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Science Meeting Programme
Tuesday 15 January – Lunar Room
Tea and coffee available from 12.30 pm
13.30

Welcome from David Thomas (Chair of PAG)
Followed by talks from the invited speakers (10 mins + 2 mins):
Opening talk by Lydia Gustavs (Project Management Jülich) on behalf of the German Federal Ministry
for Education and Research (BMBF), and short film about “Federal marine research program MARE:N
- Coastal, Marine and Polar Research for Sustainability”
Volker Rachold, Head of the German Arctic Office
“The German Arctic Office - Knowledge transfer and information exchange for future-oriented and
sustainable Arctic decision making”
Marit Reigstad, Nansen Legacy
“The Nansen Legacy – ongoing activities and near future plans”
Rod Downie, Polar Programme Manager for the World Wildlife Fund (WWF)
“WWF in the Arctic”
Grant Hill-Cawthorne, Head of the Parliamentary Office for Science and Technology (POST)
“POST at 30”
Christine Kelly, Arctic and Antarctic Policy Officer at the Foreign & Commonwealth Office (FCO)
“How to support UK policy towards the Arctic”
Amy Waterson, Department for Business Energy and Industrial Strategy (BEIS)
“The role of science in evidence-based policy making; perspectives from climate policy”
Andrew Yool for the Met Office
“National Capability in Ocean and Sea Ice Modelling at the Met Office and NERC centres”
Joana Beja, British Oceanographic Data Centre (BODC)
“Managing Changing Arctic Ocean data”

15.20

Research highlights from poster presenters (1 powerpoint slide and 60 s/presenter)

15.30

Coffee and posters

16.00

Arctic PRIZE – Arctic productivity in the seasonal ice zone

16.50

DIAPOD – Mechanistic understanding of the role of diatoms in the success of the Arctic Calanus
complex and implications for a warmer Arctic

17.40

Research highlights from poster presenters (1 powerpoint slide and 60 s/presenter)

18.00

Break for posters (30 mins)

18.30

End (Lunar Room to be cleared to set up for dinner between 18.30 and 19.30)

Conference dinner in the Lunar Room at 19.30
& after-dinner talk by Rod Downie
“How do you count all the polar bears in the Arctic”
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Wednesday 16 January – Lunar Room
Tea and coffee available from 8.30 am
09.00

ARISE – Can we detect changes in Arctic ecosystems?






Claire Mahaffey
Joanne Hopkins
Robyn Tuerena
James Grecian
Camille de la Vega

09.50

ChAOS – How changing sea ice conditions impact biological communities, biogeochemical processes
and ecosystems

10.40

Coffee and posters

11.10

PEANUTS – Primary productivity driven by escalating Arctic nutrient fluxes?

11.35

Eco-Light – Ecosystem functions controlled by sea ice and light in a changing Arctic

12.00

PETRA – Pathways and emissions of climate-relevant trace gases in a changing Arctic Ocean

12.25

EISPAC - The fate of contaminants and nutrients in a melting Arctic

12.50

Lunch and posters

13.50

APEAR – Advective pathways of nutrients and key ecological substances in the Arctic

14.15

LOMVIA – Linking oceanography and multi-specific, spatially-variable interations of seabirds and their
prey in the Arctic

14.40

CACOON – How will changing freshwater export and terrestrial permafrost thaw influence the Arctic
Ocean?

15.05

MiMeMo – Microbes to megafauna modelling of Arctic Seas

15.30

Coffee and posters

16.00

Diatom-ARCTIC – Diatom autoecological responses with changes to ice cover

16.25

CHASE – Chronobiology of changing Arctic Sea ecosystems

16.50

Micro-ARC – Understanding the links between pelagic microbial ecosystems and organic matter cycling
in the changing Arctic

17.15

Coldfish – Potential benefits and rists of borealisation for fish stocks and ecosystems in a changing
Arctic Ocean

17.40

Wrap-up discussion led by David Thomas

18.00

End
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Thursday 17 January
Tea and coffee available from 8.30 am
09.00

William Hollins Room

Wedgwood Room

Priestley-Darwin Room

Programme Advisory Group

ECR Workshop:
presentations

User Group Meetings

(closed meeting)

Presentation schedule
listed separately








Modelling & Synthesis
Isotopes
Nutrients
Microbiomass
Sea ice
Seafloor properties

11.00

Tea/coffee

Tea/coffee

Tea/coffee

11.30

Meeting continues…

Meeting continues…

Meeting continues…

13.00

Lunch

Lunch

Lunch and End

14.00

William Hollins Room

Burne-Jones Room

Programme Advisory Group
(closed meeting)

ECR Workshop:
modelling session led by
Alessandro Tagliabue

15.30

Tea/coffee

Tea/coffee

16.00

Meeting continues…

Meeting continues…

17.30

End

End
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University of Liverpool
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Organisational/CAO Programme Management
Kirsty
Ned
Lydia
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Michael
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University of Edinburgh
Natural Environment Research Council (NERC)
Project Management Jülich
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Natural Environment Research Council (NERC)
Natural Environment Research Council (NERC)
Natural Environment Research Council (NERC)
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CAO User Groups
The user groups provide a forum for CAO investigators with common interests to collaborate and to
gain added-value from existing research in individual projects. Their purpose is to facilitate the
exchange of data between projects and cross-project integration.
The user groups are:
Group

Group contact

Description

Isotopes

Rachel
Jeffreys

Stable Isotopes in Arctic Biogeochemistry and Ecology
Slack: CAO Stable Isotopes (https://goo.gl/Asjmkz)

Microbiomass

Michael
Cunliffe

Chlorophyll-a concentrations, characterisation and species
identification, taxonomy and other characteristics of the
microbiomass.
Group forum to be discussed at ASM 2019

Modelling &
synthesis

Neil
Banas

For investigators working on the 23 models used in CAO, as well as
observation-based synthesis. Students, postdocs, and senior
scientists are invited to use this as a Q&A forum, as well as a place
to share draft results and organise cross-cutting analyses.
Slack: cao-modelling (https://goo.gl/MHGT7R)

Nutrients

Robyn
Tuerena

Organic and inorganic nutrient concentrations (nitrate/nitrite,
silicate, phosphate, and ammonia, DON, DOC, TOC, DOP, and DIC).
Slack: CAO-Nutrients (https://goo.gl/fYsLE9)

Sea ice

Jeremy
Wilkinson
and Phil
Hwang

To facilitate provision of relevant sea ice data to the projects. The
diverse range of sea ice properties benefit from user group
expertise to help deliver relevant data to the projects.
Slack: BAS - CAO Sea Ice (requires an invite to join the group, please
contact Jeremy jpw28@bas.ac.uk)

Seafloor
Properties

Johan
Faust

Aspects of physical and chemical seafloor properties.
Group forum to be discussed at ASM 2019

Group membership
The groups are open to CAO investigators with an active interest in the targeted data. Membership of
the group is through self-nomination. You are free to join as many of the groups as you wish.
The Modelling, Isotopes and Sea Ice groups have set up Slack discussion forums. Please follow the links
listed in the table to join the group. If you encounter problems joining the Slack group, please email the
group contact person.
The Nutrients, Microbiomass and Seafloor Properties groups will discuss the preferred forum of group
discussion at the Annual Science Meeting in January 2019.
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Instructions for project presentations
Please bring your project presentations on a USB stick to upload on the laptop (Windows) in the Lunar
Room ahead of your presentation slot.
The presentations form part of the reporting process to the Programme Advisory Group (in addition to
the written report) and give you the opportunity to highlight important opportunities/results. As this is
the first CAO ASM with all 16 projects, the presentations will help to familiarise everyone in the
programme with the projects.
The four large projects have 50 min presentation slots, and the 12 new projects have 25 mins.
The main points that the presentations should cover are:





an overview of the project aims and objectives
a progress update (what has and has not been achieved, what remains to be done, data sets
available, etc.),
plans for future fieldwork and cruises
future plans of interest to the programme

The remaining time can be dedicated to whichever aspect of the project you would like to highlight.

Inclusion of the project presentations in the “Members” area of the CAO website
Copies of the project presentations will be made available as low resolution pdf documents in the
“Members” area of the CAO website (under CAO Meetings tab).

Instructions for poster presentations
Please prepare your posters in size A0 and portrait format.
The poster boards will be located at the back of the Lunar Room. You can put your posters up as soon
as you arrive on Tuesday 15 January. There is no allocation of poster boards; please select your
preferred board.
The posters should be removed at the end of the day on Wednesday 16 January.

Research highlights
The poster presenters will have the opportunity to deliver a 60 second overview of their posters during
the meeting on Tuesday afternoon. You may have one powerpoint slide to accompany the delivery.
Please send your single slide to Kirsty (k.crocket@ed.ac.uk) by Friday 11 January.
For those who are not familiar with “Research Highlights”, they are a very quick delivery of the main
content and aim of your poster to familiarise the audience with range of posters available. The single
powerpoint slide should contain your poster title, your name, project, and whatever other content you
think is best to advertise your poster (graphic, photo, plot, etc.).

Inclusion of your poster on the CAO website
If you would like a copy of your poster to be linked to your profile page on the CAO website, please
send a low res pdf of your poster to Kirsty.
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Venue and travel
Novotel Birmingham Centre, 70 Broad Street, Birmingham B1 2HT

From Birmingham International Airport to Birmingham New Street train station
Take the free 'Air-Rail Link' from Birmingham Airport to the International Station (2 minutes travel time).
From there, several trains per hour run to Birmingham New Street. The journey takes ~10 to 15 minutes,
and costs ~£3.80.
https://www.birminghamairport.co.uk/directions-and-transport/by-train/

From Birmingham New Street train station to the Novotel
Several buses run from Margaret Street (stop ES1) near Birmingham New Street train station to
Sheepcote Street (stop BR6) near the Novotel: 9, 12, 12A, 13, 13A, 13B, 23, 24, 126, X8, X10. The bus
journey takes ~15 minutes. Alternatively, walking takes ~16 minutes.
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Expenses
For investigators based in Germany
German investigators will fund their travel and accommodation through their project budgets.

