


Observing changes in marine ecosystems

1

Science to support
small island states
during the climate
change challenge

2

Towing PMLU's
autonomous databuoys
into position in the
English Channel

We live in a rapidly changing environment.
One of the great challenges of our age is to
understand, predict and mitigate the
consequences of environmental changes,
such as climate, biogeochemical cycles and
use of natural resources.

Global change will lead to large-scale alterations in
climate, i.e. structure, temperature, light and patterns, and
ocean circulation, while enhanced atmospheric CO; levels
will lead to acidification of the oceans with significant
impacts on ocean biogeochemistry, calcareous organisms
and potentially the reproductive success of fish.

All these changes will impact on the overall structure and
functioning of marine ecosystems. Simultaneously,
combinations of direct anthropogenic drivers, such as
fishing, eutrophication and pollution impact, at both
organismal and population levels, influence the
competitive ability and dominance of key species and,
thus, the structure of marine ecosystems.

Marine observatories are a vital component in responding
to this challenge, giving early warning of changes in
ecosystem function and providing information to improve
forecasts and associated social and economic impacts.
PML operates two long-term observing systems with

the aim of improving understanding of the structure and
functioning of marine ecosystems, the interactions
between physical and ecological processes and the impact
of climate change on the ocean.
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Western Channel Observatory (WCO)

The WCO represents a collection of long-term observation
stations, situated in the English Channel, within 30 miles
of PML. In situ measurements have been taken at these
stations on a weekly basis for over 100 years and the
resultant data is sent back to PML to be processed and
integrated into modelling and Earth observation research.

This year has seen many new developments at the WCO,
not least of which was the launch of two autonomous
databuoys in July and August 2008. The windiest
summer for 40 years certainly gave them a good test
and bringing them in for the winter has allowed time to
redesign the mooring structures, the onboard software
and communications before re-deployment in the

Spring of 2009.

An additional WCO node has been made live through
closer collaboration between PML and the Rame Head
coastguard look-out post. This provides an ideal reception
point for the autonomous buoy data and ensures that
hourly meteorological data are received from the Rame
Head station.

2008 also marked twenty years since the
re-establishment of the L4 zooplankton time-series. In
recognition of this event, a special issue in the Journal of
Plankton Research is being produced, collating the
numerous research and time-series threads of the WCO.
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Atlantic Meridional Transect (AMT)

The AMT time series of cruises continued in 2008, with
six PML scientists taking part in AMT-18, the first of the
Oceans 2025 missions between the UK and the Falkland
Islands. They were joined onboard the RRS James Clark
Ross by Oceans 2025 partners from the National
Oceanography Centre, Southampton (NOCS) and other
colleagues from the Natural History Museum, Warwick
and Newcastle Universities, the Bigelow Laboratory for
Ocean Sciences (USA) and the first SCOR-POGO-AMT
fellow from the Universidad de la Republica, Uruguay.

During this research expedition, which sampled in diverse
oceanographic regimes ranging from temperate to tropical
conditions, PML scientists performed leading edge
research into the function of Atlantic ecosystems in a
sustained effort to extend their 14 year observational
dataset. Results will be related to the hydrodynamic
regimes encountered, thanks to two firsts for AMT - the
onboard participation of two NOCS physical
oceanographers and the deployment of a moving vessel
profiler for the collection of fine-scale oceanographic data
along most of the transect.

Measurements of phytoplankton carbon fixation, the
process which fuels food-webs and contributes to the
removal of atmospheric CO; into the ocean, were
determined in order to assess trends in the primary
production of different phytoplankton size classes in

relation to climate change variables. A modelling analysis
of similar data, which combined ship-based observations
with satellite data on sea-surface temperature (SST)
collected between 1998 and 2005, has shown that an
observed increase in SST over this period has correlated
strongly with a decrease in primary production in all ocean
provinces, and was most marked in the northern
hemisphere. Elsewhere on the ship this collaborative
venture with colleagues from NOCS was taken further
with the deployment of an imaging flow cytometer -
FlowCAM - used to provide onboard visualisation and
quantification of net collected plankton, which ranged in
size from 25 - 1000pm (0.025 - Tmm).

AMT is now contributing to the quality control of global
oceanographic data by providing reference material via
the International Nutrients Scale System and
Meteorological Research Institute, Japan, to assist with
inorganic nutrient calibration.

Links with the outside world were maintained throughout
AMT-18 by regular blog and website updates which
provided launch material for the Google Earth Oceans layer.
Over the last 14 years participants from over 11 countries
have joined these cruises, resulting in 178 refereed
publications and three special editions of leading journals.

5
Images of various sized
plankton from FlowCAM

3
Fine tuning the CTD
device on deck

4

Satellite Chl-a image
processed by PMU's
remote sensing
scientists for the AMT
cruise
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Living in a high CO, world

1

As global temperatures
rise polar regions begin
to warm and melt,
contributing to sea
level rise and further
warming from the
reduced reflection of
the sun's energy

2

Tropical reef forming
coral which uses
calcium carbonate to
produce its skeleton

Every time energy generated from fossil
fuels is used, CO, is released into the
atmosphere. CO, is the most important gas
contributing to global warming. Since the
Industrial Revolution levels in the
atmosphere have continued to rise sharply.

The Earth’s natural buffering processes can no longer
mitigate the additional emissions of greenhouse gases
and we now face a major challenge - that of living in a
high CO, world. The two main consequences of increased
CO:; levels are global warming and the recently recognised
problem of ocean acidification.

Likely impacts of climate change include increased global
temperatures, sea level rise and effects on weather
systems. Such changes could have serious consequences
for ecosystems and affect the lives of millions of people,
especially those living in areas vulnerable to extreme
natural conditions.

Existing policies and technologies relating to climate
change, energy security and sustainable development
struggle to counter these challenges. There is a need for
further research to gain a better understanding of the
likely consequences to help the development of realistic
policies and strategies for the future. The ocean is the
largest climate regulator on Earth and understanding how
it is affected is fundamental to help prepare society,
through mitigation and adaptation, for the inevitable
environmental changes that will occur.

Nearly half of the CO, produced by burning fossil fuels
over the last 200 years has been absorbed by the oceans,
thereby buffering climate change. However, there has
been a cost; when CO; dissolves in water it forms carbonic
acid, so when more CO; is taken up by the surface oceans
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the pH decreases (pH is a measure of acidity) and the
carbonate ions, used by marine organisms to make their
shells and skeletons, also decrease. This is called “ocean
acidification” and it is happening at a rate that is much
faster than at anytime in the last 65 million years. The
effect of ocean acidification on marine ecosystems has
only been recognised recently. It is of growing concern to
scientists and policymakers involved in climate change,
biodiversity and the management of marine
environments. National and international research
programmes are being developed in recognition of the
potentially serious consequences of ocean acidification.
It is not only important that the UK fully engage and
develop strategies in reaction to these parallel issues,
but also provide support for developing countries.

