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L.

SUMMARY

Title

Sea ice zone in Amundsen Sea as a model system to observe the global warming

and its impacts

II. Research Goal

Research goal of this study is;

1.

To assess the rapid warming of the Amundsen, and related physical, chemical, and
biological processes under the current trend of climate change, by implementing an
Earth observation system from space down to deep sea.

To assess the impacts of the warming on the biology and biogeochemistry in the
region, in particular, the polynya and costal waters.

To understand the temporal and spatial distributions of the climate gases in and

out of the ploynya and their fluxes along with ecological processes

III. Major Lines of the Work

Scientific research was carried out either in laboratory or shipboard in the field;

1.

To determine the spatial and temporal variability of the basic physical properties
of sea ice that are important to air-sea interaction and to biological processes in
the rapidly melting Antarctic sea-ice zone (ice and snow cover thickness
distributions; structural, chemical and thermal properties of the snow and ice;

upper ocean hydrography; floe size and lead distribution).

To document changes in hydrography and biogeochemical cycles associated with
sea ice variabilities and to investigate the significance in larger temporal and

spatial scales.

To examine the links between biogeochemical processes and food web structure,

including the identification of key functional groups and interactions, and the

_Xi_



roles.

4. To study and predict the impacts of the combined changes in ocean physics,
biogeochemical capacities, and marine ecosystems in ms in waters.

5. To wundertake sustained measurements and sampling programs In waters
transecting between the study sites in both poles and to detect basin scale and
decadal changes.

IV. Results

1. Physical Oceanography in the Amundsen Sea. In order to monitor the temporal

2.

and spatial variation of circumpolar deep water (CDW) and its effect on the rapid
melting of glaciers in the Amundsen Sea, an extensive oceanographic survey was
conducted on the 2016 expedition (ANAO6B). During the 2016 Amundsen Sea
cruise (ANAO6B) by IBRV Araon, a total of 81 CTD stations were visited, 9
moorings were successfully recovered and 6 moorings were newly deployed on
the shelf troughs and near the ice shelf fronts. The thickness of CDW (defined
by 0°C isotherm) along the Dotson trough was much thinner in 2014 than in 2012
(Figure 1.2). However, the thickness of CDW layer at continental shelf break had
rebounded back in 2016 and the CDW layer thickness was large compared to
2012. Two transects across the Dotson Trough show the intrusion of warm
CDW, tilting toward the eastern side of the trough. A strong southward flow
greater than 20cm s' was measured near the bottom at eastern side of Dotson
Ice Shelf from the two years mooring. At the western side of Dotson Ice Shelf,

the northward flow was measured at 400 m depth.

Chemical Oceanography in the Amundsen Sea. To understand biogeochemical
cycles and quantify basal melting rate and its temporal variation, distributions of
(1) nutrients, (2) dissolved organic carbon (DOC), (3) particulate organic carbon
(POC) and nitrogen (PON), (4) noble gases and (5) dimethyl sulfide (DMS) were
investigated in the Amundsen Sea. Two distinctive disappearance ratios of
NO3:PO4 were observed, suggesting that Phaeocystis antarctica and diatom were

dominant phytoplankton species. This result also reflected that different carbon

- Xii -



uptake ratio by different phytoplankton taxa, which should be considered to
estimate carbon flux in the Amundsen Sea. In 2013-14, high DOC concentrations
(40-140 uM C) were observed between surface and 700 m, suggesting that
remineralization of particulate organic matters by microbial activities was
significant. In contrast, DOC concentrations observed in 2015-2016 ranged from
25-60 uM C, suggesting that marine environment was significantly different
between two periods. POC and PON concentrations were high in the Amundsen
polynya, and decreased with increasing depth. The results for noble gases
exploited the fact that when glacier melts under high hydraulic pressure, it
produces significant supersaturation (DHe 1000%) of helium in the water column.
Helium supersaturation was highest near the ice shelf (> 2496) and it gradually
decreased as it went far away from the ice shelf, reflecting the glacial meltwater
input from the base of the ice shelf and subsequent advection and mixing by
overturning circumpolar deep water (CDW). The temporal variation of the
meltwater fraction appeared to be significant. Near the Doton and Getz ice
shelves the meltwater fraction of 2012 was 30-40% lower than that of 2011.
These results imply that glacial meltwater influences the physical and
biogeochemical processes at places as far as 300 km away from ice shelves and
the rate of basal melting varies in a time scale as short as less than a year. The
surface water concentrations of DMS varied from <1 to 400 nM. The highest
DMS (up to 300 nM) were observed in sea ice - polynya transition zones and
near the Getz ice shelf, where both the first local ice melting and high plankton
productions were observed. In other regions, high DMS concentration was
generally accompanied by higher chlorophyll and AO./Ar.The large spatial
variability of DMS and primary productivity in the surface water of the
Amundsen Sea seems to be attributed to melting conditions of sea ice, relative
dominance of Phaeocystis antarctica as a DMS producer, and timing differences
between bloom and subsequent DMS productions. The depth profiles of DMS and
AOo/Ar were consistent with the horizontal surface data, showing noticeable
spatial variability. However, despite the large spatial variability, in contrast to the
previous results from 2009, DMS concentrations and AOo/Ar in the surface water
were indistinct between between the two major domains: the sea ice zone and
polynya region. The discrepancy may be associated with inter—annual variations

of phytoplankton assemblages superimposed on differences in sea-ice conditions,
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3.

blooming period, and spatial coverage along the vast surface area of the

Amundsen Sea.

Characteristics of phytoplankton ecology and biological environment in the
Amundsen Sea. Two cruises were conducted in the Amundsen Sea of the
Southern Ocean in austral summer (January 2014 and January-February 2016) on
board R/V icebreaker ARAON. The total stations for phytoplankton physiological
study were 26 and 52, respectively where seasonally sea ice covered zone,
Amundsen & Pine Island polynyas, and open sea were included. During the
cruise, we mainly observed maximul photosynthetic quantum efficiencies (Fv/Fm)
using Fluorescence Induction and Relaxation system (FIRe) for understanding the
characteristics of phytoplankton ecology and biological environment. Moreover, to
demonstrate that iron limited responses of natural phytoplankton assemblages, we
carried out iron assimilation experiments at four stations (open sea, outer shelf,
polynya center, front of ice shelf) during more than seven days. Satellite data of
daily solar irradiance were also used for analysis light regimes of study area.
Both observed and analysed data cleary showed that light availability rather than
Fe controls the magnitude of massive phytoplankton bloom in this most

productive system in the Southern Ocean.

4. Environmental factor controlling phytoplankton community structure in the

Amundsen Sea Polynya. The Amundsen Sea, Antarctica, is one of the
vulnerable area, where increased basal melting and upwelling have occurred.
Phytoplankton community dominated by Phaeocystis antarctica (Prymnesiophytes)
and/or diatoms during the bloom periods, and they play different roles in the
biogeochemical cycle of the Amundsen Sea polynya (ASP). To understand the
distribution of phytoplankton community and the influential environmental factors
in the ASP, the field surveys were conducted in January 2014 and 2016. The
mean open water area of the ASP was largely extended during both austral
summer of 2014 and 2016. However, the average insolation was dramatically
lower in January 2016 with a lower phytoplankton biomass (chl-a) than January
2014. Phytoplankton community dominated by P. antarctica in January 2014, while

diatoms, Dictyocha speculum (Chrysophytes), and P. antarctica were co-dominated

- Xiv -



in the ASP in January 2016. These results indicated that the light availability
could be one of the important influential factors for phytoplankton biomass and
community structure in the habitat conditions of rapidly thinning ice shelves and

sea ice loss in the ASP.

5. Bioacoustics. The DIS and GIS, two representative ice shelves in the Amundsen
Sea coastal polynya, have dramatically thinned during the past two decades: the
elevation have been changed 36 =2 cm year—-land -17£6 cm year-1 from 1992 to
2001 (Shepherd et al., 2004). During the last Amundsen Sea expeditions, we found
that ice shelf is one of main habitats for ice krill and high density of ice krill
was distributed within coastal polynya. Interestingly, two closed ice shelves
showed different environmental condition, as well as ice krill density was highly
different that the higher density was represented around GIS than that around
DIS. In this report, we observed the meso- and macrozooplankton compositions
and the vertical and horizontal distribution of sound scattering layer (SSL) around
Dotson 1ice shelf. The SSL was classified with fish, mesozooplantkon, and
macrozooplankton using dB difference method. These three groups represent the
different pattern in the vertical habitat and regional location within study region.
This result could support to understand the wvariation of zooplankton compositions

and the role of zooplankton in the Amundsen Sea marine ecosystem.