For investigators based in the UK
Expenses for the attendance of UK participants are covered by NERC. After the meeting, please return
the expense form electronically to Nicky Lewis (CAO@nerc.ukri.org). The form must contain a true
signature (not electronic), i.e. please print the form, sign it, and then send a scanned copy or photo of
the form by email. All receipts must be provided (original document, scanned copy or photo).
The following are a few notes on NERC expense allowances:
Breakfast meal (for those not staying at the hotel booked by NERC)

£7.50

Lunch (not on 17th April, as food will be provided)

£15.00

Evening meal (food and one drink allowed)

£25.00

Staying with friends or relatives

£25.00 per night

The above rates are inclusive of VAT. Extras such as newspapers, room service, mini-bar, film/DVD hire
should be met by the claimant.
UK Research and Innovation (UKRI) do not allow and will not reimburse costs for taxi journeys. Public
transport should be used.
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Annual Science Meeting 2019
POSTERS

Poster presentations listed by project
Contents
Invited ............................................................................................................................................................................. 3
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ChAOS ............................................................................................................................................................................. 7
Does sea ice reduction enhance preservation of organic carbon in Arctic marine sediments? ........................... 7
Macronutrient cycling in Arctic sediments and benthic-pelagic coupling .............................................................. 8
Benthic/pelagic exchange processes along an environmental gradient in the Barents Sea ................................. 8

Patterns of benthic-pelagic coupling across the sea-ice transition in the Barents Sea: a Reaction-Transport
model approach ......................................................................................................................................................... 9
CHASE ............................................................................................................................................................................. 9
Chronobiology of Changing Arctic Sea Ecosystems (CHASE project) ...................................................................... 9
Coldfish ......................................................................................................................................................................... 10
Generating isoscape models from reference samples: some practical and statistical considerations............... 10
DIAPOD ......................................................................................................................................................................... 10
Providing spatial and temporal context to DIAPOD: What can we learn from satellites? ................................... 10
Diatom-ARCTIC ............................................................................................................................................................. 11
Characterizing the diatom bloom of contrasting sea ice habitats in the Lincoln Sea .......................................... 11
Eco-Light ....................................................................................................................................................................... 11
Eco-light: Field and robotic observations in 2018 .................................................................................................. 11
EISPAC ........................................................................................................................................................................... 11
Mechanistic insight into the uptake and fate of persistent organic pollutants in sea ice ................................... 11
First results on biogeochemical tracer transport and photochemistry from the Roland von Glasow Air-Sea-Ice
Chamber (RvG-ASIC) ................................................................................................................................................ 12
EISPAC Work Package 4: Understanding the impact of multiple stressors on the Arctic marine environment and
its repercussions for ecosystem services................................................................................................................ 12
LOMVIA ......................................................................................................................................................................... 13
Characterizing dietary niches between two competing seabird species with bulk and compound specific isotope
biomarkers ............................................................................................................................................................... 13
Micro-ARC ..................................................................................................................................................................... 13
Measuring the smallest - phytoplankton size spectra in a Changing Arctic Ocean .............................................. 13
The Changing Arctic Ocean – a bacterial perspective ............................................................................................ 14
MiMeMo ....................................................................................................................................................................... 14
Implementing Ice-Algae into the biogeochemical model ECOSMO ...................................................................... 14
High resolution ecosystem modelling in the North Atlantic-Arctic ocean............................................................ 14
PETRA ............................................................................................................................................................................ 15
Pathways and emissions of climate-relevant trace gases in a changing Arctic Ocean - PETRA........................... 15
Well-known, yet uncertain: Carbon Monoxide and Dimethyl Sulfide in a Changing Arctic Ocean ..................... 15

ASM2019 - POSTERS

Page 2/15

Invited
The role of the NERC Arctic Office in
supporting Arctic research
Henry Burgess*
NERC Arctic Office
*henrge@bas.ac.uk

An outline of the role of the NERC Arctic Office in:
supporting UK-based researchers in the Arctic and
High North; providing advice to policy-makers;
building international collaboration; and the
management of the UK's Arctic Research Station.

Managing the Changing Arctic Ocean data
Robyn Owen*, Joana Beja
British Oceanographic Data Centre (BODC)
*rowen@bodc.ac.uk

Managing UK oceanographic polar data involves two
data centres, BODC and BAS Polar Data Centre (BASPDC). Both centres have a long standing agreement
regarding polar data management and the guidance
we apply to other polar projects will stand for the
CAO datasets. However due to the NERC/BMBF joint
funding another data centre, Pangaea, will also be
responsible for managing data. In this poster we aim
to clarify how CAO data will be managed, where you
should submit it to, where it will reside and the best
ways to discover and request it.

APEAR, Arctic PRIZE, ARISE,
DIAPOD

for CMIP6 and AR6 are now well underway, and
output will become available during 2019 for
Changing Arctic Ocean projects. Here we validate
the performance of the model for the present-day,
with a focus on its representation of the Arctic.

APEAR
High-Resolution global coupled modelling
of biogeochemistry and ocean circulation
Yevgeny Aksenov*, Stefanie Rynders, Maria Luneva,
Katya Popova, Andrew Yool
National Oceanography Centre
*yka@noc.ac.uk

We present the first results from the high-resolution
(~2-9 km) global coupled simulations of the
biogeochemistry and ocean circulation. We focus on
the shifts of the advective pathways of the nutrients
and iron. The present-day ocean state and forward
projections are analysed in the set of the model
resolutions and compared to the UK ESM
simulations. We examine changes in the ocean
circulation in the Eurasian and Canadian basins of
the Arctic Ocean and the circulation coupling
between the Arctic basins. We discuss the role of the
boundary currents, eddies and sea ice retreat in the
current and projected future changes in
biogeochemistry and ecosystems.

Evaluation of cascading water formation
from NEMO-shelf model simulations
Maria Luneva*, Jason Holt
National Oceanography Centre

UKESM1, CMIP6 and the Arctic

*mane1@noc.ac.uk

Andrew Yool*, J Palmieri, Y Aksenov, S Rynders

Cascading is thought to be one of the major players
in shelf-ocean interaction in the Arctic Ocean and to
contribute to carbon export from continental
shelves to the open ocean. Hence, it might influence
the long-term sequestration of the carbon drawndown from the atmosphere by biological production
in shelf seas, with consequences for global climate
(Huthnance et al., 2009, Holt et al., 2009). However
because it is an episodic process, happening in a
winter time, it is difficult to observe.

National Oceanography Centre
*axy@noc.ac.uk

The UK Earth System Model 1, UKESM1, has been
developed in a collaborative venture between NERC
and the UK Met Office for the CMIP6 project that will
feed into IPCC Assessment Report 6 (AR6). The
model is based on the coupled climate model
HadGEM3, with additional Earth system
components representing atmospheric, land and
marine biogeochemistry, as well as land-ice. The
ocean component of UKESM1 is comprised of the
NEMO general circulation model for ocean physics,
the CICE model for sea-ice, and the MEDUSA model
for marine biogeochemistry. UKESM1’s simulations
ASM2019 - POSTERS

We use NEMO-shelf Arctic Ocean model to evaluate
cross-shelf exchange and dense water fluxes in the
Arctic Ocean; and identify the role of sea ice, surface
and bottom Ekman drains on cascading process. We
analyze outputs of three 30 years long runs, which
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differ by inclusion or not the tidal forcing, and
different river runoff representation. We identify
the locations of preconditioning to cascading (as the
area, where the mixed layer depth reaches the
bottom of the shelf and salinity is higher compared
with salinity of ambient waters in the deeper ocean)
and pathways of propagation of cascading waters.
The most strong cascades across isobaths 300m are
found in the east Davis Strait, the Irminger , Barents
and Kara Seas, with the 25 year mean mass fluxes
above 3-4 m2s-1 (Sv/1000km) and isolated, but very
intensive plume in the North-West shelf break of the
Greenland Sea
In the deep Arctic cascading is the dominant shelfexchange process with the 25 year mean flux 1.3 Sv
across isobaths 300m, which 6 times exceeds
Ekman bottom drain (0.2 Sv). Surface Ekman drain is
positive, with offshore fluxes reaching 0.8Sv (across
same isobaths 300m). With more seasonal ice,
surface Ekman fluxes in the deep Arctic grow with
the rate 0.023 Sv/year, presumably due to
dominating anticyclonic wind circulation during the
last decade and enhanced transport of momentum
during ice-free summer conditions. Cascading flux
grows with time with the rate 0.018 Sv/year. This
support hypothesis (Ivanov et al, 2015) that with
growth of seasonal ice cascading processes will be
intensified.

Arctic PRIZE
Pan-Arctic diel vertical migration during the
polar night
Laura Hobbs1,2*, Finlo Cottier1,3, Kim Last1, Jørgen
Berge3,4,5
1Scottish

Association for Marine Science, 2University of
Strathclyde, 3UiT The Arctic University of Norway,
4University Centre in Svalbard, 5Norwegian University of
Science and Technology
*laura.hobbs@sams.ac.uk

Diel vertical migration (DVM) has generally been
assumed to cease during the polar night in the high
Arctic, although recent studies have shown the
occurrence of lunar vertical migrations (LVMs) and
shallow DVMs. Here, we quantified when and where
full-depth (>20 m), solar-mediated DVM exists on a
pan-Arctic scale. We observed the scattering
population, most likely to be comprised of
zooplankton, using 300 kHz acoustic Doppler
current profilers (ADCPs). We quantified the
ASM2019 - POSTERS

presence/absence of DVM, and found that DVM
continues throughout the year to at least 20 m at all
locations south of 74°N. North of 77°N, DVM ceases
for a period of time during the polar night. The dates
of this cessation accurately align with the date of the
winter solstice (±2 d). Between 74 and 77°N, DVM
presence/absence is variable. Acoustic data
sampled at 89°N, however, showed no evidence of
DVM at any time during the year—a new
observation. Using indicators of presence/absence
of sea ice from ADCPs and satellite-derived sea ice
concentration data, we revealed that local variations
in sea ice cover directly determine the continuation
or cessation of DVM during the polar night. Earlierforming and higher-concentration sea ice causes a
cessation in DVM, whereas low-concentration or
late-forming sea ice results in continuous DVM
when comparing migrations at similar latitudes.

Continuous glider occupation in the
Barents Sea from the Polar Night into the
Polar Day
Marie Porter1*, Heather Bouman2, Andrew Orkney2,
Sian Henley3, Byongjun Hwang4, Emily Venables1,
Estelle Dumont1, Finlo Cottier1
1Scottish

Association for Marine Science, 2University of
Oxford, 3University of Edinburgh, 4University of
Huddersfield
*marie.porter@sams.ac.uk

In the Arctic shelf seas, the preconditioning of the
water column during the under-sampled Polar night
period exerts an important control on the onset of
the spring phytoplankton bloom, yet the
mechanisms behind this control remain poorly
understood.
Acquiring
seasonally-resolved
observations in these regions is challenging due to
ice and access. However, robotic platforms,
particularly gliders, offer a means of acquiring such
data. We deployed a Slocum Glider in the Barents
Sea in January 2018 during the Polar night. This
glider completed several transects along a line at
30oE
between
its
northernmost
point,
approximately 30km from the ice edge, south by
approximately 100 km, into the Atlantic Water. The
glider crossed into the Polar Front region twice
during this deployment, with the northern extent of
the transect being limited by the ice edge.
Throughout the dark Polar night period, the water
column remained well-mixed in the Atlantic regions
whilst stratification persisted north of the Polar
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Front. In early April 2018, we detected an increase
in chlorophyll-a fluorescence, suggesting the onset
of phytoplankton growth, which occurred one
month after the sun returned to the region after the
dark winter. Within three weeks, chlorophyll-a
increased to full bloom conditions. We recovered
the glider in the early bloom period and replaced it
with a PAR enabled glider for continuous operation
during the Polar Day, with 24 hour daylight. Here we
will show the latest data from our suite of gliders,
including the wintertime physical structure and
subsequent gradual springtime stratification of the
water column, and the development of the spring
bloom in this productive Arctic shelf region.