European Project on Ocean Acidification (EPOCA)

To address the numerous gaps in the general
understanding of ocean acidification, EPOCA was
launched to consolidate research from around Europe,
investigate the impact of ocean acidification on biological,
chemical and physical processes, forecast likely
consequences in the next 100 years and advise
policymakers on potential tipping points.

PML is one of 27 European partners that make up the
consortium, bringing together many oceanographic
institutions and more than 100 world-leading scientists
from across nine countries. PML has been actively
investigating this issue for over five years and has taken
a principal role within this consortium, by leading the
Reference User Group and being part of the Executive
Board, to assist the co-ordinating team.

In the short time EPOCA has been running, the project has
already been involved in a number of workshops, funded
research, such as the work undertaken by PML PhD
students in the Arctic circle and has been heavily involved
in the formation of the Monaco Declaration.
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Ocean acidification in China

Funded through the Foreign & Commonwealth Office
(FCO) Public Diplomacy Fund, PML has held a number of
workshops in China on ocean acidification in collaboration
with the Heriot-Watt University and Chinese partners:
the South China Seas Institute for Oceanology, Chinese
Academy of Sciences; the South China Institute for
Environmental Science, Ministry of Environmental
Protection; the Hainan Association of Science &
Technology (HAST); and the Hainan Research Institute

of Environmental Sciences (HIES).

The workshops engaged policymakers (in particular those
involved with planning, development, food and fisheries),
researchers and stakeholders who make a living from the
sea. In addition, a Café Scientifique was organised in
Guangzhou with around 150 participants, involving mainly
university students and young professionals. The aim of
this event was to publicise the effects of ocean
acidification to a wider audience and to emphasise the
importance of reducing emissions.

A further report, providing an overview on ocean
acidification and detailing the next issues to address, will
be distributed amongst 6,000 policymakers in China.

Link discovered between extreme weather event
and marine ecological change

PML scientists have discovered evidence of a direct link
between an extreme weather event and episodic changes
to the ecological conditions and processes of the marine
environment of the Western English Channel. With climate
change scientists predicting an increase in the frequency
and duration of extreme weather events, these
modifications could have significant implications on how
our coastal seas function in the future and ultimately on
the goods and services provided by the oceans.

The research, undertaken by PML, the University of
Plymouth and supported by the Environment Agency
(England and Wales), has demonstrated that 2007's record
breaking summertime rainfall over the South West of
England caused a change in the behaviour of the
phytoplankton populations, which form the base of the
marine food web. The higher rainfall resulted in increased
land “run-off” into the river systems, which was heavily
enriched in nitrogen nutrients and had the effect of
fertilising phytoplankton activity in coastal areas. Under
normal conditions, much of the river-borne nutrient load is
diluted or removed by biological activity whilst still in
estuaries. However, after extreme rainfall conditions,
freshwater and nutrients were flushed away from the
coast and were detected 10 miles offshore at one of
PML's sampling stations. Inorganic nitrogen
concentrations were raised by more than five times the
summertime average, but without a similar increase in
inorganic phosphorus, creating an unbalanced nutrient
supply for the phytoplankton.

To combat this imbalance, some species reacted by
liberating phosphorus from organic compounds, an option
only available to a limited number of algal groups, as it is
a far more biologically expensive process. This changed
the function of existing populations and favoured those
that could afford the more energy consuming routes to
obtain phosphorus. This raises many questions about
future marine resources under the forecasted increase in
extreme weather events, specifically with respect to the
occurrence of nuisance algal species and the threats they
may pose to fisheries, aquaculture and human health.

PML plans to continue this work by extending the field
research to the north-west African coast and Atlantic
Ocean during research cruises scheduled for 2009.
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Land “run-off” flows
into river systems
depositing agricultural
chemicals, petroleum
substances and other
soil contaminants

-
[
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PML PhD students
sample the coastal
waters of Svalbard,
Norway to investigate

further the issue of
ocean acidification

4

Representatives from
PML with Chinese
partners in Guangzhou,
China



Economic and ecological impact of
the Lyme Bay closure

Changes over space
and time /.

Managing the
marine environment
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PML contributes sound science and advice on the marine
environment to help in the formation of management
strategies and policies
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Marine planning

1-2

The marine
environment requires
careful management
to help balance

the demands of
various users

The marine environment provides a
plethora of goods and services to the
global community, such as food,
recreational activities and the potential
of a vast resource for biotechnology.
Exploitation of these marine resources
needs to be managed carefully to ensure
that they will continue to be available in
the future.

This management process is referred to as marine
planning and is a key component of the UK's Marine and
Coastal Access Bill. However, satisfying the conflicting
requirements of different marine uses, for example,
fishing, aggregate extraction, renewable energy
generation and environmental conservation, is
challenging.

PML is working to address these challenges and provide
advice and support to policymakers, who need to achieve
a sustainable approach to the management of human
activity in the marine environment. Marine planning
needs to be underpinned by good science in order to
understand and predict the combined impacts of different
human activities from environmental, social and
economic viewpoints. PML's approach is to understand
firstly through both empirical approaches and meta-
analysis of existing data, how different activities impact
the different components of marine ecosystems and their
functioning. The impacts can then be simulated during
scenario testing in ecosystem models to predict further
impacts on delivery and sustainability of ecosystem
services. By quantifying changes in ecosystem services
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and their marginal values in response to different
management scenarios PML's approach aims to inform
and support decision making and policy development.

PML is currently developing these approaches within
Oceans 2025, as well as through commissioned research
from the Department for Environment, Food and Rural
Affairs (Defra) to examine the socio-economic effects

of the recently implemented Lyme Bay protected area,
and from the Marine Aggregate Levy Sustainability
Fund in relation to understanding the impacts of
aggregate extraction on ecosystem goods and services
and their value.

Managing the marine environment

The UK government intends to take a more strategic
approach to managing marine activities and protecting
marine resources in the future. The introduction of the
Marine and Coastal Access Bill will provide the legislative
tools necessary, whilst pioneering a system of marine
management, covering new planning practices that set
out the government'’s strategic marine objectives. Marine
plans are being developed to identify in more detail what
should happen and where in each area of the sea. It will
set up a new Marine Management Organization under
which many of the existing, diverse areas of marine
regulation will be centralised. It aims to streamline the
existing marine licensing system; introduce new measures
to reform fisheries management; provide a framework for
establishing marine conservation zones, and enable the
creation of an access route around the English coast.

Development of the Bill has been underpinned by
stakeholder consultation since 2006. PML has made
written contributions to the various stages of the process,
drawing from research that includes studies into the
valuation of biodiversity and natural resources (funded by
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NERC); an exploration of the social and economic
impacts of the designation of part of Lyme Bay as a
marine protected area (funded by Defra), and an
investigation into the human dimensions of marine
protected areas, commissioned through the “Living
With Environmental Change” programme. PML has
also given evidence to the House of Lords’ and
House of Commons’ Joint Committee on the Draft
Marine Bill (June 2008) in Westminster.