6. Microbial ecology in the Amundsen Sea Marine microbes including bacteria
and viruses are the most abundant organisms on the planet and play vital roles
in the biogeochemical cycle in marine environments. Marine viruses influence the
production of dissolved organ matters (DOM) and increase regeneration of
nutrients by destruction of their hosts formed in particulate. Bacteria are
important members of microbial foodweb which transform DOM into bacterial
biomass in particulate form. Bacterial community structure is susceptible to the
change of environmental conditions. To understand ecological characteristics of
marine microbes in the Amundsen polynya and its vicinity, we investigated (1)
spatial distribution of viruses, (2) the occurrence of lysogenized bacteria, and (3)
isolation and identification of bacteria associated with phytoplankton during the

ARAON cruise in January 2014. In interim results, viruses (8.1x10°-1.6x10"

- XV -



viruses/ml) exceeded bacteria by ca. 14-fold in numbers. The occurrence of
lysogenized bacteria was not detected in 4 out of 5 samples assessed so far,
indicative of a minor contribution of lysogeny virus production to viral
assemblages in the study area. Based on the 16S rRNA gene sequences, bacterial
strains isolated from phytoplankton concentrates turned out to be closely related
to those from plant-associated samples or those from Antarctic seas. In-depth

analysis of microbial data is undergoing for better understanding the microbial

interactions in the Amundsen polynya.

V. Applications & Future Directions
This study is expected;

1. To strengthen the scientific basis to understand the issues of environmental

changes in global perspective and to adapt to these changes.

2. To enhance the nation’s standing as major scientific contributors by conducting

coordinated expeditions and filling the data gap in poorly explored regions.

3. To establish long—term data base and specimen archives on the physical changes

and biodiversity and ecosystem functioning.
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FISS: Ice shelves in a warming world, Filchner Ice Shelf System,
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Project start date
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Aims People Blogs Facilities

The requirement to fill knowledge and data gaps to quantify
accurately the contribution that polar ice sheets make to global
sea-level rise is recognised internationally as urgent. The
science campaign will capture new observations and data to
assess the future stability of a key Antarctic ice shelf, bring
together knowledge, skills and expertise from participants from
two NERC centres (BAS and National Oceanography Centre
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1. Determine the geomelry of the model domain (ice-bed elevation, ice thickness and sub-ice

shelf bathymetry) in several key areas that lack data coverage. In addition, make targeted

measurements of the present-day oceanographic and glaciological regime.

Generate atmospheric forcing fields for the ocean models from historical observations

3. Determine the oceanographic regimes, under present and historical atmospheric forcing, and
establish the associated pattern and intensity of melting of the ice shelf base and their
sensitivity to changes in the atmospheric forcing.

4. Establish the present dynamics of the tributary ice-streams within the coupled ice-sheet ice-
shelf system, and determine, with multiple models, the sensitivity of the system to changes in
basal melf rate.

5. Produce a state-of-the-art regional coupled ocean-ice shelf-ice sheet model. Verify its
performance using observations of grounding-line stability.
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(SOCCOM) is an NSF-sponsored program focused on unlocking the mysteries of
the Southern Ocean and determining its influence on climate.

Update on GO-SHIP
Deployment of SOCCOM

Housed at Princeton University and administered by the Princeton Environmental
Institute, SOCCOM draws on the strengths of teams of investigators across the
U.S. as well as participating in international observational and simulation efforts.
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= Publications
New View Delicate Conditions Changes in Ice and...
PAL scientists have Working in one of the most rapidiy- PAL scientists have documented Foundations for Ecological
pioneered the use of warming regions on the planet, a remarkable decrease in the Research West of the Antarctic
remotely-operated vehicles | LTER scientists at Palmer Station in | length of the sea ice season by Peninsula
and animal-mounted the Antarctic discovered intricate, up te 3 months and an
sensors to generate new previausly-unknown influences of exponential increase in ocean
information and images of climate change on plant and animal  heat content of waters being
the Antarctic that have not  populations throughout the polar delivered to western Antarctica
been available from ecosystem food web. via the Circumpolar Current
traditional approaches. Read more Read more
Read more

View all key research findings for this site.

Overview: The Palmer LTER, established in the Fall of 1990, is one of the National Science Foundation
sponsored Long Term Ecological Research Sites which is funded by the NSF Office of Polar Programs.
It focuses on the pelagic marine ecosystem along the west Antarctic Peninsula, and the ecological
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Network for the Collection of Knowledge on melt of Antarctic iCe
shElves (NECKLACE)

Principle Investigator
Keith Nicholls (British Antarctic Survey, UK)

Contact: kwni@bas.ac.uk

Other key participants
H. Corr (British Antarctic Survey, UK)
P. Brennan [University College London, UK)

Project Description

The aim of the project is to provide researchers into ice shelf-ocean interactions with a set of
time series of basal melt rates from selected locations on Antarctic ice shelves. The goal
would be for circum-Antarctic coverage over a time interval of about five years.

This would provide urgently-needed control and validation data for models of ice shelf-
ocean interaction, and a source of ground truth for satellite-derived estimates of average ice
shelf basal melt rates.

The proposal is to use ground-based phase-sensitive radar (pRES), a technigue that has
gained traction in recent years for the measurement of various aspects of the vertical
motion of ice in an ice sheet, yielding estimates of compaction, vertical strain, and basal
mass balance. In particular, the instrument has proved itself capable of delivering basal melt
rate measurements at temporal resolutions approaching tidal periods. New developments
have led to a version of the instrument that can be left recording over winter (auto-pRES),
yielding extended time series of basal melt rates. The instrument is undergoing field trials on
Ross Ice Shelf, and eight units will be deployed in the 2013-14 season at various locations on
Pine Island Glacier as part of UK NERC's iSTAR programme. Those instruments will collect
data for a period of twelve months; four will use a phased array of sixteen antennas to
image the ice base, the remaining instruments will be range radars (non-imaging).

With the combined reach of all Antarctic research operators, it will be possible to establish a
circumpolar network of these instruments, transmitting in real time a reduced dataset for
processing at a processing centre. The full dataset {too voluminous to transmit) would be
collected when the sites were revisited.

As a result of ice shelves' contribution both to Antarctic Bottom Water formation and to the
stability of the Antarctic Ice Sheet, the 5005 themes addressed by this project would be
principally Theme 2 {"The stability of the Southern Ocean overturning circulation”) and
Theme 3 ["The role of the ocean in the stability of the Antarctic Ice Sheet and its future
contribution to sea-level rise").

Project Timeline
2015- 2020

Key deliverables

The ultimate product is a database of time series of basal melt rates, but this project aims to
provide a coordinating role, with many research groups contributing by procuring and
deploying instruments. The project will provide assistance in procuring the necessary
instruments, and establish the processing centre.



Funding
Mot yet funded.

Linkages with other programmes

Various projects (so far, from the US, Germany, UK, France and Belgium), either plan to use
this technique to generate time series of melt rates, or else are seeking funding to do so.
iSTAR is an example of a UK project that is already funded.

Data Management

Individual project scientists will have data protocols determined by funding agencies.
However, a requirement of participating in this project would be that a reduced melt rate
time series be made available via a mechanism such as the 5005 data portal.

Various models could be adopted. The model proposed here is:

1. A reduced dataset is collected in near-real time via satellite link, and sent to a processing
center for analysis.

2. The basic result {a basal melt rate) is made available to the community from the
processing center via the data portal, with the full analysis (including vertical strain and
surface compaction) being returned to the research group.

3. Once the full data sets are recovered from the instruments they are optionally processed
at the processing center, and the basic melt rates made available to the community via the
data portal. The full analysis is returned to the research group.

_10_



Ice shelves in a warming world: Filchner Ice Shelf system, Antarctica

Introduction

We propose to determine the future contribution of the Filchner Ice Shelf system (FISS) to global
sea level change during the 21¥ Century. FISS (here understood to include of the Filchner Ice Shelf,
the ice-stream tributaries, and the sub-ice shelf ocean cavity) is one of the least-studied parts of
Antarctica. A recent study (Hellmer et al, 2012) suggests that the region might soon experience a
wholesale change in oceanographic regime with potentially dramatic consequences for the ice
shelf and its tributary ice streams.

We will assess this threat by gathering glacielogical and oceanographic measurements to optimise
and validate a suite of regional models. Those madels will be used to provide the best possible
prediction of the 21 century contribution of FISS to global sea level. We will then extend the study
to include the whole of Antarctica using the framework of the NERC/Met Office Earth System
model UKESM1.