Makarov and Eurasian basins which are a result of
the interplay between N cycle processes. The
implications of these findings for basin
biogeochemistry and the nutrient inventory will be
discussed.

ARISE

*j.hopkins@noc.ac.uk

The role of shelf processes in nutrient
cycling and oxygenation of the Central
Arctic: insights from nitrate stable isotopes
Antonia Doncila*, Raja Ganeshram, Robyn Tuerena,
Sian Henley
University of Edinburgh
*Antonia.doncila@ed.ac.uk

The Arctic Ocean is key in maintaining the global salt
and nutrient balance. Nevertheless, this basin is
warming twice as fast as the rest of the globe. The
subsequent loss of permanent sea-ice and
northward migration of open water and seasonal
sea-ice boundaries alter vital biogeochemical
processes like the cycling of nutrients. As a result,
the processes that control nutrient budgets and
fluxes on a Pan-Arctic scale and their sensitivity to
climate change remain unclear. By combining the
isotopic composition of nitrate (δ15N, δ18O) with
ancillary biogeochemical and hydrographic
GEOTRACES and NPI data collected in 2015-2016 we
document nitrogen supply, uptake and recycling in
the central and southeast Arctic Ocean. The vast
study area covers the Eurasian and Makarov basins,
Fram Strait, Barents Sea Opening and includes Arctic
settings from permanent ice cover to seasonal seaice and stratified open water. High δ15N(NO3) in
surface waters indicate extensive nitrogen
utilisation, yet differences occur between distinct
sea-ice regimes. Using the dual isotopes of nitrate
we characterize N uptake and remineralisation
throughout the water column and its evolution on a
latitudinal transect from 90°N to 60°N relative to
sea-ice regimes. We further identify distinct
δ15N(NO3) signatures in deep water masses from the
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Hydrography and transports across the
Fram Strait and East Greenland Shelf in
early summer
Jo Hopkins1*, Richard Abell2, Robyn Tuerena3, Louisa
Norman4, Raja Ganeshram3, Claire Mahaffey4
1National

Oceanography Centre, 2Scottish Association for
Marine Science, 3University of Edinburgh, 4University of
Liverpool

The Fram Strait is one of the main gateways into and
out of the Arctic Ocean. On its eastern side, warm
and salty Atlantic water carried northward along the
shelf edge by the Spitzbergen Current enters the
Arctic. These warm waters fill intermediate depths
across the whole Arctic basin and represent
important supply pathways for nutrients. On the
western side of Fram Strait, the cold East Greenland
Current exports climatically important quantities of
fresh water and sea ice out of the Arctic that
downstream, within the subpolar Atlantic, can affect
deep convection and water mass formation.
The ARISE project is using nitrogen and carbon
stable isotopes to examine ecosystem structure and
its sensitivity to change across the Arctic. The
isotope values at the base of the food chain however
(the ‘isoscape’) are dependent upon a range of
environmental characteristics and fluctuate in both
space and time. During cruise JR17005 in May-June
2018 the ARISE team sampled a transect across the
Fram Strait in order to capture important ‘isoscape
end members’ associated with Atlantic Water inflow
and the fresh, modified Arctic Water export.
Interpretation of the dissolved and particulate
signatures will be informed by our understanding
and mapping of the hydrography and circulation in
the Fram Strait. Here we present the full
hydrographic (temperature and salinity) and
inorganic nutrient sections together with velocity
measurements from the Lowered Acoustic Doppler
Current Profiler to identify the major water masses
and current systems. We focus on the intermediate
and near surface water whose properties and
pathways are most relevant to the seasonal growth
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of phytoplankton and in setting the regional
isoscape.

Spatial patterns in nitrogen and carbon
stable isotope ratios of Calanus spp. in the
Arctic Ocean
Elliott Price1*, Rachel Jeffreys1, Claire Mahaffey1,
Claudia Castellani2, Rowena Stern3
1University
3Marine

of Liverpool, 2Plymouth Marine Laboratory,
Biological Association

*Elliott.price@liverpool.ac.uk

The calanoid copepods Calanus finmarchicus,
Calanus glacialis and Calanus hyperboreus form a
large part of the zooplankton community in the
Arctic Ocean. Given that they have high grazing rates
on primary producers and are prey themselves for a
range of marine organisms, Calanus spp. are of
paramount importance in maintaining a stable and
functional food web in the Arctic Ocean. However,
the changing arctic climate is altering atmospheric
and ocean temperatures, and influencing the
dynamics of ocean circulation patterns, leading to a
loss of sea ice, disruption of biogeochemical cycles
and a potential long-term shift in the composition of
aquatic communities. Such changes are likely to
have consequences for ecological processes in
which Calanus spp. are involved, potentially leading
to the disruption of trophic interactions of other
organisms in the rest of the food web. Assessing
how the diets and trophic positions of a keystone
species such as Calanus is changing in response to
altered ocean characteristics can lead us to valuable
insights into the health of the ecosystem. We
analysed 14N/15N (δ15N) and 12C/13C (δ13C) isotope
ratios of Calanus spp. collected from the Fram Strait
and the Barents Sea to track how trophic positions
of zooplankton species and their potential dietary
resources change over spatial scales. This
information can then be used to predict food web
responses to future climate change scenarios in the
vulnerable Arctic Ocean.

Arctic Seals and Stable Isotopes
Sophie Smout*
University of St Andrews
*scs10@st-andrews.ac.uk

Changes in the trophic level of apex predators can
reflect variations in the availability and quality of
food resources resulting from ecosystem
perturbations, with pinnipeds widely used as
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indicator species for marine conditions in highlatitude settings. 1. Harp seals (Pagophilus
groenlandicus) are the most abundant pinniped in
the North Atlantic and they travel between subarctic
and Arctic waters, integrating conditions across
wide geographic areas during seasonal migrations.
We analyse satellite telemetry from tagged harp
seals, to suggest the locations associated with
foraging behaviour where the seals might be
expected to 'harvest' prey associated with the local
isoscape. 2. Tooth collagen is considered to be
stable, potentially providing a through-ontogeny
archive, subdivided by growth-line ‘annuli’ in the
structure of the tooth. We show that these layers
can be sampled to allow age-specific and yearspecific estimates of trophic level from stable
isotope analysis, and present initial results from the
analysis of long-term historical archives of seal
teeth. We present early results from (1) and (2) to
illustrate how the ARISE project aims to integrate
modelling of seal movement with the analysis of SI
signatures in historical samples of harp seal tooth
collagen, relating this to changes in the background
isoscape to suggest how the trophic levels of seal
diets have changed with time.

Nutrient cycling in the Barents Sea: using
stable isotopes to understand carbon and
nitrogen biogeochemistry in the Arctic
Ocean (ARISE project)
Robyn Tuerena1*, Raja Ganeshram1, Jo Hopkins2,
Camille de la Vega3, Louisa Norman3, Rachel
Jeffreys3, Claire Mahaffey3
1University
3University

of Edinburgh, 2National Oceanography Centre,
of Liverpool

*r.tuerena@ed.ac.uk

The Arctic Ocean is warming at twice the rate of the
global average, leading to sea ice loss and changes
to primary productivity and food web dynamics. In
the Barents Sea, warm Atlantic Water (AW) transits
northwards and enters the Eurasian basin of the
Arctic Ocean. In this shelf environment, physical and
biogeochemical processes such as diapycnal mixing,
nutrient uptake and river run-off modify AW before
entering the Eurasian basin. These processes are
likely to change in a warming Arctic Ocean and thus
alter the nutrient characteristics of exported AW to
the wider Arctic basin. Stable isotopic ratios of
dissolved inorganic carbon (δ13C-DIC), nitrate (δ15NNO3, δ18O-NO3) together with ancillary data, are
used to determine the modification of AW nutrients
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during transit though the Barents Sea. These data
are combined with the isotopic signatures in
particulate organic matter (δ13C-POC, δ15N-PN), to
determine isotopic variability at the base of the food
web resulting from physical and biological
fractionation processes. We will discuss the relative
importance of warm water inflow, sea ice loss and
changing
productivity
on
the
nutrient
biogeochemistry, and the implications this may have
on Arctic food webs.

CACOON
Changing Arctic Carbon cycle in the Coastal
Ocean Near-shore (CACOON): a new
project on the changing Arctic coast
Paul Mann1*, Jens Strauss2, Mike Bedington3, Guido
Grosse2, Gesine Mollenhauer2, Olga Ogneva2, Paul
Overduin2, Luca Polimene3, Ricardo Torres3, Sergei
Zimov4, Nikita Zimov4, Robert Holmes5
1Northumbria

University, 2Alfred Wegener Institute
Helmholtz-Centre for Polar and Marine Research, 3Plymouth
Marine Laboratory, 4Northeast Science Station, Cherskii,
Russian Federation, 5Woods Hole Research Center, USA
*paul.mann@northumbria.ac.uk

No other region has warmed as much or as rapidly
in the past decades as the Arctic. A new project,
CACOON, will investigate how coastal Arctic Ocean
waters and planktonic communities will respond to
changing freshwater inputs driven by on-going
climate change. Funded by the British Natural
Environment Research Council (NERC) and the
German Federal Ministry of Education and Research
(BMBF), CACOON will help to better understand and
predict changes to the Arctic marine environment.
Arctic rivers annually carry around 13% of all
dissolved organic carbon transported globally from
land to ocean, despite the Arctic Ocean (AO) making
up only approximately 1% of the Earth’s ocean
volume. Arctic shelf waters are therefore dominated
by terrestrial carbon pools and shelf ecosystems
intimately linked to freshwater supplies. Arctic
ecosystems also contain perennially frozen carbon
that may be released by further warming. Climate
change already thaws permafrost, reduces sea-ice
and increases riverine discharge over much of the
pan-Arctic, triggering important feedbacks. The
importance of the near-shore region, consisting of
several tightly connected ecosystems that include
rivers, deltas, estuaries and the continental shelf, is
however often overlooked. We need year-round
studies to be able to predict the impact of shifting
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seasonality, fresher water, changing nutrient supply
and greater proportions of permafrost-derived
carbon on coastal water processes. CACOON
addresses this knowledge gap by investigating the
near-shore regions of two major Arctic rivers, the
Lena and Kolyma, which together drain 19% of the
pan-Arctic watershed area. CACOON will quantify
the effect of changing freshwater export and
terrestrial permafrost thaw on the type and fate of
river-borne organic matter (OM) delivered to Arctic
coastal waters, and the resultant changes to
ecosystem functioning in the coastal AO. We will
achieve this though a combined observational,
experimental and modelling study. We will conduct
laboratory experiments to parameterise the
susceptibility of terrigenous carbon to abiotic and
biotic transformation and losses, then use the
results from these to deliver a marine ecosystem
model of the major biogeochemical cycles of
carbon, nutrients and OM cycling in these regions.