At the time of writing the Bill is at its second
reading stage in the House of Lords. It will then
move to report stage, with amendments being
proposed. PML is co-ordinating views on behalf of
the Plymouth Marine Sciences Partnership (PMSP)
to the Lords, via Lord Kingsland. PML is actively
promoting the use of sound science and research to
underpin many of the aims and objectives of the
Bill. This relates particularly to marine planning and
the achievement of conservation objectives, and
PMLU's contributions are aimed at assisting the
government to achieve this. Further information
and current status of the Bill can be found at:
http.//services.parliament.uk/bills/2008-09/
marineandcoastalaccess.html.

Changes over space and time

Plymouth has been one of the major centres of
European marine research since 1888 and the
Plymouth Marine Fauna dataset comprises one of
the most complete catalogues of marine life in the
world. Yet, as we have started to move towards
understanding the way in which ecosystems
function, it has become clear that we need to
understand far more about the way in which both
the biology and the chemistry of the seafloor
change over space and time.

Oceans 2025 has provided an opportunity to obtain
some missing information by establishing a
programme of sampling every other month at five
contrasting local sites, ranging from the coarse
offshore shell gravel of the Eddystone Ground to
the sheltered mud of Jennycliff Bay. At each site, a
variety of sampling gear is deployed and a team of
chemists and biologists collect samples for analysis
either in situ or back in the laboratory. Although
the programme has run for less than a year, some
of the results are already surprising. For example,
the dominant species at Rame Mud is a burrowing
sea anemone, which is not recorded in the
Plymouth fauna and is almost unknown in world
literature. Knowledge of many of the other large or
abundant species encountered is little better. In
order to understand how local ecosystems work, it
is essential to know how functionally important
animals vary in abundance through the year, how
fast they grow and when they breed. As samples
are analysed, these questions will be answered and
understanding of the way in which energy is moved
through seafloor ecosystems wil be advanced.
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A spiny starfish and
squat lobster from
Plymouth’s diverse
marine fauna

5

PML staff using a box
corer to take samples
of seafloor sediment



Social and economic analysis

1

There is a wide range
of goods and services
provided by the
oceans, from food
(oyster tables shown)
to climate regulation,
making them one of
the most valuable
resources on Earth

2

The importance and
value of marine

and coastal resources
is more easily
communicated
through the goods
and services they
provide humankind

Human development, and indeed survival,
is dependent on the exploitation of
environmental goods and services.,

The application of science is essential

to ensure that our continued use of the
environment is sustainable, efficient

and equitable.

PML aims to provide policy relevant, interdisciplinary
science, which can be applied to mitigate environmental
and social problems to support sustainable management
strategies, in both developed and developing countries.

The growing team of socio-economists at PML works in
close proximity with natural scientists in all core areas of
science, thus combining PML's well established marine
science expertise with social and economic dimensions.
A variety of social and economic methodologies are
available, with an integrated approach to marine
environmental issues, including valuation, decision
support systems and stakeholder analysis. These
techniques are applied to support the management of
marine biodiversity, marine planning, the designation of
marine protected areas, fisheries management and

communication across different organizations at all levels.

By translating the complexity of marine ecosystems into
“services”, their importance can be communicated more
readily to policymakers, politicians, managers and the
general public. These services include: food resources,
such as fisheries; waste processing through filtering;
detoxification and transformation of pollutants; climate
regulation; provision of flood and storm protection;
support of national identity, cultural and cognitive
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development, and enhancing resilience to, and recovery
from, human and natural impacts. In addition, these
services can be valued in both monetary and non-
monetary terms. Determining the “value” of marine
biodiversity and marine ecosystems is a route to
assessing their socio-economic importance and assists
with their equitable inclusion in policy decisions.

Recently PML has played a significant role in contributing
advice on the marine environment to help determine the
future of the UK socio-economic research strategy and
providing extensive input into many policy documents,
including the UK Marine and Coastal Access Bill.

Economic and ecological impact of the
Lyme Bay closure

During 2008, the UK government closed sixty square
miles of Lyme Bay to scallop dredging and heavy
demersal trawls in order to provide protection against
damage to marine ecosystems. It is, however, remaining
open to sea anglers, scuba divers, fishermen using pots
and nets and other recreational users. This action has
attracted considerable public interest, mainly because the
area is of national conservation concern, as well as being
an important fishing area.

PML has a strong history of research and provision of
advice on issues of marine resource management in the
UK and Europe. It thus became a natural partner for the
Department for Environment, Food and Rural Affairs
(Defra) funded, three year monitoring project of the
protected Lyme Bay area.

Quantitatively assessing the social and economic impacts
resulting from the initiative is essential for future
planning of marine protected areas (MPAs). This study is
split into three aspects of research: evaluating the effects
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of the closure on benthic and reef-associated species
and communities in Lyme Bay; evaluating the effects
of the closure on scallops, the primary target species,
and evaluating the social and economic effects of the
closure at local and regional scales. PML is leading
the assessment of the social and economic impacts of
the closure.

Preliminary results from the fishing industry indicate that
there have been no significant changes in the gears used,
value of landings and fishing duration. This implies that
costs have remained stable since the closure. However,
most fishermen agreed that any impacts were yet to be
felt, since the period examined coincides with a voluntary
closure. In terms of general stakeholders, again, there
have been no major impacts demonstrated over the
evaluation period. However, the research is at an early
stage and a more robust assessment will be undertaken
following the “peak” season.

Impacts on global fish production

Climate change is accelerating. It is known that the
oceans are warming and that this is affecting a number
of physical, chemical and biological processes in marine
ecosystems. However, understanding of the impacts of
climate change on fish production and other ecosystem
services is limited by several factors. These include the
lack of adequate models capable of scaling up the
biological responses to climate change from primary
producers to fish, and inadequate methodologies to
determine likely causes between the multiple climatic,
biological and socio-economical stressors affecting

fish production.

QUEST-Fish, a NERC-funded research consortium between
leading UK and international institutions, is addressing
these challenges through an innovative, multi-scale,
multidisciplinary approach, focusing on quantifying the
impacts of climate change on global fish production

and the consequences of these changes for human society.
The project is anchored on coupled biophysical models of
shelf seas, forced by Global Climate Model forecasts to
predict ecosystem functioning in pre-industrial, present,
and future scenarios. Plankton production is then used to
estimate potential fish production change between
scenarios using size-spectra models.

Finally, investigation of the vulnerability of national
economies to climate change effects on fisheries is
undertaken, as well as the vulnerability of global markets
to these changes. Initial results suggest that the
consequences of climate change will depend on the
capacity of human societies to adapt to the physical and
biological impacts. This PML co-ordinated research will
provide new insights into the complex interactions
between humans and nature.