To achieve this we will bring together knowledge, skills and expertise from two NERC centres
(British Antarctic Survey [BAS] and National Oceanography Centre [NOC]), the Met Office Hadley
Centre [MO], University College London, the University of Exeter and Oxford University. A
European partner, Alfred Wegener Institute (AWI, Germany), will bring scientific knowledge and
expertise to the proposal as well as an offer of operational support equivalent to around €1
million. The proposed research will address one of the most pressing questions in earth sciences
today, that is, the future contribution of the Antarctic Ice Sheet to sea level change. In doing so0 we
will explore the least accessible part of the World Ocean, eliminate the largest data gap in ice-
thickness measurements in Antarctica today, contribute to the UK Earth System Modelling
Strategy and further advance our understanding of coupled atmosphere, ocean, ice-shelf and ice-
sheet processes.

Ice shelves play two vital roles in determining our climate: they act as vast heat exchangers,
producing globally significant water masses that act as a driver for global ocean circulation ‘Orsi &
Whitworth 2004), and they act as butiresses to the tnbutary ice streams, controlling the rate at
which the inland ice sheet drains into the ocean. First proposed as a theory (Hughes 1981) then
observed (Pritchard et al 2009) and also simulated numerically (Durand et al 2011), the
buttressing effect of ice shelves has enormous societally-relevant consequences. Remove an ice
shelf and the previously-restrained ice streams flow faster, drawing down the interior reservoir of
ice, and resulting in a positive contribution to global sea-level change. The aim of this proposal is to
quantify the role of a large Antarctic ice shelf in its dual pivotal functions. A quantitative study of the
relevant processes will allow us to make reliable projections of ice sheet and ocean evolution in a
changing climate. Our current skill in making such projections led the latest IPCC report (IPCC
2013) to declare: “dbrupt and irreversible ice loss from a potential instability of marine-based sectors of
the Antarctic Ice Sheet in response to climate forcing is possible, but current evidence and understanding is
insufficient to make a quantitative assessment "' The urgency has been highlighted by well-documented
changes that are already underway around Antarctica, particularly in the Amundsen Sea sector
where the driver of change appears to be increased basal melting of small floating ice shelves.
While other sectors appear to be relatively stable at present, due diligence demands that we
understand and quantify the potential for near-future change in these regions. The Weddell and
Ross sectors are currently well buttressed by large ice shelves, but future ocean-driven ice-shelf
thinning has the potential to change dramatically the seaward ice flux via the tributary ice streams.

The Filchner Ice Shelf (FIS) (Hellmer ef al. 2012}, located at the southem boundary of the Weddell
Sea, is bounded on the west by Berkner Island and on the east by Coats Land (Fig. 1A). FIS is fed
by four ice streams - Bailey, Slessor, Recovery and Support Force - located east of Berkner Island,
with a fifth tnibutary, Foundation lce Stream, defining the southem boundary of the ice shelf. Having
a combined discharge flux of over 100 Gtons yr', these five ice streams drain an area nearly ten
times the size of the UK (2,273,000 km?), approximately 19% of the Antarctic continent. Satellite
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D2 Predictions, with uncertainties, of how the oceanographic conditions over the southem
Weddell Sea continental shelf will change over the 21 Century, and how the coupled ice-
ocean system will respond to the changing basal melt rates.

D3 Predictions of the consequences of these changes for the region's contribution to global
sea level rise.

Research objectives

To quantify the effect of future climate change on the contribution of the Filchner Ice Shelf
catchment to global sea-level change (Fig 1A outlines the study region), we will first characterise
and represent numerically the present atmospheric, oceanographic and glaciological regime of the
southern Weddell Sea (Fig 1B shows the model domain and the individual model components).
With knowledge of the present state, and from a study of the sensitivity of the system to vanability
over the satellite period, we will be equipped to deliver a significant advance in the capability of
models to predict regional contributions to the future rate of sea level nse. To achieve the
deliverables we will need to complete the following objectives:

To deliver a numerical description of the present state of the Filchner sector of Antarctica and to
quantify its sensitivity to change (D 1), we will meet the following five objectives:
1. Determine the geometry of the model domain (ice-bed elevation, ice thickness and sub-ice

shelf bathymetry) in several key areas that lack data coverage. In addition, make targeted
measurements of the present-day oceanographic and glaciological regime.

2. Generate atmospheric forcing fields for the ocean models from historical observations

3. Determine the oceanographic regimes, under present and historical atmospheric forcing, and
establish the associated pattern and intensity of melfing of the ice shelf base and their
sensitivity to changes in the atmospheric forcing.

4 Establish the present dynamics of the tnibutary ice-streams within the coupled ice-sheet ice-
shelf system, and determine, with muftiple models, the sensitivity of the system to changes in
basal melt rate.

5. Produce a state-of-the-art regional coupled ocean-ice shelf-ice sheet model. Verify its
performance using observations of grounding-line stability.

E0.W 40W i valocity " B ERA INTERIMICMIFPS i
T | - of - = = . Ot - - = = - = - -
c' Weddell Sea (mi
At i
- ; Ica Shast Atmoaphanc Model
gl P I e iy i
. e JEN & ] | e Fyals !
ko) iy cr & l ]
e !;:I?:Jj;{mr Ioe W§ o . ; Flow lce Shesf ™ T
e . EL SR . Mael e
Ronne lea e , i op M‘“‘«-_h /,_.a-r ﬁe
Shﬂif 'L" T = " PHEL a -'7 i ]
BAS 14445 \*1. % £! e ]
_.-.' IIIIE site § é . T Oroeanographic Model .2
Graund g Filshrur =
Lina Traugh I =

g Y ; Figure 1. A. Area of study ond model domain
Foundaticn i e y with principal field work areas. B. Cartoon
lee Sﬂ?adf 7% i showing the relationship of the atmospheric,
oceanographic and glaciological moedels. The
boundary conditions for the models are also
shown.

Propased: Drill sites
7 Airborne survey  ©
——— Autosub {yr 1/yr 2)

Project Partner MO and NERC have an ongoing joint project to develop a UK Earth System Model
{UKESM1) and a goal of the wark proposed here is to transfer knowledge gained from the regional
to the global model domain. We propose to venify that regional processes can be reliably
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Present and Recent Past

Future

Data acquisition (2015-18)

Modelling {1979-2018)

Modelling (2006-2100)

WP1: Field work

WP1a: Measurements of
topography. Seismic point
measurements of bathymetry
across the ice shelf. Lead: BAS
with involvement by
AWLWPLb: Dense grid of
grounding-line regions from
airborme surveys. Lead: BAS

WP1c: Ocean cavity
observations through bore
holes (salinity, temperature).
Joint: AW/ BAS

WP1d: GPS measurements of
tidal modulation of ice streams
by ice shelf. Lead: BAS

WP1le: Ayear long time series
of ice-shelf melt rates by a
network of low-power phase-
sensitive radars. Lead: BAS &
UCL with AW involvement

WF1f: Phase sensitive radar
survey of year-averaged basal
melt rates Joint: AWI/BAS
involverment.

WP1lg: Synoptic measurements
of oceanographic conditions
beneath the ice shelf by an
autonomous long-range
submarine. Lead: BAS with
NOC and AW involvement.
Group/Lead: BAS/KN

Group/Lead: Exeter/MC

WPZ: Atmospheric Modelling

Provide atmospheric forcing fields for WP3 at two
resolutions: 1. ERA-interim at 70km. 2. Dynamically
downscale ERA-interim to 12km with observed sea-ice.
Generate atmospheric input fields from ERA-interim to
drive WRF atmospheric model.

WRF/BAS/SH

WP3: Ocean Modelling

WP3a: Regional ocean model optimisation. Model
optimisation and validation using data from WP1.
(adjoint)

WP3b: Regional ocean sensitivity studies Sensitivity of
calculated ice-shelf melt rates to atmospheric forcing, at
the two different resolutions, from WP,

WP3c: Regional ocean hindcast studies Generating 30
years ice-shelf melt history using forcing from WP2.
WP3d: Global ocean model optimisation Ocean model
inter-comparison:

MITgem & NEMO/BAS/A

FESOM/AWI/AH

ROMS/Alvaplan-niva/TH

WPa: lce-flow Modelling

WP4a: Model initialisation: inversion of surface velocity
data and inference of basal boundary conditions from
observation of tidally induced flow variations. (adjoint)
WPab: Determine the sensitivity of ice volume above
flotation to.applied ice-shelf melt rates Use the current
distribution of ice-shelf melt rates as a datum field.
WP4c: Ice flow model inter-comparison.