ChAOS
Does sea ice reduction enhance
preservation of organic carbon in Arctic
marine sediments?
Johan Faust1*, Allyson Tessin1, Mark A. Stevenson2,
Geoffrey D. Abbot2, Christian März1
1University

of Leeds, 2Newcastle University

*j.faust@leeds.ac.uk

An increase in primary productivity is likely to
change the amount of organic carbon (OC) reaching
the seafloor and might cause higher carbon burial
rates. However, the mechanisms that control OC
preservation in sediments are complex and poorly
characterized. Our study seeks to provide a deeper
understanding of how an increased flux of organic
material to the Arctic seafloor will change
biogeochemical processes, carbon sequestration,
and the sorptive preservation of OC by iron oxides.
In 2017 and 2018, we collected sediment and pore
water samples from six stations along a S-N transect
in the Barents Sea. We will present bulk elemental,
OC and nitrogen composition for these sediments as
well as the amount of OC associated with reactive
iron oxides in relation to environmental parameters,
e.g., sea ice cover. Our findings will improve our
understanding of how changes in the surface Arctic
Ocean influence seafloor processes, and will test
whether sea ice reduction results in more OC being
preserved in these sediments.
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Macronutrient cycling in Arctic sediments
and benthic-pelagic coupling
Sian F. Henley1*, Johan Faust2, Mark Stevenson3,
Allyson Tessin2, Tim Brand4, Kate Hendry5, Christian
Maerz2
1University

of Edinburgh, 2University of Leeds, 3Newcastle
University, 4Scottish Association for Marine Science,
5University of Bristol
*s.f.henley@ed.ac.uk

Earth’s polar regions are undergoing considerable
variability and change in their physical
environments, with important implications for
ocean chemistry and ecosystems. Some of the
largest reductions in sea ice cover have been
observed over the continental shelves of the Arctic
Ocean, where large spring/summer phytoplankton
blooms fuel highly productive foodwebs. The
importance of these shelf environments for the
oceanic uptake and longer-term storage of carbon
dioxide is dependent on the extent to which organic
matter produced in the upper water column is
buried in sediments, and this is strongly governed by
the biogeochemical processes occurring in seafloor
ecosystems. We will present recent results from the
Barents Sea, a high-productivity Arctic shelf
environment, and use pore water and water column
nutrient data to examine the biogeochemical
processes at work within the upper sediment
horizons and close to the seafloor, and the fluxes of
macronutrients across the sediment-water
interface. We will also discuss the use of isotopic
signatures of nitrate and organic matter to further
constrain and quantify the most important
sedimentary nutrient recycling processes. These
results offer important insight into the key controls
on sedimentary nutrient cycling and its influence on
water column processes and nutrient budgets.
Understanding the importance of benthic nutrient
cycling and its key regulating factors now will allow
us to predict the ways in which these processes and
their importance for ocean chemistry and biology
may change in the context of ongoing changes in
temperature, sea ice dynamics and ocean
processes.
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Benthic/pelagic exchange processes along
an environmental gradient in the Barents
Sea
Saskia Ruhl1*,
Thompson2
1Plymouth

Centre

Steve

Widdicombe1,

Charlie

Marine Laboratory, 2National Oceanography

*sru@pml.ac.uk

Biologically important variables such as the
concentration of organic matter and nutrients exist
in a state of constant exchange between the benthic
and the pelagic environment. This exchange can be
affected by a number of biological, physical and
geochemical factors which often act in combination
with one another and should be considered not in
isolation but holistically. In turn, the occurrence of
exchange processes has an influence on adjacent
environments and organisms. In this study,
variations of benthic/pelagic exchanges are
considered along a gradient of varying water mass
distribution in the Barents Sea. In order to quantify
the influences of organic matter and nutrient
exchange between the two environments as well as
each of the factors affecting the exchange along the
gradient, a combination of in-situ sampling of
background conditions and artificially induced shear
stress were employed during the 2018 ChAOS cruise
(JR17007). The latter was achieved through
application of the Core Mini Flume to box cored
sediment matrices from each of the sites, triggering
and enhancing the exchange processes. Both the
sediment and the overlying water were sampled
before, throughout and after the thus induced
process of resuspension. Knowledge of the variation
along an environmental gradient and the potential
for benthic/pelagic exchange in stressful conditions
can be used to better understand the availability of
carbon and nutrients in the area as well as their
interdependence with the biological community and
physical environment.
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Patterns of benthic-pelagic coupling across
the sea-ice transition in the Barents Sea: a
Reaction-Transport model approach
Felipe Sales de Freitas1,2*, James Ward1,2, Kate
Hendry1, Sandra Arndt2, ChAOS team3
1University
3Changing

of Bristol, 2Université Libre de Bruxelles,
Arctic Ocean Seafloor

*felipe.salesdefreitas@bristol.ac.uk

The biogeochemical processes that occur at the
sediment-water interface and underlying sediment
layers are crucial for the mineralization of organic
matter (OM) reaching those sediments, as well as
for nutrient recycling, and thus have a direct impact
on carbon budget and Earth climate. This benthicpelagic coupling results from the combination of
several processes, such as OM fluxes, terminal
electron acceptors (TEA) availability, and
depositional fluxes. Additionally, biologically-driven
transport processes, known as bioturbation and
bioirrigation, also play a significant role on the
benthic-pelagic coupling, and consequently on
carbon and nutrient cycling. In the Barents Sea those
processes are further impacted by drastic seasonal
changes related to sea-ice cover, which may result
in strong gradients from ice-free to ice-covered
areas. However, a comprehensive and quantitative
understanding of such impacts on the benthicpelagic coupling in the Barents Sea across the seaice transition is poorly constrained. Thus, our aim is
to quantitatively investigate the OM dynamics in the
Barents Sea sediments across the sea-ice transition.
Here, we apply a Reaction-Transport model (RTM)
that allows us to quantify OM reactivity, rates of OM
mineralization, nutrient benthic-pelagic fluxes, as
well as nutrient cycling (N, P, Mn, and Fe) in
subsurface (~ 50 cm) sediments in two distinct
areas. Our RTM results show that OM and nutrient
cycling are sensitive to sea-ice cover. This is
expressed on OM reactivity, and consequently in
rates of benthic OM mineralization. Additionally,
RTM results show how biologically-driven transport
processes intensify OM mineralization and reoxidation
of
reduced
species
(e.g.
𝑁𝐻 , 𝑃𝑂 , 𝑀𝑛 , 𝐹𝑒 ) within sediments. We also
observed that intensified bioturbation and
bioirrigation modify utilization of TEA (𝑂 ,
𝑁𝑂 , 𝑀𝑛𝑂 , 𝐹𝑒(𝑂𝐻) , and 𝑆𝑂 ) channelled to
OM mineralization and re-oxidation of reduced
species. For instance, a deepening in the
bioturbated mixed-layer results in both enhanced
total OM mineralization and decreased in the 𝑂
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relative contribution to the total rates of
mineralization. In such cases, the 𝑂 that reaches
deeper sediment layers is consumed by re-oxidation
of reduced species. Similarly, the Mn and Fe cycling
are strongly affected by biologically-driven mixing.
Altogether, our results show the overall sensitivity of
benthic-pelagic coupling in the Barents Sea due to
changes in sea-ice cover as well as biologicallydriven mixing. Yet, our results demonstrate how
RTM is a powerful tool for quantifying nutrient
dynamics (e.g., N, P, Mn, Fe), and thus offers an
objective framework for better understanding early
diagenesis in the Barents Sea.

CHASE
Chronobiology of Changing Arctic Sea
Ecosystems (CHASE project)
Jordan Grigor1*, Kim S. Last1, Bettina Meyer2,3,4,
Jørgen Berge5,6, Jonathan Cohen7, Finlo Cottier1,
Malin Daase5, Jürgen Groeneveld8, N. Sören
Häfker2,9, Lukas Hüppe2, Laura Hobbs1,10, David
Pond11, Janne Søreide6, Geraint Tarling12, David
Wilcockson13
1Scottish

Association for Marine Science, 2Alfred Wegener

Institute Helmholtz-Centre for Polar and Marine Research,
3Carl

von Ossietzky University, 4Helmholtz Institute for
Functional Marine Biodiversity at the University of Oldenburg,
5UiT The Arctic University of Norway, 6University Centre in
Svalbard, 7University of Delaware (USA), 8Technische
Universität, 9University of Vienna, 10University of Strathclyde,
11University
of Stirling, 12British Antarctic Survey,
13Aberystwyth University

*Jordan.grigor@sams.ac.uk

The Arctic is changing rapidly, with ice retreat
resulting in an ocean of warmer and fresher and
water, with deeper penetration of light. This is
resulting in the earlier arrival of the spring bloom,
the later arrival of autumn freeze, and the increasing
length of the main growing season. Such climate
change effects are driving marine zooplankton
species to extend their habitat ranges polewards1
resulting in exposure to new and more extreme daylength (photoperiodic) climates with unknown
consequences2. Using individual copepods (Calanus
spp.) and krill (Thysanoessa inermis), the aim of the
CHASE project is to understand individual responses
to photoperiod at different latitudes to better
predict large scale ecosystems consequences to
change. Presenting behavioural and physiological
data collected from recent research cruises in
Svalbard and Scotland, we reveal unexpected
variability between habitats and individuals,
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suggesting adaptation potential at both the
population and individual levels. Using data from the
laboratory and the field, we comment on the
occurrence of diel vertical migration in these
species, which is centrally important in high latitude
biogeochemical cycling.
1 Murphy, E.J., Cavanagh, R.D., Drinkwater, K.F., Grant,
S.M., Heymans, J., Hofmann, E.E., Hunt, G.L., Johnston,
N.M. (2016). Understanding the structure and functioning
of polar pelagic ecosystems to predict the impacts of
change. Proc. R. Soc. B, The Royal Society.
2 Bradshaw, W.E., Holzapfel, C.M. (2001). Genetic shift in
photoperiodic response correlated with global warming.
Proceedings of the National Academy of Sciences 98(25),
14509-14511.

Coldfish
Generating
isoscape
models
from
reference samples: some practical and
statistical considerations
Clive Trueman1* Katie St John Glew1, Kirsteen
MacKenzie2, Matthew Cobain3
1University

of Southampton, 2Institute of Marine Research
(Norway), 3Newcastle University
*trueman@noc.soton.ac.uk

Spatial models of the distribution of stable isotope
compositions within organic (and inorganic)
materials - ‘isoscapes’ are extremely useful tools for
understanding biogeochemical process, correcting
isotopic data to take account of baseline variability
and studying animal origin, migration and
movement.
Spatial models are typically visualized as maps – but
culturally we are unused to thinking about maps as
models with error – it is therefore extremely
important to identify, quantify and visualize error
associated with isoscape models.
Isoscape models may be purely mechanistic, or
based on reference samples where isotopic
compositions are measured in samples from known
locations and some form of spatial inference
method used to predict isotopic compositions to
generate a continuous surface model. Assessing,
quantifying and visualizing error associated with
isoscape models is far from trivial, and the choice of
spatial inference method used to generate an
isoscape model is largely driven by considerations of
associated error.

