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Marine Science for Society (S01) 
Chairs:  Abigail McQuattersどGollop (abigail.mcquattersどgollop@plymouth.ac.uk) 

Jacqueline F. Tweddle (jftweddle@abdn.ac.uk) 
 
 
ORAL PRESENTATIONS 
Each presentation has been assigned 15 mins. 
 
MCCIP: Ten years reporting on the impacts of climate change for marine decision makers 
Paul Buckley (MCCIP Secretariat, Marine Climate Change Centre, Cefas, Lowestoft), Stephen Dye 
(MCCIP Secretariat, Marine Climate Change Centre, Cefas, Lowestoft; CCSUS, School of 
Environmental Sciences, UEA, Norwich), Matthew Frost (Marine Biological Association of the United 
Kingdom, Plymouth, UK), Bethany Stoker (Joint Nature Conservation Committee, Peterborough, UK), 
Bryony Townhill (Marine Climate Change Centre, Cefas, Lowestoft) 

In November 2006 the Marine Climate Change Impacts Partnership launched its first report 
card focussed on providing a mechanism that would translate research allowing policy makers to 
understand the potential impacts of climate change on the UK's marine environment. We discuss 
how the development of understanding over the subsequent decade allows us to now consider 
implications for policy and industry and potentially design adaptation responses.  
Considering first the effectiveness of legislation for the marine environment it is important to 
understand ways in which marine ecosystems respond to both natural and anthropogenic changes in 
climate over a variety of temporal and spatial scales. Together these changes provide significant 
challenges to those setting and implementing legislation for the marine environment, and may have 
consequences in terms of achieving conservation targets and objectives. We examined 21 national 
and international obligations relevant to marine biodiversity over the last 50 years and show that 
that while climate change is rarely explicitly considered mechanisms generally exist that could 
enable climate change issues to be addressed. We then discuss potential impacts of climate change 
on marine protected areas including species being gained to or lost from sites and, in certain cases, 
the entire network.  With over 1,250 designated features (species and habitats) in the UK marine 
protected area network, identifying where and how these habitats and species are likely to be 
affected by climate change will be a critical step in managing marine protected areas.  
Secondly, we show an example of working with industry and socioどeconomic impacts experts to ��coど
produce� tools towards sustainable development in a changing marine environment. By reviewing 
climate change risks to both domestic and international sources of wild capture fisheries (altered 
ocean ecosystems; changes catch potential; shifts in stock distribution) we identified relevant 
seafood industry adaptation responses. 
 
From evidence to policy: developing biodiversity indicators for the MSFD 
Abigail McQuattersどGollop (Marine Conservation and Policy Research Group, Plymouth University) 

Ecological timeどseries data are essential for informing management and policy, particularly 
in supporting the new generation of marine legislative drivers, which take a holistic ecosystem 
approach to management. The Marine Strategy Framework Directive (MSFD) seeks to achieve Good 
Environmental Status (GES) of European seas through the implementation of such a management 
approach. This is a regional scale directive which recognises the importance of plankton 
communities in marine ecosystems; ecological data at the appropriate spatial, temporal and 
taxonomic scales are therefore required for implementation. At the base of the marine food web, 
plankton timeどseries play an important role in delivering GES through the development and 
informing of MSFD biodiversity indicators, the setting of targets against a background of climate 
change and the provision of supporting information used to interpret change in nonどplankton 



indicators. Efforts must be made to preserve longどterm time series, which supply vital ecological 
information used to informed evidenceどbased environmental policy. 
 
Ecological tradeどoffs as a strategic solution to multiple and sustainable use ど insights from a 
regional case study: CORPORATES 
Beth E. Scott (University of Aberdeen), Irvine, K.N. (James Hutton Institute), Byg, A. (James Hutton 
Institute), Gubbins, M. c, Kafas, A. (Marine Scotland Science , University of Aberdeen, ), Kenter, J. 

(Scottish Association for Marine Science), MacDonald, A. (University of Aberdeen), O�Hara Murray, R 
(Marine Scotland Science), Potts, T. (University of Aberdeen), Slater, AM. (University of Aberdeen), 
Tweddle, J. (University of Aberdeen, Marine Scotland Science), Wright, K. (Marine Scotland Science), 
Davies, I. (Marine Scotland Science) 

The transdisciplinary project �Cooperative participatory assessment of the impact of 
renewable technology on ecosystem services: CORPORATES� brought together natural and social 
scientists, experts in law and policy, and marine managers with the aim of promoting a more 
integrated decisionどmaking framework using ecosystem services (ES) concepts in marine 
management. Using a realどworld current issue � the coどlocation of wind farms, MPAs and industrial 
fishing in the Firth of Forth, Scotland � CORPORATES is developing a process to incorporate ES 
concepts and ecological tradeどoffs into stakeholders� awareness by bringing together 
representatives of maritime industries, regulatory/advisory partners and a range of stakeholders 
including NGOs, SMEs recreationalists and local government. The main project, based around two 
workshops, incorporated knowledge exchange about key ecological processes underpinning ES, 
mapping of different types of activities and ES benefits, participatory concept system modelling that 
illuminated potential ecological tradeどoffs and deliberation on the impacts of potential future policy 
developments.    
A clear outcome was that greater and shared understanding of the range of ecological tradeどoffs 
early in the process can reduce the potential for conflict and lead to more efficient negotiation 
based on trust and agreement  on  sustainable uses of our oceans.   What also emerged was 
stakeholder recognition of an urgent need for greater understanding and at least qualification of the 
ecological tradeどoffs in decision making.  This talk will also cover the further evolution of 
CORPORATES outcomes after recent interactions with statutory agencies and a wide range of 
regional marine planners.   We will propose a road map on how you get from improved renewable 
energy EIAs, through blue skies research on out to achieving Good Environmental Status (GES) for 
our Oceans though the collaborative efforts of Industry, NGOs, University led research and statutory 
Government Departments. 
 
Phytoplankton: supporting society! 
Jacqueline F. Tweddle (University of Aberdeen / Marine Scotland Science), Matthew Gubbins 
(Marine Scotland Science), Beth E. Scott (University of Aberdeen)  

Phytoplankton provide important climate cycle and ecosystem functions, and must be 
incorporated within marine management considerations. Phytoplankton are currently considered 
within environmental standards, but often negatively ど as indicators of unwanted environmental 
change, such as eutrophication or harmful algal blooms, with limited effort to consider or support 
areas of naturally higher productivity. In order for this to change, primary production must be fully 
recognized as vital ecosystem process, and phytoplankton as supporting other ecosystem services 
(ES) we value. The spatially heterogeneous nature of phytoplankton parameter distributions must 
also be recognized, as spatial and temporal patchiness in the production of phytoplankton can be 
related to patchiness in the provision of these ES. We must act to maintain naturally increased levels 
of primary production and phytoplankton concentrations and species. This will require consideration 
of the physical environment creating the conditions (physical �habitat�) for the phytoplankton, as it 
is this which determines, for example, patches of high productivity and therefore importance to 
supported ES. Additionally, the effects of climate change induced shifts to baselines must be kept in 



mind. Spatial and temporal phytoplankton variability off the east coast of Scotland, with its impacts 
on monitoring for MSFD and in marine spatial planning and sectoral licensing will be explored as 
examples. For example, mapping patches and considering effects of wind farms provides evidence of 
the impacts human developments can have on patches, and comparing remotely sensed to long 
term monitoring site data offers implications to methods to monitoring pelagic habitat status. 
 
 
POSTER PRESENTAIONS 
 
The Royal Society's Science Policy Centre 
Emma Cavan (National Oceanography Centre, Southampton, University of Southampton). ECR 

Bridging the gap between scientists and politicians is a complicated but crucial task and one 
that the Royal Society is slowly but surely achieving. When thinking about the Royal Society many 
people only think of it as a fellowship of prestigious scientists, which of course it is, but the Society 
does so much more. As well as publishing scientific journals and engaging in outreach, it has a 
dedicated team of 30 or so policy advisors working in its Science Policy Centre (SPC). I was fortunate 
enough to spend 3 months working as an intern in the SPC in the Royal Society's headquarters in 
London. The SPC acts as a knowledge broker between scientists and politicians and covers all 
scientific areas, including environmental and marine science. I will discuss how scientists can become 
involved with some of the work the Royal Society's Science Policy Centre does with the aim of 
making small steps to getting research heard by politicians. 
 
Harmful Algal Blooms, Climate Change and Human Health 
Lucinda Lintott (University of Exeter Medical School), Dr Rosa Barciela (Met Office), Professor Lora 
Fleming (University of Exeter Medical School), Professor Keith Davidson (SAMS), Professor Gordon 
Nichols (Public Health England) & Dr Ray Mahdon (Met Office). PhD student 

Harmful Algal Bloom (HAB) species produce potent natural toxins which are detrimental to 
both animal and human health. Impacts from these biotoxins include gastrointestinal, respiratory 
and neurodegenerative diseases (both acute and chronic), and in severe cases, death. HABs are 
increasing in aquatic ecosystems worldwide which may be as a result of natural and anthropogenic 
climate change, and nonどclimatic factors, like nutrient loading, which are changing environmental 
conditions. These changes could affect future algal bloom frequency, composition and spatioど
temporal distribution and, in the UK, may lead to the permanent establishment of historically 
uncommon HAB species. This could potentially pose an increasing threat to human health from 
multiple routes of exposure, like the consumption of biotoxinどcontaminated seafood. It is therefore 
important to understand the relationship between HABs, climate and other environmental changes, 
and human health to be able to project future changes in HAB events to prevent and mitigate health 
and socioどeconomic impacts.  
A scoping review of the topic has been undertaken to map the existing literature and identify 
knowledge and research gaps. In addition, we will use outputs from a hydrodynamic, 
biogeochemical coupled model for the northwest Atlantic shelf (NWS AMM7), observational in situ 
and satellite oceanographic data, and UK HAB species monitoring datasets to investigate the links 
between observed and modelled environmental variability and specific HABどspecies occurrences. UK 
hospital episode statistics linked with the HAB monitoring data will be used to explore the potential 
associations between HABs and human health impacts. Finally, climate projections for the UK 
(UKCP09 based on medium emissions scenarios) will be used to identify projected changes to key 
environmental variables directly linked to algal bloom development and thus to HABs and human 
health risks. 
 
 
 



 
 
ODaT: The development of an ocean data mapping tool in collaboration with end users 
Fraser Macdonald (SAMS), Sam Jones (SAMS), Lovro Valcic (SAMS), Stefan Gary (SAMS), Mark Inall 
(SAMS)  

The outputs of observational oceanographic campaigns have clear value for the 
advancement of marine science, but it is important that these benefits extend to the broader marine 
community.  Discussion with BP, Marine Scotland, Royal Navy and members of the Celtic Seas 
partnership (WWF and BODC) have identified that there is a requirement for an oceanographic data 
tool which translates existing data in a clear and, crucially, workable format (i.e. can be easily 
integrated with existing systems).   
This project will work closely with end users to translate the science and data outputs of NERC 
oceanographic programmes, creating an innovative data layer tool that is supported through a web 
mapping service.  Initially, the project focusses on the outputs of three recent or ongoing 
oceanographic campaigns: FASTNEt (Fluxes Across Sloping Topography in the NorthどEast Atlantic), 
OSNAP (Overturning in the Subpolar North Atlantic Program) and the EEL (Extended Ellett 
Line).  These projects have developed novel observational techniques, combining autonomous 
robotic systems with more traditional ocean monitoring tools (for instance, fixed moorings and CTD 
transects).  This has resulted in the regular occupation of the Eastern Atlantic and adjacent shelf seas 
with platforms capable of conducting highどfrequency, high precision measurements.  When 
combined with historical data in the region, these campaigns allow the mapping of ocean properties 
at an unprecedented range of spatial and temporal scales.  
The benefits to end users include increased situational awareness through improved knowledge of 
baseline properties and the ability to visualise environmental conditions with a greater resolution 
and flexibility than is currently possible. 
 
Are MSFD indicators regionally transferable?  
Beth Siddons (Plymouth University). Student 

The Marine Strategy Framework Directive (MSFD) establishes environmental targets to 
achieve Good Environmental Status (GES) by 2020. Plankton are indicators of GES in 3 of the 11 
defined MSFD descriptors �Biodiversity, Food webs and Eutrophication. OSPAR implements the 
MSFD in the Northeast Atlantic and 2016 will see its expansion into OSPAR Region 1: Arctic. A key 
consideration in developing and implementing policy indicators is regional ecosystem specificity, 
particularly for Large Marine Ecosystems. Therefore, the applicability of MSFD�s Northeast Atlantic 
plankton indicators to Arctic ecosystems requires review.͒Metaどanalysis of existing plankton policy 
indicators employed under the MSFD and by Arctic Council member states identified synergies, gaps 
and potential improvements. Firstly, multiどcriteria analysis identified key criteria and plankton 
indicator metrics to establish GES in the OSPAR Arctic region.  Secondly, SWOT analysis of existing 
plankton monitoring methodologies and indicators highlighted potential pitfalls, improvements and 
adaptations of the MSFD approach relating to its Arctic rollout. Finally, gap analysis identified 
synergies, gaps and inconsistencies between current Arctic approaches and those of the Northeast 
Atlantic MSFD. Findings suggest the MSFD criterion target �The plankton community is not 
significantly influenced by anthropogenic drivers� is applicable, however the development of region 
specific Plankton Lifeform Index values and indices will depend on the availability of sufficient timeど
series data. Sympagic species should be considered in seasonal ice cover areas. Extreme seasonal 
variations in temperature, ice cover and light penetration must also be addressed in plankton 
monitoring programmes and during MSFD implementation. A key challenge remains in distinguishing 
anthropogenic impacts from those of climate change, particularly in the Arctic where climate change 
impacts are accelerated. Horizon scanning highlighted the need for greater understanding of 
plankton pressureどstate relationships, as well as the impact of changes in plankton biodiversity on 
food webs in Arctic regions, both of which may demand indicator adaptation in the future. 



Science impacts through Open Data 

Helen  Snaith  (Brii sh  Oceanographic  Data  Centre),  Adam  Leadbeter  (Marine

Institute) & Ekaterina Popova (Nai onal Oceanography Centre)

Oral Presentai ons

Open data – what does it really mean for marine science?

Lesley Rickards (Briish Oceanographic Data Centre)

Open data is data that anyone can access, use or share. Although this definition is simple it

hides the complexity of the task in making data directly relevant for a variety of very different

users.  So making data openly  available is not  enough:  sufficient  funding for effective data

management and long term stewardship is also required to ensure the data are easily useable

now and in the future.

International organisations such as the Intergovernmental Oceanographic Commission (IOC)

of Unesco, the World Meteorological Organisations, and the International Council for Science

(ICSU) have long promoted data sharing and have developed data policies to further this aim.

More recently the Group on Earth Observations (GEO) have agreed to implement the GEOSS

Data Sharing Principles.

For  some  areas  of  marine science,  data  sharing  has  been  the norm for  decades  –  over  a

century in some cases. This is often the case for data collected outside of territorial limits, and

acknowledges that the data are expensive to collect, sparse in spatial and temporal extent, and

combining  data  improves  our  understanding  of  the  oceans.  This  will  be  illustrated  with

reference  to  some  large  international  projects  which  have  successfully  made  their  data

available, as have data collected under the IOC Global Ocean Observing System (GOOS). But for

other  marine  data  this  has  not  been  the  case,  and  access  to  data  may  be  restricted  for

commercial, security or other reasons.

A positive step was taken in 2010 by  the UK Government  creating the Open Government

Licence (OGL), and public bodies can now opt to publish their data under this license meaning

that data are available under a free, perpetual licence without restrictions beyond attribution.

Several case studies will be used to highlight the impact of this initiative, and the EU INSPIRE

Directive, for the marine science community. 

Data, data, everywhere and all the gaps did shrink.

Dr. Clare F. Postlethwaite, Dr. Lesley Rickards & Dr. Gaynor Evans (Marine Environmental 

Data and Informaion Network)

Marine science is underpinned by good quality data. Environmental scientists regularly make

use of other peoples’ research data to, for example: supplement their own measurements; put

their  data  into temporal  or  geographical  context;  or  to  monitor  environmental  change.  Of

course,  marine  data  is  not  only  collected  for  scientific  research  but  by  a  plethora  of

organisations  for  a  range  of  reasons  including  environmental  monitoring,  defence  and

commercial activities. As long as any limitations with such data are fully understood, these

data too can be useful to environmental scientists. There are over 200 holders of marine data

in the UK so it has traditionally been difficult for the marine scientific community to make full

use  of  this  non-academic data.  The Marine Environmental  Data  and  Information Network



(MEDIN) has been working with both public and private organisations to make it easier to

share UK marine data and to ensure that data are well documented and are in a fit state to be

used by others. MEDIN provides a single place to search the data held by 7 accredited marine

data centres, including the British Oceanographic Data Centre, Cefas and the British Geological

Survey,  as well  as  many other public and private sector  organisations such as The Crown

Estate.

This work demonstrates how the data held within the MEDIN network can support marine

environmental research. Conversely it highlights that academic data described in MEDIN are

easy  to  find  by  policy  makers  and  commercial  organisations,  potentially  significantly

increasing the impact of the original research.

Oceanographic data and museum collecions: examples from the collecions of the

Natural History Museum

C. Giles Miller, Tom Hill, Steve Stukins (Department of Earth Science, Natural History 

Museum)

Museums are not always the first port of call for those seeking to generate oceanographic data.

The  Natural  History  Museum  holds  specimens  collected  from  oceans  across  the  world

including various historical cruises like the Challenger expedition. These collections include

zoological and botanical material held in the Department of Life Sciences. This presentation

highlights some of the collections in the Earth Sciences Department including the microfossil

and ocean bottom sediment collections used recently to generate oceanographic data. This has

included  attempts  to  quantify  the  effects  of  ocean  acidification  and  studies  of  the

oceanographic  drivers  of  evolutionary  trends  within  the  planktonic  foraminifera.  Other

reference collections, for example the type collections from the Challenger Expedition, are our

most accessed material by visitors wishing to check details of occurrences and taxonomy of

diatoms, ostracods and foraminifera. As well as providing reference material, bulk sediment

material is available and can be sampled for destructive analysis subject to application. This

provides great potential for geochemical and other destructive analysis of pre-industrial ocean

bottom materials as well as time slices produced from shallow cores spanning geological time.

So how do I get my hands on NEMO data?

Helen Snaith (Briish Oceanographic Data Centre), Ekaterina Popova (Naional 

Oceanography Centre), Andrew Coward (Naional Oceanography Centre) and David 

Poulter (Pelamis Scieniic Sotware Ltd)

A wealth  of  information  is  available  from  the  NEMO  Ocean  model  output,  for  a  range  of

potential uses.

Some uses, such as investigation of components of global circulation, require access to the full

data  sets.  With  5-day  mean  fields  for  each  20  year  model  run  taking  ~35TB  of  storage,

providing a central storage location where data can be directly manipulated by a number of

researchers makes sense. The JASMIN facility operated at the Centre for Environmental Data

Analysis (CEDA) provides this service.

For other users, only small volumes of data may be required: generating a simple 4D time

series around a mooring location; or climatic surface fields around an oil spill site for example.

Users may not have experience in manipulating the large volume data,  and use of JASMIN

facilities to simply extract data is a barrier that is often considered insurmountable.  Users

switch to alternative, more easily accessible, sources.



In addition, each of these uses will have a preferred way of ‘slicing ‘the data; some users will

want a single file of their complete time series, some would prefer a single file per time step,

or data split by parameters.

We  have  developed  an  online  interface  that  facilitates  access  to  the  data  already  held  on

JASMIN, allowing sub-setting of data by parameter, spatial and temporal limits. The system can

also carry out aggregation of data to create a single file from the extracted data,  And creation

of  a  simple  ‘lat-long’  grid  from the two-part  rotated  grid  that  the  NEMO calculations are

carried out on.

The prototype service, providing both website based interactive use and programmatic API

requests is available at CEDA, and will be further developed in response to user requirements

to increase to re-use and impact of the NEMO model investment. 

Poster Presentaions

SeaDataNet Pan-European infrastructure for ocean and marine data management

Michèle Fichaut (IFREMER, France) & Dick Schaap (MARIS, Netherlands) on behalf of the 

SeaDataNet consorium

The  SeaDataNet  pan-European  infrastructure  has  been  developed  by  NODCs  and  major

research institutes from 34 countries. Over 100 marine data centres, which are not only from

the SeaDataNet consortium, are connected and provide discovery and access to data resources

for all  European researchers.  At present SeaDataNet gives access to more than 1.8 million

datasets originating from about 550 organisations in the Pan-European countries. Moreover,

SeaDataNet is a key infrastructure driving several portals of the European Marine Observation

and Data network (EMODnet), initiated by EU DG-MARE for Marine Knowledge, MSFD, and

Blue Growth.

SeaDataNet is also working closely together with other European RTD projects and initiatives,

such  as  EMODnet,  in  the  capacity  of  providing  standards,  services,  data  centres  and

infrastructure for managing marine and oceanographic data, and of providing experience and

expertise  for  joint  development  of  new  standards  and  services.  Technical  innovations  in

standards  and  services  enrich  the  basis  of  SeaDataNet  and  are  implemented  in  its

infrastructure, where possible.

The SeaDataNet infrastructure provides harmonised discovery services and access to ocean

and marine environmental data sets managed in distributed data centres, as well as a range of

metadata services, tools and standards that have been widely adopted across the EU, and also

more internationally: in the USA and in Australia through the cooperation with ODIP and ODIP

II European projects.

The  presentation  will  highlight  the  present  status  and  achievements  of  the  SeaDataNet

infrastructure and look forward to innovations and further developments that are proposed

for  the  coming  years  in  the  frame  of  the  H2020  SeaDataCloud  project  which  aims  at

considerably advancing SeaDataNet services and increasing their usage, adopting cloud and

HPC  technology  for  better  performance  in  cooperation  EUDAT  the  network  of  computing

infrastructures that develop and operate a common framework for managing scientific data

across Europe.



Near Real Time Delivery: Enabling Integrated Data Systems

Mat Donnelly, Jusin Buck, Katherine Gowers & Malcolm Hearn (Briish Oceanographic 

Data Centre)

The British Oceanographic Data Centre (BODC) has traditionally been focused on the ingestion

of delayed mode data into data archival and delivery systems.  However, there is broad scope

to increase the utility for operational and research purposes of a range of oceanographic data

types that are either currently, or could be, available through telecommunications systems in

near real time.

BODC has long-term experience with data management for the UK Argo programme as part of

an integrated and international near real time and delayed mode data system.  The delivery of

Argo data has been facilitated by well governed and developed standards both in the final data

distribution  format,  and  increasingly  within  source data  formats.  This  style  of  integrated

operation is being incrementally extended and improved for other areas of data management

to minimise human effort in handling the growing volume and complexity of oceanographic

data.  For this reason, integrated data management systems require high levels of automation,

including  the  provision  and  handling  of  metadata.  The  development  and  application  of

technologies such as Sensor Web Enablement will help to facilitate this increase in automated

data systems.

Alongside  technological  advances,  developing  the  governance  and  coordination  of

contributing organisations will increase the ease with which data can be delivered, processed

and  made  available  for  operational  and  research  purposes.  The  Argo  programme  has

demonstrated how the rapid delivery of data, its availability in community-wide standards

and an open data policy have stimulated research output.  The increasingly important seal tag

CTD data system, along with other near real time data feeds, is benefitting from the experience

of the implementation and development of Argo.
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Maximizing the idal stream energy potenial of the Pentland Firth using a 3D hydrodynamic idal model.

Rory O’Hara Murray (Marine Scotland Science)

It  is  esimated  that  Scotland’s  marine  area  contains  25%  of  Europe’s  idal  resource,  and  the  Scoish

Government has ideniied 10 broad areas of search for future idal stream energy exploitaion. One of these

areas is the Pentland Firth and Orkney Waters Strategic Area (PFOW), as it contains the highest idal stream

energy resource in Scotland. To date six sites in and around the Pentland Firth have been leased by The Crown

Estate to developers for commercial idal stream energy development within the PFOW. Together, these sites

have an aspiraional energy generaing capacity of approximately 1 GW. In order to harness more energy from

the Pentland Firth,  careful  marine spaial  planning will  be required,  since any single development has the

potenial to change the low within the Pentland Firth region to an extent. This work explores idal stream

energy extracion in the Pentland Firth region, beyond the 1 GW currently leased to developers, and quaniies

the upper limit of energy extracion and some of the changes that may occur in the idal stream.

 

A 3D hydrodynamic model of the northern isles of Scotland has been developed using the Finite  Volume

Community Ocean Model (FVCOM). Potenial idal stream energy scenarios are represented within the model

using a momentum sink.  A number of scenarios were explored, based on recommendaions from previous

work, and the results used to invesigate the realisic limits to the potenial of idal stream energy extracion in

the region.

 

This work is part of a wider study, the EPSRC-funded EcoWat2050 project, aiming to model a realisic 2050

marine energy scenario, in order to beter understand the potenial, far ield, environmental consequences of

very large scale marine energy extracion in Scoish waters.

Unstructured grid modelling of ofshore wind farm impacts on seasonally straiied shelf seas. Ricardo Torres,

Pierre W. Cazenave, J. Icarus Allen (Plymouth Marine Laboratory)

Shelf  seas  comprise  approximately  7%  of  the  world's  oceans  and  host  enormous  economic  acivity.

Development of energy installaions (e.g. Ofshore Wind Farms (OWFs), idal turbines) in response to increased

demand  for  renewable  energy  requires  a  careful  analysis  of  potenial  impacts.  Recent  remote  sensing

observaions  have  ideniied  kilometre-scale  impacts  from  OWFs.  Exising  modelling  evaluaing  monopile

impacts  has  fallen  into  two camps:  small-scale  models  with  individually  resolved turbines looking at  local

efects; and large-scale analyses but with sub-grid scale turbine parameterisaions. This work straddles both

scales through a 3D unstructured grid model (FVCOM): wind turbine monopiles in the eastern Irish Sea are

explicitly described in the grid whilst the overall  grid domain covers the south-western UK shelf.  Localised

regions  of  decreased  velocity  extend  up  to  250  imes  the  monopile  diameter  away  from  the  monopile.

Shelf-wide, the amplitude of the M2 idal consituent increases by up to 7%. The turbines enhance localised

verical  mixing which decreases seasonal  straiicaion.  The spaial  extent of  this  extends well  beyond the

turbines into the

surrounding  seas.  With  signiicant  expansion  of  OWFs  on  coninental  shelves,  this  work  highlights  the

importance of how OWFs may impact coastal (e.g. increased looding risk) and ofshore (e.g. straiicaion and

nutrient cycling) areas.

Potenial impacts of very large scale idal stream arrays on the hydrodynamics in Scoish shelf waters. M. De

Dominicis  (Naional  Oceanography  Centre,  Liverpool,  UK);  R.  O’Hara  Murray  (Marine  Scotland  Science,

Aberdeen, UK); S. Wakelin (Naional Oceanography Centre, Liverpool, UK); J. Wolf (Naional Oceanography

Centre, Liverpool, UK)

Renewable energy developments such as ofshore wave, idal and wind may occupy large areas and compete

with other users of the mariime space. While large scale ofshore energy farms have great promise as an

alternaive renewable energy source, their potenial environmental impacts should not be underesimated. The

EcoWat2050 project is focusing on a mix of renewable energy technologies, and very large scale ofshore

renewable energy array scenarios for Scoish Waters have been developed. The project aims to determine

how  marine  spaial  planning  and  policy  developments  can  maximise  marine  energy  extracion,  while

minimizing environmental impacts. 



In this work, we focus on the interacions of idal stream arrays with the wider ocean circulaion. The ocean

model NEMO (Nucleus for European Modelling of the Ocean) has been used to describe the present ocean

circulaion (1990-2014) for the NW European Coninental Shelf.  An unstructured grid coastal  ocean model

FVCOM (Finite-Volume Community Ocean Model) has been nested into NEMO for a smaller domain with a

focus on Scoish shelf waters, with a resoluion reining from over 10 km at the open boundary down to

approximately 1 km at the coast, to beter characterize the present climate condiions. The very large scale

EcoWat2050 idal stream energy scenario for Scoish waters has been implemented in the FVCOM model

using the momentum sink approach, in which a momentum sink term represents the loss of momentum due to

idal energy extracion. Near and far-ield efects have been evaluated by comparing a set of ocean physical

parameters describing the present ocean climate and the future state modiied by energy-extracion.

Integraing a mulibeam and a mulifrequency echosounder on the FLOWBEC seabed plaform to track ish

and seabird behaviour around idal turbine structures. B.J. Williamson (1,3); S. Fraser (2); Ph. Blondel (3); P.S.

Bell (4); J.J. Waggit (5); B.E. Scot (1).  
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Litle  is  known  of  any  environmental  and  ecological  efects  of  wave  and  idal  stream (MRE)  energy.  The

FLOWBEC-4D project developed a seabed plaform to invesigate how currents, waves and turbulence at MRE

sites may inluence the behaviour of marine wildlife, how important collision risks might be, and how MRE

devices  might  alter  the  behaviour  of  wildlife.  The  FLOWBEC  plaform  integrated  instruments  to  record

informaion across physical and trophic levels, at several measurements per second, for a duraion of 2 weeks

to capture an enire spring-neap idal cycle at wave and idal energy sites at the European Marine Energy

Centre  (EMEC).  An  upward-facing  mulifrequency  Simrad  EK60  echosounder  is  synchronised  with  an

upward-facing Imagenex Delta T mulibeam (MBES) aligned with the idal low. Together, these allow resoluion

of individual animals, and tracking of animal behaviour at 7-8 measurements per second over ranges of up to

50 metres. An ADV measures current and turbulence, and a luorometer measures chlorophyll (a proxy for

plankton) and turbidity. The plaform is self-contained, facilitaing rapid deployment and recovery and allowing

baseline  data  to  be  gathered.  Measurements  from  the  seabed  plaform  are  complemented  by  a  3D

hydrodynamic model and concurrent shore-based marine X-band radar and ground-truth wildlife observaions.

Combining informaion from muliple instruments increases coverage, sensiivity and the informaion available,

and allows one instrument to trigger the recording of another. The EK60 provides calibrated metrics and target

distribuion, yet co-registraion of the same target on the MBES allows concurrent behaviour and predator-prey

or target-turbine interacions to be monitored. Co-registered targets can be used as a training dataset to aid

classiicaion of targets detected on a single instrument. This presentaion describes the development of novel

processing techniques to mask turbulence, extract biological targets for parameterisaion and tracking, and an

example of the informaion gains from co-registering targets between instruments.

Spaial variability of surface gravity wave ields in the context of wave energy.  Daniel Conley (Plymouth

University), Guiomar Lopez (Plymouth University), Liam Wilson (Plymouth University).

Serious consideraion of the development of a wave energy industry has lead to a level of interest in the spaial

variability of wave ields which had previously largely not been ideniied. The need for informaion on spaial

variability covers such seemingly diverse areas including resource assessment, performance evaluaion, and

impact  assessment.  Tradiional  methods  for  observing  waves  provide  serious  hurdles  to  obtaining  this

informaion from the logisical  issues associated with maintaining an array of in-situ measurements to the

sampling  intermitency  of  satellite  remote  sensing.  Land  based  phased  array  HF  radar  systems  ofer  a

compelling soluion to this pracical issue.

In this submission we report on results from the world’s irst long term phased array HF radar staion explicitly

designed  to  measure  waves.  Situated  on  the  North  Coast  of  Cornwall  overlooking  the  Wave  Hub,  this

installaion has been operaing since 20111.  In the presentaion we will  examine the performance of  the

system and the accuracy of the results using muliple approaches for deriving wave parameters and spectra.



We will also discuss methods in which the spaial nature of the measurements can be uilised to assist in the

development of wave energy. We will conclude the presentaion by examining the quesion of why numerical

wave models and HF radar

Observaions provide such seemingly divergent pictures of the wave ield.

The global idal-stream energy resource distribuion and oceanographic condiions. Lewis M (1);  Neill S (1),

Robins P (1), Chang, W (2), King N (1).

1. School of Ocean Sciences, Bangor University

2. Cambridge University.

 

If  marine  renewable  energy  is  to  make  a  signiicant  contribuion  to  future  electricity  demand,  a  globally

deployable resilient and eicient device is required. The spaial and temporal distribuion of the idal-stream

energy resource was calculated using a high-resoluion 3D hydrodynamic model of the Irish Sea (COAWST), as

well  as  global  idal  (FES2012)  and  wave  (ERA-interim)  data.  Presently,  idal-stream  energy  sites  are  only

considered viable at wave sheltered sites, with peak spring idal velociies (SV) that exceed 2.5m/s and in water

depths (h) between 25m to 50m. Global analysis of the wave condiions at potenial idal-stream energy sites

indicates daily mean wave heights are likely to be greater 1m for the majority of sites when resolved at 1/16°,

with many potenial idal energy sites having a yearly average daily wave height above 3m. Waves are known to

reduce the available idal-stream energy resource, as well as efecing turbine performance and design criteria;

therefore, the inluence of waves on the interacion between devices and the idal-stream resource needs to

be characterised. Furthermore, our analysis reveals the idal-stream energy resource is extremely limited, with

litle scope for a phasing strategy to produce irm and constant electricity; hence “2nd generaion” technologies

(devices that can be installed in wave exposed, deeper water and slower lows) are required. Finally,  we ind

ine-scale  spaial  resoluion  (<500m)  is  required  to  accurately  quanity  the  idal-stream  energy  resource;

therefore, further research using ine spaial resoluion dynamically coupled wave-ide oceanographic models

is required to inform industry of a globally deployable, resilient and eicient device.

Wave-Tide  Interacions  at  a  Tidal-Stream  Energy  Site.  King,  N  (Bangor  University);  Lewis,  M  (Bangor

University); Neill, S (Bangor University);

Potenial marine renewable energy sites are likely to experience both a high wave and idal climate, which

presents engineering challenges that need to be overcome. Therefore, research into wave-current interacion

at marine renewable energy sites is essenial for the development of the industry and renewable electricity

producion targets. COAWST, the dynamically coupled wave (SWAN) and ide (ROMS) model, is applied to the

West Anglesey idal-stream energy demonstraion zone (UK) at 1/120° spaial resoluion with 10 depth-layers.

The COAWST model domain extends between 51°N - 56°N and 3°W - 7°W to cover the enire Irish Sea. The

COWAST model was forced with an outer nested SWAN North Atlanic wave model (with 3-hourly ERA-interim

wind ields) and FES2012 idal data.  Comparison of simulated idal lows to data (ADCPs and wave buoys)

revealed the model accurately simulated both waves and ides. An increase in wave acivity was found to

reduce the depth averaged idal current speed, whilst the efect to the velocity proile shape was found to

depend upon wave propagaion angle relaive to the idal current -  with wave-current misalignment being

frequently observed. Therefore, waves are likely to afect both the technical idal-stream resource available as

well  as  afecing  faigue  of  devices  and  their  support  structure.  Furthermore,  the  efect  of  wave

current-interacion  need  to  be  included  in  studies  of  the  interacion  between  marine  renewable  energy

devices, the resource and the environment.

Floaing Wind  Turbines  (FWT’s)  as  vectors  for  acceleraing the spread  of  invasive  non-naive species  in

Scoish Territorial Waters. Ian Campbell, (Environmental Research Insitute, University of the Highlands and

Islands)

Botom-ixed ofshore wind farms have introduced unprecedented levels of hard substrate into the North Sea,

signiicantly changing the biota of the coastline around the Briish Isles. Despite this ‘ocean urbanisaion’ of

marine habitats litle research exists into these foundaions as dispersal pathways for biological invasion and

their  temporal  impact  on naive biodiversity.  This exponenial  growth in ocean urbanisaion has created a

potenial  network  of  ‘stepping stones’,  enabling invasive  non-naive  species  (INNS)  to  cross  sot sediment

habitats and travel across greater biogeographic distances. 

 



A number of unquaniied pathways for invasion during assembly, installaion and operaion of loaing wind

turbines (FWT’s) include:

 

1. Vessel fouling from previous ports and port of origin, prior to ‘wet towing’ of loaing foundaions to their

desinaion

2.  Potenial  hyperfouling  of  loaing  foundaions  and/or  towing  vessels  from their  assembly  port  to  their

desinaion 

3. Operaion and maintenance vessel traic operaing between the FWT development and the local marina 

4.  Rouine  maintenance  when  FWT’s  are  towed  into  the  local  marina

5.      A ‘swash zone’ constantly exposed to wave acion which has a greater inluence on epibioic assemblage

and  INNS  colonisaion

6.    Decommission   

 

FWT foundaions  represent  a  new  and  unquaniied  vector  for  the  arrival  and  establishment  of  INNS  in

deep-water coastal locaions and adjacent, near shore habitats. Most of the research into INNS in Scotland has

been focused on the north and west coasts with no consistent baseline characterisaion of INNS which have

colonised ariicial or natural structures along the east coast. However, a Rapid Assessment Survey has already

recorded seven INNS, three of which have not been reported from previous RAS’s along the east coast of

Scotland. This ongoing study will inform if a relaionship exists between FWT foundaions and the arrival and

establishment of any new INNS arrivals into Scoish Territorial Waters. 

Environmental Response to Large Scale Tidal Energy Extracion. Alice Goward-Brown (Postgraduate student,

Bangor University), Simon Neill, Mathew Lewis (Bangor University)

Tidal energy extracion ofers a highly predictable and reliable energy resource. In this research, the aim is to

reduce uncertainty in assessments of environmental interacions with idal stream energy arrays. Tidal stream

energy is of paricular relevance to the UK. The abundance of shelf-seas and complex coastal features cause

localised idal  streaming.  The Channel  Islands,  secions of  the Welsh coast  and the Orkney Islands are  all

regions which have been ideniied for idal stream development. In paricular, the Pentland Firth, an energeic

idal  strait  which  separates  mainland  Scotland from the  Orkney  Islands,  has  a  world  leading  idal  energy

resource. Using the Regional Ocean Modeling System, ROMS, the Pentland Firth has been simulated. Four idal

stream sites have been ideniied by the Crown Estate for idal stream development. The magnitude of the idal

current is tradiionally the key parameter for site ideniicaion. Recent studies have indicated that in order to

accurately idenify the extent of extractable resource, a more detailed resource characterisaion is required

(Neill et al., 2014, Lewis et al., 2015). The resource at each of the leased sites is characterised to determine the

misalignment of  idal  currents at  the site  and the extent of  any lood-ebb asymmetry.  Turbine arrays  are

simulated at each site using a 3D method, where the array is represented as a mid-depth force term (Roc et al.,

2013).  Using  this  method,  instead  of  more  tradiional  2D  extracion  methods  –  where  the  force  term  is

implemented  over  the  enire  water  column  –  enables  the  verical  bypass  around  the  turbines  to  be

represented.  This  method  will  enable  the  interacion  of  sedimentary  processes  with  the  resuling

hydrodynamics to be more accurately represented – thus reducing uncertainty in idal energy extracion impact

assessments. 

Lewis, M., Neill, S. P., Robins, P. E., & Hashemi, M. R. (2015). Resource assessment for future generaions of

idal-stream energy arrays. Energy, 83, 403-415.

Neill, S. P., Hashemi, M. R., & Lewis, M. J. (2014). The role of idal asymmetry in characterizing the idal energy

resource of Orkney. Renewable Energy, 68, 337-350.

Roc, T., Conley, D. C., & Greaves, D. (2013). Methodology for idal turbine representaion in ocean circulaion

model. Renewable Energy, 51, 448-464.
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Title: The New UK Polar Research Vessel 

Author: Ray Leakey  

Scottish Association for Marine Science (SAMS) 

Abstract: The Natural Environment Research Council (NERC) has commissioned a 

new state-of-the-art polar research vessel, the RRS Sir David Attenborough, to 

enable UK polar scientists to remain at the forefront of marine research in both the 

Antarctic and the Arctic. The new polar ship will provide a cutting-edge research 

facility with greater ice-strengthened capability and longer endurance than NERC’s 
existing polar research ships which are coming to the end of their operational life. It 

will operated by the British Antarctic Survey on behalf of NERC and the UK scientific 

community. The ship, which is now under construction at Cammell Laird shipyard in 

Liverpool, will accommodate up to 60 researchers and act as a central hub for a 

range of data-gathering remote instruments and on-board environmental monitoring 

systems, including both marine and airborne robotic systems. It will incorporate 

flexible laboratory space to meet the evolving needs of science over the lifetime of 

the ship and include a helideck and hangar, and a moon pool. The ship will be ready 

for operation by 2019. This presentation will outline the new polar research vessel’s 
design, scientific capability and capacity. 

Title: Using gliders to study phytoplankton 

Authors: Beatrix Siemering1, Mark Inall1, Eileen Bresnan2, Keith Davidson1 

1: Scottish Association for Marine Science (SAMS), 2: Marine Scotland Science 

(MSS) 

Status: Student 

Abstract: Glider deployments offer a new and exciting methodology to study spatial 

and temporal variability and transport of phytoplankton in shelf sea environments. 

Gliders are buoyancy driven autonomous underwater vehicles that can dive to 

depths between the surface and 1000m making continuous measurements of a 

range of seawater properties such as salinity, temperature and chlorophyll. In 



summer 2015 physical and biological data were collected from the Malin shelf using 

the SAMS glider ‘Talisker’. Satellite data were used to navigate the glider towards 

areas of high chlorophyll. Additional data on taxonomy was collected during a 2 

week cruise in July 2015 on board the research vessel Corystes. High densities of 

the potentially harmful Phaeocystis and Pseudo-nitzschia were found around 

hydrodynamic features with unique physical parameters such as the shelf break and 

salinity fronts. This study provides a novel insight about in-situ bloom development in 

British waters with potential benefits for harmful bloom modelling, prediction and 

management using gliders, which are not limited by cloud cover, fixed cruise dates 

and tracks of scientific boat cruises.  

 

Title: Near real time ocean observation from the Continuous Plankton Recorder: a 

fusion of old and new technologies. 

Authors: George Graham1, Robert Camp1, Anthony Walne1, Simon Halliwell2 and 

Phil Lovell2 

1: The Sir Alister Hardy Foundation for Ocean Science (SAHFOS), 2: Sea Mammal 

Research Unit (SMRU) 

Abstract: In situ observations are a crucial complement to remote earth observation 

systems or outputs from predictive models, but are costly to collect. As a result, in 

situ observations are either spatially or temporally constrained which impacts data 

availability for validation, assimilation or calibration purposes. To address problems 

of spatial and temporal coverage, the utility of the Continuous Plankton Recorder 

(CPR) survey network is being investigated as a platform for integrated ocean 

observations. The CPR network, operated by SAHFOS, has been in near-continuous 

operation since 1931 and routinely samples more than 11,000 nautical miles of the 

global ocean per month using Ships of Opportunity. The extent of the CPR network 

presents exciting possibilities for cost effective collection of oceanographic 

observations. Recently, CPRs have been augmented for precision in situ 

measurement of Salinity, Temperature and Chlorophyll-a fluorescence using 

bespoke sensors, with near real-time data relay, developed by SMRU. Since 

November 2015, CPR tows in the North Sea, English Channel and N.E. Atlantic 

have been undertaking operational monitoring using this technology. The fusion of 

existing infrastructure and new measurement capability provides a cost effective way 

of obtaining repeat in situ observations over wide spatial scales - 25,000 nautical 

miles of high precision in situ observations of CTD+F have been collected along 

monthly repeat tracks to date. These observations are valuable from both an 

oceanographic research perspective and for validation and calibration purposes, 

particularly in shelf sea environments where remote sensing can be problematic. 

Data is transmitted from the CPRs on completion of each tow and the development 

of the automatic workflow for Quality Control and data processing will be discussed. 



The CPR based observations will be compared with other existing measurement 

networks in the North Sea, English Channel and N.E. Atlantic to illustrate the utility of 

this approach for integrated surface ocean observation.   

 

Title: Data standards; why standardise data and what are the benefits for 

oceanography? 

Authors: Justin Buck, Louise Darroch and Alexandra Kokkinaki 

British Oceanographic Data Centre (BODC) 

Abstract: As oceanographic data volumes and complexity grow with the 

development of new sensors and observing technologies it is becoming increasingly 

important to process and distribute data efficiently. To this end the application of 

oceanographic data and software standardisation at levels from sensor to data 

delivery is on-going across a range of European projects. This will make the 

ingestion and data processing of oceanographic data more efficient and serve new 

users such as the producers of ‘big data’ data products and operational data 

assimilation/ingestion that require data to be unambiguously ingestible and served 

via APIs that enable machine to machine interaction. The two primary standards 

being implemented are the application of World Wide Web Consortium (W3C) Linked 

Data and Open Geospatial Consortium (OGC) Sensor Web Enablement (SWE) 

standards1,2. In addition to exposing data to new users the application of such 

standards will makes it possible readily share data internationally via collaborations 

such as the Ocean Data Interoperability Platform (ODIP). World standards tend to be 

open and flexible to accommodate several scientific domains and applications, which 

can result in various incompatible implementations. To overcome this problem, 

international collaboration is essential, to enhance communication and specialize the 

standards across the domain. Collaboratively implementing data standards removes 

the barriers hindering the effective sharing of data across scientific domains and 

international boundaries.  

 

Poster presentations 

Title: The Australian Coastal Ocean Radar Network – data and potential applications 

Authors: Lucy R Wyatt, 

School of Mathematics and Statistics, University of Sheffield, Sheffield, UK and 

College of Science, Technology and Engineering, James Cook University, 

Townsville, QLD, Australia 

Abstract: The Australian Coastal Ocean Radar Network (ACORN) is a facility of the 

Australian Integrated Marine Observing System (IMOS*). Until late 2014 it was 



based at James Cook University in QLD and has now moved to UWA in Perth, WA. 

During the period 2011 to 2014 I was its Director and in this paper I will present 

some of the data we obtained, some of the applications that have used these data 

and some potential applications that I had been promoting. To date ACORN has 

deployed twelve HF radars (a mix of US SeaSondes and German WERAs) in pairs 

at locations on the coast where there was a scientific driver for, primarily, surface 

current data. Additional deployments are in the planning stages. Validations of 

current, wave and wind direction measurements will be presented. The data are 

being used for model validations, for studies of the dynamics of the East Australian 

and Leeuwin Currents and their interactions with shelf seas; of sea breezes and the 

dispersion of particles in the southern Great Barrier Reef; of meteo-tsunamis in the 

Eastern Indian Ocean; of waves in the Southern Ocean and to support long-distance 

swimmers. Trials of the use of the current data in search and rescue operations are 

being conducted; an early example of related use was in the determination of the 

likely original location of a human head found on an Island off the coast of WA. 

Potential applications under discussion are in bush fire modelling, fisheries and ports 

and harbours. 

 

Title: A Deep Learning System for Analysis of Fisheries Surveillance Video and 

Automated Monitoring of Catch Quota 

Authors: Mr. G. French1, Dr M. H. Fisher1, Dr M. Mackiewicz1, Dr C. L. Needle2 

1: University of East Anglia (UEA); 2: Marine Scotland 

Status: Early Career 

Abstract: This paper presents a work-in-progress computer vision tool that is 

designed to analyse video from an existing CCTV system that is installed on board 

fishing trawlers for the purpose of monitoring discarded fish catch. Input to the 

system is derived from a video camera overlooking a conveyor where fish are 

processed. The system aims to support human experts currently involved in 

counting, measuring and classifying discarded fish. The system was developed for 

the purpose of gathering data to be used by fishing crews for internal process 

monitoring, by on-shore governmental bodies for regularity compliance monitoring – 

specifically the European Union Common Fisheries Policy – and scientific agencies 

for monitoring fish stocks. The system is designed to minimise disruption to the 

operational environment of a trawler by requiring only an un-obstructed view of the 

conveyer belt. As a consequence, it must handle the often challenging footage 

obtained in real-world conditions rather than impose restrictions on the working 

practices of the crew. Our approach uses state-of-the-art deep learning based 

techniques. Deep learning is a class of computer vision algorithm that has 

significantly improved the effectiveness of the automated analysis of images and 

video in the last few years. We performed extensive tests of the algorithm. The fish 



relative count error ranges from 2% to 16% per fishing trip, which is a promising 

result in this ongoing work as the required figure for this task is 10%. 

 

Title: Euro-Argo: a new European Research Infrastructure for climate change 

research and operational oceanography   

Authors: S. Pouliquen1, G Obolensky1 and Euro-Argo European Research 

Infrastructure Consortium (ERIC). 

1: Institut français de recherche pour l'exploitation de la mer (IFREMER) 

Abstract: In May 2014, the Euro-Argo research infrastructure became a new 

European legal entity (Euro-Argo ERIC).  The objective is to organize a long term 

European contribution to the international Argo array of profiling floats.  Argo is now 

the most important global in-situ observing system required to observe and 

understand the role of the ocean on the earth climate.  Euro-Argo is also an essential 

component of the in-situ infrastructure required for the Copernicus Marine Core 

Service. Euro-Argo will thus develop European contribution to the Global Ocean 

Observing System (GOOS) and the Global Climate Observing System (GCOS).  We 

will provide an overview of the development of Euro-Argo over the past years, detail 

the now agreed Euro-Argo long term organization, and provide some highlights on 

the work-plan for the years to come and the Argo extensions for the next decade 

especially to abyssal oceans and biogeochemical measurements. We will also 

illustrate some key achievements on the use of Argo in Europe both for operational 

oceanography, ocean and climate change research.  

 

Title: FixO3 Network Project: Integration, harmonization and innovation 

Authors: Richard Lampitt1 and FixO3 Consortium  

1: National Oceanography Centre (NOC) 

Abstract: The Fixed point Open Ocean Observatory network (FixO3, 

http://www.fixo3.eu/ ) seeks to integrate 23 European open ocean fixed point 

observatories in the Atlantic Ocean and Mediterranean Sea and to improve access 

to these infrastructures for the broader community. These provide multidisciplinary 

observations from the air-sea interface to the deep seafloor. Started in September 

2013 with a budget of 7 Million Euros over 4 years, the project has 29 partners 

drawn from academia, research institutions and SME’s coordinated by the National 
Oceanography Centre, UK. The project is structured in 12 Work Packages aimed to: 

•         integrate and harmonise the current infrastructures and processes 

•         offer free access to observatory infrastructures to those who do not have such 
access, and free and open data services and products 



•         innovate and enhance the current capability for multidisciplinary in situ ocean 
observation 

Here we present the programme’s key achievements mid-way, the current activities 

and expected results. Emphasis will be on FixO3-generated tools and products and 

their applications for the wider oceanographic community for the benefit of science, 

industry and policy. 
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Keeping Shellfish Safe: New technologies help protect consumers of cultured shellfish 

from toxic algae (Azadinium spinosum and azaspiracids) in Scottish waters 

 

Ruth F. Paterson (Scottish Association for Marine Science) 

Keith Davidson (Scottish Association for Marine Science) 

David Green (Scottish Association for Marine Science) 

Eileen Bresnan (Marine Scotland Science) 

Jean-Pierre Lacaze (Marine Scotland Science) 

 

Azadinium spinosum, a recently described species of dinoflagellate, produces the neurotoxin 

azaspiracid (AZA) which causes azaspiracid shellfish poisoning in humans. The first global 

reporting of AZA poisonings was in 1998 from Irish shellfish and has reoccurred there 

frequently since. Then during 2011, 2012 and 2013 AZA toxicity was detected in Scotland for 

the first time. In response to these events, we conducted the first detailed Scottish survey of A. 

spinosum to determine distribution and seasonality. Currently all biotoxin-producing 

phytoplankton species are monitored using light microscopy, however this technique is not 

suitable for A. spinosum as cells are too small to confidently identify. We will therefore first 

describe the development and optimisation of a molecular method for the routine analysis of A. 

spinosum. The use of molecular probes is set to revolutionise the way in which we approach cell 

monitoring but incremental development per species is required.  Quantitative real-time 

Polymerase Chain Reaction (qPCR) is an attractive option as it improves sample analysis 

efficiency; eliminates the need for taxonomic training; and can potentially detect single cells in 

dense samples. For the survey three coastal sites (Loch Creran, Loch Ewe and Scalloway 

Harbour) were monitored weekly for one year for A. spinosum abundance by qPCR, as well as 

phytoplankton community composition, dissolved toxins using SPATT bags (Solid-Phase 

Adsorption Toxin Tracking to simulate toxin uptake of local shellfish) and other environmental 

parameters. Little A. spinosum was detected however some trace levels of AZA 1, 2 and 3 were 

found in the water column. No toxins were detected in any Scottish shellfish during the sampling 

period. This finding demonstrates the suitability of qPCR methods for A. spinosum detection in a 

monitoring context and that the organism has a patchy distribution; is not always present in 

Scotland; and may have a possible hibernation strategy or be advected into Scottish waters. 

 

  



Early Detection of Pollutants in Water using a PDMS-coated Microstrip Line-based 

Sensor.  

  

J. Hillebrand MSc [Wetsus, European centre of excellence for sustainable water technology, the 

Netherlands & Delft University of Technology, the Netherlands],  

Mateo J.J. Mayer [EasyMeasure B.V., the Netherlands],  

Henk Miedema [Wetsus, European centre of excellence for sustainable water technology, the 

Netherlands],  

Louis C.P.M. de Smet [Delft University of Technology, the Netherlands & Wageningen 

University, the Netherlands],  

Ernst J.R. Sudhölter [Delft University of Technology, the Netherlands] 

  

In drinking water, surface water, waste water and industrial process fluids, a large number of 

toxic or otherwise undesired components can be present at a wide range of concentration levels. 

In order to safeguard water quality, the early detection of pollutants in water is mandatory. 

However, currently existing (bio) chemical detection methods are labour-intensive and by 

implication expensive. For this reason there is a strong incentive to develop new inline, cost-

effective sensors. 

Here we present a novel inline sensor with a design based on a Meander Strip Line (transducing 

element) coated with a viscoelastic polymer (PDMS) absorption layer imposing selectivity. The 

golden Meander Strip Line (front electrode) is printed on top of a circuit board and subsequently 

coated with PDMS. The back side of the board is painted gold, which acts as a ground electrode. 

Depending on the so-called partition coefficient, the (or a class of) analyte(s) accumulates in the 

PDMS polymer layer thereby changing its dielectric properties. This change can be assessed by 

studying the Amplitude/Frequency (AF) response of the system after applying an AC current of 

a given frequency range. Because the electric field lines hardly protrude the micrometre thick 

polymer layer, observed AF response changes reflect (predominantly) changes induced upon 

analyte absorption by the PDMS. 

Judicious selection of the polymer properties, which can be changed by chemical modifications, 

allows tuning of the sensor selectivity, showing the broad applicability of this sensor platform. 

 

  



In situ determinations of phosphate in estuarine and shelf waters using a high-sensitivity 

Lab-On-Chip sensor  

 

Maxime M. Grand [University of Southampton] 

Alexander D. Beaton [NOCS] 

Geraldine S.C Turner [NOCS] 

Alex Vincent [University of Southampton] 

Maeve C. Lohan [University of Southampton] 

Eric P. Achterberg [University of Southampton and GEOMAR Kiel]  

Matthew C. Mowlem [NOCS]  

 

The development in situ nutrient sensors is essential to improve our understanding of the spatial 

and temporal distributions of nutrients in the marine environment. By virtue of their 

compactness, low reagent (< 240 microliters/sample) and power (< 1.5 W) consumption, 

microfluidic wet-chemical analysers based on Lab-On-Chip (LOC) technology provide an 

attractive means to address this challenge. 

In this work, the development and field validation of a stand-alone, microfluidic LOC sensor for 

phosphate determinations will be presented. The chemical assay consists of merging streams of 

an acidic molybdate solution, sample and reducing agent into two absorption cells with nominal 

lengths of 40 and 100 mm. The sensor features a benchtop accuracy of 5%, a linear 

quantification range of 0.03 to 20 micromolar and an analytical throughput of 25 min per 

sample, which includes the analysis of onboard blank and standard solutions. 

The potential of the LOC phosphate sensor for in situ long-term monitoring will be illustrated 

using fixed location deployments in Southampton water and at the western English Channel L4 

buoy off the coast of Plymouth. In Southampton water, the LOC phosphate sensor has been 

successfully deployed in Spring 2016 for 60 days without any intervention. The hourly sampling 

frequency clearly captured the impact of tidal mixing and intermittent enhanced riverine 

discharge on the distribution of phosphate and also revealed a significant phosphate drawdown 

towards the end of the deployment period. Preliminary data from the deployment of battery 

powered surface and deep (45 m) LOC phosphate sensors at the Plymouth L4 buoy will also be 

presented in relation to the dynamics of the late summer phytoplankton bloom. 

This work further confirms that Lab-On-Chip technology is a viable platform to monitor 

nutrient parameters in situ, while providing figures of merit that are comparable to state of the 

art reference methods. 

  



Measuring pH variability using an experimental sensor on an underwater glider 

 

Michael Hemming (UEA/UPMC) 

Jan Kaiser(UEA) 

Karen Heywood(UEA) 

Dorothee Bakker(UEA) 

Jacqueline Boutin(LOCEAN, UPMC) 

Kiminori Shitashima(TUMSAT) 

Gareth Lee(UEA) 

Ollie Legge(UEA) 

Reiner Onken(CMRE) 

 

Autonomous underwater gliders offer the capability of measuring oceanic parameters 

continuously at high resolution in both vertical and horizontal planes, with timescales that can 

extend to many months. An experimental ion sensitive field effect transistor (ISFET) sensor 

measuring pH on the total scale (pHT) was integrated into a Seaglider during the REP14-MED 

experiment in June 2014 in the northwestern Mediterranean Sea. During the deployment, around 

140,000 pHT sample points were collected to depths of up to 1000 m, obtained from an 80 km 

transect over a period of 12 days. 

Water samples, measured for dissolved inorganic carbon concentration ∑ (DIC) and total 

alkalinity (AT), were collected via CTD casts to derive pH in order to calibrate the ISFET 

measurements. The resolution of the pH sensor was 0.001, but stability was poor and the sensor 

drifted in a non-monotonous fashion. This is evidenced by an elevated standard deviation 

of ±0.06 in the top 100 m and  ±0.04 in the rest of the water column, compared with 

∑(DIC)/AT-derived values of ±0.004 and ±0.01 respectively. In order to remove the sensor 

drift, a time-dependent, depth-invariant offset was applied throughout the water column for each 

dive reducing the apparent sensor pH variability by 66%. The ISFET sensor also required 

temperature and pressure corrections, achieved using a new methodology.  

We also discovered that sunlight caused an apparent sensor pH decrease of around 0.1 in surface 

waters around local noon, highlighting the need of a light shield for accurate measurements in 

the future. 

The corrected pH from the ISFET sensor will be presented along with temperature, salinity and 

dissolved oxygen concentrations (c(O2)) measured by the glider, providing insights into physical 

and biogeochemical variability in this region. Particularly showing that pH has a relationship 

with c(o2), with maximum values in both parameters found in subsurface waters.   
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Optimisation of a microfluidic gas exchange system: 

[A comparative study between a model and a real lab on a chip solution] 

 

Samuel Monk (NOC)  

Martin Arundell (NOC) 

Socratis Loucaides (NOC) 

 

Several wet chemical sensors rely on the transfer of gas between two liquids, separated by a 

semipermeable membrane, in order to make measurements. For sensors mounted on a moving 

platform or in a highly dynamic region increasing the rate of diffusion will improve the spatial 

and temporal resolution of the measurements by increasing the sampling frequency. A common 

solution to decrease the time taken for complete diffusion is to use a tube in a tube system, in 

order to maximise the surface area to volume ratio. In microfluidic lab on a chip system this may 

not the most practical or efficient solution. Through computer simulations carried out using 

COMSOL Multiphysics® software an improved solution has been designed. By using a shallow 

and wide microfluidic channel to achieve high surface area to volume ratio the time taken for 

complete diffusion to occur has been reduced to 14 seconds. A test chip is currently being 

manufactured to allow this result to be verified physically. This will then be integrated into a 

Dissolved Inorganic Carbon (DIC) sensor, where a seawater sample will be acidified to covert 

the DIC to CO2 gas, which will then diffuse across a membrane into a solution where the levels 

of CO2 will be determined. 

 

 

  



Can pelagic seabirds be used to measure tidal currents? 

 

Matt Cooper (School of Ocean Sciences, Bangor University) 

Prof David Bowers (School of Ocean Sciences, Bangor University) 

Dr. Charles Bishop (School of Biological Sciences, Bangor University) 

Dr Mark Bolton (Royal Society for the Protection of Birds) 

Dr Ellie Owen (Royal Society for the Protection of Birds 

 Stephen Dodd (Royal Society for the Protection of Birds)  

 

Satellite tracking data collected by The Royal Society for the Protection of Birds from tagged 

seabirds has revealed the potential for using this data to predict tidal current amplitude around 

the North coast of Anglesey, North Wales. Here we present analysis that suggests that the data 

represents patterns of movement dominated by the regional tidal current, followed by the 

presentation of a method by which these Lagrangian datasets can be used to predict maximum 

spring tide current flows at a 5km grid resolution. The accuracy and validity of the method is 

discussed and recommendations made for improvement following this initial proof of concept 

study. 

 

  



Autonomous measurements of coastal turbidity using glider mounted ADCP 

(MATUGLI project) 

 

Pierre Cauchy (CEFREM) 

François Bourrin (CEFREM) 

Jean-Luc Fuda (DT INSU) 

 

Turbidity is a key parameter in coastal areas, to estimate the concentration, the characteristics 

and the quality of suspended particles, and to monitor its transfer from source (continent) to 

sink (sea). There are few recurrent turbidity observations in the coastal waters, none dealing with 

the entire water column at large spatio-temporal scales. We investigate the use of glider mounted 

optical turbidity sensors and Acoustic Doppler Current Profiler, to monitor the suspended 

particles transport through the Gulf of Lions water column and shelf. While optical based 

tubidity sensors are more sensitive to fine particles, acoustic sensors are more sensitive to larger 

particles. Their association will allow to better characterize the whole size spectrum of marine 

particles. 

An experiment have been conducted in front of the Têt river mouth, on the Roussillon coast, 

where the POEM buoy is operated by CEFREM, giving real time observation of temperature, 

salinity, and optical backscatter at both the subsurface, and the bottom (28m). Additional sensors 

were moored in the area, such as a 600kHz ADCP, CTD and LISST. The S/V NEREIS was 

used for water samples and CTD profiles collection. 

The major goal was to prove the ability for a Slocum shallow glider, carrying an ADCP and 

optical backscatter sensors at multiple frequencies, to provide full vertical turbidity profiles on 

the entire water column. We focused on the acoustic signal processing calibration with the 

optical sensors, to reach a consistent turbidity measurement, merged from both sensors, from 

the surface to the bottom. As a byproduct of this experiment, we tested the opportunity of 

current velocity profiling using a glider in shallow waters, using Bottom Track data to correct the 

unknown underwater glider movements. 

Once validated, these measurements methods will be used in the MATUGLI project 

experiments, to monitor the sediment inputs from the Rhône and Têt rivers and their behavior 

in the Gulf of Lions, under various conditions. 

 

 

  



Taking advantage of inertial microfluidic effects in water monitoring sensors 

  

Allison Schaap (National Oceanography Centre Southampton, UK) 

 Jaap den Toonder (Eindhoven University of Technology, the Netherlands) 

Matthew Mowlem (National Oceanography Centre Southampton, UK) 

 

Microfluidics is known for operating in a low Reynolds number (Re) regime, and often 

particularly in the regime of Stokes flow (Re<<1) where inertial effects play little or no role in 

the fluid mechanics of the system.  However, making use of inertial effects by increasing Re 

provides useful fluidic tools in sensor development.  In this poster, we will introduce some of 

the effects that can be produced with inertial microfluidics and will present two cases where 

water monitoring sensors benefited from using them: first, to enhance the mixing of reagents in 

an in situ nutrient sensor, and second, to sort phytoplankton cells by size and shape.   

In the first study, a long serpentine mixer which relied on diffusion to mix two laminar streams 

was replaced with a mixer geometry that creates secondary counter-rotating flows perpendicular 

to the main flow axis.  These flows enhanced the mixing such that the total channel length could 

be decreased by a factor of >5, which decreases the reagent use and the back pressure on the 

microfluidic chip.  The mixer was tested over a range of relevant temperatures and flow rates, 

proving it robust to later process modifications and environmental changes. 

In the second study, three species of phytoplankton of similar size but different shape were 

flown through a spiral channel at Re>>1.  Inertial fluidic forces push the cells into an 

equilibrium position in the channel cross-section.  The location of their equilibrium position is 

dependent on the particle’s size and shape, and thus the individual cells of phytoplankton could 

be sorted by species by tuning the flow rate in the channel.   

  

 

 

  



Miniature Temperature, Conductivity and Dissolved Oxygen Sensor 

 

Andrew Morris (National Oceanography Centre) 

Robin Pascal (National Oceanography Centre) 

Matthew Mowlem (National Oceanography Centre) 

Hywel Morgan (University of Southampton) 

  

Temperature, conductivity, dissolved oxygen and pressure measurements are ubiquitous 

throughout ocean research. These measurements are fundamental in understanding the physical 

structure of the ocean but also provide valuable contextual information for other co-located 

biogeochemical measurements.  

A project in partnership with the University of Southampton and the National Oceanography 

Centre aims to provide a small and low powered suite of sensors, all principally mounted on a 

fingernail sized micro-fabricated chip. This sensor chip incorporates the electrodes for 

temperature, conductivity, dissolved oxygen and biofouling mitigation whilst also providing a 

level of capability normally associated with larger, more expensive and single task sensors.  

The sensor chip has been integrated into a package for evaluation that includes the electronics 

required to operate the sensors, power, pressure housing and a commercially sourced pressure 

sensor. Depending on the measurement interval required the system can operate uninterrupted 

for months.  

The system is still undergoing research and development but extensive laboratory testing along 

with more recent deployments have repeatedly shown promising results for both the 

temperature and conductivity sensors and good preliminary data for biofouling mitigation and 

the dissolved oxygen sensor.  

The typically stand-alone system is also capable of being controlled externally through an I2C 

interface for operation-on-demand applications.  

 Now that the system has demonstrated a level of reliability and capability expected to be useful 

to the oceanographic community the project team are interested in exploring collaborations that 

provide further opportunities for evaluation and development. In particular, applications that are 

targeting novel science questions and have previously found existing solutions to simultaneous 

temperature and conductivity measurements unsuitable. 

 

 

  

  



Miniaturised in situ nitrate analyser adapted to analyse meltwater draining the 

Greenland Ice Sheet 

 

Alexander D. Beaton (National Oceanography Centre Southampton) 

Jemma L. Wadham (Bristol Glaciology Centre, University of Bristol) 

Jon Hawkings (Bristol Glaciology Centre, University of Bristol) 

Matthew C. Mowlem (National Oceanography Centre Southampton) 

Martyn Tranter (Bristol Glaciology Centre, University of Bristol) 

 

We report the adaptation of a recently developed miniaturised in situ nutrient analyser to measure 

nitrate in glacial meltwater. The presence of high sediment loads, low temperatures and low 

analyte concentrations mean that sensors developed for conventional rivers and oceans are not 

necessarily directly applicable to glacial meltwater. We implemented additional filtering and used 

antifreeze methods to allow the high sensitivity analyser to operate in glacial environments. The 

analyser was then deployed in proglacial streams emerging from two land-terminating outlet 

glaciers draining the Greenland Ice Sheet. Accompanied by additional water quality sensors, the 

instrument was able to measure short term trends and daily fluctuations in nitrate concentrations. 

Such fine scale variability would be difficult to discern using traditional low resolution manual 

sampling methods. Low power, autonomous and high resolution in situ measurements such as 

these are able to contribute towards the understanding of nutrient cycling in and export from 

high latitude glacial environments. 
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Oceanic Biomes identified with CCI phytoplankton observations and climatic 
frequency states variables 

 
John Bruun (PML), Icarus Allen (PML, NCEO), Marcello Vichi (UCT, NTCMERC), Paul 

Somerfield (PML), Hayley Evers-King (PML), Annette Samuelsen (NERSC), Marie-
Fanny Racault (PML), Howard Waldron (UCT), Pedro Monteiro (CSIR), William McKiver 
(CMCC), Richard Bellerby (NIVA), Sandy Thomalla (CSIR), Kjetil Lygre (NERSC), Denis 

Moiseev (MMBI), Johnny Johannessen (NERSC), Robert Brewin (PML), Momme 
Butenschön (PML), Emil Jeansson (Uni-Res), Aleksander Vines (NERSC), and Jessica 

Heard (PML) 
 

Understanding the regional biodiversity of the Oceans is a core part of assessing how 
phytoplankton ecosystems respond to climatic change. The Oceans are known to be 
dividable into separate biomes and provinces by the work of Longhurst. In this analysis 
we update the definition and resolution of the Oceanic phytoplankton biomes. The 
existence of distinct biomes is due to locally homogenous effects of sea-state conditions. 
These combine to provide the conditions for specific phytoplankton ecosystem 
dynamics. The sea-state conditions include the prevailing weather, typical incident light, 
nutrient upwelling, oceanic thermo and flow dynamic frequency state resonances. The 
plankton ecosystem in each biome responds to the underlying sea-state conditions in 
the form of cyclic community growth and decline. Each biome has its own signature 
seasonal climatology. In many biomes this is dominated by seasonal phytoplankton 
blooms. For some spatial regions, the strong coupling of the ocean-atmospheric system 
produces longer term ocean upwelling resonances. The climatic El Nino-Southern 
Oscillation (ENSO) is an example of this that produces longer term nutrient and thermal 
upwelling dynamics. This especially noticeable along the Pacific equator where 2-7 year 
long quasi-cyclic upwelling events occur. The longer term ENSO signal is also 
observable throughout most of the planetary biomes. This uses the 15 years of Ocean 
Colour Climate Change Initiative (OC-CCI) data, oceanic based in-situ observations and 
advanced statistical spatio-temporal time series analysis tools. From this we decompose 
the biome time-spectral structure into seasonal, inter-annual features (including ENSO) 
and underling trends. From the results of the OC-CCI analysis we discuss the steady-
state form of the biomes. We add to this discussion with a perspective of how the 
biomes may adapt due to longer term (> 10 years) climatic frequency state and the 
potential impact of future Ocean state changes. 
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Global evaluation of the new CryoSat Geophysical Ocean Products  
 

Francisco Mir Calafat, Paolo Cipollini (NOC), Jerome Bouffard  (ESA / RHEA), Helen 
Snaith (BODC), Pierre Femenias (ESA-ESRIN) 

 
The CryoSat Project has approved, in the frame of the CryoSat routine phase, the 
generation of additional ocean products, which are available since April 2014. Here we 
present the results of a verification and scientific validation of the Geophysical Ocean 
Products (GOP), which have consolidated orbits and are available 30 days after 
acquisition. This assessment, carried out within the CryOcean-QCV project, is 
performed for the sea surface height (SSH), the significant wave height (SWH), and the 
wind speed. The mean value of the 20-Hz SSHA noise corresponding to a SWH of 2 m 
is 6.2 cm for LRM data and 10.2 cm for pseudo-LRM data. The standard deviation of the 
crossovers is 5.4 cm. The SSH is validated at the coast against the sea level measured 
by a set of carefully selected and quality controlled tide gauges, and compared with 
Jason-2 observations. Correlations between SSH and tide gauge records are statistically 
significant at nearly all stations, with a mean value of 0.75 and 0.70 for CryoSat-2 and 
Jason-2, respectively. In the open ocean the SSH is compared globally with the steric 
heights derived from temperature and salinity profiles as measured by Argo floats. The 
mean correlation between SSH and steric heights is 0.6 while the normalized RMS 
difference is 40%. The correlation, however, shows a strong latitudinal dependence, with 
higher values at low latitudes (>0.72 in the 10S- 10N band). Regarding the SWH and 
wind speed, they are both validated against buoy observations. The SWH shows an 
RMS of 18 cm whereas the RMS for the wind speed is 1.3 m/s. In addition, the SWH is 
also compared with the values provided by the Wavewatch III model. Differences 
between CryoSat-2 and the WW3 are less than 1/5 of the SWH over most areas of the 
ocean. 
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ESA SMOS sea surface salinity: satellite performance and oceanographic 
applications 

 
R. Sabia (Telespazio-Vega UK Ltd. for European Space Agency), N. Reul (IFREMER), 
J. Boutin (LOCEAN), J. Tenerelli (OceanDataLab), A. Turiel (ICM-CSIC), J.-L. Vergely 

(ACRI-ST), P. Spurgeon (ARGANS), M. Arias (ARGANS), S. Delwart (ESA), S. 
Mecklenburg (ESA) 

 
The Soil Moisture and Ocean Salinity (SMOS) mission, launched in November 2009, is 
the European Space Agency’s (ESA) second Earth Explorer Opportunity mission. Over 
the course of the almost 7-year lifetime of the mission, it has provided a valuable 
ensemble of high-quality sea surface salinity (SSS) data over the ocean. In this paper, a 
compendium of the major achievements of the mission will be covered by both 
assessing satellite performance and also by listing the relevant process-oriented studies. 
 
An overview of the current satellite retrieval performance will be given by comparing the 
recently-reprocessed L2 Ocean Salinity dataset against an adequate ensemble of 
ground-truth measurements according to a revised validation protocol. Recent advances 
in the mitigation of instrumental biases by means of a novel empirical correction that 
copes with the so-called Land-Sea Contamination will be described. Besides, the 
strategy for the derivation of a new sea surface roughness model in the salinity retrieval 
scheme and the development of a SMOS-based climatology to compute SSS anomalies 
will be unveiled. 
 
With regard to the process-oriented studies, a synthetic inventory of the numerous 
oceanographic applications stemming from the use of L2 and L3 ocean salinity data will 
be discussed. In fact, a wealth of research activities flourished to assess the added 
value of SMOS SSS at spatial and temporal scales not fully resolved by in-situ 
measurements. This has been performed by exploiting various SSS products alone or in 
combination with sea surface temperature, ocean colour, winds, currents, rain estimates 
and several other geophysical parameters. Applications range from air-sea interactions 
description, climate-related studies, buoyancy and thermohaline circulation 
characterization, ocean dynamics, biogeochemistry and data assimilation into ocean 
models. 
 