Ua/BAS/GHG

BISICLES/MO/IR

PISMTIMFD3fAWI1/AH

MARC, FEniCS/BAS Oxford/GHG, PF

WP5: Coupled OceanfIce-flow madelling (hindcast)
Couple the ocean models to the ice-flow models and
validate through simulations spanning the 36 years of
atmospheric forcing from WP2. Compare calculated
with observations and stationary grounding-line {over
this period).

UafBAS/GHG

MITgcm & NEMO/BAS/AI
MNemo+BISICLES/MO+BAS/IR, Al

WP6: Future projections

WPGa: Future projections with
the regional model

Use the ocean/ice-flow coupled
maodels (WP5S) with future surface
forcing taken from a subset of
climate projections, available
from the international cimate
maodelling centres. Produce a set
of projections of ice sheet
evolution in the Filchner sector.
MiTacm+Ua/BAS/A),GHG
Nemo+BISICLES/MO+BAS/IR, Al
TIMFD3+FESOM/AWIJAH

WPED: Future projections with
the global model

Incorporate optimised model
compaonents within MERC/MO
Earth System Model (here
referred to as UKESM1-b) to
improve cryosphere interactions.
Validate against observation and
compare with the regional
coupled ocean/ice-flow madel
{WP5) and ‘standard’ UKESM 1.

Design and run a set of
expenments for the global model
UKESM1-b that enable the best
estimate of uncertainty in future
projections resulting from
dimate change scenarios. Assess
projections for the Filchner
sector
Memo+BISICLES/MO+BAS/IR,ALG
HG

UKESML/MO/IR

WPT: Assessment of uncertainties
Identify the leading-order sources of uncertainty in cbservations and models. Assess the uncertainties in the key processes
linking the model components and how they affect projections. Provide a (scenario-based) future projection with a full
assessment of uncertainties for the Weddell Sea sector. (Contributions from all other work packages.)

Table 1: Project framework with interdependent work packages

The present state of the ice sheet is already well constrained by the surface velocity field. The
necessary time series data will be provided by oceanographic instruments left beneath the FIS at
the site of the hot-water drilled access holes (WP1c), ice shelf basal melt rates measured using
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Physical Oceanography in the Amundsen Sea

Tae-Wan Kim, Kyoung-Ho Cho and Taewook Park

Division of Polar Ocean Science, KOPRI

Abstract: In order to monitor the temporal and spatial variation of circumpolar deep
water (CDW) and its effect on the rapid melting of glaciers in the Amundsen Sea, an
extensive oceanographic survey was conducted on the 2016 expedition (ANAO6B).
During the 2016 Amundsen Sea cruise (ANA06B) by IBRV Araon, a total of 81 CTD
stations were visited, 9 moorings were successfully recovered and 6 moorings were
newly deployed on the shelf troughs and near the ice shelf fronts. The thickness of
CDW (defined by 0°C isotherm) along the Dotson trough was much thinner in 2014
than in 2012 (Fig. 1.2). However, the thickness of CDW layer at continental shelf
break had rebounded back in 2016 and the CDW layer thickness was large compared
to 2012. Two transects across the Dotson Trough show the intrusion of warm CDW,
tilting toward the eastern side of the trough. A strong southward flow greater than
20cm s ' was measured near the bottom at eastern side of Dotson Ice Shelf from the
two years mooring. At the western side of Dotson Ice Shelf, the northward flow was

measured at 400 m depth.
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Fig. 3.1.1. Map of study area. Blue dots denote the CTD stations visited during
ANAO6B expedition. Triangles are the mooring sites. Three transects (T-1, T-2 and
T-3) were selected to reveal the spatial distribution of CDW along and cross the
Dotson Trough.
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A= (Fig. 327). ZYv SAHAFEAAEY 782 2 F7]1d A ice shelf A S ¥
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3l AR el 3 W dEd
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Chemical Oceanography in the Amundsen Sea

Jinyoung Jung, Sun-Yong Ha, Keyhong Park, Doshik Hahm, and Intae
Kim
Division of Polar Ocean Sciences, KOPRI

Abstract: To understand biogeochemical cycles and quantify basal melting rate and
its temporal variation, distributions of (1) nutrients, (2) dissolved organic carbon
(DOC), (3) particulate organic carbon (POC) and nitrogen (PON), (4) noble gases and
(5) dimethyl sulfide (DMS) were investigated in the Amundsen Sea. Two distinctive
disappearance ratios of NO3:PO4 were observed, suggesting that Phaeocystis
antarctica and diatom were dominant phytoplankton species. This result also reflected
that different carbon uptake ratio by different phytoplankton taxa, which should be
considered to estimate carbon flux in the Amundsen Sea. In 2013-14, high DOC
concentrations (40-140 uM C) were observed between surface and 700 m, suggesting
that remineralization of particulate organic matters by microbial activities was
significant. In contrast, DOC concentrations observed in 2015-2016 ranged from 25-60
uM C, suggesting that marine environment was significantly different between two
periods. POC and PON concentrations were high in the Amundsen polynya, and
decreased with increasing depth. The results for noble gases exploited the fact that
when glacier melts wunder high hydraulic pressure, it produces significant
supersaturation (DHe 1000%) of helium in the water column. Helium supersaturation
was highest near the ice shelf (> 24%) and it gradually decreased as it went far
away from the ice shelf, reflecting the glacial meltwater input from the base of the
ice shelf and subsequent advection and mixing by overturning circumpolar deep water
(CDW). The temporal variation of the meltwater fraction appeared to be significant.
Near the Doton and Getz ice shelves the meltwater fraction of 2012 was 30-40%
lower than that of 2011. These results imply that glacial meltwater influences the
physical and biogeochemical processes at places as far as 300 km away from ice
shelves and the rate of basal melting varies in a time scale as short as less than a
year. The surface water concentrations of DMS varied from <1 to 400 nM. The
highest DMS (up to 300 nM) were observed in sea ice - polynya transition zones and
near the Getz ice shelf, where both the first local ice melting and high plankton

productions were observed. In other regions, high DMS concentration was generally
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accompanied by higher chlorophyll and AO./Ar.The large spatial variability of DMS
and primary productivity in the surface water of the Amundsen Sea seems to be
attributed to melting conditions of sea ice, relative dominance of Phaeocystis
antarctica as a DMS producer, and timing differences between bloom and subsequent
DMS productions. The depth profiles of DMS and AO»/Ar were consistent with the
horizontal surface data, showing noticeable spatial variability. However, despite the
large spatial variability, in contrast to the previous results from 2009, DMS
concentrations and AOy/Ar in the surface water were indistinct between between the
two major domains: the sea ice zone and polynya region. The discrepancy may be
associated with inter—-annual variations of phytoplankton assemblages superimposed on
differences in sea—ice conditions, blooming period, and spatial coverage along the vast

surface area of the Amundsen Sea.
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Fig. 3.2.1. Map showing cruise track of underway measurements of DMS, A
Oo/Ar,and fluorescence(upper figure) with sea-ice distributions from satellite image.
Seawater samples for vertical profiles of DMS and Os/Ar were collected at 20
stations(belowfigure). The station numbers of each CTD cast for bottle sampling

are denoted below map.
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Fig. 3.2.2. Map showing the locations where samples for noble gas analysis were
collected duirng 2016 cruise.
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Fig. 3.2.11. Time series of SST (navy dots), SSS (purple dots), fluorescence (green
dots), AOo/Ar(%)(red dots), and DMS (bluedots) measured by and MIMS during the
entire sampling period with sea-ice concentrations(%). Station numbers are denoted in

the top row with the corresponding date.
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Fig. 3.2.13. Vertical profiles of DMS (blue dots and lines) and A
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Characteristics of phytoplankton ecology and biological

environment in the Amundsen Sea

Jisoo Park
Department of Polar Ocean & Environment Research, KOPRI

Abstract: Two cruises were conducted in the Amundsen Sea of the Southern Ocean
in austral summer (January 2014 and January-February 2016) on board R/V
icebreaker ARAON. The total stations for phytoplankton physiological study were 26
and 52, respectively where seasonally sea ice covered zone, Amundsen & Pine Island
polynyas, and open sea were included. During the cruise, we mainly observed
maximul photosynthetic quantum efficiencies (Fv/Fm) using Fluorescence Induction
and Relaxation system (FIRe) for understanding the characteristics of phytoplankton
ecology and biological environment. Moreover, to demonstrate that iron limited
responses of natural phytoplankton assemblages, we carried out iron assimilation
experiments at four stations (open sea, outer shelf, polynya center, front of ice shelf)
during more than seven days. Satellite data of daily solar irradiance were also used
for analysis light regimes of study area. Both observed and analysed data cleary
showed that light availability rather than Fe controls the magnitude of massive