ASM2019 - POSTERS

In this poster we outline some of the considerations
associated with generating isoscape models from
measured reference data drawing on recently
developed isoscape models of the UK shelf seas, and
which we will use within Coldfish to generate
multiple isoscapes across the Barents Sea. We
suggest that mixed model type approaches are best
practice for isoscape generation, and introduce INLA
(effectively a Bayesian solution for mixed models) as
a computationally efficient methodology.
We particularly caution against (1) prediction
outside of regions with reference samples (2)
spatially unbalanced reference datasets and (3)
ignoring spatially-independent sources of variance
in reference data (e.g. species, season, sample
matrix).

DIAPOD
Providing spatial and temporal context to
DIAPOD: What can we learn from satellites?
Anna Belcher1*, Louise Ireland1, Sarah Reed2, David
Pond3, Geraint Tarling1
1British

Antarctic Survey, 2Scottish Association for Marine
Science, 3University of Stirling
*annbel@bas.ac.uk

Calanus, the dominant zooplankton taxon in the
Arctic, rely on fatty acids from marine
phytoplankton to build up the lipid stores required
for overwintering at depth. As these lipid stores are
metabolised at depth this provides another
mechanism to transfer carbon to the deep-sea.
However, the production of phytoplankton in the
Arctic is changing. The shift to different
phytoplankton groups with different fatty acids is
likely to impact the ability of Calanus to build up
sufficient lipid reserves. The nutritional quality of
the phytoplankton will control the amount of fatty
acid required by Calanus, but also, due to their
effect on buoyancy, the depth at which
overwintering will occur. In order to assess the
supply of phytoplankton fatty acids to the Arctic
Ocean, relationships will be developed between in
situ measurements of phytoplankton fatty acid and
satellite chlorophyll. In this way, it is hoped that the
changing nutritional status of the Arctic Ocean can
be assessed across a range of temporal and spatial
scales.
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Diatom-ARCTIC
Characterizing the diatom bloom of
contrasting sea ice habitats in the Lincoln
Sea
Karley Campbell1*, C. Michel2, B.A. Lange2, J.
Charette2, S. Duerksen3, Pascal Tremblay2, P.
Coupel3, Cody Carlyle2, Martyn Tranter1
1University

of Bristol, 2Freshwater Institute (Fisheries and
Oceans Canada), 3Bedford Institute of Oceanography
(Fisheries and Oceans Canada)
*kc17823@bristol.ac.uk

The spring diatom bloom in sea ice is an integral
component of carbon cycling and trophic dynamics
in the Arctic marine system. The taxonomic
composition and productivity of this bloom are
dependent on physical characteristics of the sea ice
environment that are likely to vary with the age of
ice, including differences in light and nutrient
availability. In this study we characterize the
conditions of adjacent first-year and multiyear sea
ice floes in the Lincoln Sea of the Canadian Arctic
during spring 2018, and assess species abundance as
well as productivity of the bottom-ice community.
This work is a critical step in understanding the
impact of increasingly younger sea ice covering the
Arctic Ocean with ongoing climate change. It also
represents the inaugural field season of the Diatom
Autecological Responses with Changes To Sea Ice
Cover (Diatom-ARCTIC) project.

Eco-Light
Eco-light: Field and robotic observations in
2018
Jeremy Wilkinson1*, Giulia Castellani2, Hauke
Flores2, Alexander Hayward3, Michael Karcher2,4,
Frank Kauker4, Marcel Nicolaus2, Julienne Stroeve3
1British

Antarctic Survey,

2Alfred

Wegener Institute

Helmholtz-Centre for Polar and Marine Research, 3University
College London, 4OA Sys

*jpw28@bas.ac.uk

Changes in the light field under the sea ice is one of
the main drivers that will affect large-scale
ecosystem
structure
and
biogeochemical
functioning of the Arctic marine environment. Sea
ice and snow is a major factor influencing the light
field, but the Arctic sea ice is changing; it is melting
earlier and forming later. In fact, the Arctic is no
longer a region dominated by a thick multi-year ice
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(MYI), but it is a regime controlled by thinner, more
dynamic, first year ice (FYI). This shift from MYI to FYI
has consequences on the radiative transfer, as well
as for changes in the ecosystem dynamics. To
quantify the biological response to this changing
Arctic, we need to better describe the complexity of
the coupled physical-biological system, especially
over an annual cycle. To do this appropriately we
need a long-term and sustained presence; making
appropriate measurements over an annual cycle.
Here, we describe the recent KOPRI Araon cruise
that we participated in, and summarise both the
shipborne and long-term robotic deployments that
were performed. We also introduce next year’s
Arctic campaign.

EISPAC
Mechanistic insight into the uptake and
fate of persistent organic pollutants in sea
ice
Jack Garnett1, Crispin Halsall1*, Max Thomas2, James
France2, Jan Kaiser2, Amber Leeson1, Peter Wynn1
1Lancaster

University, 2University of East Anglia

*c.halsall@lancaster.ac.uk

The accumulation and fate of organic contaminants
in sea ice is a poorly studied area and yet sea ice
serves as an important habitat for organisms at the
base of the marine foodweb. Here we conducted
experiments to track chemical fate in sea ice, using
a state-of-the-art instrumented sea ice chamber for
eight persistent chemicals dissolved in artificial
seawater at nM concentrations (α-HCH, -HCH,
chlorpyrifos, PCB-28, PCB-52, BDE-47, BDE-99).
During multiple freeze-up experiments, the ice
reached a maximum depth of ~26 cm and the mass
of chemicals present in the ice was only 0.5-12% of
the total measured in the initial seawater. Each
chemical was observed in the ice and had a vertical
profile that was a characteristic ‘C – shape’, akin to
the profile observed for NaCl, with the highest
concentrations in both the upper (ice-atmosphere
interface) and lowest (ice-ocean interface) ice
layers. Ice brine appeared to play an important role
in the distribution of chemicals in the ice with an
enrichment factor (EF) (i.e. the ratio of the chemical
concentration in ice brine over that in seawater)
close to or ≥1, for most of the chemicals and this
compared well to EFs determined from field
observations on first-year ice in the Arctic. Use of a
1-dimensional sea ice growth model that
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incorporated ice brine and used only the initial
chemical concentrations in seawater, closely
predicted their distribution in sea ice, with
simulated bulk ice concentrations to within a factor
of 1-11 of observed concentrations. The release of
chemicals from sea ice during melt was influenced
by brine loss and suggested that less soluble
compounds have a greater tendency to remain
within the ice until complete melt has occurred. Our
results highlight the importance of sea ice brine for
controlling chemical fate. As brine-enriched firstyear sea ice is now the dominant ice type in a
warmer Arctic, this ice can serve as a seasonal
accumulation reservoir for persistent organic
pollutants raising concerns for ice-associated biota
at the base of the pelagic food web.

First results on biogeochemical tracer
transport and photochemistry from the
Roland von Glasow Air-Sea-Ice Chamber
(RvG-ASIC)
Jan Kaiser1*, Roland von Glasow1, James France1,
Max Thomas1, Josué Bock1, Odile Crabeck1, Jack
Garnett2, Crispin Halsall2, Catherine Larose3, Rose
Layton3, Ellen Damm4, Josefa Verdugo4, Dirk Notz5,
Verena Hof5, Leif Riemenschneider5, Karen
Heywood1, Martin Wadley1, Ben Wadley1, Tim
Wadley1, Rowan Cox1, Carla Webb1, Jean-Louis
Tison6, Bruno Delille7, Marie Kotovich7, Fanny van
der Linden7
1University

programmable from -55 ºC to +30 ºC, allowing a full
range of first year sea-ice growing conditions in both
the Arctic and Antarctic to be simulated. The water
depth can be up to 1 m (including up to 25 cm of
sea-ice) and an optional 1 m tall Teflon FEP
atmospheric enclosure on top of the sea-ice, thus
creating a closed and coupled ocean-sea-iceatmosphere mesocosm. Ice growth in the tank is
well suited for studying first-year sea-ice physical
properties, with in-situ ice-profile measurements of
temperature, salinity, conductivity, pressure and
spectral light transmission. Underwater and above
ice cameras are installed to record the physical
development of the sea-ice. We present results
from the first suites of experiments in the RvG-ASIC
facility focussing on sea-ice physics, biogeochemical
tracer transport and photochemistry and give a brief
description of the capabilities of the facility going
forward. Within the CAO programme, the facility will
be involved in the EISPAC project ("Effects of iceassociated stressors and pollutants on the Arctic
marine cryosphere") led by Lancaster University
with partners UEA, Cefas and Helmholtz-Zentrum
Geesthacht, but we would be very happy to discuss
additional collaborations with other projects.

EISPAC Work Package 4: Understanding the
impact of multiple stressors on the Arctic
marine environment and its repercussions
for ecosystem services

of East Anglia, 2Lancaster University, 3Ecole
Centrale de Lyon, 4Alfred Wegener Institute HelmholtzCentre for Polar and Marine Research, 5Max Planck Institute
for Meteorology, 6Université de Bruxelles, 7Université de
Liège

Roxana Sühring1*, Silvana Birchenough2, Kristin
Dähnke3, Ralf Ebinghaus3, Tina Sanders3, Zhiyong
Xie3, Odile Crabeck4, Jan Kaiser4, Max Thomas4,
James France5, Crispin Halsall6

*j.kaiser@uea.ac.uk

1Stockholm

Working in the natural ocean-ice-atmosphere
system is difficult because fieldwork on sea-ice
presents many challenges including costs, safety,
experimental controls and access. Some of these
challenges can be overcome in laboratory
simulations in a controlled environment. The Roland
von Glasow Air-Sea-Ice Chamber (RvG-SIC) at the
University of East Anglia (UEA) enables bespoke seaice investigations in areas such as sea-ice physics,
physicochemical and biogeochemical processes in
sea-ice and quantification of gas exchange in various
states of first-year sea-ice conditions. The facility
was funded as part of an ERC Consolidator Grant to
the late Prof. Roland von Glasow and named in his
honour to provide a lasting legacy. The facility is a 60
m³-sized
chamber
with
temperatures
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University, 2Centre for Environment, Fisheries
and Aquaculture Science, 3Helmholtz- Zentrum Geesthacht
Institute of Coastal Research, 4University of East Anglia,
5Royal Holloway University of London, 6Lancaster
University
*Roxana.Samson@aces.su.se

Ecological and environmental changes observed in
the Arctic environment are driven by multiple
stressors, often causing a suite of unique
interactions, with repercussions and changes in
ecological processes and dynamics. The science in
this field is advancing at a fast pace, but the
observed changes often remain unregulated. The
changes in the Arctic environment and increasing
interest in resource extraction call for novel
management measures, including a clear regulatory
framework, leading to ‘early warning’ and
protection of the Arctic environmental systems.
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The EISPAC project aims to provide a
multidisciplinary evaluation of the ecosystem
impact resulting from changes, such as melting sea
ice, changes associated with nutrient cycle and
contaminants to build understanding for the
processes governing the rapid changes in the Arctic
environment.
Work packages 1, 2 and 3 will provide the scientific
basis, covering aspects of environmental stressors
and interactions, socio-economic impacts and
priority research areas to support this analysis. The
work carried out within them includes the sampling
and analysis of environmental as well as
experimental samples of different environmental
compartments from the Fram Strait. Our approach
will synthesize the newly acquired results within
WP4, helping to provide an initial evaluation of
ecosystem level impacts based on observed changes
in the cryosphere and interactions between
nutrients and pollutants. Using ecosystem models,
ecosystem service analysis and our regulatory
advice expertise, we will deliver options to support
applied policy advice for the sustainable use and
environmental management of the Arctic.