@

3

The oceans provide
approximately a billion
people with their main
source of protein

4

Global fish imports.
Territory size shows the
proportion of worldwide
net imports of fish (in
USS) that are received
there. Net imports are
imports minus exports.
When exports are larger
than imports the
territory is not shown.
Image courtesy of
Worldmapper.com
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Energy and the environment

1

The ocean can provide
a constant and

totally renewable
source of energy

2

Based on current levels
of consumption,
currently known oil
reserves around the
world will be used up
within 40 years

20

It is now widely accepted that climate
change is one of the most important
issues facing the global community and
that a reduction in human induced €O, is
urgently required.

Currently about 90% of the UK's energy needs are met by
fossil fuels, but a substantial range of initiatives from the
UK government are now in place to stimulate research
and development of efficient, low carbon energy
generation technologies.

Marine renewable technologies are developing fast
and, although they are currently perceived as relatively
benign with minimal environmental impacts on marine
ecosystems, there is as yet little evidence to support
this view. In fact, the ability of healthy, intact marine
ecosystems to sequester CO; is one of the most
important services they provide to society. This function
should be protected at all costs and the ability of
marine ecosystems to continue providing this service,
whilst supporting energy generation, needs to be
investigated fully.

In the UK, as elsewhere in the world, use of coastal
waters has intensified dramatically in recent years. This
reflects the rapid growth of populations at the coast and
intensive use of the marine space by all sectors, for
example, transport, fisheries, communications, recreation,
oil and gas exploitation and now, development of offshore
renewable energy resources too. In order to ensure that
novel technologies for energy extraction do not
compromise sustainable use of marine ecosystems,
innovation across all low carbon sectors is being

PML ANNUAL REVIEW 2008

supported by full-scale renewable energy device
demonstrator programmes. An important aspect of this
research is learning from prototype projects and
investigating environmental aspects in parallel with
performance assessment, before scaling up to arrays
potentially occupying larger areas of marine space.

The dissemination of understanding and learning from
the first round of operational offshore windfarms is now
being transferred to the wave and tidal sectors. However,
mitigation of environmental impacts has, to date, focused
on minimising project scale impacts and the legal
requirements to protect sensitive species. PML has taken
the view that these early demonstrator projects need to
address the wider questions of the sustainable use of
marine ecosystems, by incorporating the difficult
questions in relation to environmental and socio-economic
impact, at the earliest possible stage of technological
development and deployment. This relates particularly to
individual technology potential for reducing carbon
emissions through “clean” energy production, as well as
mitigating environmental impacts for the whole life cycle
of the technology.

Maintaining tidal energy devices

To help deliver the UK's target for 2050 (80% reduction in
carbon emissions) the Energy Technologies Institute (ETI)
has been set up by the UK government in partnership
with a key group of private sector organizations, with the
sole purpose of fast tracking the development of low
carbon energy and greenhouse gas mitigation
technologies.

In 2008 the ETI announced funding for its first four
projects, which included the consortium project ReDAPT
(Reliable Data Acquisition Platform for Tidal), led by Rolls
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Royce and comprising PML, Tidal Generation Limited,
Garrad Hassan, the University of Edinburgh, EDF Energy,
€.ON and the European Marine Energy Centre (EMEC,
Orkney Islands). ReDAPT will begin by installing and
testing a TMW tidal turbine at EMEC and will deliver
detailed environmental and performance information
never before achieved at this scale in real sea conditions.
PML will be investigating problems of biofouling
associated with tidal device performance and the specific
challenges it presents to developers over the full life
cycle of technology deployment, as well as undertaking
some preliminary observations on the micro-scale impacts
of energy extraction. PMLU's role in ReDAPT is to consider
existing, best available, anti-fouling systems for all
technology components, and to evaluate novel
technologies and their potential to meet the specific
needs of the tidal sector. This will include not only
chemical and nanotechnology options, but also
consideration of the novel ways that nature, for example,
sharks and dolphins, has evolved to deal with the
problem.

Assessing the impact of low carbon technologies

The mission of the UK Energy Research Centre (UKERC) is
to become the UK's pre-eminent centre of research, and
source of authoritative information and leadership, on
sustainable energy systems, and for the first time, UKERC
will include an “Energy and Environment” theme in phase
two of its research programme. In preparation, PML has
taken the lead by working with collaborators at University
of East Anglia and the Stockholm Environment Institute,
developing a research programme to assess the impact of
energy production technologies and greenhouse gas
mitigation technologies on the UK carbon footprint.

By exploiting synergies within existing environmental
research, PML and partners will combine predictive
ecosystem modelling with methods for economic
valuation of ecosystem goods and services, to develop
the necessary tools for assessing energy technologies on
a like for like basis.

Three parallel research projects will be undertaken during
the first three years to: evaluate the global impact of the
UK ecological and carbon footprints of energy production
and carbon abatement technologies; develop tools for
assessing the environmental impact of energy exploitation
and carbon abatement in the marine environment and
optimise opportunities for improved sustainability, and also
develop tools for assessing integrated approaches to
sustain and improve water and soil quality, in the context
of exploiting bioenergy resources.

UKERC, the centrepiece of the Research Councils’ Energy
Programme since 2004, is set to continue its
groundbreaking sustainable energy research with a further
round of Research Council funding, which will see the
Centre through to 2014. UKERC will maintain its unique
"whole systems” approach, bringing together engineers,
economists, physicists and experts in environmental and
social sciences to tackle energy issues, such as demand,
environmental concerns, supply, systems and policy.
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As of October 2008,
the UK was the world
leader in offshore wind
power generation, with
590MW of nameplate
capacity. The UK will
require 7,500 offshore
turbines by 2020 to
meet EU targets

4
Tidal energy device,
DeltaStream. Image
courtesy of Tidal
Energy Ltd.
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How healthy are our oceans?

1

Mussels and other
filter-feeding shellfish
are an important
ecological indicator of
marine ecosystem
health

2

In collaboration with
the German company,
GTZ, PML scientists
provide training in
chemical safety in
developing countries

24

There is a tremendously diverse range of
human pressures being placed upon the
oceans and, as a result, there are concerns
about the health and sustainability of
coastal and marine ecosystems.

These pressures include fisheries, aquaculture operations,
shipping, dredging, land reclamation, the discharge of
sewage and industrial chemicals, as well as more subtle,
unintentional effects such as climate change, population
increase and agricultural run-off. Many of these pressures
are increasing globally as human populations concentrate
in the coastal zone. For example, three quarters of the
world’s megacities are located by the sea and the United
Nations estimates that, by 2010, over 80% of people on
the planet will live within 100km of the coast.