phytoplankton bloom in this most productive system in the Southern Ocean.
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Fig. 3.3.1. Fluorescence Induction and Relaxation Systems (FIRe) on board and in-situ

profiling type.
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Fig. 3.32. A map of stations for for phytoplankton physiological parameters in the
Amundsen Sea (a) 2013/2014 and (b) 2015/2016. Colors represent averaged sea ice

concentrations during the cruise.
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Fig. 3.3.3. A picture showing the sampling of metal free seawater using Go-FLO

rosette system for iron assimilation experiment.
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Fig. 3.34. Temporal evolution of photosynthetic efficiencies (Fv/Fm) at four iron
assimilation stations of the Amundsen Sea during 2013/2014 cruise. Stations are
located at a) outer shelf (st. 4), b) polynya center (st. 14), c¢) front of ice shelf (st.
26), and d) open sea (st. 35), respectively.
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Fig. 3.3.6. Underway measurements of maximum photosynthetic quantum efficiencies

(Fv/Fm) during Araon’s New Zealand to Amundsen Sea transit in 2015/2016.
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Environmental factor controlling phytoplankton community

structure in the Amundsen Sea Polynya, Antarctica.

Youngju Lee and Eun Jin Yang

Department of Polar Ocean Environment, KOPRI

Abstract: The Amundsen Sea, Antarctica, is one of the vulnerable area, where
increased basal melting and upwelling have occurred. Phytoplankton community
dominated by Phaeocystis antarctica (Prymnesiophytes) and/or diatoms during the
bloom periods, and they play different roles in the biogeochemical cycle of the
Amundsen Sea polynya (ASP). To understand the distribution of phytoplankton
community and the influential environmental factors in the ASP, the field surveys
were conducted in January 2014 and 2016. The mean open water area of the ASP
was largely extended during both austral summer of 2014 and 2016. However, the
average insolation was dramatically lower in January 2016 with a lower phytoplankton
biomass (chl-a) than January 2014. Phytoplankton community dominated by ZP.
antarctica in January 2014, while diatoms, Dictyocha speculum (Chrysophytes), and P.
antarctica were co—dominated in the ASP in January 2016. These results indicated
that the light availability could be one of the important influential factors for
phytoplankton biomass and community structure in the habitat conditions of rapidly

thinning ice shelves and sea ice loss in the ASP.
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Oicean Data View

Oeean Data View

Fig. 3.4.1. Sampling stations and the transects in January (a) 2014 and (b) 2016 in
the Amundsen Sea, Antarctica.
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Fig. 3.4.2. Vertical distribution of water temperature (C), salinity, water density
(sigma-t), and chl-a concentration (ug/L) along the transects in the Amundsen Sea in

January (a) 2014 and (b and c) 2016.
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Bioacoustics

Hyoung Sul La

Division of Polar Ocean Sciences, KOPRI

Abstract: The DIS and GIS, two representative ice shelves in the Amundsen Sea
coastal polynya, have dramatically thinned during the past two decades: the elevation
have been changed 36 *2 cm vyear-land -17+6 cm vyear-1 from 1992 to 2001
(Shepherd et al., 2004). During the last Amundsen Sea expeditions, we found that ice
shelf is one of main habitats for ice krill and high density of ice krill was distributed
within coastal polynya. Interestingly, two closed ice shelves showed different
environmental condition, as well as ice Kkrill density was highly different that the
higher density was represented around GIS than that around DIS. In this report, we
observed the meso— and macrozooplankton compositions and the vertical and
horizontal distribution of sound scattering layer (SSL) around Dotson ice shelf. The
SSLL was classified with fish, mesozooplantkon, and macrozooplankton using dB
difference method. These three groups represent the different pattern in the vertical
habitat and regional location within study region. This result could support to
understand the variation of zooplankton compositions and the role of zooplankton in

the Amundsen Sea marine ecosystem.
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(c) P1 12 P2 P3 13 P4 PS5 T4 P6 Py T1 P

R I A " ik LYROTE TR
sof- ! . 1” o 'S va‘: ! 1 It .
d 5
(a) 1h» 2
7 15 §
*
E 2 5 20
£
=4
o
° 1 P8
T 12
‘:I”lr\[(u". | 4 o .
o
)
4 LI
z
L
(b) ‘5
L 2
80
B
£ T2 s
£ d 0 T ——r 20
& '
© A whtt 1! | \ l{h\“ﬂ?,‘
a ’ CATLRNRTI V., Wit ML,
i TR TN N 5]
§ ' L S T4t e £
120 kHz 8
1 14 &
Range (nmile) %]
1‘0 2'0 ; 3‘0 T T 5‘0 7'0 5‘0 =

Fig. 3.5.2. Volume backscattering strengths (Sy) echograms at 38 (a) and 120 kHz (b)
for the top 200 m of water column in the acoustic transect. The echograms using the
dB difference window of -20 < Syizss i < 2 (¢), 2 < Svizn- i < 12 (d), and 12
< Sviz-ss i, < 20 (e).

_73_



0.3%
(a)

B Copepoda

B Euphausia

B Ostracoda

® Siphonophores
M Larvae
 Amphipoda

m Chaetognatha

(b) 02
0.151 L
P
S m ¢
£ o4l _
g -
o =%] |
0.051 - L
5 10 15 20 25 30

Total length (mm)

Fig. 3.5.3. Mesozooplankton composition at four net stations (a) and the length
distribution of ice krill (b).

_74_



P3 T3 P4 P5 T4 P& P7 T1
(a e *—%—F N ¥
L L o gk e :
: A A :
i . L e - "
. P -
1 * e )
| ¢ |

Fish
Depth (m)
2

Macrozooplankton
Depth (m)

c =
£ z 1 :
= f o : : :
s E Sy ¥ ¢ = X 3 3 ]
R | i é é |
B : 4 : : :
o | ! : ; 3
o 0 ! : |
= | 1 3
i i i ; i i i i
2000 10 20 30 40 50 60 70 80
Range (nmile)

90

-70

759

}

Mean Depth : 75.1 m)|
(sD:57.1m
N=217

;
%

) 20 30
Frequency (%)

Mean Degth : 71.4 m|
(5D :45.2im
N=549

0 20 30
Frequency { % )

T

Mean Degth : 74.2 m
(5D :19.4im
N=425

10 20 30
Frequency ( % )

Frequency (%)

Fig. 3.5.4. Volume backscattering strengths (Sy) at 38 kHz for fish (-20 < Syvi2-38 n
< 2) (a), Sy at 120 kHz for macrozooplankton (2 < Svizo-x wr < 12) (b), and Sy at

120 kHz for mesozooplankton (12 < Svizoss wz < 20) (c).

_75_



60

o
Integrated s, (dB)

80

.90

R
3 e 2 * 112 ™ 113W w 112° B
Longitude Longitude

Mesozooplankton

HFW
Longitude

60

Integrated S,, (dB)

50

Fig. 355. Spatial distribution of the integrated volume backsattering strengths

(Integrated Sv) on the bathymetry. Integrated Sy for fish (=20 < Svizo-38 . < 2) (a),
Integrated Sy at 120 kHz for macrozooplankton (2 < Syio3s 1w < 12) (b), and

Integrated Sy at 120 kHz for mesozooplankton (12 < Svioo-3s ki, < 20) (c).