Both aspects clearly evidence the benefit of a calibrated, consistent and long-lasting 
satellite salinity data stream, and the possible avenues to be pursued advocating for 
continuity of L-band salinity measurements will be described. 
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The Sentinel-3 altimeter: A leap forward in operational oceanography 
 

Graham Quartly (PML), Sylvie Labroue (CLS), Pierre Femenias (ESA), Francesco 
Nencioli (PML), Saleh Abdalla (ECMWF), Steve Baker (UCL), Alan Muir (UCL), David 

Brockley (UCL), Marie-Laure Frery (CLS), Hatthias Raynal (CLS) 
 

Sentinel-3A was launched in February this year, with state-of-the-art sensors for 
recording the ocean using visible, infra-red and radio wave signals.  The radar altimeter, 
based on that on-board Cryosat-2, operates in SAR (delay-Doppler) mode over all 
surfaces enabling a finer spatial resolution and better accuracy than achievable by 
conventional altimeter operation.  This is particularly important in the coastal zone, 
where advanced techniques can be used to minimise the contamination by land and 
thus return sea levels closer to the shore, where the societal impact is most pronounced. 
The health of the instruments and the calibration of its geophysical retrievals will be 
assessed by the Sentinel-3 Mission Performance Centre that covers expertise over 
ocean, land and ice.  The highest quality Level 2 data include corrections  for predicted 
orbits, meteorological conditions and tides, but by September we expect to have 4 
months of L2 data available. 
We will demonstrate how the Sentinel-3 altimeter performs compared with other 
contemporaneous instruments, and show the potential for synergy from having such 
precise records of sea surface height at exactly the same time as swath images of 
ocean colour and sea surface temperature.  Over the ocean, altimeters provide 
measures of wind speed and wave height, and the improved spatial resolution of the 
SAR mode on Sentinel-3 will allow study at finer scales than previously possible.  We 
will also discuss the contribution that Sentinel-3 makes to the monitoring of the polar 
sea-ice and the Antarctic ice sheets. 
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A new satellite mission concept to derive ocean surface current vectors at 1km 
resolution: SEASTAR 

 
Adrien Martin, C. Gommenginger (NOC), B. Chapron (Ifremer), J. Marquez (Airbus 

D&S), S. Doody (Airbus D&S) 
 

Ocean sub-mesoscale dynamics have significant impact on the global ocean circulation, 
air-sea exchanges and the marine ecosystem. Synoptic high-resolution maps of total 
ocean surface current and wind vectors from space are needed to improve the 
characterisation and parameterisations of ocean dynamics at small scales. SEASTAR is 
an innovative satellite mission concept being developed as a proposal for an Earth 
Explorer mission of the European Space Agency. SEASTAR is based on dual-beam 
along-track SAR interferometry and is a modified form of the Wavemill concept. An 
airborne proof-of-concept experiment took place in the tidally-dominated Irish Sea in 
2011. The current vector maps retrieved with the airborne demonstrator were compared 
against data from HF radar, ADCP and high-resolution numerical ocean circulation 
model, and resulting is retrieval accuracy better than 0.1 m/s. 
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Case Studies Demonstrating Advances in Measuring Salinity from Space 
 

Chris Banks 
Meric Srokosz 

National Oceanography Centre 
 

The European Space Agency (ESA) Soil Moisture and Ocean Salinity (SMOS) satellite 
has provided sea surface salinity (SSS) data for over six years. It has been shown that 
the operational ESA Level 2 SSS data have significant spatially and temporally varying 
biases between measurements from ascending passes (SSSA; SMOS moving south to 
north) and descending passes (SSSD; SMOS moving southwards). Therefore, without 
calibrating SSS to some reference salinity it is difficult to use these data to study long-
term, basin-wide processes. The data used for this study were from SMOS SSS 
climatologies used to calculate salinity anomalies, which are shown to have significantly 
reduced the spatio-temporal biases. This presentation will show how these SSS 
anomalies can be used for oceanographic studies, including the detection of planetary 
waves/large eddies in the South Indian Ocean and the study of rainfall in the Tropical 
Pacific Ocean. 
 
Planetary, or Rossby, waves (RW) are important in oceanography (e.g. in maintaining 
western boundary currents). Signals attributed to RW have now been fully observed and 
characterised in satellite-derived fields of sea surface height (SSH), sea surface 
temperature (SST) and chlorophyll-a. At mesoscale wavelengths (<300 km) these 
signals seem to be dominated by non-linear eddies and at large length scales eddies 
and RW have similar propagation speeds. Our analysis shows geophysical signals in the 
South Indian Ocean that are consistent among SSS anomalies, SST and SSH, and with 
previously published results, in detecting large-scale non-linear eddies/RW in the region. 
 
We will also report on the relationship between SSS, SST and rainfall in the equatorial 
Western Pacific. Whilst others have reported on the local impact of rain on SSS, we 
consider larger scale interactions. 
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Spatio-temporal patterns in global phytoplankton abundance 
 

Matthew L. Hammond, Claudie Beaulieu, Sujit K. Sahu (University of Southampton) & 
Stephanie A. Henson (NOC) 

 
Anthropogenic climate change is expected to impact oceanic biological productivity 
through changes in ocean temperature, circulation, and chemistry. The presence and 
magnitude of long-term trends in global phytoplankton abundance over the last few 
decades are still debated in the literature, due to a variety of different data sets and 
detection methodologies, as well as the complexity of natural variability. For example, 
recent work on satellite-derived ocean colour data has suggested that trends are not yet 
distinguishable from natural variability primarily due to the shortness of the record. 
However, the methods used to estimate such trends are applied to each grid cell 
independently and as a result they do not fully capture the important spatial correlation 
present within the system. In this study a Bayesian spatio-temporal model is used to 
quantify trends from 16 years of satellite-derived data. The trends detected by the 
proposed model show a tendency to be more positive than those obtained using a 
model that does not incorporate the spatial correlation effects. Full details of the spatially 
varying nature of this trend, along with the uncertainties, are estimated using the model. 
The spatio-temporal model’s demonstrably improved handling of interannual variability 
leads to a higher confidence in the trend values calculated. 
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Wave and Current Measurement using Bistatic HD radar - Model and Validation 
 

Rachael Hardman 
Lucy Wyatt 

University of Sheffield 
 

The relationship between the ocean and radar was first noticed in WWII when radar was 
being used to detect and track enemy ships and aircraft. At the time the signal produced 
by the ocean was deemed to be noise, however, in 1955, Crombie[1955] made an 
important observation that linked HF radar to observing the ocean which stirred interest 
in the field.  
 
Since Crombie’s observation, the field has progressed and is now in a place where there 
are many HF radars set up around the world monitoring coastal oceans. The 
applications of coastal HF radars are wide and range from assisting in search and 
rescue missions to monitoring iceberg break up.  
 
The fundamental process is that radio waves are transmitted, propagate along the 
ocean surface and are then scattered by the roughness of the ocean. The radio waves 
scattered in the direction of the radar are picked up and after some signal processing a 
spectrum is returned which provides information about the ocean currents and waves.  
 
The majority of the work carried out has been for ‘monostatic’ radars; this is where the 
transmitter and receiver are colocated. 
 
Here, however, the focus is on ‘bistatic’ radar, where the transmitter and receiver are 
situated a distance apart. A bistatic system is more flexible than a monostatic radar in its 
siting; a potentially important quality at the coast. They also have the capacity of 
providing more oceanographic data and avoid self-interference for continuous wave 
systems. 
 
Following the work of Johnstone[1975], a model of a bistatic spectrum has been 
produced and has been validated against some bistatic HF radar data. The ocean radar 
data were gathered off the coast of Toulon, France by a WERA radar. The next steps 
are to develop algorithms for current and wave measurement from such systems. 
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Radiometric Validation of MERIS atmospheric correction in the Baltic Sea based 
on continuous observations from ships and AERONET-OC 

 
Ping Qin (PML & Ocean University of China), Stefan Simis, Gavin Tilstone (PML), 

Giuseppe Zibordi (JRC, Ispra) 
 

The Baltic Sea is a semi-enclosed sea and optically dominated by CDOM absorption, 
which makes remote sensing of chlorophyll-a challenging. Radiometric validation of 
these highly absorbing waters is essential for the development of optical-biogeochemical 
algorithms for this region. 
  
Remote sensing reflectance (Rrs) generated by five atmospheric correction processors 
for the medium resolution imaging spectrometer (MERIS) were validated using in situ 
data measured from an automated continuous shipborne platform and two fixed sites of 
the ocean colour component of the Aerosol Robotic Network (AERONET-OC) in the 
Baltic Sea. Five processors were assessed: MEGS 8.1 processor, Case 2 Regional 
Processor for Lakes (C2R-Lakes), FUB-WeW, CoastColour, and POLYMER processor. 
The performance of each processor was evaluated based on same day (shipborne data) 
or 1.5-h matchups (AERONET-OC), taking into account potential spectral offsets of the 
in situ observations. Band ratios corresponding to dominant optical signals (peak 
reflectance and chlorophyll-a absorption) were also inspected. Match-up analysis 
between the in situ and MERIS Rrs revealed major relative errors at blue wavebands 
(exceeding 100% at 412 nm and 59% at 443 nm). Best performance was observed at 
seven center wavelengths in the bands ranging of 490-709 nm (average percentage 
difference < 30% and coefficient of determination > 0.70), for POLYMER, C2R-Lakes 
and FUB-WeW processor. Average percentage differences of Rrs(490)/Rrs(560) were 
better than 40% for all five processors. 
  
The radiometric comparison shows that the best performance of Rrs at most MERIS 
bands is achieved with the POLYMER processor, although MERIS-derived Rrs(412) and 
Rrs(443) require improvement for all processors. These results based on MERIS 
historical data have implications for the next generation Ocean and Land Colour 
Instrument (OLCI) on board Sentinel-3, which has similar spectral bands to MERIS. For 
OLCI, improved performance of the POLYMER atmospheric correction is expected since 
it also includes shortwave infrared bands. 
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Investigation into the effects of sea state bias due to swell, using observational 
data from Envisat ASAR and Cryosat-2 SAR satellite missions 

 
Clare Bellingham 

Clare Bellingham, Christine Gommenginger, Meric Srokosz (NOC), Helen Snaith 
(BODC) and Remko Scharroo (EUMETSAT). 

 
The effects of sea state bias remain the largest error in altimetry measurements of sea 
level today.  The launch of new Sentinal-3 and JASON-CS satellites will give 
unprecedented global coverage of SAR altimetry and yet the effects of swell on 
measurements remain unknown.  This study follows Gommenginger et al  (2013) by 
using swell data from collocations of L1b SAR altimetry waveforms from the beginning of 
the Cryosat-2 mission in July 2010 with Globwave ASAR swell data, available until the 
loss of contact with the Envisat satellite in April 2012. 
 
SAR altimetry is unique in that the shape of the altimeter footprint is asymmetric (300 m 
x 7 km) which has the advantage of higher along track resolution, allowing 
measurements closer to the coast and so bridging a gap from convention altimetry 
coverage.  This short width though, is comparable in size with wavelengths of some 
ocean swell, meaning that the altimeter footprint may span only one swell peak and 
trough, and averaging of this data could bias the results.   
 
Our collocation results show that the direction of the swell compared to the SAR 
altimeter footprint is significant, especially at high swell wave heights (as suggested in 
the theoretical solution (Meric Srokosz)), although high swell height data over the 
available period is limited.  Our research aims to provide a detailed analysis of 
waveforms produced under certain swell conditions categorized by wavelength wave 
height and direction, in order to derive evidence towards a correction for the swell 
component of sea state bias. 
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Oral Session 

Sea Level Space Watch – Monitoring Regional Sea Level Variability around the UK 
from Satellite Altimetry  

David Cotton (SatOC), Paolo Cipollini (NOC), Francisco Mir Calafat (NOC) 
 

Abstract 

We describe the development and results from “UK  Sea Level Space Watch”, a prototype operational 
service developed to support national flood defence planning by providing systematically updated sea 
level observations around the UK, using satellite altimeter and tide gauge data. 

In the past it has been difficult to retrieve useful data from satellite altimeters close to the coast, 
because of land contamination of the return waveform. To address this problem, NOC has developed 
the “ALES” altimeter re-tracker for coastal regions. With this re-tracker, altimeter data from Jason-1, 
Jason-2, Envisat and Altika has been reprocessed to generate a 14 year times series of sea level data 
for the UK coastal zone (2002-2015). 

This multi-year sea level data set has been validated against tide gauge data and then further analysis 
carried out to provide a characterisation of regional variability in sea level, in terms of the annual 
cycle, and inter-annual variability. 

Key findings are: 

-  There is preliminary evidence of a geographical structure in the long-term trend, larger on the 
South and East than in the North-West. 

-        There was clear consistency between the annual cycle parameters (amplitude and phase) from 
tide gauge and altimeter data, with some localised differences.  The annual cycle peaks between 
early October in the south-east and early November in the west coast and has an amplitude 
ranging from 5 to 9 cm. 

-        There is good agreement between the de-trended de-seasoned sea level from altimetry and from 
the tide gauges. 

-        There is significant spatial coherence in sea level on inter-annual timescales, with the leading 
EOF capturing over 50% of the variability.  

The Development of Sea Level Space Watch has been funded by the UK Space Agency under the 
Space for Smarter Government Programme 

  



Friday Harbor, Washington : Ten years of water level measurements from a conventional tide 
gauge and a geodetic GPS receiver. 

Simon Williams (NOC, Liverpool), Kristine Larson (University of Colorado, Boulder, 
Colorado), Richard Ray (NASA Goddard Space Flight Center, Greenbelt, Maryland) 

Abstract 

Several recent papers have demonstrated the use of a single geodetic-quality Global Navigation 
Satellite System (GNSS) receiver to directly measure local sea level variations. This method uses 
recorded Signal-to-Noise Ratio (SNR) data and is based on interferometric interactions between the 
direct signal and reflected signals from the sea-surface.  A standard geodetic GPS receiver, collocated 
with a conventional Aquatrak tide gauge, has now been recording SNR data for over ten years at 
Friday Harbor, Washington giving a unique opportunity to compare water levels over long 
periods.  Individual water level estimates from GPS after corrections for (tidal) motion of the 
reflecting surface and delay due to the troposphere have an RMS error of around 12 cm.  We find a 
RMS difference of 2 cm when comparing daily mean sea levels and 1.3 cm when checked against the 
PSMSL monthly records. The GPS results are naturally placed into a well-defined terrestrial reference 
frame.  Ocean tide coefficients determined from both systems agree to within 1 cm for all constituents 
except for K1 and S1. We speculate that the anomalous S1 constituent may be due to temperature-
induced errors in the Aquatrak tide gauge rather than the GPS. 

  

  



 
 

Estimating Future Changes in Flood Likelihood and Planning Allowances for Future Coastal 
Protection 

 
Philip Woodworth (National Oceanography Centre Liverpool), John Hunter (Antarctic Climate 

& Ecosystems Cooperative Research Centre, Hobart, Tasmania) 
 

Abstract   

 
We will show how we have used an extensive data set of high frequency sea level measurements 

from tide gauges called GESLA-2 (Global Extreme Sea Level Analysis Version 2) to assess how the 
likelihood of extreme sea levels (relative to the same land datum) might change if mean sea level 
increases in the future, as suggested by the Intergovernmental Panel on Climate Change (IPCC). 
Such an insight into future extreme sea level likelihoods is required if reliable estimates are to be 

made of the costs associated with the coastal impacts of sea level rise (e.g. number of people 
displaced, agricultural land ruined, infrastructure requiring modification etc.). Estimates made over 
the last decade, including those by the IPCC Fifth Assessment Report Working Group 2, have made 
use of a data set of extreme sea level estimates for the global coastline which was constructed over a 

decade ago. We will show that this data set leads to a pessimistic view of the likely impacts and costs, 
and that the future risk may be significantly lower than thought. In addition, the new tide gauge data 
set (GESLA-2) can be used to compute a number of other parameters associated with future sea level 

extremes, such as the coastal 'allowances' for sea level rise presented by Hunter et al. (2013) and 
updated in the IPCC AR5, in which guidelines are given for raising coastal defences for a given 

scenario of future sea level rise in order to maintain the same likelihood of flood risk as that today. 

 

  



Analysis of Wave Overtopping under Bi-modal Sea Conditions using Computational Methods 

Daniel Thompson (Swansea University), Professor Dominic Reeve (Swansea University), Dr 
Harshinie Karunarathna (Swansea University). 

Abstract 

  
The risk of coastal flooding is expected to increase through rising sea levels and increased storminess. 
The changing climate is also expected to affect wave climate, where an increased occurrence of swell 
waves is possible. Swell waves and bimodal sea states can represent a worst case scenario for wave 
overtopping. Examples of this can be observed during the winter period of 2013 – 2014, where the 
UK was severely affected by a successive run of winter storms. During cases of severe flooding and 
damage along the coastlines, waves reached peak wave periods of over 20s and spectral swell 
components above 50% were consistently observed. There is a need in better defining swell waves 
and their appropriate design conditions. It is the aim of this work to help improve the prediction of 
coastal flood risk by providing an analysis of current overtopping discharge estimate methods under 
long period swell waves and bimodal sea conditions. 

In this study, a 2D numerical flume has been used to simulate the overtopping of coastal structures. 
The numerical flume, NEWRANS, is a Navier-Stokes equation solver and uses the front tracking 
volume-of-fluid capturing scheme for simulation of large deformations during breaking waves and 
overtopping. 

Through analysis of wave spectra observed along the coast during recent coastal flooding events, a set 
of wave conditions has been derived to drive the numerical model. Comparisons will be made 
between the overtopping discharges of the model and that estimated by current empirical overtopping 
formulae; allowing for analysis of the formulae beyond their parameter range limits.  

The outcome of this study will provide an understanding of current overtopping estimation methods 
and their applicability to swell waves and bimodal sea states. As a result, the improved knowledge 
and understanding will help provide better assessment of potential coastal flood risk.  

  



 Reconstruction of circulation in the North Atlantic from Tide Gauges 

Authors: Gerard McCarthy (NOC), Ivan Haigh (Uni. Southampton), Joël Hirschi (NOC), 
Jeremy Grist (NOC) and David Smeed (NOC) 

Abstract 

By analysing tide gauge records, we present a reconstruction of circulation in the North Atlantic. 
Using this circulation index, we present observational evidence that ocean circulation controls the 
decadal evolution of heat content and consequently sea-surface temperatures (SST) in the North 
Atlantic. Positive (negative) phases of the Atlantic multidecadal oscillation (AMO) are associated 
with warmer (cooler) SSTs in the North Atlantic. Phases of the AMO have been linked with decadal 
climate fluctuations. It is widely believed that Atlantic circulation determines the phases of the AMO 
by controlling the decadal changes in heat content in the North Atlantic. However, due to the lack of 
ocean circulation observations, this link has not been previously proven.  

The sea-level gradient along to the east coast of the United States is used to derive a measure of ocean 
circulation spanning nine decades. This index is closely related to the Gulf Stream and the position of 
the Gulf Stream North Wall, marking the inter-gyre boundary. We relate this index to heat-content 
changes, and use the longevity of the tide gauge record to show that circulation changes, as 
represented by sea-level gradient changes, have driven the major transitions in the AMO since the 
1920’s  

We show that the North Atlantic Oscillation is closely related to this sea-level gradient, indicating that 
the atmosphere drives the temporal pattern of the circulation changes. The circulation changes are 
essentially integrated by the ocean in the form of ocean heat content and returned to the atmosphere 
via the AMO.  

An additional consequence of our interpretation is that recently reported accelerations in sea-level rise 
along the US east coast are consistent with a decline in the AMO that has been predicted by a number 
of authors.  

  



The Permanent Service for Mean Sea Level: A Dataset of Sea Level Observations from the Past 
200 Years 

Andrew Matthews (PSMSL), Elizabeth Bradshaw (BODC), Kathy Gordon (PSMSL), Angela 
Hibbert (PSMSL), Svetlana Jevrejeva (PSMSL), Lesley Rickards (PSMSL / BODC), Mark 

Tamisiea (PSMSL), Simon Williams (PSMSL), Philip Woodworth (PSMSL)  

Abstract 

The Permanent Service for Mean Sea Level (PSMSL) provides an internationally recognised focus for 
knowledge and expertise on sea level science, and constructs and maintains a global data set of long 
term sea level change information from tide gauges. The PSMSL data bank holds over 67,500 station-
years of monthly and annual mean sea level data from over 2300 tide gauge stations.  Data from each 
site are quality controlled and, wherever possible, reduced to a common datum, whose stability is 
monitored through a network of geodetic benchmarks. All data is freely available from the PSMSL 
website, and has been used in a wide range of disciplines, including oceanography, geology, geodesy 
and climate change studies. 

The PSMSL was established as a “Permanent Service” of the International Council for Science in 
1958, but in practice was a continuation of the Mean Sea Level Committee which had been set up at 
the Lisbon International Union of Geodesy and Geophysics (IUGG) conference in 1933. Today, the 
PSMSL operates under the auspices of the International Council for Science (ICSU), is a regular 
member of the ICSU World Data System, and is based in Liverpool at the National Oceanography 
Centre. 

Here we will present an overview of the PSMSL dataset, how it can be obtained and used, and 
highlight some of the tools we have created to enable users to explore our dataset. We will describe 
how the global tide gauge network has evolved over the past 200 years and examine its current state. 
We will also discuss our ongoing work to make PSMSL data and metadata easier to access and 
understand, and our efforts to connect it with other datasets that our users may also wish to use. 

 

 

  



Trend estimation of sea-level records using empirical mode decomposition and its variations 

Han Soo Lee (Graduate School for International Development and Cooperation, Hiroshima 
University, Japan), Sönke Dangendorf (Research Institute for Water and Environment, 

University of Siegen, Germany) 

Abstract 

In coastal zone management and adaptation strategies, the sea-level rise is the key factor to be 
considered because of its large impacts. Therefore, the estimation of long-term trends and changing 
rate (in mm/yr) is of eminent importance. Visser et al. [2015] pointed that 
misunderstanding/controversies on acceleration or deceleration of sea-level records are due to 
mathematical or statistical characteristics of the models applied. Moreover, they reviewed 30 methods 
in use for sea-level records analysis and made recommendations for good modelling practices. 
However, EMD is not directly dealt with in their model evaluation. In the meantime, Chambers 
[2015] investigated the EMD method thoroughly for quantifying multi-decadal variations and 
acceleration of sea-level records, and concluded that careful caution is necessary when applying EMD 
in sea-level records analysis to identify multi-decadal variability and accelerations because lowest-
frequency modes are significantly distorted with incorrect amplitudes and phases due to residual 
noises. To overcome the shortcomings, in this study, we used EMD and its variations, such as 
ensemble EMD (EEMD), complete EEMD with adaptive noise (CEEMDAN) and improved 
CEEMDAN, for estimating trends and trend increments with an artificial signal and a sea-level record 
in San Francisco. Moreover, we illustrate a way for improving the physical and statistical meaning of 
decomposed intrinsic mode functions by using Monte-Carlo simulation for the energy spreading 
function of white noise. To validate its performance in terms of trend estimation, we compare the 
results with general curve fitting using linear, quadratic, third-order, and fourth-order polynomials. 
The results show that estimated trends from EMD and its variations have similar patterns, but the 
trend increments show significant different in phase. Overall, the improved CEEMDAN performs 
very well with a good fit to analytic trend and statistically significant low-frequency modes. 

  



Investigating drivers of Late Holocene Sea-Level Change: New Records from Newfoundland 
(Canada) 

Robin Edwards (Trinity College Dublin, Ireland) , Andrew Kemp (Tufts University, USA), Alex 
Wright (Vrije Universiteit Amsterdam, Netherlands) , Ben Horton (Rutgers University, USA), 

Rob Barnett (University of Quebec at Rimouski, Canada), Dan Charman (University of 
Plymouth, UK), Niamh Cahill (University of Massachusetts Amherst, USA), Andrea Hawkes 
(University of North Carolina, USA), Orson van de Plassche (Vrije Universiteit Amsterdam, 

Netherlands) Deceased 

Abstract 

Diagnostic spatial signatures of the processes driving sea-level change are embedded within patterns 
of reconstructed relative sea-level (RSL). Identifying and extracting these ‘fingerprints’ requires a 
network of precise and detailed RSL records from sensitive locations around the globe. We present 
new records of RSL change for the last 2000 years from two sites in Newfoundland (Canada) and 
compare these data with RSL curves from eight other locations to resolve persistent, regional patterns 
of sea-level change along the Atlantic coast of North America. 

The Newfoundland records (Big River and Placentia) are developed from foraminifera and testate 
amoebae preserved in cores of salt-marsh peat with accompanying accumulation histories inferred 
from a combination of radiocarbon dating and recognition of pollution events or trends of known age. 
The RSL reconstructions, derived from a Bayesian transfer function calibrated with a regional-scale 
training set of modern samples, are of sufficient resolution to identify small (< 20 cm) and short-lived 
(multi-decadal) RSL trends. These new records constitute the northerly limit of a transect of 
reconstructions spanning 20 degrees of latitude and extending southward to Florida. We evaluate this 
dataset for evidence of diagnostic, regional RSL fingerprints linked to Late Holocene changes in 
Greenland Ice Sheet mass and variations in strength of the Atlantic Meridional Overturning 
Circulation. 

 

  



Sources of uncertainty in probabilistic relative sea-level change projections. 

Luke P. Jackson (Institute of New Economic Thinking, Nuffield College, University of Oxford; 
National Oceanography Centre, Joseph Proudman Building, Liverpool; 

luke.jackson@economics.ox.ac.uk), Svetlana Jevrejeva (National Oceanography Centre, Joseph 
Proudman Building, Liverpool) 

Abstract 

As global average sea-level rises in the early part of this century there is great interest in how much 
global and regional (relative) sea level will change in the forthcoming decades. A number of relative 
sea-level change projections now exist in the literature that use a method of offline summation of 
individual components. This approach combines the projected ocean volume changes from an 
assimilation of ocean model outputs (e.g. CMIP5 archive) with ocean mass changes that are derived 
by normalising the present-day spatial fingerprint of each component (ice sheets, glaciers, land water 
storage) scaled by the global average projection for that component. At each stage of making the 
projections there are assumptions that will alter the uncertainty of the final result. For example, it is 
assumed that the distribution of ocean model outputs for projected dynamic sea-level change is 
Gaussian everywhere and the present-day pattern of ice-mass loss will continue throughout the 
century, neither of which is strictly the case. We quantify these sources of uncertainty to show how 
scenario dependency also plays a part in the projected uncertainty. 
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Consistent Global Sea Level Acceleration observed in Century Scale Tide Gauge Time Series. 

Peter Hogarth FIET MInstP MIEEE CEng CPhys MBA BSc(Hons) 

Abstract 

Extending the annual tide gauge data available from the PSMSL using published but often uncited 
historical data and bench mark information has resulted in significant gains (around 100%) in terms of 
total station years available. An updated analysis and further additions to the extended data set 
consolidate the original findings and preliminary results published in 2014. This confirms the 
conclusion that sea level acceleration of order 0.01 mm/yr2 is seen in the majority of long mostly 
complete or composite local time series globally. As of 2015 the confidence level is now 95% in a 
consistent mean acceleration value for 119 tide gauge time series of at least 110 years length and at 
least 65% completeness of which 11 are in the Southern Hemisphere. Examples of newly extended 
time series, likely error sources, quality control checks, teleconnections and regional comparisons are 
presented and discussed. The complete data set is accessible on the PSMSL website, along with 
detailed supplementary notes. 
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Sea Level data rescue - filling the gaps in the dataset  

Elizabeth Bradshaw (1), Andy Matthews (2), Lesley Rickards (2) and Svetlana Jevrejeva (2) 

(1) British Oceanographic Data Centre, Liverpool, United Kingdom, (2) Permanent Service for 
Mean Sea Level (PSMSL), Liverpool, United Kingdom  

Abstract 

The error bars on the IPCC AR5 global reconstruction of Mean Sea Level increase prior to the mid-
19th century due to a drop in available observational data points.  

As well as a temporal problem with data availability, there is also an issue in spatial distribution in 
long-term time series. The Permanent Service for Mean Sea Level (PSMSL) (the global data bank for 
Mean Sea Level) has no records longer than 100 years in the Arctic, Africa, South America or 
Antarctica. 

Data rescue activities have uncovered much analogue data, some of which are in data-sparse regions 
and some of which are pre-1850. These activities will help fill in the gaps in the global dataset, 
improve global sea level reconstruction and help projections of global sea level change. Historical sea 
level data are rare and unrepeatable measurements with a number of applications in climate studies 
(sea level rise), oceanography (ocean currents, tides, and surges), geodesy (national datum), 
geophysics and geology (coastal land movements) and other disciplines. 

There are several challenges for data rescue. First you have to uncover data, and then you have to 
conserve, preserve and photograph it. The images then have to be digitised and you have to quality 
control the data you’ve produced. In order to use the data you’ve recovered you also require some 
accompanying metadata. 

International data rescue groups such as the Global Sea Level Observing System Group of Experts 
(GLOSS-GE) and the Research Data Alliance Data Rescue Interest Group are collating tools and 
producing guidelines for historic data. They aim to aid the discovery, scanning, digitising and quality 
control of analogue tide gauge charts and sea level ledgers to improve the quality, quantity and 
availability of long-term sea level data series. 

  

  



Relation between Bottom Pressure Records and Oceanic Variability in the South and 
Equatorial Pacific  

Maria Boryslawska, Dr Harry Leach, Dr Angela Hibbert  

Abstract   

In oceanic studies, little attention has been given to the ocean bottom pressure (OBP) as it is very 
difficult to measure. Until recently, only a few in situ measurements were available - none of which 
were located in the Southern and Equatorial Pacific. However, the Permanent Service for Mean Sea 
Level has obtained access to multiple records from the South and Equatorial Pacific, which were the 
source of the primary data used in this research.  An extended analysis of the oceanic mass variability 
in the South and Equatorial Pacific was carried out. It was found, for the first time, that the bottom 
pressure records are significantly correlated with four climatic indices: 1) El Niño 3.4, 2) Southern 
Oscillation Index, 3) Madden-Julian Oscillation and 4) Southern Annular Mode. AVISO+ satellite 
altimetry data showed a significant spatial correlation with the ocean bottom pressure data. Moreover, 
the spatial correlation exhibits a pronounced El Niño-like pattern. Furthermore, Hovmöller diagrams, 
plotted at the latitudes of the OBPR deployments, showed a distinct sequence of high and low 
amplitude systems which exhibit Rossby-wave-like propagating patterns. The existence of 30-day-
period bottom pressure waves in the in situ data, predicted by Song and Zlotnicki, 2004 was also 
confirmed in this research. These high frequency signals, suggested to originate in tropical instability 
waves, not only penetrate the total volume of the water column in the Pacific but also contribute to up 
to 25% of the total variance of the ocean bottom pressure records.  
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Tide and skew surge independence 
 

Joanne Williams, Kevin Horsburgh, Robert Proctor, Jane Williams 
 

Abstract 
 
Storm surges are weather-related changes in sea-level, that can be a significant hazard to millions in 
coastal communities around the world. 
Where there are large tides, assessing the risk of extreme events based on historic records is made 
much easier if the effect of tides can be decoupled from the surge. The non-tidal residual is often used 
as a measure of the storm surge, but since the surge can affect the timing of the tide, this measure is it 
is not independent. We show that the Skew Surge, the difference between the observed and predicted 
high water, is independent of the size of the tide in many tide gauge records. 
  



TASK (Tidal Analysis Software Kit) – A complete solution for tidal harmonic analysis and 
prediction 

 
Colin Bell (National Oceanography Centre) 

 
Abstract  

  
The harmonic analysis of sea-level records is a well-established technique which can form a vital part 
of any sea-level data processing regime.  As an aid to quality control, it can help identify subtle errors 
in the data, check consistency across long data records, extract the storm surge component of the 
record and identify trends.  However it also has another real-world benefit in terms of deriving the 
harmonic constants that can then be used to produce very accurate tide tables long into the 
future.  Software has existed for some time to carry out this process, but often it is provided as source 
code, not well documented or require an external software licence such as Matlab. 
  
NOC has used its expertise in both analysis and software development to create a suite of easy-to-use 
Windows™ programs which will take you from tide-gauge to tide-table in a few easy steps.  “TASK-
Windows Edition” not only provides a range of data processing and graphing tools to make the 
process easier, it also includes some ‘intelligent code’ to check its own results to see if they look 
sensible and guide the user.  It will even advise on how many harmonics the data should be analysed 
for after assessing the data quality.  Once analysed, the database in the prediction module can 
automatically be updated if the user is happy with the results and within seconds you can have a fully 
formatted customisable tide table layout without the need for any external page-layout software. 
  
Users are provided with technical and analytical support and advice from the Marine Data Products 
Team at NOC.  However for those not wanting to ‘do-it-yourself’, a complete tidal analysis service is 
also available.  Send NOC the data, and you’ll get your results back within a few days. 
  

Please visit the poster for a demonstration. 
 

  



The Effectiveness of the Doodson Criterion in Predicting Double-High Tides at Islay, Scotland 
 

Hannah Byrne (Bangor University), David Bowers (Bangor University) and Mattias Green 
(Bangor University). 

 
Abstract 

  
Semi-diurnal tides do not always follow set sinusoidal oscillations. Double-high tides (DHTs) are a 
tidal phenomenon where there is a dip during the high water peak. These can occur due to shallow-
water distortion of the astronomical tide, or through the presence of a transient seiche. Tidal analysis 
can determine the hydrodynamic characteristics of a region, and this can be invaluable in the 
prediction of tides and for multi-discipline marine users of that area. For the first time, we will be 
exploring the presence of double-high tides at Port Ellen, Islay. In this region, double-high waters are 
caused by the presence of higher harmonics. The Doodson criterion aims to outline the conditions for 
a double-high tide to be present, stating that the ratio between the amplitude of the semi-diurnal tide 
(D2) and that of the shallow-water tide (D4) must exceed 0.25.  We have analysed the effectiveness of 
the Doodson criterion in predicting DHTs, and will indicate whether alterations are needed to improve 
its accuracy. Twenty-eight complete tidal cycles for Port Ellen were obtained from the British 
Oceanographic Data Centre (BODC). Doodson values were calculated, and the values were compared 
to the time series to determine the accuracy of the Doodson criterion. Although the Doodson criterion 
was a good benchmark, it only successively predicted half the double-high waters present in the data. 
Three of the tidal cycles with high Doodson values had appeared to have transitioned into quarter-
diurnal tides, and so another criterion – the Byrne-Bowers criterion – was developed to better define 
the conditions for a double-high tide to be formed. The Byrne-Bowers criterion states that a double-
high water has transitioned into a purely, quarter-diurnal tide when the amplitude of the DHT dip 
exceeds half the amplitude of the successive low water. 

  



Computational study of gabion structures during flooding events 
 

Ali Adel Abdulwahed Zuhaira (Swansea University), Harshinie U. Karunarathna  (Swansea 
University), Dominic E. Reeve (Swansea University) 

 

Abstract 
 

During recent years, there has been a clear perception that the frequency of the flooding events around 
the world has increased. Gabion structures are used widely in hydraulic and coastal engineering such 
as in dam spillways, riverbank protection and coastal defence (crest and back face protection). These 
types of structures provide an additional challenge to the computational modeller in that flow through 
the porous gabions must be simulated. 

In this paper we investigate the performance of gabion structures as a means of protecting the 
backface of coastal defences from damage and scour, using a computational model. The model is 
NEWFLUME which is an open source code that solves the Reynolds-Averaged Navier Stokes 
equations using a Volume of Fluid technique. 

Under wave overtopping and, in extremis, overflow flood defence structures are vulnerable to erosion 
of their backface as the flow accelerates downslope, and to undermining due to scour as the flow 
downslope meets flat ground. To mitigate the former effect the backface can be armoured. To mitigate 
the second effect one can either extend the armouring (not always feasible or cost efficient) or attempt 
to reduce the energy of the flow. The model has been used to simulate flow over the backward side of 
a gabion-stepped coastal defence. The energy dissipation over the steps should be high as much as 
possible, to reduce scour at the base of the structure. 

We have validated computational results against experimental work for broad crested weirs in terms 
of the discharge rates, velocity profiles and pressures. The results show very good agreement between 
the numerical and experimental work. In this study we have tested with four different configurations 
for the steps: standard steps, overlapping, inclined and pooled. All tests have been conducted for the 
same initial water depth to be able to select the best behaviour in terms of energy dissipation. 

The preliminary results show that the standard stepped structure achieves the best result in terms of 
energy dissipation. 

  
  



The impact of loss of Envisat observations on the mean sea level 

Andrew Shaw (SKYMAT Ltd) , Paolo Cipollini  (National Oceanography Centre), Francisco 
Mir Calafat (National  Oceanography Centre) 

Abstract 
 
The 18-year time series of altimetry on the ERS-1/2 and Envisat 35-day orbit repeat tracks were 
discontinued in October 2010 when Envisat orbit changed into a 30-day repeat cycle. Eighteen 
months later, on 8th April 2012, Envisat ceased operations. This study carried out within the ESA Sea 
Level Climate Change Initiative (SL_cci) project addresses the impact of the loss of sea surface height 
(SSH) measurements on the 35-day tracks with respect to the mean sea level (MSL) Essential Climate 
Variables (ECV) indicators. The ECV indicators used are the trend and the  annual and semiannual 
signals for MSL on both global and regional scales. 
  
The AltiKa mission launched in March 2013 reinstated the 35-day orbit leaving a missing data period 
between November 2010 to February 2013 (28 months). So, we assess the impact of the temporal gap 
by flying a satellite along the 10-day reference mission (Jason) and Envisat tracks, over real altimetric 
gridded SSH anomaly field for the period between 1993 and 2013. The input fields were the daily 
gridded ‘two-satellite’ SSH anomalies (SSHA) from AVISO. Four datasets were created under the 
following scenarios: 
  
1) Resampled along 10-day orbital track only. 
2) Resampled along 35-day orbital track only. 
3) Resampled along 10-day + 35-day orbital tracks 
4) Resampled along 10-day and 35-day orbital tracks, with the 35-day orbits missing for the period 
between November 2010 and February 2013. 
 
The first three scenarios were designed to provide a validation check and to assess the sensitivity of 
the ECV indicators with respect to ESA’s CCI ECVs indicators. The results show that there is no 
statistical evidence that the loss of the Envisat data (i.e. Nov 2010 to Feb 2013) had an impact on the 
global and regional ECV indicators and therefore the impact of the loss of data are minimal. 
 

  



Sea and land level trends around the UK from tide gauge, coastal altimeter and GPS time series.  

Angela Hibbert (NOC, Liverpool), Simon Williams (NOC, Liverpool), Paolo Cipollini (NOC, 
Southampton),  Franciso Calafat (NOC, Liverpool), Dave Cotton (Satellite Oceanographic 

Consultants Ltd) 

Abstract 

Sea Level Space Watch was a short-term project, funded by the UK Space Agency under the Space 
for Smarter Government Programme, to develop a prototype service to support agencies responsible 
for the management and planning of national flood defences and the preservation of coastal habitats 
threatened by sea level change.  As part of this project we used tide gauge data along with satellite 
altimeter (Jason-1/Jason-2 from 2002-2015) and GPS data (for vertical land motions) to produce the 
latest figures on observed sea (and land) level around the UK, supported by careful analyses of these 
data in terms of long-term trends, regional variability and confidence intervals showing the lower and 
upper limit for the current mean sea levels. Just as important as the derived trends from these 
techniques is our understanding of the uncertainties of the trends. Here we present the results of the 
stochastic modelling of these datasets and the consequences for the confidence levels we assign to the 
trends. We find significant temporal correlations in all datasets and therefore uncertainties are larger 
than previously estimated. We find that although, on an individual point basis, the 14 year altimeter 
record is not yet long enough to accurately estimate long term trend, it is able to produce regional 
decadal scale trends.  We also use the stochastic modelling to infer the length of series required to get 
to given uncertainty levels. 
 

  

  



Rothera – The Most Southerly Radar Gauge in the World 

Jeff Pugh (National Oceanography Centre, Liverpool, UK), Angela Hibbert (National 
Oceanography Centre, Liverpool, UK), Pete Foden (National Oceanography Centre, Liverpool, 

UK), Phil Woodworth (National Oceanography Centre, Liverpool, UK) 

Abstract  

The South Atlantic Tide Gauge Network (SATGN) was formed more than 30 years ago and operates 
at 9 sites in some of the most remote and hostile locations in the World. Historically, this was an 
under-sampled ocean region and the SATGN has been crucial in addressing knowledge gaps, for 
example regarding the scale of ACC variability. However, decadal variability in this region is still 
poorly understood and from this perspective the SATGN is just entering its useful life. NOC 
engineers are therefore developing low cost, low maintenance and highly accurate, robust technology 
that can be used in such locations for many years to come, minimising costs and ensuring the future 
availability of these data. 
 
The most recent such development was the pilot installation of a guided-wave radar gauge at Rothera 
Base on the Antarctic Peninsula in December 2015. This instrument is fitted to a purpose-built 
insulated and heated stilling well to prevent it from freezing. To date, the instrument is functioning 
well and it is currently the most southerly radar gauge in the world.  

  



Mean Tide Level Data in the PSMSL Mean Sea Level Dataset 

Svetlana Jevrejeva (PSMSL), Andrew Matthews (PSMSL), Elizabeth Bradshaw (BODC), 
Kathy Gordon (PSMSL), Angela Hibbert (PSMSL), Lesley Rickards (PSMSL / BODC), Mark 

Tamisiea (PSMSL), Simon Williams (PSMSL), Philip Woodworth (PSMSL) 

 Abstract 

The Permanent Service for Mean Sea Level (PSMSL) is the internationally recognised global sea 
level data bank for long term sea level change information from tide gauges. Established in 1933, the 
PSMSL continues to be responsible for the collection, publication, analysis and interpretation of sea 
level data. The PSMSL data bank holds over 67,500 station-years of monthly and annual mean sea 
level data from over 2300 tide gauge stations.  Data from each site are quality controlled and, 
wherever possible, reduced to a common datum, whose stability is monitored through a network of 
geodetic benchmarks. 
  
Most of the records in the main PSMSL dataset indicate mean sea level (MSL), derived from high-
frequency tide gauge data, with sampling typically once per hour or higher. However, some of the 
older data is based on mean tide level (MTL), which is obtained from measurements taken at high and 
low tide only. Although usually similar, MSL and MTL can differ by many centimetres, particularly 
in shallow water locations. As a result, care must be taken when using long sea level records that 
contain MTL data. 
The PSMSL describe periods of MTL measurement and possible corrections in the documentation of 
individual stations. However, these comments are easily overlooked, particularly in studies involving 
a large number of stations. Therefore, earlier this year the PSMSL decided to apply a correction to all 
mixed MTL/MSL records in its datum-controlled RLR dataset based on the best available estimate of 
MTL – MSL. 
  
Here we describe why MTL can differ from MSL, what changes have been made to the PSMSL 
dataset, and note some caveats and warnings that should be considered by users of our data. 

  



Effects of future sea-level rise on tidal processes on the Patagonian Shelf 

Stacey Carless (School of Ocean Sciences, Bangor University), Mattias Green (School of Ocean 
Sciences, Bangor University),Holly Pelling (School of Ocean Sciences, Bangor University; 

National Oceanography Centre, Liverpool), Sophie Wilmes (School of Ocean Sciences, Bangor 
University) 

Abstract 

The response of tidally driven processes on the Patagonian Shelf to sea-level rise (SLR) is revisited 
using large but realistic levels of change in an established numerical tidal model. Previous results are 
to some extent recreated, but there are significant differences depending on how SLR is implemented. 
This is true for how the boundary at the coastline is treated, i.e., if we allow for inundation of land or 
assume flood defences along the coast, but also for how the sea-level change itself is treated. 
Simulations with uniform SLR provide a different, and slightly larger, response than do runs where 
SLR is based on observed trends. Runs using fingerprint signals based on collapsing ice-sheets, with a 
large SLR in the northern part of the domain and a sea-level decrease in the southern part, show 
signals more like the uniform SLR scenarios. In all cases, the effect on the tidal amplitudes is patchy, 
with alternating increases and decreases in amplitude along the shelf. Furthermore, simulations with a 
realistic future change in vertical stratification, thus affecting tidal conversion rates, imply that there 
may be a small but significant decrease in the amplitudes along the coast. Associated processes, e.g., 
the location of mixing fronts and potential impacts on biogeochemical cycles on the shelf are also 
discussed. 
  

  



The Rossby whistle: 120-day sea level oscillations in the Caribbean Sea.  

Chris W. Hughes (University of Liverpool and National Oceanography Centre), Joanne 
Williams (National Oceanography Centre), Angela Hibbert (National Oceanography Centre), 

Carmen Boening (NASA Jet Propulsion Laboratory), and James Oram (University of 
Liverpool) 

Abstract 

Mesoscale variability and baroclinic Rossby waves typically have little influence on coastal sea level. 
Here we present an exception in the Caribbean Sea, in which coupling between a baroclinic Rossby 
wave and boundary currents leads to a resonant basin mode with period 120 days. The mode, which is 
most distinctively seen in basin-average bottom pressure,  accounts for almost half the variance in 
non-seasonal, monthly-mean sea level along parts of the South American coast. The energy source is 
baroclinic instability of the Caribbean Current, which means the mode is analogous to a whistle. It 
plays a note of A-flat, many octaves below the audible range. 
  



Is sea level adjustment steady or intermittent?  

Chris Wilson (NOC) and Chris Hughes (Liverpool and NOC) 

Abstract 

Global-mean sea level is rising, but regionally there may be different rates of change, including faster 
rise or even falling sea level. 

The processes governing regional changes are varied and cover a range of timescales, including 
adjustment by interior and boundary waves, either directly-forced or driven by intrinsic nonlinear 
variability.  Here, we examine coherent structural changes to regional sea level and their degree of 
steadiness or intermittency, using the AVISO altimetry dataset.  We find that several coherent modes 
of sea level persist but that certain intermittent events may cause regional sea level 
adjustment.  Understanding the nature of these events is important for simulating and predicting sea 
level changes. 

  



Long Term Changes in the Statistics of Sub-tidal Sea Level Fluctuations in Long Island Sound 
(USA).  

James O’Donnell (University of Connecticut), Jennifer O’Donnell 
(Coastal Ocean Analytics) 

 
Abstract 

We have analyzed long records of sea level observations obtained at the eastern and western end of 
Long Island Sound, a large estuary in the eastern United States of America. The tidal oscillations were 
extracted using harmonic analysis and the statistics of the anomalies summarized.  We show that the 
frequency distribution of the December-February (DJF) sea level anomalies is significantly impacted 
by sea level rise, particularly at the ocean boundary in the east, and in the summer at the closed 
boundary in the west.  At the west end of LIS, the DJF 95-percentile bands narrow from 1960 to 2015. 
Analysis of trends in along-axis wind stress estimated from wind velocity measurements show that the 
change in the elevation anomaly statistics is a consequence of the changes in winds that appear to be 
correlated with the Atlantic Multi-Decadal Oscillation. Extrapolation of the observed changes 
suggests that flooding will be more frequent in the western end of the Sound.     
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Heartbeat of the Southern Oscillation explains ENSO climatic resonances 

 

John T Bruun (Plymouth Marine Laboratory) 

J. Icarus  Allen (Plymouth Marine Laboratory, National Centre for Earth Observation) 

Timothy J Smyth (Plymouth Marine Laboratory) 

 

Strong El Niño events have widespread and severe economic consequences which are caused by short term, unpredictable 

weather  system  changes  and  subsequent  impacts  on  the  biosphere.  The  El  Niño  –  Southern  Oscillation  (ENSO)  process  is 

characterised by very long term climatic cycles and more rapid equatorial fluctuations. The resonances are a feature of the 

combined effect of Pacific basin bathymetry, ocean‐atmospheric interaction and thermodynamic heat flow. The challenge to 

understand these from long term data rests in the need to distinguish cyclic mechanisms from random noise. We present an 

analysis of the long term ENSO process here that represents 2000 years of history over the Pacific. Overall the ENSO process 

can be represented as the sum of a set of underlying frequency states.   We carry out highly accurate statistical time series 

analysis  of  these  frequency  states  using  three  observational  records  and  a  numerical  simulation  within  the  context  of  the 

theory of climatic oscillations and change. The observational data are:  a) Southern Oscillation pressure difference, monthly 

from 1951 – 2016; b) North Pacific  Index Anomaly, monthly from 1899 to 2016; and c) Sea Surface Temperature Anomaly, 

annual ENSO reconstruction data from 1301 to 2005.    The simulation analysis is carried out using the theoretical model of 

the ENSO delay oscillator process where the influence of long term climatic cycles (10 years to 200 years) due to changes in 

the ocean‐atmospheric coupling dynamic is resolved.     Overall we show how the current and past frequency states  include 

well‐explained  resonances  and  so  provide  a  baseline  for  palaeological‐climatological  related  studies.  This  includes  an 

underlying  stable  oscillating  state  which  we  call  the  Heartbeat  of  the  Southern  Oscillation.  The  persistence  of  this  should 

appear  in  other  palaeoceanographic  systems.  The  frequency  state  model  stability  enables  us  to  project  future  climatic 

resonances and to interpret previous climatic extremes. 

 

 

A Connection Between Laurentide Ice Sheet Topography, the El Niño‐Southern Oscillation, and West Antarctic Climate  

 

Tyler Jones (Institute of Arctic and Alpine Research, University of Colorado, Boulder) 

William Roberts (BRIDGE, School of Geographical Sciences, University of Bristol) 

James White (Institute of Arctic and Alpine Research, University of Colorado, Boulder) 

Eric Steig (Department of Earth and Space Sciences, University of Washington, Seattle) 

Kurt Cuffey (Department of Geography, University of California, Berkeley) 

Brad Markle (Department of Earth and Space Sciences, University of Washington, Seattle) 

 

Past climate reconstructions related to the El Nino Southern Oscillation (ENSO) provide conflicting results over the last 

glacial‐interglacial cycle. Both models and proxies show either stronger or weaker ENSO during the Last Glacial Maximum 

(LGM) relative to the Holocene, confounding broader climatic interpretations. In this work, we use an ultra‐high resolution 

water isotope record from the Pacific sector of West Antarctica (WA) to investigate the Antarctic expression of ENSO‐band 

variability (2‐15 year variations). The WA ENSO‐band signal is elevated during the LGM and reaches a minimum during the 

Holocene. Ensemble Global Circulation Model simulations show that the driver for this WA variability is related to tropical 

Pacific teleconnection strength, driven by Northern Hemisphere ice sheet topography. These results reveal a previously 

unknown inter‐hemispheric teleconnection mechanism operating at ENSO frequencies. 

 

 

Establishing the indicative meaning of ice‐rafted detritus: ice sheet advance, collapse, or both? 

 

Catriona Purcell ( School of Ocean Sciences, Bangor University) 

James Scourse (School of Ocean Sciences, Bangor University) 

Richard Chiverrell (Department of Geography and Planning, University of Liverpool) 

Katrien van Landeghem (School of Ocean Sciences, Bangor University) 



 

The Irish Sea Ice Stream (ISIS) was the largest ice stream that drained the British Irish Ice Sheet (BIIS) and as a consequence 

understanding its dynamic behaviour can help refine glaciological models of the BIIS. The ice stream had a large marine 

terminating margin with its limit the southernmost extension of the BIIS. The ice stream was a major source of Ice Rafted 

Detritus (IRD) to the deep ocean but it is unclear whether these correlate with retreat or re‐advance phases of the ice stream 

(Scourse et al. 2009). We determine the geochemical signature of proximal ISIS glacimarine sediments and their spatial 

variability using X‐Ray Fluorescence with the aim of correlating these end members to the composition of the IRD flux in an 

adjacent deep sea core from the Goban Spur (MD04‐2820CQ). We present initial results from the XRF analysis of ISIS end 

member sediments. Principle Component Analysis was used to characterise these end members into groups with similar 

geochemical composition to trace the source of the IRD flux record in the deep ocean and how this reflects the position of 

the calving margin of the ice stream. 

 

 

Reconstructing Holocene seasonal hydrographic variability in Scottish shelf seas using dog cockle shells (Glycymeris 

glycymeris) 

  

Stella Alexandroff (School of Ocean Sciences, Bangor University) 

James Scourse (School of Ocean Sciences, Bangor University) 

Paul Butler (School of Ocean Sciences, Bangor University) 

 

The long‐lived (>190 years) bivalve Glycymeris glycymeris is an annually resolved palaeoclimate archive for the eastern North 

Atlantic and adjacent shelf seas. G. glycymeris chronologies have already been published for the Inner Hebrides, Scotland, 

and the Irish Sea, as well as other areas. The aim of this study is to detect a signal of Atlantic hydrographic variability in 

Scottish Shelf Seas that is as far as possible uncontaminated by other influences. In May 2014, we collected dead valves and 

young live specimens of G. glycymeris from St Kilda, Outer Hebrides, Scotland. This area is of particular interest as it is close 

to the Scottish shelf margin, has negligible freshwater input and is thought to represent open‐ocean North Atlantic signals 

well. We here present two floating chronologies, each spanning >200 years, built from dead‐collected G. glycymeris shells 

from St Kilda.  All the shells in these chronologies were assigned radiocarbon ages between 3700‐3300 cal yr BP. The 

radiocarbon ages confirm our findings by grouping the shells into two distinct age bands consistent with our two floating 

chronologies. This archive provides the potential to compare hydrographic conditions between the present and earlier in the 

Holocene.  We present sub‐annual δ
18

O data from these floating chronologies as well as from modern specimens from St 

Kilda and instrumental data to compare changes in mean state and seasonality between the present and the fourth 

millennium BP. 

 

 

Annually‐resolved North Atlantic marine climate over the last millennium: the ULTRA series 

  

James Scourse (School of Ocean Sciences, Bangor University) 

David Reynolds (School of Earth and Ocean Sciences, Cardiff University) 

Paul Halloran (Dept of Geography, University of Exeter) 

Sandra  Nederbragt (School of Earth and Ocean Sciences, Cardiff University) 

Alan D. Wanamaker, Jr (Iowa State University) 

Paul Butler (School of Ocean Sciences, Bangor University) 

Christopher Richardson (School of Ocean Sciences, Bangor University) 

Jan Heinemeier, J. (Institute of Physics and Astronomy, Aarhus University) 

Jón Eiríksson, J. (Faculty of Earth Sciences, University of Iceland) 

Karen Luise Knudsen (Dept of Geoscience, Aarhus University) 

Ian Hall (School of Earth and Ocean Sciences, Cardiff University) 

  

Numerical climate models predict a significant weakening (~30%) in Atlantic Meridional Overturning Circulation (AMOC) over 

the 21st century in response to anthropogenic climate forcings. However, the lack of absolutely‐dated oceanographic 

information prior to the modern instrumental period limits the direct assessment of the mechanistic role played by North 

Atlantic Ocean dynamics in previous climate transitions (e.g., Medieval Climate Anomaly‐Little Ice Age). Here we present 

analyses of the first millennial‐length, annually‐resolved and absolutely‐dated marine archive from the ocean (ULTRA series). 

Our record of oxygen isotope ratios in the shell of the long‐lived marine bivalve Arctica islandica from the North Icelandic 

shelf demonstrates that solar and volcanic forcing coupled with ocean circulation dynamics are key drivers of climate 

variability. This absolutely‐dated series from the North Atlantic provides the opportunity for comparisons with annually‐



resolved Northern Hemisphere atmospheric series (tree‐rings, ice cores) and provides a key, and unique, observational 

dataset for integration with coupled ocean‐atmosphere model simulations. 

  

 

 

  

Poster presentations 

 

The ocean's role in shaping regional climate variations during the last millennium 

 

Johann H. Jungclaus (Max Planck Institute for Meteorology) 

Eduardo Moreno‐Chamarro (Max Planck Institute for Meteorology) 

Davide Zanchettin (University of Venice) 

 

Ocean circulation, or more precisely meridional heat transport associated with the large‐scale circulation, plays an important 

role in redistributing heat and shaping regional climate. This is particularly the case for the Atlantic Ocean, where interactions 

between  overturning  circulation,  the  gyre  systems,  and  local  air‐sea  exchanges  determine  regional  heat  budgets.  The 

mechanism involved in this interaction may also dampen or amplify the regional response to external forcing (e.g., Marshall 

et al., 2015). While this has been manifested for the case of relatively strong external forcing (i.e. global warming in the 20
th

 

century and beyond), the ocean’s role is less clear for the preindustrial times. 

 

Here we investigate the relation between different components of the ocean heat transfers (overturning vs. gyre circulation, 

effects  of  heat  con/divergence  on  water  mass  structure  and  dynamics)  in  millennium‐long  simulations  with  MPI‐ESM‐P, 

including  three  simulations  covering  the  pre‐industrial  millennium  (850‐1849  CE).  We  analyze  the  relative  role  of  forced 

changes  vs.  internal  variability.      We  focus  on   the  North  Atlantic  Sub  Polar  Gyre  (SPG)  and  include  information  from 

palaeoceanographic reconstructions (e.g. Miettinen et al., 2012). For the SPG in particular, we diagnose pronounced regional 

climatic effects, such as the amplification of the Little Ice Age in Europe by reduced oceanic heat transfers to higher latitudes. 

 

 

 

Accessing  the  validity  of  cold  water  coral  reefs  as  archives  of  environmental  change:  the  Porcupine  Bank  Canyon,  NE 

Atlantic. 

 

Kevin Power (University College Cork) 

Andrew Wheeler (University College Cork) 

Quentin Crowley (Trinity College Dublin) 

Aggeliki Georgiopoulou (University College Dublin) 

Aaron Lim (University College Cork) 

 

Carbonate mounds, by their nature, produce a  long‐term record of sedimentation. As Cold‐Water Corals (CWC) grow, their 

anastomosing  skeletal  framework  acts  as  a  baffle  for  grains  and  fragments,  and  a  matrix  develops  between  colonies.  This 

initiates  a  positive  feedback  mechanism,  with  consolidating  sediment  providing  more  substrate  for  corals  to  grow  upon, 

further entraining more debris. Over  thousands of years,  this sees  the bulbous expansion of a small  thicket of coral  into a 

carbonate  mound:  a  dense  deposit,  resistant  to  erosion,  that  can  be  100s  of  meters  high.  Accumulations  are  stratified  by 

sequences  of  sensitive  microfossils,  often  indicator  species  of  the  ambient  conditions  during  their  deposition:  a  long 

palaeorecord of environmental change. Coupled with this long archive, mounds are adorned at the surface by contemporary 

scleractinian corals, that incorporate properties of the ambient seawater in their skeletons during biomineralisation. Modern 

ICP‐MS  analysis  techniques  allow  for  precision  sampling  of  polyps,  revealing  fluctuating  elemental  signals  laterally  across 

growth structures, and a short‐term record of local change.  

 

Carbonate mounds, then, hypothetically make for ideal archives at recent and ancient scales. At the Porcupine Bank Canyon, 

a  submarine  canyon  incised  into  the  Irish  continental  margin,  recently  discovered  CWC  reefs  have  thrived  for  some  time 

around the canyon edge (650 mbsl). Their in‐situ position on the lip of the abyss makes them spectators to, and potentially 

recorders of, canyon upwelling and flushing processes. This research investigates the palaeorecord from biomineralised CWC 

skeletons and their associated carbonate mound build‐ups at  the Canyon, anticipating new  insights will be gained  into the 

functioning  of  the  canyon  system  and  the  development  of  the  mounds  themselves.  Here,  preliminary  findings  from  two 

research surveys to the Canyon (CE15009, June 2015 & CE16015, May 2016) with the RV Celtic Explorer are presented, with 



future research outlined. 

 

 

 

Geochemical and temporal characterisation of Holocene cold‐water corals from offshore Ireland. 

 

Elizabeth Tray (Trinity College, Dublin, Ireland) 

Quentin Crowley (Trinity College, Dublin, Ireland) 

Xavier Monteys (Geological Survey Ireland) 

 

Over half of the coral species found in marine waters can be classified as cold‐water corals (CWC). Biomineralized skeletons 

of cold‐water corals may potentially be used as proxies for environmental change, in temperature and chemistry, within the 

ocean. Although fossilized cold‐water corals can provide detailed geochemical data, there are uncertainties of their fidelity, 

due to vital effects. This study focuses on a previously unstudied 5‐meter long sediment core off Western Porcupine Bank, at 

a depth of 740 meters, and features samples of the cold‐water coral species, Lophelia pertusa. 

  

In situ techniques will be used to produce high‐spatial resolution textural and geochemical maps of the coral skeleton, in 

order to investigate their use in reconstructing past environmental change. Intended research methods include, XRD analysis, 

Raman spectrometry, BSEM techniques, and LA‐ICP‐MS. Radiocarbon dating will also be utilized in order to temporally 

constrain the CWC samples. In previous studies, Li/Mg ratios have been used from bulk analyses to create temperature 

proxies; this study intends to assess this method using texturally constrained in situ geochemical data. Rare Earth Elements 

will also be investigated as potential proxies for seawater chemistry in order to distinguish between different water masses. 

Corals from this core have not previously been studied, but given the proximity to other cores from the same region, it is 

anticipated that they will temporally overlap with an important North Atlantic climatic event that occurred 8,200 years ago 

(the so‐called “8.2 ky event”). In this manner, this study aims to temporally and geochemically characterize Lophelia pertusa 

CWCs from a previously unstudied core, in order to contribute to a better understanding of how temporal clusters of CWCs 

and texturally constrained in situ geochemical analyses may be used as environmental proxies from the deep marine 

environment. 

 

 

 

Ecological functioning of fossil zooplankton during the warm period of the Eocene in the Central Pacific Ocean. 

 

Celestine Nwojiji (University of Liverpool) 

Fabienne Marret‐Davies (University of Liverpool) 

Alessandro Tagliabue (University of Liverpool) 

Bryony Caswell (University of Griffith, Australia) 

 

Microfossils from Ocean Drilling Program Leg 199, site 1215A cores H6‐H8 have been analysed for faunal assemblages and 

trait changes across the Paleocene‐Eocene thermal maximum (PETM). The cores were collected from the Central Pacific 

Ocean at 5396 meters below sea level during the Paleogene Equatorial transect cruise which aimed to study the evolution of 

Paleogene equatorial Pacific climate. The lithologic composition of the cores are mainly dark yellowish brown nannofossil 

clay with chert fragments in some sections. Microfossil extraction followed the conventional procedure of soaking, sieving 

and chemical treatment. Picking and trait analysis was done using the MEIJI phase contrast microscope and INFINITY analyser 

software. Foraminiferal assemblages are dominated by benthonic communities and a few planktonic groups which showed a 

high level of weathering. This implies that the sediment was deposited within the lysocline transition zone. Some important 

taxa identified include; Nuttallites truempyi, Nonion havanese, Tappanina selmensis, Globoturborotalia brassriverensis, 

Bulimina spp, Subbotina patagonica, Cibicidoides spp. and Globorotalites micheliniana. Eight foraminifera traits were 

analysed including; test composition, shape, chamber forms, ornamentation, living habit, aperture, sizes, and feeding habits. 

The preliminary result shows no significant relationship between trait and environmental changes during the early Eocene 

warm event in the cores analyzed. The high abundance of Buliminids and Nuttalides species indicates low oxygen 

concentration in the ocean floor and oligotrophic condition during the event. This ocean anoxia could be responsible for the 

total absence of dinoflagellate cysts in all the cores studied. There is also a significant abyssaminid species richness that 

suggests a 3000 to 5000m paleodepth (Tjalsma and Lohmann, 1983). 

 

 

 



Networks of biochronologies for marine climate reconstruction 

  

Paul Butler (School of Ocean Sciences, Bangor University) 

Stella Alexandroff (School of Ocean Sciences, Bangor University) 

Irene Ballesta (Netherlands Institute of Sea Research) 

Fabian Bonitz (Uni Research Climate, Bergen) 

Juan Estrella‐Martínez (School of Ocean Sciences, Bangor University) 

Amy Featherstone (Université de Bretagne Occidental, Brest) 

Stefania Milano (Johannes Gutenberg Universität, Mainz) 

Ariadna Purroy (Institute of Oceanography and Fisheries, Split) 

Maria Pyrina (Institute of Coastal Research, Helmholtz‐Zentrum Geesthacht) 

Tamara Trofimova (Uni Research Climate, Bergen) 

Liqiang Zhao (Johannes Gutenberg Universität, Mainz) 

  

Marine biochronologies, constructed by crossdating patterns of (usually annual) growth increments in natural archives such 

as shells or fish otoliths, furnish absolutely dated material from the marine environment that can be used to reconstruct 

aspects of past environmental conditions.  Where the archive is exceptionally long‐lived, as with some species of marine 

bivalve, biochronologies may go back hundreds or even thousands of years, potentially providing long baseline 

environmental data about conditions and variability that existed well before significant human impacts. Information derived 

from these archives, in the form of absolutely‐dated time series of geochemical data (such as stable carbon and oxygen 

isotopes, and trace element concentrations), can be used to assess long‐term trends and cycles in seawater states (for 

example temperature and pollutants), while cohort analysis using dead shell material can provide insights into changes in 

population dynamics driven by regime shifts operating on much larger scales.  Networks of such chronologies can indicate 

the development of these shifts in space and time, thus providing insights into their mechanisms at very high resolutions.  

Here we present an overview of developments in ARAMACC (“Annually Resolved Archives of Marine Climate Change”), a 

wide ranging EU‐funded sclerochronology project which includes (a) a network of chronologies for the northeast Atlantic 

Ocean based on growth increments in the shells of the bivalve molluscs Arctica islandica and Glycymeris glycymeris; (b) the 

application of these chronologies to climate models; (c) analyses of the biological and ecological drivers of shell growth; and 

(d) novel insights into the use of trace elements and shell microstructure in environmental monitoring and reconstruction. 

  

 

!



S10: The impacts of marine climate change and variability in the shelf seas

Title: Next generaion ocean forecasing model for the NW European Shelf

 
Authors: Jennifer Graham (Met Oice), Enda O'Dea (Met Oice), Helene Hewit (Met Oice), Jefrey Polton 

(NOCL), Jason Holt (NOCL), Karen Guihou (NOCL)

 
Abstract: 

The next generaion ocean forecasing model hosted by the Met Oice will be on a new domain, at higher 

resoluion. This Atlanic Margin Model has a resoluion of 1.5 km throughout, and is hereater referred to as

AMM15. AMM15 will provide a step-change in our simulaions, with improved representaion of spaial and

temporal variability. This model resolves a host of dynamical features not well represented in the earlier 7 

km model, such as mesoscale eddies, frontal jets, internal ides, idally reciied transport etc. All of these 

features make a substanial contribuion to the ine scale currents and material (heat/salt/nutrient/biota) 

distribuion throughout the shelf seas. 

 
We will present iniial results from a 20 year long AMM15 simulaion, and compare this with the exising 7 

km model. We will compare the spaial and temporal variability in these two models, and demonstrate the 

potenial impact of increased resoluion on our future regional predicion systems. 

 

Title: Addressing the carbon question: insights from a synthesis of UK and European observations of marine 
CO2 and ocean acidification

Clare Ostle (SAHFOS) and Phil Williamson (UEA, NERC) 

- And many many other co-authors, that will be included within any presentation of data.

Increasing atmospheric concentrations of carbon dioxide (CO2) are altering the carbonate chemistry and carbon uptake 

capacity of the ocean, with potentially significant ecological and socio-economic consequences. Although often 

presented as global mean values and projections, ocean acidification processes are highly dynamic, with spatial and 

temporal variability driven by physical and biological factors.  In recent years, UK-led research efforts have been 

focussed on monitoring and investigating the carbonate system in the Northwest European shelf seas and surrounding 

oceanic regions and the implications of potential future changes. Here we present data from a synthesis project 

involving a wide range of datasets. Focusing primarily on the 2010-2015 period, we paint an over-arching picture of key

findings and trends in a wider European and North Atlantic context.

Across a range of marine environments, from the open ocean to coastal regions, there is strong variability in carbonate 

datasets. We discuss the strong seasonal and inter-annual variability in the carbonate system in the context of physical 

mixing and biological processes. Historical pH measurements collected over the past 30 years, suggest the North Sea 

pH has decreased at 0.0035 ±0.0014 pH units per year. This is in agreement with a coupled forecast model 

(NEMO-ERSEM), which estimates the decrease in pH trend within the North Sea to be -0.0036±0.00034 pH units per 

year, under a high greenhouse gas emissions scenario (RCP 8.5).

With the continued increase in atmospheric CO2 and sea surface temperatures, there will likely be a reduction in carbon

uptake by the ocean, and a continued negative feedback. Combined, these trends will have significant impacts on 

carbon flux and are likely to impact ecosystem dynamics and export efficiency.



Title: An ensemble of physical climate projections for northwest European shelf seas
Jonathan Tinker (Met Office Hadley Centre)

Jason Lowe (Met Office Hadley Centre)

Jason Holt (National Oceanography Centre, Liverpool)

Anne Pardaens (Met Office Hadley Centre)

The North West European shelf seas (NWS) border a number of European countries, and are of cultural, 

economic and environmental interest. Their physical response to climate change will have a wide range of 
impacts, particularly to the marine ecosystem. 

We present a set of transient physical climate projections (1952-2098) for the NWS using a series of global 
and regional climate model simulations to provide boundary conditions for a regional shelf seas model. We 

explore the effect of parameter uncertainty within the atmosphere of HadCM3 (the global climate model), a 
major source of uncertainty, with an 11-member Perturbed Physics Ensemble. A consistent regional climate 

model (HadRM3) was used to downscale the PPE atmosphere over Europe, and this was used to drive a river
routing model (TRIP). The NWS was simulated with the shelf seas model POLCOMS, using atmospheric, 

oceanic and riverine forcings from HadCM3, HadRM3 and TRIP respectively. 

Here we focus on the centennial change, by looking at the difference between the present day (1960-1989) 

and the future period (2069-2098), focusing on the mean change and the ensemble spread. We focus on 
changes in temperature, salinity and water column structure, although we do note a potential change in 

circulation in the north-western North Sea. We use the full transient runs in order to assess the significance of
the results given the high-frequency (interannual) and low-frequency (~30 year) variability. Finally, we ask 

how suited the underlying PPE is to assess changes to the NWS, and compare relevant large-scale parameters
from the PPE to those from a number of CMIP5 models. 

The data from these projections will be released as an update to the UKCP09 marine projections as part of 
the DEFRA funded Minerva Project.

Abstract Title: Inter-annual variability of headland sandbanks afecing nearshore wave climates and lood

risk
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Abstract:  

Future coastal lood risk is predicted to increase as a result of mean sea-level rise and possible changes to 

both the intensity and frequency of storms. However, the interacion between extreme events and coastal 

lood risk pathway temporal variability are not well understood. The inter-annual variability of ofshore 

sandbanks has been linked to the intensity and frequency of storms waves. As these ofshore sandbanks can

atenuate storm waves propagaing into coastal regions, the interacion between extreme events, ofshore 

sandbanks and coastal lood risk necessitates further invesigaion. The spectral SWAN (Simulaing Waves 

Nearshore) wave model, forced by an Atlanic wave model and ERA-interim winds, was validated and 

applied to the South Devon Coast (UK) for 2013-2015. Inter-annual sandbank variability was parameterised 

from annual surveys of the Skerries Bank, a headland sandbank of Start Point (~50.2°N and 3.6°W), 

between 2013 and 2015. Changes to the nearshore wave climate due to observed inter-annual sandbank 

variability were simulated and compared to nearshore wave climate changes from mean sea-level rise 

alone. Results indicate that temporal variability of coastal lood risk arising from the interacion between 



extreme events, mean sea-level rise and bathymetry, should be included in future coastal lood risk studies.

A numerical assessment of the potenial ecological impacts of zooplankton extracion considering 

addiional environmental pressures due to eutrophicaion and climate change in the Black Sea. 

Valérie Le Guennec (National Oceanography Center and University of Liverpool) , Heather 

Cannaby (National Oceanography Center), Alessandro Tagliabue (University of Liverpool), Jason 

Holt (National Oceanography Center) and Serdar Sakinan (Institute of Marine Science)

The Black Sea is a semi-closed basin and contain the largest anoxic layer of the world (90% of the

total volume). The permanent pycnocline situated around 180m depth stratifies the water column

into two distinct layers and below which there is no oxygen and no life. This unique biochemical

environment allows the formation of dense and homogenous aggregation of an endemic species

called Calanus euxinus which can be accurately quantified with acoustic surveys. In order to sustain

low  productivity  periods,  C.euxinus is  able  to  perform  diapause  and  accumulate  lipid  in  high

quantities. This feature is of particular interest for harvesting purposes which tends to develops on a

worldwide scale. However, the Black Sea is already a fragile basin which has endured through the

last  decade  diverse  human  pressure  (riverine  pollution,  overfishing  and  species  introduction)

leading to severe eutrophication issues and drastic changes of the ecosystem. Whereas zooplankton

extraction could serve economic purposes, its implication on the Black Sea's ecosystem has not yet

been totally investigated. In that extent, we propose the utilization of an hydrodynamic-ecosystem

model  in  order  to  assess  how  the  biomass  of  copepod  (C.exinus)  responds  to  changes  in

eutrophication and climatic forcing and to investigate how the variability of copepods biomass due

to  variability  in  physical  forcing  and  commercial  extraction  may  impact  lower  trophic  level

interactions and the biomass of other key species. The lower trophic food chain is simulated with

ERSEM  (European  Regional  Seas  Ecosystem  Model)  which  is  build  on  a  functional  groups

approach  (phytoplankton,  zooplankton  and  bacteria).  Its  complexity  remain  on  a  detailed

description of the biogeochemical processes and consider multiple  currencies (C, N, P and Si).

