfully hatched
during June 1997, showing that there was still
some reproductive capacity in the population.
There was also some evidence that the species
may be capable of self-fertilisation which could
compensate for the difficulty of cross-
fertilisation when the population was so
sparsely distributed.

4.9.2 Paludinella littorina

Another rare species for which there was some
concern was the mollusc Paludinella littorina
(classified as “vulnerable” in the Red Data Book
and specifically protected by law). However, re-
-surveys in March 1997 of the only two known
sites for this species in Wales - in upper shore
caves in south Pembrokeshire - found the
populations were apparently unaffected by the
spill”” .

Sediment Shores
4.10 Introduction

Sediment shores (7e those composed of sand or
mud) are less common than rocky shores around
the Pembrokeshire coast, making up less than a
quarter of the coastline affected by the oil spill“.
The most familiar are the sandy amenity
beaches, but sediment types range from coarse
sand and gravel on open, exposed shores,
through finer sands in Carmarthen Bay, to mud
in sheltered embayments and tributaries of the
Daugleddau and Milford Haven
waterway.

Estuary

Coarse sand beaches support a range of a few
hardy species, but the muddier shores and those
with a mixture of sediment sizes are immensely
productive biologically and form an important
part of the marine ecosystem (Box 4.1). These
are particularly important as fish nurseries and
feeding areas for migrant birds. In sheltered
bays and estuaries the strandline - the line along
the upper shore where natural and man-made
debris is deposited by the high tide - supports
both marine and land invertebrates which feed
on decomposing organic matter, and in turn
these are an important food resource at certain
times of the year for birds.

The impact of oil on sediment communities is
determined both by the amount of oil and by the

Box 4.1 THE BIOLOGY OF SEDIMENT SHORES

Sediment shore communities can be complex and varied, often containing a vast number of
different species. Many organisms have very specific requirements for food and habitat, and this
largely determines which species are found in a particular area.

Micro-organisms (microflora and fauna) such as algae, bacteria, fungi and protozoans form
the basis of the marine food web. The most numerous algae are the diatoms which occur in
surface sediments.

Meiofauna are the many different types of animals smaller than 0.5mm which feed on the micro-
organism communities. The most abundant are nematode worms and the smaller species of
copepods. The nematodes occur most frequently in fine sediments and feed mainly on bacteria
or algae. Copepods are crustaceans which eat algae, bacteria and detritus, and many are the prey
for juvenile fish. They are found with a variety of body shapes which reflect the particular
demands of the environment in which they live.

Macrofauna are animals larger than 0.5mm, and include species of molluscs, crustaceans and
polychaete worms (“bristleworms”). They are a major source of food for birds and fish. The
molluscs are generally bivalves such as cockles and razor shells. These live burrowed into the
sediment, feeding and respiring through fleshy siphons. A wide variety of macrofaunal
crustaceans can be found, ranging from small amphipods (such as sandhoppers (see §4.13.1))
to crabs. All are mobile, feeding and sheltering in the surface layers of sediment. Some
crustaceans brood their eggs and young which are then released directly into the sediment close
to the adults. Others release their eggs into the plankton. This is significant for the rate of
recovery of populations affected by an oil spill. There are a great many species of polychaete
worms of varying size and lifestyle.
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duration of exposure, which in turn largely
depends on the type of sediment. Oil penetrates
readily into coarse grained sediments, but there
it is also relitively amenable to being flushed out
or relocated by water movement. Higher
hydrocarbon levels are usually found in
sediments with a high proportion of fine
material as the hydrocarbon molecules become
associated with the organic layer surrounding
the sediment particles. The hydrocarbons are
less likely to be flushed out of the finemuds
where oxygen cannot reach. Sedentary species
in these fine sediments are therefore at the
greatest risk of long exposure to raised levels of
hydrocarbons. The working of sediments by
deposit feeding animals (such as many worms) is
important as it leads to aeration and an increase
in the populations of micro-organisms,
particularly bacteria, which can metabolise the
oil residues, breaking them down. These micro-
organisms then provide an additional food
supply for other species.

As well as these differences in exposure to oil
related to sediment type, there was considerable
variability in the amount of oil impacting a
shore, its toxicity and the length of time it
remained there (see §4.1), as well as in the
concentration of oil in the water covering the
intertidal areas during each tide. This highly
variable exposure to oil across a spectrum of
sediment types and communities was expected
to result in a wide range of impacts.

The most obvious effects of the spill were the
large numbers of dead and moribund animals
which were washed onto beaches in the weeks
following the spill. Whilst many of these may
have come from intertidal areas, most probably
came from the extensive shallow sand areas
below low water level and so these strandings
have been described in §3.5.1.

As well as recording these strandings, studies
were carried out to investigate further effects on
the different sediment shore communities. In
order to allow proper comparison with data
collected before the spill, many of these studies
were confined to particular beaches and times
of year, and so there was only partial overlap
between the studies in the sites and timing of
surveys. Details of the studies and the sites are
shown in Box 4.2 and figure 4.3.

4.11 MICROFLORA

The direct toxic effect of oil pollution on beach
microflora is largely unknown. However,
pollution may result in the increased abundance
of those organisms which are able to metabolise
some oil <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>