_76_



4 (FHA)

=
=

A6 A MAYE A

oowx ~
H¢wuwﬂwmﬂm§#mﬁi% ﬁowri.,l
=T o T ® T M T T O W oy B oo o = xR T OE O s =
P%Lcou_ﬂ%,lmﬁgi oot M T T FT .
ol K I oms — ) e B
T o ow B MK = & T =
50 mﬂﬂbﬂﬂmnﬂk w2 ZEE 5 289 ook )
= I = - z Mook T o ot 22 R = T B =
& F W e __%%/sgﬂﬁ of Wy © Mm%ﬂMn%% 1 =
g o Lo Ew _w g T AT g EFR = &
mﬂﬁr%%ﬂrmm%.mﬂ O %w#mﬂ,aﬂw1%17r T oo
H o= BT W o g = o< Yo Mo | X T ¥ 5 o 3 W ¢ B 2 B
ﬂfr%?w.%wﬂomu%ﬁ W T BT E g 5 = 5
0 ,Drm s . A_l = ™ E.t — — X 1_1 = g :.L ol o_e ﬂ
Ho Ne o oW A & = T ~ = X 4n S o g B0 oy wE
N I P raxExgdE 3
o A B N ol 3 ua e iy iy Ko H B gy N oy O
oo— a8 S oy o= = X Nr o e - Moo ° o} . of
o~ M S N &o X < © E.E B ﬁ _:ﬁ o B ﬂ_ov 53 K zi MV,I d! 50
ook K = m o AL T ~ P& o o T K
= = J) © o X T T = o < o mr ol — w
s T D T oF = L T = 9 X o = A
o _,AM < ®° o L W T o w2 T oo W o T T o e B s
o oﬂ N N wﬁ.o ~ iSO _MM 70 Coa! Mlu e T A = 3 Njo = o ~- Mﬂ
Z.o AT_ ~ = ‘HOI N o T - el Y 9 o o S 0w ol
N = 9 N F T g Nr o) = X g g5 Y
N G  do w T oo W S om ST & :
= = o o <] o r ! afi] i o ) )3 Ay o= oy
wﬁ WE T x o oz ez T ) =0 _Ar_ te ® g A ook 50 - Mﬂ ) iy
) —_— ul — N — N o — =
f%?ﬂww_ﬁmrmmm%un%g u@@%m%mﬂmW&ﬂW%
LT X T
R o w o R B @@W;mm% Somm R o H
o N }ﬂ_ﬁ%u.ﬂl_ Ry ﬂr.l}]movﬂomwl%
i = T L = Mo = ~ 8 | 2 5 T o —
@x?%;’mo%imﬂ?iﬂ.% mo%opguy% 2T
W%ﬂﬂ@%%%%%ﬂﬁ% %,wrwwwﬂoﬂmdwmxﬂi%
%%o_uiuoﬂyxﬂ% F om.n,Aﬁ%mogzoo«1Emﬂ
o X M ol ™ o & R Yo NI g0 T
9 o) B oo T B oy = < mj T — £ o a < 2 T ol
00 E.E 50 ” ) ~ X ‘MX Z, < ~ o T o) = o Py _éo ﬂ
— 00 NS U S o~ G = X Ol L o
LN do o M rJ N | i = :.L H 2 o M ,NrL oy Gy % <] -— o
= F wﬂﬂmqmmo_szf m«_dFﬂHT%ﬂ%ﬂJHM%
5 = o P o S Ao i 2 =2 oW
oy X = oy w AP RK ) i ) Y K o N T oo = Dnm = kR
o MA T ~ = o - ) o T o E.f 10].! — =" ol w o o %o " -
ioﬂo_u%;ﬁﬂaﬂﬁalmﬂ%ﬂ Hlammm,%awﬂén%%&w%m
— L k) o = A < < r = . o0
FLE B m e W T 4w . _Srmgllx ®Egw
~ [a\ gm; nL oL 0 (.J\ ‘ﬂuu ﬂ

3 (Grossart et al.,

S

_77_

HEote] 240 WMEE 7=

-

ok (Kim et al., 2014). A A&
n

o

Al A}

A AdE=

)

=

=

A

=
T

4 el w23

gob 1HE]



2005), ¥ Z§ (algae)= o T4 FY4A (vitamin Bp)E 34 vHEH o=
A= A (Croft et al, 2000)0.2 d#HA Ut} & AFdAM= EZUe AHEE

I Aol =2 HrE et A9 e -AstetA

S ol g3ty AEZIHIAE w5 ASZEYH gt ol 55 stk %ZH O}%Z‘lsﬂ

Zelupe] WAE 43 482 olas] Ad nAY ARsd dE #A8 DYsia 3

2. Az 2 A

g MAE ATE 3 AEE 20149 1€ olgt2E HALE F3l AUtk F 157

o] e FFolM 6-1570 A Adste] MAE £¥xe £ ATE AT ARE 9
Watlth (Fig. 3.7.0). whol@l2 AA4E SYBR Gold 941 Aloks} ol slg4aAn 4L ol
&3t Z435tt (Noble & Fuhrman, 1998). &1 W lote] Hlx=E Z7dat7] 9%
&k A3 Weinbauer et al. (2003)e] WHo| we} HAo|A TR HAY A==

&% AlE T plankton netE ©]&3te] g o H

9 free-living dtH glo}E A A LA AESHIE 3
YAE (HF % 10%)< H7EsE §, -80%0 W& Hastdo st F3 sA (MA,
R2A, TSA: Difco)o] ABZHIE 2= Az woe = o9

sto] whgEjo} #FE EElatth Ad IS Fd =5 g § 16S rRNA 3=t
MES A8 5 F4835AH (Hwang & Cho, 2008).

[}

obimAls o] ejFomFEH Eeu, WEel o2 d|¢ Hiolg|=e] EX SA ] g
ou] A & 670 A 53 wlolgl = VAT E A (Fig. 3.7.2). E219]
Hhol#l 2~ A (FH 14, 19, 27)E 8.1x10°-1.6x10" viruses/mle] W3S HA oW o=
dhe| globol] Ml it 93-22.0M =2 FEolh FHA 29 WU FE(HA 24
32)¢] wlolEl & JRAGE 86x10°-1.7x10" viruses/mle] W3S ®Wglom Zgike] Hlol

2 A} FARRE SEol k.

44 drelgole] T8-S Hrtshr] g wid AEE 5 AlEC tE 4 &
A& 8t (Fig. 3.7.3). A3 AF€¥ mitomycin CE lysogeny induction(& YA
oA EHACE FE)S A 7]E= Alko® (Jiang & Paul, 1996), ©o]| S H7istd &

i

24 drgglobrl WS 4E nlolg) o 7t &2 A& (control samples)ol] H]&] F7}5
A Ak 3788 Eu A A RS8R 14, 19, 2004 8474 =HeElgole] induction &
HFEd o, o5 T AA 1ddAnt gz ARl H& FAASE {23 Hlol
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B2 77 B2 AG (Htest, p <0.05; Fig. 3.7.3). 9% & 7/ja12 vreglole A W
Z5 = vlolg 2 F(burst size)E 20-50/MAZ 7HAE AL AA 1494 £94 ube g
obe] ml&2 A ubH ol 10-25%%2 F% L9 ek(AHA 97 HE(HA 24)9 m=

q
[}
Aol &4 BtElgloke] HEe2 vHE FEolIUTh

+

> oy &
i

FAE FFHeETH & 4271 wHol #FE Esilal, 16S rRNA
e B3 T sA4ES AU (Fig. 3.74). Gammaproteobacteria®l <
7Hd R A EeE ATk 71Eed @ ) A (marine
sychrobacter nivimaris$t +AHE 11525 (98.5-100% 2
ToR= M Bel AT (871 Fig. 3.74). o] 9]

e = At EE ddelA wEEE 7IE wtHglel  F(Shewanella vesiculosa,

o o
o)
4
AN
wn gl
M
1

e
A%
Y
ON N HU

Pseudoalteromonas prydzensis, Alteromonas stellipolaris, Flavobacterium frigidarium)

e AEY d#AAFES 2= dHEer  F (Pseudoalteromonas  elvakovii,

Methylobacterium oryzae, Rhodococcus cerastii, Rhodococcus cercidiphylin® +A}3k
A

#Frso B AT Rel wMPHAT o] 5L AL AN B BHL 2

T

daEe] 4% AT md Alador 235 g83 o Aol),
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Microbial ecology in the Amundsen Sea

Chung Yeon Hwang

Division of Polar Life Sciences, KOPRI

Abstract: Marine microbes including bacteria and viruses are the most abundant
organisms on the planet and play vital roles in the biogeochemical cycle in marine
environments. Marine viruses influence the production of dissolved organ matters
(DOM) and increase regeneration of nutrients by destruction of their hosts formed in
particulate. Bacteria are important members of microbial foodweb which transform
DOM into bacterial biomass in particulate form. Bacterial community structure is
susceptible to the change of environmental conditions. To wunderstand ecological
characteristics of marine microbes in the Amundsen polynya and its vicinity, we
investigated (1) spatial distribution of viruses, (2) the occurrence of lysogenized
bacteria, and (3) isolation and identification of bacteria associated with phytoplankton
during the ARAON cruise in January 2014. In interim results, viruses (8.1x10°-1.6x10"
viruses/ml) exceeded bacteria by ca. 14-fold in numbers. The occurrence of
lysogenized bacteria was not detected in 4 out of 5 samples assessed so far,
indicative of a minor contribution of lysogeny virus production to viral assemblages in
the study area. Based on the 16S rRNA gene sequences, bacterial strains isolated
from phytoplankton concentrates turned out to be closely related to those from
plant-associated samples or those from Antarctic seas. In-depth analysis of microbial
data is undergoing for better understanding the microbial interactions in the