ERSEM is coupled with the physical model GOTM (General Ocean Turbulence Model) in order to

reproduce the unique biochemical environment observed in the Black Sea along the water column. 
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By computing transports of dissolved inorganic and organic nutrient forms, to and from 

the Arctic Ocean (AO), we have recently started studying AO nutrient budget at the pan-

Arctic scale. We have identified the AO to be an exporter of phosphate (1.0±0.3 kmol s
-1

) 

and silicate (15.7±3.2 kmol s
-1

) to the North Atlantic, while the nitrate budget (1.0±3.2 

kmol s
-1

) appears to be balanced despite AO denitrification (29.4 kmol-N s
-1

). The Silicate 

imbalance seems to be accounted for (80%) by riverine inputs, but known sources of 

phosphate and nitrate cannot account for the phosphate export and the nitrogen lost via 

denitrification. Dissolved organic nutrient forms have been invoked to account for the 

imbalances, but recent analysis suggest that the AO may also be an net exporter of 

dissolved organic nitrogen (4.66±3.08 kmol s
-1

) and dissolved organic phosphorus 

(1.74±0.50 kmol s
-1

). Are our computations wrong? Are we missing the relevant data? 

What is it that we need to do to fill in the gaps in our knowledge of the AO nutrient 

budget? Answering these questions has implications regarding nutrient sources and sinks, 

which are linked to the interaction of physical and biogeochemical processes within the 

AO. It is important to address such questions if we are to understand how current and 

projected changes in the AO will impact the biogeochemical functioning of AO 

ecosystems. 
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Recent seasonal Arctic Ocean sea ice retreat is a major indicator of climate change. The 

Arctic Ocean is generally quiescent, with low levels of turbulent mixing at intermediate 

depths. However, energetic internal waves have been observed under conditions of 

reduced sea ice cover. These waves have been attributed to increased momentum transfer 

from the atmosphere to the ocean. New measurements were made in the Canada Basin 

during the unusually ice-free and stormy summer of 2012. They show the previously 

observed enhancement of internal wave energy associated with ice-free conditions. 

However, they show no enhancement of mixing at intermediate depths, suggesting that 

the stratification in the Canada Basin is sufficiently strong to isolate the large Atlantic and 

Pacific heat reservoirs from the sea surface. 
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The Marginal Ice Zone (MIZ) in the Arctic has been expanding during the past three 

decades and is projected to become an ever more prevalent part of the ice covered seas. 

The need for better climate predictions, along with growing economic activity in the Polar 

Oceans, necessitates climate and forecasting models that can simulate thinner, fragmented 

sea ice with greater fidelity. Current models do not account for ocean waves in the MIZ; 

they neither simulate the effects of ice fragmentation, nor include sea ice rheology that 

represents both the thinner pack ice and MIZ. These processes affect the momentum 

transfer to the ocean and, ultimately, the state of the sea ice and ocean. We present results 

from a global ocean model NEMO (Nucleus for European Modelling of the Ocean) 

coupled to the Los Alamos sea ice model CICE. A novel, physically based rheological 

formulation for sea ice dynamics is used, accounting for ice floe collisions, while offering 

a seamless framework for pack ice and MIZ simulations. The effects of surface waves on 

ice fragmentation and ice motion, through wave pressure and the turbulent kinetic energy 

of ice floes are accounted for. We examine MIZ and basin scale sea ice and oceanic 

responses to the changes in ice dynamics. The results suggest that the effects of the newly 

included processes are mainly confined to the MIZ. However, with the current and future 

increases in summer Arctic MIZ, we argue that the effects of the combined sea ice 

rheology and ice fragmentation will be noticeable in large areas of the Arctic Ocean, 

affecting both sea ice and ocean. With this study we assert that for more accurate sea ice 

predictions in the changing Arctic models need to include MIZ dynamics and physics. 
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Diel Vertical Migration (DVM) is a solar mediated behavioural response observed 

globally in zooplankton in marine and freshwater environments. Our general 

understanding of the proximate causes of DVM was recently challenged by the discovery 

of active vertical migration during the Arctic polar night, a time of year characterized by 

an extended period of continuous darkness. A novel dataset comprising 58 deployments of 

moored Acoustic Doppler Current Profilers is used in this study to observe the vertical 

migratory behaviour of zooplankton on a pan-Arctic scale. Methods of circadian rhythm 

analysis are applied to detect synchronous activity. South of 75N, DVM continues 

throughout winter (albeit with reduced vertical amplitude when compared to other times 

of the year). DVM is seen to cease for a short period of time (up to 50 days) at latitudes 

between 75 and 82N. The duration for which DVM ceases is controlled primarily by 

latitude (and therefore the altitude of the sun), but is modified by sea-ice presence and 

other environmental parameters. No DVM pattern is detected at 90N, but annual 

periodicity is detected in the surface backscatter levels at this latitude. During the Polar 

Night in the absence of solar illumination, zooplankton is seen to respond to lunar 

illumination on a pan-Arctic scale. Aggregations at depth coincide with an avoidance of 

the surface for several (<6) days over the full moon. The deepest aggregation is seen at 

110 m, indicating a depth limit of moonlight perception. A new type of migratory 

behaviour is described: Lunar Vertical Migration (LVM) which exists as LVM-day (24.8 

hour periodicity) and LVM-month (29.5 day periodicity). Following this, a new 

understanding has been gained on zooplankton behaviours on a pan-Arctic scale. 
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One of the most dramatic consequences of the on-going climate change is the reduction in 

the Arctic sea ice cover over the past few decades. This sea ice loss increases net heat flux 

into the ocean (as part of the polar amplification of global warming) and at the same time 

exposes the ocean to additional freshwater flux from the atmosphere. These two effects 

imply positive anomalies in surface buoyancy fluxes over the Arctic region. In this study 

we estimate global sensitivity of the Atlantic Meridional Overturning Circulation 

(AMOC) to change in surface buoyancy forcing in this context. We find that, whereas on 

decadal timescale the Subpolar region (especially east and south of Greenland) is the 

primarily driver of AMOC weakening, on multidecadal timescales (longer than 20 years) 

it is the Arctic region that largely controls the AMOC slow-down. On timescales close to 

one-century surface buoyancy fluxes in the Arctic are 50% more efficient for weakening 

the AMOC than those in the subpolar North Atlantic. The anomalous surface buoyancy 

fluxes originating from the Arctic region also efficiently weaken poleward heat transport 

in the North Atlantic on a basin scale (i.e., from 25
o
N to 50

o
N). We conclude that such 

remote control of the AMOC intensity and heat transport by the Arctic region is a robust 

feature of climate change. 
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Analytical process models are developed to study linear, steady-state, source-sink and 

wind stress curl driven barotropic planetary flows in a circular polar basin on the sphere 

with simple shelf topography. The leading order dynamical balance is geostrophic except 

near the boundary of the basin and the shelf edge, where dissipation in the form of either 

linear bottom friction or eddy diffusion becomes significant. Full spherical geometry is 

retained in the derivation of the barotropic vorticity equation. Subsequently, an 

overlooked approximation in the refereed literature of the sixties is adopted whereby the 

latitudinal dependence in the coefficients of the vorticity equation is suppressed, hence 

allowing analytical solutions to be obtained. The approximation is justified, a posteriori, 

and the study compares the analytical solutions with numerical solutions obtained from 

the NEMO ocean modelling system. Numerical experiments with NEMO are used to 

extend the process model solutions by obtaining the steady wind and boundary forced 

circulation in a polar basin with open boundaries representing the Bering Strait, Canadian 

Archipelago and Greenland Sea, and with a continental self and a representation of the 

Lomonosov Ridge. NEMO based experiments are also conducted to investigate the sea 

surface anomaly field driven by the fluctuating flow through one, or more, of the straits 

connecting the Arctic Basin to its marginal seas. Finally, we reflect on the likely impact of 

sea ice on the barotropic circulation in the Arctic Ocean. 
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Pacific Water (PW) enters the Arctic Ocean through Bering Strait, brings heat, fresh water 

and nutrients from the northern Bering Sea and has impacts on ocean mixing, sea ice and 

ocean dynamics, as well as heat and salt budgets and ocean biology. Pathways and the 

circulation of PW in the central Arctic Ocean are only partially understood due to the lack 

of observations. We simulate PW pathways by tracking it with a passive tracer in a suite 

of coupled sea ice-ocean models. The tracer is released in Bering Strait during 1979-2010 

and spreads from the Bering Strait region into the Arctic Ocean through the Barrow and 

Herald canyons and across the Herald Shoal and the central Chukchi shelf, with a large 

fraction of PW accumulating at the periphery of the Beaufort Gyre. We analyse changes 

in the PW and associated oceanic freshwater sources through the Arctic Ocean due to 

changes in the wind, focusing on seasonal and inter-decadal variations in the PW 

pathways. We put forward a hypothesis which relates variations in the PW pathways to 

the changes in the wind through Ekman pumping and via the changes in vertical shear of 

oceanic relative vorticity. We discuss the implications of the Pacific water variability for 

the recent changes in the Arctic heat and fresh water storage. The presented study was a 

part of the Forum for Arctic Ocean Modelling and Observational Synthesis (FAMOS), an 

international effort to coordinate Arctic Ocean modelling and observations. 
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In this study we use a novel pan-Arctic sea NENO-shelf ice-ocean coupled model, to 

examine the effects of tides, river runoff and vertical mixing schemes on sea ice and the 

mixing of water masses. Several 20-year long (1990-2010) simulations were 

performed:  with explicitly resolved tides and without any tidal dynamics, with 

climatology river runoff, Dai et al., 2009 database and freshwater source from melting 

Greenland glaciers.  The results have been compared with sea ice volume and 

concentration trends and temperature and salinity profiles from World Ocean Database. 

We compared the following characteristics: potential energy anomalies, depth of halocline, 

mixed layer depth, salinity at the subsurface layer.  
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Submesoscale frontal structure during the formation of a mesoscale eddy in the ACC 

Kate Adams (Plymouth University), Phil Hosegood (Plymouth University), John Taylor 

(Cambridge University), Jean-Baptiste Sallèe (L’Ocean), Scott Bachman (Cambridge 

University), Megan Stamper (Cambridge University), Jill Schwarz (Plymouth University0 and 

Ricardo Torres (Plymouth Marine Laboratory) 

We present here observations collected during the Surface Mixed Layer Evolution at 

Submesoscales (SMILES) cruise conducted in May 2015 that constitute the first in-situ, 

submesoscale-resolving measurements of the formation and evolution of a closed core eddy 

within the ACC. Our observations, primarily consisting of towed CTD (Seasoar), vessel-

mounted ADCP, and drogue drifters, are concentrated on a prominent northward meander of 

the ACC east of the Drake Passage where the Subantarctic and Polar fronts converge. A 

drifter-following Seasoar survey coincided precisely with the moment that the meander 

separated from the ACC and formed a closed, cold-core mesoscale eddy, approximately 100 

km in diameter. The ship-based measurements ultimately encompassed the entire eddy with 

a horizontal resolution of O(2 km) down to 200-m water depth and provide insight into the 

variations in lateral frontal structure as the eddy formed. The northern sector where we 

began the survey was composed of the frontal region associated with the original meander: 

strong cyclonic circulation, confluent cross-frontal flow indicative of frontogenesis, and a 

well-defined frontal structure. Observations of the newly formed southern portion of the eddy 

show decreased along-front and diffluent cross-front velocities as well as the presence of 

submesoscale mixed-layer eddies. In conjunction with the towed CTD survey, a drifter triplet 

was released within a narrow (<5 km) cold water filament embedded within the front. The 

drifters completed three revolutions before being ejected from the eddy in a streamer that 

was visible in a rare cloud-free SST image. SSH and SST observations reveal that the eddy 

crossed the North Scotia Ridge and persisted for approximately 3 months. 

 

Insights into abyssal water transformation: an example from the Panama Basin 

Donata Banyte (Newcastle University), Miguel Morales Maqueda (Newcastle University), 

Richard Hobbs (Durham University), David Smeed (NOC) and Alex Megann (NOC) 

Abyssal water transformation in the Panama Basin was investigated using observational 

data collected during OSCAR project in 2014-2015. Panama Basin has a single inflow 

pathway of abyssal waters with an integral inflow rate of 0.35 Sv. The same pathway serves 

also as an outflow of bottom waters completely transformed to lighter densities by both 

geothermal heating and turbulent mixing. Walin [1982] water transformation theory was 

applied to show that about 66% of abyssal water transformation happens due to the 

geothermal heating. Similarly to the geothermal heating, the turbulent mixing drives abyssal 

water transformation to lighter waters exclusively at the bottom boundary layers. The 

strength of water transformation highly depends on the area of the incrops of density layers 

at the bottom. 

 



 

Idealised modelling of ocean circulation driven by conductive and hydrothermal 

fluxes at the seabed 

Jowan Barnes (Newcastle University and NOC), Miguel Morales Maqueda (Newcastle 

University) and Jeff Polton (NOC) 

There are two distinct processes by which heat is transferred from the solid Earth into the 

abyssal ocean. The first is conductive heating and the second is hydrothermal heating, 

involving advection of water from within the Earth's crust. Here, the impacts of these two 

geothermal processes on ocean circulation are investigated. 

Previous modelling studies have applied conductive geothermal heat fluxes at the seabed 

and shown differences in circulation compared to cases which neglected heat from the Earth 

in their boundary conditions. The true geothermal heat flux, however, is not entirely 

conductive. From areas where the crust is younger a significant proportion of the heat input 

from the Earth could be in the form of fluid flow from hydrothermal vents, introducing forcing 

to the circulation which has previously been unaccounted for. 

In this study a set of idealised modelling experiments are run in order to investigate the 

effects of changing the balance of the geothermal heat flux from being purely conductive to 

purely hydrothermal, via intermediate states in which the two boundary conditions are 

combined in different ratios. By performing such experiments we discover that changing the 

proportion of geothermal heating introduced hydrothermally causes differences in abyssal 

circulation and hydrography. We can also establish whether neglecting the hydrothermal 

advection in favour of a fully conductive geothermal boundary condition is a justifiable 

approximation. 

The results will inform the construction of boundary conditions for future circulation models 

involving ocean floor heat fluxes, specifically a regional study of geothermal contributions 

within the Panama Basin. 

 

Identifying Glacial Meltwater in the Amundsen Sea 

Louise C. Biddle (University of East Anglia), Karen J. Heywood (UEA), Adrian Jenkins (BAS), 

Jan Kaiser (UEA) 

Pine Island Ice Shelf (PIIS), located in the Amundsen Sea, is losing mass rapidly due to 

relatively warm ocean waters melting from below. Tracing the meltwater pathways from the 

ice sheets is important in order to identify the regions most affected by the increased input of 

this water type. 

Water mass characteristics (temperature, salinity, O2 concentration) are used to calculate 

glacial meltwater fractions.  The observations from the Amundsen Sea appear to show a 

plume of meltwater travelling away from PIIS along σ = 27.7 kg m-3, out to the shelf 

edge.  We investigate the reliability of these results to ascertain the meltwater pathways in 

the Amundsen Sea. 

Processes such as endpoint variation and biological activity can affect the calculated 

apparent meltwater fractions. We analyse the effects of both physical and biological 

processes on the reliability of the calculated meltwater fractions using a modified one-

dimensional ocean model based on Price-Weller-Pinkel (1986). The model simulates the 

effects of an increase in sea ice production and an influx of Lower CDW, as well as 

biological activity. These processes are found to result in a false meltwater signature, similar 

to the plume observed at the shelf edge. 



Recommendations are made to improve the reliability of glacial meltwater calculations, 

including the identification of a ‘pseudo’-CDW endpoint and an increase in uncertainty of the 

c(O2) measurements. The resulting glacial meltwater fractions reveal a meltwater pathway 

leading to the west of PIIS, along the coastline. 

 

The relationship between abyssal overturning, eddies and vertical mixing: insights 

from the Caspian Sea. 

 Nicolas Bruneau (Imperial College London), Jan Zika (Imperial College London) and Ralf 

Toumi (Imperial College London) 

Abyssal overturning circulation controls the uptake and distribution of heat and carbon by the 

deep ocean and therefore significantly influences global climate on centennial time scales. 

Ocean vertical mixing has long been known to strongly influence this circulation. In steady 

state, stratified vertical mixing can balance a vertical heat flux due to overturning circulation. 

However due to the particular dynamics of the austral ocean it is challenging to isolate and 

assess the roles of wind, buoyancy forcing and eddy effects in global models. Moreover, 

since abyssal flows have millennial transit times, simulation is computationally prohibitive, 

especially with even partially resolved eddies. Idealised models are often employed but 

conversely suffer from a lack of observational constraint.  

The Caspian Sea is the largest enclosed body of water in the world, extending to around 

1000 km (North-South) by around 600 km at its widest (West-East) and exhibiting two deep 

regions (800 and 1000 m). Offering the benefits of simplistic idealized models in terms of 

domain size, while being constrained by observations, the Caspian Sea is an ideal 

environment to investigate the impact of resolution and mixing parameterisations on 

overturning circulation.  

The aim of this study is to quantify the variability of the Caspian Sea overturning through a 

set of experiments exploring different resolutions, from 16km (as current state-of-the-art 

climate models) to 2 km (to resolve eddies) as well as a range of vertical mixing schemes. 

 

The response of diabatic eddies and residual overturning circulation to altered 

northern boundary conditions in an idealised channel model. 

Helen Burns (University of Southampton, NOC), Sybren Drijfhout (University of Southampton, 

NOC), Jeff Blundell (University of Southampton, NOC) 

The overturning circulation in the Southern Ocean consists of a residual overturning 

circulation (ROC) formed by opposing mean and eddy circulations. Previous studies of the 

Southern Ocean ROC have focused on local surface wind and buoyancy forcing (surface 

boundary conditions). However we show in order to close the Southern Ocean ROC the 

northern boundary must be open and if closed will not allow for a ROC to be maintained. 

Buoyancy budget arguments imply that this is achieved through a response in the diabatic 

eddy buoyancy fluxes. Using a series of idealised channel model set ups we focus on the 

diabatic eddy response to altering northern boundary stratification to gain a better 

understanding of diabatic eddy processes that lead to large changes in the ROC. This could 

have implications for the ROC response to far field forcing and processes potentially missing 

in climate model feedbacks. 

 

Observations of spice filaments in the Southern Ocean 

Jesse Cusack (University of Southampton, National Oceanography Centre Southampton), 



Jim Ledwell (Woods Hole Oceanographic Institute), Alberto Naveira Garabato (University of 

Southampton, National Oceanography Centre Southampton) and David Smeed (National 

Oceanography Centre Southampton) 

Several physical processes have been proposed to explain the appearance of density 

compensating temperature and salinity (spice) variance at small lateral scales. Chief among 

the suspects are mesoscale eddies, which stir large-scale gradients into long, thin, filaments. 

An analysis of high resolution measurements from 1500 m deep isopycnal tows and 

autonomous profiling floats in the Southern Ocean, indicate that spice varies along 

isopycnals in a series of discrete steps, suggestive of filaments with widths of 1 km and 

greater. Filament structures are observed to persist on subinertial time-scales, implying that 

reversible stirring by internal waves is unlikely to to be the cause. The variance spectrum is 

found to have a horizontal wavenumber dependence of k-2, in disagreement with interior 

quasi-geostrophic theoretical predictions, but in agreement with other recent observational 

studies. The physical processes that could lead to such an observed spectrum are 

discussed as well as the implications for our understanding of stirring in the Southern Ocean. 

 

Recent Ocean Conditions in the Amundsen Sea and their Influence on Pine Island 

Glacier 

Peter Davis (British Antarctic Survey), Povl Abrahamsen (British Antarctic Survey), Adrian 

Jenkins (British Antarctic Survey), Keith Nicholls (British Antarctic Survey), Karen Heywood 

(University of East Anglia), Sang Hoon Lee (Korea Polar Research Institute), Tae Wan Kim 

(Korea Polar Research Institute), Ho Kyung Ha (Korea Polar Research Institute), Pierre 

Dutrieux (University of Washington) and Stan Jacobs (Lamont-Doherty Earth Observatory) 

Thinning ice in the Amundsen Sea sector of West Antarctica contributes about 10% of the 

current rise in global sea level. The cause is an acceleration in the flow of outlet glaciers in 

the region that appears to be driven by changes in the volume and temperature of the warm 

deep waters that flow onto the Amundsen Sea continental shelf. In particular, observations in 

front of and beneath Pine Island Glacier have shown that warm water flows onto the shelf 

through two troughs at the continental shelf break and can readily access the sub-ice shelf 

cavity, rapidly melting the ice above, and promoting swift retreat of the glacier. Since 2009, 

ocean moorings have been deployed within the vicinity of Pine Island Glacier and throughout 

the Amundsen Sea as part of an international effort that included the NERC iStar – Ice Sheet 

Stability Program. Recently, the recovery of a further four moorings has extended the 

available timeseries up to 2016, allowing us to investigate the longer term interactions 

between Pine Island Glacier and the ocean over which it floats. Here we will present the key 

findings from these new timeseries, including, for the first time, concurrent measurements of 

ocean properties in the two troughs that feed warm water towards Pine Island Glacier. 

 

Southern Ocean sea surface height variability from CryoSat-2 and its drivers (2010-

2015) 

Jack Hooley (University of Southampton), Prof. Alberto Naveira Garabato (University of 

Southampton), Prof. Sheldon Bacon (National Oceanography Centre) and Dr. Michel 

Tsamados (UCL). 

The polar Southern Ocean is a region of complex interactions between the atmosphere, 

ocean, and cryosphere, with a disproportionately important influence on Earth’s climate. The 

air-sea-ice processes in this region are key elements in regulating global sea level, Earth’s 



albedo, and the ventilation of oceanic bottom waters, to name a few. Recent climatic 

perturbations to these processes have been suggested by observations and models, but the 

extent of their impacts on ocean circulation is difficult to quantify and understand. One 

reason for this is the inability of remote sensing satellites to collect accurate measurements 

in the ice-covered ocean. 

Here a novel technique is used to extract sea surface height measurements from the ice-

covered ocean to build an unprecedented view of seasonal-to-interannual variability within 

the polar Southern Ocean. Sea surface height data measured by CryoSat-2 from both the 

open ocean and leads within the sea ice (2010-2015) is used to calculate the sea surface 

height and dynamic ocean topography, documenting the characteristic seasonal cycle and 

interannual changes. These data are combined with GRACE gravity data and hydrographic 

observations to quantify the steric- and mass-related causes to the seasonal and interannual 

variability. Results of these analyses will be discussed. 

 

Ageing Cyclonic Eddies 

Harry Leach (University of Liverpool) and Volker Strass (Alfred Wegener Institute) 

Ocean eddies are formed by baroclinic instability, in which the available potential energy 

from the large scale slope of the isopycnals is converted into the kinetic energy of the flow 

around the eddy. When a cyclonic eddy forms its isopycnals are domed upwards and it 

entrains a variety of waters with differing temperature-salinity characteristics. As time passes 

the core of the eddy becomes more homogeneous. The isopycnals flatten in the centre of 

the eddy and in cross-section they can become M-shaped, so that the steepest gradients are 

concentrated around the edge. Mixing processes within the eddy homogenise the water so 

that the temperature-salinity relationship becomes tighter. Small scale variability, which is 

initially spread throughout the eddy, also becomes concentrated around the edges. 

Eventually the eddy becomes unstable and collapses releasing the water it has 

homogenised back into the general flow. These processes will be illustrated by examples 

based on observations of cyclonic eddies in the Antarctic Circumpolar Current. 

 

On how the frequency of tropical cyclones changes under the sea surface warming in 

the North Western Pacific 

Liping Ma1,2,3 (1Nanjing University of Information Science and Technology. 2State Key 

Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences. 3 Now at 

University of Liverpool) 

A widespread view exists that a warmer climate is likely to lead to more frequent or stronger 

storms and extreme weather events. This connection is examined for the frequency of 

tropical cyclones in the North Western Pacific by comparing data from the China Tropical 

Cyclone Year Book, the Tokyo-Typhoon Centre and Joint USA Typhoon Warning Centre, as 

well as the National Centres for Environmental Prediction (NCEP) reanalysis data from 1949 

to 2007. The NCEP reanalysis data reveals that the average sea surface temperature over 

the tropical North Western Pacific increases by 0.6°C over the last 50 years, consistent with 

global warming. Most of the tropical cyclones in the western North Pacific are generated in 

the tropics within the ITCZ, so that the frequency of tropical cyclones is compared with the 

strength and position of the ITCZ.  In contrast, in the tropical Atlantic, most tropical cyclones 

are generated from the easterly wave. A surprising result emerges from the analysis of these 

data sets in the Western Pacific: the frequency of tropical cyclones does not positively 



correlate with higher surface temperatures. There is a long-term decrease in the frequency 

of tropical cyclones during sea surface warming, connected with an associated weakening in 

the ITCZ strength and its position shifting equatorward from 1965 until 2007. By comparing 

years with maxima or minima in the number of tropical cyclones, there are more (fewer) 

tropical cyclones when the ITCZ is stronger (weaker) and shifts northward (equatorward) or 

when the subtropical high shifts northward (equatorward). In summary, the frequency of 

tropical cyclones depends on both favourable thermodynamic and dynamic 

conditions: enhanced sea surface temperature is expected to be favourable for tropical 

cyclone formation, but dynamical conditions are unfavourable if the genesis regions shifts 

equatorward where the low Coriolis parameter inhibits the formation of a strong vortex. 

Reference: Ma, Liping ; Chen Lianshou. (2009) The Relationship between Global Warming 

and The Variation of Tropical Cyclone Frequency over Western North Pacific. Journal of 

Tropical Meteorology, June, 2009 Vol.15,No.1 

 

In search of the plastic accumulation regions: fine-tuning ocean surface transport 

models 

Ronan McAdam (Imperial College London) and Erik Van Sebille (Imperial College London) 

The transport of plastic waste in the ocean can be simulated using models of floating tracer 

accumulation. One set of these models uses a relatively efficient and discrete approach 

(Markov Chain) of representing chaotic surface current phenomena in so-called transition 

matrices (TMs). These TMs tabulate probabilities of moving between pre-defined cells in a 

pre-defined time frame, which are calculated from the Global Drifter Program (GDP) 

trajectory dataset. However, the sensitivity of model results to the parameter space has not 

yet been explored. 

In this study, we determine a suitable range of key set-up parameters: resolution (n), 

trajectory length of interest (dt) and a spatial decorrelation time (τ). A suite of 50-yr tracer 

evolution results is produced. By comparing the sizes and positions of the so-called 

“garbage patches” in each model, we assess these parameter’s effects on ocean transport 

representation. Better understanding of the sensitivity of these metrics adds confidence to 

the TM approach. Most notably, variation due to temporal resolution highlights its dominant 

role in determining the ability of regions to accumulate tracer. Indeed, the reason for this is 

an open question. 

TMs are then created for two subset drifter types - surface drifters and drifters with drag at 

15m depth. The distribution of tracer is shown to vary with depth/flow regime. To determine 

whether or not this a result of poor data coverage in some regions, we include preliminary 

results from hybrid models. These are enhanced by virtual drifters being transported by 

satellite observation-based currents (GLOBcurrent). 

 

3-D Export Pathways from the Southern Ocean 

Ewa McAufield (University of Cambridge), Peter Haynes (University of Cambridge), Andrew 

Meijers (British Antarctic Survey), Emily Shuckburgh (British Antarctic Survey), Dan Jones 

(British Antarctic Survey) and Jean-Baptiste Sallèe (L'Ocean) 

The Southern Ocean has been identified as an important region for the sequestration of heat, 

carbon dioxide and other tracers and, more generally, for communication between the 

atmosphere and the subsurface ocean. This communication is accomplished through the 

subduction and upwelling of different water masses such as Circumpolar Deep Water, 



Subantarctic Mode Water and Antarctic Intermediate Water. This circulation is typically 

described by circumpolar-averages, but the detailed 3-D pathways of these different water 

masses remains poorly known. 

In the study reported here we map out and quantify transport through a Lagrangian 

approach in which large ensembles of particles (typically 105 - 106) are advected over 

periods of 10-20 years using offline 3-D velocity fields. The latter are taken either from the 

Southern Ocean State Estimate (SOSE) or from 20+ year integrations of the MITgcm at 5-

day time resolution and at 1/6 degree spatial resolution. 

We first consider possible definitions of the Antarctic Circumpolar Current (ACC) northern 

boundary including Lagrangian-based definitions. We then use these definitions to consider 

'permanent' transport of particles between the ACC and the subtropical gyres. We show that 

this transport occurs in localised regions and investigate the dependence of these regions on 

the vertical level of particle release, as well as the upstream pathways within the ACC that 

lead to such export. 

We examine and compare the above for the cases where the particles are advected in time 

mean and time evolving velocity fields, and also for particles advected by isopycnal velocity 

fields rather than 3-D velocity fields. We also consider more broadly the way in which 

latitudinal transport along isopycnal surfaces, which in the circumpolar averaged view is 

described in terms of the mean velocity and diffusivity fields, is achieved in the presence of 

the strong longitudinal structure of the ACC. 

 

Observed trends in the Southern Ocean residual overturning circulation forced by 

changes in wind stress 

Andrew Meijers (British Antarctic Survey), Riccardo Farneti (ICTP) and Michael Meredith 

(BAS) 

Using an adiabatic as possible coordinate system we examine temperature and salinity 

trends in the three primary repeat hydrography sections that cross the Antarctic Circumpolar 

Current (ACC). These are the SR1b south of South America, Good Hope south of South 

Africa, and SR3 south of Australia. A similar pattern of change over the last ~20 years is 

seen in all three, with cooling (approximately -0.005 to -0.02 Coy-1) and freshening (-0.002 

Spy
-1) in the Subantarctic Mode Water (SAMW) and Antarctic Intermediate Water (AAIW) 

layers and warming (0.005-0.01 Coy-1) and salinification (0.002 Spy
-1) in the upper 

Circumpolar Deep Water (CDW). The cooling and freshening trend of Antarctic Bottom 

Water (AABW) noted in other studies is also observed here. We compare this fingerprint of 

change with the results from an eddy permitting general circulation model perturbation 

experiment forced by a near doubling in zonal wind stress with a corresponding increase of 

around 15% in the residual overturning circulation. A similar fingerprint in temperature and 

salinity in the model to that observed suggests that the observed increase in zonal winds 

over the last 20 years has driven an increase in the residual overturning circulation of the 

upper cell. We present arguments based on the observed trend and background property 

gradients to estimate the magnitude of this residual circulation change. 

 

The effect of model bias on Atlantic freshwater transport and implications for AMOC 

bi-stability 

Jennifer V. Mecking (National Oceanography Centre Southampton, University of 

Southampton) and Sybren S. Drijfhout (National Oceanography Centre Southampton, 



University of Southampton) 

Atlantic Meridional Overturning Circulation (AMOC) bi-stability has been of interest to the 

scientific community for a long time, especially since a collapse of the AMOC could lead to 

changes in surface air temperature of up to 10°C in the North Atlantic region.  Evidence from 

paleo-proxy records suggest that the AMOC can be in both an AMOC on-state, the AMOC 

as we observe it today, and an AMOC off-state, where the strength of the AMOC becomes 

extremely weak or even collapses.  In 20th century coupled models it was possible to have 

both an AMOC on-state and an AMOC off-state with the same climate forcing.  However, as 

models continued to evolve they were no longer able to exhibit this AMOC bi-stability.  In the 

current generation of coupled climate models the possibility of a bi-stable AMOC has again 

become feasable.  The freshwater transport due to the AMOC (Mov) at 34°S, has often been 

used as an indicator for bi-stability, with a positive Mov suggesting a mono-stable AMOC 

and a negative Mov suggesting a bi-stable AMOC.  Further studies have shown that the sign 

of the divergence of the Mov might be a better indicator of AMOC bi-stability.  In this study 

we investigate how model bias affects the sign of Mov across all latitudes in the Atlantic 

basin, through a detailed analysis of the CMIP5 models.  It becomes clear that the Mov is 

too positive in the southern Atlantic due to a salinity bias while in the subtropical North 

Atlantic the values of Mov are largely influenced by a velocity bias.   Comparing these results 

to HadGEM3, a current generation coupled model able to exhibit an AMOC off-state, we 

discuss the differences that can lead to the possibility of a bi-stable AMOC as opposed to a 

mono-stable AMOC. 

 

Mesoscale eddies in the vicinity of the Scotia Ridge and Falklands Trough 

Dave Munday (BAS), Kate Adams (Plymouth), Scott Bachman (DAMTP) and John Taylor 

(DAMTP) 

During the field season of 2015, the SMILES cruise observed a mesoscale eddy shedding 

from a meander in the Polar Front. Satellite altimetry was used to track the eddy as it 

subsequently passed through a gap in the Scotia Ridge and into the Falklands Trough. We 

have developed a hierarchy of regional ocean models, based upon the Southern Ocean 

State Estimate, that range from eddy-permitting to eddy-resolving. Using these models we 

will address how eddies pass through breaks in the Scotia Ridge contribute to the transport 

of, e.g., heat and volume into the Falklands Trough and beyond. 

 

Life history of an Agulhas ring from combined satellite altimetry and Argo profiles 

Francesco Nencioli (Plymouth Marine Laboratory) and Giorgio Dall'Olmo (Plymouth Marine 

Laboratory) 

The synergy between remote sensing observations and in-situ vertical profiles from the Argo 

network provides the unique opportunity to extend the investigation of mesoscale eddy 

dynamics and characteristics from the surface to the full 3-dimensions. Observations from 

the BioArgo float metbio007 in the South-western Atlantic were characterized by strong 

vertical anomalies from the surface down to 800-900 m depth in temperature, salinity and 

oxygen from mid-July to mid-August 2015. Analysis of AVISO geostrophic currents in the 

region of the observations showed that such anomalies were associated with a passage of a 

mesoscale eddy. The observations from the metbio007 float were used to reconstruct a 

vertical section across the eddy, indicating a radius of 150 km. To investigate the origin of 

the water masses transported by the eddy, an eddy detection and tracking method was 



applied to satellite surface velocities for the whole South Atlantic basin. 

Results indicate that the eddy originated in the mid-South Atlantic in October 2014 from the 

merging of two Agulhas rings, previously formed West of South Africa at the beginning of 

2013. Vertical profiles from all the core-Argo floats encountered by the eddy along its track 

were combined to reconstruct a time-series of the eddy characteristics within its core. This 

showed that the two Agulhas rings remained coherent and isolated from the surrounding 

water for most of the time of their propagation, effectively transporting southeastern Atlantic 

waters into the western subtropical Atlantic. Exchanges with the surrounding started to occur 

from the beginning of 2015 when the eddy formed from their merging started to slowly decay. 

The eddy dissipated in front of the continental shelf between Brazil and Argentina on 

December 2015, almost 3 years after the two Agulhas rings were formed on the opposite 

side of the South Atlantic basin. 

 

Millennial-scale abrupt AMOC changes initiated by meltwater during HE show distinct 

foraminifera assemblages in the eastern North Atlantic 

Sabrina J. Renken (Trinity College Dublin), Sara Benetti (University of Ulster), Stephen G. 

McCarron (National University of Ireland) and Robin J. Edwards (Trinity College Dublin) 

The North Atlantic is key site for understanding the role of oceanographic and climatic 

changes. Since the Greenland Ice Sheet exhibits expanded dynamic behaviours of ice 

streams over the last decade, concerns about potential millennial-scale abrupt climate 

changes including alterations in the Atlantic Meridional Overturning Circulation (AMOC) are 

reinforced. However, these dynamic responses are still poorly understood and there is need 

to improve the current understanding by reference to past analogues. 

Sediment cores taken from the lower slope of the Porcupine Bank confirm the appearance of 

ice-rafted debris (IRD) which can be used as an indicator of ice sheet behaviours during the 

last glacial period. IRD, linked to the British-Irish Ice Sheet (BIIS), is evident throughout the 

core as IRD enriched layers. Heinrich Events (HE), reflecting the behaviour of the Laurentide 

Ice Sheet (LIS), are expressed as distinct grey bands with accompanied high magnetic 

susceptibility. 

Planktonic foraminifera census data are a useful primary tool to illustrate climatic and 

oceanographic changes that may be linked to LIS instabilities. Four distinct foraminifera 

assemblages have been identified. The first assemblage is dominated by the cold water 

species N. pachyderma representing the last glacial conditions. The second assemblage is 

associated with the Heinrich layers and, whilst still dominated by N. pachyderma, also 

contains a small although significant proportion of warm water species. These warm water 

species may indicate the introduction of water from the south (Mediterranean) during phases 

of weakened AMOC. Alterations in bottom currents could also have led to reworking of 

warmer stage deposits. The third and fourth clusters reflect transition (Last Glacial - 

Holocene) and modern assemblages (Late Holocene) in which N. pachyderma decreases 

gradually until transitional and warm water species dominate the assemblage. Foraminiferal 

census data fail to detect any significant perturbations linked to the local behaviour of the 

BIIS. 

 

Vertical flow and restratification in the upper ocean by meso- and submesoscale 

processes 

Xiaolong Yu (University of Southampton), Alberto Naveira Garabato (University of 



Southampton), Adrian P. Martin (National Oceanography Centre - Southampton), Christian 

Buckingham (University of Southampton) and Liam Brannigan (Stockholm University) 

Vertical flows associated with meso- and submesoscale processes play a significant role in 

the dynamics of the ocean surface boundary layer, and in the oceanic exchanges of mass 

and tracers within and across the mixed layer. Here we present an annual cycle of the 

vertical circulation and associated restratification estimated from two nested clusters of 

meso- and submesoscale resolving moorings, deployed in a mid-gyre area of the Northeast 

Atlantic in September 2012 – September 2013 under the auspices of the OSMOSIS project. 

Results reveal that vertical flows and buoyancy fluxes are substantially stronger at 

submesoscales than at mesoscales. Several prominent events, occurring mainly during 

winter, are found to shape the annual-mean vertical buoyancy flux. We show that mesoscale 

frontogenesis precedes the intensification of lateral buoyancy gradients that is necessary for 

the development of submesoscale turbulence. The net upper-ocean restratification induced 

by submesoscale motions over the annual cycle is comparable in magnitude to the de-

stratification associated with the annual-mean atmospheric cooling of the area, suggesting 

that submesoscales play an important role in determining the climatological state of the local 

stratification. 

 

Work done by atmospheric winds on mesoscale ocean eddies 

Xiaoming Zhai (University of East Anglia) and Chi Xu (South China Sea Institute of 

Oceanology) 

Mesoscale eddies are ubiquitous in the ocean and dominate the ocean's kinetic energy. 

However, physical processes influencing ocean eddy energy remains poorly understood. 

Mesoscale ocean eddy-wind interaction potentially provides an important energy flux into or 

out of the eddy field, but its effect on ocean eddies has not yet been determined. Here we 

examine work done by atmospheric winds on more than 1,200,000 mesoscale eddies 

identified from satellite altimetry data, and show that atmospheric winds significantly damp 

mesoscale ocean eddies, particularly in the energetic western boundary current regions and 

the Southern Ocean. We then show that the large-scale wind stress curl injects kinetic 

energy into anticyclonic (cyclonic) eddies in the subtropical (subpolar) gyres, while 

mechanically damps anticyclonic (cyclonic) eddies in the subpolar (subtropical) gyres. We 

conclude that mesoscale ocean eddy-wind interaction can have a systematic effect on ocean 

eddy energetics, with implications for the role the eddies play in ocean circulation and 

climate. 



S13 Atlantic Ocean Circulation and Variability 

Bee Berx (Marine Scotland), Penny Holliday (NOC), Gerard McCarthy (NOC)  

 

The Atlantic Ocean is a key region in the global ocean circulation. Moreover, the circulation 

and heat and freshwater budgets of the basin show great interannual and centennial scale 

variability. Heat transfer from the ocean to the atmosphere plays an important role on our 

regional climate, and changes in ocean circulation and heat content in the region, therefore, 

contribute to regional climate variability. 

 

Numerical models and observations together allow scientists to investigate changes within 

the basin and the potential impacts on the atmosphere and wider marine system (incl. 

productivity). 

 

Sｷデ┌;デWS ﾗﾐ デｴW UKげゲ SﾗﾗヴゲデWヮが デｴW Aデﾉ;ﾐデｷI OIW;ﾐ ｷゲ I┌ヴヴWﾐデﾉ┞ デｴW aﾗI┌ゲ ﾗa ; ﾐ┌ﾏHWヴ ﾗa 
research projects, which the UK marine science community leads or participates in. With 

observational programmes such as RAPID, OSNAP, and the Extended Ellett Line, we are 

entering an exciting new phase of Atlantic observations. 

 

We invite contributions from researchers observing or modelling the circulation and 

properties of the Atlantic Ocean and its marginal seas. In particular, we invite presentations 

from the Extended Ellett Line, OSNAP, and RAPID communities. We would encourage 

abstracts on the themes of overturning and gyre circulation, heat and freshwater transport, 

and interaction between the major basins (subtropics, subpolar, Nordic Seas, Arctic, and the 

shelf seas). 

  



Oral presentations: 

1. N. Morarji, D. Smeed, G. McCarthy, and E. Frajka-Williams, Atlantic Meridional Overturning 

Circulation (AMOC) geostrophic transport: Comparison of the RAPID time series with 

hydrography from 2004 to 2015 

2. E. Comer, N.P. Holliday, and S. Bacon, Velocity and transport across the Extended Ellett Line 

in the subpolar North Atlantic 

3. P. Brown, E. McDonagh, R. Sanders, S. Henson, B. King, D. Desbruyères, D. Smeed, A. 

Watson, U. Schuster, and P. Landschützer, Variability of the meridional overturning 

circulation drives anomalous carbon dioxide uptake in the subtropical North Atlantic 

4. A. Dickinson, K. Gunn, N. White, and C. Caulfield, Three-Dimensional Seismic Imaging of 

Thermohaline Circulation within the Faroe-Shetland Channel 

5. Z. Jacobs, J. Grist, R. Marsh, S. Josey, and B. Sinha, The influential role of extreme air-sea 

fluxes in driving interannual variations of Gulf Stream transport 

6. K. Walicka, S. Cunningham, B. Berx, and S. Gary, Measurements of volume, temperature and 

salt transport of Atlantic Water in the Faroe-Shetland Channel 1993-2014 

7. A. Germe, J. Hirschi, A. Blaker and B. Sinha, Atmospheric versus oceanic drivers of AMOC 

minima 

8. G.M. Damerell, K.J. Heywood, A.F. Thompson, U. Binetti, and J. Kaiser, The Vertical Structure 

of Upper Ocean Variability at the Porcupine Abyssal Plain during 2012-2013 

9. P.M.F. Sheehan, B. Berx, A. Gallego, R.A. Hall, and K.J. Heywood, Forcing and variability of 

the Fair Isle Current  

 

Poster presentations: 

1. N. Mackay, C. Wilson and J. Zika, Circulation and mixing in the subpolar North Atlantic 

diagnosed from climatology using a Regional Thermohaline Inverse Method (RTHIM) 

2. N. P. Holliday, F. Li, B.A. King, S. Lozier, E. L. McDonagh, S. F. Gary, and S. Bacon, Trans-basin 

fluxes of heat, mass and freshwater in the subpolar North Atlantic in June-July 2014 

3. S. Dye and N. Needham, Sustained observations of transport and properties of the Denmark 

Strait overflow plume 

4. R. Marsh, N. Skliris, J. Zika, and E. McDonagh, Changing atmospheric and oceanic freshwater 

pathways in and around the North Atlantic 

5. D. Lobelle, F. Sevellec, C. Beaulieu, E. Frajka-Williams and V. Livina, Reconstructing the pre-

RAPID AMOC fluctuations using multiple-dataset regression 

6. A. Smilenova, K. Lyons, G. Nolan, and M. White, Water masses variability and 

transformations in the southern Rockall Trough に a synoptic view 

7. E. Morris, U. Schuster, P. Halloran, A. Watson, S.D. Jones, A. Lebéhot, and T. Tudino, Carbon 

in the North Atlantic: A 25-year Observation Based Assessment  

8. B.I. Moat, S.A. Josey, B. Sinha, A.T. Blaker, D.A. Smeed, G. McCarthy, W.E. Johns, J.-M. 

Hirschi, E. Frajka-Williams, D. Rayner, A. Duchez, and A.C. Coward, Major variations in 

subtropical North Atlantic heat transport at short (5 day) time scales and their causes 

9. G. Redmond, B. Berx, and R. Toumi, A of study of the Faroe-Shetland Channel using a 

coupled Ocean-Atmosphere modelling system 

10. R. Gilchrist, R. Hall, K.J. Heywood, J. Bacon, and J. Rees, Dynamics and Impacts of Oil Spills 

from Seabed Releases in the Faroe-Shetland Channel 

11. D.A. Smeed, G.D. McCarthy, B.I. Moat, and D. Rayner, Measuring the AMOC at 26°N: the 

record so far and the potential for real-time data in the future 

 

  



Variability of the meridional overturning circulation drives anomalous carbon dioxide 

uptake in the subtropical North Atlantic 

 

Peter Brown (National Oceanography Centre, Southampton), 

Elaine McDonagh (National Oceanography Centre, Southampton),  

Richard Sanders (National Oceanography Centre, Southampton),  

Stephanie Henson (National Oceanography Centre, Southampton),  

Brian King (National Oceanography Centre, Southampton),  

Damien Desbruyères (National Oceanography Centre, Southampton),  

David Smeed (National Oceanography Centre, Southampton),  

Andrew Watson (University of Exeter),  

Ute Schuster (University of Exeter),  

Peter Landschützer (ETH Zürich, Switzerland). 

 

The North Atlantic plays a critical role in the global carbon cycle both as a region of 

substantial air-sea carbon dioxide uptake and through its transfer of CO2 to depth on 

climatically-important timescales as part of the meridional overturning circulation (MOC). 

While the magnitude of surface fluxes is relatively well constrained, our understanding of 

the processes that drive variability in ocean-atmosphere exchange (and subsequent 

subsurface carbon accumulation) and their relationship to ocean circulation are not as well 

defined.  

  

In 2009-2010 a 30% downturn in the strength of the MOC across 25°N led to a 

commensurate decrease in the northward transport of heat and the generation of a 

significant cold water temperature anomaly in the upper layers of the subtropical gyre. 

Given the strong inverse relationship of CO2 solubility to temperature and its possible effect 

on biological activity (the other main process that drives CO2 undersaturation), the effect of 

this major circulation variability was investigated for its effect on local air-sea CO2 fluxes.  

  

Both heat and salt content anomalies identified in the gyre are found to drive additional 

carbon uptake from the atmosphere by affecting the physical solubility pump for CO2. 

However, together they account for only 40% of the anomalous flux identified. Despite the 

oligotrophic nature of the region, it is substantially enhanced biological activity that is the 

dominating driver of elevated carbon drawdown. The MOC downturn drives vertical 

shoaling of the water column north of 25N. This process delivers high-nutrient subsurface 

waters to the euphotic zone that sustains atypically high biological production rates, and 

enhances the local CO2 uptake rate by 20%. Large-scale circulation variability is thus found 

デﾗ SｷヴWIデﾉ┞ ｷﾏヮ;Iデ HｷﾗﾉﾗｪｷI;ﾉ ゲ┞ゲデWﾏゲが ;ﾐS Wﾐｴ;ﾐIW デｴW ゲ┌HデヴﾗヮｷI;ﾉ Nﾗヴデｴ Aデﾉ;ﾐデｷIげゲ I;ヮ;Iｷデ┞ 
for mitigating atmospheric CO2 increases. 

  



Velocity and transport across the Extended Ellett Line in the subpolar North Atlantic 

 

Elizabeth Comer (University of Southampton) 

Dr. Penny Holliday (NERC) 

Prof. Sheldon Bacon (NERC) 

 

The Extended Ellett Line repeat hydrographic section is located between Iceland and 

Scotland, crossing Iceland, Hatton-Rockall Basins and Rockall Trough. The section measures 

around 90% of the water flowing northwards into the Nordic Seas, and half the returning 

dense water; two key parts of the Atlantic meridional overturning circulation.  As the upper 

water moves northwards it releases heat to the atmosphere, contributing to the moderate 

climate of the UK and Western Europe.  In this study, the long-term (1997-2015) mean 

velocity field is computed using direct velocity measurements to reference geostrophic 

velocity.  We present improved estimates of the mean volume, temperature and freshwater 

transport through the eastern subpolar North Atlantic. We decompose the section into 

layers consisting of the upper ocean water, the permanent thermocline, Labrador Sea water 

and the Iceland-Scotland overflow water.  We discuss the uncertainty of these values, and 

consider next steps in examining long-term variability. 

  



The Vertical Structure of Upper Ocean Variability at the Porcupine Abyssal Plain during 

2012-2013 

 

Gillian M. Damerell (Centre for Ocean and Atmospheric Sciences, School of Environmental 

Sciences, University of East Anglia, Norwich, UK) 

Karen J. Heywood (Centre for Ocean and Atmospheric Sciences, School of Environmental 

Sciences, University of East Anglia, Norwich, UK) 

Andrew F. Thompson (Division of Geological and Planetary Sciences, California Institute of 

Technology, Pasadena, USA) 

Umberto Binetti (Centre for Ocean and Atmospheric Sciences, School of Environmental 

Sciences, University of East Anglia, Norwich, UK) 

Jan Kaiser (Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, 

University of East Anglia, Norwich, UK) 

 

This study presents the characterization of variability in temperature, salinity and oxygen 

concentration, including the vertical structure of the variability, in the upper 1000m of the 

ocean over a full year in the northeast Atlantic.  Continuously profiling ocean gliders with 

vertical resolution between 0.5-1m provide more information on temporal variability 

throughout the water column than time series from moorings with sensors at a limited 

number of fixed depths. The heat, salt and dissolved oxygen content are quantified at each 

depth. While the near surface heat content is consistent with the net surface heat flux, heat 

content of the deeper layers is driven by gyre-scale water mass changes. Below ~150m, heat 

and salt content display intraseasonal variability which has not been resolved by previous 

studies.  A mode-1 baroclinic internal tide is detected as a peak in the power spectra of 

water mass properties.  The depth of minimum variability is at ~415m for both temperature 

and salinity, but this is a depth of high variability for oxygen concentration.  The deep 

variability is dominated by the intermittent appearance of Mediterranean Water, which 

shows evidence of filamentation.  Susceptibility to salt fingering occurs throughout much of 

the water column for much of the year.  Between about 700-900m, the water column is 

susceptible to diffusive layering, particularly when Mediterranean Water is present.  This 

unique ability to resolve both high vertical and temporal variability highlights the 

importance of intraseasonal variability in upper ocean heat and salt content, variations that 

may be aliased by traditional observing techniques.  We compare the observations to the 

MWデ OaaｷIWげゲ S;デ;-assimilating FOAM operational forecast model and the surface forced, 

non-data-assimilating 1/12° NEMO model. 



Three-Dimensional Seismic Imaging of Thermohaline Circulation within the Faroe-

Shetland Channel 

 

Alex Dickinson (Department of Earth Sciences, University of Cambridge, U.K.) 

Kathryn Gunn (Department of Earth Sciences, University of Cambridge, U.K.) 

Nicky White (Department of Earth Sciences, University of Cambridge, U.K.) 

Colm-cille Caulfield (BP Institute and Department of Applied Mathematics and Theoretical 

Physics, University of Cambridge, U.K.) 

 

Exchange of water across the Greenland-Scotland Ridge between the Atlantic Ocean and the 

Arctic Mediterranean is a key component of the global thermohaline circulation. The Faroe-

Shetland Channel is a major conduit for this transport and dominates northward transfer of 

heat and salt. Here, we investigate the spatial and temporal variation of thermohaline 

structure within this channel using three-dimensional seismic reflection imagery generously 

provided by PGS. These data were acquired in April-September between 1995 and 1999. A 

total of seven separate seismic surveys, covering an area of 600 square kilometres, were 

processed and analysed. Observed acoustic reflections are caused by changes in 

temperature and, to some extent, salinity. In this way, thermohaline fine structure is 

imaged. Bright reflectivity at depths of 

 

400-650 m corresponds to the prominent thermocline (temperature contrast ~ 10 ºC; 

salinity contrast ~ 0.3) that separates Modified North Atlantic Water from Norwegian Sea 

Antarctic Intermediate Water. Deepening of this thermocline from northwest to southeast is 

clearly observed. At shallower depths, fainter reflections reveal highly discontinuous fine-

scale structure, including subsurface eddies. Below depths of 500-750 m, nearly constant 

temperature and salinity gives rise to negligible reflectivity. The three-dimensional nature of 

these surveys enable the oceanic wave field to be imaged at vertical and horizontal length-

scales on the order of 10 m. This ability permits investigation of fundamental fluid 

dynamical questions such as the extent to which the turbulent regime might be horizontally 

isotropic. 



Sustained observations of transport and properties of the Denmark Strait overflow plume 

 

Stephen Dye (Cefas, Lowestoft, Suffolk, UK; COAS, School of Environmental Sciences, UEA, 

Norfolk, UK) 

Neil Needham (Cefas, Lowestoft, Suffolk, UK) 

 

The final deployment of the Angmagssalik Array was recovered in Summer 2015, it had 

monitored the plume of the Denmark Strait overflow since 1986 As an array of current 

meters on the continental slope of SE Greenland about 300km south-west of the Denmark 

Strait it helped Dickson and Brown (1994) define their picture of the circulation of the deep 

North Atlantic. From the late 1990s the current meters were augmented by moored CTDs as 

well as shorter duration experimental instruments. International collaboration maintained 

this set of sustained observations for almost 3 decades and the end of the array allows us to 

look back on its successes and failures, show new findings from the final deployment and 

ask questions that this rich dataset can still help to answer. 

 

Overflow transports are calculated from the 3 decades of current meter moorings. We find 

support for other Denmark Strait Overflow monitoring programmes that show no evidence 

of a long term trend in the transport of the overflow and that its seasonal variability is small 

relative to both shorter (eddy) and longer (interannual) term variations.  

 

An extreme freshening of about 0.1 during 2004 was evident across the entire width of the 

array and this remains the coldest and freshest period observed by the Angmagssalik Array. 

The longer time-series of properties now allow us to diagnose a seasonal pattern to the 

salinity of the plume with a Spring/Summer minimum evident in 10 of the 16 years covered. 

We examine whether the latest data support previous work that found fresher overflow 

followed winters of stronger northerlies to the north. We find that density compensation 

differs from event to event and speculate that this is important for observing the overflow 

downstream and can help understand how the overflow plume joins and influences the 

DWBC. 

  



Atmospheric versus oceanic drivers of AMOC minima 

 

A. Germe (National Oceanography Centre, Southampton, UK) 

J. Hirschi (National Oceanography Centre, Southampton, UK) 

A. Blaker (National Oceanography Centre, Southampton, UK) 

B. Sinha (National Oceanography Centre, Southampton, UK) 

 

Heat transport anomalies during the 2009-2010 strong minimum event observed in the 

Atlantic Meridional Overturning Circulation (AMOC) contributed to the upper ocean 

temperature anomalies which create favourable conditions for the development of a 

negative phase of the North Atlantic Oscillation (NAO).  

 

We use a NEMO 1/12° (ORCA12)  eddy-resolving ocean hindcast forced with DFS5.2, 

covering the 1958-2015 period to analyse in detail similar events and their impacts on the 

North-Atlantic heat content. The 2009-2010 event is very well reproduced in the hindcast 

with the relative roles of the Gulf Stream, Ekman transport and upper mid-ocean transport 

in agreement with the observations. An ensemble of simulations covering the 2009-2015 

period suggests that atmospheric forcing or some oceanic precursors dominate internal 

chaotic variations of the oceanic circulation. However, we cannot rule out that one year 

might not be sufficient for the error growth to reach saturation in our ensemble. 

 

A comparison with a similar event in terms of atmospheric conditions and AMOC minimum 

is made for the period 1968-1969. The behaviour of the Ekman component is similar in 

1968-1969 but despite similar atmospheric conditions over the North Atlantic we find 

different evolutions for the upper mid ocean and Florida Strait transports. This illustrates 

that the atmospheric conditions coincident with AMOC minima are not sufficient to explain 

the structure of such events in terms of AMOC constituents. This also suggests that the role 

of internal ocean variability needs to be further assessed as the initial ocean conditions at 

the onset of an atmospheric anomaly are likely to be key to understanding the ocean 

circulation changes during an AMOC minima and how it impacts the North Atlantic heat 

budget. 

  



Dynamics and Impacts of Oil Spills from Seabed Releases in the Faroe-Shetland Channel  

 

Ryan Gilchrist (UEA) 

Dr. Rob Hall (UEA) 

Prof. Karen Heywood (UEA) 

Dr. John Bacon (Cefas) 

Mr. Jon Rees (Cefas) 

 

Following the Deepwater Horizon Spill in the Gulf of Mexico, there is growing concern a 

similar incident may occur in UK waters. Offshore oil exploration is gradually pushing deeper 

into the Faroe-Shetland Channel (FSC), thus posing an ever-increasing risk of a deep sea 

blowout. The FSC is a dynamically complex environment, featuring multiple water masses, 

internal tides, a strong along-slope current, and considerable mesoscale eddy variability. 

These processes may be critical in determining the fate and trajectory of an oil spill, but are 

not fully understood or accounted for in the models used to predict them. 

 

This project will bridge the knowledge gap, and provide new model parameterizations that 

could be used to better predict the behaviour of a spill. To do this, operational models will 

be compared with CTD, Seaglider and drifter data, to test how well they represent reality. 

This presentation will summarise the key differences in stratification between CTD data 

from 2014, and MyOcean model output. 

 

Future work will involve conducting a series of idealised numerical modelling experiments 

using MITgcm and TELEMAC, in order to isolate key physical processes typically found within 

the FSC. Blowout scenarios will be simulated alongside the resultant density and flow fields, 

so that the processes most important in determining spill trajectory can be identified. Work 

can then begin on improving their representation within forecasting models. 

 

This work will benefit the UK oil and gas industry by improving advice given on regulatory 

policy and mitigation measures, which will subsequently help to reduce environmental 

damage caused by a potential future spill. Overall, this project will further our 

understanding of how a deep sea oil spill behaves within a complex oceanographic 

environment. 



Trans-basin fluxes of heat, mass and freshwater in the subpolar North Atlantic in June-July 

2014 

  

N. P. Holliday (NOC) 

F. Li (Duke University) 

B.A. King (NOC) 

S. Lozier (Duke University) 

E. L. McDonagh (NOC) 

S. F. Gary (SAMS) 

S. Bacon (NOC) 

  

We present observations of trans-basin heat, mass and freshwater fluxes in the subpolar 

North Atlantic in June-July 2014.  The variability of the Atlantic meridional overturning 

circulation (MOC) is thought to be strongly linked to changes in heat and fresh water fluxes 

at high latitudes in the North Atlantic, but prior to 2014 there were no observations of the 

full subpolar MOC and fluxes, and the processes by which they are linked are not yet 

understood.  From a high resolution GO-SHIP section along a line from the Labrador Shelf to 

Greenland to Scotland (the OSNAP line) we estimate the June-July 2014 MOCs to be  20.7 ± 

4.4 Sv at a potential density of 27.66 kg m
-3

, and a maximum subpolar gyre strength of 43.6 

± 5.9 Sv.  The net heat flux is estimated as 0.40 PW, with 20% transported by the horizontal 

circulation.  The net freshwater flux is estimated as 0.22 Sv, with 41% transported by the 

horizontal circulation. We examine mean June-July fields in a 1/12° regional model (FLAME) 

and find a close match with the observations, although the model underestimates the 

subpolar MOCs because the Labrador Sea salinity (and therefore density) is higher than the 

observations.  The seasonal cycle in the model suggests that winter MOCs and heat 

estimates will be higher than these summer observations, and winter freshwater fluxes will 

be lower.  This prediction will be tested by the OSNAP array, deployed in summer 2014 and 

operational for a minimum of 4 years.   



The influential role of extreme air-sea fluxes in driving interannual variations of Gulf 

Stream transport 

 

Zoe Jacobs (University of Southampton) 

Jeremy Grist (NOCS) 

Bob Marsh (University of Southampton) 

Simon Josey (NOCS) 

Bablu Sinha (NOCS) 

 

Changes in the path and strength of the extended Gulf Stream, downstream of Cape 

Hatteras, and the North Atlantic Current (GSNAC), are associated with strong wintertime air-

sea interactions. The GSNAC response to anomalous air-sea heat fluxes in particular is 

dependent on the location of excess heat loss, in turn related to meteorological 

circumstances. Outbreaks of cold continental air may lead to excess cooling over the 

Sargasso Sea, as in 1976-77. Under these circumstances, the Gulf Stream may intensify 

through a steepening of cross-stream density gradients. 

 

The eddy-resolving ocean-only model hindcast NEMO, spanning 1970-2013, is used to 

characterize interannual GSNAC transport variability, allowing an extensive assessment of 

the relationship between the winter surface heat flux (SHF) and wind stress curl, the end-of-

winter vertical temperature structure, horizontal temperature gradients and GSNAC 

geostrophic transport just after separation from the coast at 70°W. Lagrangian analysis is 

also undertaken to investigate any pathway changes that may have resulted from different 

prevailing meteorological conditions. 

 

Results reveal that both the SHF and the WSC can act to influence the year-to-year changes 

in GSNAC transport. However, we find that the SHF may play a dominant role in driving 

transport variability with years of intensified transport at 70°W being associated with 

winters of anomalously high heat loss over the Sargasso Sea. This intensification appears to 

be related to strengthened meridional temperature gradients on the northern flank of the 

GS, due to considerable cooling in the slope water, and a possible westward intensification 

of the southern recirculation, which may be related to anomalously deep mixed layers 

further downstream of 70°W. 



Reconstructing the pre-RAPID AMOC fluctuations using multiple-dataset regression 
  

D.Lobelle (School of Ocean and Earth Science, University of Southampton, United Kingdom) 

F.Sevellec
 
(School of Ocean and Earth Science, University of Southampton, United Kingdom)  

C.Beaulieu
 
(School of Ocean and Earth Science, University of Southampton, United Kingdom) 

E.Frajka-Williams
 
(School of Ocean and Earth Science, University of Southampton, United 

Kingdom) 

V.Livina (National Physical Laboratory, Hampton Road, Teddington, United Kingdom) 

 

The Atlantic Meridional Overturning Circulation (AMOC) has a prominent role in northward 

heat transport from the Florida Straits, leading to Europe's climate being milder than other 

locations at the same latitude. Several studies project a potential decrease in atmospheric 

temperatures as a consequence of a slow-down in the AMOC. The RAPID array at 26°N has 

collected 12 years of observational AMOC data from 2004-2016. This study reconstructs a 

longer period to analyse the AMOC at different timescales; from decadal to interannual. A 

statistical method is developed to generate a hindcast series, using large-scale observational 

indices of longer observational period. The coefficients from the regression analysis of 

deseasonalised, standardised RAPID AMOC data, North Atlantic Oscillation (NAO), Arctic 

Oscillation (AO), European atmospheric temperature records, Florida Straits and Arctic ice 

extent, are used to produce a hindcast of the AMOC from the 1980s. Furthermore, a lag 

regression is then performed to determine whether the hindcast is primarily driven by the 

AMOC or the AMOC forces the variability of the other indices. Both the general trend over 

three decades as well as shorter-scale interannual variability are examined from the 

reconstruction in order to better understand its current state. 

  



Circulation and mixing in the subpolar North Atlantic diagnosed from climatology using a 

Regional Thermohaline Inverse Method (RTHIM) 

  

Neill Mackay (National Oceanography Centre) 

Chris Wilson (National Oceanography Centre) 

Jan Zika (Imperial College, London) 

  

Methods which categorise water masses in the ocean according to their temperature and 

salinity have been demonstrated to provide insight into aspects of the global overturning 

circulation. This thermohaline framework is particularly useful in studying the fluxes of heat 

and freshwater within the ocean, and allows the relative contributions of different 

processes to the circulation to be determined. 

  

In contribution to OSNAP (the Overturning in the Subpolar North Atlantic Programme), we 

have developed a novel inverse method in thermohaline coordinates which takes a control 

volume bounded by the surface and a vertical interface and invokes a balance between 

advection through the interface, surface fluxes, and internal mixing for each temperature-

salinity (T-S) class. The method uses surface fluxes and a T-S distribution from 

Argo/climatological data to solve for a surface reference level velocity at the interface and 

determine the contribution to water mass transformation from internal mixing. Full section 

velocities at the interface are determined by adding a thermal wind shear to the reference 

level velocity solution, with an initial guess for the surface reference level velocity 

determined from absolute dynamic topography and geostrophy. 

  

We have validated the method using the NEMO 1-degree model and found that it can 

robustly solve for a realistic surface reference level velocity while determining the 

contributions to water mass transformation from surface fluxes and internal mixing in each 

T-S class. We have then applied RTHIM to the Arctic/subpolar region using Argo data and 

surface fluxes from a reanalysis product, and used it to examine the temporal variability of 

the region over the time period of the available data. Our results will provide context for the 

OSNAP array observations. 



Changing atmospheric and oceanic freshwater pathways in and around the North Atlantic 

 

Robert Marsh (University of Southampton)  

Nikolaos Skliris (University of Southampton)  

Jan Zika (Imperial College London)  

Elaine McDonagh (National Oceanography Centre) 

 

Net evaporation over the Atlantic provides the source of moisture that is exported to the 

Pacific, principally via the trade winds. In the ocean, freshwater is transported southwards 

throughout the Atlantic sector, principally by the meridional overturning circulation. These 

atmospheric and oceanic pathways are an intrinsic part of the global hydrological cycle, 

which is changing. Salinity is increasing (decreasing) in evaporation (precipitation) 

dominated regions of the World Ocean. Based on changes in the 3-dimensional salinity field 

over 1950-2010, the hydrological cycle is estimated to have amplified by around 2.0%. Over 

two recent decades, 1990-2010, changing salinity across the subtropical and subpolar North 

Atlantic is considered alongside changes in surface freshwater fluxes and the meridional 

divergence of ocean freshwater transports. Salinity in the upper 500 m increased by at least 

0.1 psu at most locations in the North Atlantic over 1990-2010. Considering the water 

column as a whole, increasing salinity equated to regional freshwater loss at an estimated 

rate of 0.05 Sv. Positive trends in net evaporation across the region during 1990-2010 

equate to anomalous freshwater loss at the estimated rate of 0.15 Sv. Repeat hydrography 

at 26°N indicates that southward freshwater transport declined by an estimated 0.25 Sv 

over this period. Observations in the Faroe-Scotland Channel meanwhile indicate increasing 

salt transport to the Arctic, and hence a decline in southward freshwater transport at these 

latitudes. Considering the regional changes in salinity and net evaporation alongside 

changing freshwater transport at 26°N, southward freshwater transport at subpolar 

latitudes is estimated, as a residual, to have declined by around 0.15 Sv. In summary, 

available observations indicate that increasing net evaporation across the North Atlantic 

was partly opposed by decreasing meridional divergence of freshwater transport (from the 

region) over 1990-2010. Implications for dense water formation and the Atlantic 

overturning circulation are considered. 



Major variations in subtropical North Atlantic heat transport at short (5 day) time scales 

and their causes. 

 

B. I. Moat (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

S.A. Josey (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

B. Sinha (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

A.T. Blaker (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

D.A. Smeed (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

G. McCarthy (National Oceanography Centre, University of Southampton Waterfront 

Campus, European Way, Southampton, SO14 3ZH, UK.) 

W.E. Johns (University of Miami, Rosentiel School of Marine and Atmospheric Science, 4600 

Rickenbacker Causeway, Miami, FL, USA.)  

J.-M. Hirschi (National Oceanography Centre, University of Southampton Waterfront 

Campus, European Way, Southampton, SO14 3ZH, UK.) 

E. Frajka-Williams (Ocean and Earth Science, University of Southampton, National 

Oceanography Centre Southampton, SO14 3ZH, UK.)  

D. Rayner (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

A. Duchez (National Oceanography Centre, University of Southampton Waterfront Campus, 

European Way, Southampton, SO14 3ZH, UK.) 

A.C. Coward (National Oceanography Centre, University of Southampton Waterfront 

Campus, European Way, Southampton, SO14 3ZH, UK.) 

 

Variability in the North Atlantic ocean heat transport at 26.5°N on short (5-day) timescales is 

identified and contrasted with different behaviour at monthly intervals using a combination 

of RAPID/MOCHA/WBTS measurements and the NEMO-LIM2 1/12° ocean circulation/sea 

ice model. Wind forcing plays the leading role in establishing the heat transport variability 

through the Ekman transport response of the ocean and the associated driving atmospheric 

conditions vary significantly with timescale. We find that at 5-day timescales the largest 

changes in the heat transport across 26.5°N coincide with north-westerly airflows 

originating over the American land mass that drive strong southward anomalies in the 

Ekman flow. During these events the northward heat transport reduces by 0.5-1.4 PW. In 

contrast, the Ekman transport response at longer monthly timescales is smaller in 

magnitude (up to 0.5 PW) and consistent with expected variations in the leading mode of 

North Atlantic atmospheric variability, the North Atlantic Oscillation. The north-westerly 

airflow mechanism can have a prolonged influence beyond the central 5-day timescale and 

on occasion can reduce the accumulated winter ocean heat transport into the North Atlantic 

by ~40%. 

  



Atlantic Meridional Overturning Circulation (AMOC) geostrophic transport: Comparison of 

the RAPID time series with hydrography from 2004 to 2015 

 

Neela Morarji (University of Southampton) 

David Smeed (National Oceanography Centre, Southampton) 

Gerard McCarthy (National Oceanography Centre, Southampton) 

Eleanor Frajka-Williams (University of Southampton). 

 

The AMOC has emerged as a focal point in the study of climate change due to its transport 

of heat and other properties. Projections of AMOC decline (Robson et al., 2014) motivate 

continued investigation into AMOC driving mechanisms and transport. The AMOC has been 

measured at 26°N by infrequent hydrographic sections and, since 2004, continuous 

measurements by the RAPID-MOCHA mooring array. During the first 4 years of RAPID-

MOCHA observations the overturning circulation was, on average, 2.7 Sv stronger than in 

the subsequent 4 years (Smeed et al., 2014). However, transport from hydrographic sections 

yield contrasting results with stronger overturning in 2010 than in 2004 (Atkinson et al., 

2012). In this presentation we examine the possible causes of this apparent discrepancy 

between the RAPID-MOCHA mooring array and the hydrographic sections. Not only do 

these two estimates of the overturning circulation use different data but also different 

methods. We examine the assumptions and approximations used in each method. 

Furthermore, we look at how the differing methods may be adjusted to reduce these 

differences, including making corrections for bottom triangles (the part of the water column 

below observational data and above the seafloor). Ultimately, we show that the two 

datasets provide consistent results. The primary reasons for the trend calculated from 

hydrographic data differing from that calculated with the RAPID-MOCHA data are due to 

differing calculation methodologies and the large temporal variability at short timescales 

that masks the long-term trend when using just the hydrographic sections. 



Carbon in the North Atlantic: A 25-year Observation Based Assessment  

 

E. Morris (University of Exeter) 

U. Schuster (University of Exeter) 

P. Halloran (University of Exeter) 

A. Watson (University of Exeter) 

S.D. Jones (University of Exeter) 

A. Lebéhot (University of Exeter) 

T. Tudino (University of Exeter) 

 

The global ocean represents one of the largest and most active carbon sinks on Earth, 

annually absorbing approximately 25% of the carbon emitted by human activity. The North 

Atlantic is particularly important because it is a location where anthropogenic carbon is able 

to penetrate to mid and abyssal depths, storing around 23% of global oceanic 

anthropogenic carbon despite accounting for only 15% of global ocean area. With 

anthropogenic emissions continually increasing, it is ever more important to study the 

ocean in order to identify any changes in the way its carbon cycle operates. Observational 

data can then inform computational models, which in turn allow us to predict the 

magnitude and timescales of future, human-driven, changes in climate.   

 

Measurements of dissolved inorganic carbon and alkalinity, and derived anthropogenic 

carbon estimations, are taken from the 2015/2016 occupation of the WOCE A05 

hydrographic section along nominal latitude of 24.5oN in the Atlantic. This latest occupation 

of the A05 section provides a novel 25-year observational time series of North Atlantic 

carbon.   

 

We will present the temporal change and variability of carbon observations and 

anthropogenic carbon estimations in the different water masses encountered across the 

mid-latitude North Atlantic. We will study this variability in view of known biogeochemical 

and circulation changes in the basin, such as the formation of deep water at source regions. 

Additionally we will compare observation-based predictions of anthropogenic carbon to 

those of CMIP5 models over the coming decades.  

  



A of study of the Faroe-Shetland Channel using a coupled Ocean-Atmosphere modelling 

system. 

 

Grace Redmond (Imperial College) 

Bee Berx (Marine Scotland Science) 

Ralf Toumi (Imperial College) 

 

The Faroe-Shetland Channel is delimited to the east by the Shetland shelf and to the west by 

the Faroe plateau. It is a region of significant inflow of warm Atlantic surface waters to the 

Norwegian Sea and towards the Arctic as well as of the return outflow of cold deep waters, 

making it an important choke-point for the global thermohaline circulation. This passage is 

an area of intense and complex dynamic ocean activity. The extent of coupling between this 

warm water and the atmosphere remains unexplored. This study will use the coupled 

modelling system COAWST, along with a number of observed data sets to investigate this. 

The channel is a known region of storm passage, examining the interaction between the 

ocean and the atmosphere before, during and after the passage of a storm will allow the 

exploration of the hypothesis that there is coupling between the ocean and the atmosphere 

in this region. 