Consequently these stressors may result in, for example,
changed ecosystem processes, decreased food supplies,
ocean acidification, loss of biodiversity, an unsafe
environment for recreation and reduced support for other
ecosystems. This could not only potentially damage food
stocks and other biological resources from the sea, but
also change the way in which the Earth system functions
for future generations.

PML is recognised internationally for its expertise in
studying the combined impacts of human pressures on
marine life. Providing societal value across diverse
projects, PML scientists are actively working to
understand the pathways of chemical contaminants
entering the oceans and also their impacts on the health
of wildlife and the food chain. Significantly, this work
addresses increasingly the important group of emerging
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contaminants which have traditionally not been included
in marine monitoring programmes, for example,
nanoparticles and novel anti-foulants, pharmaceuticals
and biocides. Working with global pharmaceutical
companies, PML has also recently extended its
capabilities to address prospective questions about risks
to marine organisms from the use of medicines in human
pandemic scenarios. At the same time, PML continues to
be recognised as an important centre of expertise in
understanding how complex mixtures of historical
pollutants, for example, oil spills from shipping accidents,
can affect marine life.

New chemicals of concern

Emerging contaminants are those chemicals which are of
growing scientific concern, but are not included within
global monitoring programmes. PML has internationally
recognised skills in analytical chemistry and biological
effects’ assessment of direct relevance to emerging
contaminants. In 2008 PML scientists contributed to the
work of the International Council for the Exploration of
the Sea (ICES) on chemical hazards in the sea and also to
the European Science Foundation’s Marine Pollution
Working Group on emerging chemical contaminants. The
Working Group report will be an important advisory
document for the European Commission in the context of
the Water Framework Directive. PML scientists also
participated in the inaugural Gordon Conference on
“Oceans and Human Health” in the USA during the year,
addressing growing problems, such as coastal
eutrophication (increase in chemical nutrients), toxic algal
blooms and endocrine (hormone-producing glands)
disrupting chemicals.

HOW HEALTHY ARE OUR OCEANS?



Concern over emerging contaminants in marine
ecosystems is often driven by progress in analytical
chemistry applied to environmental samples. Advances in
the sensitivity of analytical chemical methods have led
recently to the identification of previously undefined
chemical contaminants in marine environments. Key
examples of emerging contaminants include new types

of anti-fouling paints, halogenated flame retardants,
pharmaceuticals, plastics and personal care products.

The emerging contaminants debate also reflects scientific
concerns that may be raised for older classes of chemicals,
where new biological effects data suggest the potential
for long-term effects in marine biota, for example,
endocrine disrupting properties of types of detergents.

Over the past year PML has been working to understand
the pathways of emerging contaminants and their
biological effects, with special focus on the sensitive
embryo-larval stages of diverse species, such as
echinoderms and mussels. PML researchers and their
collaborators have also shown the serious impact of
discarded plastic in the sea, where experiments showed
ingested microscopic plastic transfer to the circulatory
system of mussels (Mytilus edulis). Over the same period,
PML scientists have also been successful in gaining EU
funding to maintain key skills for studying established
and important pollution sources, such as oil tankers and
other marine transport activities.

Small particles, potentially big problems

The global revolution in nanotechnology means that
every day new extraordinary properties of nanoparticles
(between 1 and 100 billionth of a metre) are discovered,
with applications ranging from new types of marine anti-
fouling paints to nanosilver based biocides for use in
domestic and industrial applications.

In 2008 the UK Royal Commission on Environmental
Pollution concluded that there is a major gap in research
on the potential risks posed by nanomaterials, which are
found in some 600 products globally. In recent months,
PML scientists and their collaborators have been focusing
on two important types of nanomaterials; silver
nanoparticles and the carbon fullerene nanoparticles.
PMLU's research into nanosilver has focused on the
potential effects on microbial diversity in marine
sediments using molecular methods. This is especially
topical given that the Royal Commission expressed
specific concerns over nanoparticulate silver, a highly
effective bacteria killer that can be incorporated into
fabrics to prevent bacterial build-up and odour.

Work at PML over the past year has also addressed the
potential food chain pathways for fullerenes, an important
class of carbon nanoparticles. Novel methods have been
successfully developed at PML for analysing these
compounds in seawater and in organisms, such as
mussels, complemented by studies demonstrating the
bioaccumulation of fullerenes in shellfish.

Last year saw PML hold workshops in Yantai and
Shenzhen in China on “Practical management and policy
issues in coastal marine ecosystems - from ecosystem
health to public health! “. Funded by the Research
Councils UK, supported by the regional politicians and
held in collaboration with PML's Chinese partners, the
Yantai Institute of Coastal Zone Research for Sustainable
Development, Chinese Academy of Sciences and the
Graduate School at Shenzhen, Tsinghua University.
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Nanoparticulate silver
is a highly effective
anti-bacterial. However,
there are concerns
about its effect on the
marine environment

4

An example of
biofouling - the
undesirable
accumulation of
microorganisms,
plants and algae on
wetted structures
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Solutions from the Sea

1

PML scientists continue
to investigate novel
compounds and
suitable alternatives to
environmentally
harmful chemicals

2

PML uses a wide range
of state-of-the-art
molecular technigues,
enabling research from
satellites to cells
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As an island nation, with an extensive
coastline, the UK has a long and intimate
relationship with the sea. Although, in
recent times, the focus has been very much
on the sea as a source of food and
recreational activities, this was not always
the case. For example, the foundation of
the UK chemicals industry was not built on
petroleum-based products but on seaweed.
In the 1820s, the largest chemical factory
in Europe was based in the UK and its major
product was soda ash from kelp (brown
seaweed), which was used in many
manufacturing processes.

Decreasing oil reserves, coupled with a growing need to
recycle resources, has once again brought the marine
environment to the forefront as a source of renewable
materials. The abundance and variety of organisms which
can be found along the UK coastline makes this
potentially a valuable resource for novel applications in
biotechnology.

PML has a strong history of developing solutions from the
sea, whether to help further understanding of the
environment or as a benefit to society. Now, more than
ever, that knowledge is being used for the development
of solutions to the growing environmental problems
humankind faces this century. The diversity and
abundance of marine organisms is allowing us to explore
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alternative approaches to everything - from biofuels

and bioplastics from microbes, to new types of chemicals
and novel methods for making existing chemicals in a
more environmentally friendly manner. By harnessing
this diversity we can reduce damage to the environment,
whilst remaining at the forefront of technological
development.

Green chemistry through blue biotechnology

The need for innovative approaches to the synthesis of
new and existing chemicals, such as pharmaceutical
drugs, is leading to an increased interest in the use of
enzymes as a replacement for traditional synthetic
organic chemistry. The growing need to reduce the
amount of environmentally harmful chemicals used in the
traditional chemical industries has led to a requirement
for “green chemistry” - processes which can perform the
same tasks, but with a reduced environmental impact.
Until recently the use of enzymes has been limited
largely to food production and household products, such
as biological washing powders.