LOMVIA
Characterizing dietary niches between two
competing seabird species with bulk and
compound specific isotope biomarkers
Thomas Larsen1*, Þorkell Lindberg Þórarinsson2,
Yann Kolbeinsson2, Patrick Roberts1, Norman
Ratcliffe3
1Max

Planck Institute for the Science of Human History,
Iceland Nature Research Centre, 3British
Antarctic Survey
2Northeast

*larsen@shh.mpg.de

Many seabird populations in the Arctic and North
Atlantic Ocean are declining in response to global
warming due to loss of sea ice foraging habitats and
unfavourable changes in plankton and fish
communities. These impacts may be worsened by
competition from related temperate species moving
northwards and outcompeting Arctic species as
their habitats warm up. In Iceland, the study region
of LOMVIA, we track the food and foraging habitats
of two sister species of guillemots during two
breeding seasons. The Brünnich's guillemot, a truly
Arctic species, appears to lose out to the common
guillemot, a temperate-subarctic species, as
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temperatures warm. To test whether competition
for food resources is exacerbating the effect of
warmer temperatures on the Arctic species, we are
characterizing the birds’ prey and foraging grounds
by equipping the birds with GPS and depth trackers,
and leveraging a combination of bulk (C, N, S, O, H)
and compound specific isotope biomarkers (single
amino acids). Iceland represents an ideal study
region in terms of ‘isotopic traceability’ and prey
species abundance because variability in
oceanography and habitats that is usually only found
across ocean basins is represented around a single
small country.

Micro-ARC
Measuring the smallest - phytoplankton
size spectra in a Changing Arctic Ocean
Vanessa Lampe1*, Eva-Mara Nöthig2, Markus
Schartau1
1GEOMAR

Helmholtz-Centre for Ocean Research, 2Alfred
Wegener Institute Helmholtz-Centre for Polar and Marine
Research

*vlampe@geomar.de

Phytoplankton species composition and the
associated community size structure are expected
to change with a warming and freshening of the
Arctic Ocean. Cell size controls many physiological
(bottom-up) processes, such as nutrient uptake,
photosynthesis and growth, thereby affecting the
functioning of the planktonic ecosystem as a whole.
Furthermore, predator-prey interaction (top-down
control) is highly size dependent.
The size structure of the phytoplankton community
in the Fram Strait has been analysed, based on
observations of cell abundance and size. Nonparametric size spectra are obtained from
microscopic observations, using a statistical
approach that also provides respective confidence
intervals. A bootstrap approach is applied, with cell
counts and size measurements being resampled
respectively. Kernel density estimates (KDE) are
derived for all resampled data sets. The collection of
KDEs yield robust continuous descriptions of cell
density versus cell size together with their
confidence limits. With this approach we resolve
detailed changes in community size structure that
shall be used to improve and constrain results of a
size-based plankton ecosystem model. Size
dependencies of bottom-up and top-down effects
on biogeochemical mass flux will be investigated.
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The calibrated model can then be applied for
deriving reliable projections of how the planktonic
ecosystem in the Arctic may be affected by climate
change.

The Changing Arctic Ocean – a bacterial
perspective
Anabel C. von Jackowski*, Julia Grosse, Anja Engel
GEOMAR Helmholtz-Centre for Ocean Research
*ajackowski@geomar.de

Arctic surface waters have warmed by one degree
over the past decade, more than any other
ecosystem globally. Temperature is one of the
controlling factors of bacterial activity, hence driving
the microbial loop and turnover of dissolved organic
carbon within the upper water column of the Arctic.
The microbial biomass has the potential to cycle
back into the classical food chain or leave the
surface ocean by various export processes. To assess
the temperature effect on bacterial biomass
production, we conducted a literature survey
comparing studies from various Arctic regions on
spatial and temporal scales. All datasets from the
literature used bacterial production rates
determined by the 3H-leucine and/or 3H-thymidine
incorporation. The bacterial production varied
greatly between basins. The highest variation was
reported for the summer months of the Chukchi
Sea, whereas the lowest rates were reported for the
winter and spring of the Canada Basin. The dataset
gives insight into the variability of bacterial
productivity in the Arctic and will help interpreting
data on bacterial carbon flux, the scope of my PhD
within the Micro-ARC Project.

MiMeMo
Implementing
Ice-Algae
into
biogeochemical model ECOSMO

the

ecosystem dynamics and its future changes. In order
to study the dynamics of the Arctic ecosystem in the
Barents Sea area, we have further developed the
biogeochemical model ECOSMO by implementing a
sea-ice algae group in the model formulation. In a
first attempt to investigate and solve the scientific
and technical challenges related to the coupling
between the pelagic ecosystem and the sea ice
biology, the model was implemented in a 1-d
application of the general ocean turbulence model
GOTM. Here we present results from this numerical
framework, aiming specifically at understanding the
linkage between pelagic and sea-ice ecosystem.

High resolution ecosystem modelling in the
North Atlantic-Arctic ocean
Richard Hofmeister*, Ute Daewel, Déborah Benkort
Helmholtz-Zentrum Geesthacht Institute of Coastal
Research
*richard.hofmeister@hzg.de

Processes in marine ecosystems of the Arctic Ocean
and particularly at the shelfs occur on different
temporal and spatial scales and thus require specific
adaptations of applied ecosystem models to
simulate spatial and temporal variations in
ecosystem components. Particularly at the ice edge
and at the highly productive coastal ocean a high
model resolution is of advantage. Therefore we
apply the cross-scale model SCHISM to capture
larger scale forcing as well as local, environmental
variability in the simulations. This potentially allows
to resolve the hot-spots of ecosystem productivity
in a multi-decadal hind cast simulation and future
projections of the system. Here we present first
results from the regional circulation model in the
North Atlantic/Arctic region, which is planned to be
the MiMeMo workhorse for the three-dimensional
ecosystem simulations.

Déborah Benkort*
Helmholtz-Zentrum Geesthacht Institute of Coastal
Research
*Deborah.benkort@hzg.de

Sea-ice algae play an important role in total primary
production of the Arctic system, and also represent
a crucial element in pelagic and benthic trophic
dynamics. In a rapidly changing environment, a
proper representation of the sea-ice algae
phenology with respect to sea-ice structural
changes appears essential to understand the Arctic
ASM2019 - POSTERS
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PETRA
Pathways and emissions of climaterelevant trace gases in a changing Arctic
Ocean - PETRA
Ian Brown1*, Damian Arevalo2, Hanna Campen2,
Moritz Baumann2, Glen Tarran1, Jackie Maud1,
Gennadi Lessen1, Yuri Artioli1, Herman Bange2, Andy
Rees1
1Plymouth Marine

for Ocean Research

Laboratory, 2GEOMAR Helmholtz-Centre

*iaian2@pml.ac.uk

The Arctic Ocean is exceptionally susceptible to
climate change. Recent studies have shown that
surface seawater is warming faster than in other
oceans and atmospheric CO2 dissolution in seawater
is causing Ocean Acidification (OA), altering the
Arctic Ocean ecosystem structure and function,
which in turn will feedback on climate. The major
goal during PETRA is to investigate the role of
multiple stressors for future cycling of the trace
gases nitrous oxide (N2O), methane (CH4)
dimethylsulphide (DMS) and carbon monoxide (CO),
in the Arctic Ocean. In order to fulfill the goal of
PETRA we carried out four incubation experiments
at selected locations during PS114 in the Fram Strait
July-August 2018. Experimental manipulations of
temperature and pH were performed and
Incubations were carried in temperature-controlled
laboratory containers for up to 96hrs at ambient
temperature and ambient plus 2°C. The carbon
chemistry was changed by adding hydrochloric acid
and bicarbonate solutions targeting 670 (RCP6.0)
and 936 (RCP8.5) µatm CO2. Additional parameters
were also measured in the incubations and
preliminary cruise results are shown here alongside
preliminary model development of the ERSEM
biogeochemical model to capture the effect of the
multistressor on GHG production.
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Well-known, yet uncertain: Carbon
Monoxide and Dimethyl Sulfide in a
Changing Arctic Ocean
Hanna Campen1*, Moritz Baumann1, Ian Brown2,
Glen Tarran2, Jaucqueline Maud2, Andy Rees2,
Hermann Bange1
1GEOMAR

Helmholtz-Centre for Ocean Research, 2Plymouth

Marine Laboratory
*hcampen@geomar.de

There are two major points that motivated our
project PETRA (Pathways and Emissions of climate
Relevant TRace gases in a changing Arctic Ocean):
1. The Arctic Ocean changes in multiple aspects at
the same time, such as warming, ice coverage, light
penetration, ocean acidification and biological
community structures for instance.
2. There are relatively well-investigated trace gases
that play a crucial role for the Earth’s climate. But,
we still do not know their fluxes and emissions,
especially in a vulnerable, yet impacting region like
the Arctic. So, our overarching question is how do
those ongoing Arctic changes influence the
production and consumption pathways of climate
relevant trace gases regionally as well as globally?
We want to further investigate biogeochemical
pathways of nitrous oxide (N2O), methane (CH4),
carbon monoxide (CO) and dimethyl sulfide (DMS)
emissions in the Arctic Ocean. My subproject
focuses on CO and DMS. CO is an indirect
greenhouse gas. Reacting with hydroxyl radicals it
prolongs the lifetime of dominant greenhouse gases
like methane. DMS being the largest natural source
of marine sulphur as well as a precursor of
atmospheric sulfate aerosols, affects the global heat
budget. The potential dominant drivers (UV) light,
colored dissolved organic matter (CDOM), plankton
communities and pH obviously are affected by the
ongoing environmental changes which are observed
to happen more extreme in polar regions. Increasing
light, due to a decrease in ice cover, most probably
will produce more CDOM, a major precursor of CO.
Whether or not decreasing pH induces higher
production of DMS (and its derivates DMSP and
DMSO) is still a matter of debate. Ship-based
measurements shall tell us about the current state,
and we simulate the projected changes in light,
temperature and pH in incubation experiments and
measure the resulting gas concentrations in
ambient waters.
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Abstracts ordered alphabetically
by presenter
Understanding ecophysiology of
Calanus finmarchicus in the North
Atlantic – potential insights for a
future Arctic environment
1