 

This study has the rare opportunity to explore the surface currents of the region in great 

detail due to the availability of a HF Radar data set (established with sponsorship from 

M;ヴｷﾐW SIﾗデﾉ;ﾐS SIｷWﾐIW ;ﾐS ﾗデｴWヴゲぶが ﾗﾐW ┞W;ヴげゲ ┘ﾗヴデｴ ﾗa ｴﾗ┌ヴﾉ┞ ゲ┌ヴa;IW I┌ヴヴWﾐデゲ ふヱっΓっヲヰヱン-

8/9/2014) at 5km horizontal resolution, covering two 180km arcs either side of the Fair Isle 

gap (between Orkney and Shetland). During the winter of 2013, there were several severe 

storms that passed through this region. By running a high resolution regional model 

(COAWST) with re-analysis data sets and using the HF Radar data (along with other 

observations) to validate the model, it will be possible to investigate how well the model is 

able to reproduce specific storms, and perform a detailed analysis of ocean atmosphere 

response.  

  



Forcing and variability of the Fair Isle Current 

 

P.M.F. Sheehan (UEA) 

B. Berx (Marine Scotland Science) 

A. Gallego (Marine Scotland Science) 

R.A. Hall (UEA) 

K.J. Heywood (UEA). 

 

The JONSIS line is a 127 km-long hydrographic section in the northern North Sea at 59.28°N 

that runs from the eastern coast of Orkney (2.23°W) to the central North Sea (0°). It crosses 

the path of one of the main western inflows of Atlantic water, the Fair Isle Current (FIC). 

Data from 139 occupations between 1989 and 2015 are examined to determine the annual 

cycle and long-term trends of temperature, salinity and depth-varying geostrophic flow in 

the FIC. On average, the geostrophic flow referenced to the seafloor is at its narrowest (40 

km) in spring, during which time it is driven by the strong horizontal salinity gradient; the 

horizontal temperature gradient is very weak. Velocity exceeds 6 cm/s, but transport is at a 

minimum (0.10 Sv). In the deeper water in the east of the section, thermal stratification 

develops throughout summer and persists until October, whereas the west is tidally mixed 

all year. The bottom temperature gradient becomes the primary driver of the geostrophic 

flow, which is fastest (9 cm/s) in September and broadest (100 km) in October. Maximum 

transport (0.34 Sv) occurs in September. Throughout the summer, the horizontal salinity 

gradient weakens, as does its contribution to the flow. However, it nevertheless acts to 

broaden the flow west of the location of the strongest horizontal temperature gradient. 

These results refine our understanding of the density forcing of the FIC, particularly in 

relation to the salinity distribution. A glider deployment in autumn 2013 provided ten 

occupations of the JONSIS line that allow us to quantify the short-term variability of the 

total transport by referencing the geostrophic shear to the glider dive-average current. This 

reveals a large (20 cm/s) southward barotropic component of the flow. Understanding the 

variability of the FIC is important for managing the North Sea ecosystem. 

  



Measuring the AMOC at 26°N: the record so far and the potential for real-time data in the 

future 

 

David A. Smeed (National Oceanography Centre Southampton, SO14 3ZH, UK.) 

Gerard D. McCarthy (National Oceanography Centre Southampton, SO14 3ZH, UK.) Benjamin 

I. Moat (National Oceanography Centre Southampton, SO14 3ZH, UK.) 

Darren Rayner (National Oceanography Centre Southampton, SO14 3ZH, UK.) 

 

The RAPID-MOCHA-WBTS time-series of overturning at 26ºN has been extended to cover 

the time period up to October 2015, 11.5 years in total. New results will be presented for 

the overturning stream function and its component parts. Previous results have shown a 

decline of the AMOC in the subtropical gyre since the start of the measurements in 2004. 

This change will be reassessed in the light of the new measurements and a step change in 

2008 is found more likely than a continual decline. A telemetry system for the 26ºN array is 

currently being tested. When fully implemented this will allow delivery of near real-time 

data, but with reduced accuracy. In this study we explore how best to make use of the new 

telemetry capability. 

  



Water masses variability and transformations in the southern Rockall Trough ʹ a synoptic 

view 

 

Angelina Smilenova (MI, NUIG) 

Kieran Lyons (MI)  

Glenn Nolan (MI) 

Martin White (NUIG) 

 

Moored array (53°N, 16°W) and ship-based CTD measurements, collectively spanning a 9 

year period (2006-2014), have been assessed in relation to interannual variability of SAIW, 

MOW, LSW intermediate water (IW) masses in the Rockall Trough south of 55°N.  The region 

is one of significant mesoscale variability, where mixing between SAIW and MOW upper IW 

masses hinders quantification of inter-annual water mass variability.  General increase in 

wintertime salinity (2009 onwards) is observed close to the Porcupine Bank continental 

margin at the MOW depth range (1000 m). Winter period CTD transect data acquired along 

the 53°N-55°N line indicate freshening of the upper 500 m during 2012 and 2013. A 

freshening signal at all depths is also evident in the mooring data set, suggesting SAIW 

incursion at this time.  

 

At lower intermediate depths, 800 に 1500 m, cabbeling could be a potential mechanism for 

interannual water masses modifications. Following a deep (1250 dbar isobar) convection 

event in the Labrador Sea in the early 2000s, strong signals of LSW at depths below 1500 m 

were detected in 2006, peaking in 2009. 

 

This analysis forms part of a Marine Institute に NUI Galway PhD collaboration to assess the 

inter-annual variability in water masses in the southern Rockall Trough, key area of inter-

gyre exchange. Existing hydrographic sets would be further supported by Argo data, thus 

extending and expanding the temporal and spatial data coverage in the area. Determination 

of an index of SAIW IW mass presence is a particular aim, along with an assessment of its 

influence on winter ML variability and subsequent transport of heat and salt into the 

northern Rockall Trough. 

  



Measurements of volume, temperature and salt transport of Atlantic Water in the Faroe-

Shetland Channel 1993-2014 

  

Kamila Walicka (Scottish Association for Marine Science, Oban, UK),  

Stuart Cunningham (Scottish Association for Marine Science, Oban, UK), 

Bee Berx (Marine Scotland Science, Aberdeen, UK), 

Stefan Gary (Scottish Association for Marine Science, Oban, UK). 

  

The Faroe-Shetland Channel (FSC) region plays a fundamental role in transfer of warm and 

saline Atlantic Water towards the Nordic Seas and Arctic Ocean and for cold, dense overflow 

waters to return southwards into the Atlantic Ocean. The Atlantic inflow is an integral part 

of the Atlantic Meridional Overturning Circulation which is projected to decline over the 

twenty first century and might reduce the oceanic heat and salt transports towards the 

Arctic.  

 

This study demonstrates a new method to estimate time series of volume, temperature 

(relative to zero degrees Celsius) and freshwater fluxes, their anomalies and seasonal cycle 

based on the combination of hydrography, altimetry and ADCP data. The estimate of 

transport variability is important in order to identify mechanisms that contribute to heat 

and salt exchange and to investigate a link between oceanic changes and climate variability.  

 

The observations from 1993 to 2014 in the Faroe-Shetland Channel show significant inter-

annual variability of Atlantic water properties. The hydrographic observations show an 

increase of temperature and salinity of the Atlantic inflow that is consistent with other 

observations in the northeast Atlantic. However, there is no evidence of trends in volume, 

temperature (relative to zero degrees Celsius) or salt transports in the observed period. This 

analysis confirms that the amount of heat and salt transported through the Faroe-Shetland 

Channel is dominated by the volume transport. 

 



S14: Coastal and shelf seas processes;
connections between land, ocean, and atmosphere.

Conveners:
Lucy Bricheno, Huw Lewis, Eleanor Blyth, and Momme Butenschon

This session will address the linkages between the (coastal) ocean, and both the land and
atmosphere. It is at these 'edges' where the boundaries between disciplines break down,
and a more integrated scientific approach is required. 

From a modelling perspective this requires the dynamical coupling of many processes and
component physical systems, including the atmosphere, river run-off,  ocean circulation,
and waves. With increasing model resolution, many processes must be properly resolved,
rather than parametrised. 

Data  collected  using  autonomous  underwater  vehicles,  drifters,  floats,  and gliders  are
rapidly advancing our abilities to understand coastal ocean processes. With these modern
observing platforms, we can collect data closer to the coast than ever before, as well as
collecting information from the air-sea interface without disturbance from ship presence.

Though grounded in the understanding of the dominant coastal processes, we would like
the focus to be on impacts, be these severe weather, flooding, storm surge, harmful algal
blooms.  The  accurate  prediction  and  warning  of  such  events  requires  an  integrated
approach  to  forecasting,  and  good  communications  between  scientific  disciplines.  We
encourage ocean scientists to have an outward look to how their area of science might
connect with others in the context of coastal process understanding and prediction.

Contributions  are  invited  on  process  observation  &  understanding,  and  model
development & evaluation. This might include, but is not limited to:

1. Investigating coastal ocean processes through observations and modelling
2. Design and development and evaluation of regional coupled modelling systems
3. Improving  observation,  understanding  and  evaluation  of  feedbacks  between

sub-systems



ORAL 1

“Sandscaping in the UK - Innovative approaches to increase the effectiveness of adaptive
coastal management schemes.”
Brown J.M., Phelps J.J.C., Barkwith A., Hurst M.D., Ellis M.A., Plater A.J.

Coastal defence, both natural and engineered, is vulnerable to the non-uniform evolution
of a coastal  system, whether it  is  the evolution of a natural barrier  itself  or the beach
fronting a structure. Over the long-term, sea-level rise and changing storm climates also
act  to  increase  vulnerability  through  coastal  squeeze  or  an  increased  frequency  of
hazardous conditions. Due to the abrasive coastal environment in which defences exist,
erosion and fatigue limit their effective life span. To enable effective adaptive management
understanding of a coastal system’s potential long-term (centennial) behaviour with and
without proposed human intervention is required.
Here a modelling study of Dungeness foreland is performed using a one-line sediment
transport model embedded within a coastal area model to provide evidence to underpin
the strategic planning of resilient coastal defence. This location comprises a natural gravel
barrier  flanked  with  aging  seawalls.  The  co-existence  of  both  natural  and  engineered
defences  provides  a  suitable  location  in  which  to  test  the  beneficial  impacts  of
‘Sandscaping’ in the UK. This innovative approach to flood and erosion risk management
uses marine aggregates in a one off mega beach nourishment and the natural energy of
the sea to redistribute the sediment, widening the beach frontage over timescales of at
least  20  years.  The  recurved  spit  shaped  intervention  forms  an  evolving  region  of
sheltered  water  supporting  natural  habitat,  while  also  creating  recreational  space.  We
present  results  for  single and multi-location nourishment  schemes of  varying size and
position, analysing the benefits to the existing defences along the frontage over a 100 year
period. Our simulations reveal that a multi-location nourishment scheme provides a greater
reduction  in  coastal  erosion  than  a  single  mega-nourishment  of  larger  overall  size,
although the impact is less than the sum of the isolated impact of each component within
the multiple-scheme. 



ORAL 2 

“Improving Storm Surge Forecasting using Remotely Sensed Data”

David Byrne, Prof. Kevin Horsburgh, Prof. Chris Hughes, Dr. Paolo Cipollin

The storm surges that accompany tropical cyclones are some of the most devastating
natural events globally. They have the potential to cause massive loss of life and financial
damage. There is therefore incentive to be able to forecast storm surges both accurately
and in a timely manner.

Operational storm surge forecasting models are developed regionally and many are in use
around the world. In order to keep run times short, operational models use symmetric,
idealised  wind  fields  to  force  a  depth-averaged  ocean  model.  These  wind  fields  are
derived from simple parametric equations, often generated using just variables such as
distance from storm centre. Whilst cheap, they don’t effectively model any asymmetries or
other variations present in real tropical cyclones.

We have investigated the effect of assimilating observed 2-dimensional wind fields into the
SLOSH  storm  surge  model  (used  operationally  for  the  US).  Observations  of  tropical
cyclones can be scarce, especially satellite scatterometery. To investigate exactly when an
observed wind field might be useful, the wind fields were assimilated separately into the
model at 24, 18, 12 and 6 hours before landfall. The wind fields used were generated by
the National Hurricane Centre from multiple remotely sensed sources.

Hindcasts have been run for four major US hurricanes: Ike, Gustav, Sandy and Isaac. We
find that, for these cases, to make a significant difference on the storm surge forecast, an
observed wind field needs to be available and assimilated no earlier than 6 hours before
landfall. Consequently, the uses of assimilating observations in real time may be limited. 



ORAL 3

“Glider observation and modelling of a phytoplankton bloom in the Celtic Deep”
 Christine Pequignet 
 
Aimed at measuring oceanographic and biological properties at a biodiversity hotspot, 3
ocean gliders were deployed in the Celtic deep as part of the Marine Autonomous Systems
in Support of Marine Observations 2 Part A (MASSMO2A) program.  The deployment was
conducted from the end of August 2015 to Mid September 2015 in a depth of about 100m.
The in situ Chlorophyll and Oxygen measurements captured a phytoplankton bloom with
subsurface chlorophyll maximum reaching 16 \mu g/l around 10 September 2016 following
the suppression of the stratification.
Glider casts conducted at a nearly fixed horizontal location captured the time variability of
the mixed layer and the impact of the local physical processes on the biogeochemistry.
Transects conducted across the region gives some indication of the spatial structure of
mixed layer and the bloom, but temporal variability was dominant in this region and makes
it difficult to assess whether the spatial variability observed from the slow moving gliders
was not just due to the temporal variability.
The  operational  Metoffice  FOAM-AMM7  model  with  ecosystem  model  ERSEM   was
compared to the glider data for the period of the deployment. With hourly output of the
physical  model  and  daily  output  for  the  ecosystem  model  on  a  7km  resolution  grid,
FOAM-ERSEM could complement the glider data for the characterization of the temporal
and spatial variability. However because of some discrepancies between the model and
glider data within the mixed layer the bloom was not reproduced by the numerical analysis.

 



ORAL 4 

“Role of morphology in controlling wave overtopping volume”
Benjamin T. Phillips, Jennifer M. Brown, and Andrew J. Plater

Recent scientific studies have begun to use joint probability analysis in computing flood
model boundary conditions and understanding historic events. Therefore, this study aims
to understand the role  of  morphology across various wave (Hs)  and water  level  (WL)
combinations  across  a  1:200yr  joint  probability  distribution,  given  that  morphological
response to storm events is mostly dependent on wave action.
Llandudno tide gauge and ECMWF wave hindcast provide a 21 year record of extremes,
from which JOIN-SEA is used to calculate a joint probability distribution. We use XBeach,
a  storm  impact  model  capable  of  simulating  storm driven  beach  evolution  and  wave
overtopping, to model four scenarios across the 1:200 yr joint probability distribution under
enabled and disabled, pre and post storm morphologies. A 1 m breach is superimposed on
the  most  severe  scenario  at  different  timings,  to  determine  role  of  morphology  under
defence breaching.
Morphology forcing is shown to have a greater impact on wave overtopping under higher
Hs conditions. This is corroborated by greater storm driven scour in the profile. Disabling
morphology  forcing  on  the  original  transect  leads  to  the  lowest  wave  overtopping
regardless of the boundary conditions, and the impact of morphology forcing is shown to
have a factor of > 2 under a scenario with greater wave action. Pre storm morphology
exhibits the highest wave overtopping volumes regardless of scenario, including where a
sea  defence  breach  is  applied.  Post  storm  morphology  forcing  demonstrates  little
variability between scenarios.
Our results demonstrate that the impact of morphology on wave overtopping can exceed
that  of  model  boundary  conditions.  As  such,  using  a  wave  overtopping  model  which
excludes morphology is likely to underestimate wave overtopping and consequent flood
hazard and economic loss.  



ORAL 5
“A Comparative Application of New Beach Modelling Techniques”
Antonios Valsamidis, Dominic E. Reeve 

 
In this study the capabilities of new beach models are tested on Borth case study. The
latter is a beach in mid Wales, UK, which is imposed on the erosive threat of waves. Thus,
a  coastal  defense  scheme  was  constructed  in  2011.  The  current  work  aims  at  the
assessment of shoreline evolution at Borth beach. 
Firstly,  a  new  analytical  solution  to  the  ‘one-line’  model  was  developed.  Innovative
elements included in this solution are its ability to  assess accretion or erosion near  a
groyne, caused by a river-delta in its vicinity, plus its potential to incorporate arbitrarily
varying wave time-series as input-data, via a Heaviside scheme (Walton and Dean, 2011).
Then a semi-analytical solution to the ‘one-line model’ was developed which allows the
representation of the coastal  defense scheme in a greater detail  during the simulation
process.
A computational model based on the Method of Lines (e.g. Kirpekar, 2003) will also be
presented as an alternative to the classic computational method of the Finite Differences.
The  new  model  is  characterized  by  unconditional  numerical  stability  and  its  supreme
computational efficiency.
Finally, the new models were tested versus the well-known commercial software GENESIS
(Hanson 1987).
The subsequent comparison demonstrated the pros and cons of every one of the applied
methods, and general conclusions about their usefulness were derived.
 
References:
Hanson,  H.,  1987,  GENESIS-A  generalized  shoreline  change  numerical  model  for
engineering use: Lund, Lund Inst. of Tech/.Univ. of Lund.
Kirpekar, S., 2003, Implementation of the Bulirsch Stοer extrapolation method, Department
of Mechanical engineering, Berkeley University.
Walton Jr, T.L., and Dean, R.G., 2011, Shoreline change at an infinite jetty for wave time
series: Continental Shelf Research, v. 31, p. 1474-1480.



POSTER 1

“Morphological impacts due to storms on the Sefton coastline”

William Bennett, Harshinie Karunarathna and  Dominic E. Reeve 

 
Recent  storm  events  such  as  the  2013/14  winter  storms  served  to  highlight  the
vulnerability  of  UK coastlines to coastal  flooding and erosion.  With increasing concern
surrounding the potential  long term effects of changes in natural environmental forcing
factors,  it  is  important  to  understand  the  risk  of  flooding  and  erosion  under  present
conditions. This study aims to investigate the morphological impacts storms have on our
coasts,  by modelling different  storm characteristics.  The Sefton  coastline,  as  the  UK’s
largest dune system, will be used for the field site; it hosts numerous sites of national and
international  significance and acts as a natural  coastal  and flood defence system.  As
such, it provides an important focus for the investigation of storm impacts.
Using tide gauge records and WaveNet buoy data from Liverpool Bay, individual storm
events  will  be  filtered  providing  a  record  of  measured  storm  characteristics.  A joint
probability analysis will be carried out, in order to analyse different return period events.
The overall water level within a storm event has been identified as a key threshold for
dune erosion on the Sefton coastline; thus, the timing of storm events within the tidal cycle
has a large impact on the effect and risk. Boundary conditions for a range of possible
combinations encompassing the variation in storm climate are then generated. To carry out
the morphological modelling, the process based, two dimensional model XBeach will be
used.  This  will  provide  a  robust  framework  with  which  the  coastal  evolution  will  be
assessed.
The  poster  will  present  and  discuss  validation  of  the  model  setup,  as  well  as  the
morphological changes of the dune system in response to storms. 
 



POSTER 2

“Understanding spatial variability in extreme estuarine water levels to inform better coastal
management practise.”

Charlotte Lyddon, Professor Andy Plater, Dr Jenny Brown, Dr Nicoletta Leonardi

Coastal zones worldwide are subject to short term, local variations in sea-level, particularly
communities  and  industries  developed  on  estuaries.  Astronomical  high  tides,
meteorological storm surges and increased river flow present a combined flooding hazard.
This can elevate water level at the coast above predicted levels, generating extreme water
levels. These contributions can also interact to alter the phase and amplitude of tides and
surges, and thus cause significant mismatches between the predicted and observed water
level. The combined effect of tide, surge, river flow and their interactions are the key to
understanding and assessing flood risk in estuarine environments for design purposes

Delft3D-FLOW, a hydrodynamic model which solves the unsteady shallow-water equation,
is used to access spatial variability in extreme water levels for a range of historical events
of different severity within the Severn Estuary, southwest England. Long-term tide gauge
records from Ilfracombe and Mumbles and river level data from Sandhurst are analysed to
generate a series of extreme water level events, representing the 90th, 95th and 99th
percentile  conditions,  to  force the model  boundaries.  To separate out  the time-varying
contributions of tidal, fluvial, meteorological processes and their interactions the model is
run with different physical forcing. A low pass filtering method is applied to “de-tide” the
residual total water elevation. The filtered surge component is recombined with tidal and
river events in a sensitivity test, to see how the interactive processes influence the timing
of extreme water level across the estuarine domain. This methodology is first validated
using the most extreme event on record to ensure that modelled extreme water levels can
be predicted with confidence. The results can be used to understand the spatial variability
in extreme water levels relative to a tide gauge location, which can then be applied to other
management needs in hypertidal estuaries worldwide.

 



POSTER 3

“Comparison and Combination of a High Resolution Coastal Ocean Model and X-band
Radar-Derived Waterlines/Bathymetry”

Kieran Newman, Paul Bell, Jenny Brown, Andy Plate

Bathymetric surveys of areas close to the coast using techniques such as aircraft-based
LIDAR can give very accurate profiles, but are expensive and provide only “snapshot”
surveys. Bell  et al.  (2015) have presented a method for using X-band marine radar to
obtain  intertidal  bathymetry  with  good  spatial  and  temporal  resolution,  however,  this
currently  relies  on a  fixed tide-gauge measurement  for  sea level,  applied  uniformly  in
space across the domain. Tidal asymmetry, waves, and surge effects could give a spatial
variation in the sea surface, which may affect the results. 

I will aim to use the Coastal Ocean Model POLCOMS, to model a nested high-resolution
domain in the Dee Estuary. Bathymetry derived from the radar method will be used to run
the model at high resolution, to produce a pixel based elevation record. The long-term aim
is to iterate the process between the radar processing and the model to gain accurate
bathymetric information at high spatial and temporal resolutions. 

A waterline derived from a 180m resolution POLCOMS (Brown et al., 2014) run, overlaid
on a radar plot from the same time, shows well-defined features of the radar plot can be
seen to correlate with the model at this low tide; however, there is a larger discrepancy at
high and mid tides, showing the need for higher resolutions. 

Detailed application of the tidal asymmetry and the spatial variation in water level within an
estuarine  environment  is  the  next  step  in  improvement  of  the  waterline  method  for
intertidal bathymetry. This method could then be applied to data from radars currently in
operation, allowing tracking of morphological changes. 

This  poster  will  present  preliminary  results  from  the  POLCOMS  model  at  increasing
resolutions, and comparisons with waterlines derived from the radar data.

References:

Bell,  P.S.,  Bird, C.O. and Plater, A.J., 2015. A temporal waterline approach to mapping
intertidal areas using X-band marine radar. Coastal Engineering, 107, 84-101. 

Brown, J, Bolanos-Sanchez, R., Souza, A., 2014. Process contribution to the time-varying
residual circulation in tidally dominated estuarine environments. Estuaries and Coasts, 37
(5). 1041- 1057.

 



POSTER 4

"LOCATE – Land Ocean Carbon Transfer – a NERC Cross Centre National Capability
Project"
Richard Sanders (NOC) and the LOCATE Team
 
The flow of terrigenous organic matter (tOM) through aquatic ecosystems is a significant
and increasing component of the global C cycle. This flux is controlled by regional climate,
soil type, vegetation and land use; the fraction of tOM that ultimately reaches the ocean
depends upon additional biotic and abiotic processes along the land-sea continuum. The
relative importance and future evolution of these processes remain poorly understood –
according to the most recent IPCC “many of the key processes relevant to decomposition
of  tOM  are  missing  in  models…  despite  their  vulnerability  to  warming  and  land  use
change”. This issue is acute for the UK Earth System Model (ESM), whose land surface
model (JULES) transfers water but not tOM to the ocean, and whose marine ecosystem
model (MEDUSA) contains no dissolved organic carbon (DOC) cycling.
LOCATE  will  integrate  knowledge  and  skills  across  NERC  terrestrial,  freshwater  and
marine  research  centres  to  transform the  UK’s  ability  to  measure,  model  and  predict
land-ocean  tOM  fluxes  in  a  changing  environment.  It  will  allow  next-generation
biogeochemical models to explore how climate change and land management decisions
will  influence the global C cycle. LOCATE will  address this need through an ambitious
observational,  experimental,  and  modelling  programme  focussed  at  the
freshwater-seawater  interface  in  locations  throughout  Great  Britain  (GB).  GB  has
significant gradients in soil C content and land use, ranging from internationally-significant
peatlands to agricultural  lowlands on mineral soils, and thus serves as a useful model
system for temperate systems worldwide.



POSTER 5

“Modelling Meteotsunami on the European Shelf”
David Williams, Kevin Horsburgh, David Schultz,  Chris Hughes 
 
Meteotsunami are barotropic shallow water waves in the tsunami frequency band which
are of atmospheric origin. They can severely affect harbours with wave heights up to 6 m.
Whilst  not  common for  the  UK,  they can be  produced  by  moving thunderstorms with
extremely high 1 hPa/10 min Eulerian pressure gradients and strong,  localised winds.
These  systems  typically  generate  centimetre  waves  due  to  dynamical  effects  alone.
However, idealised models show that when pressure fluctuations advect across the sea
surface close to the shallow water wave speed, ‘Proudman resonance’ can occur causing
the wave to amplify 5 - 10 times (to tens of centimetres). It may then grow by another order
of magnitude by shoaling and seiching (to metres). The ocean dynamics software Telemac
utilises  multiscale,  unstructured  meshes,  allowing  our  models  to  operate  at  the  high
resolutions required for  harbour  waves with  reasonable computational  efficiency.  Often
studies  do  not  consider  atmospheric  dynamics,  and  therefore  models  produce  fairly
inaccurate  representations  of  real  meteotsunami.  This  project  will  determine  whether
realistic atmospheric forcing from the Weather Research and Forecasting Model (WRF),
implemented  through  one-way  coupling,  produces  results  closer  to  meteotsunami
observations.  Furthermore,  this  project  aims to  understand the mechanisms that  drive
wave amplification with more realistic ocean dynamics than previously studied. The effect
of tides on meteotsunami generation is explicitly of interest. Preliminary results from our
highly idealised models support previous findings that sinusoidal pressure disturbances
result in more enhanced Proudman resonance in comparison to linear disturbances. The
27th  June  2011  meteotsunami,  which  was  observed  along  several  western  European
coastlines,  is  used  as  a  first  case  study.  Early  results  indicate  that,  as  previously
hypothesised, a pressure disturbance translating northwards may generate tsunami-like
waves with the same order of magnitude as observed at French and British coastlines.



SESSION 15: Ocean Shelf Exchage 

Convenors: Mark Inall, Jo Hopkins, Mattias Green, Marie Porter 

ORAL 1 

 

Mesoscale eddies as shelf exchange mechanisms of Circumpolar Deep Water 

in the west Antarctic Peninsula 
Kathryn Gunn (Department of Earth Sciences, University of Cambridge, U.K.) 

Nicky White (Department of Earth Sciences, University of Cambridge, U.K.) 

Rob Larter (British Antarctic Survey, Cambridge, U.K.) 

 
Exchange of Circumpolar Deep Water across the west Antarctic Peninsula shelf break plays a 

significant role in ice shelf processes, which consequently affect ice sheet mass balance and global 

sea level.  However, the physical mechanisms for this warm water circulation remain elusive. Here, 

we investigate shelf exchange using two-dimensional seismic imaging of the water column, attaining 

vertical and horizontal resolutions of ~10 m. 7 seismic profiles, acquired in February 2015 using the 

RRS James Clark Ross, are analysed. Seismic data were acquired using two Generator-Injector air 

guns fired every 10 s with a pressure of 2000 psi. Reflections were recorded on a 2.4 km streamer 

towed at 4.5 m depth with 192 receivers spaced every 12.5 m. Observed reflections are caused by 

changes of temperature (~ 80%) and salinity (~ 20%) hence delineating water masses of different 

physical properties. 10 XCTDs and XBTs plus a 38 kHz echo-sounder profile were simultaneously 

acquired and used for calibration. Results show the upper boundary of the Winter Water layer, at 

40-120 m depth, as the brightest reflection across the entire survey, corresponding to temperatures 

г -1°C. Curved, discontinuous reflections forming lens shapes, between 70-300 m depth, are 

attributed to eddy-like intrusions of Upper Circumpolar Deep Water.  Two warm core eddies, 

デWﾏヮWヴ;デ┌ヴWゲ д ヱくヵェC ;ﾐS ﾉWﾐｪデｴ б ヱヰ ﾆﾏが ;ヴW imaged in Marguerite Trough. An eddy imaged in 

three dimensions, length 60 km and width 40 km, is calibrated with depressed temperature profiles 

and is believed to be recirculated intrusions.   Between 10-15 eddies, 2-15 km in length, are imaged 

in Belgica Trough. The seismic profiles indicate mesoscale eddies are a significant mechanism for 

warm water shelf exchange in the west Antarctic Peninsula and provide high 

resolution dimensional constraints. 

 

  



ORAL 2 
 

Title: Vigorous lateral export of the meltwater outflow from beneath an Antarctic 

ice shelf 
Alberto C. Naveira Garabato (National Oceanography Centre, Southampton - University of 

Southampton) 

Alexander Forryan (National Oceanography Centre, Southampton - University of Southampton), 

Pierre Dutrieux (Applied Physics Laboratory, University of Washington) 

Liam Brannigan (University of Stockholm) 

Louise C. Biddle (University of East Anglia) 

Karen J. Heywood (University of East Anglia) 

Adrian Jenkins (British Antarctic Survey) 

Yvonne L.  Firing (National Oceanography Centre, Southampton) 

Satoshi Kimura (British Antarctic Survey) 

 
The processes regulating the physical exchanges across the front of the Pine Island Ice Shelf (one of 

the most rapidly melting Antarctic ice shelves) in the Amundsen Sea are investigated through the 

analysis of an extensive set of full-depth hydrographic, velocity and microstructure measurements, 

obtained as part of the ISTAR expedition in February 2014, and an idealised high-resolution 

numerical circulation model. The outflows of Glacially Modified Water (GMW), which contains 

elevated concentrations of meltwater from the ice shelf, are shown to be subject to very intense 

small-scale turbulent mixing within 5 kilometres of the ice front. The rates of turbulent kinetic 

energy dissipation and diapycnal mixing in the outflows are enhanced by up to four orders of 

magnitude relative to those in surrounding waters, which are characterised by turbulence levels 

typical of the open ocean. An investigation of the causes of the intensified turbulence reveals that it 

is sustained by submesoscale centrifugal instability of the GMW outflows. The instability drives a 

secondary circulation that induces rapid lateral mixing between GMW and pycnocline waters 

offshore, thereby preventing the GMW outflows from reaching the upper-ocean mixed layer and 

directly influencing surface climate in the region. The likely significance of this process for the fate of 

meltwater outflows from other Antarctic ice shelves will be discussed. 

  



ORAL 3 

  

Long-term variability of exchange between the Slope Current and the West 

Shetland Shelf 

B. Berx (Marine Scotland Science, Aberdeen, UK) 

J. Hopkins (National Oceanography Centre, Liverpool, UK) 

S. Jones (Scottish Association for Marine Science, Oban, UK)  

J. Huthnance (National Oceanography Centre, Liverpool, UK) 

M. Inall (Scottish Association for Marine Science, Oban, UK) 

Since 1994, mooring deployments on the West Shetland Shelf have monitored the strength of the 

North West European Slope Current in the Faroe-Shetland Channel (FSC), as part of a transport 

mooring array (TMA) observing the strength of Atlantic transport to the Nordic Seas.  Analysis of the 

TMA observations to date has focused on quantifying the transport of water masses originating from 

the Atlantic Basin in general, and their exchange with the Nordic Seas.  The FASTNEt (Fluxes Across 

Sloping Topography of the North East Atlantic) project aimed to study the ocean-shelf exchange, and 

in particular, the seasonal, inter-annual and regional variation along the North-West European 

continental shelf edge. As part of this project, the existing historic dataset has also been re-

examined, and is the focus of the work presented here.  We will present an overview of the data 

collected in the FSC since October 1994, and discuss the seasonal and inter-annual variability of 

along-slope and cross-slope transport estimates based on the moored profiling current meters.  A 

coincident time series of satellite altimetry further provides spatial context to the point-

measurements from current meters in the FSC.  Between 2013 and 2015, several surface drifters 

(1m drogued) were also released to study exchange of the slope current with the coastal region 

around the Orkney and Shetland Islands. These drifter deployments also provide a Lagrangian 

context to the cross-shelf exchange in the region.  As exploration for oil & gas continues to develop 

in the FSC, it will be key to continue elucidating the processes governing its circulation, and, in 

particular, the potential on-shelf transfer of hazardous substances.  

  

 

  



ORAL 4 

  

Shelf edge exchange and its influence on coastal oceanography 

Sam Jones (Scottish Association for Marine Science, Oban UK) 

Finlo Cottier (Scottish Association for Marine Science, Oban, UK) 

Mark Inall (Scottish Association for Marine Science, Oban, UK) 

 

The shallow waters west of Scotland feature strong variability in water properties on a variety of 

temporal scales. While the region is known to be subject to both coastal and oceanic influences, 

the causes of variability are poorly understood. The limited characterisation of changes in coastal 

waters impacts our ability to explain the behaviour of coastal ecosystems, and predict their 

resilience to future climate scenarios. 

This work uses historical data in conjunction with recent cruises and a coastal mooring to 

investigate the causes of variability in the waters west of Scotland. 

Two new inter-annual salinity time series on the European shelf are developed. The spatial 

variability in salinity in shallow waters is greatest during winter and increases by a factor of four 

between the shelf edge and the coastline. At the shelf edge, new observations of the along-slope 

current suggest that it is stronger but less stable during winter, leading to a greater availability of 

oceanic water on the outer Malin Shelf. However unlike other documented shelf regions, shelf 

edge processes do not directly influence Scottish coastal water properties. A baroclinic current 

originating in the Irish Sea is the main influence near the Scottish coast during quiescent periods, 

but wind forcing dominates shelf processes during most winters, with prevailing winds tending to 

drive oceanic water towards the coast. 

While salinity in the Sea of the Hebrides is moderately correlated to wind, coastal salinity is 

sensitive to both advective processes and freshwater runoff. On inter-annual time-scales, salinity 

on the Malin Shelf is higher when the North Atlantic Oscillation (NAO) is positive, whereas the 

northern Irish Sea is fresher during a positive NAO state. Salinity and flow pathways in Scottish 

coastal waters appear to be resilient both to changes in the Rockall Trough and a warming climate 

on decadal time-scales. 
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Tidally-driven exchange at the shelf break 

Carl Spingys (University of Liverpool) 

Ric Williams (University of Liverpool) 

Mattias Green (University of Bangor) 

Jo Hopkins (National Oceanography Centre) 

Jonathan Sharples (University of Liverpool) 

   

Enhanced productivity in the shelf seas is dependent on a supply of nutrients from the open ocean, 

across the steep topography of the shelf break. The exchange at the shelf break is limited as the 

geostrophic flow is constrained to following isobaths, thus we need to explore processes that break 

the assumption of geostrophy. A new mechanism is proposed to provide an onshore transport onto 

continental slopes from baroclinic tides, where propagating tides provide a rectified transport from 

the correlation of their baroclinic velocity and layer thickness. This rectified transport is equivalent 

to the bolus transport considered in the open ocean and, for simple wave responses, the implied 

bolus velocity provides a significant contribution to the Stokes� drift velocity. Analysis of 5 moorings 

in three different shelf seas reveal bolus transport contributions, which are often comparable to the 

expected contribution from the baroclinic M2 tide (with a mean error of typically 30%). The effect of 

the bolus transport is also estimated for other shelves drawing upon a global tidal dissipation model 

;ﾐS Wゲデｷﾏ;デWゲ ﾗa Iﾉｷﾏ;デﾗﾉﾗｪｷI;ﾉ SWﾐゲｷデ┞く TｴW Wゲデｷﾏ;デWゲ ﾗa Hﾗﾉ┌ゲ ┗WﾉﾗIｷデ┞ ヴW;Iｴ デｴW ﾗヴSWヴ ﾗa ヱ Iﾏ ゲЪヱ 
in regions of strong internal tides. This bolus velocity might be important in systematically 

transferring heat and other tracers from the open ocean onto the shelves. This heat supply to the 

ゲｴWﾉa ヴW;IｴWゲ ヱ デﾗ ヱヰ W ﾏЪヲ ｷﾐ ﾉﾗI;ﾉｷゲWS ヴWｪｷﾗﾐゲが S┌W デﾗ IﾗﾗﾉWヴ ┘;デWヴ HWｷﾐｪ ヴWデ┌ヴﾐWS ┘ｴWﾐ デｴW ゲｴWﾉa 
is cooler than the open ocean. This heat supply may be particularly important in ice-covered shelves, 

such as surrounding Greenland and the Antarctic Peninsula. 
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Partially-standing internal tides in Whittard submarine canyon observed by an 

ocean glider 
Rob Hall, (Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University 

of East Anglia) 

Tahmeena Aslam (Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, 

University of East Anglia and Centre for Environment Fisheries and Aquaculture Science) 

Veerle Huvenne (National Oceanography Centre, Southampton) 

An autonomous ocean glider is used to make the first direct measurements of internal tides within 

Whittard Canyon, a large, dendritic submarine canyon system that incises the Celtic Sea continental 

slope and a site of high benthic biodiversity. Observations of vertical isopycnal displacement at 

different sites fit a semi-analytical 2-D model of partially-standing internal tides - comprised of a 

major wave propagating up the canyon limbs and a minor wave reflected back offshore by 

supercritical topography near the canyon heads. The up-canyon internal tide energy flux in the 

primary study limb decreases from 9 to 4 kW m
Ъヱ

 over 28 km (a dissipation rate of 1-2.5 × 10
ЪΑ

 W 

kg
Ъヱ

), comparable to elevated energy fluxes and internal tide driven mixing measured in other 

canyon systems. In the Whittard system, elevated mixing rates are inferred from collapsed 

temperature-salinity curves and eroded vertical oxygen concentrations gradients near the canyon 

heads. Glider observatioﾐゲ ;ヴW ┌ゲWS デﾗ ｷﾐaWヴ ヱェC デWﾏヮWヴ;デ┌ヴW ;ﾐS ヱヵ ´ﾏﾗﾉ ﾆｪЪヱ
 oxygen concentration 

variability experienced by benthic organisms on the canyon walls due to the presence of internal 

tides. We hypothesise that this additional environmental stress may partly explain the high 

biodiversity observed within the canyon. 
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A Future View of Ocean-Shelf Exchange and Shelf-Scale Circulation on the NW 

European Continental Shelf  

Jason Holt (NOC) 

Jeff Polton (NOC) 

John Huthnance (National Oceanography Centre, Liverpool, UK) 

James Harle (NOC) 

Sarah Wakelin (NOC) 

Enda O�Dea (MetOffice) 

John Siddorn (MetOffice)  

  

The potential impacts of climate change on shelf seas is highly uncertain, with many vectors of 

atmospheric, oceanic and terrestrial change likely to play a role. Previous studies have highlighted 

the importance of change in oceanic properties (e.g. nutrients) as they are advected on-shelf. Here 

we demonstrate how substantial changes in circulation may also occur, with far- reaching 

consequences for on-shelf properties. We consider a 130 year simulation of the NEMO Atlantic 

Margin Model (AMM7) to 2100. This is driven by the atmospheric component of HADGEM2 (a CMIP5 

Earth System Model under RCP 8.5) and a global ocean model (ORCA25, driven by the same 

atmosphere). Inflows into the North Sea through the Fair Isle channel and east of Shetland are found 

to substantially decrease, and the Shetland shelf current largely by-passes the North Sea. Moreover 

the inflow on the western flank of the Norwegian trench reverses. Together, this significantly 

reduces the cyclonic North Sea circulation and shifts the balance between oceanic and terrestrial 

influence in this region, seen by a decrease in salinity. Using perturbation experiments and simple 

geostrophic theory, we attribute the drop in North Sea inflow to a freshening of the North Sea and 

an increase in its sea surface height relative to the outer-shelf. This feedback process is initiated by a 

rapid drop in salinity in the northern boundary condition (between Iceland and Norway), causing a 

freshening of the Nordic seas and a rapid drop in ocean-shelf volume flux. This is sufficient to allow 

the density gradient between the North Sea and outer-shelf to switch sign. Shorter experiments with 

either no drop in boundary condition salinity or no river inflows (so a reduced oceanic inflow does 

not reduce the on-shelf density), both restore the North Sea circulation to close to its present day 

character. 
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Interannual variability of ocean-shelf exchange along the North West European 

Shelf 
Harle, J. (NOC) 

Holt, J. (NOC) 

Inall, M. (Scottish Association for Marine Science, Oban, UK) 

Polton, J. (NOC) 

  

The biogeochemistry and ecosystems of the open-ocean and shelf seas are intimately connected. 

The Northwest European continental shelf receives a substantial fraction of its nutrients from the 

wider North Atlantic and exports carbon at depth, sequestering it from atmospheric exchange. We 

examine the physical processes influencing these ocean-shelf exchanges in a 1/12 degree basin-scale 

NEMO model with specific features relevant to shelf seas (e.g. tides and advanced vertical mixing 

schemes). The model is eddy resolving in the open-ocean, resolves barotropic scales on-shelf and 

has been run for the period 1980-2010. We explore the connection between the shelf seas and 

open-ocean, and compare results with a 1/4 degree (eddy permitting) model that does not include 

shelf sea processes. Estimates of cross-shelf break fluxes and their interannual variability to the 

physical processes driving ocean-shelf exchange are presented. While the surface wind driven 

variability is similar in the two models, there are distinct differences between the 1/12 and 1/4 

models at the shelf edge of the NW European Shelf. The 1/12 model is beginning to capture some of 

the off shelf transport at depth, exhibiting a reduction in off-shelf transport at depth after 1996 

driven by a weakening in the northward slope current. We discuss possible implications these 

exchanges have for the nutrient and carbon fluxes between the shelf-seas and open-ocean. 
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Automated typology of remotely-sensed shelf-sea fronts linked to stratification 
Peter I. Miller Remote Sensing Group, Plymouth Marine Laboratory 

Benjamin R. Loveday, Remote Sensing Group, Plymouth Marine Laboratory,  

Karen Guihou National Oceanographic Centre, Liverpool. 

Juliane Wihsgott School of Environmental Sciences, University of Liverpool. 

 

Stratification is of critical importance to the circulation, mixing and productivity of the ocean, and is 

expected to be modified by climate change. Hence it would be prudent to monitor the stratification 

of the global ocean, though this is currently only possible using in situ sampling, profiling buoys or 

underwater autonomous vehicles. Earth observation (EO) sensors cannot directly detect 

stratification, but can observe surface features related to the presence of stratification, for example 

shelf-sea fronts that separate tidally-mixed water from seasonally stratified water. Unfortunately, 

existing EO thermal front maps cannot distinguish tidal-mixing fronts from other types of front that 

have a different or no link with stratification, e.g. upwelling fronts, current or eddy boundary fronts, 

thermohaline fronts, or shelf-break fronts. 

 

This presentation describes efforts to create an automated typology of fronts by considering the 

integration of the thermal front map with bathymetric features, coincident EO data on ocean colour, 

and a model of tidal currents. Once the tidal mixing fronts are discriminated, a novel algorithm 

accumulates evidence for stratification from a sequence of classified front maps. In certain regions, 

this method can reveal the timing of the seasonal onset and breakdown of stratification. We also 

discuss further applications for the automated typology of ocean fronts in oceanography and studies 

of marine animal distribution. 
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Observations of Antarctic Slope Current transport and dense water flow in the 

northwestern Weddell Sea 
Marina Azaneu (UEA), 

Karen Heywood (UEA) 

Bastien Queste (UEA) 

Andrew Thompson (Caltech) 

 

In early 2012 the GENTOO project deployed three Seagliders in the northwest Weddell Sea, 

acquiring high temporal and spatial resolution measurements east of the tip of the Antarctic 

Peninsula. The Antarctic Slope Front and its associated system of narrow currents influence both 

lateral and cross-slope transport of physical and biogeochemical properties.  In the latter case, the 

ASF forms a physical and dynamical barrier to cross-shelf exchange, influencing local and global 

ocean dynamics as well as biogeochemical and ecological distributions. Here we explore the 

mechanisms that regulate cross-slope exchange processes and their impact on dense water export 

from the shelf. Dense bottom water spilling off the shelf is identified mostly over the slope, between 

the 500 and 1000 m isobaths (maximum depth of glider sampling). Analysing 11 cross-slope sections, 

we document the downstream evolution of the shelf break current on the eastern Antarctic 

Peninsula, around the Powell Basin, and west of the South Orkney Islands. Sections composited by 

isobath (equivalently f/h) reveal bottom-intensified flow and an intensification of variability at the 

continental shelf break. The along-slope transport of the slope current (upper 1000 m) system varies 

between 2-7 Sv, possibly related to high eddy activity offshore the slope region. Glider transects 

west of the South Orkney island indicate a northward flow, opposite to the previously assumed 

regime. These sections also show bottom intensified flows close to the slope, even in the absence of 

bottom water. The potential vorticity fields are used to identify potential instability mechanisms 

contributing to the cross-slope exchange of water mass properties.  
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Fluxes of shelf-sediment derived trace metals to the open ocean: Seasonal 

variability and the influence of bathymetry 
Amber Annett (School of Geosciences, University of Edinburgh, UK. Now at: Rutgers University, New Jersey, 

USA) 

Walter Geibert (Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany) 

Alex Thomas (School of Geosciences, University of Edinburgh, UK) 

Antony Birchill (University of Plymouth, UK) 

 Maeve Lohan
 
(University of Plymouth, UK, and University of Southampton, UK) 

Peter Statham (University of Southampton, UK) 

Dagmara Rusiecka (University of Southampton, UK) 

Eric Achterberg (University of Southampton, UK, and GEOMAR Centre for Ocean Research, Kiel, Germany) 

 

Continental shelf sediments represent a source of macro- and micro-nutrients to the open ocean, in 

particular the essential trace metal iron (Fe). However, considerable uncertainties remain in 

quantifying the magnitude and variability of this source, including the seasonal variation in flux of Fe 

from sediments, and time scales of subsequent offshore advection. 

 

This study used naturally-occurring isotopes of the radioactive element radium (Ra) to investigate 

sedimentary flux. Like Fe, Ra accumulates in sediment pore waters and both can be supplied to the 

overlying water column by resuspension events and release of pore water. The four Ra isotopes 

decay at different known rates, from days to years, facilitating the use of Ra as a tracer of transport 

into the overlying water column and subsequent advection over multiple time and length scales. 

 

Our study focuses on activities of two short-lived Ra isotopes (
224

Ra and 
223

Ra, 3.7 and11.6 day half-

lives, respectively) and trace metal concentrations in spring and autumn across the Celtic Sea shelf 

break. Off-shelf transport fluxes were assessed from 2D sections. These include intermediate 

nepheloid layers (INLs) related to bathymetric features. Transport of shelf-derived Ra activity was 

modeled as either advective or diffusive transport, giving advective transport speeds of up to 5.9 - 

8.0 km d
-1

, and effective eddy diffusivity coefficients up to 1670 m s
-2

 at right angles to the shelf 

break. This highest transport was found for a shallow canyon INL in spring, with lower rates found 

the same INL in autumn, for deeper INLs, and above a spur. We further show that these INLs are 

enriched in Fe, manganese and cobalt, highlighting their importance for shelf-ocean fluxes. 

Calculated metal fluxes also vary between the two transect lines, with depth, and seasonally. We 

discuss this variation in off-shelf trace metal fluxes to explore the contribution of continental shelf 

sediments to the biogeochemical cycles and ocean budgets of trace metals. 
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Cross-slope flow driven by deflection of the slope current onto the Malin Shelf 
Marie Porter (Scottish Association for Marine Science, Oban, UK) 

Mark Inall (Scottish Association for Marine Science, Oban, UK) 

Andrew Dale (Scottish Association for Marine Science, Oban, UK) 

Peter Miller (PML, Plymouth) 

Sam Jones (Scottish Association for Marine Science, Oban, UK) 

  

Between the Celtic Sea and the Malin Shelf the European slope is steep; largely preventing the 

exchange of water across it and allowing for the maintenance of a density driven, topographically 

trapped slope current. The Malin slope is less steep, thus a weaker topographic barrier to exchange.  

  

In July 2013 we released 30 GDP drifters (15 drogued at 15m and 15 drogued at 70m) on the Malin 

Slope, with the aim of seeding the slope current. Glider sections both up and down stream of this 

release point confirmed its presence at this time. However, after following the slope current for only 

5 to 10 days the drifters crossed away from the slope and onto the shelf, following the 120 m 

contour. Of the 30 drifters released, 22 crossed the shelf break, subsequently remaining in a 

coherent on-shelf current, with an estimated transport of 0.53Sv.   

  

The drifters were advected eastward along the Irish coast, joining water from the Celtic Sea in the 

Irish Coastal Current. A glider transect across these drifter tracks shows that for the shallow drifters 

(drogued at 15m) the southern extent of the flow was bounded by a surface temperature front, 

clearly visible in satellite front maps. This front was crossed by the deeper drifters (drogued at 70m), 

suggesting that it weakens with depth. Furthermore, the deeper drifters track the top of a warm, 

saline feature centred below 70m between the 120m and 100m contours.  
  

Here we will show that while the presence of the slope current can be confirmed along the Malin 

Slope, there is a substantial leak of slope water onto the shelf. The drifters show that this water can 

reach as far as the Norwegian Shelf or the North Sea, providing a pathway of ocean water across the 

northern European Shelf.   
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Ocean-shelf interaction and exchange 
John Huthnance  (National Oceanography Centre, Liverpool) and FASTNEt team   

  

A brief review will be given of physical processes enabling ocean-shelf exchange of water and its 

contents.   A recent study is the project FASTNEt (�Fluxes across sloping topography of the North 

East Atlantic�).  This has made a variety of measurements in three contrasting sectors of shelf edge: 

the Celtic Sea south-west of Britain, the Malin-Hebrides shelf west of Scotland and the West 

Shetland shelf north of Scotland.   Previous studies established the existence of flow along the 

continental slope in these areas, more persistently poleward in northern sectors.  Modelling aims to 

diagnose and estimate the contribution of various processes to transports and to exchange along 

and across the slope. 

  

Estimates obtained so far will be presented; overall transport from drifters and moored current 

meters; effective �diffusivity� from drifter dispersion and salinity surveys; other estimates of velocity 

variance contributing to exchange.   In addition to transport by the along-slope flow, possible 

process contributions which may be estimated include internal waves and their Stokes drift, tidal 

pumping, eddies and Ekman transports, in a wind-driven surface layer and in a bottom boundary 

layer.  

  

Overall estimates of exchange across the shelf edge here are large by global standards, several  m2/s 

(Sverdrups per 1000 km).  However, the large majority of this exchange is in tides and other motion 

of comparably short period, and is only effective for water properties or contents that evolve on a 

time-scale of a day or less.   
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The life-cycle  of  high-frequency internal  waves in a continental  shelf
sea: generation, propagation and dissipation

A. Domina (University of Liverpool), M. R. Palmer (NOC), M. Green (University of Bangor), J.
Sharples (University of Liverpool), V. Vlasenko (Plymouth University), N. Staschuk (Plymouth
University)

Internal  waves  (IWs)  have  been  recognised  as  one  of  the  main  drivers  of  climate
controlling circulation,  sustaining  fisheries  in  shelf  seas  and  CO2-pump  system.  High
frequency  IWs  are particularly  important  to  internal  mixing  in  the  shelf  seas,  where  they
contain  an  enhanced  fraction of  the  available  baroclinic  energy.  The  origin,  generation
mechanism, propagation and spatial distribution of these waves are unfortunately still poorly
understood  since  they  are  difficult  to measure  and  simulate,  and  are  therefore  not
represented in the vast majority of ocean and climate
models.

In this study we aim to increase our understanding of high frequency IWs dynamics in
shelf seas through a combination of observational (moorings, gliders, OMGs) and modelling
methods (MITgcm), and test the hypothesis that “Solitary waves are responsible for driving a
large fraction of the vertical diffusivity at the shelf edge and adjacent shelf region”. 

Our analysis of two separate sites, both situated ~20 km from the continental shelf
break, shows that while the energetics (KE and APE) of low frequency IWs differs slightly
between sites, which can be explained through variable local and remote forcing. Baroclinic
energy distribution at high frequencies is shown to be near constant at both sites, however,
there is a significant difference in energy levels between sites. A new high-resolution (50 m
horizontal) MITgcm configuration is employed to identify the generation and propagation of
IWs in the Celtic Sea and subsequently identify likely mixing hotspots on the Celtic Sea by
using  calculated  Froude  number  and  body  force maps.  The  Froude  number  maps  have
shown that the majority of 3D model domain has Fr>>1, which leads to generation of Lee
waves. Lastly, we force the model with different density structures to assess the likely impact
of changing climate forcing scenarios on IW generation and internal mixing on the continental
shelf.

Observations of an energetic lee wave in the Drake Passage

Jesse Cusack (University  of  Southampton, National  Oceanography Centre Southampton),
Alberto  Naveira  Garabato  (University  of  Southampton,  National  Oceanography  Centre
Southampton), David Smeed (National Oceanography Centre Southampton), James Girton
(University of Washington, Applied Physics Laboratory)

Lee waves are thought to play a prominent dynamic role in the Southern Ocean, facilitating a
transfer of energy from the jets of the Antarctic Circumpolar Current to micro-scale turbulent
motions that mix water masses. Two EM-APEX profiling floats deployed during the Diapycnal
and Isopycnal Mixing Experiment (DIMES) independently measured a 120 m amplitude lee
wave over a seamount in the Drake Passage. The wave was characterised by horizontal and
vertical velocity fluctuations of over 20 cm s-1 and a frequency close to the local buoyancy



frequency. Furthermore, the measured vertical energy flux is estimated to be greater than 1 W
m-2, and the vertical flux of horizontal momentum is of order 5 N m -2, values which are two
orders of magnitude larger than the time mean wind work and wind stress on the Southern
Ocean.  Using  a  parametrisation  for  turbulent  kinetic  energy  dissipation,  based  on  high
frequency  measurements  of  vertical  kinetic  energy,  dissipation  rates  were  found  to  be
enhanced to order 10-7 W kg-1, two orders of magnitude above typical background values.
Depth integrated dissipation rates are notably smaller than the vertical energy flux, hinting at
the possibility that a significant portion of wave energy is not dissipated locally. These results
provide  the  first  unambiguous  example  of  a  lee  wave  in  the  Southern  Ocean  with
simultaneous measurements of its energetics.

Mixing and Water Mass Transformation along the Antarctic Continental
Slope

Jess Mead Silvester, Yueng Djern-Lenn, Jeff A. Polton, Helen Phillips, Tom Rippeth, Miguel
Morales Maqueda

In the Southern Ocean, deep waters are able to return to the ocean surface, where their
transformation completes  the global  overturning  circulation.  Near  Elephant  Island,  off  the
northern tip of the Antarctic Peninsula, recent observations suggest that transformation can
also occur at depth, driven by strong tidal mixing. Here too, downslope convection contributes
to Antarctic Bottom Water formation, forming the lower limb of Southern Ocean overturning. In
November  2011 and January 2015,  we deployed two EM-Apex floats  to profile eastward
along  the  slope  from  Elephant  Island,  measuring  horizontal  velocities,  temperature  and
salinity.  Where  circumpolar  deep  waters  outcrop  over  the  slope,  we  observe  elevated
diapycnal mixing at depth. Diffusivities, estimated from shear-strain parameterisation, peak
between interleaving and tidally-modified water masses. Elsewhere on the slope, Circumpolar
Deep Waters  overly  cold,  dense waters.  We observe modified Weddell  Sea Deep Water
within Hesperides Trough, and suggest that it may act as a conduit between the Weddell Sea
and the continental slope near Elephant Island. Antarctic Bottom Water may be formed and
ventilated  where  Circumpolar  Deep  Water  and  such  cold,  dense  water  interact.  Our
observations confirm that the transformation of outcropping water masses at depth over the
continental slope may be widespread in south Drake Passage and that much of the slope
east of Elephant Island may be important for Antarctic Bottom Water formation.

Parameterized mixing in high-resolution global ocean models: A large
eddy simulation approach

Brodie Pearson (Brown University, USA), Baylor Fox-Kemper (Brown University, USA), Scott
Bachman (Cambridge University), Frank Bryan (NCAR, USA), David Bailey (NCAR, USA)

Inaccurate parameterization of sub-grid eddies can cause excessive damping and spurious
diapycnal  mixing,  especially  in high-resolution [O(10 km)]  ocean models.  The Mesoscale
Ocean  Large  Eddy  Simulation  (MOLES)  approach  provides  a  framework  for  developing
resolution-  and  flow-adaptive  parameterizations  of  eddy  effects.  Large  eddy  simulation
techniques are commonly used to simulate 3D turbulence, and MOLES is modified to be
appropriate for the more two-dimensional nature of mesoscale ocean turbulence.

However,  the  effect  of  MOLES  in  high-resolution  ocean  models  has  not  been
investigated extensively. We will  contrast results, and cost, from a suite of high-resolution
global climate models (0.1o, POP2), which use a variety of eddy mixing parameterizations.
These  include  MOLES  based  upon  2D  turbulence  theory,  MOLES  based  upon
quasi-geostrophic (QG) turbulence theory, and traditional biharmonic schemes.

We compare the effect of different parameterizations on the dynamics of the flow, and
on the large-scale transport. Using MOLES in an ocean model results in greater energy and
variability near the grid scale, and this produces a flow, which, spectrally, is more consistent
with an inertial turbulent cascade and observations of eddy behavior.



Detecting internal waves in the UK continental shelf and estimating their
impact using SAR remote sensing 

Andrey Kurekin, Peter I Miller, Peter Land (Plymouth Marine Laboratory, Plymouth, UK)

The importance of monitoring IWs for oceanographic studies is hard to overestimate. IWs are
responsible for transferring energy between large-scale tides and small-scale mixing. On the
continental  shelf  WSs  affect  coastal  areas  through  nutrient  mixing  in  the  euphotic  zone,
transfer  of  phytoplankton rich waters,  coupling of  benthic  and  pelagic  systems, sediment
re-suspension and cross-shore pollutant transportation. 

Observation  of  IWs  provides  insight  into  the  mechanisms  of  their  generation,
propagation and dissipation. It helps to evaluate and predict the impact that IWs may have on
the environment and ecology in UK shelf seas. 

Traditionally,  measurements  of  IW fields  have been carried out  using instruments
deployed in the ocean. They are time consuming, expensive and unsuitable for large-scale
observations.  Synthetic  Aperture  Radar  (SAR)  remote  sensing  (RS)  method  provides  an
alternative to in-situ observations of 
IWs.  SAR RS  method  is  insensitive  to  cloud  cover  and  solar  illumination  and  provides
excellent spatial coverage and consistency of observations. 

A study of the feasibility of using satellite SAR images for detection of IWs on the UK
continental shelf has been carried out. The efficiency of SAR remote sensing methods for
detection of IWs has been established based on analysis of experimental data. A subset of
SAR images of the UK continental shelf has been analysed and the key factors that affect the
accuracy of IW detection have been identified. We take these significant results forward to the
production of a comprehensive atlas and density distribution map of the surface roughness
expression of  internal  waves in the UKCS region.  We propose to acquire  the archive of
Envisat  ASAR images available  from ESA and covering  the UKCS region (from 2006 to
2012), comprising several thousand satellite passes.
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P1601 Observations of turbulent mixing and internal wave energy over
the Amundsen Sea continental shelf, Antarctica

Yvonne  Firing  (National  Oceanography  Centre),  Alberto  Naveira  Garabato  (University  of
Southampton), Alexander Forryan (University of Southampton), Pierre Dutrieux (University of
Washington),  Andreas  Thurnherr  (Columbia  University),  Satoshi  Kimura  (British  Antarctic
Survey)

Microstructure and finestructure observations are analysed to investigate the spatio-temporal
distribution and drivers  of  turbulent  mixing in the Amundsen Sea Embayment,  Antarctica.
 Microstructure observations collected in austral summer 2014 show low background levels of
turbulent dissipation (10-10 W kg-1) over most of the continental shelf below the surface layer,
with some elevated values near the shelfbreak and near the bottom, and greatly elevated
values near the ice shelf front.   Below the surface layer and away from the ice shelf front,
turbulent  dissipation  levels  are  correlated  with  finestructure  vertical  kinetic  energy  (VKE)
computed  from  co-located  CTD  and  lowered  acoustic  Doppler  current  profiler  (LADCP)
profiles.   Interannual variability in turbulent mixing over the continental shelf is investigated
using VKE as a proxy.



P1602 Modern and ancient hiatuses in the pelagic caps of Pacific guyots
and seamounts and internal tides
 
Neil  C.  Mitchell  (University  of  Manchester),  Harper  L.  Simmons  (University  of
Alaska-Fairbanks) and Caroline H. Lear (Cardiff University)

Incidences of non-deposition or erosion at the modern seabed and hiatuses within the pelagic
caps of guyots and seamounts are evaluated along with paleo-temperature and physiographic
information to speculate on the character of Late Cenozoic internal tidal waves in the upper
Pacific Ocean.  Drill core and seismic reflection data are used to classify sediment at the drill
sites as having been either accumulating or eroding/non-depositing in the recent geological
past. When those classified sites are compared against predictions of a numerical model of
the modern internal tidal wave field (Simmons, 2008), the sites accumulating particles over
the past few million years are found to lie away from beams of the modeled internal tide, while
those that have not been accumulating are in internal tide beams.  Given the correspondence
to the modern internal wave field, we examine whether internal tides can explain ancient
hiatuses at the drill sites.  For example, Late Cenozoic pelagic caps on guyots among the
Marshall Islands contain two hiatuses of broadly similar age, but the dates of the first pelagic
sediments deposited following each hiatus do not correlate between guyots, suggesting that
they originate not from ocean chemical changes but from physical processes, such as erosion
by internal tidal waves.  We investigate how changing conditions such as ocean temperature
and basin physiography may have affected internal tides through the Cenozoic.  Allowing for
subsequent  rotation  or  uplift  by  plate  tectonics,  ancient  submarine  ridges  among  the
Solomon, Bonin and Marianas Island chains may have been responsible for some sediment
hiatuses at these distant guyot sites.

P1603 Controls on turbulent  mixing processes on the West Antarctic
Peninsula Shelf

J.  Alexander  Brearley  (British  Antarctic  Survey),  Michael  P.  Meredith  (British  Antarctic
Survey), Alberto C. Naveira Garabato (University of Southampton), Hugh J. Venables (British
Antarctic Survey), Mark E. Inall (Scottish Association of Marine Sciences)

Turbulent mixing on the west Antarctic Peninsula shelf is a highly important process, being
responsible  both  for  delivering  ocean heat  to  the melting  glaciers  of  the region,  and  for
supplying  nutrients  to  the  biologically  productive  surface  layers.  Despite  this,  literature
estimates of the turbulent diffusivity and the associated heat fluxes vary by up to an order of
magnitude, and direct estimates of mixing are extremely sparse.

In this  talk,  we document  and discuss two separate pieces  of  fieldwork aimed at
understanding both the magnitude of mixing at the Rothera Time Series (RaTS) site, and its
controlling  processes.  Whilst  overall  heat  fluxes through  the  pycnocline  at  the  site  are
relatively  modest  (~1 W m-2),  shear  instabilities  in  the  water  column  arise  by  different
mechanisms during periods when fast ice is absent or present. Whilst the diurnal tides are
important  in  generating  velocity  shear  year-round,  a  significant  input  of  wind-driven
near-inertial  energy  into  the  ocean  during  the  fast-ice-free  months  is  responsible  for
generating turbulent motions. We will also discuss the most recent microstructure estimates
of turbulent diffusivity obtained in February 2016 from Ryder Bay, and discuss how the results
compare to finestructure-based estimates of turbulent dissipation.



P1604 Deep ocean mixing on the Mid-Atlantic Ridge: early results from
the RidgeMix experiment

Clément  Vic  (University  of  Southampton),  Alberto  Naveira-Garabato  (University  of
Southampton),  Alexander  Forryan  (University  of  Southampton),  Kurt  Polzin  (Woods  Hole
Oceanographic Institution)

The RidgeMix project aims to understand and quantify the upward transport of nutrients in the
North Atlantic Ocean. Specifically, it seeks to test the hypothesis that turbulence and mixing
occurring over  the Mid-Atlantic  Ridge (MAR) can supply  the nutrients  required to sustain
primary production across the entire subtropical gyre. A good candidate to provide high mixing
is the breaking of internal tides generated on the MAR. We present here some early results of
the  RidgeMix  cruise  (May-July  2016).  We  performed  turbulent  kinetic  energy  dissipation
measurements using Vertical Microstructure Profilers (VMP) on and off the MAR. Results are
the following: (i) Dissipation is higher on the ridge than off the ridge by at least one order of
magnitude. (ii) Linear theory in the limit of small tidal excursions and subcritical topography
predicts higher tidal energy conversion than measured dissipation rates by almost one order
of  magnitude.  Reasons  for  this  discrepancy  may be  twofold:  either  wave  breaking  (thus
dissipation) is partial on the MAR, or the assumption of subcritical topography may lead to
overestimates  in  the  tidal  conversion.  (iii)  Repeated  tethered  VMP  casts  during  two
semi-diurnal cycles allowed the detection of an M4 internal tide propagating during spring tide
on the MAR. This non-linear wave is suspected to provide strong mixing.



Challenger Society 2016 Conference – Oceans and Climate 

S17 Transport and mixing in estuarine and coastal waters!S17 Transport and mixing in estuarine and coastal waters!

 

S17 Transport and mixing in estuarine and coastal waters 

Conveners: Charlie Thompson, Laurent Amoudry, Hachem Kassem 

 

Oral Presentations 

 

River salinity within a mega delta; tide and river interactions 

Lucy Bricheno
1
, Judith Wolf

1
  

1
National Oceanography Centre 

 

With an average freshwater discharge of around 40,000 cubic metres the BGM (Brahmaputra Ganges and Meghna) river 

system has the third largest discharge worldwide. The finite volume coastal ocean model (FVCOM) has been applied to the 

BGM delta in order to simulate river and coastal salinity under present and future climate conditions. Under future climate 

scenarios sea levels in the Bay of Bengal are (conservatively) projected to rise by between 0.38 m and 0.63 m by the year 

2100. Rising sea levels and changes in river discharge rates will have a strong impact in river salinity within the delta. 

 

The model  connects  the  open  ocean,  and  inland  river  catchments  which meet  and  interact  in  the  delta  region.  Here, 

strong  freshwater  currents  in  deep  river  channels meet  and mix with  an  incoming  ocean with  a  large  tidal  range  in  a 

complex estuarine system. The BGM delta contains a range of estuarine environments in single system; from highly saline 

'dry'  creeks which are  tidally dominated;  to  the very  fresh mouths of  the Ganges where  the bulk of  the  river discharge 

enters the ocean. 

 

Forced by a combination of regional climate model predictions, and a basin‐wide river catchment model, the 3D baroclinic 

delta model can determine salinity under the current climate, and make predictions for future wet and dry years. The river 

salinity demonstrates a strong seasonal and tidal cycle, making  it  important  for the model  to be able to capture a wide 

range of timescales. We will also present results on how salinity penetration inland will change under a range of sea level 

rise scenarios. 

 

Climate Change Impacts on Deben Estuary Morphodynamics 

Yunzhu Yin
1
, Harshinie Karunarathna

1
  

1
Swansea University 

 

Introduction 

The  Deben  estuary  is  a  challenging  example  to  investigate  the  detailed  interactions  between  morphological  changes, 

hydrodynamic  forcings and climate changes due  to  the complex bathymetry and  the sediment composition. The aim of 

this  study  is  to  investigate morphodynamic  response  of  the Deben  estuary  to  changes  in  environmental  variables  as  a 

result of climate change through numerical modelling. 

Methods 

The coastal area model Delft 3D  (Lesser et al 2004) and spectral wave model SWAN  (Booji et al., 1999) were  set‐up  to 

investigate morphodynamic response of the Deben estuary to climate changes. The climate changes were indicated by the 

Sea  Level  Rising  (SLR)  and  changes  of  extreme  incident  wave  conditions  (IPCC  &  General  Circulation  Model).  An 

investigation of morphological changes of the estuary due to these changes will be carried out. 

Results 

The model contains two parts (average cases and extreme cases). The former is running for a long time (years) based on 

the sea level rising (SLR) scenarios (rising rate is based on Low Emission‐‐LE, Mean Emission‐‐ME and High Emission‐‐HE) 

together with  the  schematic wave  input.  The  latter  is  simulating  for  a  short  time  (days)  by  considering  the  changes  of 

return period on extreme wave in the future. The preliminary results show that the ebb delta will become more unstable 

and the morphological cycle period may be changed in the future. 

Following will  be discussed at  the  conference:  1)  detailed morphological  changes based on averaged  cases;  2)  detailed 

results of extreme cases. 
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 Modelling  the Menai  Strait  and  the  Irish  Sea with  Telemac  to  understand  the  temporal  and  spatial  variability  of  north 

Wales mussel populations. 

Jonathan Demmer
1
,
 
 Peter Robins

1
  

1
School of Ocean Sciences, Bangor university 

 

Mussels (mytilus edulis L.) represent 40 to 50 % of the total gross turnover of Welsh shellfish industries and the industry 

has been operating sustainably for over 50 years in North Wales. In this context, it is the interest for Mussels companies to 

understand where  the  larvae  go  in  order  to manage  their  stocks  efficiently.  It’s  also  of  scientific  interest  to  study  the 

interaction  between  physical  (e.g.,  tides,  current,  temperature,  weather  conditions…)  and  biological  (e.g.,  vertical 

migration,  pelagic  larval  duration)  processes  experienced  by  the  larvae. We  use  a  3D model  to  understand  the  larval 

dispersal  and mussel  recruitment. Using Blue‐Kenue, we created a model mesh with a  variable mesh density:  very  fine 

scale at source in the Menai Strait to coarser scale in the north and south Irish Sea. The aim is to simulate 1) a range of 

larval dispersal now (from a calm and cold year to a windy and warm year) and 2) range of larval dispersal in the future 

(Impact of sea level rising and climate change). The next step will be to simulate different atmospheric conditions (warm 

vs cold, windy vs calm) and for varying larval behavioural traits (e.g., passive vs active swimmers). Model results will be fed 

back  to  the Mussel  companies  via  an  on‐line  tool, who will  then  survey  the  likely  settlement  regions  identified  by  the 

model, and so help validate the model. 

 

A comparison of a seasonal carbonate cycle across three contrasting estuarine and coastal areas 

Triona McGrath
1,2
; Rachel Cave

1
; Evin McGovern 

2
 

 
1
 National University of Ireland, Galway 

2
 Marine Institute, Ireland 

  

This  study  provides  an  evaluation  of  seasonal  and  regional  variability  in  carbonate  chemistry  in  three  contrasting  Irish 

coastal  environments,  with  an  aim  to  understand  the  current  range  of  seawater  CO2  conditions  experienced  by  local 

ecosystems.   Dissolved  inorganic  carbon  (DIC)  and  total  alkalinity  (TA)  were  sampled  alongside  other  biogeochemical 

parameters (nutrients, salinity, temperature, dissolved oxygen) once during winter and three times during the productive 

season between April and September in 2014. Seasonal changes in DIC were observed at all sites and their relationship to 

primary productivity  is  indicated by depleted nutrients  and  supersaturation of dissolved oxygen.   The  three  sites,  all  of 

which  contain  commercial  shellfish  production  activities,  had  minimum  aragonite  saturation  during  winter  when 

productivity was  lowest  and DIC  concentrations were highest.  This  is  the  first  seasonal dataset of  carbonate  saturation 

states, a proxy for ocean acidification,  in  inshore coastal waters around Ireland. Bantry Bay on the south west coast  is a 

CO2  source  to  the  atmosphere  in winter  and  a  CO2  sink  during  the productive months.  Positive  TA‐salinity  correlations 

were observed in all seasons in the Suir estuary on the south east coast due to predominantly limestone bedrock of the 

catchment. This system is a net CO2 source to the atmosphere across all seasons. Negative TA‐salinity correlations were 

observed  in the Slaney estuary where the  local geology  is predominantly granite. This region  is close to CO2 equilibrium 

during winter  and a CO2  sink during  the productive months.  This  study highlights how different  local  conditions  and  in 

particular catchment geology may influence the coastal inorganic carbon system. The work demonstrates that the drivers 

of the carbonate system and the seasonal dynamics must be investigated at a local scale, in order to evaluate the threat of 

future ocean acidification on coastal and estuarine ecosystems and the potential impact on shellfish production. 

 

Assessing the marine fouling community in a man‐made marina at Manila Bay 

 Melody Anne Ocampo
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1
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1
, Glenn Sia Su
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2
, Leanna Manubag
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2
Institute of Environmental Science and Metereology, University of the Philippines Diliman 

3
Curatorial Department, Manila Ocean Park 

 

Manila Bay holds the largest port in the Philippines, hence facilitates transport of organisms from one region to another. 

This  study  aims  to  assess  the  fouling  community  inhabiting  a  man‐made  marina  in  Manila  Bay  and  provide  baseline 

information on its composition. The study represents a one‐off assessment of macrofauna at five areas in close proximity 

at South Harbor of Manila Bay using artificial collectors. Fouler collector design was adapted from the North Pacific Marine 

Sciences Organization (PICES). Fouler collectors were deployed in 5 sampling points for 60 days, between November and 

December  2013  (wet  season).  Collected  fouling  organisms  were  identified  using  taxonomic  keys.  Species  diversity  (H) 

through Shannon Wiener Index and Species Evenness (H/Hmax) were determined. A total of 9725 fouling organisms were 

obtained, which belonged to 13 families. Total abundance of fouling communities did not show significant differences  
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(F=0.198; P=0.939). A relatively consistent diversity index was also observed (H = 1.02 to 1.42; H/Hmax = 0.44 to 0.55). The 

most common fouling organism was Balanus amphitrite. Other abundant organisms include anthozoans, bryozoans, and 

polychaetes,  similar  to  studies  around  the  globe.  Presence  of  polychaete  species  Capitella  capitata  and  Polydora  sp. 

indicate that the environment is under stress due to maritime and local pollution. Two species are known to be invasive; 

Mytilopsis sallei and Brachidontes sp., although their abundance show otherwise. It is important to monitor these species, 

particularly Mytilopsis sallei (origin: Carribean) since it has been detected in high densities in the Indo West Pacific region, 

particularly in Singapore, Hongkong, Thailand, India, Taiwan, China, Malaysia, Japan and Australia, transported via ballast 

water  and  hull  fouling.  This  is  the  first  study  that  accounts  the  species  in  low  abundance  in  the  region.  Hence  its 

continuous monitoring is necessary; determining if the physical and/or biological environment is influencing its abundance 

is also essential. 