Advances in molecular biology have opened the way to
identifying and producing speciality enzymes
(biocatalysts) specifically for the pharmaceutical and fine
chemical industries. The marine environment is recognised
as being a prime source of new and diverse enzymes,
capable of performing the chemical reactions industry
needs. PML scientists have collected many new and
unusual bacteria, algae and viruses over the years and are
now actively looking at those organisms for enzymes
which could be of use to chemists. Already, a number of
new enzymes have been identified and are currently
being evaluated in collaboration with colleagues in the
chemical and pharmaceutical industries for applications in
“green chemistry".

SOLUTIONS FROM THE SEA



Bacterial conversations and biofouling

The growth of marine organisms on man-made structures,
such as ships, oil rigs and pipelines, is a constant and
costly problem for many marine industries. Work at PML
has demonstrated the importance of a bacterial signalling
process known as quorum sensing in biofouling. Bacterial
biofilms cover every available surface in the marine
environment and the establishment of this bacterial layer
is a critical early step in the biofouling process, by
providing a site at which larger organisms, such as
barnacles and seaweeds, can settle and grow.

PMLU's research has demonstrated that spores of the
green seaweed, Ulva, are attracted to the signalling
molecules which bacteria use for biofilm formation.
However, when production of these signalling molecules
is stopped, the settlement of seaweed spores is lowered
dramatically. Bacteria themselves can produce many
different enzymes to degrade their own signalling
molecules and those of their neighbours. PML has
identified several novel enzymes from marine bacteria
which act to stop this.

Currently anti-biofouling strategies involve the use of
toxic paints, which can be harmful to the environment,
and the development of biotechnological tools, using
techniques identified by PML, could provide an important
alternative route to the invention of environmentally
friendly methods to prevent biofouling, which ultimately
may be applicable to many marine industries.
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3

Enzymes are being
researched increasingly
as a potential
replacement for
synthetic organic
chemistry. PML has
developed in-house
capabilities in novel
enzyme screening for
biocatalyst development
as well as the facilities
to purify and
characterise these
biocatalysts in detail

4
The green

seaweed, Ulva, which
can be quite a nuisance
in areas that are
nutrient enriched

from sewage outfalls
and may cover large
areas of mudflats in
the summer
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Applying PMLU's science

1

Approximately 90%
of the UK's energy is
still generated from
fossil fuels

2

Halibut can be found in
all northern seas and,
due to their slow
growth rate and late
onset of sexual maturity,
halibut populations can
be seriously affected

by human and
environmental stressors

3
An example of gill
aneurysms on halibut

A key characteristic of PMLU's research and its outputs
is the way in which science is developed and how
knowledge gained is transferred to enable innovative
products/solutions and services to be developed,
ultimately for the benefit of society. PML Applications
Ltd is the vehicle for realising commercial and social
opportunities for PML's science.

During the year significant progress has been made in
developing and delivering a range of knowledge transfer
outputs. This included winning funding in the fourth round
of the Department for Innovation, Universities & Skills
(DIUS) Public Sector Research Exploitation fund for the
continuation of the i-GPeninsula project, a partnership
between PML Applications Ltd and the Environment
Agency (England and Wales). PML's cutting edge
environmental science and technology relates directly to
the big environmental issues of today. Hence much of its
research is related to emerging markets, for example, PML
research into ocean carbon dynamics is related to concerns
about climate change, a sector where opportunities for
the application of PMLU's science are developing quickly.

Applications concerning the health of the environment
and its impacts on society show PML to be at the cutting
edge of molecular biology. From here, there is potential for
discovery of new antibiotics and cancer fighting chemicals.
Work has also been undertaken to find natural, less toxic
marine antifouling chemicals. The nature of the research
at PML means that outputs are directly relevant to
industry and end-users concerned with global iSsues.

Long-standing collaborations with other world-class
research organizations and leading engineering and
environmental consultancies enable PML and PML
Applications Ltd to respond quickly to challenging
problems, to apply their scientific and commercial
expertise. PML has clients across all marine sectors,
including aggregates' production, commercial fisheries, oil
and gas, biotechnology, health, nature conservation and
offshore renewable energy.
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Impact of process waters from the oil and gas
industry activities on halibut

Throughout the world there is a need to manage the
oceans and coastal seas to maintain the goods and
services that they deliver to humankind. It is important

to be able to identify the changes that occur, their cause
and, if necessary, take corrective action. The range of
chemicals used by the oil and gas industry during their
drilling activities, as well as the process waters produced
during their operations, for example, have the potential to
impact upon the marine environment.

Collaborative studies with Norwegian colleagues have
addressed this concern through a programme of research
investigating impacts on finfish and shellfish exposed to
water based drilling mud, with and without the addition
of a variety of weighing compounds, process waters

and metals that are associated with activities in the oil
and gas industry. The investigations focused on cellular
changes in juvenile halibut and cod, as well as scallops
and mussels, with particular reference to gill structure,
reproduction and the endocrine (hormone) and hepatic
(liver) systems that are indicative of a toxic impact.

Preliminary results indicate that exposure leads to a
range of pathologies, including degeneration of the liver
cells, breakdown of the external surfaces of the gill, with
increased mucus secretion and aneurysms, and evidence
of changes in egg development.

Reef effects of offshore renewables

Following the completion of the “Reef effects of offshore
windfarms - potential for mitigation and enhancement”
report to the Department for Business, Enterprise &
Regulatory Reform (BERR) in 2007, PML Applications

Ltd has been contracted to lead on a number of other
applied research projects associated with development
of the offshore renewable sector in UK coastal waters
and, in particular, to evaluate the impact of devices on
biodiversity and the surrounding marine ecosystem.

APPLYING PML'S SCIENCE



In addition a review of the current understanding of the
potentially significant environmental impacts of offshore
wind and tidal energy was recently undertaken for a
private sector client. Although the review focused on the
potential impacts on biodiversity and marine ecosystems
as a whole, it also included consideration of issues such
as navigation, conflicts with fisheries and aesthetic
impacts. The work included collation and review of
research from UK and European sources, focusing on the
impact of installation and operation of offshore renewable
devices, as well as investigating current and ongoing
research in relation to electromagnetic fields and acoustic
interference, to ensure a fully up-to-date assessment of
the impacts and potential benefits of developing offshore
renewable energy.

PML Applications Ltd has undertaken a number of marine
ecological assessments in relation to windfarm and

tidal turbine developments and is currently developing

a portfolio of projects in collaboration with its research
partners in PRIMaRE for the Wave Hub project, which
include integrating a socio-economic dimension into the
research programme.