2

3

Florence Atherden *, Kathryn Cook , David Pond ,
Daniel Mayor2
1University

of Southampton,
Centre, 3University of Stirling

2National

Oceanography

*flo.atherden@soton.ac.uk

Zooplankton such as copepods play a vital role in
Artic food webs and significantly contribute to
biogeochemical cycling. The copepod, Calanus
finmarchicus, has traditionally been categorised as a
North Atlantic species and is often used as an
indicator of Atlantic water masses. However, the
geographical ranges of “Atlantic-type” species such
as C. finmarchicus are expanding northward as the
Arctic Ocean warms, a process known as
“Atlantification”. The extent to which Atlantification
of the Arctic ocean occurs will, at least in part, be
governed by the metabolic plasticity of the
organisms at the limit of their geographical range. It
is therefore vital to fully understand the link
between environmental conditions and copepod
physiology. Metabolomics, the untargeted study of
all the products of cell metabolism, captures the
phenotype of individual organisms, giving insight
into how those organisms interact with their
environment. Metabolomics techniques will be
applied to C. finmarchicus collected from various
location in the North Atlantic across spring, summer
and winter, and from the surface down to > 1000m.
This unique dataset will provide insight into how the
metabolic physiology and life history of C.
finmarchicus is influenced by its environment.
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CACOON project - Understanding
impacts on coastal ecosystems from
changing Artic rivers
Mike Bedington1*, Ricardo Torres1, Luca Polimene1,
Paul Mann2, Jens Strauss3, Gesine Mollenhauer3,
Paul Overduin3, Guido Grosse3
1Plymouth
3Alfred

Marine Laboratory, 2Northumbria University,
Wegener Institute Helmholtz-Centre for Polar and

Marine Research

*mbe@pml.ac.uk
~13% of total global dissolved terrigenous organic
matter (TOM) input is into the Arctic Ocean (AO),
much of this delivered by giant Arctic rivers that
drain swathes of the Eurasian and American Arctic.
The AO plays a crucial role in the storage and cycling
of carbon, with processes that lead to the export of
carbon to the deep ocean and release it to the
atmosphere. Climate change is leading to changes
in rainfall patterns and the unlocking of carbon
previously frozen in terrestrial permafrost, these
changes will cause a shift in the amount, age and
type of TOM being delivered from land to ocean.
These changes may in future alter the balance of the
carbon cycling processes in the AO. The CACOON
project aims to identify the amount, source, and
seasonality of TOM in the outflow of two large Artic
rivers (the Lena and Kolyma) and understand the
effect changes in these outflows will have on the
nearshore ecosystem. This talk will provide an
overview of the project and a more detailed look at
the modelling approach which will be used to
answer the second component of this question. The
FVCOM-ERSEM-CICE-CSTM model system (which
includes hydrodynamic, ice, suspended sediment,
and biogeochemistry processes on an unstructured
grid) will be implemented in the coastal region of the
two estuaries to simulate present day conditions
and project future conditions. In particular these
model systems will be used to understand how the
changing TOM input will change the function of the
coastal ecosytem.
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Providing spatial and temporal
context to DIAPOD: What can we
learn from satellites?
Anna Belcher1*, Louise Ireland1, Sarah Reed2, David
Pond3, Geraint Tarling1
1British

Antarctic Survey, 2Scottish Association for Marine
Science, 3University of Stirling
*annbel@bas.ac.uk

Calanus, the dominant zooplankton taxon in the
Arctic, rely on fatty acids from marine
phytoplankton to build up the lipid stores required
for overwintering at depth. As these lipid stores are
metabolised at depth this provides another
mechanism to transfer carbon to the deep-sea.
However, the production of phytoplankton in the
Arctic is changing. The shift to different
phytoplankton groups with different fatty acids is
likely to impact the ability of Calanus to build up
sufficient lipid reserves. The nutritional quality of
the phytoplankton will control the amount of fatty
acid required by Calanus, but also, due to their
effect on buoyancy, the depth at which
overwintering will occur. In order to assess the
supply of phytoplankton fatty acids to the Arctic
Ocean, relationships will be developed between in
situ measurements of phytoplankton fatty acid and
satellite chlorophyll. In this way, it is hoped that the
changing nutritional status of the Arctic Ocean can
be assessed across a range of temporal and spatial
scales.

Fate of Terrigenous Nitrogen in Arctic
Shelf Sediments
Emma Burns1*, George Wolff2, Rachel Jeffreys2,
Robert Sparkes3, Bart van Dongen1
1University
3Manchester

of Manchester, 2University of Liverpool,
Metropolitan University

*emma.burns@manchester.ac.uk

Climate warming in the East Siberian Arctic region
has caused an enhanced transport of huge amounts
of ‘old’ terrestrial organic matter, previously stored
for thousands of years in the (thawing) Siberian
permafrost, to the East Siberian Arctic Seas (ESAS;
Vonk et al., 2012). The fate of the organic carbon
part of this remobilised terrigenous organic matter
is still a matter of debate. However, recent studies
indicate that more of this organic carbon is
degraded in the Arctic shelf water column and
released into the atmosphere than previously
ASM2019 – ECR Oral Presentations

thought, particularly close to the point of origin, e.g.
river outflow or coastal erosion of organic rich
Pleistocene permafrost ice complex deposits Doĝrul
Selver et al., (2012). This is causing a further positive
feedback to global climate warming (van Dongen et
al., 2008; Karlsson et al., 2011; Bröder et al., 2016).
Much less is known about the fate of the terrigenous
organic nitrogen, although previous analyses of
terrestrial derived dissolved organic nitrogen
indicates it to be less degraded if compared to the
marine dissolved organic nitrogen, suggesting a
(more) conservative behaviour in the Arctic Ocean
(Dittmar, Fitznar and Kattner, 2001). Our latest bulk
nitrogen
analyses
(δ15N
and
organic
carbon/nitrogen ratios) show a strong correlation
between δ15N and δ13C suggesting a comparable
fate for the terrestrial nitrogen and organic carbon
in this Arctic region. This indicates a less
conservative behaviour than previously thought,
e.g. higher potential for diagenetic remineralisation
of nitrogen in these sediments, suggesting a
potentially larger influence on the 15N isoscape in
Arctic shelf seas and ultimately that of the Arctic
Ocean and the Arctic food web. However, these
analyses are only done on the bulk level indicating
the need for more detailed compound specific
(amino acid) δ15N analyses.
Bröder, L. et al. (2016) ‘Fate of terrigenous organic matter
across the Laptev Sea from the mouth of the Lena River to
the deep sea of the Arctic interior’, Biogeosciences, 13(17),
pp. 5003–5019.
Dittmar, T., Fitznar, H. P. and Kattner, G. (2001) ‘Origin and
biogeochemical cycling of organic nitrogen in the eastern
Arctic Ocean as evident from D-and L-amino acids’,
Geochimica et Cosmochimica Acta, 65(22), pp. 4103–
4114.
Doĝrul Selver, A. et al. (2012) ‘Soil organic matter
transport along an sub-Arctic river-sea transect’, Organic
Geochemistry, 51, pp. 63–72.
van Dongen, B. E. et al. (2008) ‘Contrasting lipid biomarker
composition of terrestial organic matter exported from
across the Eurasian Arctic by the five great Russian Arctic
rivers’, Global Biogeochemical Cycles, 22(1), pp. 1–14.
Karlsson, E. S. et al. (2011) ‘Carbon isotopes and lipid
biomarker investigation of sources, transport and
degradation of terrestrial organic matter in the BuorKhaya Bay, SE Laptev Sea’, Biogeosciences, 8(7), pp. 1865–
1879.
Vonk, J. E. et al. (2012) ‘Activation of old carbon by erosion
of coastal and subsea permafrost in Arctic Siberia’, Nature,
489(7414), pp. 137–140.
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Well-known, yet uncertain: CO and
DMS and their impact on climate
when the Arctic Ocean is changing
Hanna Campen1*, Moritz Baumann1, Ian Brown2,
Glen Tarran2, Jaucqueline Maud2, Andy Rees2,
Hermann Bange1

Strait, July 2018), and outline a rough picture of
what we want to achieve in the upcoming months.

Characterizing silicic acid cycling and
exchange in the Arctic Gateway using
stable silicon isotopes

Marine Laboratory

Margot Debyser*, Raja
Pichevin, Robyn Tuerena

*hcampen@geomar.de

University of Edinburgh

There are two major points that motivated our
project PETRA:

*margot.debyser@ed.ac.uk

1GEOMAR

Helmholtz-Centre for Ocean Research, 2Plymouth

1. The Arctic Ocean changes in multiple aspects at
the same time, such as warming, ice coverage, light
penetration, ocean acidification and biological
community structures for instance.
2. There are relatively well-investigated trace gases
that play a crucial role for the Earth’s climate. But,
we still do not know their fluxes and emissions,
especially in a vulnerable, yet impacting region like
the Arctic. So, our overarching question is how do
those ongoing Arctic changes influence the
production and consumption pathways of climate
relevant trace gases regionally as well as globally?
This is what PETRA (Pathways and Emissions of
climate Relevant TRace gases in a changing Arctic
Ocean) aims to unravel during the next three years.
We want to further investigate biogeochemical
pathways of nitrous oxide (N2O), methane (CH4),
carbon monoxide (CO) and dimethyl sulfide (DMS)
emissions in the Arctic Ocean while my subproject
focuses on the latter two. Through ship-based
measurements we obtain the current state, and
incubation experiments will simulate the changes
expected in the Arctic. Light, temperature and pH
are manipulated and we measure the resulting gas
concentrations in ambient waters under different
scenarios that are projected. Results shall be fed
into models to improve climate predictions. Hence,
trying to answer the pressing question: How will
interactions between environmental stressors and
trace gas fluxes develop in the future – and, in turn,
how will this affect ocean biogeochemistry and
Arctic climate on a local and global level?

Ganeshram,

Laetitia

In the oceans, silicic acid is an essential nutrient for
silicifying primary producers such as diatoms, which
account for 40% of the annual marine carbon
fixation. In shelf and coastal areas of the Arctic
Ocean, diatoms can account for more than half of
primary production, closely coupling the silica cycle
to other major nutrient cycles such as the nitrogen
cycle and the global ocean carbon pump.
While extensive work has been done to understand
Si cycling and fluxes in the Southern Ocean, our
understanding of nutrient cycling in the Arctic
regions is very limited, and the response of nutrient
fluxes due to oncoming climate-induced changes
(loss of sea ice, increase in freshwater fluxes) is
unknown. This project aims to use silica
concentrations and stable dissolved silicon isotopes
(30Si(OH)4) in an unprecedented amount of full
depths profiles around the Barent’s Sea, Fram Strait,
Labrador strait and the Ellett Line collected between
2016-2019 to characterize water mass composition
and further our understanding of the processes
involved in silicon cycling in the Arctic and its
exchange to the North Atlantic.
Recent studies suggest 30Si(OH)4 reflecting
biological utilization (Varela et al., 2016) and
terrestrial Si influx to the Arctic Ocean in the Baffin
Bay and the Labrador Sea is variable (Hawkings et al.,
2018) while the sources of Si to the subpolar Atlantic
Ocean from the Arctic are changing (Johnson et al.,
1013, Hatun et al., 2017). These will be discussed in
light of future work.