 

 

   



Challenger Society 2016 Conference – Oceans and Climate 

S17 Transport and mixing in estuarine and coastal waters!S17 Transport and mixing in estuarine and coastal waters!

Poster presentations 

 

Sediment transport and bedform morphodynamics in sand‐gravel mixtures 

Connor McCarron
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Bedform morphodynamics  and  sediment  transport  have  been widely  investigated  in  alluvial  environments where  grain 

size  distributions  and  current  flows  are  assumed  to  be  uniform.  This  is  not  reflective  of  shelf  sea  environments 

characterised by oscillatory currents and sediment mixtures. The presence of sand‐gravel mixtures causes a reduction of 

sediment  mobility  and  additionally  incorporates  an  effect  known  as  the  ‘hiding‐exposure’  effect  resulting  in  complex 

morphodynamics which remain to be quantified for conditions reflective of offshore environments.  In this research, the 

complexity of this problem is highlighted through recent flume tank experiments, inspired by offshore analyses, in which 

an attempt was made to quantify ‘hiding‐exposure’ effects and the effect of sediment mixtures on the development and 

migration of  ripples.  Initial  results  indicate  the  presence of  the  ‘hiding‐exposure’  effect with  the  critical  shear  stress  at 

incipient  motion  for  the  smallest  fractions  (Di  =  0.15mm��) increasing  by  up  to  33%  and  decreasing  for  the  largest 

fractions (Di = 6.82mm��) by up to 20%. The dependence of bedform dynamics on the composition of sediment mixtures 

has  also  been  indicated with  smaller more  uniform  ripples  formed  in  the  presence  of  gravel  and  decreased  sediment 

transport rates by more than 66% in mixtures containing 15% gravel compared to that in pure sand. 

 

Forcing mechanisms and hydrodynamics in a dynamically wide Scottish sea loch 

Berit Rabe
1
, Jennifer Hindson

1
  

1
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The Scottish west coast is characterized by a number of fjordic sea lochs. These estuarine systems are characterized by a 

connection to the sea, the presence of sills, deep basins behind the sills, and complicated circulation patterns. Sea lochs 

are  influenced by  tides, meteorological  forcing,  freshwater  input, and  sea bed  topography. This  study  focusses on Loch 

Linnhe, one of Scotland’s largest sea lochs, which is dynamically wide. Our understanding of the physical processes of the 

system is important for the sustainable environmental management of this socio‐economically valuable region. 

The complex hydrographic estuarine environment of Loch Linnhe shows circulation patterns complicated by interactions 

between  tides  (dominant  semi‐diurnal  constituent),  orographically‐streered  winds,  sea  bed  topography,  and  large 

freshwater inputs. The physical processes exhibit temporal (seasonal and interannual) and spatial variability. We use field 

observations to assess the dynamics, and a theoretical framework to investigate the dimensionless Ekman (Ek) and Kelvin 

(Ke)  numbers, which  describe  the  system  in  terms  of  importance  of  rotation.  The  Ek  versus  Ke  parameter  space  helps 

determine  the  variability  of  flow  patterns  according  to  Valle‐Levinson  (2010).   An  evaluation  shows  that  the  loch  is 

influenced by the Earth’s rotation and that the loch is both vertically and laterally sheared. Fresh outflow and enhanced 

transport of particles occur on  the north‐west coast,  the  right side  in  the direction of outflow, with a deepening of  the 

halocline.  An  evaluation  of  pathways  of  particles,  including  pathogens,  requires  an  understanding  of  the  underlying 

physics.  These  fundamental  physical  characteristics  of  this  sea  loch  system  are  the  basis  for  the  biology,  ecology,  and 

productivity  of  the  area, which  in  turn  are  the  foundation of  the ecosystem  services on which  a wide  range of marine 

activities in the area depend. 

 

Sediment resuspension dynamics over small‐scale bedforms in a mixed cohesive sand‐mud intertidal environment 

Ian D. Lichtman
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2
Bangor University 

 

Coastal and estuarine benthic environments composed of mixtures of sand and cohesive mud are found globally. These 

environments are important biological habitats and sinks for pollutants. However, current understanding of the processes 

that control the suspension and deposition of mixed sand‐mud sediment is extremely limited. 

 

Sediment resuspension results from the forcing of currents and waves, modified by bed morphology. Small‐scale bedforms 

affect  the  near‐bed  hydrodynamics,  sediment  resuspension  and  transport  processes  compared  to  flat  beds.  Different 

processes can occur depending on the steepness of bedforms. Diffusion dominates sediment suspension when the bed is 

flat or  for bedforms of shallow slope. For steep bedforms flow separation occurs above the bedforms, creating vortices 
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which are efficient in entraining sediment further up into the water column. In addition, the cohesive strength of the bed 

may mediate  these  processes,  restricting  the  resuspension  of material.  Recent  laboratory  experiments  for mixtures  of 

physical and biological cohesive materials and sand have shown that the development rate and equilibrium dimensions of 

bedforms depend on the concentration of the cohesive components within the sand. 

 

To  improve  our  understanding  of  near‐bed morphodynamics  and  resuspension  dynamics  for  mixed  sediments,  in  situ 

observations  were  made  on  intertidal  flats  in  the  Dee  Estuary,  UK.  A  suite  of  instruments  collected  co‐located 

measurements  of  the  near‐bed  hydrodynamics,  waves,  bed  morphology  and  suspended  sediment.  Three  sites  were 

occupied  consecutively,  over  a  spring‐neap  cycle,  collecting  data  for  different  bed  compositions,  tide  levels  and  wind 

conditions. Bed sediment samples were taken when the flats were exposed at low water, and a multi‐tier sediment trap 

collected suspended load when the flats became inundated. 

 

This  study will  investigate  the  relationships and  interactions between bedform dimensions and dynamics, bed  cohesive 

fraction,  near‐bed  current  and wave  dynamics,  suspended  sediment  properties,  and  resuspension  processes  for mixed 

sand‐mud. 

 

Determination  of  the  stable  isotopic  signature  and  concentration  of  Dissolved Organic  Carbon along  a  continuum  from 

riverine to oceanic conditions. 

Andre M Roberts
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The Tamar Estuary is a macro‐tidal estuary in the South West of England where the mouth enters the coastal waters in the 

Plymouth  Sound,  UK.  At  present,  there  have  been  no  published  studies  to  use  the 
13
C  signature  of  dissolved  organic 

carbon (DOC) to  investigate the distribution of DOC  in the Tamar Estuary. Dissolved organic matter provides the  largest 

oceanic pool of organic carbon. This reservoir is of global importance, as it carries a carbon load (DOC). Information about 

the origins of DOC can be provided through its stable isotopic signature. However, stable isotope studies on sea water are 

in general difficult due to the high salt content in the sample matrix. This project attempted to overcome the difficulties 

associated with sea water DOC analysis by utilising a diafiltration apparatus to desalinate samples. Samples were analysed 

through  an  Elemental  Analyser  (EA)  coupled  to  an  isotope  ratio  mass  spectrometer  (IRMS)  in  a  stable  isotopic  mass 

spectrometry  set  up.  Comparable  data  is  presented  from  the  proven  High‐Temperature  Catalytic  Oxidation  Technique 

(HTCO). However due to the size of  the diafiltration membrane (50 kDa),  the  isotopic signature of δ
13
C‐DOC was poorly 

characterised and only the high molecular weight DOC was analysed, which is present throughout the Tamar Estuary. An 

improved method  is  presented  to  characterise  the  isotopic  signature  of  DOC  fully  in  the  Tamar  Estuary,  along  with  a 

method so  that  future  studies  can be definitive about  the origins of  terrestrially‐derived DOC and conservative or non‐

conservative mixing behaviour of DOC in the Tamar Estuary. 
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Shelf seas are considered an important source of trace metals (TMs) to the open 

ocean. However, the processes controlling distributions of dissolved TMs (dTMs) in 

shelf seas their seasonal variability and mechanisms facilitating off-shelf transport to 

the open ocean are not well understood. Here, we report the first seasonal study of 

dTMs (Mn, Cd, Ni, Zn) and their contrasting biogeochemical behaviours in the shelf 

slope system of the Celtic Sea. We show that TMs can be used as tracers of distinct 

biogeochemical processes in shelf seas and further discuss the implications of our 

results for off-shelf transport of TMs to the North Atlantic waters. 

  

Vertical distributions of manganese showed a typical scavenged type behaviour with 

enhanced surface waters concentrations from atmospheric inputs combined with 

photochemical stabilisation. Enhanced deep water (~800 m depth) manganese 

concentrations were observed close to slope sediments and extending away from the 

shelf, related to suspended sediments as indicated by increased signals in beam 

attenuation. This implies that resuspended shelf or slope sediments can act as a source 

of TMs that can be transported to the open ocean. In contrast, TMs such as dCd, dZn 

and dNi showed typical nutrient-type distributions, with surface water depletion and 

deep water enhancements, that were not affected by proximity to the continental 

shelf.  Strong correlations to macronutrient concentrations were noted for dCd, dZn 

and dNi (dCd:PO4
3-

; r
2
=0.98, n=165, dZn:PO4

3-
; r

2
=0.89, n=165, dNi:H4SiO4; r

2
=0.87, 

n=165), indicating biological uptake in the euphotic zone and remineralization 

processes in deep oceanic waters are key controls on dCd, dZn and dNi distributions.  
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Shelf sediments in oxygen minimum zones (OMZs) are potentially a major 

contributor of bioessential trace metals to offshore waters.  Future changes in metal 

fluxes are projected as a result of expansion of OMZs, and will have potentially 

important biogeochemical impacts in the adjacent ocean regions. Resolving the 

processes in OMZs that determine trace metal release, transport and stabilisation to 

prevent loss by scavenging and precipitation is thus essential. To this end we 

measured a suite of bioessential (e.g. Fe, Co, Cu, Zn) and process-diagnostic (e.g. 

sediment release- Mn; scavenging- Pb) dissolved and total-dissolvable trace metals 

alongside coupled Fe(III)-Fe(II) measurements to deconvolute trace metal release and 

stabilisation in OMZs along the Mauritanian and Peruvian shelves. 

 

Our results constrain the influence of oxygen concentration and water mass 

flux/velocity on the concentration and offshore transport of redox-sensitive Fe. A two 

fold increase in dissolved Fe from 4 to 8 nmol L
-1

 at the same location coincided with 

a decrease in oxygen from 50 to 30 µmol kg
-1

. The Peruvian shelf study was 

conducted during the development of the 2015-2016 El Niño event (Stramma et al., 

2016); we found an oxygen-driven reduction in offshore Fe(II) transport in zonal 

sections host to modified upwelling. Comparisons between dissolved and total 

dissolvable Fe and other trace metals will give further insight into sources and 

transport mechanisms of Fe in this region under variable oxygen conditions. 
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The chemical reactions occurring in the first meters of hydrothermal plumes are still 

very poorly constrained. In the case of iron (Fe), a rough estimate that half of the 

metals delivered by vents is removed by sulfide precipitation is still used in the 

models (e.g. German et al., 2015). We examined for the first time the effective 

dissolved concentrations of Fe (after in situ filtration, Cotte et al., 2015) at 

hydrothermal vents (Lucky Strike field, 37°N, Mid-Atlantic Ridge). Our results 

unambiguously show that Fe is almost completely preserved in the dissolved fraction 

within the mixing zone of 1-100 dilution factor of the emitted fluids. These findings 

have important implications not only for the organisms living in close proximity of 

vents but also at a larger scale of the export of hydrothermal Fe towards the Ocean. 

 

Cotte, L., M. Waeles, B. Pernet-Coudrier, P.-M. Sarradin, C. Cathalot, and R. D. Riso 

(2015), A comparison of in situ vs. ex situ filtration methods on the assessment of 

dissolved and particulate metals at hydrothermal vents, Deep Sea Research Part I: 

Oceanographic Research Papers, 105, 186–194. 

 

German, C., L. Legendre, S. Sander, N. Niquil, G. Luther, L. Bharati, X. Han, and N. 

Le Bris (2015), Hydrothermal Fe cycling and deep ocean organic carbon scavenging: 

Model-based evidence for significant POC supply to seafloor sediments, Earth and 

Planetary Science Letters, 419, 143–153. 
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Iron (Fe) limits or co-limits primary productivity and nitrogen fixation in large 

regions of the worlds oceans. Hydrothermal vent supply of Fe to the deep ocean is 

now known to be extensive, however the mechanism of Fe plume stabilisation in the 

deep ocean is poorly understood. To examine this process, hydrothermal plumes 

above the Beebe and Von Damm vent fields were sampled for Total Fe (TFe) 

dissolved Fe (dFe) and soluble (sFe). Plume particles sampled in situ were 

characterised using scanning x-ray microscopy. 

 

We show that 48 to 87 % of dFe in the Beebe hydrothermal plume is present as 

colloidal Fe (dFe-sFe = cFe). In the first 100 m of plume rise 30 % of the sFe fraction 

is added to the cFe fraction. sFe behaves conservatively from 100 m above the sea 

floor. PFe (TFe-dFe) increases by 25 % in the neutrally buoyant plume along with a 

22 % decrease in cFe which is a result of colloid aggregation in the non-bouyant 

plume. Dissolved Fe in the Von Damm plume contained 14 to 81 % cFe. The highest 

cFe concentrations of 6 nmol kg
-1

 were measured in the most dispersed plume 

samples which had the lowest PFe concentrations of 1 nmol kg
-1

. Beebe Fe plume 

profiles can be explained by plume dilution and exchange of Fe between different size 

fractions. In contrast Von Damm Fe plume profiles may reflect the variability in vent 

sources adding Fe to the plume as well as exchange of Fe between size fractions. Our 

study highlights the very different processes occurring during plume dispersion above 

two hydrothermal sites that are 21 km apart on the Mid-Cayman Rise. Plume 

processing of iron-rich colloids and particles will control the flux of dFe to the deep 

ocean from hydrothermal systems. 
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Atmospheric aerosol samples were collected from February 2015 to February 2016 at 

Penlee Point Atmospheric Observatory (PPAO) in order to observe the seasonal 

variability in trace element concentrations. PPAO is situated in a busy shipping area, 

at the mouth of Plymouth Sound and is in close proximity to the shelf sea time series 

stations, L4 and E1, part of the Western Channel Observatory. This location is ideally 

placed for collecting aerosols from different source regions. Southwesterly winds 

transport relatively clean marine derived air masses from the North Atlantic.  In 

contrast, air masses carried by wind from the north round to the southeast may be 

contaminated by anthropogenic activities such as emissions from ships, ferries and 

city traffic/industry. The aim of this study was to observe the impact of both local 

activities and long range dust transport on trace element concentrations in the aerosol 

samples collected. 

 

Weekly 24 h aerosol samples were collected on multi-cellulose esters (MCE) filters 

and the concentrations of crustal-derived elements (AI, Fe, Mn, Cu and Co) and trace 

metals of anthropogenic origin (Cd, Pb, Ni, V and Zn) were determined using ICP-

MS. Filters were leached with 100 mL UHP water (18.2 MWcm) to obtain the soluble 

fractions and separate filters were completely digested with HF/HNO3 to obtain total 

concentrations.Enrichment factors for each element were calculated and the results 

were compared with local wind data and air mass back trajectories. There was 

considerable temporal variability in the atmospheric deposition of trace elements to 

the surface ocean at this coastal site. Furthermore, there was an observed relationship 

between long range dust transport (e.g. from continental air masses) and the 

concentrations of selected trace elements (Fe and Al) and also between anthropogenic 

sources such as shipping traffic and the concentrations of elements indicative of 

marine fuels (V and Ni). 
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A major pathway of trace elements to the remote surface open ocean is via 

atmospheric deposition of aerosols. This important flux affects the availability of 

essential trace metals (e.g. Fe, Cu and Mn) in the marine euphotic zone, impacting on 

important biochemical processes and the growth of phytoplankton species. An 

important factor to constrain is the proportion of metal contained within aerosols that 

dissolves in seawater (% solubility). This varies greatly and is dependent on aerosol 

composition and the physicochemical conditions of the seawater.   

 

Here we present a study of simulated aerosol trace metal (TMs) dissolution into 

seawater using a selection of representative North Atlantic aerosols and surface 

waters, collected near Bermuda. This study considers the in situ partitioning of Fe, 

Mn, Co, Ni, Cu and Pb between molecular and nano-particulate (soluble, <0.02 µm), 

colloidal (0.02 – 0.2 µm) and particulate (>0.2 µm) fractions. It also examines the 

effect of varying physicochemical factors (temperature, pH, O2 and ligands) on the 

dissolution of biologically important and toxic TMs in the North Atlantic Ocean.  

 

Our findings demonstrate that aerosol source and composition had the greatest effect 

on fractional solubility of aerosol Fe, Cu and Pb in seawater. Once dissolved into 

seawater the major fraction of aerosol derived Fe and Pb (>80%) partition into 

colloidal phases, whilst Mn, Co, Ni and Cu favour the soluble phase.   
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Oceanic trace elements and their isotopes (TEIs) play important roles as ingredients 

and tracers of many fundamental ocean processes, and their occurrence results from 

exchanges between the solid Earth and ocean waters. However, quantifying TEI 

exchanges across the sediment-water boundary is an overwhelming challenge; the 

area for exchange is as large as the ocean itself, but there are multiple processes 

driving TEI release and uptake across this interface, and the properties influencing 

their rates are numerous and unevenly distributed (e.g. lithogenic and biogenic inputs 

and compositions, redox conditions, physical and biophysical dynamics). These 

factors complicate our ability to identify, measure, and extrapolate the rates of TEI 

exchanges throughout the ocean in the way we need to accurately model Earth’s 

changing ocean and climate. 

 

We considered our current knowledge of the mechanisms and rates of TEI exchanges 

at the sediment-water boundary and our ability to parameterise the sources and sinks 

of TEI for global ocean biogeochemical models, to identify major challenges ahead 

and how to tackle them.  Here we present highlights of the present state of this 

knowledge, and recommend a variety of approaches to acquire and link critically 

missing information on the rates and mechanisms of TEI exchanges with the 

emerging oceanic distribution of TEIs in the era of GEOTRACES. For example, we 

illustrate the potential new knowledge offered by radioisotope tracers in highly depth-

resolved benthic boundary layers. Finally, we propose that future measurements of 

TEI exchanges are aimed at regions of the sediment-water boundary on the basis of 7 

preliminary criteria considered to influence the styles and rates of TEI exchanges: 

sediment provenance, seafloor lithology, organic carbon supply, bottom water 

oxygen, sedimentation rate, bathymetry, and the benthic nepheloid inventory. 
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Marine sediments on continental shelves are an important source of dissolved iron 

(Fe) to coastal seas and the open ocean, with a significant impact on global marine 

primary productivity, but the mechanisms of benthic Fe supply to the ocean are still 

poorly understood. The intra-annual cycling and release of dissolved Fe (dFe) from 

shelf sediments to the overlying water column has been studied over three seasons, 

before, during and after the phytoplankton bloom in oxygenated waters of the Celtic 

Sea, UK. 

 

Our findings indicate that Fe reduction is an important mechanism of dFe formation, 

as porewater dFe (< 0.15 µm) was predominantly in the soluble (<0.02 µm) and 

reduced Fe(II) form. We observed higher concentrations of dFe in cohesive surface 

sediments after the deposition of large amounts of phytodetritus to the seafloor. The 

decomposition of this organic material is, directly and indirectly, the most likely 

source of this enhanced porewater Fe. In addition, we detected Fe(II) in oxic seawater 

overlying sediments, thus suggesting some additional mechanism must account for 

the stabilisation of reduced Fe. Conventional wisdom would not expect reducing 

sediments to be an important source of Fe(II) to the water column in well-oxygenated 

regions due to efficient Fe(II) oxidation and precipitation at the sediment-water 

interface. However, measured oxidation rates of Fe(II) in waters overlying sediments 

were substantially slower than empirical predictions. In addition, model calculations 

show that the diffusive efflux of Fe(II) from porewaters may be enhanced up to 2.5 

times in the presence of Fe(II)-stabilising organic ligands at these sites. We conclude, 

that the largest inventory of porewater dFe with potential to be released to the water 

column occurs during the spring bloom, it comprises mostly Fe(II), and is likely to be 

stabilized by complexation to organic ligands. 
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The contact of sulphate- and methane-containing pore-waters in marine sediments 

(the sulphate-methane transition zone, SMTZ), is a key environment for deep 

subsurface microbial life and hotspot for the formation of authigenic minerals: Pyrite 

formation is directly driven by bacterial sulphate reduction and hydrogen sulphide 

generation during anaerobic oxidation of methane (AOM). Carbonate formation is 

directly driven by the generation of alkalinity during AOM. Barite formation is 

resulting from the gradient in pore-water sulphate concentrations. 

       

While SMTZs are very common in marine sediments, IODP Site U1417 in the Gulf of 

Alaska exhibits a remarkable diagenetic pattern: A ~250m wide gap exists between 

sulphate depletion and methane enrichment. While no SMTZ can be found under 

present conditions, enrichments of pyrite indicate that such zones have existed in the 

past. Highly indurated authigenic carbonate-cemented sand layers were partly 

recovered right above the methane-producing zone, likely preventing continued 

upward methane diffusion. At the bottom of the sediment succession, a deep aquifer 

provides sulphate-rich pore-waters and installs an SMTZ at the lower boundary of the 

methanogenic zone. Calculated accumulation times for authigenic minerals in the 

deep SMTZ are on the same order of magnitude as the onset of subduction-related 

bending of the Pacific Plate. We suggest that the deep aquifer is recharged through 

faults generated by plate bending - a process that has been investigated with respect to 

subducting plate hydration, but has never been put into context with subsurface 

microbial activity. 

        

Reactive transport modelling is an effective tool to reconstruct the diagenetic history 

of a sediment succession, and to link it to depositional influences. Our study combines 

modelling tools and inorganic geochemical data to reveal the complex interplay 

between primary sedimentary deposition and the input of electron acceptors by the 

deep aquifer, and their impact on diagenetic evolution and mineral precipitation at 

Site U1417. 
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Dissolved neodymium (Nd) isotopes (expressed as εNd) have been widely used as a 

water mass tracer to reconstruct paleo ocean circulation. However, the marine 

geochemical cycle of Nd is not well understood. Particularly, the interplay of 

dissolved and particulate phases in seawater is sparsely investigated due to only little 

high quality data available. 

 

Here we present an unprecedented data set on particulate Nd isotope and 

concentration ([pNd]) from five stations in the western North and equatorial Atlantic 

Ocean. We can compare this particulate data directly with the dissolved fraction 

collected during the same cruise. Particulates were collected with in-situ pumps on 

0.8 µm Supor filters along the Dutch GEOTRACES transect GA02 in 2010. 

Particulates collected near Irminger and Labrador Basin show similarity to nearby 

land masses in εNd: Very negative values (εNd ≈-20) are observed near the Labrador 

Basin, surrounded by old continental rocks. More positive values (εNd ≈-4) are found 

between Iceland and Greenland. In these two areas the particulate εNd is offset from 

dissolved Nd isotopes by up to 7.7 ε-units. Here the unitless scavenging equilibrium 

coefficient K increases with relative lithogenic contents. Further downstream the 

DWBC, dissolved and particulate εNd appear to merge and become indistinguishable 

south of Bermuda. This suggests that these fractions exchange with increasing 

distance from source regions and K appears to be decoupled from lithogenic contents. 

Overall, the fraction of [pNd] in total Nd is low (<5%) except near the seafloor, where 

most stations show significant increase nearly matching the concentration of 

dissolved Nd. 

 

Our new data provides invaluable information towards understanding seawater Nd 

geochemistry as it constitutes the first regional data set on combined Nd 

concentrations and isotopes in particulate and dissolved samples. 

 

  

 



S19 Water-column biogeochemistry and physics in shelf seas

0945: Macronutrient supply, uptake and recycling in the coastal ocean of the west Antarctic 

Peninsula

Sian F. Henley (University of Edinburgh), Robyn E. Tuerena (University of Liverpool), Amber 

L. Annett (Rutgers University), Raja S. Ganeshram (University of Edinburgh), Anthony E. 

Fallick (Scottish Universities Environmental Research Centre), Michael P. Meredith, Hugh J. 

Venables and Andrew Clarke (British Antarctic Survey)

Nutrient supply, uptake and internal cycling underpin high primary productivity over the 

continental shelf of the west Antarctic Peninsula (WAP). Here we use a suite of 

biogeochemical and isotopic time-series data collected over five years in northern 

Marguerite Bay to examine these macronutrient dynamics and their controlling biological and

physical processes in the WAP coastal ocean.

We show pronounced nutrient drawdown over the summer months by primary 

production which drives a seasonal nitrate uptake of 1.83 mol N m-2 yr-1, equivalent to 

carbon uptake of 146 g C m-2 yr-1. High primary production fuelled by deep-sourced 

macronutrients is diatom-dominated, but non-siliceous phytoplankton also play a role. Strong

nutrient drawdown in the stratified surface ocean has the potential to cause transient nitrate 

limitation in and just below the sea ice- and glacially-derived meltwater lens, before nutrient 

resupply by vertical or lateral processes. Interannual variability in nutrient utilisation 

corresponds to winter sea ice duration, implying susceptibility to physical climate change.

The nitrogen isotope composition of nitrate shows a utilisation signal during the 

growing seasons, but is lower than expected from modelled utilisation trends. We argue that 

this data-model deviation is driven by meltwater dilution of surface nitrate, primary 

production and/or nitrification within sea ice, and water column nitrification over the winter 

and below the well-lit surface layer in summer.

This study is important because it provides a detailed description of the nutrient 

biogeochemistry underlying high primary productivity at the WAP, and shows that surface 

ocean nutrient inventories in the Antarctic shelf seas and sea ice zone can be affected by 

meltwater dilution, sea ice processes, and intense recycling in the water column, in addition 

to utilisation in the upper ocean.

1000: Sources and cycling of nitrogen in shelf seas

Calum Preece (University of Liverpool), Claire Mahaffey (University of Liverpool), Jonathan 

Sharples (University of Liverpool), Keith Weston (Cefas), Malcolm Woodward (PML)

Shelf seas are dynamic, highly productive, and economically important regions of our 

oceans. They are thought to be responsible for 15% of global primary productivity and thus 

play an important role in the global carbon cycle. Productivity in shelf seas is sustained by 

the physical supply of nutrients. However, there remains some uncertainty regarding the 

source of these nutrients. Nutrients are likely to be supplied via a combination of cross shelf 

physical transport from the nutrient-rich deep open ocean and local regeneration of organic 

matter coupled to nitrification. Using the spatial and temporal distribution of nutrients, 



oxygen, the stable nitrogen isotope composition (d15N) of particles (d15N-PN) and the d15N 

and stable oxygen isotope (d18O) composition of nitrate, our goal was to quantitatively 

assess the relative magnitude and importance of physical transport processes and local 

regeneration in sustaining an on-shelf nitrate pool. Here, we present cross-shelf and shelf 

edge gradients in nutrients, the d15N and d18O of nitrate, and d15N-PN from 2014 to 2015. 

Bottom water N:P gradients were constant at 15:1 during winter across the shelf, only 

decreasing close to the coast. In spring, the N:P decreased from 16:1 at the shelf break to 

11:1 on shelf. From spring, the δ15N-NO3 and δ18O-NO3 increased with nitrate consumption 

due to phytoplankton growth as nitrate was depleted. Throughout summer and autumn there

was a decoupling in the δ15N and δ18O of nitrate in bottom water indicating that the nitrate 

pool is at least partially sustained by local nitrogen regeneration. Knowledge of the nutrient 

sources is important as a new supply of nutrients from the deep ocean will be accompanied 

by a new source of dissolved inorganic carbon.

1015: Shelf-sea net and gross production estimates from oxygen-to-argon ratios and triple 

oxygen isotopes. 

Isabel Seguro (UEA), Jan Kaiser (UEA), Alina Marca (UEA), Jamie Shutler (University of 

Exeter), Su Painting (Cefas), David Suggett (University of Technology, Sydney).

Although only covering around 10 % of the oceans, shelf seas represent up to 30 % of total

oceanic primary production. Quantifying biological production is essential to help understand

the  shelf  sea  carbon  pump.  Moreover,  spatial  and  temporal  variation  of  the  primary

production in shelf seas is not well known. The marine oxygen cycle is strongly associated to

the carbon cycle, so here we use O2/Ar ratios and the triple oxygen isotopic method of the

dissolved gas to quantify primary production.

Dissolved  oxygen  concentrations  and  their  variations  over  time  can  be  used  to

estimate biological net community production (NCP). However, physical process such us

variations in temperature and pressure, mixing and bubble injection also influence dissolved

O2 in seawater. Therefore we use a combination of measurement techniques to correct for

these different  processes.  We measured O2/Ar ratios using a shipboard membrane inlet

mass  spectrometer  (MIMS)  on  board  of  RRS  Discovery  during  four  SSB  cruises  in

2014-2015 (summer-autumn-spring-summer) in the Celtic Sea. Discrete samples of triple

oxygen isotopes to calculate gross production (GP) were also collected.

The data,  together with wind speed-based gas exchange parameterisations were

then  used  to  calculate  biological  oxygen  atmosphere-ocean  gas  fluxes.  Ignoring

disequilibrium terms and vertical mixing, these fluxes are equal to GP and NCP. GP varied

between 0 and 350 mmol m-2 d-1 O2 equivalents, with an average of (86±68) mmol m-2 d-1.

O2/Ar supersaturation taken from the underway system showed high variability during the

spring cruise ranging from -5 % to +22 %. NCP was on average (13±10) mmol m-2 d-1,

reflecting an NCP/GP ratio of 0.38±0.30 in C equivalents. Observed rapid changes (e.g., 20

to 85 mmol m-2 d-1  in less than 6 hours during the spring bloom) highlight the importance of

high-resolution techniques for biological production measurements.



1030: Seasonal cycling of soluble, colloidal and particulate iron in the Celtic Sea
 
A.J  Birchill  (Plymouth  University),  A.  Milne  (Plymouth  University),  S.J  Ussher  (Plymouth
University), P.J Worsfold (Plymouth University), M.C Lohan (University of Southampton)

Shelf  systems  are  important  environments  that  support  10-20% global  oceanic  primary
production and fuel fisheries supporting 90% of the global catch. Iron (Fe) is an essential
micronutrient  for  all  organisms  and  plays  a  pivotal  role  in  the  functioning  of  marine
ecosystems and the carbon cycle. However, the seasonal cycling of Fe in shelf systems is
poorly understood. Here, we report the first seasonal study (2014-15) of size fractionated
dissolved Fe (dFe); separated into soluble Fe (<0.02 µm, sFe) and colloidal Fe (0.02-0.2 µm,
cFe), total dissolvable Fe (unfiltered) as well as particulate Fe (>0.4 µm, pFe) fractions in the
shelf system of the Celtic Sea. 
 

Our results showed a clear seasonal cycle of dissolved and particulate Fe phases, 
which, were strongly correlated (r2=>0.9) suggesting a dynamic exchange between the 
phases through adsorption/desorption processes. dFe and pFe were homogenously 
distributed in early spring due to winter mixing where dFe typically comprised 50-60% cFe. 
During the spring bloom, depletion of both dFe (<0.2 nM) and pFe was observed in the 
surface mixed layer, suggesting biological uptake and/or scavenging of sFe and cFe, whilst 
the developing thermocline prevented Fe rich re-suspended sediments reaching surface 
waters. Throughout summer and autumn ongoing stratification prevented resupply of Fe 
from below the thermocline to surface waters. This, coupled with biological drawdown in 
surface waters, resulted in limiting concentrations of dFe (<0.2 nM). Below the thermocline 
dFe increased from spring to autumn due to remineralisation and was predominantly 
colloidal (60-80%). This study shows for the first time a clear remineralisation signal in dFe 
and reflects the dynamic seasonal cycling of Fe within a stratified shelf system, where 
surface dFe reach concentrations that could affect primary productivity. These data also 
allow us to identify and model the key processes controlling dFe concentrations in shelf 
systems.

1045: On the biogeochemical cycle of Cadmium in the waters off South Morocco: is it 

affected by the release of the phosphate industry?

Matthieu Waeles (University of Brest, France), Hélène Planquette (University of Brest, 

France)

Imane Afandi (INRH Casablanca, Morocco), Rachel U. Shelley (University of Brest, France), 

Nina Delebecque (University of Brest, France), Fatimazohra Boutir (INRH Casablanca, 

Morocco), Anne Donval (University of Brest, France), Pierre-Amaël Auger (PUCV Valparaiso,

Chile), Ricardo D. Riso (University of Brest, France), Luis Tito de Morais (IRD Brest, France)

In coastal regions, cadmium (Cd) distributions can be affected by external inputs from rivers,

atmospheric deposition or resuspension of margin sediments in addition to physical and 

biological processes. Off the Moroccan coast, which is a region influenced by strong 

seasonal upwelling, another important source to consider is the direct release of 

phosphogypsum from the phosphate industry at Jorf Lasfar (33°N). This source has recently 

been estimated to delivering 240 t Cd yr-1 to this region. Here, we report total dissolvable 

and particulate concentrations of Cd and phosphorus from 27 stations in the Moroccan 

coastal waters (22-30°N) with the aim of investigating the origin and nature of particulate Cd 

in the water column. Our results show that atmospheric and phosphogypsum slurry inputs 

are at best of minor importance for the studied waters while upwelling of the North Atlantic 



Central Waters and uptake by primary production exert the predominant control. Our study 

also provides new insights into the mechanisms fractionating Cd from P. Close to the 

surface, Cd:P anomalies were related to an overall preferential uptake of P and were also 

driven by the type of phytoplanktonic assemblage. Below, a clear preferential release of P 

was observed indicating that remineralization in oxygen minimum zones is a key process in 

sequestering Cd.

1415: Seasonal phosphorus dynamics in a temperate shelf sea: uptake, release and 

stoichiometry in the Celtic Sea      

Alex J Poulton, Chris J Daniels (National Oceanography Centre, Southampton), Clare E 

Davis (University of Liverpool), Kyle Mayers (University of Southampton), Carolyn Harris, 

Malcolm Woodward (Plymouth Marine Laboratory)

The seasonal cycle of resource availability in shelf seas has a strong selective pressure on 

phytoplankton diversity and the biogeochemical cycling of key elements, such as carbon (C) 

and phosphorus (P). Shifts in carbon consumption relative to P availability, via changes in 

cellular stoichiometry for example, can lead to an apparent ‘excess’ of carbon production. 

We measured P-uptake in parallel to C-fixation by phytoplankton communities in the Celtic 

Sea (NW European Shelf) in spring (April 2015), summer (July 2015) and fall (November 

2014). Short-term (<6h) P-uptake coupled with dissolved organic phosphorus (DOP) 

release, in parallel to net (24 h) primary production, were all measured across an irradiance 

gradient designed to typify vertically and seasonally varying light conditions. Surface rates of

phosphate uptake ranged from 1.2 to 5.1 nmol P l-1 h-1 in spring, 0.5 to 2.1 nmol P l-1 h-1  in 

summer and 0.2 to 0.4 nmol P l-1 h-1 in autumn. In terms of the percentage of extracellular 

release, DOP was lowest during summer (2-11%), low prior to the bloom in spring and 

increasing afterwards (from 2 to 50%), and high in autumn (22-62%). Light had a strong 

influence on P-uptake and DOP release, with light to dark ratios of both being much greater 

than 1 throughout the euphotic zone. Our seasonal insights into P-uptake are discussed in 

the context of turnover times of the different pools (inorganic P, DOP, Particulate Organic 

Phosphorus, phytoplankton), changes in phytoplankton community composition, and the 

uptake stoichiometry of C to P.

1430: Distribution, Source and Fate of Dissolved Organic Matter in Shelf Seas 

Nealy Carr (University of Liverpool), Claire Mahaffey (University of Liverpool), Jonathan 
Sharples (University of Liverpool), Clare Davis (University of Liverpool) and Jo Hopkins 
(NOC Liverpool)

Dissolved organic matter (DOM) is the largest pool of organic matter in the ocean. DOM 

originates from a variety of sources, including terrestrial origin and autochthonous inputs 

through in-situ biotic processes, including phytoplankton exudation, grazing and cell lysis. 

Biologically accessible marine DOM is a substrate for bacterial growth and can act as a 

source of nutrients for autotrophs.  However, a large component of DOM is biologically 

refractory. This pool is carbon-rich and nutrient-poor, and can transport and store its 

compositional elements over large areas and on long time scales. The role of DOM in the 



shelf seas is currently unclear, despite these regions being highly productive ecosystems, as

well as acting as conduits between land and open ocean.

Using samples collected from the Northwest European Shelf Sea during the Shelf Sea 

Biogeochemistry programme, we studied the distribution of DOM using a combination of 

analytical tools, including DOM absorbance spectra and excitation emission matrices 

(EEMs), in conjunction with parallel factor analysis (PARAFAC). The coupling of EEMs with 

PARAFAC is a technique that has not been employed in this region previously. By using 

observations of the optical properties of DOM as proxies for DOM source and lability, we 

found cross shelf gradients in DOM composition. There were strong relationships between 

DOM and salinity, DOC and humic-like DOM, and freshly produced marine DOM and 

primary production, with seasonal variation in these relationships.  Our findings illustrate the 

dynamic nature of DOM in shelf seas and highlight the potential for DOM to play a key role in

transporting carbon and nutrients in these regions. 

1445: Using a Lab-on-Chip nutrient sensor in a Seaglider to measure nitrate in temperate 
shelf seas

Alex Vincent [University of Southampton] Maeve Lohan [University of Southampton] Alex 
Nimmo Smith [University of Plymouth] Duncan Purdie [University of Southampton] Matthew 
Palmer [NOC] Alexander Beaton [NOC] Joanne Hopkins [NOC]

Seasonally stratified shelf seas act as important carbon sinks, where primary production is 
controlled by the availability of limiting nutrients such as nitrate (NO3-). Spring blooms 
reduce the availability of NO3- over a short time period (~7 to < 0.1 µM).  Short pulses of 
NO3- from below the nitricline can replenish the depleted surface mixed layer. These 
processes can happen on temporal scales from hours to days with current methods unable 
to sample at continuous high resolution or even missing them completely, leading to 
temporal gaps in data and under estimated nutrient fluxes. Autonomous underwater vehicles
(AUV) are becoming key tools in acquiring simultaneous physical and biogeochemical 
parameters on both spatial scales from meters to kilometres, and temporally, from hours to 
multiple years. Combining AUV with new microfluidic nutrient sensors with low resource use,
high-resolution sampling on long-term deployments can accurately remove our current data 
gaps.

We used a novel Lab-on-chip nutrient sensor (LoC) deployed within a Seaglider 

(Kongsberg) to collect high-resolution temporal NO3- data from April and July 2015 in the 

central Celtic Sea, as part of the NERC Shelf Sea Biogeochemistry project. The LoC 

accurately captured the spring bloom drawdown of NO3- concentrations from ~6 µM to < 

0.15 µM in the surface mixed layer. Excellent agreement between the LoC and simultaneous

shipboard NO3- data was observed (R2 = 0.98 n = 11). During summer, the LoC produced a 

high-resolution time series of NO3- concentrations that showed the variable depth of the 

nitricline over tidal cycles and mixing events. We will present data on the nitrate flux to 

surface mixed layer during these deployments. These successful deployments highlight that 

LoC nutrient sensors can be deployed effectively within AUV platforms, providing high 

resolution data, which enables the study of relatively short temporal events, such as blooms 

and nutrient fluxes.

1500: The importance of the autumn bloom in the seasonal cycle of primary production



Juliane Wihsgott [University of Liverpool], Jonathan Sharples [University of Liverpool], Jo 

Hopkins [National Oceanography Centre] , Malcolm Woodward [Plymouth Marine 

Laboratory], Naomi Greenwood [Centre for Environment Fisheries and Aquaculture 

Science], Tom Hull [Centre for Environment Fisheries and Aquaculture Science] & Dave 

Sivyer [Centre for Environment Fisheries and Aquaculture Science]

Due to their high biological productivity shelf seas are significant sinks of anthropogenic 

carbon. To better understand the cycling of carbon within them and to quantify the shelf 

seas’ role within the global carbon budget we have to better understand the critical 

processes that maintain this role.

We present a new series of continuous measurements spanning 17 months 

(March’14-July’15) which were collected on the NW European Shelf as part of the UK Shelf 

Sea Biogeochemistry program. A mooring array recorded full depth vertical density structure,

dynamics and meteorological data as well as surface chlorophyll biomass and macronutrient

data over a full seasonal cycle at a station 120 km from the continental shelf break. Seven 

process cruises supplied additional full depth profiles of chlorophyll biomass and 

macronutrients. 

Increased wind and gradual convective mixing in autumn not only transforms the 

vertical density structure but also the vertical structure of chlorophyll biomass and surface 

nutrients. After the net heat flux becomes negative in early October 2014 (the ocean loses 

heat to the atmosphere), the deep chlorophyll maximum (DCM) becomes eroded and 

instead a vertically homogeneous profile of chlorophyll biomass establishes itself above the 

pycnocline. This increased mixing also leads to a resupply of surface nutrients and drives 

enhanced growth which is almost 4 times stronger than observed during the summer 

months: We find an increase in depth integrated chlorophyll biomass of ~50 mg m${^-2}$ in 

autumn 2014 compared to values of ~20 mg m${^-2}$ during the summers of 2014/2015. 

Here we will estimate the contribution of the autumn bloom to the annual production 

in a temperate shelf sea, which we suggest is more productive than the well-studied DCM in 

the summer months.

1545: Seasonal shifts in microzooplankton growth and grazing in the UK Shelf Sea

Sarah L C Giering (National Oceanography Centre Southampton), Seona R Wells (University

of Aberdeen), Kyle M J Mayers (University of Southampton), Glen A Tarran (Plymouth Marine

Laboratory), Louise Cornwell (Plymouth Marine Laboratory), Elaine Fileman (Plymouth 

Marine Laboratory), Angus Atkinson (Plymouth Marine Laboratory), Dan J Mayor (National 

Oceanography Centre Southampton)

Shelf seas are highly productive compared to the open ocean, a productivity that underpins 

more than 90% of global fisheries. Although comprising only about 5% of the global ocean 

surface area, they contribute 15-30% of total oceanic primary production. As part of the UK 

Shelf Sea Biogeochemistry programme, we investigated grazing and growth of 

microzooplankton in the Celtic Sea during April and July 2015. We carried out ten dilution 

experiments. Water was collected from two depths (20 m and below thermocline in April; 20 



m and deep chlorophyll maximum in July). Dilutions were made up as 100%, 70%, 40% and 

20% unfiltered water with the remainder being filtered water. 1.2-L glass bottles were filled in

triplicates and incubated for 24 hours at in situ temperature and at the local photoperiod. 

Samples were taken for total Chlorophyll a, pico-, nano- and microplankton community 

structure and abundance. During April, phytoplankton growth exceeded grazing above the 

thermocline and was negligible below the thermocline. During July, grazing rates generally 

exceeded phytoplankton growth, and there was no obvious difference between the surface 

and the deep chlorophyll maximum despite a marked difference in nutrient supply. This 

suggests that new and recycled production were equally important during July. We propose 

that this can be explained by top-down control of the microplankton by mesozooplankton. 

Overall, we show that zooplankton grazing dynamics shift with season and are an important 

regulator of phytoplankton growth in the UK Shelf Sea. 

1600: Top-down Control of Coccolithophore Populations during Spring in a Temperate Shelf 
Sea Environment

Kyle M.J. Mayers (National Oceanography Centre, University of Southampton), Alex J. 
Poulton (National Oceanography Centre), Sarah L.C. Giering (National Oceanography 
Centre), Seona R. Wells (University of Aberdeen, Marine Scotland Science Aberdeen), Chris
J. Daniels (National Oceanography Centre) Glen A. Tarran (Plymouth Marine Laboratory)

Coccolithophores are key components of marine phytoplankton communities, and exert a 
critical impact on the global carbon cycle and earth’s climate through the production of 
calcium carbonate coccoliths and bioactive gases. However, little is currently known 
regarding growth or mortality rates within natural populations. Measurements of 
coccolithophore calcification, cellular calcite quotas and dilution experiments for 
microzooplankton (<64 µm) grazing rates, were made during a spring cruise (April, 2015) in 
the Celtic Sea and within an April bloom of Emiliania huxleyi.

Calcification rates ranged from 15 to 34 µmol C m-3d-1, displaying a clear peak at the height
of the spring bloom whilst cell normalised calcification rates declined from 3 to 0.6 pmol C 
cell-1d-1 due to a shift from a mixed community to an E. huxleyi dominated one. 
Coccolithophore abundance increased from 6 to 94 cells ml-1 with net growth rates ranging 
from 0.04 to 0.25 d-1. Estimates of intrinsic (gross) growth and grazing rates ranged from 
<0.05 to 0.86 d-1 and from 0 to 1.32 d-1, resulting in variable net growth rates during spring, 
likely related to changing microzooplankton community and prey availability. Within the E. 
huxleyi bloom we recorded a density of 1,986 cells ml-1 with an intrinsic growth rate of 0.29 
d-1 and ~80% of daily calcite production being consumed.

We conclude that microzooplankton exert strong top-down control on coccolithophore 
communities by grazing over 60% of daily coccolithophore production, and therefore play a 
key role in the dynamics of calcite production in the euphotic zone and fluxes to the 
deep-sea. To examine the hypothesis that possession of coccoliths is an anti-grazing 
strategy, we compared mortality rates with non-calcified nano-eukaryotes of a similar cell 
size to coccolithophores. Based on our observations of similar mortality rates we suggest 
that the presence of coccoliths doesn’t provide effective protection against microzooplankton
grazing.

1615: Subsurface chlorophyll maxima phytoplankton community structure and 
photophysiology in a UK summer stratified coastal sea 



Michelle L Barnett (University of Southampton), Alan Kemp (University of Southampton), 
Anna Hickman (University of Southampton), Alex Nimmo Smith (Plymouth University), 
Duncan A Purdie (University of Southampton)

In seasonally stratified temperate coastal and shelf seas, a subsurface chlorophyll maximum
is often detectable with associated increased abundances of phytoplankton cells. These 
subsurface peaks in chlorophyll are generally closely associated with the seasonal 
thermocline, commonly occurring within or just below this density interface. UK coast and 
shelf sea research has often featured study of chlorophyll maxima present in summer 
months, yet the phytoplankton community structure of these maxima in conjunction with their
phytoplankton photophysiology has rarely been investigated.  Lugol’s preserved 
phytoplankton samples and size-fractionated Fluorescence Induction and Relaxation (FIRe) 
generated phytoplankton photophysiological measurements (>50 µm, >20 <50 µm, >10 <20 
µm, >5 <10 µm, <5 µm) were collected from eight subsurface chlorophyll maxima observed 
in stratified waters of the western English Channel during the summer of 2015. Additionally, 
a holographic camera (‘holocam’) was deployed during sampling of one of these subsurface 
chlorophyll maxima to allow for determination of phytoplankton community structure of the 
maximum and its surrounding water column at a high vertical resolution (3 – 5 holograms 
analysed over every meter). Sampled chlorophyll maxima ranged between 2.5 – 28.7 µg 
L-1, varied in thickness from less than 1 m up to approximately 8 m,  and phytoplankton 
biomass was consistently dominated by cells larger than 50 µm, e.g. Ceratium fusus. A full 
description of the phytoplankton community structure of sampled chlorophyll maxima located
in the western English Channel will be presented and the comparison between community 
structure determined via use of the ‘holocam’, and by inverted light microscopy analysis of 
Lugol’s preserved samples will be discussed. Photophysiological characteristics (Fv/Fm and 
SigmaPSII) of the phytoplankton population that formed the sampled chlorophyll maxima will
be also be reported.

1630: Seasonal variations of plankton respiration and bacterial carbon demand in a 

temperate Shelf Sea

E. Elena Garcia-Martin (University of East Anglia), Keith Davidson (Scottish Association for 

Marine Science), Sharon McNeill (Scottish Association for Marine Science), Duncan Purdie 

(University of Southampton), Carol Robinson (University of East Anglia)

Marine heterotrophic bacteria play an important role in carbon and nutrient cycling, 

converting dissolved organic carbon into biomass or CO2. In order to quantify carbon 

remineralization and the relevance of bacterial biomass synthesis over bacterial respiration, 

we undertook a seasonal study of plankton community respiration and bacterial production in

the Celtic Sea (UK) as part of the NERC Shelf Sea Biogeochemistry programme. 

Community respiration rates (CR) were estimated from oxygen consumption measured with 

traditional Winkler titrations and also from in vivo reduction of a tetrazolium salt (INT) in two 

size-fractions (0.2-0.8 µm, considered as bacterial respiration, and >0.8 µm). The 

concentration of reduced INT was significantly correlated with the concentration of oxygen 

consumed (r = 0.62, p<0.001, n = 97) supporting previous suggestions that INT is a good 

proxy of respiration.

As expected, CR varied seasonally, with the highest depth-integrated rates (surface 

to 1% incident irradiance) in April 2015 (147 ± 4 mmol O2 m-2 d-1) in response to the spring 



phytoplankton bloom and the lowest rates in November 2014 (19 ± 4 mmol O2 m-2 d-1). In 

contrast, there was no significant difference between the rates of depth-integrated bacterial 

respiration (BR) measured in November, April or July. Depth integrated rates of bacterial 

production (BP) were highest in July (145 ±19 mg C m-2 d-1), when nutrients were depleted. 

The bacterial carbon demand (BP+BR) was similar in April (333 ±35 mg C m-2 d-1) and July 

(325 ±14 mg C m-2 d-1), and lowest in November (266 ±7 mg C m-2 d-1). The seasonality in 

bacterial growth efficiencies (BGE + BP/BP+BR) was driven by changes in BP, increasing 

from 20% in November to 53% in July. 

These results will be interpreted alongside chlorophyll-a and bacterial biomass in the 

context of this physical and biogeochemical seasonal study.

1645: Modelling underwater light fields for remote sensing and ecosystem model 

applications

Ina Lefering (University of Strathclyde), David McKee (University of Strathclyde)

Underwater light fields influence biological and physical processes such as photosynthesis 

and solar heating with implications for mixing and stratification. They also determine ocean 

colour remote sensing signals which provide global views of surface biogeochemistry. 

Underwater and water leaving light fields can be modelled based on measurements of 

inherent optical properties (IOPs) using radiative transfer simulations. Understanding 

practical performance limitations for modelling underwater light fields is important to ensure 

that radiative transfer models are used optimally within ecosystem models and in data 

assimilation and validation activities.

Previous attempts to validate underwater light field models have revealed limitations 

that were associated with measurement errors in IOP measurements (Chang et al., 2003). 

The point-source integrating cavity meter (PSICAM) can provide accurate, quantitative 

absorption data, even in highly scattering waters (Roettgers et al., 2007). The availability of 

PSICAM data for validation has led to subsequent development of scattering corrections for 

AC-9 in situ absorption and attenuation meters, improving the quality of in situ IOP data. It is 

therefore interesting to re-assess the accuracy of radiative transfer model simulations.

Here, radiative transfer model outputs based on IOP measurements were compared 

to in-water radiometric profiles. The comparison provides a measure of predictive power for 

key parameters used for remote sensing studies (RL) and coupled physical-ecosystem 

models (PAR). Results report a best-case scenario, using a dataset with 60 stations sampled

in the Mediterranean Sea and off the Scottish west coast, with full radiometric and IOP 

profiles. PAR is modelled to within 15-25% RMS%E through the water column and RL is 

modelled to within 33% RMS%E across the visible spectrum immediately beneath the sea 

surface. This level of performance provides a basis for further developing the radiative 

transfer approach for coupled-physical ecosystem models and ocean colour algorithm 

testing and development.



S19: Water-column biogeochemistry and physics in shelf seas

P1901: Spatial and temporal Nutrient Dynamics in the Celtic Sea during the UK Shelf Seas 
Biogeochemistry Programme.
 
E. Malcolm S. Woodward; Harris. C, Sabadel, A
 
When compared to the Open Ocean, Shelf Seas that are found on the Continental Shelf 
regions around the world, are highly productive, which makes them extremely important with 
regard to understanding the cycling of the major macro nutrients (Nitrate, Silicate, and 
Phosphate). There are many influences upon Shelf Seas, for example anthropogenic 
nutrient loading and the effects of climate change. The Celtic Sea to the West of the UK has 
been relatively poorly sampled over the years and hence our understood with regard to the 
fundamental biogeochemical processes, like the role of shelf seas in the global cycles of key
nutrients, and in determining primary and secondary production, is limited. The UK SSB 
research programme was a series of 10 cruises over an 18 month period in 2014/2015, and 
we present the nutrient results from this series of cruises that show the seasonal changes 
comparing the 3 main sampling sites which were, the shallow Celtic Deep, the Central Celtic 
Sea and finally the Shelf edge site. We investigate the nutrient changes and cycling ranging 
from the mixed water column winter conditions, to the spring bloom in April where the nitrate 
and phosphate are taken up from the water column, and into the summer season where 
nitrate becomes undetectable. Following then through to the autumn/winter period, with the 
nutrients being replenished again and a mixed water column once again established. 
Exchanges with the deep Atlantic water onto the Shelf are studied by a series of further 
transects up onto the Shelf, and these combine with long transects from the Shelf Edge, 
through the Celtic Sea into the further inshore Celtic Deep site.

P1902: Phytoplankton dynamics in Maltese coastal waters (Central Mediterranean) using 
in-situ, remote sensing methods, and modelling techniques.

Saliba, M., Thomas, D.N. & Bowers, D.G
School of Ocean Sciences, University of Wales, Menai Bridge, Anglesey LL59 5AB, UK

 This study focuses on updating current knowledge concerning the quality of coastal water of

the Maltese Islands (central Mediterranean) using in-situ, remote sensing and modelling 

techniques. In-situ data were collected from four sampling points around the Maltese Islands

from April 2015 to January 2016. A weak, but statistically significant, relationship was 

observed between in-situ chlorophyll and chlorophyll derived from the MODIS satellite using 

a recently updated Mediterranean wide algorithm MedOC4 (Santoleri et al. 2008). A ten year

time series of satellite data shows that chlorophyll levels in this part of the Mediterranean are

generally low (<0.5 mg.m-3) and show a regular maximum in December and January, with an

occasional second maximum in the spring. A two-layer bio-physical model has been 

constructed in order to test our understanding of this behaviour. The surface mixed layer in 

the model is forced by surface heating and wind-stirring and phytoplankton growth in the 

surface is set to the minimum of light- and nutrient-limited growth. In the clear waters of the 

Mediterranean, with high levels of sunlight at all times of year, phytoplankton growth is 

almost always nutrient-limited. Maximum growth therefore occurs in the winter, when high 

wind speeds deepen the surface mixed layer and nutrients become available in the (still) 

sufficiently-lit surface waters. The in-situ data are also used to construct a site-specific linear 

model for chlorophyll; this accounts for 52.6% of the variance of observed chlorophyll a.  The

overall conclusion of this study is that further work needs to be done on the derivation of 



chlorophyll from ocean colour in these waters and that phytoplankton growth is nutrient 

limited at all times of year.

P1903: Using ocean gliders to determine the physical controls on fluorescence variability in 

shelf seas 

Jennifer Jardine (UoL), Matthew Palmer (NOCL), Claire Mahaffey (UoL), Jason Holt 

(NOCL) & Adam Mellor (AFBI) 

Shelf seas are vital to biogeochemical cycles. Despite covering ~8% of the Earth’s

surface, yet accounting for 30% of the oceanic primary production, shelf seas are a vital sink

for  atmospheric  CO2 and  a  significant  part  of  the  air-sea  CO2 flux.  Phytoplankton

photosynthesis plays a key role in carbon sequestration, thus a thorough understanding of

what controls phytoplankton distribution is essential for improving the predictive capabilities

of global climate change models.

Autonomous underwater gliders were deployed to carry out repeat transects between

the shelf  break and the central  Celtic  Sea,  resulting in  a 9-month near-continuous time

series from November 2014 to August 2015. Supporting data includes meteorological data,

1D  models  to  determine  the  tidal  cycle  and  to  test  the  physical  controls  on

stratification. Ocean  Microstructure  Gliders,  which  were  deployed  in  the  same  region,

provided measurements of the fine-scale turbulence within the pycnocline. 

Preliminary results show the initial onset of stratification during March; changes in

potential density arose from subtle variations in temperature and salinity, with the relative

importance appearing to switch between the two. Thermal stratification was most prevalent

from June to August where the top to bottom temperature difference exceeds 7°C and a

pronounced  subsurface  chlorophyll  maximum  was  fully  developed.  High  bands  of

fluorescence  in  the  bottom mixed  layer  were  indicative  of  “mixing  hotspots”,  potentially

formed  by  local  changes  in  bathymetry  and  are  hypothesised  to  be  a  control  on

phytoplankton  patchiness.  Isolated  decreases  in  the  potential  energy  anomaly  could  be

attributed  to  meteorological  conditions,  which  act  to  promote  vertical  mixing.  Prolonged

periods  of  anomalous winds or  changes in  precipitation  may explain  periods of  surface

freshening seen in late March and over the summer, however this has yet to be tested.

Although still in its early stages, initial analyses provide an exciting insight into how physical

processes impact fluorescence variability within shelf sea environments.

P1904: Seasonal changes in the water column distribution of particulate and dissolved iron 
in the Celtic Sea
 
Angela Milne (Plymouth University), Antony Birchill (Plymouth University), Simon Ussher 
(Plymouth University), Maeve Lohan (University of Southampton)
 
Particles play a fundamental role in the biogeochemical cycling of both major- and 
micro-nutrients in marine systems, including the micronutrient iron (Fe).  Iron is essential for 
phytoplankton growth and hence plays a vital role in ocean ecosystems. The dissolved form 
of iron (dFe) is considered the most biologically available, however the oceanic inventory of 
Fe is dominated by particle inputs (e.g. aerosol deposition, shelf sediment resuspension) 



and is particularly evident in shelf systems.  However, knowledge of particle Fe distributions 
and the exchange with dFe concentrations remains limited and poorly understood.  
 

Here we present the first seasonal particulate (pFe), labile-particulate (L-pFe) and 
dissolved Fe data in waters overlying the Celtic Sea shelf break to depths of 2500 m.  The 
distribution patterns of pFe, L-pFe and dFe followed similar seasonal trends.  Regardless of 
season, distinct intermediate nepheloid layers (INLs) were associated with elevated pFe (> 
40 nM), L-pFe (>12 nM) and dFe concentrations (> 1 nM) which persisted for up to 40 km 
from the shelf break between 600-800 m.  In addition, sediment resuspension in bottom 
waters resulted in high pFe (~ 70 nM) and dFe (2 nM) concentrations.  Overall, dFe was 
predominantly present in the colloidal form (>50%), this colloidal fraction consistently 
increased with depth (60-80%) and dominated in bottom waters (80%).  Interestingly, 
labile-pFe was strongly correlated (r2=>0.9) with dFe concentrations signifying intimate 
linkages and exchange between the dissolved and particulate fractions through 
adsorption/desorption processes.  This data indicates both an input of colloidal material from
shelf sediments and dynamic cycling between particulate and dissolved phases.
 

Our findings demonstrate that L-pFe could be an important intermediary in cycling 

and maintaining the bioavailability of Fe and have important implications for assessing the 

impact that shelf sediment derived dFe and L-pFe could have in fuelling marine primary 

production.

P1905: Delivery of Riverine Nutrients to the Open Ocean.
Jonathan Sharples (University of Liverpool, UK), Katja Fennel (Dalhousie University, 
Canada), Jack Middelburg (University of Utrecht), Tim Jickells (University of East Anglia)
 
Globally rivers deliver 35 Tg of dissolved N and 2 Tg of dissolved P annually into the coastal 
zone. Lacking more detailed information, it is generally assumed that either all or none of the
nutrients enter the open ocean. Here we use some general assumptions on the behaviour of
river plumes on the shelf to estimate the proportions of dissolved N and P that are processed
on the shelf, and thus the amount of riverine nutrient that enters the open ocean.

Using the Global NEWS river database we assume discharges to the shelf are 
constrained within coastal buoyancy currents of width 3 internal Rossby radii. This width is 
compared to the local shelf width for each river. For plume widths greater than the shelf 
width nutrients are assumed to be transported over the shelf edge within the plume. For 
plume widths less than the shelf width we assume that exchange with the open ocean is 
controlled by physical processes at the shelf break. For each river an estimate of the shelf 
residence time is made. Empirical relationships between residence time and the proportion 
of supplied N and P that is retained on the shelf are then used to estimate the amount of 
dissolved N and P that escapes to the open ocean.

The results suggest that 25% of dissolved N and 20% of dissolved P are processed 
in shelf seas, with the rest exported to the open ocean. Tropical rivers deliver more nutrients 
to the open ocean, partially a result of the high discharges of these rivers, but also because 
of the latitudinal dependence of the internal Rossby radius. A range of values for transport 
rates within plumes and exchange rates across the shelf break are used to assess the 
sensitivity of these results, which appear to be robust.

P1906: Evolving vertical turbulent structure initiating a shelf sea spring bloom
 
Jo Hopkins (National Oceanography Centre), Matthew Palmer (National Oceanography 
Centre), Jonathan Sharples (University of Liverpool), Naomi Greenwood (Centre for 



Environment, Fisheries and Aquaculture Science), Anna Hickman (Southampton University), 
Tom Hull (Centre for Environment, Fisheries and Aquaculture Science), Alex Poulton 
(National Oceanography Centre), Dave Sivyer (Centre for Environment, Fisheries and 
Aquaculture Science), Alexander Vincent (Plymouth University), Juliane Wihsgott (Liverpool 
University).
 
The spring blooming of phytoplankton in high- to mid-latitude oceans makes a significant
global contribution to the fixation and export of carbon from surface waters. The biophysical
interactions initiating this period of accelerated growth have been topical for many years
leading  to  the  development  of  several  hypotheses,  each  focusing  on  slightly  different
mechanisms: light availability and mixed layer depth; predator vs. prey imbalance; horizontal
stratification and critical turbulence. Here we take a detailed look at the onset and evolution
of the spring bloom on the NW European Shelf, which in contrast to the deep, open ocean
environment of the North Atlantic, is a shallow and highly dynamic shelf sea. 
  
Two gliders provided 21 days of high resolution TKE dissipation, temperature, salinity and 

chlorophyll biomass profiles every 10-15 minutes in the central Celtic Sea. Meteorological 

variables and near-surface PAR are taken from a nearby mooring array. These observations 

are then used to drive a Lagrangian particle tracking model from which the displacement of 

individual cells and their exposure to light and nutrients is tracked. The results provide 

compelling evidence for the leading order role of vertical turbulent structure in both triggering

phytoplankton growth and the subsequent evolution of the bloom. Prior to peak growth rates 

deep, convective turbulence and weak net surface heat input ensures that the water column 

is well mixed and cells are circulated between the surface and sea bed. A coincident 

decrease in wind and tidal stresses allows near surface stratification to become established 

which subsequently supresses the penetration of wind and wave driven mixing, increasing 

the residence times of cells near the surface and increasing the average irradiance they 

receive. There is remarkable agreement between the depth of the active mixing layer and 

the base of the chlorocline, 10-20 m above the main seasonal thermocline.

P1907: Balancing the carbon and nutrient budgets in a seasonally-stratifying temperate shelf
sea
 
Matthew P. Humphreys and C. Mark Moore (Ocean and Earth Science, University of 
Southampton); Eric P. Achterberg (GEOMAR Helmholtz Centre for Ocean Research, Kiel, 
Germany); Alex M. Griffiths (Department of Earth Science and Engineering, Imperial College
London); Susan E. Hartman and Caroline Kivimäe (National Oceanography Centre, 
Southampton); E. Malcolm S. Woodward (Plymouth Marine Laboratory); Joanne E. Hopkins 
(National Oceanography Centre, Liverpool).
 
Despite covering only about 5% of the Earth’s ocean surface area, shallow marginal seas 
support 15-20% of global primary productivity, and are the key interface between the land 
and the open ocean. They are therefore of critical importance to marine biogeochemical 
cycles, and may have a significant role in ocean uptake and storage of carbon dioxide. 
However, their behaviour is significantly more complex than that of the open ocean, because
of the greater heterogeneity of the underlying physical, chemical and biological processes 
acting upon them. Detailed case-studies of individual regions are therefore essential in order
to accurately evaluate their net global influence. The Northwest European continental shelf, 
in particular the Celtic Sea, was the target of extensive hydrographic sampling from March 
2014 to September 2015, as part of the UK Shelf Seas Biogeochemistry research 
programme (UK-SSB). Here, we use the UK-SSB carbonate chemistry and macronutrient 



measurements to describe the seasonal biogeochemical cycle in the Celtic Sea. The 
100-200 m deep water column proceeds from vertically well mixed in winter to a strongly 
stratified two-layer structure over spring-summer. The associated seasonal cycle in 
near-surface biological activity removes dissolved inorganic carbon (DIC) and nutrients, 
some of which are then exported into the deeper layer. Calculating total inventories of the 
biogeochemical variables throughout the seasonal cycle, we determine seasonal fluxes and 
investigate whether non-Redfieldian macronutrient uptake and remineralisation processes 
occur. Combining these results with estimated water exchange across the shelf edge will 
further allow us to quantify the strength of the ‘shelf pump’ sink for atmospheric (and 
anthropogenic) carbon dioxide.

P1908: How seasonal fresh water inputs contribute to the hydrography and circulation in the 
Celtic Sea

Eugenio Ruiz-Castillo (University of Liverpool), Jonathan Sharples (University of Liverpool), 
Jo Hopkins (National Oceanography Centre), Jeff Polton (National Oceanography Centre)

The Celtic Sea represents a transition zone between saline open ocean Atlantic water and 
the fresher waters of the Bristol Channel. The convergence, circulation and exchange of 
these nutrient rich waters in the Celtic Sea are vital for maintaining its high productivity. The 
mean annual contribution of salinity to density is thought to be relatively small but, 
seasonality in fresh riverine input appears to help modify horizontal density gradients that 
drive shelf-wide circulation patterns and important cross-shelf transports. Here we describe 
the seasonal influence of the fresher waters on the hydrography of the Celtic Sea. Two 
salinity time series and CTD data, from 9 oceanographic cruises, obtained in the period 
between March 2014 and August 2015 were used in the analysis. From the raw data 
Absolute Salinity, Conservative Temperature and Potential Density were calculated using 
TEOS-10 functions and cross-shelf transects constructed. In the early part of the year 
(winter/spring), when the rate of surface heating is low and the riverine discharge is a 
maximum, the salinity differences are important in determining the density structure. The 
haline horizontal stratification is strengthen in winter/spring by the input of fresher water from
the Bristol Channel. During the summer, the low salinity waters remain in the upper 50 m 
and gradually move further offshore. Below 50 m, relatively high salinity waters move 
onshore and bring waters from the Atlantic Ocean nearer to the coast. Its maximum intrusion
is in November. Similar to an estuarine circulation, the displacements of the salinity contours 
suggest upper offshore and bottom onshore flows of 1 km/day.

P1910: withdrawn

P1911: Transparent exopolymer particles (TEP) and organic carbon dynamics in continental 

shelf seas

G. Anastasi (UEA /CEFAS), N. Greenwood (CEFAS/UEA ), G. Malin (UEA ), D. C. E. Bakker 

(UEA ),      L. Polimene (PML), M. T. Johnson (UEA /CEFAS)

Continental shelf seas make an important contribution to sequestration of CO2 from the 

atmosphere, through physical and biological processes, i.e. the Continental Shelf Pump 

(CSP). Furthermore, when primary producers take up more dissolved carbon relative to 

nitrogen, this alters the carbon to nitrogen stoichiometry of the organic matter produced, 

allowing for ‘overconsumption’ of carbon and increased biological pump efficiency. This 

process could be particularly effective if carbon-rich material, such as gel-like transparent 



exopolymer particles (TEP), are formed as these sink out of the surface layer. In this study a 

combined experimental-modelling approach is used to determine the role of dissolved 

organic matter and TEP production in carbon overconsumption in the UK shelf seas. TEP 

data from samples collected in August 2014 and 2015 provide a first detailed view of TEP 

distribution in the North Sea. The TEP concentrations observed were close to the value for 

dissolved inorganic carbon overconsumption predicted by Prowe et al. (2009) for the North 

Sea in summer. Overall high TEP concentrations were found in surface relative to bottom 

waters, with the highest concentrations near the Netherlands coast, along with a clear 

relationship between TEP and chlorophyll in the southern North Sea. Elevated TEP 

production has also been related to a bloom of the dinoflagellate Karenia mikimotoi and  

river input. A new formulation describing TEP formation and sinking has been implemented 

in the European Regional Seas Ecosystem Model (ERSEM). Modelled TEP is produced by 

the density-dependent aggregation of semi-labile polysaccharides exuded by phytoplankton 

as a consequence of nutrient limitation. Model simulations, along with in situ measurements, 

have been used to investigate the dynamics underpinning TEP production and fates. Our 

results suggest that qualitative or quantitative changes in TEP production may enhance CSP

efficiency under increasing CO2 concentration.

P1911: The effects of model resolution on hydrodynamic-biogeochemical interaction in the 

Celtic Sea

Sarah Wakelin (National Oceanography Centre, Liverpool), Momme Butenschon (Plymouth 

Marine Laboratory), Yuri Artioli (Plymouth Marine Laboratory)

The hydrography of the Celtic Sea region of the northwest European continental shelf is 

controlled by the seasonal heating cycle, atmospheric momentum fluxes, tides, river inputs 

and exchanges with the open ocean. The resulting large scale circulation is modified by 

eddies and the locations of tidal mixing fronts which mark the boundaries between 

seasonally stratified and well-mixed regions. The generation and propagation of internal 

tides at the shelf edge provide additional vertical mixing.

As resolution increases, models become better able to represent the structure and 

dynamics of shelf-sea processes. Here we use the 3D coupled hydrodynamics-ecosystem 

model NEMO-ERSEM to explore the effects of refining model resolution (from ~7km to 

~1.5km) on the hydrography of the Celtic Sea, and investigate the consequences for 

ecosystem structure.

P1912: Origin and fate of marine inorganic resources in the North-West European Shelf 
Seas

Momme Butenschön (PML), Sarah L. Wakelin (NOC), Jorn Bruggeman (PML), Yuri Artioli 
(PML), James Clark (PML) and J. Icarus Allen (PML)

A multi-decadal hindcast of a coupled model system for shelf-seas (NEMO-ERSEM) 

supported by in-situ and remote sensing data is used to analyse the origin and fate of 

inorganic resources of the marine ecosystem in the North-West European shelf seas 

providing a full quantification of how the physical and biogeochemical fluxes propagate 

through the pelagic and benthic food-web. The assessment identifies the major pathways 

from the deep ocean reservoir and coastal and atmoshperic inputs to primary and secondary



production, sedimentation, deposition and burial at the sea floor and quantifies the strength 

of the remineralisation cycle of the microbial food-web.

P1913: Balancing Buoys, Bubbles and Biology: Shelf-sea net community production 
estimates from long-term oxygen optode time-series.

Tom Hull (Cefas / UEA), Naomi Greenwood (Cefas / UEA), Jan Kaiser (UEA), Jo Hopkins 
(NOC), Charlotte Williams (NOC) and Martin Johnson (Cefas / UEA)
 
Coastal seas represent one of the most valuable and vulnerable habitats on Earth. 
Understanding biological productivity in these dynamic regions is vital to understanding how 
they may influence, and be affected by, human activity. A key metric to understanding the 
cycling of organic carbon associated with this production is net community production (NCP),
the net balance of autotrophy and heterotrophy. Estimating marine NCP rates is notoriously 
challenging, especially so in dynamic shelf sea areas. This is partly because the net state is 
finely balanced between large opposing fluxes, measurements of which have large 
uncertainties. As oxygen and carbon are linked by a stoichiometric ratio, calculating NCP 
from measurements of oxygen offer advantages over measuring carbon dioxide, which 
through chemical interactions with seawater is difficult to measure directly. The majority of 
oxygen-based NCP estimates to date have focused on oceanic waters. Coastal values have 
been shown to be several times greater, but with too few measurements to be confident in 
geographical variability. We present estimates of NCP from a central Celtic Sea SmartBuoy 
time series during 2014 and 2015, together with contrasting estimates from other shelf-sea 
SmartBuoy sites. We employ an oxygen mass-balance approach using near-surface in-situ 
oxygen optode measurements. Our observations show strong seasonal variability in NCP 
with a clearly resolved bloom with surprising consistency in magnitude and timing between 
the two years. We quantify the sensitivity and uncertainty of the estimates to different 
parameterisations for mixed layer depth, air-sea gas exchange and bubble mediated 
supersaturation, together with instrument precision and accuracy. This analysis aids 
interpretation of the NCP estimates, provides a measure of model precision and informs 
future research on targeting the main sources of uncertainty if robustness is to be increased.
Bubble mediated supersaturation is shown to have a large influence on the uncertainty of 
annual cumulative estimates.