A biorefinery approach to algae

Climate change and depletion of fossil fuels have
stimulated a major incentive to find sustainable
alternatives to replace fossil fuels with renewable
materials. Existing, finite resources are rapidly depleting.
Their consumption results in environmental damage
through CO; emissions and consequent global warming.
Crop based processes, and algae in particular, are receiving
major attention as potential bridges towards a sustainable
chemical industry, reducing global current dependence on
fossil fuels as a source of chemicals, materials and fuel.

There is mounting pressure for industry to reduce carbon
emissions over its spheres of operations, where currently
the use of petroleum based feedstocks dominates for
conventional refinery conversion into organic chemicals.

Algae have enormous potential as feedstocks for food
ingredients, medicines, cosmetics, biocatalysts, paints and
packaging materials. Furthermore, they have potential as
biofuel producers and as a consumer of CO, emissions.

The biochemical composition and the chemical ecology

of algae are important both from an environmental
consideration and in an applied context. PML's long-
standing expertise in microbial interactions, algal
biochemistry and physiology, together with large-scale
algal cultivation system design and engineering capability,
has fostered significant collaboration with industry, with
the aim to develop CO; consuming biorefineries to derive
natural and renewable bioproducts. In a project co-funded
by the Technology Strategy Board, algae cultivated in
photobioreactors will be directly interfaced with power
station CO emissions.

PMLU's research is focusing on induction response in algae
and phytoplankton under a range of stress conditions

to promote primary and secondary metabolites and
understand metabolic pathways. Research has resulted

in the choice of an algal strain with good all-round
characteristics, such as possessing good flue gas
tolerance and low harvesting costs. Optimisation of the
algal feedstock, including manipulation of primary and
secondary metabolites, is currently underway to produce a
diverse range of products, including active ingredients for
the personal care industry and biofuel.
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There are many issues
to be investigated in
relation to offshore
energy production,
from ecosystem effects
to shipping

5

Devices have been
built at PML for the
cultivation of algae
on a larger scale.
These are called
photobioreactors

29



People and society

1

Ridgeway School -
PML scientists working
with students on an
ocean acidification
animation

2

PMLU's recent AMT blog
featured in the
re-launch of Google
Earth’s Oceans layer
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As more and more media attention is given to the
environmental agenda, there is an increasing belief that
it is essential to establish an effective dialogue between
governments, science based organizations and the public.

PML communicates its science to a wide ranging audience
to publicise the importance of the oceans, not only to the
planet, but also to society.

One of PML's main objectives is to show that its science
makes a difference to society through increased
understanding of the ocean, its processes and advice
on sustainable management solutions, to preserve the
oceans for future generations’ use and enjoyment.

PML is actively involved in various routes to “connect”
with society. These range from working with schools and
colleges, providing opportunities for advanced training,
as well as engaging with the media and non-scientific
communities, such as policymakers and the public.

Ocean acidification animation

In 2008 Plymouth'’s Ridgeway Community School won

the EUR-OCEANS European Schools Film Contest with

an animation explaining climate change and its resulting
implications (www.eur-oceans.info/EN/bruxelles/films/
film_uk.htm). The key messages were communicated

well and made such an impact that scientists from PML
commissioned the school, with funding from the European
Project on OCean Acidification (EPOCA), to produce a short
film on ocean acidification.

A week long workshop was then held, with a team from
PML and the National Marine Aquarium (NMA), for the
students to research the topic, create a storyboard, film
and then edit the animation.

It will be used as a tool to communicate this important
issue to international governments and policymakers,
as well as being broadcast at major climate change
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conferences during a vitally important time for climate
change negotiations. It is available online at www.
youtube.com/watch?v=55D8TGRsl4k.

Ocean in Google Earth

A team from PML has been working with Google to help
populate the new version of Google Earth (v5.0 beta),
which contains ocean floor, column and surface data from
marine experts around the world. PMLU's contribution

to “Ocean in Google Earth” was based around research
expeditions to help portray the exciting, challenging and
fascinating life of a marine scientist at sea.

Using blog posts and media, produced on the 2008
Atlantic Meridional Transect research cruise, PML created
a dedicated blog that was then linked by GeoRSS feed
to Google Earth, allowing visitors to follow the research
in near real-time and really get a taste of life on board a
research vessel.

Ocean in Google Earth combines underwater terrain and
expert content to enable users to explore some of the
most difficult-to-reach parts of the world. Virtual travellers
can swim around underwater volcanoes, watch videos
about exotic marine life, read about nearby shipwrecks
and contribute photos and videos of favourite surf and
dive spots.

PEOPLE AND SOCIETY
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Modelling studies of CO; dispersion and chemical

perturbation enabled assessment of leakage from
carbon capture and storage impact on the marine
environment. Researcher: Jerry Blackford

Spotlight on PML

PML's research and publications during 2008 have
attracted significant media attention. There was a total of
92 identified articles, 21 of which were from national and
34 from international media. National outlets included the
BBC, Telegraph, Guardian, Times, Observer, Science and
Nature news as well as features in the American, Spanish,
Bahrainian, Sri-Lankan and Iranian press. For a full list of
coverage please visit www.pml.ac.uk/news_and_events/
pml_in_the_news.aspx

Financial Overview 2008/09

During 2008/09, PML's turnover totalled £9.89m and
produced an operating surplus for the 7th consecutive
year since leaving NERC in 2002. Income from
Commissioned Research continued to grow, at a level of
£3.5m and the trading subsidiary, PML Applications Ltd,
enjoyed turnover exceeding £1m for the first time.

-

PML scientists published 147 papers during 2008, 78 of
which were first authored. For a full list of publications
please visit www.pml.ac.uk/about_us/publications_and_
downloads/scientific_publications.aspx
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The Moore Foundation in the US awarded PML funding to
organise an ocean acidification workshop in Hawaii. This area
of research also brought in significant funding from NERC.

PML Applications Ltd had its most successful year since its
inception in 2002. New contracts included:

i-GPeninsula with funding from the Department for
Innovation, Universities & Skills for a knowledge transfer
facility.

Investigation of the effects of oil and gas industry on
health of halibut with BioPartner (Norway).

Hoffmann-La Roche Ltd for ecotoxicology studies.

Both PML and PML Applications Ltd continued to invest
significantly in new staff. In addition to the new Chief
Executive, there was significant recruitment in the
modelling, remote sensing and knowledge transfer areas.
PML Applications Ltd has also grown its resources with 15
dedicated staff.

With the turmoil in the financial markets, value of the
investment portfolio fell by approximately 20% to a value of
£1.7m. However, despite this fall, reserves remain in excess
of £2m. Investment by PML Applications Ltd in BioPartner,

a Norwegian environmental consultancy, rose to 50% of its
share capital.