Amundsen polynya.
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Ocean Data View

Fig. 3.7.1. Study area and sampling stations for microbiological study.
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Fig. 3.7.2. Viral abundances in surface waters in the Amundsen Sea,
2014.
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Fig. 3.7.3. Changes of bacterial (BA) and viral abundances (VA) over the
incubation time in lysogeny induction experiments. Blue and red symbols
represent microbial abundances in untreated (control) and mitomycin C-amended

samples, respectively.
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Flavobacterium frigidarium (2) Psychrobacter nivimaris (8)

Zunongwangia profunda (1) Shewanella vesiculosa (5)

Pseudoalteromonas elyakovii (4)

Rhodococcus cerastii (1) Pseudoalteromonas tetraodonis (3)
Rhodococcus cercidiphylii (1) Bacillus infantis (1) Acinetobacter venetianus (3)
Rhodococcus fascians (1) Pseudoalteromonas prydzensis (2)
Mycobacterium chubuense (1) 1 Pseudoalteromonas mariniglutinosa (1)

Pseudoalteromonas nigrifaciens (1)

Sphingomonas dokdonensis (1)  Pseudoalteromonas translucida (1)

Sphingomonas kyeonggiense (1) as stellipolaris (1)

Sphingopyxis ummariensis (1)

Sphingobium xenophagum (1)

Methylobacterium oryzae (1)

& Gammaproteobacteria & Alphaproteobacteria Actinobacteria

i Bacteroidetes Firmicutes

Fig. 3.7.4. Bacterial strains isolated from the concentrates of phytoplankton in
the present study. Numbers in the parentheses represent numbers of strains

belonging to each bacteria species.
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SOUTHERN OCEAN DBSERVING SYSTEM

MULTI-NATIONAL
CONTRIBUTIONS
TO SOOS

Inaddition to these large Internationally coardinated programmes. national and
multi-pational field campaigns form the bedrock of 5008 implementanon,
waany large field campaigres have collected and contributed data over the last

3 years; Mew Tealand and Italy have manvtained various long-term @ mocred
arrags in the Ross Sea; South Aftica has puthed technolagica! boundaries with
the deployment of wave gliders through the @ SCSCE praject, Germany has
supparted a RAFCIS sound source aray and aooustically-tracked fleats in the
Waddell sea; the USA has supparted activitles under its @ Lang-Term Ecological
Research site at Palmer Stanon for 25 years.and the st goes on

This secton canveit highlight all of them, but the maps below chowcass just seme
of these important contriutions

Thwaites dee Shelf

KOPRI Multi-Mational Amundsen Sea Project -

The KCPRI Amundsen Sea Froject is a mudti-disciplinary and multi-ratioml
{fwesden, LISA, LIK, France, Norway] programme that aims to undeestand regional
limate change mechaniims in the West Antarctica, and impacts of these changes
on ecosysterms and biggeochemical cycles The map shewe indicates intemationsl
activities undertaken in 2012 (blue) and 2014 (green)

B wushpradacD A Moo fkoem)
B oushpTakscm Mooring [LiGat, Sweden)
. Glider Track (Rutgers, US| ‘ i,

[BAS, MERC (STARL UK)
Moaring (ASPIRE, LIS)
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1. Southern Ocean Observing System (©]3} SO0S)2 H=dllollA taA #S54S F
Solal AHFAHoE AS5S Tt ASs HRE o, SCAR, SCOR, POGOE 32
b= FAZIFES olUMHESL SO0S+= 20119 8% TAAFA(IPO)E 359
University of Tasmania®l] A %]3}11, Science Steering Committee?] &S E3lo] =&
Az ahs Adstazl, 20129 29 (W= Ocean Science Meeting), 10¥ (&5
CSIRO #=4}), 2013 59 (T sl SAA24), 20149 649 (==91¢]) 3]&3st
AL AA 8709 endorsed programe] S E5 o] L.
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2. 95T A e Exet WstE vuds U oAz &5 St T
EUHH3A SCAR 4Felel A &53= ASPECT (Antarctic Sea Ice Processes &
Climate), 7] 5-WH3tel F=a| FAAENA o Atole] HSAES = FEolA S
A3t a2 sl FA2Z=2 13 ICED (Integrating Climate and Ecosystem Dynamics
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4. Horizon Scan: SCAR (&
=317] $3te] 20139 % 6-10€ 1t

- % 20-30d & A vy
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=
S e w4 AF

S SCAR Horizon Scan International Steering Committee ISColA 2014\ 99 A <]
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Table II. Antarctic and Southern Ocean Science Horizon Scan questions in clusters ‘Antarctic atmosphere and global connections’ and ‘Southern Ocean

and sea ice in a warming world".

Antarctic atmosphere and global connections

Southern Ocean and sea ice in a warming world

I, How is climate change and variability in the high southern 12. Will changes in the Southern Ocean result in feedbacks that
latitudes connected to lower latitudes including the tropical accelerate or slow the pace of climate change?
ocean and monsoon systems? 13. Why are the properties and volume of Antarctic Bottom Water
¥, How do Antarctic processes affect mid-latitude weather and changing, and what are the consequences for global ocean
extreme events? circulation and climate?
3. How have teleconnections, feedbacks, and thresholds in decadal 14. How does Southern Ocean circulation, including exchange with
and longer term climate variability affected ice sheet response lower latitudes, respond to climate forcing?
since the Last Glacial Maximum, and how can this inform 15; What processes and feedbacks drive changes in the mass,
future climate projections? properties and distribution of Antarctic sea ice?
4. What drives change in the strength and position of westedy 16. How do changes in iceberg numbers and size distribution affect
winds, and what are their effects on ocean circulation, carbon Antarctica and the Southern Ocean?
uptake and global teleconnections? 17. How has Antarctic sea ice extent and volume varied over decadal
5. How did the climate and atmospheric composition vary prior to to millennial timescales?
the oldest ice records? 18. How will changes in ocean surface waves influence Antarctic sea
6. What controls regional patterns of atmospheric and oceanic ice and floating glacial ice?
warming and cooling in the Antarctic and Southern Ocean? 19. How do changes in sea ice extent, seasonality and properties
(Cross-cuts "Southern Ocean’) affect Antarctic atmospheric and oceanic circulation?
T How can coupling and feedbacks between the atmosphere and (Cross-cuts ' Antarctic atmosphere’)
the surface (land ice, sea ice and ocean) be better represented in 20. How do extreme events affect the Antarctic cryosphere and
weather and climate models? (Cross-cuts 'Southern Ocean’ and Southem Qcean? (Cross-cuts ' Antarctic ice sheet’)
"Antarctic ice sheet’) 21, How. did the Antarctic cryosphere and the Southem Ocean
8. Does past amplified warming of Antarctica provide insight contribute to glacialinter-glacial cycles? ( Cross-cuts "Antarctic
into the effects of future warming on climate and ice sheets? ice sheet’)
(Crass-cuts ' Antaretic ice sheet”) 22, How will dimate change affect the physical and biological uptake
9. Are there CO, equivalent thresholds that foretell collapse of all or of CO: by the Southern Ocean? (Cross-cuts ‘Antarctic fife”)
part of the Antarctic ice sheet? (Cross-cuts ‘A ntarctic ice sheet”) 23, How will changes in freshwater inputs affect ocean circulation
10. Will there be release of greenhouse gases stored in Antaretic and and ecosystem processes? ( Cross-cuts "Antarctic life’)
Southern Ocean clathrates, sediments, soils and permalrost as
climate changes? (Cross-cuts ‘Dynamic Earth’)
11. Is the recovery of the ozone hole proceeding as expected and how

will its recovery affect regional and global atmospheric
circulation, climate and ecosystems? ( Cross-cuts ‘Antarctic life’
and 'Human")

Questions are assigned numbers for ease of referencing and do not indicate relative importance or rank-order within or between clusters,
Questions that eross-cut clusters are indicated with red italics.
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Table I11. Antarctic and Southern Ocean Science Horizon Scan questions in clusters *Antarctic ice sheet and sea level’ and "Dynamic earth — probing
beneath Antarctic ice’.