P1914: Decadal reanalysis of biogeochemical indicators and fluxes in the North West 
European shelf ecosystem

Stefano Ciavatta

P1915: withdrawn
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09.45
Benthic oxygen fluxes in variable tidal conditions and sediment composition
Megan E. Williams (E) [National Oceanography Centre], Laurent O. Amoudry [National 
Oceanography Centre], Alejandro J. Souza [National Oceanography Centre], Henry A. 
Ruhl [National Oceanography Centre] & Daniel O.B. Jones [National Oceanography 
Centre] 
Abstract: Benthic  sediments  in  coastal  and  shelf  seas  are  a  major  contributor  to
remineralisation of organic matter and nutrient cycling, and oxygen consumption in benthic
sediments can be used as a proxy to quantify this cycling of carbon and nutrients. The
aquatic eddy covariance method has recently been developed to quantify benthic oxygen
flux between sediments and the overlying water column. The method’s advantage is the
ability measure fluxes representative of a large bed footprint with minimal bed and flow
disturbance.  As part  of  the  UK Shelf  Seas Biogeochemistry  programme,  a frame with
velocity and oxygen sensors was deployed across seasons and at four sites across the
sand-mud sediment gradient in the Celtic Sea (mud, sandy-mud, muddy-sand, sand). We
will  focus  here  on  a  comparison  across  the  different  sediment  bed  compositions  for
late-summer deployments, when wave conditions and any resulting contamination of the
measurement are small. Data from August 2015 give distinctive oxygen consumption rates
for  different  bed  compositions  in  the  Celtic  Sea.  Measurements  at  the  mud  site  give
oxygen fluxes an order of magnitude larger than at the other three sites, which all have
higher percentage sand composition. Tidal conditions and resulting near-bed turbulence
also varied between the sites and we explore tidal processes, turbulence, and sediment
composition as drivers of variable oxygen fluxes in shelf sediments.

10.00
Benthic Nitrogen Cycling in the Celtic Sea
Vassilis Kitidis [Plymouth Marine Laboratory], Joana Nunes [Plymouth Marine Laboratory] 
& Karen Tait [Plymouth Marine Laboratory]
Abstract: Sediments are a vital  component of  the shelf  seas playing a key role in the
recycling of organic and inorganic nutrients. Here we present the results of a seasonal
study investigating benthic Nitrogen cycling in sediments of the Celtic Sea. Cruises were
undertaken in March, May and August 2015. Samples were collected at five stations along
a gradient of cohesive (muddy) to advective (sandy) sediments. We performed whole core
incubation experiments, measuring nitrification, denitrification and anammox rates as well
as the abundance and expression of  relevant microbial  groups. Our results  show that
Nitrogen cycling rates were correlated with the expression of key microbial genes and that
these processes were regulated primarily by Oxygen.

10.15
Impacts of climate change and physical disturbance on benthic biogeochemical processes 
Jasmin A. Godbold (E) [University of Southampton], Rachel Hale [University of 
Southampton] & Martin Solan [University of Southampton]
Abstract: Continental shelf sediments disproportionately contribute to the biogeochemical
cycling of organic matter at a global scale, but human activity and environmental change
within  these regions is  likely  to  fundamentally  adjust  physical,  chemical  and biological
characteristics that are influential in determining the stocks and flows of macronutrients



and carbon exchange. Here we report the findings from a series of laboratory experiments
that consider the effects of indirect climatic pressures (temperature, ocean acidification)
alongside changes in naturally assembled benthic communities associated with altered
disturbance  regimes  (cohesive  versus  non-cohesive  sediments,  lightly  versus  heavily
trawled).  Intact  sediment  communities,  representing  the  full  variety  of  biogeochemical
conditions typically observed in temperate shelf seas, were collected in the Celtic and Irish
Seas, returned to the laboratory and exposed to present (ambient bottom temperature,
CO2 380  ppm)  and  anticipated  future  climate  conditions  (ambient  bottom temperature
+4°C, CO2 1000 ppm) for 6 months. In this presentation, we will investigate how varying
disturbance regimes in combination with anticipated climate change may influence benthic
community structure, infaunal burrowing and ventilation activities and associated levels of
macronutrients.  These  data  will  help  identify  areas  where  macrofaunal  traits  and
biogeochemical variables are closely coupled, and in what way and where this becomes
decoupled.

10.30
Hypoxia and brittlestars: Linking physiology and behaviour to ecosytem function
Ruth Calder-Potts (S) [Plymouth Marine Laboratory and Plymouth University], John Spicer
[Plymouth  University],  Helen  Findlay  [Plymouth  Marine  Laboratory],  Ana  Queirós
[Plymouth  Marine  Laboratory],  Piero  Calosi  [Université  du  Québec]  &  Stephen
Widdicombe [Plymouth Marine Laboratory]
Abstract: Hypoxic events are increasing in frequency and duration, particularly in marine
habitats susceptible to eutrophication. Such events pose a growing threat to the health and
function of marine ecosystems by altering large-scale biological and ecological processes.
Linking how hypoxia impacts the physiology and behaviour of benthic invertebrates, to the
disruption  of  ecosystem  function  and  services  is  of  primary  importance.  Using  a
mesocosm experiment, we investigated the effects of short-term hypoxia (14 d, 3.59 mg
O2 L−1) and organism density (5, 9, 13, 17, and 21 indiv. per aquarium, equating to 500,
900, 1300, 1700, and 2100 indiv. m-2 respectively) on the metabolic rates and aspects of
the  reproductive  biology  of  a  key  infaunal  species,  the  brittlestar  Amphiura  filiformis.
Bioturbation activity and nutrient flux was quantified as measures of ecosystem function.
Hypoxia  resulted  in  reduced  metabolic  rates  and  a  delay  in  metabolic  recovery  once
normoxic (8.09 mg O2 L−1)  conditions were re-established.  Hypoxia also resulted in a
delay  in  females’  reproductive  cell  development  and  smaller  oocyte  diameters.
Interestingly,  while  brittlestar  density  had  no  significant  effect  on  the  physiological  or
histological traits examined, it did have a positive and predicable effect on bioturbation
activity in normoxic conditions only. However, the relationship between brittlestar density
and bioturbation  was disrupted under  hypoxia  possibly  due  to  behavioural  alterations.
Nutrient flux results varied, but after 14 days experimentation ammonium efflux within the
high density – hypoxic aquaria was significantly greater compared to normoxic aquaria.
The  change  in  brittlestar  behaviour,  reduced  O2 concentrations,  organism  stress  and
potentially altered microbial  diversity,  may have reduced nitrification rates affecting the
ability  of  the sedimentary system to remove excess ammonium. The results  observed
provide an interesting insight into the organism-level changes that occur under hypoxia
and documents how the initial responses of Amphiura filiformis may have consequences to
community dynamics and productivity.

10.45
Scavenging Processes at Jelly-Falls
Kathy M. Dunlop (E) [Heriot-Watt University], Daniel O.B Jones [National Oceanography
Centre] & Andrew K. Sweetman [Heriot-Watt University]



Abstract: The  fall  of  large  jellyfish  blooms  to  the  benthic  seafloor  has  increased  in
frequency  in  many  areas  around  the  world.  Recent  baited  camera  studies  in  coastal
Norwegian fjords have been the first to demonstrate that jelly-fall material can be rapidly
consumed  by  deep-sea  benthic  scavengers  and  thus  distribute  carbon  back  into  the
bentho-pelagic food web. The factors governing scavenging on jelly-falls are unknown with
background food availability being potentially significant. This study has set out to test the
hypothesis  that  scavengers  feed  on  jelly-falls  more  frequently  in  environments
characterized by limited food availability, thus increasing their role in the cycling of carbon
in the benthic environment.  Results will be presented from baited camera deployments
across a bathymetric gradient in a deep Norwegian fjord to address changes in scavenger
diversity, abundance and carbon consumption/ scavenging rates as a function of depth
and  by  inference,  food  availability.  This  work  makes  significant  advances  in  the
mechanistic understand of the factors impacting scavenger consumption of jelly-falls and
the role of this process in fjord benthic biogeochemical cycling. 

11.30
Contemporary and historic carbon burial by coralline algal beds
Jinhua  Mao (S)  [University  of  Glasgow],  Heidi  Burdett,  [St  Andrews University],  Rona
McGill [SUERC], Jason Newton [SUERC] & Nick Kamenos [University of Glasgow]
Abstract: Carbon  sequestration  by  natural  systems  plays  a  key  role  in  removing
anthropogenically-derived carbon from the atmosphere. In the oceans, such sequestration
of carbon into marine sediments by marine ecosystems for long-term storage is termed
‘blue carbon’. The coastal benthic environment plays a large role in carbon storage via
seagrass meadows, salt marshes, and coralline algal beds, together with the sediments
they  bind.  While  organic  carbon  production  in  seagrass  meadows,  salt  marshes  and
mangroves has been well quantified, few estimates of carbon production and burial are
available for other benthic marine carbon repositories. Meta-analysis reveals that coralline
algal beds are a potentially large carbon store due to their global ubiquity and high carbon
content, however, those estimates likely underestimate total organic sequestration as they
do not consider the high biodiversity of species associated with coralline algal beds. We
quantified organic and inorganic carbon content in coralline algal beds showing significant
changes in carbon burial over the last 1000y; significantly, coralline algal deposits bury
similar quantities of carbon as seagrass beds. That buried carbon is derived both from the
marine and terrestrial environment. As coralline algal deposits have a global distribution,
their ability to store large quantities of organic carbon suggests they may play a key role in
the coastal environment storing both organic and inorganic carbon globally.

11.45
Seasonal variability of organic matter remineralization in shelf sea sediments
Helen E.K. Smith (E) [National Oceanography Centre Southampton] & Daniel J. Mayor
[National Oceanography Centre Southampton]
Abstract: Shelf seas cover a small fraction of the global ocean but play a disproportionately
large role for the wellbeing of humans via capture fisheries and their capacity to cycle
major elements such as carbon and nitrogen. The respiration of organic matter by benthic
bacteria and fauna is key for the storage and recycling of carbon and nutrients in shelf sea
sediments. However, the relative importance of these organisms and seasonal and spatial
variation  of  these  processes  is  poorly  understood  and  represented  in  biogeochemical
models.  Temporal  and  spatial  variation  in  the  benthic  community  structure  and  their
remineralization  capacities  were  examined  during  three  cruises  in  the  Celtic  Sea.
Whole-core sediment incubation experiments were used to determine rates of sediment
community oxygen consumption and nutrient recycling alongside estimates of bacterial
and faunal biomass. The sampling regime covered pre-, during and post-phytoplankton



bloom water column states from five sites including sediment types of sand, sandy mud,
muddy sand and mud.  Our results indicate that there is a temporal and spatial response
relating to the progression of the spring phytoplankton bloom, with variability in the speed
of response to the falling material dependent on the sediment type and benthic community.
Considering the spatial heterogeneity of sediments across UK shelf seas, the observed
variability in carbon and nutrient cycling should be implemented in biogeochemical models.

12.00
Benthic pH profiles – a seasonal and spatial study in UK shelf sea regions (Celtic and
North Sea)
Silke Kröger [Cefas], Briony Silburn [Cefas], David Sivyer [Cefas], Ruth Parker [Cefas],
Claire  Powell  [Cefas],  Natalie  Hicks  [Scottish  Association  for  Marine  Science],  Martin
Johnson [UEA] & Naomi Greenwood [Cefas]
Abstract: Global concern over increasing carbon dioxide concentrations in the atmosphere
and  associated  acidification  of  seawater  has  led  to  an  increase  in  water  column  pH
observations. In contrast, benthic pH measurements are still  very rare. Biogeochemical
processes influence pH values in marine sediments, increasing or decreasing free proton
concentrations in pore-waters. Given the close coupling of benthic and pelagic processes
through diffusion, advection or biota-mediated exchanges, pH distribution in sediments is
of significant interest. It  provides information about likely direction of proton flow at the
interface, is indicative of regions of different biogeochemical processes, and provides a
context for the natural pH variability experienced by benthic epi- and infauna. The latter is
of great relevance to climate change motivated experiments exposing benthic organisms
to predicted future pH/pCO2 water column ranges. In this study, microelectrodes were used
to  record  pH profiles  in  fresh cores  taken  from surface  sediments  across  a  range of
sediment types. Repeated measurements spanning different seasons were made in the
North Sea (2009, 2010 and 2011) and in the Celtic Sea (2015). Concurrently recorded
oxygen  microelectrode  profiles  and  other  sedimentary  parameters  provide  a  detailed
context  in  which  to  interpret  the  pH data.  Clear  differences in  profiles  were  observed
between the sediment types, with very steep pH gradients (greater than 0.5-1 pH units)
recorded within the top few mm to cm in fine diffusive sediments. These gradients are
likely caused by aerobic organic matter respiration or oxidation of reduced species (NH 4

+,
Mn2+, Fe2+, S-,) while deeper down pH increases were observed in some sediments, likely
due  to  anaerobic  alkalinity  generation.  The  presented  results  provide  an  important
background climatology against which to consider pelagic and benthic proton gradients,
the  influence  of  benthic  metabolism on  near  bottom acidification,  and  the  impacts  of
climate change and human activities on benthic ecosystems.

12.15
Effects of bottom fishing and organic enrichment on benthic ecosystem processes
Maria Sciberras (E) [Bangor University], Karen Tait [Plymouth Marine Laboratory], 
Guillaume Brochain [Plymouth Marine Laboratory], Rachel Hale [University of 
Southampton], Jan Hiddink [Bangor University], Jasmin Godbold [University of 
Southampton] & Martin Solan [University of Southampton]
Abstract: Continental  shelf  sediments  play  a  major  role  in  the  global  benthic
biogeochemical cycling of organic matter. Bottom fishing and phytoplankton blooms due to
eutrophication  can  have  significant  impacts  on  benthic  communities  and  sediment
biogeochemical  processes in  shelf  seas,  either  through  physical  changes  in  sediment
resuspension and the  burial  or  mixing  of  organic  matter,  changes  to  bioturbating  and
bioirrigating fauna or alteration to bacterial  biomass and activity under different oxygen
regimes. To examine the interacting effects of fishing and nutrient enrichment on benthic
infauna and microbial  activity within the sediment,  sediment cores were collected from



lightly and heavily fished areas in the Irish Sea in sand and mud and transferred to the lab
where a concentrated microalgal solution was added to half of the cores from each of the
different fishing intensity areas and sediment type. We hypothesize that changes in benthic
infauna, bacteria and water nutrients due to fishing and nutrient enrichment will be larger in
mud where macrofauna-mediated processes are expected to play a greater role, than in
sand where hydrodynamics mediate the redox system. The abundance and activity of all N
cycling genes and transcripts  were higher in mud, with data suggesting a switch from
coupled  nitrification/denitrification  activity  within  the  low  fishing  intensity  sediments  to
anammox activity  in  the high fishing intensity  sediments.  We observed a higher water
nutrient (nitrite,  nitrate, silicate, phosphate) concentration in sand that had been fished
intensively.  There  was  no  effect  of  organic  enrichment  on  microbial  and  infaunal
community and nutrient concentrations, suggesting that bottom fishing has a larger effect
on  benthic  ecosystem  processes  than  organic  enrichment.  Results  demonstrate  that
intensive trawling disturbance could cause large fluctuations in benthic chemical  fluxes
and storage through changes in  microbial  activity  and hence may create considerable
instability in benthic functions.

12.30
A comparison between observations and biogeochemical modelling at 5 sites in the Celtic
Sea
John Aldridge [Cefas], Briony Silburn [Cefas], Dave Sivyer [Cefas], Natalie Hicks [Scottish
Association for Marine Science], Silke Kröger [Cefas] & Gennadi Lessin [Plymouth Marine
Laboratory]
Abstract: Numerical models are powerful tools for understanding marine processes, but to
increase confidence in model outputs, validation against observations is vital.  Here we
compare results  from the coupled physical  and biogeochemical  GOTM-(FABM)ERSEM
model with observations from five contrasting sites in the Celtic sea collected under NERC
Shelf  Seas Biogeochemistry  (SSB)  program. The focus will  be  on the  benthic  system
where models are generally less well validated and where the SSB data set constitutes a
valuable  addition  to  the  limited  number  of  detailed  benthic  measurements  previously
available, particularly for this region. For each of the 5 observational sites 1D water column
models were setup with tidal and meteorological forcing and initial water column nutrients.
Sites  covered  a  range  of  sediment  types  with  different  proportions  of  sand  to  mud,
resulting in very different biogeochemical characteristics. A broad assessment of the model
performance for the pelagic system was made using Cefas Smartbuoy data, CTD data
provided by Agri-Food & Biosciences Institute (AFBI NI) and data from the NERC SSB
program. A more detailed comparison was then made of the benthic component of the
model  using  new  data  from  the  SSB  program.  Difficulties  in  relating  observed  and
modelled quantities arising from model simplifications or ambiguity in defining quantities
(e.g. ‘labile’ verses ‘refractory’ material) will be highlighted.  Nevertheless a comparison
between  model  results  and  observations  will  be  shown for  oxygen  penetration  depth,
denitrification depth, pore water nutrient profiles, particulate organic carbon profiles and
seabed fluxes of nutrients, oxygen and CO2. The implications of this initial comparison for
model calibration and further model developments will be discussed.
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P2001
Spatio-temporal variability of resuspension and diel migration from near-bed acoustic 
observations in shelf seas
Laurent Amoudry (NOC), Dave Sivyer (CEFAS), Megan Williams (NOC), Chris Balfour 
(NOC) & Alex Souza (NOC)
Abstract: Active acoustic instruments, which rely on scattering of pulses of sound by 
particles and/or organisms, are now commonplace to measure ocean currents. The 
intensity of the acoustic backscatter is generally linked to the amount of scatterers in the 
water, and these instruments are thus also used to investigate the presence of such 
particles or organisms. For example, resuspension of particulate matter and diel migration 
of zooplankton, both of which are important for biogeochemical cycling in coastal and shelf
seas, have been measured using Acoustic Doppler Current Profilers (ADCP). We present 
data from long-term (>1 year) deployments of bottom-mounted ADCPs, which are able to 
resolve temporal variability from intra-tidal to inter-annual timescales. Instruments (RDI 
600kHz ADCP) were deployed at several sites in the Celtic Sea over different seabed 
sediment types as part of the Shelf Seas Biogeochemistry programme. Data were 
collected at 1Hz during 5 minutes bursts every hour from March 2014 to August 2015 and 
have resulted in hourly measurements of current velocity and backscatter intensity. 
Wavelet analysis of the acoustic backscatter intensity reveals its time-frequency variability. 
In particular, the backscatter intensity displays patterns that are due to a combination of 
tidal and storm-driven resuspension and diel migration of zooplankton. The results show 
clear seasonal variability of the diel migration of zooplankton and sub-tidal variability in 
resuspension.

P2002 (Withdrawn)
Amani Becker: The influence of diatoms on cadmium mobility in the estuarine environment

P2003
Body size distributions and the Metabolic Theory of Ecology: Application with benthic 
megafauna [S]
Noelie M.A. Benoist [S] (University of Southampton, National Oceanography Centre)
Abstract: The Metabolic Theory of Ecology (MTE) makes testable predictions about the 
influence of resource supply on the body size distribution and functioning of biological 
assemblages. Oceanographers have long noted a near constant biomass across doubling 
body size classes (from bacteria to whales) in the pelagic system (the ‘Sheldon spectrum’) 
and suggested a link with resource (energy) transfer through the system. Later seafloor 
biologists noted a somewhat similar size spectrum across micro-, meio-, and macro-faunal
groups; biomass increasing with body size. Most recently modelling efforts have 
suggested that there is a predictable increase in benthic biomass with body size among 
the meio- and macro-benthos that appears to be consistent with similar predictions from 
the MTE. By extension these predictions would suggest that an important fraction of 
benthic biomass (and ecosystem function) may be attributable to the largest body size 
classes: the megafauna. Conventional sampling methods (e.g. trawls) do not provide 
suitable quantitative data on the megabenthos to tackle that contention. However the 
advent of mass photography from Autonomous Underwater Vehicles (AUVs) now makes 



that investigation possible. I will demonstrate the body size spectra of megabenthos 
obtained by AUV surveys in both deep- and shelf-sea locations. These spectra suggest 
that (i) benthic megafaunal density and biomass size spectra are indeed similar to those 
previously observed in the meio- and macro-benthos, (ii) they are generally consistent with
the basic predictions of the MTE (density ~ mass^-3/4; biomass ~ mass^1/4), and (iii) they 
appear to be responsive to variations in both resource supply and environmental 
temperature. I consider how these observations can be further tested, and how they might 
contribute to improved quantification and modelling of ecological and biogeochemical 
change.

P2004 (Withdrawn)
Matthew Bone: Physical and biogeochemical mechanisms that sustain our fisheries

P2005
Predicting the standing stock of organic carbon in surface sediments of the NW European 
continental shelf
Markus Diesing (Centre for Environment, Fisheries and Aquaculture Science), Silke Kröger
(Centre for Environment, Fisheries and Aquaculture Science), Claire Mason (Centre for 
Environment, Fisheries and Aquaculture Science), Ruth Parker (Centre for Environment, 
Fisheries and Aquaculture Science)
Abstract: With attempts at formulating national carbon budgets in preparation for 
international carbon trading agreements comes an increased interest in the content of 
carbon in different environmental compartments. Blue carbon consists of the sum of 
carbon content in different marine habitats. This work contributes towards the preparation 
of a national carbon budget focused on marine surface sediments, as it is hypothesised 
that these top layers, and the processes within them that control carbon cycling, are 
important in regulating the long term storage of carbon into deeper sediment layers or 
transport into the deep sea, and at the same time are influenced by human activities such 
as climate change, construction or trawling. We collated 1,711 measurements of organic 
carbon content in surface sediments from Cefas in-house data holdings and the ICES 
database (http://ices.dk/marine-data/dataset-collections/Pages/default.aspx). The dataset 
was split into training and test data with a ratio of 2:1. The training dataset was utilised in a
Random Forest regression model to spatially predict organic carbon content across a 
significant part of the northwest European continental shelf (643,467 km2). Relevant 
predictor variables were selected based on their expected importance in describing the 
spatial patterns of organic carbon content, and availability in a suitable data format. A 
stepwise variable selection process ensured that unimportant and correlated variables 
were removed to limit the dimensionality of the dataset. The model was validated using the
test dataset, based on which the mean squared error and the explained variance were 
calculated. For every grid cell of the spatial model, the estimated organic carbon content 
was converted into mass of organic carbon and these were summed to give the total 
standing stock of organic carbon in the top 10 cm of shelf sediments. Our results indicate 
that the amount of organic carbon stored in surficial shelf sediments is significant.

P2006
Impact of sediment resuspension in coastal and shelf seas on macronutrient exchange 
across the sediment-water interface
Gary R. Fones (University of Portsmouth), Charlie E.L. Thompson (University of 
Southampton), Sarah Reynolds (University of Portsmouth), Anouska Panton (University of 
Portsmouth), Fay Couceiro (University of Portsmouth), Ruth Parker (Centre for 
Environment, Fisheries and Aquaculture Science), Peter J. Statham (University of 
Southampton) 



Abstract: Benthic-pelagic exchange processes are recognised as important nutrient 
sources in coastal and shelf sea areas, particularly so in estuarine environments; however,
the relative impact of sediment resuspension is still poorly understood. Elevated 
concentrations of suspended sediments resulting from natural (waves, storm events) and 
anthropogenic (trawling) events have the potential to be a key factor in regulating the 
amount of primary production in coastal and shelf seas. A number of research projects 
funded by NERC have started to evaluate the effect of sediment resuspension on nutrient 
fluxes at a number of UK locations including estuarine, coastal and shelf seas. Physical 
and chemical data were measured during resuspension experiments on a range of 
sediment types in the Southern North Sea, Celtic Sea and Christchurch Harbour. In-situ 
(Voyager II benthic annular flume) on deck (core Mini-flume) and laboratory (mini-flume) 
experimental approaches were employed to elucidate the extent of dissolved 
macronutrient release from a number of sediment types ranging from cohesive mud to 
permeable sands. The resuspension of benthic fluff in coastal seas led to significant 
releases of phosphate and nitrate to the water column whilst resuspension of the sediment
bed increased water column concentrations of dissolved silicon by as much as 125% and 
phosphate and nitrate concentrations by up to 66% and 67% respectively. However, initial 
results in the Celtic Sea have shown quite varied results with no significant inorganic 
nutrient releases from the cohesive sediment sites. These initial findings indicate location, 
season and sediment type influences the extent of nutrient and particulate organic carbon 
release into the overlying water column, dependent on the depth of erosion. These studies
suggest that sediment resuspension effects should therefore be considered in ecosystem 
models of benthic nutrient supply, as it may be a major pathway in resupplying the water 
column with nutrients.

P2007
Modelling benthic-pelagic coupling in shelf seas: from phytoplankton to benthic fauna (and 
back)
Gennadi Lessin (Plymouth Marine Laboratory), Yuri Artioli (Plymouth Marine Laboratory), 
Jorn Bruggeman (Plymouth Marine Laboratory), Jerry Blackford (Plymouth Marine 
Laboratory)
Abstract: Benthic systems play an important role in supporting, regulating and providing 
marine ecosystem services. In coastal seas the benthic layer receives substantial amounts
of material, which undergoes complex transformations. It can be returned into water 
column by resuspension or diffusion, or permanently buried. Although novel observational 
methods for the investigation of benthic-pelagic dynamics in shelf seas are being 
developed and new data is being collected, many gaps in understanding remain. There is 
an increasing demand for robust representation of benthic processes in marine ecosystem
models, which will improve our understanding and quantification of benthic-pelagic 
coupling and the whole marine ecosystem. To better represent benthic processes and 
benthic-pelagic coupling, the biogeochemical and ecological model ERSEM was recently 
recoded in a scalable and modular format. Within the Shelf Sea Biogeochemistry 
programme, a series of additional processes have been included in the benthic model, 
including a resuspendable fluff layer. Model results were evaluated with measurement data
from monitoring station L4. The modelled benthic system showed clear interannual 
variability, which corresponded to timing of phytoplankton blooms and amounts of 
depositing organic matter. In years that the spring bloom is delayed, food availability and 
success of the zoobenthos decreases. We conclude that the phenology of the system is a 
critical determinant of productivity. Further we analysed the response of zoobenthic 
groups, inorganic nutrient regeneration and benthic-pelagic fluxes to individual model 
processes. Inclusion of a fluff layer increased availability of organic matter to benthic fauna
and facilitated bacterial mineralization. The complexity of model response confirmed the 



necessity of a multidisciplinary approach to model development, whereby the modelling 
process should inform the experimental and observational community regarding data and 
process study requirements, which are in turn necessary to improve models.

P2008
Sediment biogeochemistry in Christchurch Harbour, UK: The roles of diffusion and 
sediment resuspension events on nutrient fluxes across the sediment-water interface
Anouska Panton [E] (University of Portsmouth), Charlie E.L. Thompson (University of 
Southampton), Sarah Reynolds (University of Portsmouth) & Gary R. Fones (University of 
Portsmouth)
Abstract: Estuaries are important regions for the biogeochemical processing of nutrients 
from both terrestrial and marine sources. As these water bodies are typically shallow in 
nature but also highly dynamic, the sediment-water interface and processes controlling 
uptake or release of nutrients from the sediment are of particular importance to the local 
microbial communities. Christchurch Harbour (Dorset) is a shallow micro-tidal estuary fed 
by two rivers, the Hampshire Avon and the Stour, both of which are known to have 
elevated inorganic and organic nutrient concentrations. As part of the NERC funded 
Christchurch Harbour Macronutrients Project, work is currently underway in the estuary to 
determine diffusive fluxes of inorganic nutrients from different sediment types over a 
seasonal cycle as well as the role of resuspension events on the estuarine 
biogeochemistry using both in-situ flumes and laboratory experiments. Diffusive gel 
profiles of pore waters and flow-through reactor incubations are also being used to fully 
understand the nature of the sediments and processes occurring within them. Preliminary 
results will be presented and combined with water column data from the same site to 
discuss benthic-pelagic coupling in this anthropogenically-impacted estuary.

P2009
Biogeochemical cycling of permeable sediments in a shelf sea environment: Celtic Sea, a 
seasonal study
Sarah Reynolds [E] (University of Portsmouth), Jessy Klar (University of Southampton), 
Vassilis Kitidis (Plymouth Marine Laboratory), Lesley Chapman-Greig (University of 
Portsmouth), Anouska Panton (University of Portsmouth), Charlie E.L. Thompson 
(University of Southampton), Peter J. Statham (University of Southampton), Gary R. Fones
(University of Portsmouth) 
Abstract: Shelf seas are globally important in contributing to the biogeochemical cycling of
carbon and nutrients. Much of the benthic environment found in shelf seas comprise of
relic  permeable  sands  whereby  advective  pore-water  flow  processes  govern  the
biogeochemical cycling within these sediments. To further understand these processes,
flow-through  column  reactors  were  employed  during  a  field  campaign  as  part  of  the
NERC/Defra funded Shelf Sea Biogeochemistry Programme. Three cruises took place in
the southern Celtic Sea in 2015 and were timed to sample pre-bloom, post-bloom and late
summer.  Pre-bloom and late summer oxygen consumption rates ranged between 0.18
mmol  O2 m-3 d-1 and 0.15 mmol  O2 m-3 d-1 respectively.  However,  post-bloom oxygen
consumption rates were 0.29 mmol O2 m

-3 d-1. Iron (II) is removed during pre-bloom with
significant  releases of  up  to  137 nmol  m-3 d-1 post-bloom whilst  late  summer appears
balanced. These seasonal differences reflect the assumed increase in carbon loading to
the seafloor, which we have captured following the pelagic spring bloom in April. Silicate
release was significant and comparable across all seasons. There was a consistent flux of
phosphate (2-4 micromoles m-3 d-1) over all seasons. There is some evidence of nitrate
removal  during post-bloom and late summer incubations implying that  denitrification is
occurring.  Dissolved  organic  carbon  fluxes  demonstrate  a  net  removal  pre-bloom
suggesting  it  is  this  dissolved  carbon  source  that  is  fuelling  respiration  within  the



permeable  sediment  during  the  winter  when  productivity  is  low.  Release  of  dissolved
organics  from  the  post-bloom  and  late  summer  incubations  demonstrates  the
remineralisation  of  the  fresh  pelagic  particulate  organic  matter.  These  initial  findings
demonstrate the seasonal variability and extent of the biogeochemical cycling of benthic
permeable sediments and is evidence that permeable sediments are dynamic systems,
which have the capacity to act as a carbon and nutrient source or sink. 

P2010
Rapid fines assessment: An introduction to a novel technique for assessing fines content
of marine soft sediment.
Briony  Silburn  [E]  (Cefas),  Ruth  Parker  (Cefas),  Claire  Mason  (Cefas),  Reg  Parker
(Sediment Science)
Abstract: Currently  marine  sediment  characterisation  is  typically  undertaken  through
Particle Size Analysis (PSA), a well-established method for measuring size distribution of
particles  by  weight.  This  weight  ratio  method  is  beneficial  for  assessing  sediment
composition and highlighting changes in sediment sorting that occur either naturally in
shelf sea regions or with impacts such as trawling, dredge material disposal and aggregate
disposal and extraction. However, this method does not take in to consideration the effects
of the flocculates that form within marine sediments and may have insufficient sensitivity or
resolution  at  very  low  percentage  fines  to  determine  when  these  aggregates  are
significant. Flocculates may be comprised of a combination of fine mineral particles and
organic  debris,  and  occupy  the  pore  spaces  between  the  dominant  larger  grains.  In
contrast to sand sized grains, the key functional property of flocculates is their volume
rather than their mass. Understanding this discrepancy between mass and volume, and
how  this  influences  sediment  permeability  and  associated  physical  processes  on  a
continuum  of  percentage  fines,  is  key  to  determining  the  dominant  processes  for
biogeochemical cycles, in particular oxygen in the upper sediment layers. To address this
discrepancy,  a  new technique  was developed for  determining  the  percentage  ratio  by
volume between fines and sand: The Rapid Fines Assessment (RFA). This simple, rapid
and cost-effective technique employs the use of sediment agitation in solution, followed by
gravitational settling and image analysis, to measure this ratio within a settled sediment
sample.  Here  we  present  a  brief  introduction  to  the  novel  RFA technique,  along  with
evidence of our extensive method testing. Multiple case studies are presented from across
the UK shelf sea region, demonstrating the technique’s application for site monitoring in
support of policy and regulation, and addressing the link between improved understanding
of regional scale sediment variability and oxygen penetration depth.

P2011
Temporal and spatial variation of resuspension driven inorganic nutrient exchange in the 
Celtic Sea
Charlie Thompson (University of Southampton), Sarah Reynolds (University of 
Portsmouth), Anouska Panton (University of Portsmouth) Gary R. Fones (University of 
Portsmouth)
Abstract: Coastal  and shelf  regions are some of  the most  highly  valued of  any global
ecosystems, with a recognized role in biogeochemical  cycling of  carbon and nutrients.
They are also highly dynamic environments, undergoing frequent resuspension events as
a result of the action of both waves and currents. However, the full scale of the influence of
these resuspension events on biogeochemical cycling is not fully understood. To address
this, the relative importance of both differing bed type and seasonal changes on the flux of
inorganic nutrients across the sediment water interface was investigated in the Celtic Sea
as  part  of  the  Shelf  Sea  Biogeochemistry  research  programme.  A  combination  of
ship-board and in situ annular flume experiments were utilized to determine the stability of



the bed, and the flux of dissolved inorganic nutrients across four sediment types (ranging
from mud to sands) during resuspension events under pre-bloom, post-bloom and later
summer conditions. Data from four research cruises in 2014 and 2015 indicate an increase
in surface bed stability with increasing median grain size, and seasonally from early spring
– summer, related to changes in bulk density and the percentage of organic matter in the
surface sediments.  Erosion depths were of  millimeter  (in  situ)  -centimeter  (ship-board)
scales.  The  nutrient  concentration  data  demonstrates  that  resuspension  can  lead  to
increased  inorganic  nutrient  release  to  the  water  column,  particularly  of  silicate,
phosphate, and ammonium. However, these releases are mediated by the overall depth of
erosion,  bed  type  and  season.  These  findings  illustrate  the  complex  variations  in
resuspension  driven  biogeochemical  cycling  within  shelf  seas,  and  highlight  the
importance  of  understanding  the  relative  importance  of  the  controlling  factors  of
resuspension.



Oral Presentaions

Turbulence Observaions During Autumnal Weakening of the Seasonal Thermocline

Brian Scannell (Bangor University), Tom Rippeth (Bangor University), Jo Hopkins (NOC), Jef 

Polton (NOC), John Siddorn (Met Oice)

The breakdown of the seasonal thermocline is a criical element of the annual cycle for 

temperate shelf seas.  It afects the distribuion of heat and nutrients throughout the water 

column, as well as inluencing the exchange of heat and trace gases with the atmosphere.

 Convecive cooling is a key process by which heat from the ocean surface boundary layer 

(OSBL) is lost to the atmosphere, weakening straiicaion and eroding the thermocline 

from above.  However, the parameterisaion of convecive overturning in exising ocean 

models potenially contributes to their weakness in predicing OSBL depth and dynamics.

The role of convecive cooling is being invesigated using observaions from long-term 

moorings in the Central Celic Sea.  The data includes a thermistor / CTD chain providing a 

detailed record of the development and subsequent destrucion of the seasonal thermocline

in 2014 and its re-establishment during 2015.   Concurrent data from three high frequency 

ADCP operaing in pulse-pulse coherent mode has been analysed to provide a unique 

long-term record of turbulent kineic energy dissipaion levels at three depths, 

including above and below the thermocline.  

Observaions from a period of calm weather and strong net surface cooling illustrate the 

process of convecive cooling.  Data from the moorings is supplemented with observaions 

from a wire-walker CTD, allowing a Thorpe length scale analysis of the detailed verical 

density proile to provide concurrent informaion on the verical and temporal 

distribuion of dissipaion driven by convecive cooling.

Preliminary results indicate a diurnal signal in dissipaion levels in the region of the 

thermocline, which disappears as the passage of a weather front leads to increased air 

temperature and wind speed.

On the migraing zooplankton as a possible turbulence and mixing mechanism

S. Simoncelli (University of Bath), S. J. Thackeray (Lancaster Environment Centre), D. J. Wain 

(University of Bath)

Bio-turbulence or bio-mixing refers to the contribuion of living organisms towards the 

mixing of waters in oceans and lakes. Our project focuses the atenion on the sirring 

generated by the verical migraion of zooplankton (DVM) in a small quarry, mostly 

populated by Daphnia spp. These organisms daily cross the thermocline at sunset despite 

the density straiicaion, possibly enhancing the verical difusion.

Experimental measurements in an unstraiied tank by Wilhelmus & Dabiri (2014) show that 

zooplankton can trigger luid instabiliies through collecive moions and that energy is 

imparted to scales bigger than organism’s size of few mm. Modelling through scale analysis 



and simulaions seems to support the idea of Daphnia generated. Length scales analysis, for 

low-Reynolds-number organisms in straiied water by Leshansky & Pismen (2010) and 

Kunze (2011), esimate eddy difusivity between 10-7 and 10-5 m2/s. Numerical simulaions in 

the same regime by Wagner et al. (2014), suggest a mixing eiciency of 3.3%. Finally, Wand 

& Ardekani (2015) provides a difusivity of 10−5 m2/s for Daphnia from DNS in the 

intermediate Reynolds-number regime.

Turbulence experiments were conducted in Vobster Quay, a small and deep (40m) quarry 

with small wind fetch, located in the South West UK. Zooplankton verical concentraion was

evaluated using a zooplankton net and a botom-mounted ADCP was also employed to track 

the migraion. Turbulence and mixing were measured with a microstructure temperature 

proiler. Our dataset shows enhanced turbulence (10-6.5 W/kg) and difusivity (10-4 m2/s) 

during the zooplankton ascension. However turbulent patches were also present outside the

migraing layer for which the source is not known.

These results and theoreical studies moivate the study of biomixing in lakes. A tracer 

experiment is also planned to experimentally measure the difusion coeicient and compare 

the results and its importance with the well-known mixing mechanisms in lakes due to wind 

and internal waves. 

Mixing under internal ides: A Large-eddy simulaion invesigaion.

 

Ashley Brereton (NOCL), Jef Polton (NOCL), Andres Tejada-Marinez (University of Florida)

 

In simple terms, the pycnocline is a sharp gradient of density (occurring over a small depth 

interval) which causes a disinct separaion between the biologically acive surface waters 

and the deep nutrient rich waters. Mixing across this region therefore dictates how much 

food phytoplankton, for example, can eat. Shelf seas experience signiicant density 

straiicaion in the summer months and hence a pronounced pycnocline. When the 

condiions are right, with the right topographic bumps and idal currents, the pycnocline 

becomes a medium for the propagaion of waves, known as internal ides.

 

Mixing at the pycnocline is poorly understood in regional numerical models. This is due to 

limiing depth resoluion and a deiciency in knowledge about the driving mechanisms of 

turbulent mixing at the pycnocline, e.g. how internal ides feed energy into the mixing 

process.

 

A Large-Eddy Simulaion (LES) has been uilised. LES is a method of solving the fully 

3-dimensional Navier-Stokes equaions, which means it’s very well suited to modelling a 

turbulent low. The LES is conigured to resolve the ine scale processes directly and is forced

by a prescribed internal ide, supplied either from regional model bulk parameters or from 

observaions.

 

We present correlaions between energy dissipaion rates and bulk parameters and make 

comparisons with the current state-of-the-art turbulence closure schemes. Our work is a 

irst step towards parameterising mixing associated with internal ides in regional models.



 

Characterising turbulence in a idal channel using observaions from seabed plaform 

deployments

 

S. Fraser (University of Aberdeen); V. Nikora (University of Aberdeen); B.J. Williamson 

(University of Aberdeen); B.E. Scot (University of Aberdeen)

  

The highly energeic and complex dynamics of low in a idal channel make it a challenging 

environment in which to characterise turbulence. Invesigaing ine scale turbulent features 

requires high resoluion ield measurements which are diicult to atain and interpret in 

such sites, and so observaions are extremely limited. Such observaions are essenial for the

emerging marine renewable energy industry because the design and opimisaion of idal 

turbines requires a detailed understanding of the natural turbulent inlow condiions. In 

addiion, for the efecive installaion of muliple turbines and for assessing potenial 

ecological consequences, the hydrodynamic impacts of marine renewable energy devices 

must also be well understood. The FLOWBEC plaform is addressing these needs by the 

collecion of velocity and backscater data using upward facing acive acousic instruments 

deployed on the seabed around marine renewable energy infrastructure. Novel processing 

methodologies and instrument integraion techniques have been developed to isolate and 

parameterise ine scale turbulent processes. The structure of these turbulent processes is 

invesigated using innovaive scale-sensiive and morphological ilters, with further insights 

from turbulence staisics, wavelet analysis, and power spectra. These methods are 

presented, along with results from muliple plaform deployments at the European Marine 

Energy Centre idal energy test site. These deployments show the natural characterisics of 

turbulence in an energeic idal channel and the hydrodynamic efects of idal turbine 

structures. These results are relevant to turbine and array design, and to the accurate 

hydrodynamic modelling of highly energeic sites. These results also provide important 

informaion on the use of turbulence in idal channel sites by highly mobile predators to 

increase prey capture eiciency, with implicaions for the environmental impact assessment 

of marine renewable energy technologies.

Internal ides and pycnocline mixing. Insights from a new ine resoluion UK shelf wide 

simulaion

Polton, J., K. Guihou, J. Harle, S. Wakelin, J. Holt (NOCL) E. O’Dea, J. Graham, H. Hewit (Met 

Ofce)

The shelf seas, relaive to their size, contribute a disproporionate fracion to total global 

primary producion. In seasonally straiied shelf seas mixing processes at the pycnocline 

mediate the transfer of biological and physical luxes that in turn control this biogeochemical

cycle. Regional models generally poorly simulate mixing processes at the pycnocline, instead 

forming a interface between surface driven mixing and botom boundary layer driven 

mixing. It is hypothesises that internal waves, missing from shelf wide regional models, are 

responsible for missing mixing. Internal ides are diagnosed in a 1.8km Northwest European 

shelf NEMO simulaion and favourably compared against FASTNEt hydrographic 



observaions. We anicipate this new class of ine resoluion simulaion, which can simulate 

non-locally propagaion of momentum along the pycnocline, to form the basis of improved 

parameterisaions for Shelf Sea mixing.

Poster Presentaions

An assessment of verical mixing schemes in comparison      with observaions in the European 

shelf. 

Maria Luneva (NOCL), Jason Holt (NOCL), Holly Pelling (University of Bangor), Mathew 

Palmer (NOCL), Jef Polton (NOCL), Sarah Wakelin (NOCL)

Using the NEMO-shelf model  of the Atlanic Marginal Domain  with 7km resoluion (AMM7)

we examine 5 diferent turbulent closures structural funcions, based on the k-epsilon 

version of the Generic Length Scale Model: Galperin,1988 type closure ,two models by the 

Canuto group  (2001, ab), two by Kantha and Clayson (1994,2004). The AMM7 model 

realisically reproduces ides and shelf sea processes in the upper and benthic layers, depth 

of mixed layer and pycnocline. The results have been compared with scanish temperature 

secions and direct turbulence observaions during 1998-2009All models show high 

correlaions of pycnocline depth and botom temperature with observaions in, however  

‘less difusive’ Kantha Clayson and Galperin models have much smaller biases in botom 

temperature, while more difusive Canuto models beter predicts pycnocline depth. All 

models underesimate dissipaion rate of turbulent kineic energy in the mixed layer and 

pycnocline at least by an order and have good agreement with observaions in the botom 

boundary layer. We discuss the efects of waves  and  non-tradiional Coriolis force in the 

upper layer and internal waves in pycnocline to explain deicit of turbulence in model versus 

observaions. Using algebraic equaions for third order turbulence moment s we derive 

parameterisaion for non-local  terms in TKE equaion and discuss asymptoical soluions in a

shallow Stokes layer. 

Direct measurements of   the mixing eiciency   from ocean mixing glider measurements

 

Holly Pelling (University of Bangor, NOCL), Tom Rippeth (University of Bangor), Mathew 

Palmer (NOCL), Mathew Toberman (SAMS), Mark Inall (SAMS), Jef Polton (NOCL) 

 

The lux dissipaion coeicient (more correctly referred to as the lux dissipaion coeicient, 

Γ ) is integral to the accurate calculaion of verical eddy difusivity (
kρ=Γ

ε

N
2 ) and 

therefore diapycnal luxes of heat, momentum and tracers such as nutrients from 

measurements of proiles of the rate of dissipaion of turbulent kineic energy, ε.  In many 

oceanic environments it is assumed that Γ = 0.2 (Osborn, 1980).  However, the physical 

processes that contribute to Γ remain elusive, with various candidates being suggested, 

including the age of the turbulence and the turbulent intensity.  Historically parallel direct 

measurements are diicult as esimaions of both shear dissipaion (ε) and thermal variance 

(χ) have not been possible as the fall speed of loosely tethered and free-fall verical 



microstructure instruments inhibit the resoluion of the full temperature spectra. However, 

the Ocean Microstructure Glider provides an excellent plaform to provide long term 

measurements of both ε and χ (Peterson and Fer, 2015). Here we will present new data  

from over 20 days of glider measurements (approximately 3000 full depth proiles) in two 

idally sirred shelf sea locaions (Celic sea and Malin Shelf), signiicantly expanding the 

parameter space over which Γ is calculated when compared to previous studies. 

The role of barotropic to baroclinic idal energy conversion: a view towards improved 

turbulent mixing parameterisaion in shelf Seas.

Mathew Toberman (SAMS); Mark Inall (SAMS); Holly Pelling (University of Bangor); Karen 

Guihou (NOCL);Tom Rippeth (University of Bangor); Mathew Palmer (NOCL); Jef Polton 

(NOCL)

The seasonal pycnocline in temperate shelf seas represents a criical pathway for the 

transport of heat, nutrient and carbon. Accurate parameterisaion of pycnocline exchange 

processes is therefore key to the accurate determinaion of biogeogeochemical luxes in 

these systems.  However, it is well established that the turbulence closure schemes currently

uilized in regional scale models fail to reproduce, by orders of magnitude, the observed 

levels of turbulent dissipaion within the seasonal pycnocline of shelf seas. 

We hypothesise that this deiciency in turbulent mixing may be addressed via the inclusion 

of an addiional funcion, represening the energy input via idal energy conversion. We 

Propose that this parameterisaion can be derived via a spaial relaionship, between the 

forcing imparted on the baroclinic low from the barotropic ide, and staisical distribuions 

of observed TKE dissipaion rates (ε). 

Preliminary results obtained from the comparison of output from the AMM60 NEMO model,

and turbulence observaions from verical free falling probes deployed in the Malin Shelf 

region, suggest the existence of such a relaionship. 

Our hope is that the development of this relaionship into a pracicable parameterisaion for 

turbulent mixing within regional scale models, will result in an improvement in the ability to 

predict pycnocline behaviour in shelf seas



S23. Overcoming the temporal and spatial complexities of open ocean nutrient cycling 
 

Oral presentations: 
 

1. Diagnosing oceanic nutrient deficiency 
  
Mark Moore  
  
Ocean and Earth Science, National Oceanography Centre Southampton, University of Southampton, 
Southampton, United Kingdom 
 
The (re-)supply of a range of nutrient elements to surface waters is an important driver of oceanic 
production and the subsequent linked cycling of the nutrients and carbon. Relative deficiencies of 
different nutrients with respect to biological requirements, within both surface and internal water 
masses, can be both a key indicator and driver of the potential for these nutrients to become limiting 
for the production of new organic material in the upper ocean. The availability of high quality, full 
depth and global scale data sets on the concentrations of a wide range of both macro- and micro- 
nutrients produced through the international GEOTRACES programme provides the potential for 
estimation of multi-element deficiencies at unprecedented scales. Resultant coherent large scale 
patterns in diagnosed deficiency can be linked to the interacting physical-chemical-biological 
processes which drive upper ocean nutrient biogeochemistry. Calculations of ranked deficiencies 
across multiple elements further highlights important remaining uncertainties in the stoichiometric 
plasticity of nutrient ratios within oceanic microbial systems and caveats with regards to linkages to 
upper ocean nutrient limitation.  
 

2. Nitrate fluxes in the North Atlantic and their relationship with primary production 
 
Victoria S. Hemsley1, Stuart C. Painter2, Adrian P. Martin2, Tim Smyth3, Eleanor Frajka-Williams1, 
Xiaolong Yu1  
 
1 University of Southampton 
2 National Oceanography Centre 
3 Plymouth Marine Laboratory 
 
We present a year-long time-series of vertical nitrate fluxes to the upper ocean resolving several 
supply processes, including diffusion, advection and convection. These data were collected using an 
array of moorings deployed at the Porcupine Abyssal Plain Sustained Observatory site in the North 
East Atlantic (~49°N) as part of the NERC UK Ocean Surface Mixing, Ocean Sub-mesoscale 
Interaction Study (OSMOSIS). We simultaneously collected depth-resolved profiles of primary 
production at high temporal resolution using a novel glider based methodology. In comparing the 
different time-series of nitrate flux with the variability seen in primary production we estimate that 
nitrate fluxes can support between 60 and 100% of the observed primary production. 
  

3. Inorganic nitrogen and phosphorous dependency of bacterioplankton growth in the North 

Atlantic subtropical gyre 

 

Catherine Burd
1
, Eric Achterberg

2
 and Mikhail Zubkov

3 
 
1 University of Southampton, UK 

2 GEOMAR, Helmholtz Centre for Ocean Research Kiel, Kiel, Germany & University of Southampton, 

UK 

3 National Oceanography Centre Southampton, UK 

 
Bacterioplankton dominate inorganic nitrogen-depleted surface waters of oligotrophic subtropical 

gyres, which cover over 40% of the Earth’s surface. Inorganic nitrogen is hypothesized as the sole 

macronutrient controlling plankton growth; however, the surface waters of the North Atlantic 



subtropical gyre (NAG) are also depleted in inorganic phosphorous. Here we tested limitation of 

bacterioplankton growth in the NAG by these two macronutrients using nutrient addition 

experiments. 
 
The experiments were performed aboard the R.R.S. James Clark Ross during the 25th Atlantic 

Meridonal Transect cruise (Sept-Oct 2015). Phosphate and ammonium were added individually and in 

combination to seawater samples before being incubated for 2-48 hours. Bacterioplankton 

concentrations were monitored by flow cytometry and uptake rates of 35S-methionine were used to 

indicate bacterioplankton growth. 
 

When ammonium and phosphate were added together to the NAG seawater samples, 

bacterioplankton concentrations and methionine uptake rates increased after 48 hours. Outside the 

NAG, bacterioplankton growth was similarly stimulated by addition of ammonium alone. These results 

indicate that within the NAG bacterioplankton were co-limited by inorganic nitrogen and 

phosphorous, whilst in surface waters adjacent to the NAG bacterioplankton growth was limited solely 

by nitrogen. The experimental data clearly show that plankton nutrient dependency can be complex, 

as a combination of macronutrients rather than a single nutrient can control bacterioplankton growth 

in gyres. 
 

4. A phospho-enzyme oddity: implications for P in the sea 

  

Clare Davis and Claire Mahaffey  

 
University of Liverpool, Department of Earth, Ocean and Ecological Sciences, Liverpool, UK.  
 
Phosphorus (P) is an essential nutrient for life. In the ocean, P is present in inorganic and organic 

forms. Inorganic phosphate can be directly assimilated by microbes, whereas organic P molecules 

require hydrolysis prior to assimilation to cleave phosphate from the organic moiety. To facilitate this 

marine microbes synthesise enzymes, such as alkaline phosphatase (AP). In the open ocean the 

generally accepted paradigm is that when phosphate concentrations are less than 50 nM, AP is 

produced by organisms to enable utilisation of organic P pool. At higher phosphate concentrations 

(greater than 100 nM), AP is repressed implying that excess product inhibits AP activity. However, our 

ongoing work on P cycling in the shelf and open ocean has challenged this paradigm. We find AP 

rates correlate to total dissolved P, with the highest rates observed below the thermocline where 

phosphate concentrations exceed 700 nM. Using a range of techniques, we investigate the relative 

significance of sinking particulate matter and zooplankton processes in governing the distribution of 

AP in the water column. Our findings suggest that AP plays a significant role in organic matter cycling 

and governing nutrient stoichiometry, and is in fact not linked to P limitation in some environments. 
 
 

  



Poster presentations: 
 

1. Nitrate uptake and remineralisation in the Subantarctic Atlantic Ocean: insights from nitrate 

isotope measurements (40-60°S) 

 

Robyn Tuerena
1,2

, Raja Ganeshram
2
, Malcolm Woodward

3
 and Anthony Fallick

4
 

 

1 University of Liverpool, Department of Earth, Ocean and Ecological Sciences, Liverpool, UK.  

2 University of Edinburgh, School of GeoSciences, Edinburgh, UK 

3 Plymouth Marine Laboratory, Plymouth, UK 

4 Scottish Universities Environmental Research Centre, Rankine Avenue, East Kilbride, UK 

 

Nitrate isotope data from the Atlantic sector of the Southern Ocean (40-60°S), identifies seasonal 

changes in the upper 500m, and is used to assess the impacts of mixing and biogeochemical 

processes on Subantarctic nitrogen cycling. We find evidence for cross frontal mixing of subtropical 

water in late summer and its incorporation into the thermocline of the Subantarctic during winter and 

spring mixing. As the mixed layer of the northern Subantarctic shoals into summer, our data suggests 

a northward input of Antarctic Surface Water transporting nitrate to the South Subtropical 

Convergence. Algal uptake fractionates nitrate i15N and i18
O to a higher degree in the northern 

Subantarctic (40°S) than between 50-60°S; which suggests variability in nitrate uptake fractionation. 

Nitrate uptake fractionation is used to examine the extent at which N is recycled between 40-60°S. 

Isotopic estimates suggest up to 80% of nitrate in the seasonal mixed layer between 40-50°S has been 

consumed by phytoplankton and recycled within the mixed layer. The recycling of fixed N, per unit of 

algal uptake, describes the mechanism by which nitrate and phosphate are retained within the 

Subantarctic mixed layer in contrast to silicate. We thus identify N recycling processes to be an 

important mechanism by which nitrate is exported in mode waters supporting primary production in 

the subtropical Atlantic. 

 
 

2. Temporal variability in the biogeochemistry of the surface North Atlantic: over a decade of 

ship of opportunity data 

  

Vlad Macovei
1 

Richard Sanders
2
  

Susan Hartman
2
  

Sinhue Torres-Valdes
2 

Ute Schuster
3
 

 

1 University of Southampton, National Oceanography Centre Southampton 

2 National Oceanography Centre Southampton 

3 University of Exeter 

 

We present a high-resolution image of the surface North Atlantic biogeochemistry which allows the 

identification of temporal trends. A voluntary observing ship has been collecting underway seawater 

samples every 4 hours on its monthly track between the UK and the Caribbean since 2002. The 

samples are analysed for macronutrients (nitrate + nitrite, phosphate, silicate). To put the results into a 

wider context, open-access mixed layer depth information and satellite-derived chlorophyll 

concentrations are used. The large meridional extent of the ship’s track means multiple 
biogeographical regions are crossed. Expected differences are observed between the nutrient 

concentrations in the subtropical gyre (NO3- + NO2- < 1 µmol/l) and the UK shelf sea (NO3- + NO2- 

< 10 µmol/l). The poor correlation between the mixed layer depth and the nutrient concentrations in 

the subtropical gyre confirms that vertical mixing is not the main nutrient source in the western part of 



the gyre. On the other hand, in the northern part of the ship’s track, the onset of the mixed layer 
deepening always precedes and dictates the rise in surface nutrients during the convective mixing 

season. The chlorophyll concentration in the spring bloom is related to the nutrient concentration of 

the previous winter in the northern part of the section but less so in the subtropics. In fact, in spite of 

an apparent increasing trend in nitrate in the gyre since 2008, the chlorophyll has not shown an 

increase. The time-series will continue to grow in the future and help enhance our understanding of 

the Atlantic biogeochemical cycles.  
 

3. High resolution time series of diapycnal nitrate fluxes in the North Atlantic thermocline: The 
influence of mid ocean ridges 

  
Robyn Tuerena, Jonathan Sharples and Claire Mahaffey 
 
University of Liverpool, Department of Earth, Ocean and Ecological Sciences, Liverpool, UK.  
 
Small scale changes in nitrate concentrations are difficult to measure in the open ocean thermocline 
as it is difficult to capture temporal variability from snapshot shipboard measurements. Changes in 
topography over mid ocean ridges may provide the necessary energy to drive diapycnal nutrient 
fluxes within the upper thermocline. Due to the complexity of measuring this phenomenon, this has 
not been investigated in great detail in previous work.  
 
To overcome this, two moorings have been positioned over the Mid Atlantic Ridge in the North 
Atlantic Ocean to investigate diapycnal nutrient fluxes within the thermocline. High resolution nitrate 
and oxygen data from the upper 1000m of the water column will be combined with turbulent 
dissipation data to assess whether internal tides provide a mechanism by which nutrients are pushed 
onto isopycnals lighter than j┞ = 26.8. Oxygen data will be used to assess changes in apparent 
oxygen utilization and the distribution of preformed and regenerated nitrate within the water column. 
Diapycnal nitrate fluxes within this region may provide a pathway by which nutrients from the Atlantic 
thermocline are supplied to the winter mixed layer of the Sargasso Sea. This downstream transport of 
nutrients may help to balance the budget between nutrient supply and export within the North 
Atlantic subtropical gyre.  
 

4. Impact of the variability of the gyre and meridional overturning circulation on the nutrient 
transports: extreme event of 2010 

 
Lidia I. Carracedo1, Elaine McDonagh2, Peter Brown2, Sinhué Torres-Valdés2, Richard Sanders2, Mark 
Moore2, Molly Baringer3, David Smeed2, Gabriel Rosón1 
 
1 University of Vigo, Campus Lagoas-Marcosende, 36200, Vigo, Spain. 
2 National Oceanography Centre, European Way, Southampton, SO14 3ZH, UK. 
3 NOAA/AOML/PHOD, 4301 Rickenbacker Causeway, Miami, FL 33149, USA 
 
Using observations from the RAPID, Argo and GO-SHIP Programs in the North Atlantic, we compute 
the nutrient (silicate, nitrate and phosphate) transports at 10-days temporal resolution (April 2004 to 
October 2012) across a zonal section at 26.5 ͼN. The southward nutrient transport is split into gyre 
and meridional overturning circulation (MOC) components, which oppose each other. The MOC is 
associated with a net southward export of nutrients as a result of the southward flowing nutrient-
enriched cold deep waters, compensated for by the relatively nutrient-depleted northward flowing 
warm surface waters. The gyre circulation partially compensates this nutrient export by driving a net 
northward nutrient transport. 
 
In this study, we aim to analyse and discuss the influence of both mechanisms (gyre and overturning) 
in controlling the trend and interannual variability of nutrient fluxes across 26.5ͼN. We pay special 
attention to the extreme event of 2010, where there was a 30% decline in the MOC. Results suggest 
that while the overturning circulation strength dominates the interannual variability of nutrient 
transport across 26.5ͼN, the changes in the concentration of nutrients themselves are driving a long-
term increase in the gyre component of the nutrient fluxes. In addition, the 2010 event, with its 



(reversed) South-to-North net nutrient transport, reveals how abruptly biogeochemical fluxes change 
at short time scales, thus affecting the nutrient storage rates in the gyre and making biological 
production respond rapidly to changes in circulation. 
 
 



Challenger Society 2016 Conference for Marine Science Sep. 2016 

 1  

S24:  Drivers for patchiness and marine vertebrate dynamics 

Conveners 

 Dr Peter Miller, Plymouth Marine Laboratory (PML) - ocean fronts; remote sensing; 

 Dr Beth Scott, University of Aberdeen - biophysical oceanography; predator hotspots; 

 Dr Lars Boehme, Sea Mammal Research Unit (SMRU), University of St Andrews - biologging; 

geospatial statistics; 

 Dr Jeroen van der Kooij, Centre for Environment, Fisheries and Aquaculture Science (CEFAS) - 

fisheries ecology; 

 Dr Clare Embling, University of Plymouth - marine vertebrates & oceanography; 

 Dr Jacqueline Tweddle, University of Aberdeen - biophysical oceanography. 

 

Session Student  

or Early 

Presenter and title 

Oral Tue 

1415-1515 

S Samantha Gordine: Long-term importance of specific frontal systems for 

the improvement of body condition in southern elephant seals 

  Ben Wilson: Porpoises in tidal streams: Combining Eulerian and Lagrangian 

perspectives gives insights into behaviour 

Chair:  

Peter Miller 

S Olivia Hamilton: Drivers of distribution for large marine predators in a 

dynamic ocean system 

  S Nadya Ramirez-Martinez: Modelling fin whale, short-beaked common 

dolphin and harbour porpoise habitat use in European Atlantic waters 

Oral Tue 

1545-1700 

 Jeroen van der Kooij: Ecological drivers of small pelagic fish in the Celtic 

Sea 

 S Brittany Visona: Sandeels and top predators: Effects of bio-physical 

coupling on predator-prey aggregations in the Firth of Forth, Scotland 

Chair:  

Beth Scott 

 Erik van Sebille: Mapping large-scale patchiness of ocean plastic pollution 

and its impact on seabirds 

 S Duncan Jones: Influence of tidally driven processes on harbour porpoise 

distribution 

  E James Waggitt: Quantifying top-ヮヴWS;デﾗヴゲげ ┌ゲW ﾗa ｴ┞SヴﾗS┞ﾐ;ﾏｷI aW;デ┌ヴWゲ 
in coastal regions; applied and ecological consequences. 

Poster Tue 

1700-1900 

E Nicholas Higgs: Going deeper: Marine vertebrate hotspots enhance 

carbon flux to deep-sea scavengers 

 E Doreen McVeigh: Behaviour matters: A coupled bio-physical model to 

assess the dispersal and potential population connectivity patterns of 

deep-sea methane seep larvae 

 S Daniel Moore: Effect of environmental boundaries on the population 

structure of marine predators 

Patchiness session 1: Tue 14:15-15:15 

Long-term importance of specific frontal systems for the improvement of body 
condition in southern elephant seals 

Gordine, Samantha A. (Sea Mammal Research Unit, University of St Andrews, United Kingdom), 

Fedak, Michael A. (Sea Mammal Research Unit, University of St Andrews, United Kingdom), 

Boehme, Lars (Sea Mammal Research Unit, University of St Andrews, United Kingdom) 

Southern elephant seals (SES) yearly undertake two migrations (2-3 and 7-8 months) in the Southern 

Ocean to replenish their resources after fasting while moulting or breeding. During these, SES 

https://www.liverpool.ac.uk/challenger-conference-2016/abstract-submission/driversforpatchinessandmarinevertebratedynamics/
mailto:pim@pml.ac.uk
mailto:sg494@st-andrews.ac.uk
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frequently associate with macroscale latitudinal fronts which provide favourable foraging conditions 

likely because of cascading trophic interactions and/or prey aggregation. 

Previous studies observed great plasticity in the importance of frontal systems for improving body 

condition among different SES populations.  However, it is largely unknown how flexible the reliance 

on certain systems is within populations over the long-term. We are the first to examine the 

(un-)successful resource acquisition of SES during their migrations in the Atlantic sector over several 

years and seasons in relation to the encountered fronts and inter-frontal zones.  

Movements, diving behaviour and in-situ oceanographic properties were recorded over 3 post-moult 

and 3 post-breeding seasons between 2005 and 2010 using satellite-relay data-loggers deployed on 

South Georgia seals. For 47 individuals information on both body condition and temperature up to 

500m depth could be obtained and using the potential temperature of these in-situ measurements, 

the fronts and inter-frontal zones between the Subtropical Frontal Zone and the Southern Boundary 

of the ACC could be determined for >15,000 individual dive profiles. 

Improvement of body condition depended on the frontal system a seal was located in; however 

which frontal systems were overall favourable varied strongly according to year, season and 

month. Variability in body condition improvements was higher in some frontal systems than in 

ﾗデｴWヴゲく YWデ ヮ;ヴデｷI┌ﾉ;ヴﾉ┞ ﾐﾗデW┘ﾗヴデｴ┞ ┘;ゲ デｴW ┌ﾐ┌ゲ┌;ﾉ ┘ﾗヴゲWﾐｷﾐｪ ﾗa デｴW ゲW;ﾉゲげ HﾗS┞ IﾗﾐSｷデｷﾗﾐ ┘ｴWﾐ ｷﾐ 
the Southern Boundary in 2005 post-breeding and when in the Polar Front and Polar Frontal Zone in 

2008 post-moult. 

These initial results illustrate how shifts in the latitudinal positions and/or productivity within frontal 

systems due to global warming could affect SES movement and foraging success. 

Porpoises in tidal streams: Combining Eulerian and Lagrangian perspectives gives 
insights into behaviour 

Wilson, Ben (Scottish Association for Marine Science, Oban, Argyll PA37 1QA, UK) 

Benjamins, S. (Scottish Association for Marine Science, Oban, Argyll PA37 1QA, UK) 

Dale, A. (Scottish Association for Marine Science, Oban, Argyll PA37 1QA, UK) 

Van Geel, N. (Scottish Association for Marine Science, Oban, Argyll PA37 1QA, UK) 

Tidal-stream habitats present periodically fast-flowing, turbulent conditions that appear to benefit 

predatory marine mammals such as harbour porpoises Phocoena phocoena, presumably through 

improved foraging opportunities. Studying tidal-stream ecology requires awareness of the distinction 

between stationary (Eulerian) and moving (Lagrangian) observational frames of reference. Both 

perspectives offer insights into habitat use by marine mammals in relation to moving water vs. 

immobile bathymetry; however, many standard monitoring methods (e.g. stationary moorings) only 

provide an Eulerian perspective, potentially leading to an incomplete picture. The present study 

combined both perspectives to explore small-scale spatiotemporal variability in harbour porpoise 

distribution in relation to tidal currents within the Great Race of the Gulf of Corryvreckan (western 

Scotland, UK), a jetting tidal system where high-energy conditions persist across a broad range of 

tidal phases.  

The distribution of harbour porpoises was studied using passive acoustic porpoise detectors(C-PODs) 

deployed on static moorings (~35 d) and on Lagrangian drifters moving freely with the current 

(repeated deployments up to ~48 h). This dual approach provided complementary perspectives on 

porpoise presence. C-PODs moored in the path of the Great Race registered a significant increase in 

detections during the passing of the energetic tidal jet. Comparison of encounter durations between 

the two recording modes revealed longer encounters on the drifters, suggesting that porpoises 

tended to move downstream with the flow rather than remaining stationary relative to the seabed or 

moving upstream. The energetic, turbulent conditions of the Great Race jet are clearly attractive to 

porpoises who appear to track its movement with time. This study has demonstrated the importance 

of considering the frame of reference (relative to bottom or relative to water mass) when studying 

animals in tidal streams. 

mailto:Ben.Wilson@sams.ac.uk
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Drivers of distribution for large marine predators in a dynamic ocean system 

Olivia Hamilton (Institute of Marine Science, University of Auckland, Auckland, New Zealand) 

Dr Rochelle Constantine (School of Biological Sciences, University of Auckland, New Zealand) 

Dr Matt Pinkerton (National Institute of Water and Atmosphere, Wellington, New Zealand) 

Lily Kozmian-Ledward (Institute of Marine Science, University of Auckland, New Zealand) 

Dr Leigh Torres (Marine Mammal Institute, Oregon State University, Newport, Oregon, USA) 

The oceanographic features of an area directly influence the distribution of prey populations, which 

in turn drive the distribution of large marine predators. As prey distribution data are difficult to 

collect, environmental variables, such as sea surface temperature and slope, are commonly used as 

proxies in predictive models. For systems that are highly dynamic, environmental variables do not 

always capture the variability of predator distribution at the chosen spatial and temporal scale of the 

study. Here, we investigated whether including prey distribution data improved the predictive 

capacity of habitat models for mega-fauna in the Hauraki Gulf, New Zealand. The Hauraki Gulf is a 

highly productive ecosystem, which is reflected by the number of large marine predators that 

frequent the area. We conducted 22 systematic aerial surveys from November 2013-October 2014 

during which we recorded all sightings of mega-fauna and of potential prey patches (plankton and 

small fish aggregations). We used Boosted Regression Trees to model species distribution and 

identify which environmental and biological variables were important in explaining habitat use for 

two species of dolphin, one species of whale, four species of shark, and eleven species of seabirds. 

We found that prey data improved the predictive capacity of models for all taxa, however, this varied 

depending on the type of predator. For example, adding plankton and fish distribution data improved 

デｴW AUC aヴﾗﾏ ヰくΑンΑン デﾗ ヰくΒンヰヵ aﾗヴ Bヴ┞SWげゲ ┘ｴ;ﾉWゲが ┘ｷデｴ デｴW デ┘ﾗ ヮヴWSｷIデﾗヴゲ IﾗﾐデヴｷH┌デｷﾐｪ ヴΒХ デﾗ デｴW 
model when included. In contrast, prey data improved the AUC to a lesser degree for bronze whaler 

sharks (AUC=0.8719 to 0.9146), and contributed only 26% to the final model when included. These 

results suggest that predators may respond to the distribution of their prey to varying degrees, which 

has important implications for management for predators within the Hauraki Gulf. 

Modelling fin whale, short-beaked common dolphin and harbour porpoise habitat use 
in European Atlantic waters 

Nadya C. Ramirez-Martinez & Philip S. Hammond (Sea Mammal Research Unit, Scottish Oceans 

Institute, University of St Andrews, St Andrews, Fife KY16 8LB, Scotland, UK) 

In European Atlantic waters fin whale (Balaenoptera physalus), short-beaked common dolphin 

(Delphinus delphis) and harbour porpoise (Phocoena phocoena), represent extremes of the cetacean 

fauna. Their general distributions are well established but the environmental conditions that 

influence their distribution are not well understood. To investigate the relationship between 

abundance and oceanographic variables, we used cetacean data from large-scale surveys conducted 

in July 2005 and 2007. Environmental data included depth and related relief variables, and satellite-

derived data processed by NEODASS included sea surface temperature, chlorophyll a, primary 

productivity and ocean front derived covariates.  

The relationships between abundance estimated along transects (taking detection probability into 

account) and the oceanographic covariates were explored using Generalized Additive Models 

(GAMs).  

The covariates that best explained fin whale distribution were June sea surface temperature and 

depth. For short-beaked common dolphin, distribution was best explained by March sea surface 

temperature and primary productivity, April and June ocean front strength, July distance to the 

major fronts, depth and distance to the 200 m contour. Harbour porpoise distribution was best 

explained by April sea surface temperature, May chlorophyll a concentration, June distance to the 

major fronts and depth. For dolphins and porpoises the oceanographic covariates retained in the 

models showed a similar pattern of temporal lagged relationships suggesting mechanisms of 

oceanographic processes. The temperature variables were more lagged than the biological variables 

mailto:oham004@aucklanduni.ac.nz
mailto:ncrm@st-andrews.ac.uk
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and the ocean fronts variables were least lagged. Models for all species showed a lagged pattern, 

ｴﾗ┘W┗Wヴ W;Iｴ ゲヮWIｷWゲげ Iﾗ┗;ヴｷ;デWゲ ;ﾐS デｴWｷヴ ﾉ;ｪゲ ┘WヴW SｷaaWヴWﾐデく V;ヴｷ;デｷﾗﾐ ;ﾏﾗﾐｪ ゲヮWIｷWゲ ゲWWﾏゲ デﾗ 
reflect the relationship with their prey (krill for fin whale and different fish species for dolphin and 

porpoise) that is described indirectly by habitat variables. Further research should explore these 

relationships more fully to understand better the mechanisms that link the physical oceanography to 

the biological responses. 

Patchiness session 2: Tue 15:45-17:00 

Ecological drivers of small pelagic fish in the Celtic Sea 

Jeroen van der Kooij (Cefas, UK), Peter Miller (PML, UK), Serena Wright (Cefas) and Elisa Capuzzo 

(Cefas) 

Small pelagic fish (SPF) play a key role in shelf-sea foodwebs, channelling energy from primary 

producers to top predators. Most SPF are short-lived and have lots of offspring.  Ecological drivers 

are therefore thought to have a relatively direct effect on SPF, and changes in the physical 

oceanography may manifest itself in abrupt changes in abundance and distribution.  The waters of 

the eastern Celtic Sea and western English Channel are home to a rich diversity of SPF, including 

sprat, sardine, mackerel and herring, and in recent years, other species have emerged, such as 

anchovy. This diversity can in part be attributed to the fact that the area represents a transition from 

the warmer Lusitanian waters in the south to the cooler boreal waters to the north, and distribution 

of species associated with both regimes overlap here. In this study we combine data collected during 

an integrated pelagic survey series with remote sensing products, to examine the different 

environmental drivers of these SPF. Part of the focus is on meso-scale features such as frontal zones. 

Frontal zones are generally perceived to be ecologically important for large mobile marine 

vertebrates. In the study area, several piscivorous predators have been associated with these 

features, and this has generally been attributed to foraging and migration behaviour. However, there 

have been very few studies linking their prey, the SPF, to frontal systems. The results of this study 

contribute to a better understanding of some of the processes and interactions of the marine 

ecosystem in the southwest of the United Kingdom.  