In my talk I will introduce the project’s general
research goals and approaches, particularly focusing
on the subject of my embedded PhD project. I will
show some very preliminary data concerning DMS
and CO from our first PETRA cruise (PS114, Fram
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Chronobiology of Changing Arctic Sea
Ecosystems (CHASE project)
Jordan Grigor1*, Kim S. Last1, Bettina Meyer2,3,4,
Jørgen Berge5,6, Jonathan Cohen7, Finlo Cottier1,
Malin Daase5, Jürgen Groeneveld8, N. Sören
Häfker2,9, Lukas Hüppe2, Laura Hobbs1,10, David
Pond11, Janne Søreide6, Geraint Tarling12, David
Wilcockson13
1Scottish

Association for Marine Science, 2Alfred Wegener

Institute Helmholtz-Centre for Polar and Marine Research,
3Carl

von Ossietzky University, 4Helmholtz Institute for
Functional Marine Biodiversity at the University of Oldenburg,
5UiT The Arctic University of Norway, 6University Centre in
Svalbard, 7University of Delaware (USA), 8Technische
Universität, 9University of Vienna, 10University of Strathclyde,
11University
of Stirling, 12British Antarctic Survey,
13Aberystwyth University

*Jordan.grigor@sams.ac.uk

The Arctic is changing rapidly, with ice retreat
resulting in an ocean of warmer and fresher and
water, with deeper penetration of light. This is
resulting in the earlier arrival of the spring bloom,
the later arrival of autumn freeze, and the increasing
length of the main growing season. Such climate
change effects are driving marine zooplankton
species to extend their habitat ranges polewards1
resulting in exposure to new and more extreme daylength (photoperiodic) climates with unknown
consequences2. Using individual copepods (Calanus
spp.) and krill (Thysanoessa inermis), the aim of the
CHASE project is to understand individual responses
to photoperiod at different latitudes to better
predict large scale ecosystems consequences to
change. Presenting behavioural and physiological
data collected from recent research cruises in
Svalbard and Scotland, we reveal unexpected
variability between habitats and individuals,
suggesting adaptation potential at both the
population and individual levels. Using data from the
laboratory and the field, we comment on the
occurrence of diel vertical migration in these
species, which is centrally important in high latitude
biogeochemical cycling.
1 Murphy, E.J., Cavanagh, R.D., Drinkwater, K.F., Grant,
S.M., Heymans, J., Hofmann, E.E., Hunt, G.L., Johnston,
N.M. (2016). Understanding the structure and functioning
of polar pelagic ecosystems to predict the impacts of
change. Proc. R. Soc. B, The Royal Society.
2 Bradshaw, W.E., Holzapfel, C.M. (2001). Genetic shift in
photoperiodic response correlated with global warming.
Proceedings of the National Academy of Sciences 98(25),
14509-14511.
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Using non-invasive techniques to
determine sea ice algal biomass in
the Arctic Ocean
Alexander Hayward*
University College London,
*alexander.hayward.15@ucl.ac.uk

The Arctic is in a state of rapid change. This is
depicted by the severe reduction in sea ice
thickness, age and extent of cover. Due to seasonal
variations of incoming solar radiation, we are
investigating how in-ice algae respond to differing
light regimes and its influence on the Arctic’s carbon
budget. The focus of our study will provide insight
on how changing environmental parameters will
influence sea-ice algal biomass. Spectral data
acquired from the field during summer 2018 has
been coupled with the HPLC analysis of ice cores to
create a proxy of biomass using chlorophyll’s
absorption spectra of 450nm alongside the
absorption wavelengths of accessory pigments. In
this paper we examine the influence of ice type, and
ice algal biomass on the spectral dependence of
photosynthetically active radiation transmitted
through the snow-ice matrix using data collected in
the Beaufort Gyre, August 2018. Coupling
chlorophyll from ice cores and transmittance data,
we have developed an algorithm to measure algal
biomass in the Arctic through non-invasive
techniques. Our findings hope to illuminate the
sensitivity of such algorithms through comparative
analysis of similar methodologies.

Advective pathways of nutrients and
key ecological substances in the
Arctic
Myriel Horn*, Benjamin Rabe, Sinhue Torres-Valdés
Alfred Wegener Institute Helmholtz-Centre for Polar and
Marine Research

*myriel.horn@awi.de

The Arctic Ocean is undergoing remarkable
environmental changes due to global warming. The
rise in the Arctic near-surface air temperature
during the past decades is twice as high as the global
average, a phenomenon known as the “Arctic
Amplification”. As a consequence the Arctic summer
sea ice extent has decreased by more than 40 % in
recent decades, and moreover a year-round sea ice
loss in extent and thickness was recorded. By
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opening up of large areas formerly covered by sea
ice, the exchange of heat, moisture and momentum
between the ocean and atmosphere intensified.
This resulted in changes in the ocean circulation and
the water masses impacting the marine ecosystem.
We investigate these changes by using a large set of
hydrographic and biogeochemical data of the entire
Arctic Ocean. To better quantify the current changes
in the Arctic ecosystem we will combine our
observational data analysis with model simulations
using a very high resolution (1/12°) biogeochemical
atmosphere-sea ice-ocean model from our partners
at the National Oceanographic Center in the UK
(Yevgeni Aksenov and Stefanie Rynders).

How diet influences the productivity
of Calanus in the Arctic
Holly Jenkins1*, Thomas Anderson1, David Pond2,
Daniel Mayor3
1University

of Southampton, 2University of Stirling,
3National Oceanography Centre
*hollyjenkins@soton.ac.uk

Copepods of the genus Calanus dominate the
biomass of Arctic zooplankton communities and are
integral to the ecological and biogeochemical
functioning of polar ecosystems. They sequester
significant quantities of lipids from their
phytoplankton prey and thus represent an energyand nutrient- rich source of food for higher trophic
levels. The timing, composition and magnitude of
phytoplankton blooms in the Arctic are changing in
response to environmental warming and sea ice
retreat. This potentially affects both the quantity
and biochemical composition - ‘quality’ - of food
available for Calanus, but the consequences for the
productivity of Calanus populations remain
unknown.
Grazing and egg production experiments were
conducted across the Fram Strait in May and June
2018, spanning a range of potential feeding
conditions, to examine how grazing and growth in
Calanus change in response to the quantity and
quality of their prey. Copepod grazing rates, egg
production rates, and changes in their biochemical
composition are presented here as an indication of
their successful growth, alongside some initial
analyses of prey quantity and quality.
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Measuring
the
smallest
phytoplankton size spectra in a
Changing Arctic Ocean
Vanessa Lampe1*, Eva-Mara Nöthig2, Markus
Schartau1,
1GEOMAR

Helmholtz-Centre for Ocean Research, 2Alfred
Wegener Institute Helmholtz-Centre for Polar and Marine
Research

*vlampe@geomar.de

Phytoplankton species composition and the
associated community size structure are expected
to change with a warming and freshening of the
Arctic Ocean. Cell size controls many physiological
(bottom-up) processes, such as nutrient uptake,
photosynthesis and growth, thereby affecting the
functioning of the planktonic ecosystem as a whole.
Furthermore, predator-prey interaction (top-down
control) is highly size dependent.
The size structure of the phytoplankton community
in the Fram Strait has been analysed, based on
observations of cell abundance and size. Nonparametric size spectra are obtained from
microscopic observations, using a statistical
approach that also provides respective confidence
intervals. A bootstrap approach is applied, with cell
counts and size measurements being resampled
respectively. Kernel density estimates (KDE) are
derived for all resampled data sets. The collection of
KDEs yield robust continuous descriptions of cell
density versus cell size together with their
confidence limits. With this approach we resolve
detailed changes in community size structure that
shall be used to improve and constrain results of a
size-based plankton ecosystem model. Size
dependencies of bottom-up and top-down effects
on biogeochemical mass flux will be investigated.
The calibrated model can then be applied for
deriving reliable projections of how the planktonic
ecosystem in the Arctic may be affected by climate
change.
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Dietary fingerprinting of arctic
seabirds with stable carbon isotope
analysis of amino acids

PEANUTS in MOSAiC and AUV
observations of high chlorophyll a at
a front
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Thorben Wulff, Markus Janout
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Ratcliffe2,
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Plank Institute for the Science of Human History,
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2British
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Stable carbon isotope analysis of amino acids is
emerging as one of the most promising methods for
reconstructing animal diets. Amino acids are
powerful source biomarkers because animals must
obtain half of the 20 proteinogenic amino acids
directly from dietary sources. Since these essential
nutrients can be synthesized by microbes and
photosynthetic organisms only, essential amino
acids (EAA) are passed from the bottom to the top
of the food chain without alterations in their carbon
skeletons. The EAA can be used for dietary
fingerprinting because algae, bacteria, fungi and
plants impart distinct 13CEAA patterns during
biosynthesis. By comparing 13CEAA patterns of
animals to their potential dietary sources it is
possible to track food sources to genus level making
this approach far more powerful than those based
on bulk isotopes. Since 13CEAA patterns remain
invariant across different environmental conditions
they also hold the advantage that food reference
samples can be obtained from sample repositories
or laboratory cultures of e.g. bacteria and single cell
algae. In regards to LOMVIA, I will discuss how we
are using a combination of bulk and compound
specific isotope biomarkers to characterize dietary
niches between two competing seabird species. I
will highlight the importance of collaborating across
multiple labs for quality assurance and relying
multiple lines of evidence from trackers and direct
observations to bulk and compound specific isotope
approaches.

The PEANUTS project aims at investigating mixing
and resulting nutrient fluxes in the changing Arctic
Ocean to determine the impact of nutrient supply
on Arctic chlorophyll-a biomass. During the
Multidisciplinary drifting Observatory for the Study
of Arctic Climate (MOSAiC), high resolution
turbulence measurements will be conducted from
the ice and the ship. Water sampling for nutrient
and carbon concentrations together with
hydrographic,
current
and
fluorescence
measurements will allow us to study high resolution
nutrients fluxes during the Arctic spring bloom, to
investigate the seasonal transition from near surface
to sub-surface bloom. Furthermore we want to
study the importance of episodic events as leads or
eddies.
One example of an episodic event will be shown:
Physical processes and ecological responses at a
submesoscale front in Fram Strait at the interface
between the Arctic Ocean and waters of lower
latitude origin investigated using an autonomous
underwater vehicle (AUV). The AUV is equipped with
several physical and biogeochemical sensors.
High-resolution observations from the upper 50m of
the water column, show extremely large physical
and biogeochemical gradients associated with the
frontal system. Extraordinarily high chlorophyll a
values between 20m and 40m water depth were
observed to be associated with polar surface water,
which may recently have been raised into the
euphotic zone, resulting in the subsurface bloom.
Additional observations conducted from a Zodiac in
parallel to the AUV survey show, that the observed
patch had an along-front extent of more than 400m.
This indicates, that the observed feature was a
dynamically active front.
The study was conducted in Fram Strait but the
results are most likely transferable to other,
dynamically comparable frontal systems in the
marginal ice zone that experience large horizontal
density gradients.
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