Antarctic ice sheet and sea level

Dynamic Earth — probing beneath Antarctic ice

25,

26.

27,

28.

29.

30.

31,

33,

34.

How does small-scale morphology in subglacial and continental
shell bathymetry affect Antarctic ice sheet response to changing
environmental conditions? ( Cross-cuts ' Dynamic Earih’)

‘What are the processes and properties that control the form and
flow of the Antarctic ice sheet?

How does subglacial hydrology affect ice sheet dynamics, and how
important is it? (Cross-cuts 'Dynamic Earth’)

How do the characteristics of the ice sheet bed, such as geothermal
heat flux and sediment distribution, affect ice flow and ice sheet
stability? ( Cross-cuts Dynamic Earth')

‘What are the thresholds that lead to irreversible loss of all or part of
the Antarctic ice sheet?

How will changes in surface melt over the ice shelves and ice sheet
evolve, and what will be the impaet of these changes?

How do oceanic processes beneath ice shelves vary in space and
time, how are they modified by sea ice, and do they affect ice loss
and ice sheet mass balance? (Cross-cuts ‘Southern Ocean’)

How will large-scale processes in the Southern Ocean and
atmosphere affect the Antarctic ice sheet, particularly the rapid
disintegration of ice shelves and ice sheet margins? (Cross-cuts
' Antarctic atmosphere” and *Southern Ocean’)

How fast has the Antarctic ice sheet changed in the past and what
does that tell us about the future?

How did marine-based Antarctic ice sheets change during previous
inter-glacial periods?

How will the sedimentary record beneath the ice sheet inform
our knowledge of the presence or absence of continental ice?
(Cross-cuts ' Dynamic Earth’)

35

36.

37,

38.

39.

41,

42,

How does the bedrock geology under the Antarctic ice sheet
inform our understanding of supercontinent assembly and
break-up through Earth’s history?

Do variations in geothermal heat flux in Antarctica provide a
diagnostic signature of sub-ice geology?

What is the crust and mantle structure of Antarctica and the
Southem Ocean, and how do they affect surface motions due
to glacial isostatic adjustment?

How does volcanism affect the evolution of the Antarctic
lithosphere, ice sheet dynamics, and global dlimate? ( Cross-cuts
“Antarctic atmosphere’ and " Antarcric ice sheet”)

What are and have been the rates of geomorphic change in
different Antarctic regions, and what are the ages of preserved
landscapes?

How do tectonics, dynamic topography, ice loading and isostatic
adjustment affect the spatial pattern of sea level change on all
timescales? (Cross-cuts “Antarctic ice sheet’)

Will increased deformation and volcanism characterize
Antarctica when ice mass is reduced in a warmer world, and if
so, how will glacial- and ecosystems be affected? ( Cross-cuts
"Antarctic life’)

How will permafrost, the active layer and water availability in
Antarctic soils and marine sediments change in a warming
climate, and what are the effects on ecosystems and
biogeochemical cycles? (Cross-cuts " Antaretic life’)

Questions are assigned numbers for ease of referencing and do not indicate relative importance or rank-order within or between clusters.
Questions that cross-cut clusters are indicated with red fralies.
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Table IV. Antarctic and Southern Ocean Science Horizon Scan questions in cluster * Antarctic life on the precipice’.

Antarctic life on the precipice

43,

45.

46.

47,

48.

49,

50.

51.

52

53.

54.

What is the genomic basis of adaptation in Antarctic and 55. Howwill invasive species and range shifts of indigenous species change
Southem Ocean organisms and communities? Antarctic and Southern Ocean ecosystems? (Cross-curts 'Human')
How fast are mutation rates and how extensive is gene flow in the  56.  How will climate change affect the risk of spreading emerging
Antarctic and the Southern Ocean? infectious diseases in Antarctica? (Cross-cuts 'Human')
How have ecosystems in the Antarcticand the Southern Ocean  57. How will increases in the ice-free Antarctic intertidal zone impact
responded to warmer climate conditions in the past? biodiversity and the likelihood of biological invasions?
( Cross-cuts ' Antarctic atmosphere’ and ' Oceans’) 58. How will dimate change affect existing and future Southern Ocean
How has life evolved in the Antarctic in response to dramatic fisheries, especially krill stocks? ( Cross-cuts ' Hiunan')
events in the Earth’s history? (Cross-cuts 'Dynamic Earth’) 59. Howwilllinkages between marine and terrestrial systems change in the
How do subglacial systems inform models for the development of future?
life on Earth and elsewhere? (Crass-cuts ‘Eves on the sky') 60. What are the impacts of changing seasonality and transitional events
Which ecosystems and food webs are most vulnerable in the on Antarctic and Southem Ocean marine ecology, biogeochemistry
Antarctic and Southem Ocean, and which organisms are most and energy flow?
likely to go extinct? 61. Howwillincreased marine resource harvesting impact Southem Ocean
How will threshold transitions vary over different spatial and biogeochemical cycles? (Cross-cuts "Human”)
temporal scales, and how will they impact ecosystem 62. How will deep sea ecosystems respond to modifications of deep water
functioning under future environmental conditions? formation, and how will deep sea species interact with shallow water
What are the synergistic effects of multiple stressors and ecosystemns as the environment changes?
environmental change drivers on Antarctic and Southern 63. How can changes in the form and frequency of extreme events be used
Ocean biota? to improve biological understanding and forecasting? ( Crass-cuts
How will organism and ecosystems respond to a changing "Amtarctic atmosphere”)
soundscape in the Southern Ocean? (Cross-cuts 'Human') 64. How can temporal and spatial ‘omic-level’ analyses of Antarctic and
How will next-generation contaminants affect Antarctic and Southern Ocean biodiversity inform ecological forecasting?
Southem Ocean biota and ecosystems? 65.  What will key marine species tell us about trophic interactions and
‘What is the exposure and response of Antarctic organisms and their oceanographic drivers such as future shifts in frontal dynamics
ecosystems Lo atmospheric contaminants (e.g. black carbon, and stratification?
mercury, sulfur, etc.), and are the sources and distributions of  66. How successful will Southem Ocean Marine Protected Areas be in
these contaminants changing? ( Cross-cuts "Antarctic meeting their protection objectives, and how will they affect ecosystem
atmosphere’ and *‘Human") processes and resource extraction? (Cross-cuts 'Human')
How will the sources and mechanisms of dispersal of propagules  67. What ex siru conservation measures, such as genetic repositories, are
into and around the Antarctic and Southern Ocean change in required for the Antarectic and Southern Ocean? ( Cross-cuty 'Hunun')
the future? 68. How effective are Antarctic and Southern Ocean conservation measures

for preserving evolutionary potential? ( Cross-cuts ' Human')

Questions are assigned numbers for ease of referencing and do not indicate relative importance or rank-order within or between clusters.
Questions that cross-cut clesters are indicated with red italics.

Table V. Antarctic and Southern Ocean Science Horizon Scan questions in clusters ‘Near-Earth space and beyond — eyes on the sky’ and ‘Human
presence in Antarctica’.

69.
70.

71.

13:

Near-Earth space and beyond — eyes on the sky Human presence in Antarctica

What happened in the first second after the universe began? 74. How can natural and human-induced environmental changes be

‘What is the nature of the Dark Universe and how is it distinguished, and how will this knowledge affect Antarctic
affecting us? governance? (Cross-cuts all other clusters)

‘What are the differences in the inter-hemispheric conjugacy 75.  What will be the impacts of large-scale, direct human modification of
between the ionosphere and that in the lower, middle and the Antarctic environment? ( Cross-cuts ‘Antarctic life’)
upper atmospheres, and what causes those differences? 76.  How will external pressures and changes in the geopolitical

How does space weather influence the polar ionosphere and configurations of power affect Antarctic governance and science?
what are the wider implications for the global atmosphere? 77 How will the use of Antarctica for peaceful purposes and science be
(Cross-cuts 'Antarctic atmosphere’) maintained as barriers to access change?

How do the generation, propagation, variability and 78.  How will regulatory mechanisms evolve to keep pace with Antarctic
climatology of atmospheric waves affect atmospheric tourism?
processes over Antarctica and the Southem Ocean? 79.  Whatis the current and potential value of Antarctic ecosystem services?
(Cross-cuts 'Antarctic atmosphere”) 80. How will humans, diseases and pathogens change, impact and adapt to

the extreme Antarctic environment? ( Cross-cuts "Antaretic life’)

Questions are assigned numbers for ease of referencing and do not indicate relative importance or rank-order within or between clusters,
Questions that cross-cut clusters are indicated with red italics.
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