Sandeels and top predators: Effects of bio-physical coupling on predator-prey 
aggregations in the Firth of Forth, Scotland 

Visona, Brittany
a
; Scott, Beth E.

a
; Tweddle, Jacqueline

ab
; Lawrence, Joshua M.

a
; Armstrong, Eric

b
;  

& Boulcott, Philip
b
 

a 
Institute of Biological and Environmental Sciences, University of Aberdeen, AB24 2TZ, Aberdeen, UK

 

b
 Marine Scotland Science, Marine Laboratory, 375 Victoria Road, AB11 9DB, Aberdeen, UK 

Biological patchiness in marine ecosystems can be attributed to climatic and oceanographic variables 

driving productivity in space and time, forming predator-prey hotspots during optimal physical 

conditions. Understanding the main bio-physical drivers that create biological aggregations is 

required for improved management of marine systems. Sandeels (Ammodytes spp.) act as a mid-

trophic prey species for a variety of top predators in the North Sea. Studies of seabirds and sandeel 

distributions have been performed, but little has been done in terms of examining the relationship 

with marine mammals. Because of their life history characteristics, sandeel distributions are highly 

affected by bio-physical processes which effect conditions for foraging, their degree of aggregation 

(school morphology), and depth they inhabit in the water column. The primary objective of this study 

is to determine the biological and physical factors that control variability in annual sandeel horizontal 

and vertical distributions, abundance, and schooling behaviour, and how these factors may influence 

foraging distributions of harbour seals, grey seals, and harbour porpoise.  

Sandeel schools are detected using a Simrad EK60 multi-frequency echosounder, from acoustic 

surveys conducted annually in summer (June) in the Firth of Forth, Scotland by Marine Scotland 

mailto:jeroen.vanderkooij@cefas.co.uk
mailto:b.visona.14@aberdeen.ac.uk
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Science.  CTD casts are taken at the time of survey, however, to provide information on the bio-

physical conditions that occurred up to several months before the surveys, 1-D bio-physical models 

are run at areas of contrasting depths and tidal forcing, providing insight into the oceanographic 

variables driving annual sandeel size, abundance, and distributions.  In order to assess the potential 

effect of the range of sandeel distributions on the three marine mammal species, Generalised 

Additive Modelling techniques have been employed.  The study will also show how determining the 

bio-physical drivers controlling variability within predator-prey aggregations can aid in stock 

management, along with marine spatial planning of Marine Protected Areas and marine renewables.  

Mapping large-scale patchiness of ocean plastic pollution and its impact on seabirds 

Erik van Sebille (Imperial College London), Chris Wilcox, Kara Lavender Law and Denise Hardesty 

Microplastic debris floating at the ocean surface can harm marine life. Understanding the severity of 

this harm requires knowledge of plastic abundance and distributions. Dozens of expeditions 

measuring microplastics have been carried out since the 1970s, but they have primarily focused on 

the North Pacific and North Atlantic accumulation zones, with much sparser coverage elsewhere.  

Here, I will show how we use the largest dataset of microplastic measurements collated to date to 

assess the confidence we can have in global estimates of microplastic abundance and mass. We use a 

rigorous statistical framework to standardise a global dataset of plastic marine debris measured 

using surface-trawling plankton nets and coupled this with three different ocean circulation models 

to spatially interpolate the observations. 

In particular, I will focus on patchiness in the distribution of floating plastic. we have related that 

distribution to foraging areas of seabirds and turtles, to investigate where these animals are most at 

risk. I will show how we found that the areas where marine biota are most at risk from plastic do not 

necessarily coincide with the areas of highest plastic abundance. 

Influence of tidally driven processes on harbour porpoise distribution 

Duncan Jones (Marine Discovery Penzance, Falmouth Marine School and Lund University),  

Dr. Marjke de Boer (Seven Seas Marine), Dr. Claire Embling (Plymouth University) 

Due to its Annex II European Habitats Directive status the Joint Nature Conservation Committee 

(JNCC) have recently proposed four Special Areas of Conservation (SACs) for the harbour porpoise. 

Due to poor dedicated survey coverage for most UK waters a number of these proposed areas are 

based on habitat models that use information from the well surveyed Southern North Sea to predict 

key habitat around the rest of the coast. Our lack of understanding of how topographic and temporal 

variables influence their distribution at a fine scale suggests there is potential for inaccuracies in this 

modelling. 

A platform of opportunity has been used to collect effort based sightings data for harbour porpoises 

;ﾐS ﾗデｴWヴ ゲヮWIｷWゲ ｷﾐ Mﾗ┌ﾐデげゲ B;┞が Cﾗヴﾐ┘;ﾉﾉ ﾗ┗Wヴ デｴW ﾉ;ゲデ Wｷｪｴデ ┞W;ヴゲく Aﾉﾉ ゲｷｪｴデｷﾐｪゲ ｷﾐ ゲW; ゲデ;デW デwo 

and below have been analysed accounting for bias introduced by the opportunistic platform. This 

analysis has identified several hotspots. Presence and absence in these areas is now being analysed 

in relation to: depth, slope, slope aspect, tide speed, tide direction, tide percentile, water 

temperature gradient, sea state and time of year. Preliminary results suggest, as found in other areas 

(IJsseldijk et al., 2015, Embling et al., 2009 and de Boer et al, 2014), that tidal regime is a key driver 

for both spatial and temporal presence. 

It is hypothesised that tidal the turbulence created by tidal flow along the inner shelf between 20 

metres depth to 50 metres depth triggers baroclinic waves. As these waves propagate south south 

west from the coast the mechanical forcing in the troughs focuses zooplankton attracting clupeid 

species. This creates hotspots of prey availability and attracts high aggregations of harbour 

porpoises. 

mailto:e.van-sebille@imperial.ac.uk
mailto:duncan.jones@falmouthmarineschool.ac.uk


 6 

In order to test this it is proposed to survey through a complete tide cycle during spring, mid 

percentile and neap tides using an acoustic Doppler profiler in order to vertically profile the water 

column properties. 

De Boer MN, Simmonds MP, Reijnders PJH, Aarts G (2014) The influence of Topographic and Dynamic Cyclic Variables on 

the Distribution of Small Cetaceans in a Shallow Coastal System. PLoS ONE 9(1): e86331. doi:10.1371/journal.pone.0086331 

Quantifying top-predators’ use of hydrodynamic features in coastal regions; applied 
and ecological consequences. 

Waggitt, James J  (School of Ocean Sciences, Bangor University, Menai Bridge, UK) 

Cazenave PW (Plymouth Marine Laboratory, Plymouth, UK)  

Evans PGH (Sea Watch Foundation, Amlwch, UK)  

Fraser SJ (School of Engineering & Institute of Biological and Env. Sciences, Univ. of Aberdeen, UK) 

Masden EA (Environmental Research Institute, University of the Highlands and Islands, Thurso, UK)  

Robins PE (Centre for Applied Marine Sciences, Bangor University, Menai Bridge, UK)  

Robbins AMC (Scottish Natural Heritage, Perth, UK)  

Scott BE (Institute of Biological and Environmental Sciences, University of Aberdeen, Aberdeen, UK)  

Torres R (Plymouth Marine Laboratory, Plymouth, UK)  

Veneruso G (Centre for Applied Marine Sciences, Bangor University, Menai Bridge, UK)   

Wade HM (Marine Scotland Science, Marine Laboratory, Aberdeen, UK) 

Williamson BJ  (Institute of Biological and Environmental Sciences, University of Aberdeen, , UK) 

Whitton T (Centre for Applied Marine Sciences, Bangor University, Menai Bridge, UK) 

The construction of anthropogenic structures within coastal regions, in particular those associated 

with marine renewable energy installations, will change these environments physically through the 

alteration of hydrodynamic regimes and the removal of energy. Top-predators (cetaceans and 

seabirds) exploiting coastal regions often exploit hydrodynamic features (e.g. eddies, 

divergences/convergences, shear-lines) originating from interactions between tidally-driven currents 

and bathymetric features for foraging opportunities. These opportunities likely concern the 

aggregation of exploitable prey items at very predictable and particular times and places, reducing 

searching and capture costs and therefore increasing foraging efficiency. An increased understanding 

of precisely how top-predators exploit these hydrodynamic features, including the physical 

quantification and comparison of the features being used by these species, could allow the impacts 

of anthropogenic developments to be better predicted and mitigated. Comparisons among species 

and seasons, and across sites, would also offer insights into the mechanisms driving inter and 

intraspecific variations in foraging strategies.  

To improve our understanding, observational surveys have been combined with computational 

models to quantify relationships between foraging activity and hydrodynamic features in coastal 

regions characterised by strong tidal currents in northern Scotland and Anglesey.  Numerous 

associations were found between top-predators and hydrodynamic features. These associations 

revealed differences among species, and within species across seasons and sites, suggesting that 

foraging strategies were likely determined by a combination of fundamental behaviours and 

spatiotemporal variations in resource availability and requirements. Further work is concentrating on 

understanding how hydrodynamic features could directly influence prey behaviour and abundances 

within coastal regions - knowledge which could help explain the associations detected within these 

studies. In any case, results indicate that impacts from anthropogenic developments could be 

species, season and site-dependent, and this knowledge should be used when conceiving mitigation 

measures aiming to reduce the potential for negative impacts on top-predators.  

mailto:j.waggitt@bangor.ac.uk
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Patchiness session 3: Posters Tue 17:00-19:00 

Going deeper: Marine vertebrate hotspots enhance carbon flux to deep-sea 
scavengers 

Nicholas D Higgs (Marine Institute, Plymouth University) 

Hotspots of large marine vertebrates have the potential to play an important role in the coupling of 

pelagic and benthic ecosystems through the enhanced transfer of surface productivity to the deep 

ocean in the form of dead carcasses. Pelagic areas that concentrate large marine vertebrates will 

have an increased flux of carbon to deep waters because larger animals have lower rates of 

predation than smaller ones, so a higher proportion of their biomass is exported to the deep 

sea rather than recycled in the pelagic food chain. This provides a bounty to food poor deep-sea 

benthic communities and there is evidence that these large food-falls play a significant role in 

structuring benthic communities. Here, I present evidence of this phenomenon in the form of an 

elasmobranch carcass aggregation on the deep seafloor below a region of high primary productivity 

on the Angola margin and discuss the importance of marine vertebrates as food for deep-sea 

scavengers. 

Behaviour matters: A coupled bio-physical model to assess the dispersal and 
potential population connectivity patterns of deep-sea methane seep larvae 

Doreen M. McVeigh [Department of Marine, Earth, and Atmospheric Sciences, North Carolina State 

University], David B. Eggleston [Department of Marine, Earth, and Atmospheric Sciences, North 

Carolina State University], Ruoying He [Department of Marine, Earth, and Atmospheric Sciences, 

North Carolina State University], Austin Todd [Department of Marine, Earth, and Atmospheric 

Sciences, North Carolina State University] Craig M. Young [Oregon Institute of Marine Biology, 

University of Oregon]  

Since their discovery, deep-sea chemosynthetic ecosystems have been novel systems within which to 

test the generality of paradigms developed for shallow-water species. This study explored the roles 

of larval behaviour, pelagic larval duration (PLD), and putative spawning locations on potential 

population connectivity of methane seep invertebrates. The goal was to assess the dispersal 

trajectories of the polycheate, Lamellibrachia luymesi, gastropod, Bathynerita naticoidea, and 

crustacean, Alvinocaris muricola among seep-sites in the Gulf of Mexico (GOM) and Western Atlantic 

Ocean (WAO) using a coupled bio-physical model. Larval particles were programmed with species-

specific PLDs and swimming behaviours that best matched empirical data, and released into a flow 

field that accurately characterises climatological conditions at ~7-kilometer horizontal resolution.  

While there was variation in average dispersal distance, the overall trend was consistent, with the 

greatest dispersal observed for A. muricola, followed by B. naticoidea, and L. luymesi. L. luymesi 

mean particle distance travelled was significantly higher when released from western GOM 

(274 km ± 0.823), followed by WAO (213 km ± 0.823), and eastern GOM (171 km ± 0.823). 

B. naticoidea mean particle distance travelled was significantly higher when released from western 

GOM (670 km ± 1.27), followed by WAO (287 km ± 1.27), northern WAO  (286 km ± 1.27), central 

GOM (241 km ± 0.15), and western GOM (268 km ± 1.27). A. muricola mean particle distance 

travelled was significantly higher when released from eastern GOM (854 km ± 2.53), followed by 

central GOM (846 km ± 1.27), western GOM (757 km ± 1.27), WAO (616 km ± 1.27), and northern 

WAO (612 km ± 1.27). This integrative approach of hydrodynamic modelling and simulated behaviour 

advances our understanding of the factors regulating dispersal throughout the ocean, and the 

combined effects of oceanographic conditions and larval behaviour on potential connectivity of 

methane seep species in the Gulf of Mexico and Atlantic Ocean. 

mailto:nicholas.higgs@plymouth.ac.uk
mailto:mcveigh.doreen@gmail.com
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Effect of environmental boundaries on the population structure of marine predators 

Daniel M Moore (Durham University), Oscar Gaggiotti
 
(University of St. Andrews), Per Berggren 

(Newcastle University), Rus Hoelzel
 
(Durham University) 

A fundamental problem in biology is to understand the drivers and mechanisms for the formation of 

genetic differentiation, population structure and eventual speciation.This problem is often even 

more challenging in the marine environment where physical barriers to movement and gene flow are 

often weak or non-existing, yet many marine species still exhibit complicated population structures. 

The Siculo-Tunisian front, off the South coast of Italy, is an area of great marine environmental 

differentiation with either side displaying different underwater topology, water temperature, current 

direction and depth parameters. Given that previous studies have shown many marine species to 

exhibit genetic breaks across this boundary, the Siculo-Tunisian front presents an ideal study system 

for examining the environmental drivers of population structuring.  

We will examine the bottlenose dolphin Tursiops truncatus in this region as recent genetic evidence 

shows clear population divides between the East and West Mediterranean basins, focused on the 

Siculo-Tunisian front. Given that T. truncatus is known to be a highly social species with strong 

familial bonds and prey specialization re-enforced by cultural learning we will also examine the 

Yellowmouth Barracuda Sphyraena viridensis, a non-social fish, in order to extricate the important 

environmental factors only.  

Utilizing a blend of Next Generation Sequencing (NGS) and  Stable Isotope Analysis (SIA) combined 

with secondary environmental data and analyzed using novel Bayesian modelling approaches this 

work hopes to shed light on the impact of physical and biological oceanographic processes on the 

population structure of marine vertebrates. 

 

mailto:daniel.m.moore@durham.ac.uk
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Spatial patterns of megabenthic invertebrates on the Angolan Margin.  

 

S. Pfeifer (University of Southampton, NOCS), D. O. B. Jones (University of Southampton), B. 

J. Bett (NOCS) 

 

Understanding the distribution and diversity of species on continental margins has gained in 

importance as human exploitation of marine resources continues to expand into new 

territories and deeper waters. The diversity and distribution of marine species vary at 

multiple scales, both with water depth and horizontally, with differential responses among 

faunal groups and habitats. These patterns are likely the result of both historical-

evolutionary influences and current environmental conditions, however, information on the 

relative importance and interactions of these drivers is limited. The mechanisms that link 

the observed spatial patterns of deep-sea species and their environmental drivers are 

poorly explored. Similarly, the universality of the observed patterns across larger regions 

and ocean basins remains difficult to assess as many deep-sea species are still to be 

described and numerous margin areas are poorly investigated. Here we present results from 

an extensive survey of the benthic environment along the continental slope of the Angolan 

Margin. This region is characterised by a complex bathyal environment of sedimentary 

habitats interspersed with a variety of distinct morphological features, including pockmarks, 

submarine channels / canyons, asphalt mounds, salt diapirs, and coral (carbonate) mounds. 

Using images obtained from a towed camera system deployed across a range of depths 

extending from 400 to 2400 m, we quantify and describe the standing stocks, diversity, and 

distribution of megabenthic invertebrates across these habitats and features at both local 

and regional scales. We consider how theoretical ecological frameworks examining 

environmental temperature, energy supply, habitat heterogeneity, and disturbance may 

help interpret the observed patterns. 

  



Mixing and Community Structure Over Ocean Ridges.  

 

C. Smith (University of Liverpool), C. Mahaffey (University of Liverpool), J. Sharples 

(University of Liverpool) 

For the past three decades, scientists have been unable to account for how phytoplankton 

are supplied with nutrients in the subtropical North Atlantic gyre.  The mismatch between 

nitrate requirement and supply has led to a new hypothesis that mixing due to internal tidal 

waves over ocean ridges may be a significant source of nutrients to the subtropical ocean. 

To assess whether there is a local change in the phytoplankton community structure in the 

surface waters (top 200 m) over the Mid-Atlantic Ridge, samples were collected during the 

Atlantic Meridional Transect programme (AMT25, September to November 2015) and 

during a process study to the North Atlantic Ridge (RidgeMix, June 2016). Samples were 

analysed for size-fractionated chlorophyll a, particulate organic carbon and picoplankton 

community structure. Over the ridge, the surface waters were characterised as being cooler, 

and less saline, with an uplift in the isopycnals below the mixed layer. A higher maximum 

chlorophyll fluorescence concentration was observed at stations over the ridge (p<0.05), 

along with higher concentrations of chlorophyll fluorescence in the large phytoplankton 

size-fraction (>20 um, p<0.001), higher concentrations of Synechococcus (p<0.05) and lower 

concentrations of nanoeukaryotes (p<0.05), when compared to typical open ocean sites. 

Differences found in the surface ocean phytoplankton community over the ridge suggests an 

enhanced nutrient supply driven by mixing over the Mid-Atlantic Ridge is altering local 

community structure, with potential consequences on grazing and carbon export.  



Origin, transport and burial of organic matter in the Whittard Canyon, 

North East Atlantic  
 

C. Kershaw (Liverpool John Moores University) A. Wilson (NUI Galway) M. White (NUI 

Galway), V. Huvenne (NOCS), E. Whitfield (Liverpool John Moores University)  J. Kirby 

(Liverpool John Moores University) K. Kiriakoulakis (Liverpool John Moores University). 

 

Submarine canyons are often considered efficient conduits of material to the deep sea that 

can harbour varied and developed ecosystems.  However, little is known about the drivers 

for such variability and a comprehensive understanding of the processes is needed. The 

Whittard submarine canyon (Celtic Sea, North East Atlantic) is one of the largest (~100 km 

across, down to 4500 m depth),and most complex underwater feature in the North Western 

European Margin, home to diverse benthic ecosystems and the focus of recent research. 

This project is part of the effort to elucidate the biogeochemical processes that drive 

variability in the canyon and assess its significance in marine biogeochemical cycling and 

deep-sea benthic ecosystem functioning. This will be attempted by examining the 

provenance, transportation, burial potential and ecological function of sedimentary organic 

matter from targeted sites of this system. 40 sediment cores, down to ~50 cm, were 

collected during three surveys in 2013, 2014 and 2015 at depths up to 4210 mbsl across the 

four main branches and the main channel. Sedimentological (grain size) and geochemical 

(XRD, XRF, organic Carbon and Nitrogen, lipids) analyses are in progress. Initial grain size 

results from few cores of the upper western branches have provided a glimpse of the 

energy changes of the system. Preliminary results of total organic carbon (TOC) 

concentrations of 6 cores (down to 9 cm) were within already published ranges (0.2-0.6% 

TOC of dry sediment), but did not correlate well with grain size. At this point it is not clear 

whether these results reflect processes related to sediment transport and/or deposition 

within the canyon at different time scales, local benthic bioturbation, or anthropogenic 

activities. Future work will focus on the more detailed evaluation of the fluxes, origin, 

nutritional value and burial potential of the organic material (OM) within the specific 

sedimentological and geomorphic context of each sampling site.   



Organic matters: Studying energy flow and trophic dynamics of 

contrasting cold water coral ecosystems in the N.E. Atlantic using 

stable isotopes and lipid biomarkers. 

 

E. L. Smith (Liverpool John Moores University), J.M. Roberts (Heriot-Watt University), H, S. 

Hennighe (Heriot-Watt University), N. Dempster (Liverpool John Moores University), G. 

Wolff (University of Liverpool), K. Kiriakoulakis (Liverpool John Moores University).  

 

Cold-water corals (CWC) are now realised as abundant, cosmopolitan and biodiverse 

hotspots of the global ocean with over 65% of all known corals living at over 50m depth.  

Studies suggest that the quality of suspended particulate organic matter (sPOM), typically 

the sole energy source of CWC, is of vital importance to the structuring and functioning of 

CWC ecosystems.  Fresh marine sPOM is usually rich in proteins and lipids, however during 

transport into the ocean interior its chemical composition is influenced by a variety of 

complex transformation processes, thus altering its nutritional quality.  The study of sPOM 

and its specific oceanographic transport pathways can clarify its importance to the 

functioning and nutrient cycling in CWC ecosystems. 

This study investigates the nutritional quality of sPOM that reaches CWC ecosystems from 

two contrasting oceanographic settings of the N. E. Atlantic.  sPOM samples were gathered 

using an in situ large volume filtration system lowered to ~10 m above CWC communities. 

Elemental (C/N ratio), molecular (lipｷSゲぶ ;ﾐS ゲデ;HﾉW ｷゲﾗデﾗヮｷI ;ﾐ;ﾉ┞ゲWゲ ふ~13C ;ﾐS ~15N) were 

┌ゲWS デﾗ ｷﾐ┗Wゲデｷｪ;デW HｷﾗｪWﾗIｴWﾏｷI;ﾉ I┞Iﾉｷﾐｪが ﾐ┌デヴｷデｷﾗﾐ;ﾉ ケ┌;ﾉｷデ┞が デヴﾗヮｴｷI S┞ﾐ;ﾏｷIゲ ふ~15N), and 

I;ヴHﾗﾐ ゲﾗ┌ヴIWゲ ふ~13C) of sPOM respectively.  Study sites are the shallow (~150m) Mingulay 

Reef Complex on the NW Scotland shelf vs the deeper (~700m) Logachev Province on the 

southwest slope of the Rockall Trough.   

RWゲ┌ﾉデゲ ゲｴﾗ┘ ゲｷｪﾐｷaｷI;ﾐデ SｷaaWヴWﾐIWゲ ｷﾐ デｴW ｷゲﾗデﾗヮｷI ふ~13C ;ﾐS ~15N) values of sPOM between 

locations, indicating differences in trophic dynamics and sPOM re-┘ﾗヴﾆｷﾐｪ ふ~15N), which is 

ゲ┌ヮヮﾗヴデWS H┞ ゲｷｪﾐｷaｷI;ﾐデ ふヮ а ヰくヰヵぶ SｷaaWヴWﾐIWゲ ｷﾐ ┣ﾗﾗヮﾉ;ﾐﾆデﾗﾐ ﾉｷヮｷSゲく  DｷaaWヴWﾐIWゲ ｷﾐ ~13C 

values between locations may be due to differences in planktonic community composition 

and/or potential chemosynthetic contributions to sPOM in the Logachev Province.   
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Black corals of the Whittard Canyon 

L. Allcock (NUI Galway), R. Hogan (NUI Galway), M. Wirth (University of Kiel), G. La Bianca 

(University of Plymouth), M. White (NUI Galway) 

In parts of the Whittard Canyon, a submarine canyon on the Irish Atlantic margin, black 

corals (order Antipatharia) are remarkably common.  During cruise CE14009 of RV Celtic 

Explorer to Whittard Canyon in 2014, two ROV dives, each 8 に 10 hours long, climbing from 

depths of approximately 1400 m to 900 m, and 1100 m to 900 m, and a third 15-hour dive, 

climbing from 1400 m to 600 m, each recorded more than 500 black coral specimens. 

Preliminary estimates of density and data on black coral distribution based on these three 

dives and six other dives that revealed fewer specimens suggest that Stichopathes is by far 

the most abundant genus, representing 1700 of more than 2,200 records.  However, there 

were also more than 100 records of each of Bathypathes, Parantipathes and Antipathes.  

Working to identify black coral specimens that we collected, we present in situ photographs, 

light microscopy and SEM images of specimens from nine genera of black corals.  Molecular 

sequence data produced to date, based on mitochondrial intergenic regions, lack sufficient 

variation to effectively delimit species.  Understanding what drives their spatial distribution 

is paramount to ensuring future protection of these vulnerable taxa. 

  



Biogeochemical character and heterogeneity of suspended particulate 

matter within Whittard Canyon branches, NE Atlantic. 
 

A. M. Wilson (NUI Galway), M. White (NUI Galway), E. Daly (NUI Galway), R. Raine (NUI 

Galway), S. Blackbird (University of Liverpool), N. Dempster (Liverpool John Moores 

University), and K. Kiriakoulakis (Liverpool John Moores University). 

The biogeochemical composition of suspended particulate material within benthic and 

intermediate nepheloid layers was examined from four branches of the Whittard Canyon, 

NE Atlantic. Material from the surface waters above the canyon had high contributions of 

chlorophyll a and compounds derived from phytoplankton. Within canyon branches, 

enrichment of fresh particulate organic matter was detected at depth, in both benthic and 

intermediate nepheloid layers, however significant heterogeneity was observed. 

Concentrations of  labile lipid compounds (mono and poly unsaturated fatty acids 

respectively) were higher in suspended particulate organic matter from benthic nepheloid 

layers at ~650 に 750 m in comparison to those  at the surface, due to an apparent 

accumulation of freshly settled material. Benthic nepheloid layers at ~1300 に 1400 m were 

also characterised by labile organic matter but to a lesser degree, with higher molar C/N 

values and bacterial signatures suggesting reworking and formation by resuspension 

processes. An apparent distinction between eastern and western branches may be due to 

the influence of trawl induced resuspension adjacent to the eastern branches which seem to 

be altering the composition of naturally generated nepheloid layers.  

The high-quality suspended particulate matter and increased coverage through the lateral 

extension of intermediate nepheloid layers in the Whittard Canyon may explain the 

zonation of unique communities utilizing this important food source. Heterogeneity 

between the various canyon branches likely reflect localised variation in energy and the 

differing degree of trawling activity adjacent to individual canyon branches. 

  



Estimation of the basement depth in the central Red Sea from gravity 

data using the slab formula  
 

W. Shi (University of Manchester), N. Mitchell (University of Manchester).  

 

The depth to basement in the central Red Sea was derived from gravity data using the slab 

formula. Seismic reflection data and magnetic survey results were used to constrain the 

gravity-derived basement depths. Forward modelling of gravity supports the gravity-derived 

results in this study. The variations in the depth were also computed to show the basement 

surface relief characteristic. The root mean square (RMS) of the variations in basement 

depth in the Red Sea were calculated to be compared with that around the Mid-Atlantic 

Ridge (MAR). A map of basement topography was constructed from the basement depths 

derived from the gravity data, and the basement depths along lines parallel to the spreading 

direction were then sampled from the basement topography map. The results indicate that 

the crust around the axial trough in the central Red Sea is probably oceanic while that near 

the coast may be continental. 
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Exploring ish community stability in ime and space using Taylor’s Law.

Mathew R. D. Cobain (Ocean and Earth Science, University of Southampton), Markus Brede (Agents,

Interacions and Complexity, University of Southampton), Clive Trueman (Ocean and Earth Science, 

University of Southampton)

The variability or stability of a community’s composiion is a key emergent property of ecological 

communiies, and diferences in community stability across ime and space may provide valuable 

informaion regarding ecosystem funcion in response to exploitaion and climate change. Taylor’s 

Law, which states that the variance in abundance of a populaion, in ime or space, relates to the 

mean abundance of that populaion, has been applied to many systems, but the mechanism 

underpinning Taylor’s Law scaling and its uility in ecology is sill heavily debated. Here we explore 

the potenial informaion contained in Taylor’s Law exponents applied to isheries survey data. We 

use ICES IBTS North Sea data to explore paterns in spaial and temporal variance in the North Sea 

demersal ish community. We esimated spaial variance in abundance across 40 years of survey 

data. We divided the ish community according to species and body size, and split the North Sea into 

shallow and deep habitats.  When considered according to body size, deeper, more environmentally 

stable habitats showed consistently reduced Taylor’s Law exponents, implying that populaions are 

less spaially variable in deeper habitats. Temporal variance in abundance difered systemaically 

between ICES staisical rectangles when communiies are deined both by species and size. We 

argue that Taylor Law exponents may provide a powerful measure of community stability and 

ecosystem funcion that is well suited to isheries survey data. Throughout, atenion is paricularly 

given to the staisical analysis of exponent esimaion, which is oten overlooked.

Are deep sea fauna in the NE Atlanic being impacted by a changing climate? 

 

Narayanaswamy BE1*, Foley M2, Lamont PA1, Johns D3, Hughes DJ1, Serpei N1

(1Scoish Associaion for Marine Science, Oban, Scotland, UK; 2University of Glasgow, Glasgow, 

Scotland, UK; 3Sir Alister Hardy Foundaion for Ocean Science, Plymouth, UK)

 

 There have been few long-term faunal change studies undertaken in the deep sea. The deep sea 

benthic Ellet Staion, in the Rockall Trough NE Atlanic, was one of the main staions sampled 

repeatedly by the late John Gage (SAMS). Regular sampling started in 1975, coninued through to 

1995, and was re-started in 2013 using the same equipment, with the aim of collecing more 

material. The WHOI-patern epibenthic sled was deployed to collect samples, iniially on a seasonal 

basis and then an annual basis. For this iniial study, sub-samples from 1983, 1987, 1993 and 2013 

have been sorted and ideniied, with the focus on the polychaetes. The results have been scaled to a

given distance in order to be able to compare the results. Temporal variaion in abundance was 

observed from the samples analysed and a general overall increase was noted, however, biomass did 

not follow this patern. Analysis of the major taxonomic groups; bivalves were the most abundant 

fauna across the years, with 1983 and 1987 being most comparable whilst polychaetes tended to be 

the second most dominant group. From 1983 to 2013, polychaetes appear to have doubled in 

abundance. The number of polychaete families collected has increased from 19 to 25, with the 

excepion of 1993 when only 11 families were found. Polychaete family composiion shows that 1983

and 1987 were dominated by Flabelligerids and Glycerids, whilst in 1993 the Oweniids accounted for 



nearly 80% of the polychaetes <10% in other 3 years). In 2013, Glycerids again were dominant and 

contributed to ~25% of the polychaetes collected.  Changes in the macrofaunal community may 

relect the changes in the quanity of phytoplankton in the surface waters of the region. The results 

will be discussed in terms of temporal macrofaunal community changes possibly driven by climate 

change and anthropogenic impact.

The status of the plankton community at Loch Ewe, Scotland: Environmental drivers and the UK 

plankton index. 

Seòna Wells (Insitute of Biological and Environmental Sciences, University of Aberdeen; Marine 

Scotland Science, Aberdeen), Kathryn Cook (Marine Scotland Science, Aberdeen), Eileen Bresnan 

(Marine Scotland Science, Aberdeen), Alex Douglas (Insitute of Biological and Environmental 

Sciences, University of Aberdeen), Daniel J Mayor (Naional Oceanography Centre, Southampton).

The EU Marine Strategy Framework Direcive (MSFD) requires all member states to ensure that their 

respecive marine habitats achieve Good Environmental Status (GES) by 2020. Litle is known about 

the plankton community on the west coast of Scotland, making it diicult to ascertain the status of 

the marine environment in this region or how it is likely to respond to future environmental change. 

UK monitoring for the MSFD on the west coast of Scotland is represented by a coastal sampling 

staion at Loch Ewe, which has been sampled weekly for phytoplankton, zooplankton and 

oceanographic variables since 2002. The present study examines the status of the plankton 

community of this ime-series dataset in the context of the MSFD through the applicaion of the UK 

plankton index.  Changes in zooplankton community structure are related to potenial environmental

drivers. We show a number of changes observed in the mesozooplankton community including a 

decline in the biomass of decapod larvae, Calanus helgolandicus, Calanus inmarchicus, and Acaria 

spp., and increased variability in Pseudocalanus spp. biomass since 2008. Temperature and the 

phytoplankton community were found to be the most important drivers of the seasonal variaion in 

these taxa. Several copepod species of the same genus were also found to react diferently to 

temperature and appeared to be driven by diferent phytoplankton groups, highlighing the need for 

species level taxonomic analysis in monitoring ime series. Our results will help provide an 

assessment of which environmental drivers exert the largest pressures on zooplankton community 

structure and the subsequent implicaions in terms of ecosystem health in the context of GES, 

climate change and food provision services.

Long-term interacions between phytoplankton, zooplankton and the environment in the 

Northeast Atlanic and North Sea

Renata Khouri (University of Southampton), Claudie Beaulieu (University of Southampton), 

Stephanie Henson (Naional Oceanography Centre), Adrian Marin (Naional Oceanography Centre), 

Marin Edwards (Sir Alister Hardy Foundaion for Ocean Sciences)

Understanding how plankton interact and respond to changes in climate is essenial in order to 

anicipate wider changes in the marine ecosystem. In this study we invesigate long term 

relaionships between indicator ime-series of phytoplankton, zooplankton and environmental 

variables. We perform staisical analyses using vector autoregressive models to describe the 

interacions between phytoplankton and zooplankton. We use series of abundance of the main 

phytoplankton groups (diatoms and dinolagellates), small and large copepods from the Coninuous 

Plankton Recorder survey, which provides a unique dataset of long and consistent plankton 



ime-series in the North Atlanic since 1958. We also consider sea surface temperature, salinity, 

mixed layer depth and the North Atlanic Oscillaion index as environmental parameters. We ind 

that the drivers of plankton variability depend on the ime scale considered. At monthly resoluion 

autocorrelaion and seasonal cycle emerge as the main drivers of changes in plankton variability, 

while in at quarterly resoluion temperature variability is also a signiicant environmental driver. 

Regional diferences in the response on plankton to environmental drivers and their interacions with

each other are also considered.

Efects of changing sea ice on phytoplankton bloom strength and composiion at the Rothera Time 

Series

Hugh Venables, Michael Meredith, Andrew Clarke (Briish Antarcic Survey) Patrick Rozema 

(University of Groningen)

The Rothera Time Series has collected year-round physical, biological and biogeochemical data from 

Ryder Bay since 1998. The sample site is 500m deep, close to Rothera Research Staion on the west 

Antarcic Peninsula, just inside the Antarcic Circle. Over the course of the ime series there has been 

considerable variaion in winter sea ice cover, in part mirroring the long term decline in sea ice 

observed along the western peninsula. In low ice years there are strong physical changes, with deep 

mixing in winter leading to heat loss to the atmosphere and reduced straiicaion the following 

summer. The lower straiicaion precondiions the water column to increased mixing during the 

phytoplankton bloom period and leads to a signiicant reducion in chlorophyll concentraions. Light 

levels however are oten favourable as ice melt ensures the mixed layer is normally very shallow. In 

the two most heavily afected years phytoplankton concentraions were persistently low (relaive to 

the ime series record) and there was a notable shit in community composiion, from diatoms 

dominaing to a mix with cryptophytes and haptophytes. In other low ice years, chlorophyll 

concentraion exceed 15mg m3 but only for short periods, rather than the prolonged blooms seen in 

high ice years, again indicaing more unstable condiions. The reduced straiicaion in summer also 

results in signiicantly higher heat uptake in the upper 70m, showing that there is indeed enhanced 

summer mixing and also providing a posiive feedback towards reduced ice cover. Work is ongoing to 

expand the sampling further ofshore using ocean gliders.

POSTERS SESSION

Phytoplankton Community Stability in the North East Atlanic

Allen, Stephanie (1*), Henson, Stephanie (2), Hickman, Anna (1), Beaulieu, Claudie (1) 1, University of

Southampton, Naional Oceanography Centre, UK. 2, Naional Oceanography Centre, Southampton, 

UK. *Presening 

The ocean environment is responding to global climate change, including higher laitudes with 

increased pressure from rising temperatures. Marine phytoplankton are potenially sensiive 

indicators of change due to their dependence on the physical environment and rapid growth rates.  

Long-term research programs such as the Coninuous Plankton Recorder (CPR) have allowed muli 

decadal analysis of phytoplankton community structure in certain ocean regions. Previous analysis 

has focused on the Phytoplankton Colour Index; however, this method lacks important taxonomic 

informaion. In this study we focus on the detailed phytoplankton taxonomic informaion provided 

by the CPR data to examine phytoplankton community composiion between 1969 and 2013 in the 

North East Atlanic.  Community composiion is quaniied through the applicaion of Bray-Curis 

analysis and the stability of these communiies is evaluated through measures of resilience and 

variance. The luctuaions in community composiion are also assessed in relaion to three 



environmental parameters; sea surface temperature, mixed layer depth and the North Atlanic 

Oscillaion index. The taxonomic data reveal only small spaio-temporal changes in species 

composiion and dominance over the past 45 years, which are weakly correlated with the 

environmental forcing. To further explore changes to the species composiion, the thermal niches of 

individual species were examined across a laitudinal gradient. Our results demonstrate that, at least 

in this region, the phytoplankton community composiion is very resilient to changes in 

environmental forcing, likely due to the cosmopolitan nature of the dominant phytoplankton species.

Integraing historical and contemporary plankton datasets to contribute to the assessment of Good

Environmental Status: A role for indicators    

 Jacob Bedford (Plymouth University), Marin Atrill (Plymouth University), David Johns (SAHFOS), 

Abigail McQuaters-Gollop (Plymouth University)

  Plankton make useful ecosystem indicators due to their key posiion at the botom of the pelagic 

food web and their sensiivity to environmental change. If selected correctly, indicators should 

accurately relect changes in ecosystem state over ime, providing a succinct summary to inform 

policy decisions. Within the European Marine Strategy Framework Direcive, plankton are used to 

monitor pelagic habitats towards the overall vision of ‘Good Environmental Status’ by 2020. This 

requires a thorough understanding of natural variability and drivers of change in plankton 

communiies in order to idenify any signals of direct anthropogenic impact and to set realisic 

targets.  Using historical datasets to establish a baseline state could aid in this contextual 

understanding by providing insight into how and why this baseline state has changed through ime. 

Two datasets are available to take this long term perspecive on plankton indicators within the North 

Sea: the Coninuous Plankton Recorder dataset collected by the Sir Alister Hardy Foundaion for 

Ocean Science since 1958, and a recently digiised collecion of baseline plankton surveys 

undertaken by ICES from 1902 to 1914.  However, diferences in sampling and analysis 

methodologies between the two datasets results in structural diferences hindering their direct 

comparison.  Indicator metrics that can encompass low taxonomic and numerical resoluions may 

therefore be useful tools in integraing disparate historical and contemporary plankton datasets.

Fisheries and phytoplankton: the inluence of phytoplankton phenology on larval ish abundance 

in the North Sea.

Hugh J. O'Sullivan (Plymouth University), Abigail McQuaters-Gollop (Plymouth University), Dionysios 

E. Raitsos (Plymouth marine Laboratory), Marie-Fanny Racault (Plymouth marine Laboratory).

Phytoplankton are an essenial source of primary producion to the marine environment, forming the

base of  the food web and inluencing higher  trophic  levels  that  include commercially  important

species. The North Sea is an important region for isheries in Western Europe; climate perturbaions

are afecing the structure and funcioning of phytoplankton in the North Sea, which in turn may

inluence  the  survival  of  ish  larvae.  Survival  in  these  early  life  stages  is  important  for  stock

recruitment and will dictate the success of a paricular year class. The present study invesigates the

relaionship between phytoplankton phenology (iming of seasonal blooms) and ish larvae in the

North Sea looking at the top ten most abundant taxa. Data on ish larvae and Phytoplankton Colour

Index (PCI) from the Coninuous Plankton Recorder (CPR) were analysed in conjuncion with satellite

derived  Chlorophyll-a concentraion  and  esimates  of  bloom  characterisics  for  the  period

1998-2005.  Analysis  of  these  datasets  revealed  species-speciic  reacions  to  changes  in

phytoplankton phenology; with larval taxa such as Clupeidae (includes Herring), Trisopterus esmarkii



(Norway  pout)  and  Pleuronectes  platessa (European  plaice)  correlated  with  Chlorophyll-a while

Scomber scombrus (Atlanic mackerel) is less inluenced by changes in Chlorophyll-a.  Our indings

provide greater insight into the importance of assessing phytoplankton phenology in the North Sea;

we reiterate the importance of species-speciic plans to the future management of isheries in the

region.

Where on Earth is that Coninuous Plankton Recorder?

 

Camp, R. (Sir Alister Hardy Foundaion for Ocean Science), Graham, G. (Sir Alister Hardy Foundaion 

for Ocean Science)

  

The SAHFOS CPR network rouinely samples 11,000+ nauical miles of the global ocean per month 

using Ships of Opportunity (SOOP).  Since the 1950s, consistent methodology allows for the direct 

comparison of samples collected within and between decades and from diferent geographical 

regions. Increasingly, precision measurement technologies are being integrated with the CPR survey 

to expand its capabiliies beyond tradiional plankton sampling, which has highlighted a need for 

accurate sample posiioning.  From the start of the survey in 1931, tow informaion was recorded 

manually on a paper log, and returned to SAHFOS on compleion of the CPR tow.  As a result, errors 

on the tow log were diicult to resolve without creaing extra work for the ship’s crews, or could 

render the data useless. To maximise the uility of new molecular and environmental sensing 

capabiliies, it is necessary to evolve posiioning accuracy.  Increasing the spaial and temporal 

accuracy will allow CPR data to be more easily combined with exising ocean observaions from 

satellite, glider, loat and other SOOP plaforms. We have been collecing Automaic Ideniicaion 

System (AIS) posiion data from ships that tow CPRs and comparing this to the posiion informaion 

provided by the tow log.  In addiion CPRs carry electronic instrument packages that can be used to 

verify shoot and haul imes provided on the hand writen tow logs. This talk will compare the two 

sources of vessel posiioning and illustrate how the fusion of AIS data and CPR instrumentaion 

observaions can create an e-log, which can then be used to either conirm the accuracy of the paper

tow log, or idenify and correct errors. We will also demonstrate that fusion of AIS and in-situ 

observaions can create a tow log without transcripion errors and provide valuable metadata to 

SAHFOS to enhance the precision and uility of SAHFOS data products.
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Structure and diversity of microbial communiies associated with sinking versus suspended paricles 

in the Scoia Sea (Southern Ocean)

Manon Duret 

Preference: Oral presentaion

Career status: PhD student

Sinking paricles are the major vehicles for the ocean’s biological carbon pump that sequesters 

atmospheric CO2 and exports it to the deep ocean. The eiciency of this CO2 sequestraion pathway 

can be strongly impacted by organic carbon turnover processes mediated by microbes residing 

within paricles. Paricle-associated communiies are convenionally sampled via size-fracionated 

iltraion, yet this method does not difereniate suspended paricles, which do not directly 

contribute to long-term CO2 sequestraion, from sinking paricles. This study is the irst to compare 

microbial communiies associated with both types of paricles (>10μm) using a non-destrucive 

sampling device, the Marine Snow Catcher. This device was deployed to collect paricles from the 

euphoic and upper-mesopelagic zones of the Scoia Sea. Paricle-associated microbial communiies 

were characterised with Illumina amplicon sequencing of the small-subunit ribosomal RNA gene. 

Prokaryoic communiies associated with sinking and suspended paricles shared with each other 

only 19.3% OTUs (Operaional Taxonomic Units) in the euphoic zone and 17.0% OTUs in the 

upper-mesopelagic zone, with a higher diversity exhibited within suspended paricles. Overall, major 

known remineralising clades were relaively more abundant within suspended paricles (64.1±9.0% 

of total sequence counts) than sinking paricles (47.8±13.3%), though each paricle-associated 

community showed unique composiional paterns. Flavobacteriales (Bacteroidetes), which 

specialise in degrading high-molecular-weight organics, preferenially resided within suspended 

paricles (18.3±10.8%) compared to sinking paricles (37.9±9.8%). Conversely, α-proteobacterial 

Rhodobacterales were more abundant in sinking paricles (5.0±5.8% versus 2.4±1.9%). In the 

euphoic zone, more γ-proteobacterial Oceanospirillales were represented in suspended paricles 

than in sinking paricles (18.4±4.8% versus 8.8±3.4%), but their relaive abundance was similar in 

both paricle types in the upper-mesopelagic. These results are the irst to disinguish microbial 

community structures associated with sinking versus suspended paricles, and suggest that disinct 

remineralisaion processes occur on the two types of paricles.

Manon Duret

PhD Student, Marine Biogeochemistry

Ocean and Earth Sciences, University of Southampton Oice 164/25, ext. 26478 Naional 

Oceanography Centre of Southampton Waterfront Campus, European Way, Southampton, SO14 3ZH,

UK

Tel: +44 (0)23 8059 6478

Email: M.T.Duret@soton.ac.uk
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E2osystem response to an episodic nutrient entrainment

event

Julie Robidart1, Irina Shilova2, Kendra Turk-Kubo2, Jonathan Magasin2, Sam Wilson3,

Dave Karl3, Chris Scholin4 & Jonathan Zehr2

1National Oceanography Centre, Southampton; 2University of California, Santa Cruz;
3University of Hawaii; 4Monterey Bay Aquarium Research Institute
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Open ocean eddies have been implicated in the vertical transport of deep water 

nutrients into the photic zone in the oligotrophic North Pacific, but the microbial communities 

and biogeochemical cycles fueled by this nutrient enhancement remain unknown. 

Incubations were carried out in the North Pacific to mimic eddy-induced episodic events. 

These experiments distinguish the effects of nutrients alone (mixing with filtered deep 

(130m) seawater) and biological interactions (mixing with unfiltered deep seawater) on the 

surface (25m) microbial community, using the MicroTOOLs microarray. The MicroTOOLs 

array enables metatranscriptomic analysis using 135,000 probes designed from 

environmental sequences targeting all three domains of life and viruses (Shilova et al., 

2014). 

Deep nutrients decreased overall transcription in the blooming N2 fixing 

cyanobacteria Trichodesmium, Crocosphaera and UCYN-A, but transcription was enhanced 

as a result of biological interactions. While the factors underlying the observed trends and 

the metabolically linked microorganisms are unknown, the activities of diazotrophs were 

confirmed in N2 fixation rates measured in each condition: rates decreased after the addition 

of deep nutrients and increased due to biological interactions.

            A robotic biosensor (the Environmental Sample Processor or ESP) deployed in 

surface waters during BioLINCS sampled a nutrient transport event similar to previously 

observed events at Station ALOHA. Ecosystem-wide transcriptional profiles from 

experimental mixing of the surface community with 130 m water were similar to 

transcriptional profiles of the communities sampled in situ by ESP. Though Trichodesmium 

and UCYN-A were not active in the ESP-collected samples, Crocosphaera activity increased

due to this event.  

This study demonstrates that the combination of experimentation, autonomous 

sampling and targeted transcriptomics enables the mechanistic understanding of organisms 

and processes underlying the complexities of marine microbial biogeochemistry.
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Title: An ‘omic’ approach to Aric ecosystem robustness



Authors: Michael Carter-Gates (University of Southampton), Dr Tom Bibby (Naional Oceanographic 

Centre, Southampton), Professor Mark Moore (Naional Oceanographic Centre, Southampton) & Dr 

Declan Schroeder (The Marine Biological Associaion of Plymouth).

Presentaion requested: Oral presentaion

Career level: First year PhD Student

Abstract:

The Global decline of Biodiversity is one of the most criical challenges of the 21st century. Yet a lack 

of knowledge of the current state and distribuion of biodiversity is severely impeding internaionally

agreed eforts to reduce further deterioraion.

This is paricularly apparent for marine proists which form key funcional components of the Arcic 

Ocean ecosystem.

Here we set out our progress in providing an in depth catalogue of proist diversity over a spaial 

scale covering temperate to polar waters, through the use of Next Generaion Sequencing (NGS). This

technique provides a powerful tool with which to examine the diversity of this region, especially 

reporing on rare species.

We assessed the eukaryoic diversity from samples collected at 2 sites which represented both Arcic 

waters inluenced by temperate currents and those of true polar origin. We analysed 18S amplicon 

sequences generated using universal primers targeing the V9 region. A total of 186 unique OTUs 

were ideniied across both sites. The biodiversity of each site was explored revealing the highest 

level of Alpha diversity to be present in samples of Arcic origin, and disinct biogeographies of both 

the rare and abundant taxa between sites.

Future work will expand the number of sampled locaions, and generate metatranscriptomes across 

all sites. This will help to further address the quesion of predicing how these communiies will react

to climate change and the threat it presents to this region by way of increasing warming, loss of 

perennial sea ice and erosion of the halocline, all of which are paving the way for temperate species 

to extend their range into Arcic waters, potenially displacing the unique diversity observed.
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Abstract – 

Trichodesmium sp.  is  a globally  important  marine cyanobacterium that accounts for  a  signiicant

proporion of the annual ‘new’ nitrogen introduced into the global ocean. These non-heterocystous

diazotrophs  employ  a  unique  strategy  of  near  concurrent  nitrogen  ixaion  and  oxygenic

photosynthesis  without  complete  cellular  segregaion.  Trichodesmium is  subsequently  burdened

with a paricularly high iron requirement due to the iron rich proteins involved in both process. With

an esimated 1 in 3 proteins containing a metal co-factor the wider study of transiion metals in the

marine environment is  increasingly being pursued. Unlike iron,  comparaively litle is  understood

about the broader micronutrient and trace-metal requirements of Trichodesmium in either culture or

the environment. Here we take a muli-faceted approach towards understanding  Trichodesmium’s

iron, phosphorus and broader trace-metal requirements by pairing label-free quanitaive proteomics

data (UPLC-MSE) with both shotgun metagenomic (Illumina) and metallomic (ICP-MS) approaches.

Environmental  Trichodesmium populaions  were isolated  from a  north-south meridional  transect

covering an anitheical gradient of dissolved iron and dissolved inorganic phosphorus. Highlighing

the abundance of both phosphorus and iron stress biomarker proteins we compare the proteomic

proile  of  these  environmental  isolates  with  that  of  high  and  low  iron  phenotypes  previously

observed  in  culture.  Further,  an  exploraion  of  Trichodesmium’s proteomic  and  metallomic

composiion reveals the importance of other less well studied trace-metals, their roles in carbon and

nitrogen ixaion, nutrient acquisiion and the avoidance of oxygenic stress alongside their potenially

limiing environmental availability.
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Abstract – 

Trichodesmium  sp.  is  a  globally  important  marine  cyanobacteria  that  accounts  for  a  signiicant

proporion of the annual ‘new’ nitrogen introduced into the global  ocean. Their biogeography is

controlled  by  the  availability  of  iron  (Fe)  as  this  element  is  essenial  in  both  the  processes  of

photosynthesis and nitrogen-ixaion.  Aeolian dust paricles are an important source of iron in the

open  ocean,  however,  the  availability  of  Fe  from  these  sources  is  poorly  constrained.  Recent

evidence  has  suggested  Trichodesmium physically  interacts  with  dust  paricles  and  potenially

acively reduces Fe into a more biologically available form.  In this study we grow  Trichodesmium

cultures  where  dust  paricles  (from  the  Sahara)  are  the  only  potenial  source  of  Fe.  In  our

experimental condiions Trichodesmium is either physically separated from dust or allowed to form

direct physical  contact.  We report  that  Trichodesmium has a  higher growth rate  when in  direct

physical  contact  with  dust  and  we  idenify  a  number  of  unique  genes  regulated  under  these

condiions,  including  many  cell-surface  and  binding  proteins  not  previously  ideniied  in

Trichodesmium Fe response.  Trichodesmium therefore seems to be able to respond to and acively

mine  Fe  directly  from  paricles  of  dust.  This  concept  is  important  for  understanding  both  the

biogeography  of  keystone  marine  microbes  such  as  Trichodesmium and  also  has  impact  on

understanding the biogeochemical cycling of Fe.
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Phosphorus is an essenial macronutrient to all life as a vital component in various biomolecules 

from nucleic acids, cell membranes and energy currency molecules. In the ocean, the most 

bioavailable form of phosphorus is inorganic phosphate, but in the extensive subtropical gyres, 

phosphate concentraions can be chronically low in the surface ocean and limit biological acivity. In 

response to phosphate stress, marine microorganisms including the diazotroph Trichodesmium 

express genes, which produce enzymes which either increase the capacity of inorganic phosphate 

uptake or allow access to the organic phosphorus pool. Such genes include high ainity phosphate 

proteins (pstS and sphX), phosphonate binding proteins (phnD and phnJ) and hydrolyic enzymes for 

P-esters (alkaline phosphatase; phoA and phoX). Further more, recent evidence suggests that alkaline

phosphatase’s can be co-limited by iron (phoX) or zinc (phoA).  Here we present indings from 

Trichodesmium colonies collected from the tropical eastern Atlanic (GEOTRACES GA06; D361) 

alongside inorganic nutrient and trace metal gradients. All six phosphorus acquisiion genes (phoA, 

phoX, pstS, sphX, phnD and phnJ) were successfully ideniied within the Trichodesmium community 

from the study region, however diferences were observed between the staions sampled. Genes 

encoding for phosphonate uilisaion were found across all staions. Furthermore, phoX and pstS 

were also present at all ive staions. Conversely, sphX was only present at two staions whilst phoA, 

was only present at one staion. Further diferences were observed once gene expression was 

quaniied. Most notably the alkaline phosphatase genes phoA and phoX, appear to show evidence 

of being controlled by the availability of zinc and iron respecively in the water column. These results 

demonstrate the need to combine novel molecular techniques with more tradiional methods to 

improve our understanding of nutrient acquisiion in the marine environment. 
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Fiona M. Llewellyn-Beard, Alexandra V. Turchyn, Gilad Antler, Michael J. Bickle (University of 

Cambridge)
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The anoxic oxidaion of organic carbon in marginal marine environments is oten dominated by bacterial iron 

reducion, microbial sulfate reducion or methanogenesis. Salt marsh ponds on the north Norfolk coast exhibit 

bimodal geochemical behaviour, either dominated by bacterial iron reducion or microbial sulfate reducion 

with methane. These sediments may ‘switch’ from one state to another by natural or anthropogenic 

disturbances, with the potenial for a rapid increase in methanogenesis in sulidic sediments leading to large 

emissions of methane from the marsh.  At the heart of these procesess is the changing microbial ecology and 

biogeochemical cycling of sulfur, iron and carbon in the marsh sediments.

Through a series of core proiles and incubaions using sediment collected from the north Norfolk salt marshes,

we will elucidate the complex processes linking the microbially mediated carbon, iron and sulfur cycling in 

coastal wetlands, and gain an insight into the dual behaviour of the Norfolk pond sediments. The experiments 



will straddle the interface of geochemistry, microbiology and chemistry. Sediments which are largely 

dominated by iron reducion have been incubated in condiions with varying amounts of diferent labile 

sources of organic carbon to understand at what level they will switch from largely iron reducion dominated to

sulfate reducion dominated and methanic. Other incubaions are run with molybdate to understand how the 

inhibiion of microbial sulfate reducion impacts the availability of various iron minerals to the microbial 

communiies. Acive microbial populaions will be studied through genome sequencing on th core proiles as 

well as at various points during the incubaions. Through this interdisciplinary approach, we are building up a 

greater overall understanding of the biogeochemistry of coastal marshes and the marine-land interface.



ORAL PRESENTATIONS

1. Role of zooplankton in determining the efficiency of the biological carbon pump

Emma Cavan (UoS/NOCS), Dr.  Steph Henson (NOCS), Anna Belcher (UoS/NOCS),
Prof. Richard Sanders (NOCS)

The efficiency of the ocean’s biological carbon pump plays a key role in the air-sea
partitioning of CO2.  The amount of sinking organic carbon remineralised in the upper
mesopelagic zone determines the efficiency of the pump (BCPeff: fraction of primary
production reaching the deep ocean). Despite its importance in the global carbon cycle,
the biological processes that control BCPeff are poorly known. Here we investigate the
potential  role  that  zooplankton  play  in  remineralisation  by  grazing  leading  to  the
fragmentation of sinking particles and complete remineralisation, using both in situ data
and model output.  We present observed and modelled estimates of fast, slow and total
sinking  fluxes from 3  oceanic  sites:  the  Atlantic  sector  of  the  Southern  Ocean,  the
temperate North Atlantic and the equatorial Pacific oxygen minimum zone (OMZ).  We
find that observed particle export efficiency is inversely related to primary production, in
direct contrast to the model estimates. Both the observations and the model show that
slow sinking flux is less than the fast sinking flux, but only the observations show that
the relative contribution of slow sinking flux to the total increases with depth.  The model
and  observations  show  strongest  agreement  at  the  OMZ  site  where  zooplankton
processing of particles is thought to be low.  As the model does not allow grazing on
large particles or for them to be transformed into smaller particles, we therefore suggest
that all these results point to the importance of grazing by zooplankton in setting BCPeff,
including the effect of diel vertical migration.  We recommend that a focus on improved
parameterisations of  zooplankton may increase the fidelity  of  biogeochemical  model
estimates of the biological carbon pump.



2. Rapid emergence of climate change in environmental drivers of marine ecosystem
stress

Stephanie  Henson (National  Oceanography Centre),  Claudie Beaulieu  (University  of
Southampton),  Tatiana  Ilyina  (Max  Planck  Institute  for  Meteorology),  Jasmin  John
(NOAA Geophysical  Fluid Dynamics Laboratory), Matthew Long (National Center for
Atmospheric  Research),  Roland  Seferian  (Centre  National  de  Recherches
Météorologiques),  Jerry  Tjiputra  (Bjerknes  Centre  for  Climate  Research),  Jorge
Sarmiento (Princeton University)

Climate  change  is  expected  to  induce  ecological  responses  in  the  ocean,  with  the
potential  for  important  effects  on  the  ecosystem  services  provided  to  humankind.
Significant impacts on marine ecosystems may occur when climate change pushes the
environment outside the range of natural variability to which organisms are adapted,
particularly when multiple stressors co-occur.  Here we address the question of how
rapidly  multiple  drivers of  marine ecosystem stress develop in  the future ocean,  as
represented  in  projections  of  climate  change  scenarios.   Further,  we  quantify  the
effectiveness of mitigation measures to delay the emergence of climate change signals.
By analysing an ensemble of models we find that, within the next 15 years, the climate
change-driven trend in multiple ecosystem drivers emerges in ~ 55 % of the ocean and
propagates  rapidly  to  encompass  86  %  of  the  ocean  by  2050  under  a
‘business-as-usual’  scenario.   However,  we  also  demonstrate  that  the  exposure  of
marine ecosystems to climate change-induced stress can be drastically reduced via
climate  mitigation  measures;  with  mitigation,  the  proportion  of  ocean  susceptible  to
multiple drivers within the next 15 years can be slashed to 34 %.  Mitigation dramatically
slows the pace at which multiple drivers emerge, allowing an additional ~ 25 years for
adaptation in marine ecological and socio-economic systems alike.



3. Climate sensitivity to ocean sequestration of heat and carbon

Richard G. Williams (Liverpool University), Vassil M. Roussenov (Liverpool University),
Philip Goodwin (Southampton University), and Laurent Bopp (CNRS, France)

The rate by which the global ocean sequesters heat and carbon has a profound effect
on  the  transient  global  warming.  Here,  we  provide  a  theoretical  framework  to
understand how the transient climate response to emissions (TCRE) can be interpreted
in terms of a product of three differential terms:  the dependence of surface warming on
radiative forcing, the fractional radiative forcing contribution from atmospheric CO2 and
the  dependence  of  radiative  forcing  from  atmospheric  CO2  on  cumulative  carbon
emissions. This framework is used to diagnose a set of 8 different Earth System Models
used for IPCC AR5. All the models reveal a decrease in the dependence of radiative
forcing from CO2 on carbon emissions, which is partly compensated by an increase in
the  dependence  of  surface  warming  on  radiative  forcing.  This  partly  compensating
response is a consequence of the ocean and terrestrial system sequestering heat and
carbon. On decadal timescales, there are larger changes in the TCRE due to changes
in  ocean  heat  uptake  and  changes  in  non-CO2  radiative  forcing  linked  to  other
greenhouse gases and aerosols.  Our framework may be used to interpret the response
of different climate models and used to provide traceability between simple and complex
Earth System models.



4. Subtropical Atlantic drivers of anthropogenic carbon (Cant) and pH variability: 1992 –
2016

T.  Tudino  (university  of  Exeter),  M.-J.  Messias  (university  of  Exeter),  B.J.W.  Mills
(university of Leeds), A.J. Watson (university of Exeter), J. Baker (university of Exeter),
P.R. Halloran (university of Exeter), U. Schuster (university of Exeter), A. Yool (National
Oceanography Centre)

Since 1860, human activities have led to an atmospheric carbon dioxide rise from 280
to 400 ppm. The global ocean has limited the consequent greenhouse effect by taking
up a third of anthropogenic CO2 (Cant), mostly in key areas such as the North Atlantic.
Estimating this uptake is challenging because Cant cannot be measured directly in the
ocean, and it has been inferred from carbon-based (e.g.: DIC, alkalinity and inorganic
nutrients) or anthropogenic transient tracer observations using several methods (ΔC*,
ΦCT0, TrOCA, TTD, eMLR).

Here, we present the temporal evolution of the empirical “back-calculation” (ΔC*, ΦCT0,
TrOCA, eMLR) Cant estimates comparing them to the “transit time distribution” (TTD)
estimates. The study is based on observations taken from the upper water column (σ0 <
27.2 Kg*m-3),  which contains the Cant bulk, along the repeated 24°N North Atlantic
transect in the 1992-2010 timeframe. Results highlight a decreasing Cant correlation
(based  on  R2)  between  the  empirical  “back-calculations”  and  the  TTD,  more
accentuated  for  the  ΔC*-based  than  for  the  ΦCT0-based  analyses,  with  some
indications that this trend is linked with a change in the potential temperature.

Simultaneously, changes in the pH of the studied water masses, estimated from DIC
and  alkalinity  observations  (CO2SYS),  have  occurred  both  because  of  the
anthropogenic carbon input, and because of a freshening and warming over time. We
examine  and  separate  these  effects,  deriving  an  anthropogenic  acidification  of
approximately -0.12 on the pH total scale.  

Extending  the  analysis  to  general  circulation  models  (MPI-ESM-MR,  OCCAM  and
NEMO-3.2 coupled to MEDUSA-2.0), the highest anthropogenic influences appeared to
be  correlated  with  the  most  ventilated  North  Atlantic  areas  (e.g.:  Deep  Western
Boundary Current) and the water masses formed in the Northern hemisphere.



5. A strongly increasing North Atlantic atmospheric CO2 sink, underpredicted by models

Alice Lebehot (University of Exeter, Met-Office),  Paul Halloran (University of Exeter),
Andrew  Watson  (University  of  Exeter),  Doug  McNeill  (Met-Office),  Ute  Schuster
(University of Exeter), Siv K. Lauvset (University of Bergen), Peter Landschützer (ETH
Zürick)

To monitor the warming target of 2 degrees relative to pre-industrial levels by 2100, we
need to understand the complex interaction between the marine carbon sinks and the
atmosphere  and to  provide  a  robust  evaluation  of  how well  models  used for  future
climate predictions can reproduce those interactions. The North Atlantic Ocean is one of
the strongest sinks for anthropogenic carbon dioxide (CO2) on the planet. Uncertainty in
the extrapolation of heterogeneously distributed observations has hindered us in the
past to verify the output of climate models, leading to substantial uncertainties in future
predictions.  After  quantifying the basin-wide uncertainty  associated to a Multi  Linear
Regression  mapping  technique  (Watson  et  al.,  2009),  we  found  that,  based  on
observations, the North Atlantic CO2 uptake significantly increased during the period
2000 to 2013, in response to increasing atmospheric CO2 mixing ratio. In contrast, a set
of CMIP5 models do not capture the significant observed North Atlantic atmospheric
CO2 sink trend. The higher Revelle factor in the subpolar gyre of the CMIP5 models
than in  the  observations is  explored as  one of  the possible  reasons explaining the
absence of a strong North Atlantic CO2 sink in the models. These results suggest that
current projections are likely to underestimate the contribution of the North Atlantic to
mitigating increasing future atmospheric CO2 concentrations.



6. Effects of sparse sampling on detection of global climate change trends in chlorophyll
concentration

K. Giamalaki (Ocean and Earth Science, University of Southampton, UK), S. Henson
(National  Oceanography Centre,  Southampton,  UK),  C.  Beaulieu  (Ocean and Earth
Science, University of Southampton, UK)

Phytoplankton form the base of the marine food web and contribute to the oceanic sink
of  CO2.  Global  climate  change  is  expected  to  alter  phytoplankton  abundance  and
distribution  but  physical  and  biogeochemical  models  present  large  uncertainties  in
predicting these alterations. Due to their importance, several studies have attempted to
detect  climate change-driven trends in observed chlorophyll  concentration.  However,
these studies do not agree on even the sign of the trend, likely due to limitations and
bias introduced by data scarcity, the patchy nature of the data, as well as differences in
collection methods. Here we discuss the limitations of in situ sampling for the reliable
determination of long-term trends in chlorophyll concentration. We subsampled a global
biogeochemical  model  to  mimic  the  distribution  of  an  in  situ  chlorophyll  database.
Regional  long-term  trends  were  calculated  by  fitting  Generalized  Additive  Models
(GAMS)  both  to  60  years  of  the  full  and  subsampled  model  output  and  to  in  situ
chlorophyll measurements. Comparisons between these different GAM fits together with
the estimation of mean chlorophyll rates have revealed the effect of the in situ sampling
on  long-term  trends  of  chlorophyll:  an  underestimation  of  the  long-term  chlorophyll
trends as well as increased uncertainty of the statistical model estimations due to poor
spatial and temporal data coverage. The work presented here highlights the problems of
sparse sampling and provides useful insights for more accurate trend calculation for
future studies on chlorophyll distribution and marine primary production.



7.  Is  satellite-derived  export  production  consistent  with  the  global  distribution  of
nutrients?

Raffaele Bernardello (NOC), Adrian Martin (NOC), Samar Khatiwala (U. Oxford), Iris
Kriest  (GEOMAR),  Stephanie  Henson  (NOC),  Jeff  Blundell  (U.  Southampton),  John
Dunne (GFDL), Andrew Yool (NOC), Mark Moore (U. Southampton).

Production of organic matter by marine phytoplankton plays a key role in the regulation
of  the  Earth's  climate  because it  contributes  to  remove CO2 from the atmosphere.
However, most organic matter is recycled in the upper layer of the ocean without being
effectively transported away from the air-sea boundary layer. Therefore, the gravitational
sinking of  organic particles into the interior of  the ocean constitutes a key process,
referred to as export production. Because of logistical difficulties, in situ data for export
production are scarce. However, in the last two decades several studies have attempted
to link remote-sensing data to export production, offering an unprecedented synoptic
coverage for this process. Here we use a range of satellite-derived export production
products as input for a coupled hydrodynamic-biogeochemical model. The model is run
to steady-state and the resultant global  distribution of  nutrients is  evaluated against
observations  taking  into  account  the  partition  between  regenerated  and  preformed
nutrients.  The emergence of  particular  biases in  the resultant  nutrient  distribution is
used to infer possible weaknesses of each satellite-derived export production product.



8. Are we there yet? The never-ending quest for resolution in marine biogeochemical
modelling 

K. Popova, A.G. Nurser, S. van Gennip, A. Yool, A. Coward (National Oceanography
Centre, Southampton)

Coupled ocean physical and biological models have come a long way in terms of spatial
resolution since the early work of Sarmiento & Fasham (1993). This afforded only a
basin-scale domain and 2-degree horizontal resolution, while the present generation of
CMIP6  Earth  system  models  promises  some  runs  with  1/4-degree  ocean  and
ocean-only  models  with  marine  biology  are  now  routinely  run  at  1/12-degree.  But
increased resolution comes at vastly increased computational  cost  and, against  this
backdrop, it  is  time to pause and ask ourselves what the gain in realism of marine
biogeochemistry is with this increased resolution.

Here we present a preliminary analysis of a cascade of global ocean model running with
marine biogeochemistry at horizontal resolutions of 1-, 1/4- and 1/12-degree. Using a
lagrangian approach, we analyse five key oceanographic topics where improvements in
biophysical interactions from increased resolution are most anticipated: 1. subtropical
gyres – where low resolution models traditionally underestimate nutrient availability and,
thus, primary production; 2. boundary currents – whose pathways and magnitudes play
important  roles  in  defining  species  compositions;  3.  upwelling  regimes  –  pivotal  in
nutrient  supply,  deoxygenation  and  acidification,  and  associated  with  our  most
productive fisheries; 4. ocean mixing – which controls carbon exchange between the
deep ocean and the atmosphere, as well as structuring nutrient regimes throughout the
world ocean; 5. Antarctic bottom water formation – critical for the long-term storage of
anthropogenic carbon and the present-day distribution of key nutrients.

Through the  framework  of  these topics,  we illustrate the  gains  to  modelling  marine
biogeochemistry  from “cranking  up”  horizontal  grid  resolution,  and  we  conclude  on
suggestions for where we believe that the future lies.



9. Is better constraining of marine ecosystem models required for improved estimation
of autotrophic biomass and phenology?

Shovonlal Roy (Department of Geography and Environmental Science & The School of
Agriculture Policy and Development, University of Reading, Whiteknights, Reading RG6
6AB

The marine autotrophic biomass, responsible for almost half of the annual global carbon
fixation, is fundamental to the global carbon cycle. However, an accurate estimation of
this  biomass  stock  and  phenology  on  a  global  scale  is  a  non-trivial  task.  This
presentation  will  deal  with  certain  disparities  between  remote-sensing  based
observations and ecosystem models in estimating autotrophic biomass and phenology,
based on recent and ongoing works. It includes examples from satellite algorithms and
data assimilation to ecosystem models, providing independent estimates of autotrophic
biomass  stocks  partitioned  into  size  classes  and  their  phenology.  Results  will  be
discussed in the context of minimizing the uncertainties in estimating these quantities
from observations and marine ecosystem models.



POSTER PRESENTATIONS

1. Development of a new, long term carbon cycle model 

Ross Whiteford (University of Southampton), Toby Tyrrell (University of Southampton),
Gavin Foster (University of Southampton) and Paul Wilson (University of Southampton).

The carbon cycle is an important component of the climate cycle. Several carbon cycle
models exist, but the majority of these models function best at the short temporal scale
(up  to  kiloyear  length)  due  a  compromise  between  computing  requirement  and
usefulness, however it is important to quantify longer term behaviour of the carbon cycle
and climate to understand long term palaeoclimatic variations, present climatic state,
and make predictions for the future. I tackle this problem by developing a new carbon
cycle model that seeks to track planetary surface fluxes of carbon over timescales of
tens of millions of years. Using this model it is possible to test the relative strength of
climatic drivers and climatic feedbacks, which has implications for both terrestrial and
extraterrestrial  planetary  evolution.  The  model  also  allows  the  effect  of  short  term
carbon  cycle  perturbations  on  long  term climate  to  be  examined,  which  has  direct
relevance to  the  current  anthropogenic  release of  carbon as  well  as  palaeoclimatic
events. Additionally,  I  compare the processes and parameterisations included in this
model against other carbon cycle models to investigate behavioural differences, as well
as differences in data requirement and assimilation.



2.  Structural  sensitivity  in  biogeochemical  models  with  explicit  representation  of
phytoplankton functional types

Prima Anugerahanti, Shovonlal Roy (University of Reading), Keith Haines (University of
Reading), and Kevin White (University of Reading)

Marine biogeochemical models, used to study the seasonal cycles of phytoplankton and
the  dynamics  of  the  marine  ecosystem,  are  sensitive  to  how  the  biogeochemical
processes are modelled and parameterised. Earlier studies have shown that a slight
change in model structure and parameterisation may lead to a major change in system
dynamics. We investigate how biogeochemical models are sensitive to the choice of
functional  forms  and  how  they  might  affect  the  model  prediction  on  phytoplankton
phenology and associated indicators. This is done by simulating various forms of marine
biogeochemical  models,  a  simple  nutrient-phytoplankton-zooplankton  (NPZ)  and  an
intermediately complex MEDUSA model, embedded with different functional forms on
each process, such as nutrient uptake, zooplankton grazing, and plankton mortalities. A
list  of  phenological  parameters  and  ecological  indicators  were  computed  from  the
models and compared with those derived from the in-situ data and satellite observation.
We report on how structural sensitivity may affect the outcomes of simple to complex
marine biogeochemical models.



3.  The assessment  of  a  global  marine ecosystem model  on the  basis  of  emergent
properties and ecosystem function: a case study with ERSEM

Lee de Mora (PML), Momme Butenschön (PML) and J. Icarus Allen (PML)

Ecosystem models are often assessed using quantitative metrics of absolute ecosystem
state,  but  these  model  data  comparisons  are  disproportionately  vulnerable  to
discrepancies in the location of important circulation features. An alternative method is
to demonstrate the models capacity to represent ecosystem function; the emergence of
a coherent natural relationship in a simulation indicates that the model may have an
appropriate  representation  of  the  ecosystem  functions  that  lead  to  the  emergent
relationship.  Furthermore,  as  emergent  properties  are  large-scale  properties  of  the
system, model validation with emergent properties is possible even when there is very
little  or  no  appropriate  data  for  the  region under  study,  or  when the  hydrodynamic
component of the model differs significantly from that observed in nature at the same
location and time.

A selection of published meta-analyses are used to establish the validity of a complex
marine ecosystem model  and to demonstrate the power of validation with emergent
properties. These relationships include the phytoplankton community structure, the ratio
of carbon to chlorophyll  in phytoplankton and particulate organic matter,  the ratio of
particulate organic carbon to particulate organic nitrogen and the stoichiometric balance
of  the ecosystem. These metrics can also inform aspects of  the marine ecosystem
model not available from traditional quantitative and qualitative methods. For instance,
these emergent properties can be used to validate the design decisions of the model,
such  as  the  range  of  phytoplankton  functional  types  and  their  behaviour,  the
stoichiometric flexibility with regards to each nutrient, and the choice of fixed or variable
carbon to nitrogen ratios.



4.  Automated  ocean  front  detection:  An  Earth  observation-based  validation  tool  for
ocean models at shelf, basin and global scale.

P. I. Miller (Plymouth Marine Laboratory, Remote Sensing Group, Plymouth, UK), B. R.
Loveday  (Plymouth  Marine  Laboratory,  Remote  Sensing  Group,  Plymouth,  UK),  K.
Guihou (National Oceanography Centre, Marine Systems Modelling, Liverpool, UK), B.
Sinha (National Oceanography Centre, Marine Systems Modelling, Southampton, UK),
A. Blaker (National Oceanography Centre, Marine Systems Modelling, Southampton,
UK)

Automated front detection is a well-established tool for identifying dynamic processes in
Earth observation (EO) products such as sea-surface temperature (SST) and ocean
colour fields. Incremental improvements in the application of this technique now allow
for  maximum  exploitation  of  cloud  affected  satellite  scenes  and  the  generation  of
synoptic maps of surface variability based on front persistence, strength and location. In
parallel, increases in computational availability have allowed incremental improvements
in the horizontal resolution of ocean models, which can now capture the mesoscale and
sub-mesoscale in global and regional configurations, respectively. Consequently, there
is a need to validate these models at a compatible scale.