PML staff and
students
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Governance

Board of Trustees

The Rt. Hon. The Lord Kingsland QC*
(Chairman until retirement on 27th February 2009)
Shadow Legal & Constitutional Affairs Spokesman,
House of Lords, Former Shadow Lord Chancellor

Mr Terence Lewis*
(Chairman from 28th February 2009)
Former Medical Director of the Plymouth NHS Trust

Mr Henry Durowse
(Deputy Chairman until retirement on 28th January 2009)
Formerly with Shell

Mr David Peat
(Hon. Treasurer)
Fellow of the Chartered Institute of Bankers

Admiral Sir James Burnell-Nugent KCB, CBE*
(from 4th August 2008)
Former Commander-in-Chief Fleet of the Royal Navy

Dr Howard Cattle**
Director of the International CLIVAR Project Office

Prof. John Field**
Director of Oceanography and the Centre of Marine
Studies at the University of Cape Town

Prof. Chris Knowles
Former Professor of Environmental Sciences,
University of Oxford

Mrs Karen Morgan OBE*
Member of NERC Council (until September 2008)
and Former Vice Chairman of WaterAid

Dr Ralph Rayner

(From 2nd February 2009)

Vice President of the Institute of Marine Engineering,
Science and Technology (IMar€ST)

* Members of the Development Council
** Co-Chairs of the Science Advisory Council

Development Council

Prof. Anne Glover (Chief Scientific Advisor for Scotland
and member of the Natural Environmental Research
Council), Mr Peter Horsburgh (Founding partner of the
Environmental Technologies Fund), Mrs Bettye Martin
Musham (Trustee, Duke University, USA), Mr Mehran
Massih (Environmental lawer, Shearman Sterling).

Science Advisory Council (SAC)

Mr Peter Barham (Association of British Ports, UK),

Dr Mike Bell (National Centre for Ocean Forecasting),
Prof. Mark Blaxter (University of Edinburgh, UK), Prof.
Jan de Leeuw (Royal Netherlands Institute for Sea
Research), Dr Carlos Duarte (IMEDEA, Spain), Prof. Mike
Elliott (University of Hull, UK), Prof. Joao Ferreira (IMAR,
Portugal), Dr. Véronique Garcon (CNRES, France), Prof.
Robert Gurney OBE (Director, Environmental System
Science Research Centre, UK), Prof. Dr Peter Herman
(NIOO-KNAW Centre for Estarine and Marine Ecology,
The Netherlands), Dr Steve Killeen (Head of Science,
Environment Agency, UK), Dr Dan Laffoley (Marine
Science and Evidence Team, Natural England), Dr Jason
Lowe (The Met Office Hadley Centre, UK), Prof. John
Simpson (University of Wales, UK), Dr Jason Snape
(AstraZeneca, UK), Prof. Frede Thingstad (University

of Bergen, Norway), Dr Jim Wharfe (Head of Science
Programmes, Environment Agency, UK).
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Hosted offices

PML is proud to host a number of national and
international project offices and services; highlighted
below are examples. For a full overview please visit our
website, www.pml.ac.uk

i-GPeninsula

i-GPeninsula is a PML hosted project for realising the
economic potential of environmental science and
technologies, in collaboration with the Environment
Agency, as a result of a successful bid to the UK
government's Public Sector Research Exploitation fund.

The project is focused primarily on developing commercial
opportunities, identified in the previous capacity building
phase, to a point where they can become investment
ready services or products, potentially increasing
employment and economic activity in the South West.
www.i-gp.org | info@i-gp.org

The Natural Environment Research Council (NERC)
Earth Observation Data Acquisition and Analysis
Service (NEODAAS)

NEODAAS is funded by NERC to support UK research
scientists with remote sensing data and information.
NEODAAS has the capability to automatically receive,
archive, process and map global data from multiple polar-
orbiting sensors in near-real time, including MERIS,
MODIS, SeaWifFS, AVHRR and CASI, allowing the support
of global studies.

This service is hosted at two sites: data processing is
provided by the remote sensing scientists at PML and
data reception and acquisition is provided by the Dundee
Satellite Receiving Station at the University of Dundee.
www.neodaas.ac.uk | info@neodaas.ac.uk

Airborne Research & Survey Facility - data analysis
node (ARSF-DAN)

ARSF-DAN remote sensing service provides an efficient
method for the rapid collection of data over a specified
area. Consequently it is a cost effective means of
monitoring the terrestrial, freshwater, marine and
atmospheric environments, supplying a transitionary scale
with which to validate satellite data, and enables the rapid
acquisition of data for sudden or unexpected events, such
as floods and earthquakes. PML hosts the data processing
aspects of the ARSF service through NEODAAS.
http://arsf.nerc.ac.uk | arsf-processing@pml.ac.uk

Marine Ecosystem Evolution in a Changing
Environment (MEECE)

The PML co-ordinated MEECE project is a European
Commission Seventh Framework Programme (FP7) to
investigate the potential responses and sensitivities
of marine ecosystems to both climatic change and the
direct effects of humans. By researching the change
drivers, as set by the European Union’s Marine Strategy,

HOSTED OFFICES

the project aims to gain a better understanding of the
interplay of these factors at different levels of organization,
i.e. fish, plankton, benthos; essentially what is the most
important to the marine food web now and in the future.
www.meece.eu | meece@pml.ac.uk

Partnership for Observation of the Global Oceans
(POGO)

During 2008, PML made a successful bid to host

the international Secretariat of POGO, a consortium

of major oceanographic institutions around the

world, with representation at the Director level.

The organization is dedicated to advance ocean
observations in various ways, including capacity building.
http://ocean-partners.org | pogoadmin@pml.ac.uk

Global Ocean Ecosystem Programme (GLOBEC)

Since 1999 PML has hosted the GLOBEC Project Office, a
co-ordinated effort of the International Geosphere-Biosphere
Programme (IGBP) and the Scientific Committee on Oceanic
Research (SCOR).

GLOBEC was implemented to develop the capability to
forecast the responses of the marine ecosystem to global
change and is intended to conclude in 2010. A total of 31
countries, two regional science organizations and several
intergovernmental bodies participate in GLOBEC and it has
developed into a prime source of scientific documentation.
www.globec.org | globec@pml.ac.uk

Oceans 2025

PML is one of seven leading UK marine institutes
contributing to the Oceans 2025 research programme,
funded by the Natural Environment Research Council (NERC).
www.oceans2025.0rg

Thank you

We hope that you found this Annual Review informative
and interesting. An electronic version is available from our
website. Previous Annual Reviews have focused on the
following:

2004: The marine microbial world and its potential for
biotechnology, living in a high CO, world, and improving
the precision of satellite data.

2005: Solving complexities in marine ecosystems and
delivering research for sustainable futures in global marine
environmental management and forecasting.

2006: Strategic and policy relevant marine environmental
research providing sound scientific understanding to help
face the challenges of climate change.

2007: PMLU's 30th anniversary of its laboratory and
the world-class science the staff has produced over the
three decades.

For further information and latest news please visit
www.pml.ac.uk
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