Here, to address this need, automated front detection techniques are similarly applied
EO  fields  and  ocean  models  of  varying  resolution,  with  the  goal  of  validating  the
performance of the latter based on the expression of coherent surface structures. Front
maps  generated  by  the  models  are  scored  against  analogous  earth  observation
counterparts  (e.g.  1  km Multi-scale  Ultra-High Resolution  SST products)  on  varying
time-scales, with  performance scored using a receiver-operator  characteristic (ROC)
curve. ROC curves are subsequently combined to give a multi-scale assessment of
model performance based on a front validation index (FVI). FVI values are derived for
two test-case simulations, to assess; 1) western boundary current extent in a global,
eddy-permitting  hindcast,  and  2)  the  performance  of  the  1/60th  degree  resolution,
AMM60 European shelf model, developed as part of the FASTNEt project.



5. UKESM1: What it is, where it’s got to, and what it’ll be doing in CMIP6 (and when)

Andrew Yool  (NOC),  Julien  Palmieri  (NOC),  Lee de  Mora  (PML),  Till  Kuhlbrodt  (U.
Reading), Colin Jones (NCAS/UKMO), Alistair Sellar (UKMO), Icarus Allen (PML), Katya
Popova (NOC) and the UKESM1 Core Team (UKMO/NERC) 

The Coupled Model Intercomparison Project (CMIP) is now a long-established activity
undertaken by modelling groups around the world to compare their models in a suite of
standardised experiments. It is best known for its role in informing the periodic reports
produced by the Intergovernmental Panel on Climate Change (IPCC), particularly for its
future scenarios of global change. Over the last few years, the UKMO and NERC have
jointly developed an Earth system model to both participate in CMIP6, and to serve as a
community  model  for  researchers  across  the  Earth  sciences  in  the  UK.  In  this
presentation,  we  provide  an  up-to-date  overview  of  this  model,  UKESM1.  This  will
include details of its component submodels – with particular attention on marine physics
and biogeochemistry – and a summary of the progress and performance of the model.
The latter will make use of an evaluation suite developed in parallel with the model to
assist  with  its  tuning  and optimisation.  Results  will  focus on the  preparation  of  the
pre-industrial  “base  state”  that  will  serve  as  UKESM1’s  entry  point  for  CMIP6,  in
particular a validation of this state. UKESM1 is due to begin CMIP6 simulations in late
2016, and the presentation will also include a timeline of when the UK community can
expect the availability of key simulations such as future projections. Opportunities for
future development of the successor model, UKESM2, will be outlined to further engage
community effort.



 Abstract title: Impact of atmospheric convectively-coupled Kelvin waves on Indian 

Ocean variability.
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Environmental Sciences and School of Mathematics, University of East Anglia, UK), 
Dariusz B. Baranowski (University of Warsaw, Poland), Maria K. Flatau (Naval 
Research Laboratory, USA), Piotr J. Flatau (Scripps Institution of Oceanography, 
USA)

 Preference: oral presentation

 Abstract: Convectively coupled Kelvin waves (CCKWs) are atmospheric weather 

systems that propagate eastward along the equatorial wave guide with phase speeds
between 11 and 14 m s-1. They are an important constituent of the convective 
envelope of the Madden-Julian Oscillation (MJO), for which ocean-atmosphere 
interactions play a vital role. Hence, ocean-atmosphere interactions within CCKWs 
may be important for MJO development and prediction, and for tropical climate in 
general. Although the atmospheric structure of CCKWs has been well studied, their 
impact on the underlying ocean is unknown. In this paper, the ocean-atmosphere 
interactions in CCKWs are investigated by a case study from November 2011 during 
the CINDY/DYNAMO field experiment, using in situ oceanographic measurements 
from an ocean glider in the Indian Ocean. The analysis is then extended to a 15-year 
period using precipitation data from the Tropical Rainfall Measuring Mission (TRMM) 
and surface fluxes from the TropFlux analysis. A methodology is developed to 
calculate trajectories of CCKWs. CCKW events are strongly controlled by the MJO, 
with twice as many CCKWs observed during the convectively active phase of the 
MJO compared to the suppressed phase. Coherent ocean-atmosphere interaction is 
observed during the passage of a CCKW, which lasts approximately 4 days at any 
given longitude. Surface wind speed and latent heat flux are enhanced, leading to a 
transient suppression of the diurnal cycle of sea surface temperature (SST), and a 
sustained decrease in bulk SST of 0.1 degC. Given that a typical composite mean 
MJO SST anomaly is of the order of 0.3 degC, and more than one CCKW can occur 
during the active phase of a single MJO event, the oceanographic impact of CCKWs 
is of major importance to the MJO cycle.
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The Indian Summer Monsoon (ISM), a subsystem of the Asian Monsoon, is a prime example

of the interaction between continental, oceanic and atmospheric processes. The evolution of

the ISM over tectonic time scales (Ma) is, however, poorly understood. Previous studies of

oceanic and terrestrial proxies from the monsoon regions have provided conflicting evidence

for the timing of the strengthening of the ISM to its current strength [1-2]. Recently drilled

continuous sedimentary successions from the Andaman Sea in the Bay of Bengal  (IODP

Expedition 353) are being analyzed to obtain a multiproxy record from the Bay of Bengal

including portable X-Ray Fluorescence (pXRF), foraminiferal key indicator species counts

and foraminiferal Mass Accumulation Rates (MAR). Sediment was dried and powdered prior

to analysis  with pXRF spectrometry to  obtain a quantitative bulk elemental  composition.

International  standard  (DO-1  USGS  Devonian  shale)  and  a  set  of  31  internationally

proficiency tested standards  e.g.  dolomites,  ocean floor  sediments,  shales  and limestones

were used to obtain calibration curves of measured and expected data for each element. The

found relationships were then used to obtain quantitative elemental data and ratios down core.

pXRF ratios of Ti/Ca, Fe/Ca and K/Ca will give a first  order impression of the input of 

terrestrial vs marine input. K/Rb provides information regarding the strength of the chemical

weathering of rocks. Foraminiferal mass accumulation rates will provide information on the

carbonate productivity and the relative abundance of key species are used to evaluate changes

in stratification of the water column. The combination of the proxies will contribute to the

understanding  of  the  processes  linked  to  the  variability  and  strengthening  of  the  Indian

Summer Monsoon from the Andaman Sea over the Cenozoic. We will present proxies results

on tectonic time-scale from site U1447 from the Andaman Sea in the Bay of Bengal.

 

[1] Clift, P. D. & Plumb, R. A. The Asian Monsoon. (Cambridge University Press, 2008).

[2] Steinke, J. Groeneveld, H. Johnstone, R. Rendle-Buhring (2010), P3, 289, 33–43.
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Understanding and quanifying calcium carbonate dissoluion in the water column remains a

signiicant challenge.  The direct way to measure CaCO3 dissoluion rates on large spaial 

scales is by measuring the seawater calcium concentraions and alkalinity (as a proxy for the 

release of carbonate ion by CaCO3 dissoluion). However, previous studies of deep ocean 

calcium concentraions and alkalinity revealed unresolved systemaic discrepancies between

these parameters and sufered from very large analyical noise around the calcium 

concentraion measurements.  During the irst cruise of the second Internaional Indian 

Ocean Expediion (IIOE-2) water samples were collected along 67°E from 9°N to 5°S to 

explore the dissoluion rate of calcium carbonate in the water column using calcium 

concentraions measured by isotope diluion thermal ionizaion mass spectrometry 

(ID-TIMS).  The cruise track sampled waters with depleted oxygen, enhanced nitrogen- 

to-phosphorus raios and a decrease in pH levels by >0.6 units. CaCO3 mineral saturaion 

state calculated using pH and total alkalinity suggests that along 67°E the aragonite 

saturaion horizon lays around 500 m water depth on both sides of the equator.  This 

calculaion coupled with the gradual increase of the salinity-normalized total alkalinity below

500 m suggests signiicant CaCO3 dissoluion in the water column. When potenial alkalinity 

is calculated by correcing the normalized total alkalinity for the efects of nutrient 

accumulaion below the thermocline it becomes evident that the increase in alkalinity 

begins at 100 m. The early increase in potenial alkalinity possibly represents CaCO3 

precipitaion within the upper thermocline but may also be partly due to dissoluion induced

by acid producion during organic mater re-mineralizaion.

 



 
Megabenthic abundance and diversity at oil and gas exploraion sites in the western Indian Ocean

 

Gates AR (Naional Oceanography Centre, Southampton, United Kingdom)

Jones DOB (Naional Oceanography Centre, Southampton, United Kingdom)

 

 

With the excepion of some staions sampled during the John Murray Mabahiss (1932-1934) 

expediion, Galathea II (1950-1952) and R/V Anton Brunn Internaional Indian Ocean Expediion 

(1964) the deep-sea biology of the western Indian Ocean of east Africa is poorly studied. The advent

of deep water hydrocarbon exploraion of Tanzania, Kenya and Mozambique highlights the urgent 

need to increase the informaion available about the area. It also provides an opportunity to collect 

valuable samples and data. 

 

Remotely operated vehicles (accessed through the SERPENT Project) launched from drill ships 

operaing at eight sites of coast of Tanzania (8‒10° S) were used to study megabenthic assemblages 

and drilling disturbance. Megabenthic abundance and diversity near drilling operaions were 

assessed using video transects and baited cameras. Comparison among sites explored changes in the

faunal assemblage. Within sites, changes in abundance and diversity along a disturbance gradient 

were assessed. Sediment sampling and video observaions were used to quanify drilling disturbance

and compare with modelled drilling discharge scenarios.

 

The deepest sites (1600-2600 m) were dominated by Xenophyophorea and Hexacinellida and shared

many taxa. The shallower locaions (600–1400 m) demonstrated variable sediment characterisics, 

hard substratum and megabenthic assemblage. In all cases drilling disturbance smothered the 

seabed within 50‒100 m of the well, reducing habitat heterogeneity and megabenthic abundance. In

several cases the observaions of drilling disturbance supported modelled drilling discharge 

scenarios. Where observaions contradicted model outputs this may be explained by local scale 

bathymetry.

 

Working alongside the industry operaions presented challenges but also provided the possibility to 

collect data at a number of locaions in an otherwise poorly explored area. This approach may be a 

useful method to increase data collecion in areas undergoing industry impacts but with limited 

infrastructure for deep-sea scieniic research.

 

   



 

Modelling biogeochemistry and primary producion in the Bay of Bengal

 

Authors: Susan Kay (Plymouth Marine Laboratory) [presening]

                   Jose Fernandes (Plymouth Marine Laboratory) 

  

The Bay of Bengal has a number of unusual features. Situated in the far northeast of the Indian 

Ocean, it is enclosed by land on three sides, driven by a monsoon climate with strong seasonal 

changes in wind and precipitaion, and fed by some of the largest rivers in the world. In addiion, 

much of the coast is densely populated, with populaion in the regions bordering the Bay measured 

in the hundreds of millions and increasing rapidly. This populaion relies on food from the sea: a 

mixture of subsistence, arisanal and industrial ishing contributes signiicantly to nutriion (60% of 

animal protein intake in coastal Bangladesh) and to the economy.

The DECCMA project is studying how climate change will afect the Ganges-Bramaputra-Meghna and 

Mahanadi deltas, with a focus on migraion and adaptaion. A biogeochemical model for the coastal 

area of the Bay of Bengal is being used to project how producivity in the Bay may change over the 

21st century. We present outputs from the irst set of runs, comparing them to results from a 

previous version which projected a change in net primary producion of up to 10% by 2100, with the 

direcion of change depending on locaion and on the climate projecion used. The model captures 

key features of the seasonal straiicaion in the Bay and, although it tends to overesimate surface 

chlorophyll concentraions compared to satellite data, it reproduces spaial and temporal paterns of 

chlorophyll distribuion. The model outputs have been used to make projecions for isheries in the 

Bay; iniial results suggest that decreases in potenial catch due to climate change can be miigated 

through management measures.  We also discuss the challenges of modelling the Bay of Bengal and 

what can be done to improve models in the future.



Sediment organic matter distribution across the Indian margin of the
Arabian Sea: Estuary to continental slope.

Greg Cowie, Stephen Mowbray, Amy Anderson, Bianca Vergnaud, Gisele
Johnstone, Samuel Brear (University of Edinburgh), Carol White, Clare
Woulds (Leeds University) S. Wajih Naqvi, Siby Kurian, Amit Sarkar
(National Institute of Oceanography, India) Hiroshi Kitazato (JAMSTEC)

Abstract:
Sediments from the Indian margin of the Arabian Sea were analysed for
carbon and nitrogen compositions (elemental and stable isotopic), grain
size and biochemical indices of organic matter (OM) source and
degradation state. Sites ranged from the Mandovi and Zuari estuaries to
depths of ~2000 m on the continental slope, thus spanning nearshore muds
and sands on the shelf and both the upper-slope oxygen minimum zone
(OMZ, ~200-1300 m) and the seasonal hypoxic zone on the shelf. Source
indices showed mixed marine and terrigenous OM within the estuaries, but
overwhelming predominance of marine OM on the shelf (80%+) and slope
(90%+). Riverine OM is heavily diluted or efficiently remineralised
within or immediately offshore of the estuaries; terrigenous OM that is
exported is retained in nearshore muds. Organic C contents of surface
shelf and slope sediments varied from <0.5 wt% in relict shelf sands to
over 7 wt% at slope sites within the OMZ, decreasing to ≤1wt% at 2000m.
Major variability (~5 wt%) was found at sites within the OMZ of similar
depth and near-identical bottom-water oxygen concentration. A strong
relationship between organic C and grain size was seen for sediments
within the OMZ, but lower C loadings were found for sites on the shelf
and below the OMZ. Diagenetic indices confirmed that lower C content
below the OMZ is associated with greater extent of OM degradation, but
that C-poor shelf sediments are not consistently more degraded than
those within the OMZ. Together, results indicate that OM enrichment on
the upper slope can be explained by physical controls (winnowing and/or
dilution) on the shelf and progressive OM degradation with increasing
oxygen exposure below the OMZ. Reduced oxygen exposure may contribute to
OM enrichment at some sites within the OMZ, but hydrodynamic processes
are the overriding control on sediment OM distribution.
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Abstract:

Two autonomous underwater gliders were deployed along an 80 km transect extending from

Muscat out into the Gulf of Oman during both monsoons and the intermonsoon season as 

part of a project funded by ONR Global and the UK NERC. The gliders surveyed the top 

1000m across the coninental shelf, a very steep coninental slope, and the open ocean 

while measuring temperature, salinity, oxygen, chlorophyll a luorescence, opical 

backscater and provided esimates of depth-averaged currents and up/downwelling.

Using a 2km resoluion ROMS model of the region and the glider observaions, we highlight 

key regions of Persian Gulf Water (PGW) ouflow and describe both the variability of the Gulf

of Oman oxygen minimum zone and its importance in deining available habitat space for 

ecologically and commercially important species. The structure and volume of the ouflow 

was highly variable. During peak ouflow, the core extended beyond the glider transects. 

During periods of minimal low, it was constrained to 10km beyond the shelf break. PGW 

was also present in mesoscale eddies beyond the shelf break.

 

The data show high verical variability of the boundary to the suboxic zone (< 6 umol.kg-1). 

Pulses of PGW drive the oxycline down intermitently from 200m to 400m and exhibit 

oxygen concentraions of around 60-100 umol.kg-1. Further below, observaions show a 

persistent and extensive anoxic zone with concentraions below the detecion limit of our 

sensors down to 900m. The physical drivers of PGW transport therefore double, or reduce 

by half, the available habitat for macrofauna. Larger predatory ish (ie. tuna) require elevated

oxygen concentraions. PGW therefore create a mid-water refugium for the dominant prey 

species (Myctophid spp.) and other smaller, hypoxia-resilient, organisms. 



TITLE: Remotely sensing the Red Sea and Gulf of Aden ecosystem
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ABSTRACT:

As the Earth’s climate system continues to change, tropical oceans are expected to become

warmer, saltier, and less fertile. As one of the warmest and most saline ecosystems known,

the Red Sea may provide valuable insights on the future functioning of tropical oceans. In

contrast  with  general  predictions  for  tropical  seas,  we  observed  that  the  Red  Sea

phytoplankton have increased abruptly during recent warmer climate  periods.  Our results

suggest  that  changes  in  Earth  climate  processes  (Indian  monsoons  and  ENSO

teleconnections) have led to a warmer but more fertile Red Sea. We have evidence that during

warmer periods (ENSO+ phases), the influx of nutrient-rich waters into the Red Sea (from

the Indian Ocean) increases, leading to a 75% increase in winter phytoplankton biomass.

In addition, during summer, adverse atmospheric conditions (haze and clouds) have

severely limited the retrieval of satellite ocean colour data, especially in the southern Red Sea

and  the  Gulf  of  Aden.  Recently,  a  new merged  ocean  colour  product  developed  by  the

European Space Agency (ESA) — the Ocean Color Climate Change Initiative (OC-CCI) —

has  substantially  improved  the  chlorophyll  data  coverage,  allowing  the  discovery  of

unexpected  intense  summer  blooms.  The  summer  monsoons  play  a  key  role  in  the

development of those phytoplankton blooms. 



Organic matter cycling in hypoxic environments: the role of oxygen 

availability and benthic faunal communities

Dr Carol White (University of Leeds)

Dr Clare Woulds (University of Leeds)

Dr Greg Cowie (University of Edinburgh)

Coninental margins receive signiicant amounts of organic carbon (OC) from terrestrial and marine 

sources, and they are important locaions for C cycling and sequestraion. Factors including oxygen 

exposure ime and sedimentaion rate exert dominant controls over eventual C preservaion, 

however the least well understood aspect of OC cycling and burial in marine sediments is the role of 

benthic fauna.

Sealoor communiies inluence marine sedimentary OC cycling and burial via a number of aciviies 

including digesion, bioturbaion/bioirrigaion, respiraion, and microbial simulaion. In addiion, 

oxygen and OC (food) availability are known to inluence faunal size and abundance, and thus 

benthic biological processing of OC. Thus, complex relaionships exist between benthic faunal 

communiies, sediment geochemistry and oxygen availability, which have been challenging to 

de-convolve.

The Arabian Sea oxygen minimum zone (OMZ) provides a natural laboratory to study the interplay of 

these factors. Isotope tracing experiment were performed at three sites exhibiing contrasing 

oxygen and OC concentraions, and faunal communiies. Experiments were performed at ambient 

oxygen concentraions, and under oxygen saturaions manipulated upwards and downwards by 5%.

Both upward and downward oxygen manipulaions led to increases in bacterial C uptake and 

decreases in total community respiraion (except at the lowest oxygen site). Increases in oxygen 

availability favoured faunal C uptake, but the relaive beneits to foraminifera and macrofauna varied 

amongst sites. Downward manipulaions of oxygen always led to an increased dominance of 

foraminiferal C uptake over macrofaunal uptake, but led to a decrease in faunal uptake overall. 

Thus both upward and downward oxygen manipulaions afected the pathways through the 

sediment followed by organic C, with implicaions for the impacts of future spreading hypoxia on 

ecosystem funcion.



The spatial ecology of reef-building corals in the Central Indian Ocean using 2-kilometer 

scale photographic transects and convolutional neural networks.

Dominic E. P. Bryant (University of Queensland, Australia),

Sophie Dove(University of Queensland, Australia),

Alberto Rodriguez-Ramirez (University of Queensland, Australia),

Manuel Gonlález-Rivero (University of Queensland, Australia),

Oscar Beijbom (University of California, Berkeley, USA/University of Queensland, 

Australia), 

Stuart Phinn(University of Queensland, Australia),

Ove Hoegh-Guldberg (University of Queensland, Australia).

The Maldives and Chagos archipelago (BIOT), situated in the Central Indian Ocean are 

amongst the largest coral reef systems in the world. In 1998, both coral reef systems 

suffered from mass coral mortality following mass coral bleaching events driven by an 

ocean temperature anomaly associated with a 1997 El Nino weather phenomena. 

Approximately 500km of Ocean separates both reef systems. However, they have 

considerably different weather patterns and oceanographic influences. Furthermore, 

reef systems in the Maldives are threatened by anthropogenic pressures such as land 

reclamation, reef fishing pressure from a growing tourism industry, and marine 

pollution from wastewater and anthropogenic marine debris. Conversely, BIOT is a 

640,000 square kilometer Marine Protected Area, with the only established human 

population of 4,239 people situated on the southernmost atoll, Diego Garcia. The project

aimed to explore spatial patterns in the distributions of corals in the Maldives and BIOT, 

using imagery collected during the XL Catlin Seaview Survey (CSS) expeditions between 

February and May 2015. CSS methods enabled the collection of approximately 235,000 

1x1m photographic quadrats from both expeditions. The quadrats were analysed using 

Convolutional Neural Networks (CNN’s), a form of deep machine learning which used 

texture and colour data from randomly allocated points within a training set of images 

annotated by human experts. Preliminary results from the Maldivian CNN training set 

indicate a 10% drop in hard coral cover associated with reef slopes of populated reef 

slopes (14% coral cover, n=458 images) compared to unpopulated reef slopes (24% 

coral cover, n=532 images). Initial data therefore support the hypothesis that human 

land use activities have inhibited hard coral cover on Maldivian reef slopes. Further 

analysis of the data will determine whether anthropogenic pressure also impacts coral 

composition, in addition to determining how oceanographic differences between the 

Maldives and BIOT influence coral abundance and composition.



MODELING LARVAL CONNECTIVITY OF CORAL REEF ORGANISMS IN THE

KENYAN-TANZANIAN REGION

Claudia Gabriela (Gaby) Mayorga Adame* [National Oceanography Centre]

Hal P. Batchelder [North Pacific Marine Science Organization]

Yvette H. Spitz [ Oregon State University]

Most coral reef organisms have a bipartite life-cycle; they are site attached to reefs 
as adults but have pelagic larval stages that allow them to disperse to other reefs. 
Connectivity among discrete coral reef patches is critical to the survival of local 
populations. The study of larval connectivity of marine organisms is a complex 
multidisciplinary challenge that is difficult to address with direct observations. An 
approach that couples ocean circulation models with individual based models (IBMs)
of larvae with different degrees of life-history complexity was applied to the 
Kenyan-Tanzanian region, which exhibits strong seasonality in the alongshore 
currents due to the influence of the monsoon. A 3-dimensional ocean circulation 
model with 2 km horizontal resolution was coupled to IBMs that track virtual larvae 
released from each reef habitat. We evaluated the connectivity among 661 reefs. 
Given the diverse life-histories of reef organisms, several scenarios were modelled 
to showcase the variety of dispersal and connectivity patterns possible, we examined
short (<12 days) to long (>50 days) pelagic larval duration (PLD), differences in 
swimming abilities (reef perception distances), and the effect of active depth keeping 
on transport and inter-reef connectivity. Short PLD virtual larvae were advected 
passively. For long PLD virtual larvae an idealized ontogenetic vertical migration 
behaviour was included. A range of distances to the reefs within which larvae were 
able to perceive and reach reefs to settle during competence were evaluated. The 
influence of spawning seasonality on reef-to-reef connectivity was investigated by 
releasing virtual larvae year-round. The influence of interannual environmental 
variations were assessed for two contrasting years. Successful reef settlement for 
short PLD passive larvae was <2%, whereas settlement of long PLD larvae with 
strong perception and swimming abilities was >20%, in agreement with similar 
studies in the Great Barrier Reef. 



Variability in sea surface temperature (SST) over the Bay of Bengal
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Abstract:

The Indian monsoon provides 80% of the annual rainfall total for over a billion 
people, and prediction of its variability is crucial to support the agriculture on which 
these people depend. Variability in sea surface temperature (SST) over the Bay of 
Bengal has an important influence on the monsoon rainfall, by altering the fluxes of 
heat and moisture on which storm systems feed as they propagate northwestwards 
over northern India. The ocean processes that alter the SST are poorly understood 
due to sparse observations in this region. 
 
Here we present results from a novel and ambitious observational campaign in the 
southern Bay of Bengal, which contributed to the joint UK-India Drivers of Variability 
in the South Asian Monsoon programme. The observations included seven glider 
missions, of which two were equipped with microstructure turbulence probes, two 
ships and nine Argo float deployments. These observations reveal the complex 
interplay between the strong salinity-driven stratification, oceanic advection and 
mixing in setting the surface conditions. 
 
The gliders and ships were configured to enable a novel calculation of ocean 
advection at two locations, as well as a longitudinal section between these points, to 
assess the pathways of warm salty water into the Bay. The role of advection, surface
fluxes, vertical mixing and entrainment in setting the mixed layer properties and SST 
have been assessed at very high vertical and temporal resolution, enabling the key 
processes influencing air-sea interaction to be identified. Meanwhile, the gliders and 
Argo floats equipped with near-surface sensors provide an insight into processes 
driving the diurnal variability of the surface ocean. The implications of these results 
for improving model predictions of the monsoon will be discussed. 
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The cycling and burial of organic carbon in marine sediments is interesing as a carbon 

sequestraion term, and because organic detritus provides carbon and energy to benthic 

ecosystems.

Benthic C-cycling in sedimented hydrothermal vent and cold seep seings is paricularly 

interesing due to a paucity of knowledge regarding ecosystem funcion, and to the 

occurrence of chemosynthesis. Chemosyntheic ecosystems have an in situ source of ixed 

carbon, as well as sinking photosyntheic detritus. Further, hydrothermally and seep 

inluenced locaions lie along a spectrum between highly acive sites and normal background

condiions. It is unclear to what extent sedimentary faunal communiies rely on diferent 

carbon sources at such sites, and how this varies with taxon and degree of 

hydrothermal/seep inluence. Further, relaively high biomass and organic carbon availability 

mean that the biological processes which drive benthic carbon cycling are unlikely to show 

the same paterns as at non-chemosyntheic deep-sea sites.

Isotope tracer experiments were conducted on sediment cores at hydrothermally and seep 

inluenced sites in the Southern Ocean. Pairs of cores were amended with either 13C and15N 

labelled algae, or 13C bicarbonate and 15N ammonia soluion. They were incubated for 2.5 d 

under sealoor condiions, and ime series water samples were taken. At the end of the 

experiments, sediment samples were preserved for extracion and isotopic analysis of fauna 

and microbial lipids.

Results show that respiraion of algal carbon to CO2 was more rapid at sites with greater 

hydrothermal inluence. These sites also showed evidence for the producion and 

subsequent consumpion/cycling of isotopically labelled dissolved organic carbon. Faunal 

isotopic signatures indicate uptake of isotopic label into metazoans from both photosyntheic

(algae) and chemosyntheic (bicarbonate and ammonium) substrates. Together, these data 

suggest that benthic C-cycling at chemosyntheic sites is more dynamic than that at 

otherwise similar, non-chemosyntheic deep-sea sites.
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Sedimented hydrothermal vents are unique places to study benthic ecology as they 

represent intermediate habitats between hard substrate hydrothermal vents and background

deep-sea sediments and receive energy inputs from both reduced compounds and organic 

detritus. Such environments have been very understudied and here we present a novel food 

web model to determine the relaive contribuion and pathways of both energy inputs to the

benthic food web. We apply a linear inverse modeling framework, incorporaing a wide range

of data, including; sediment geochemistry, faunal and microbial biomass and natural stable 

isotopic data and isotopic enrichment experiment results. We used this approach to esimate

the magnitude of carbon lows between separate compartments (e.g. heterotrophic bacteria

or deposit feeders) by imposing constraints from available data upon a network of possible 

lows. We designed three models; one control site and two sites of variable hydrothermal 

acivity from the Southern Ocean to address uncertainty with regards to trophic diversity and

the contribuion of chemosyntheic organic mater to the food web. Diferences in biomass 

of faunal feeding groups, bacterial acivity and the lux of chemosyntheic substrates resulted

in all three sites having a disinct structure. Bacterial processing was the dominant carbon 

low through the food web at the control site, comparable to observaions from similar 

ecosystems in the Arcic. However, at the hydrothermal sites, chemosynthesis (via free-living 

and endosymbioic bacteria) meant that the structure of the food web was substanially 

altered, despite comparable stable isotopic signatures observed between the control and 

vent sites. These diferences were predominately driven by diferences in biomass and 

respiraion rates between sites. 
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The Caribbean spiny lobster (Panulirus argus) is a generalist predator that forages in a variety

of tropical marine habitats, but most of our knowledge of its diet comes from gut content 

studies. We used bulk stable isotope analysis (carbon, nitrogen and sulphur) to examine the 

diet of this commercially important species from the most producive ishery in the 

Caribbean region. Bayesian stable isotope mixing models indicate that a signiicant porion of

spiny lobster diet is obtained from chemosyntheic primary producion in the form of lucinid 

clams that host symbioic chemoautotropic bacteria. This nutriional pathway was previously

unrecognized in the spiny lobster’s diet. These results are the irst empirical evidence that 

chemosyntheic primary producion contributes to the producivity of commercial isheries 

stocks.
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Recruitment success of Antarcic krill is closely related to sea ice extent during the previous 

winter. However, it is sill uncertain which developmental stages beneit from the ice cover 

and if this is due to food availability or shielding from predators. Complicaion arises from 

the fact that in the Southern Ocean no diatom species is exclusive to sea ice and therefore 

taxonomic analysis cannot reveal their origin. Here we used highly branched isoprenoid (HBI)

biomarkers to study the relaive importance of ice-derived vs. open-water diatoms in the krill

diet. Krill and suspended mater in surface waters were sampled at 63 staions across the 

Scoia Sea during the transiion from spring to summer. The biomarker for open-water 

diatoms (tri-unsaturated C-25 HBI, δ13C -39 to -45‰) was present throughout most sampling 

staions, but showed highest concentraions near the fast retreaing ice edge in the eastern 

Scoia Sea. The biomarker for ice-diatoms (di-unsaturated C-25 HBI, δ13C -9 to -16‰) was 

found in krill from 19 staions, but in suspended mater from only 6 staions along the slowly 

retreaing ice edge in the western Scoia Sea. Separate analysis of krill stomach content, 

muscle issue and fecal pellets revealed 3 scenarios: krill that had been feeding on 

ice-diatoms in the past but had now switched to open-water diatoms, krill that were 

currently feeding on a mixture of ice- and open-water diatoms, and krill that were feeding 

enirely on ice-diatoms. The patern was the same regardless of krill body size, which 

indicates that juvenile and adult krill alike feed on ice-derived diatoms. Moreover, high krill 

abundances and their intensive feeding on the seeding populaions may explain why 

chlorophyll a concentraions remained low in the western Scoia Sea, while much lower krill 

abundances and higher temperatures likely allowed for the strong ice-edge blooms in the 

east. The applicaion and consideraions of isoprenoid biomarkers are discussed. 
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Carbon and nitrogen isotopes vary spaially at the base of marine food webs, and spaial 

isotope models (isoscapes) can be used assign a foraging locaion retrospecively from a 

issue sample. While isotope-based geo-assignment has been well-studied in terrestrial 

seings, quanitaive validaion of assignment accuracy and precision is sill in its infancy. 

Here I will show that ater accouning for uncertainty associated with the development of an 

isoscape and extension to animal issues, geoassignment of marine animals using carbon and

nitrogen stable isotopes has comparable accuracy and precision to light based archival 

tagging approaches.

Sample-based staisical spaial models of carbon and nitrogen isotopic variaion were 

created from jellyish captured in the North Sea and Irish Sea. The accuracy and precision 

possible using isotope-based locaion methods were assessed by assigning scallops 

recovered from known locaions. When all recognized sources of variaion are taken into 

account, isotope-based locaion accuracy and precision is comparable to light based locaion.

Subsequently, herring and seabird (puin and guillemot) samples with known catch locaions

and in the case of seabirds individual light-based geolocaions were also assigned using these

isoscapes.

I will compare isotope-based locaion to alternaive locaion methodologies and outline 

implicaions for isheries management, policy and conservaion. I will also discuss the 

sensiivity of geolocaion assignments to diferent sources of variance and outline the 

current limitaions of this technique.
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Food web models can be used to describe and predict relaionships between species in 

marine environments. However these models are sensiive to shits between benthic and 

pelagic pathways and changes in the coupling of these. Stable isotopes can improve these 

models by indicaing likely types of carbon sources in species’ diets (δ13C) and the species’ 

trophic posiions (δ15N). This study explores diferences in the structure of marine food webs 

across four UK seas (Irish, Celic, North and English Channel) using 59 marine ish species. 

One key aspect is invesigaing whether pelagic and benthic pathways have discernibly 

diferent isotopic niches and this was established using two methods. Firstly, predeined 

funcional groups were created using species’ morphologies and observed habitat 

preferences and SIBER (Stable Isotopes Bayesian Ellipses in R) analysis was used to 

invesigate the isotopic niches of these funcional groups. Secondly, fuzzy clustering was used

to establish whether individuals would cluster into pelagic and benthic groups based on δ15N,

δ13C and body mass. Using the pre-deined groups, across all seas there was relaively good 

separaion in δ13C between benthic and pelagic groups, with pelagic species generally having 

more negaive δ13C values than benthic species. However, benthic groups generally were not 

disinguishable isotopically. Using fuzzy clustering, with a varying number of clusters, it was 

found across seas that a maximum of 56.3%-87.5% of pelagic individuals were allocated to 

just one group. This suggests that in UK waters there is some separaion between the 

isotopic niches of benthic and pelagic pathways although overlap sill occurs, paricularly 

among benthic groups. Understanding these diferences in the benthic and pelagic pathways 

is important because they underpin the structure and stability of communiies and isheries 

yield, ulimately essenial for the planning and management of diverse human uses of these 

dynamic marine waters.
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Despite increased marine mortality and declines in growth condiion of wild Atlanic salmon, 

the details of their marine migraion remain largely unknown. These ish are diicult to track 

using tradiional tagging techniques due to their long distance migraions and high marine 

mortality rates. The stable isotopic signals in the sequenial layers of otolith aragonite are 

natural markers recording both a dietary signal and informaion about the physical 

properies of the surrounding water. We uilize the later and present a method of 

constraining individual salmon migratory behavior by confroning predicted δ18O otolith 

equilibrium maps with observed otolith values. A temporally dynamic isoscape was 

constructed from publicly available gridded SST and δ18ODIC data. High-resoluion otolith δ18O 

proiles were collected from one sea-winter (n=8) and two sea-winter (n=8) wild Atlanic 

salmon otoliths using secondary ion mass spectrometry. The method predicts likely 

laitudinal migraion paterns that are consistently diferent between the age cohorts. We 

combine this informaion with detailed analysis of the individual’s speciic growth rate 

chronology, derived from scale growth increment analysis, to ask if diferences in migratory 

behavior have important growth consequences. We show that combined with detailed 

informaion about the growth condiion intra-otolith δ18O can be a powerful tool for 

ecologists to beter understand the movement and development of aquaic organisms during

inaccessible life stages. We discuss the limitaions and potenial future applicaions of 

predicted marine isoscapes for interpreing individual animal behavior from stable isotope 

chronologies.    
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Stable isotope analysis allows the retrospecive reconstrucion of animal movements and 

changes in, the isotopic composiion of animal issues relecing that of primary producers at 

the base of the food web overlain by relaively predictable trophic modiicaions. In bulk 

isotope analysis, however, variaion in issue isotopic composiions relects both baseline and

trophic isotope efects, signiicantly complicaing the interpretaion of bulk data. The carbon 

isotopic composiion (δ13C) of individual amino acids (AAs) may overcome some of the 

limitaions associated with mixed baseline and trophicefects. Essenial AAs are synthesised 

only by primary producers, and thus variaion in δ13C of essenial AAs in consumers relects 

baseline variaions without confounding trophic efects. Variaion essenial AA δ13C values 

can be further decomposed into baseline spaial variaion, largely due to varying isotopic 

composiions and concentraions of CO2 and phytoplankton growth rates, and variability in 

isotopic ingerprints among key primary producion phylogeneic groups.

Here we present carbon isotopic data for bulk collagen and individual AAs from vertebral 

secions of North Atlanic blue and porbeagle sharks. We iniially interpret bulk data to 

provide maximum possible inferenial informaion about movements versus changes in diet, 

given the methodological limitaions associated with interpreing bulk data in highly 

migratory oceanic predators. Next, we use AA data to test inferences drawn from bulk data, 

and draw addiional interpretaions. Both bulk and AA data provide evidence for a 

size-dependent increase in trophic level in blue sharks, but further resoluion of spaial 

versus food web efects is diicult using bulk data alone. Compound-speciic data, by 

contrast, provide clear evidence for diferenial movement across spaial isotopic gradients, 

and for diferences in the funcional composiion of primary producion communiies 

encountered through life.

Amino acid isotope analysis is rapidly emerging as powerful tool in isotopic ecology. The 

carbon isotope composiion of individual AAs ofers great potenial for studying botom-up 

nutrient pathways in marine ecosystems, but more methodological and biogeochemical work

is needed to fully realise the potenial of this tool.

Uncovering the migraions of deep-water sharks using stable isotopes
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The deep-sea coninental slopes of Rockall Trough support a high diversity of shark species 

that have overlapping distribuions and morphological similariies, raising quesions about 

resource pariioning within a nutrient limited environment. One strategy that may act to 

reduce compeiion within ecosystems is spaial segregaions within and between species. 

Directly tracking bathyal sharks is problemaic however, due to the logisical limitaions 

imposed by deep-sea environments. Here we use bulk carbon and nitrogen stable isotope 

analysis of both sharks and the wider ish community and a long-term catch-abundance 

survey to uncover both spaial and trophic dynamics within a bathyal shark assemblage at 

Rockall Trough. We compare trophic and spaial ecology of 20 shark species recovered across

a broad depth range (500m – 2000m). Some larger species of deep-water shark appear to be 

transient within the area, likely assimilaing much of their nutrients from other areas. Other, 

mostly smaller, species likely undertake large-scale verical migraions associated with 

ontogeny and may remain in the Rockall area throughout their whole life history. 

Understanding the extent to which deep-water sharks migrate both laterally and verically 

will assist in idenifying those species and life stages that are most at risk from current 

isheries operaions.  Furthermore, idenifying the spaial and trophic mechanisms that allow

sympatric deep-water sharks with overlapping distribuions to coexist will assist us in 

determining future resilience to climaic and anthropogenic perturbaions.

Poster Presentaions
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The applicaion of DNA barcoding to diversity studies has revealed that many taxa actually 

made up of several morphologically idenical but geneically disinct ‘crypic species’. Despite

the increased research efort to document their diversity and biogeography, to date there 

has been litle research into the importance of crypic species at a funcional level. In this 

study crypic species were found in 50% of the morphologically ideniied Antarcic 

polychaete species targeted for DNA barocoding. Our knowledge of the trophic traits of 

these polychaetes is currently categorical and assigned at the family level e.g. predator, 

omnivore and deposit feeder. In order to accurately determine the trophic posiion of the 

aforemenioned barcoded polychaetes we use compound-speciic stable isotope techniques,

speciically δ15N of amino acids (δ15N-AA). Our samples are preserved in ethanol and here we 

present results from experiments designed to test the efects of preservaives on δ15N-AA of 

the polychaete Arenicola marina (lugworm). Muliple preservaion scenarios were tested 

including the use of formaldehyde, ethanol and freezing over imescales of 1 week, 1 month, 

6 months and 1 year, including a ime zero control. Preliminary δ15N-AA for 5 Antarcic 

species with diferent trophic traits are also presented. A greater understanding of the 

trophic biology of polychaete individuals should provide insight into the funcional variability 

both within and between species, highlighing the relaive importance of crypic species in 

ecosystem funcion in changing environments.

Insights into the feeding and metabolism of jellyish polyps: can laboratory measurements 



be used to model in situ populaions?
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Most bloom-forming jellyish species are characterised by a metagenic life-cycle comprising 

of an asexual reproducing benthic polyp. The unfamiliar small polyp (1 mm) plays a key role 

in the formaion of problemaic jellyish blooms; thus informaion about the polyp’s 

metabolism is urgently needed. Brine shrimp larvae (Artemia nauplii) are widely used in the 

laboratory as a diet to culture polyps, but these are unlikely to represent the natural diet, 

and consequently laboratory-based informaion about polyp growth rates or metabolism 

may be poor predictors of wild behaviour. Unil now, the feeding ecology of polyps has not 

been studied in the wild before. Here we present the irst isotopic study of feeding in jellyish

polyps, contrasing wild and laboratory-reared animals. Polyps of the common jellyish 

Aurelia aurita from the small estuary of the Beaulieu River (New Forest) were used as a 

model organism for experimental work. In the laboratory, A. aurita polyps were maintained 

under two controlled temperature condiions (summer: 20°C and winter: 6°C), fed Artemia 

nauplii and sampled weekly. Addiionally, A. aurita polyps were sampled weekly during 

winter and summer in the Beaulieu River over a maximum of six week period. We compare 

the rate of dietary isotopic equilibraion in wild and laboratory condiions. Diferences in 

equilibraion rates imply that Artemia is not a good representaion of food that is available to

polyps in nature, and that metabolic rates measured on Artemia diet should be handled with

cauion. In addiion we infer the relaive proporion of diferent diet items assimilated by A. 

aurita in wild condiions, and consider the potenial for seasonal variability in metabolic rates

driven by diet source availability.

Shits in deep-sea food webs linked to climate and food supply
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Shits in deep-sea benthic communiies detected in ime-series data (> 20 years) in the NE

Atlanic (Porcupine Abyssal Plain) have been linked to climate-driven variaion in pariculate

organic mater (POM) luxes1. The efect of climate-driven variaion in POM lux on food web

dynamics over decades in the deep sea is unclear. We invesigated the trophic structure of

the  megafaunal  benthic  food  web  at  the  PAP  from  1989-2005.  We  determined  stable

nitrogen isotopic composiion (δ15N) of bulk issues and of amino acids in 4 deposit-feeding

holothurians,  Amperima  rosea,  Oneirophanta  mutabilis,  Pseudosichopus  aemulatus,

Psychropotes  longicauda,  the  predatory  anemone  Iosacis  vagabunda,  and  the

mud-ingesing asteroid  Hyphalaster  inermis.  Bulk  δ15N isotopic  composiions ranged from

7.8‰ in A. rosea to 16.3‰ in H. inermis and revealed clear diferences between the species,

relecing diferences in feeding strategies.  A. rosea feeds on the freshest POM, while  H.

inermis feeds on the most refractory organic mater. Signiicant inter-annual diferences were

noted  for  A.  rosea,  P.  aemulatus and  H.  inermis.  The  δ15N composiion of  A.  rosea was

signiicantly depleted in 2002 and 2005 compared to previous years suggesing a change in

either the quality of organic mater or δ15N composiion of POM at this ime. The shit in δ15N

of  A. rosea followed a very high lux of  POM to PAP during 20011.  P. aemulatus and  H.

inermis   were signiicantly  enriched in  15N in  1989,  compared  to  2005.  This  may relect

changing  compeiion  for  resources  or  diferences  in  organic  mater  quality.  The  δ15N

composiion of  O. mutabilis did not change with ime, suggesing that its feeding strategy

allows it to consistently exploit relaively fresh organic mater. Our iniial results show that

climate-driven variaion in the POM lux does inluence the dynamics of deep-sea food webs.

1. Billet, D.S.M., Bet, B.J., Reid, W.D.K., Boorman, B. & Priede, I.G.. Deep-Sea Res II 57, 

1406–1417 (2010).

The inluence of body size on isotopic diversity indices: an example from deep-sea ish 

communiies
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Describing and quanifying community structure is a major topic in trophic ecology. In recent 

years the concept of the ‘isotopic niche’ has emerged as a potenial measure of trophic 

diversity within and among taxonomic or funcional groups. However, the relaionship 

between isotopic niche and trophic niche is poorly understood. Here we apply the concept of

the isotopic niche to a large dataset of stable isotope values from demersal ish communiies 

between 500 and 2000m water depth on the North East Atlanic (Scoish and Irish) 

coninental slope.

A strong relaionship between body size and stable isotope values is seen across funcional 

groups, demonstraing strong size-structuring at all depths. The inluence of body size on 

isotopic composiion (and thus degree of size-based feeding) is greater in benthopelagic 

compared to benthic-feeding ishes. Realised isotopic niche area relects body size 

distribuions within the sampled populaions, and is linked to trophic diversity via body size.

Body size efects can be removed staisically by normalising stable isotope values to a 

common body size. Ater removing the efects of body size, signiicant variaion in isotopic 

niche between funcional groups and depths remained. Benthic feeders in general display 

wider size-scaled isotopic niches than pelagic feeders at the same depth, relecing more 

modular food web structure in benthic systems.

Isotopic niche-type metrics may be powerful proxies for trophic diversity, but as ever, care is 

needed when designing sampling and analyical strategies, paricularly in the case of size 

structured ecosystems.
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The elemental content in plankton cells is traditionally measured using bulk analysis 

methods. In cultures, and correcting for dissolved organic components, they can be used to 

determine the elemental content per cell. However, in field samples, it is not possible either 

to accurately correct for extraneous material, nor to obtain the elemental content at a 

species level using bulk analysis methods. 

Advancements in energy dispersive spectrometry (EDS) allow now the simultaneous 

identification and quantification, at a single-cell level, of the elemental content (C, N, O, Na, 

Mg, Al, Si, P, S, Cl, K and Ca) in phytoplankton of a wide range of sizes (Norland et al., 

1995; Segura-Noguera et al., 2012). We have used a scanning electron microscope 

operating at low incident beam energy (15-20 kV), coupled with an X-ray detector, to study 

the elemental composition and stoichiometry of microphytoplankton cells from the P-limited 

NW Mediterranean Sea (Segura-Noguera et al., 2016), as well as smaller cultured 

cyanobacteria and diatoms growing in nutrient replete, P-limited and N-limited media. 

In this presentation we will (1) show the advantages of X-ray microanalysis (XRMA) as a 

new technique for the study of nutrient allocation in single-cells, as well as to determine 

conversion factors for biogeochemical modelling, and (2) summarize the most relevant 



findings at a single-cell level revealed by XRMA. For example, we found that, in addition to C 

(Menden-Deuer and Lessard, 2000), dinoflagellates are denser in N, O, Mg, P and S 

compared to diatoms. Also, XRMA allowed the detection of intra-specific variations in 

elemental concentrations related to environmental differences at the moment of sampling, 

leading to differences in the resulting stoichiometry. Finally, sub-cellular components like 

polyphosphate bodies, could be identified in SEM images of P-replete cells, and quantified 

by XRMA. 
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Light and nutrients govern phytoplankton growth in the oceans. In the most extensive 

oceanic ecosystems – the oligotrophic subtropical gyres, phytoplankton communities are 

dominated by the smallest unicellular cyanobacterium \mathit{Prochlorococcus}. We 

assessed the influence of light and nutrient availability on picophytoplankton and 

heterotrophic bacterial growth in the South Atlantic gyre (SAG). Experiments were 

conducted in the centre of the SAG (\mathit{Prochlorococcus}-dominated) and its periphery 

(\mathit{Synechococcus}-dominated) in October 2015. Control and nutrient addition (1 \mu 

M NH_{4}Cl and 2 nM FeCl_{3}) experiments using surface mixed-layer water (30 m depth) 

were incubated in parallel at 9 light levels (0-1780 \mu E m^{-2} s^{-1}) for 12 hours and then 

kept in the dark for the next 12 hours over two light/dark cycles. Picoplankton cell abundance 

and relative fluorescence were measured by flow cytometry every 3 hours, and the 

methionine uptake rate by prokaryotes was determined at 5 light levels after 24 and 48 

hours. Methionine uptake rates were higher under low light levels and in the dark, when a 

rapidly grown, distinct heterotrophic bacterial population became dominant (>60% of 

picoplankton cell abundance). Light and nutrients co-regulated the growth of 

\mathit{Prochlorococcus} in the central SAG, with a gradual decrease in abundance after 

sunrise (when cells start to grow in size), associated with high light (> 600 \mu E m^{-2} s^{-

1}) and nutrient levels. In the gyre periphery, \mathit{Synechococcus} and 

\mathit{Prochlorococcus} abundance increased by > 50% after the first cycle at light levels > 

200 \mu E m^{-2} s^{-1}, with no apparent response to nutrient addition. Thus, in the gyre 

centre, nutrient enrichment of the mixed layer could enhance growth of heterotrophic 

bacteria and reduce growth of picophytoplankton irrespectively of light, whilst at the gyre 

periphery – where nutrients are more available – picophytoplankton growth is governed by 

light. 
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Abstract:  

With the release of the Global Ocean Data Analysis Project Version 2 dataset, the world’s op

en ocean surface DIC distribution is becoming clearer. Despite its importance to the ocean c

arbon sink and ocean acidification, the controlling mechanisms of DIC spatial patterns have 

seldom been studied on a global scale before. Of particular interest in this study is what cont

rols the large latitudinal gradient in surface DIC (~300 µmol kg-

1). Here we present a quantitative evaluation of three hypotheses: (a) temperature-

driven CO2 gas exchange, (b) upwelling in the Southern Ocean, and (c) iron limitation at 

high latitudes which leads to HNLC 

conditions. The DIC concentrations in the surface global ocean were investigated for the refe

rence year 2005 based upon GLODAPv2. Generally, sea surface DIC increases polewards, 

negatively correlated with the sea surface temperature, consistent with the first hypothesis. 

Water from depth is brought to the surface both in the Southern Ocean 

(meridional overturning circulation) and in subarctic regions (deep winter mixing). Salinity-

normalized DIC 

(nDIC) exhibits higher values in the North Pacific than that at the same latitudes in the North 

Atlantic. Given the correspondence between nDIC and nutrient patterns, this gives grounds 

for support of the third hypothesis. 

Our ongoing study suggests that temperature-driven CO2 gas exchange can explain the 

majority of the surface DIC latitudinal gradient (~220 µmol kg-

1 at 70°S). Southern Ocean upwelling would produce a gradient of ~270 µmol kg-

1 in the absence of solubility effect, however, it is only responsible for an observed excess of 

about 40-80 µmol kg-1 DIC over and above air-sea gas exchange equilibrium. Seasonal 

biological drawdown of surface DIC decreases the latitudinal gradient by ~45 µmol kg-

1 in the Southern Ocean but would decrease it by much more (~120 µmol kg-1) if not for iron 

limitation. 
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Global calcite production forms a significant component of the global carbon cycle in the 

ocean, yet previous estimates of global pelagic calcification (0.4 – 4.7 Gt C yr-1) are poorly 

constrained. Coccolithophores are thought to be responsible for over half of oceanic 

carbonate production. As marine calcification rates are significantly lower (10 – 100 x 

smaller) and harder to measure than primary production, requiring a more complex and 

intensive technique, there are relatively few measurements of calcite production compared 

to primary production. To address this, we have synthesised all known calcite production 

measurements into one global database. Containing over 2700 individual measurements, 

representing all the oceans and spanning from the Arctic, through the tropics and into the 

Southern Ocean, this database gives us a truly novel perspective of global calcite production 

by coccolithophores. Individual measurements of calcite production are highly variable (0 – 6 

mmol C m-3 d-1), averaging < 0.1 mmol C m-3 d-1. To examine global patterns in calcite 

production and to estimate the contribution of coccolithophores to the global carbonate 

budget, the large database was extrapolated to the global scale by correlation with satellite 

products. A strong correlation with sea surface temperature suggests a temperature 

optimum of ~ 11 °C, with the sub-polar North Atlantic and the Southern Ocean being 

important regions of calcite production. We estimate global calcite production by 

coccolithophores alone to be ~ 1.3 Gt C yr-1, with this value close to previous suggestions 

for calcite export (1.6 Gt yr-1) leaving an open question as to the contribution of other 

pelagic calcite producers (foraminifera, pteropods) and the magnitude of total calcite 

production in the ocean. 
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The Southern Ocean maintains a complex marine food web based on its stock of 

photosynthesizing phytoplankton. For the same reason, it is our most significant sink of 

carbon, vital to the functioning of our global atmospheric systems. However, this key polar 

ocean is also responsive to atmospheric variability dominated by the Southern Annular Mode 

(SAM). In response to ozone depletion, the SAM has exhibited a significant trend to its 

positive phase since the 1970s. Consequently, the westerlies driving circulation have 

strengthened and contracted poleward, changing mixing regimes and shifting fronts further 

south. Inevitably, these changes must impact on phytoplankton patterns, with ramifications 

for the Antarctic marine food web. Based on satellite measures of [Chl-a] and light 

attenuation (Zeu) which were first validated by fluorescence and light data collected by 

tagged southern elephant seals, this talk addresses the possibility that changes to summer 

phytoplankton patterns in the Southern Ocean can already be measured in the 12-year 

MODIS record. Trends suggest overall declines and shifts in the timing of blooms. In some 

regions, changes also appear to be associated with the SAM. However, declines in surface 

[Chl-a] may point to increases in deep chlorophyll maxima rather than net losses to biomass, 

and, ultimately, it is the vertical distribution of phytoplankton that structures marine food 

webs. Southern elephant seals are tertiary consumers, yet their foraging patterns do not 

appear to be independent of vertically-integrated phytoplankton abundance. This suggests 

that perturbations to the base of the marine food web may persist through to the top. 
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Abstract: The Southern Ocean (SO) is an important moderator of climate, particularly 

through the absorption and phototrophic sequestration of atmospheric CO2 via the passive 

sinking of biogenic particles and physical processes of mixing, advection and diffusion. The 

biological pump is a vital component of this system, with the synthesis, passive sinking and 

subsequent recycling of organic matter by microbial and zooplankton communities, 

fundamentally controlling CO2 draw down and export. What is still not fully understood, is the 

contribution that diel vertical migration (DVM) by zooplankton makes to the active export of 

carbon and nitrogen, the implications this may have for our understanding of biogeochemical 

cycling in the SO, and the associated response of the SO to climate change.  

I am addressing this question through the analysis of the zooplankton community of the 

Scotia Sea and a combination of empirical and theoretical approaches to calculate rates of 

metabolism, egestion and excretion that I use to model active flux driven by DVM. I will 

present data from a transect of sampling locations in the Scotia Sea showing the vertical 

spread and diel variability of the SO zooplankton community, and identifying species of high 

relative biomass that also undertake DVM. I will present recent results from laboratory work 

and modelling attempts to quantify active flux from key crustaceans across this transect, and 

what this may ultimately mean for active flux at a basin scale. I will highlight contributions to 

the flux from respired, excreted and egested end products. These results show that we may 

consider active flux in the SO to be significant with reference to other basin scale fluxes and 

that DVM can be a key process influencing the biogeochemistry of open water regions. 
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Abstract 

Pteropods are thecosome molluscs that feed on small particulates in near surface to twilight 

zones of open ocean, from the equator to the poles. They trap small particles with mucus 

webs, extruded into spheres up to ten times their shell length, effectively creating a ‘mouth’ 

many times larger than the body. These macro zooplankton have a large food to body size 

ratio, 20mm animals (Clio pyramidata) feeding on 50µm prey (diatoms). This scale is only an 

order of magnitude smaller than a blue whale feeding on krill.  

The mucus webs entrap particles and are drawn back into the mantle to extract prey items 

before the mucus is again extruded. These nets maybe abandoned in response to perceived 

threats, for example physical disturbance of the surrounding water body, but will go on 

trapping independently of the pteropod. This contribution to particle aggregation and 

consequent export flux is hard to measure, webs are difficult to identify in sediment trap 

samples, but are possibly now being observed by in situ photography. In addition to organic 

carbon export, the shells of dead or damaged animals sink fast, contributing to inorganic 

carbon export.  

These same shells are easily damaged in net samples and soft body parts once separated 

from their shell are difficult to recognise and identify, leading to their probable 

underestimation in zooplankton sampling. Sediment trap samples suggest that pteropods 

are also early responders to spring bloom conditions (in the North East Atlantic), perhaps 

even earlier than more numerous but smaller copepods.  

We will discuss under sampling, feeding, direct and legacy contributions to carbon export 

and touch on the additional complication of the effects of ocean acidification on their 

aragonite shells.  
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The flux of Particulate Organic Carbon (POC) to the deep ocean via the biological carbon 

pump exerts a major control over atmospheric CO levels. However, the potential role of 

slowly sinking particles is usually overlooked, based on the assumption that only fast sinking 

particles contribute to carbon fluxes to the ocean’s interior, whilst slow sinking POC is 

assumed to be fully remineralised within the upper 300 m of the water column with minimal 

in situ generation [Riley et al., 2012; Bopp, 2005]. Here we examine the contribution of 

slowly sinking particles to total POC flux, and its potential controls, using 140 samples 

collected over 5 years (2009-13) across the Atlantic Ocean using the Marine Snow Catcher 

and the NEMO-MEDUSA biogeochemical model. The slow sinking POC pool mean 

concentration was 9.7±14.0 ug/L, which is 22 times larger than the mean fast sinking POC 

concentration. Slow sinking POC dominates the flux outside the spring bloom associated 

seasonal peak in flux, suggesting a possible post-peak transfer of particles, from the fast to 

the slow sinking pool.  However, in the Arctic Ocean seasonal peak slow sinking POC 

contributed to >95% of the total flux. Fast sinking POC dominated flux in the Southern 

Ocean seasonal peak during which slow sinking POC flux occurred deeper in the water 

column, which we hypothesise is due to fragmentation of large particles. We examine this 

hypothesis using the NEMO-MEDUSA biogeochemical model which does not include 

fragmentation processes. The model shows no evidence that slow sinking POC flux 

increases with depth, supporting this hypothesis. The fragmentation of large particles 

proposed here aids our understanding of why slow sinking POC is found below 300 m, which 

may allow some contribution to carbon storage and suggests that the processes driving this 

pool need to be more robustly modelled.  
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The occurrence of the heterotrophic scleractinid cold-water coral (CWC) Lophelia pertusa at 

the European Margin of the Atlantic Ocean has been widely documented. A number of 

environmental factors have been considered to be important in controlling the development 

of these important ecosystems, including sea-bed substratum, sea-bed slope, hydrography, 

current speeds, suspended sediment or particulate organic matter supply. The recent 

discovery of thriving colonies of L. pertusa living on near vertical cliff walls in the Whittard 

Canyon in the Celtic Sea (Huvenne et al., 2011) has extended the occurrence of the species 

well beyond the optimal density envelope described by Dullo et al. (2008) posing new 

questions about its occurrence controls. In this study it is hypothesized that the chemical 

composition (or quality) of suspended particulate organic matter (sPOM; energy source for 

the CWCs) plays a very important role on its occurrence. 

Large volume water samples (200 – 1500 L) were filtered in situ just above the sea floor (< 

10 m) across a variety of locations with and without abundant L. pertusa in the North Atlantic 

Ocean. The organic chemical composition (quality) of the collected sPOM was assessed by 

quantitative determination of lipid biological markers (e.g. Kiriakoulakis, 2007). Principal 

component, MDS and SIMPER analyses of data were used to identify any significant trends 

in the data. 

There was a strong relationship between the occurrence of L. pertusa and the composition 

of sPOM. Hence, L. pertusa tends to be abundant where there is a (seasonal) supply of 

relatively unaltered phytoplankton sPOM, but less so where there is intensive reworking of 

material. While other environmental factors are undoubtedly important, we argue that the 

supply of fresh phytoplankton derived sPOM, at least through part of the year, is crucial in 

the development of thriving and abundant colonies of Lophelia pertusa.   
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The abyssal zone (3000-6000m) is truly vast, covering 54% of the Earth´s surface.   The 

vast majority of the abyssal seafloor relies on exported labile components of phytodetritus 

from the euphotic zone for food.  Whilst numerous studies have explored the importance of 

phytodetritus to deep-sea organism diets through gut pigment, fatty-acid and stable isotope 

analyses, it is only with the development of stable isotope pulse-chase techniques that 

researchers have been able to identify the initial responders to phytodetritus deposition 

events, and quantify rates of phytodetrital carbon and nitrogen uptake by the benthic 

community. In the only study so far carried out at abyssal depths that assessed the response 

of bacteria and macrofauna to phytodetritus, Witte et al. (2003) found that macrofauna were 

the dominant group involved in the initial degradation of phytodetritus at the eutrophic 

Porcupine Abyssal Plain (PAP). Here, we report on the first in-situ isotope tracer 

experiments carried out under mesotrophic abyssal settings.  We show that bacteria, not 

macrofauna, are responsible for most C-turnover in sediments in the manganese nodule 

province of the Clarion Clipperton Zone (CCZ).  We also show that these observations are 

consistent over regional scales. We noted no significant shift in bacterial diversity when 

exposed to fresh phytodetritus, suggesting that shifts in bacterial diversity do not happen 

immediately (i.e., < 36hrs) upon exposure to food-input in abyssal sediments.  Overall, the 

results from this case study reveal the key role of bacteria in the initial degradation of fresh 

phytodetritus at the seafloor in abyssal mesotrophic environments, and emphasize the 

differences that can exist in terms of short-term C-cycling processes in different abyssal 

environments (e.g., mesotrophic vs. eutrophic). 
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Abstract: 

Atmospheric levels of carbon dioxide are tightly linked to the depth at which sinking 

particulate organic carbon (POC) is remineralised in the ocean. Rapid attenuation of 

downward POC flux typically occurs in the upper mesopelagic (top few hundred meters of 

the water column), with much slower loss rates deeper in the ocean. Currently we lack 

understanding of the processes that drive POC attenuation, resulting in large uncertainties in 

the mesopelagic carbon budget. Attempts to balance POC supply to depth discrete layers of 

the mesopelagic with respiration by zooplankton and microbes in those layers rarely 

succeed. In particular, we focus on the missing sink for POC in the upper mesopelagic, 

addressing this by measuring particle associated microbial respiration, through shipboard 

measurements on individual marine snow aggregates collected at depth. We find very low 

rates of both absolute and carbon specific particle associated microbial respiration (<3% d-

1), suggesting that this term cannot close the upper mesopelagic carbon budget. The 

relative importance of particle associated microbial respiration increases with depth, 

accounting for up to 34% of POC loss in the lower mesopelagic (128-500 m). We suggest 

that POC attenuation in the upper mesopelagic is driven by the transformation of large, fast 

sinking particles to smaller, slowly sinking and suspended particles via processes such as 

zooplankton fragmentation, and that this shift to non-sinking POC may help to explain 

imbalances in the mesopelagic carbon budget. 

  



Poster Presentation 

 

Presenting author – Rebecca Ellis  

Main supervisor: Dr Lee Bryant, University of Bath (UoB)  

Co-supervisor: Dr Tom Bell, Plymouth Marine Laboratory (PML)  

Supervisory Team: Dr Danielle Wain, University of Bath (UoB)  

Dr Ana Queirós, Plymouth Marine Laboratory (PML)  

   

The influence  breathing sediment on oxygen dynamics and the marine benthos  

  

Key biogeochemical processes at the sediment-water interface, including decomposition of 

precipitated algal matter and bioirrigation, have been shown to have a large influence on 

sediment-water oxygen  (O2) uptake via certain studies.  Yet this component of water-

column O2 dynamics is still frequently overlooked on O2 budgets. This study focuses on 

elucidating and quantifying the influence of 1) algal blooms and subsequent precipitation to 

the sediment and 2) bioirrigation in a historically significant coastal environment.  

The main objective of this project is to understand in situ dissolved O2 dynamics, with aims 

to improve understanding of seasonality in benthic-pelagic processes in a coastal 

environment. In essence, this project will provide a comprehensive analysis of the water 

column O2 budget, with particular focus on the influence of seasonal algal blooms off the 

coast of Plymouth on sediment O2 uptake. The obtained results will fill a gap in the existing 

historical (50+ year) dataset (focused largely on water-column chemistry and ecology) to 

provide a comprehensive overview of marine O2 and other biogeochemical cycling. 

Supporting laboratory experiments focused on the influence of bioirrigation on sediment O2 

uptake will also be performed. 

The Western Channel Observatory (WCO) L4 located in Plymouth is a long-term coastal 

monitoring site that is easily accessed. The L4 study site is an excellent location due to the 

extensive historical datasets for the water column (> 20 years) and benthos (> 50 years). 

The novel O2 data obtained via this project will be combined with the pelagic and benthic 

datasets to gain important understanding of the O2 dynamics at L4.  

The project adds invaluable sensor capacity to the WCO and its investigation of benthic-

pelagic coupling. The capacity for in-situ profiling and EC does not currently exist at PML 

and can contribute towards the validation of ongoing optical sensor application development 

(pH and O2).  
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Copper (Cu) is a trace metal present at nanomolar concentration in Open Ocean. It is a 

micro-nutrient essential for phytoplankton growth but it is also highly toxic to phytoplankton, 

dependent on its bioavailable concentration. Both bioavailability and toxicity are dependent 

on the chemical speciation of copper, i.e. on the various forms under which Cu is present.  In 

the dissolved fraction, copper is highly complexed (up to 99.9%) by organic compounds, 

believed to be thiols and humic substances. This complexation is crucial to the oceanic 

cycling of Cu as it modifies the bioavailability of Cu and underpins its residence time by 

controlling how Cu is scavenged by sinking particles.  

A key feature of the oceanic distribution of Cu is the vertical profile, which drives the supply 

of Cu to the surface via mixing and aggregates the key processes in the Cu cycle. It has 

been reported that the profile of Cu is broadly linear with respect to depth and thus is more 

closely connected to radiogenic tracers such as thorium (Th) than other scavenged 

micronutrients such as iron. This apparently link between Cu and Th profiles indicates that 

they are both affected by the same process, i.e. reversible scavenging, where copper is 

scavenged in surface and released progressively during particles settling in depth. Presence 

of strong ligands at depth could thus explain the trigger of particulate copper dissolution. 

This presentation will present a newly compiled dataset of Cu concentrations in across the 

global ocean from published studies. Via an objective statistical analysis, we determine the 

degree of linearity in the profile and slope. We find that while indeed, Cu profiles are linear in 

many ocean basins, different ocean regions are characterised by distinct slopes, which 

illuminate different governing processes. We explore how different oceanic processes 

explain the variations in the vertical profile of Cu towards providing fundamental insight into 

its oceanic cycling. 
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The Southern Ocean plays a pivotal role in global biogeochemical cycles and in the control 

of global climate. Thecosomate pteropods (calcareous planktonic molluscs) are the main 

planktonic producers of aragonite in the world’s oceans and in the Southern Ocean they can 

contribute to >50 % of the total biogenic carbonate export. Pteropods are vulnerable to the 

forecasted increase in ocean acidification, because of their carbonate shells, especially at 

high latitudes where naturally low carbonate ion concentrations and cold temperatures are 

responsible for an increase in CO2 solubility and the sensitivity of acid–base dissociation 

coefficients.  

Understanding pteropod flux dynamics is crucial in order to predict how a potential drop in 

pteropod population will in turn impact the balance between Particulate Inorganic Carbon 

(PIC) and Particulate Organic Carbon (POC) export to the deep ocean. 

Here we presented two years investigation on pteropods collected from subsurface and 

deep moored sediment trap samples located in Terra Nova Bay polynya, Western Ross Sea. 

In this region the presence of water masses rich in CO2 promote ocean acidification through 

the water column. Pteropods were investigated in terms of abundance, class size and shell 

degradation. In order to assess the role of pteropods in regulating carbonate export to the 

deep ocean, we calculated the seasonal and interannual variability of the pteropod flux and 

their contribution to the total carbonate flux. 

The magnitude of pteropod flux observed in this study was significantly lower than flux 

observed in a previous survey  in the same location a decade ago. Detailed scanning 

electron microscope investigation indicated a significant level of corrosion and fragmentation 

of the pteropod shell. These results suggest that ocean acidification can significantly effect 

the level of carbonate export in this region. Long-term field observations are essential to 

ground truth predictions of change in regional ecosystems.  
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The Lyell Centre - a new research centre for earth and marine science and technology 

 

Heriot-Watt University and the British Geological Survey (BGS) have joined forces to create 

a new research centre for earth and marine science and technology.   Based at Heriot-Watt's 

Edinburgh Campus, the Sir Charles Lyell Centre (the Lyell Centre) will become one of 

Europe's leading centre´s for research and expertise in the earth and marine sciences. 

Jointly funded by UK and Scottish funders; Natural Environment Research Council (NERC), 

Scottish Funding Council (SFC) and Heriot-Watt, The Lyell Centre will promote innovative 

research at the core of geoscience, marine and terrestrial ecology, computing, mathematics 

and engineering.  The Lyell Centre’s research themes are clustered into two main areas: 

Applied Geoscience (e.g., conventional exploration, enhanced oil recovery, subsurface 

monitoring, petroleum basin analysis, geophysics) and Ecosystems Science (e.g., marine 

ecosystems in a changing ocean, marine pollution and ecotoxicology, terrestrial ad 

freshwater ecosystems and biogeochemistry).  This poster will present the main research 

focus areas, and the existing and future facilities at this new centre for earth and marine 

science and technology. 
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Title: “Coccolithophore photophysiology: Is Emiliania huxleyi a good representative?” 

  

L. Munns1,2, A. Hickman1, A. J. Poulton2
  

  

(1University of Southampton, School of Ocean and Earth Science 

2National Oceanography Centre, Southampton) 

   

Light is a primary resource for phytoplankton, and has a key role in determining 

phytoplankton physiology and biogeography. Coccolithophores are a diverse group of 

ecologically and biogeochemically important phytoplankton with over 200 individual species. 

However, there is very little known about the potential diversity in coccolithophore 

physiology, including how they use light to photosynthesise, as research is heavily biased 

toward the bloom-forming species Emiliania huxleyi. Understanding the diversity in 

coccolithophore photophysiology is crucial to better understand the ecological and 

biogeochemical roles of the whole coccolithophore community. 

Here we present a culture study examining for the first time the photophysiology of eight 

morphologically and taxonomically diverse species of coccolithophores grown under a wide 

range of irradiances. Growth rates and pigment contents were highly variable both between 

species and irradiance levels, with lower growth rates generally at the lowest light intensities. 

Pigment concentrations, as measured by HPLC, were generally highest at lowest light 

intensities but there was significant inter-species variability in concentrations of chlorophyll 

(0.05 – 3.0 pg cell-1) and accessory pigments when grown at the same irradiances. While the 

light absorption spectra (aPhy*) of the different species was generally similar, variability in the 

fluorescence kinetics, measured using fast repetition rate fluorometry, suggest that the mode 

of acclimation to light intensities may not be conserved amongst the examined 

coccolithophore species. 

Our novel findings demonstrate that photophysiological diversity exists within the 

coccolithophores. These results highlight the vital importance of considering the 

photosynthetic strategies of taxa other than E.huxleyi in understanding the niche-space, 

competitive interactions and global biogeography of coccolithophores. 
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Abstract 

Micro-phytoplankton plays a major role in the marine environment through the sequestering 

of anthropogenic CO2 and export of organic carbon to the deep ocean. In this paper we use 

both in situ data and a satellite model to estimate the contribution of micro-phytoplankton to 

total primary production in the Atlantic Ocean. From 1995 to 2013, 940 measurements of 

primary production were made 23 Atlantic Meridional Transect Cruises. Micro-phytoplankton 

primary production (PP) was highest in the South Subtropical Convergence (SSTC~409 ± 

720 mg C m-2 d-1), where it contributed between 38 % of the total PP, and was lowest in the 

North Atlantic Gyre province (NATL ~37 ± 27 mg C m-2 d-1), where it represented 18 % of 

the total PP. 

Size-fractionated photosynthesis-irradiance (PE) parameters were measured on AMT22 & 

23 which showed that micro-phytoplankton had the highest maximum photosynthetic rate 

(PmB) (~5 mg C (mg m-3 Chl a)-1 h-1) followed by nano- (~4 mg C (mg m-3 Chl a)-1 h-1) 

and pico- (~2 mg C (mg m-3 Chl a)-1 h-1). The PE parameters were used to parameterise a 

remote sensing model of size-fractionated PP, which explained 84% of the micro-

phytoplankton in situ PP variability with a regression slope close to 1. The model was 

applied to the Ocean Colour Climate Change Initiative time series and illustrated that micro-

phytoplankton PP remained constant in the NADR, NATL, CNRY, Eastern Tropical Atlantic 

(ETRA), WTRA and SATL, but showed a gradual increase in the Benguela Upwelling zone 

(BENG) and SSTC. A Thorium-234 export production (ThExP) algorithm was then applied to 

total PP in each province. We found a strong coupling between micro-phytoplankton PP and 

ThExP in the NADR and SSTC, suggesting that the SSTC is the most efficient export system 

in the Atlantic Ocean. 
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Abstract 

The seawater magnesium-to-calcium ration (Mg/Ca) has long been held to 

be the primary control on the polymorph of calcium carbonate (calcite 

versus aragonite) precipitating in the ocean over geological time, 

however some studies have suggested that sulfate concentrations may also 

play a role.  The vast majority of studies exploring how the major ion 

balance impacts the various polymorphs of calcium carbonate, however, 

have been done in chemostats or through otherwise abiotically inducing 

carbonate precipitation in controlled laboratory conditions. In this 

work, we will examine the role of sulfate in controlling the 

precipitation of calcium carbonate when the carbonate precipitation is 

microbially induced.  Pure cultures of sulfate reducing bacteria are 

grown under varying Mg/Ca ratios and the polymorph of calcite is 

monitored as the sulfate concentrations decrease while the bacteria are 

growing.  The main question is how does carbonate mineralogy changes as 

sulfate concentrations are depleted. Temperature and salinity will be 

held constant and CaCO3 seeds is used as nucleation point for carbonate 

precipitation. Understanding of the role of sulfate in precipitating 

different types of carbonate minerals may shed better insight on the 

formation of authigenic carbonate cements in marine sediments. 
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