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The Remote Sensing for Ocean-Atmosphere In-

teractions Studies and Applications Workshop, 

co-organised by the European Organisation for 

the Exploitation of Meteorological Satellites 

(EUMETSAT), the Copernicus programme and 

SOLAS was held online on 1-3 December 2021. 

The workshop was facilitated by EUMETSAT. 

 

The workshop was intended to support and en-

courage collaboration to explore and promote 

the use of readily available remote sensing data 

sets that can support both research into ocean-

atmosphere interactions, and the use of the sat-

ellite-derived data in operational environments. 

The workshop was pitched to be of value to sci-

entists and educators at all levels of seniority in 

a wide range of disciplines: climate studies and 

monitoring, remote sensing, atmospheric phys-

ics and chemistry, physical oceanography, 

ocean biology; it also provided the mechanism 

for dialogs with representatives of services and 

data provider agencies. This connection be-

tween researchers, educators and data provid-

ers was an important aspect of this workshop. 

 

The primary objectives were to a) report and in-

form about ongoing research in the thematic 

area using satellite-based data; b) discuss un- 
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Figure 1: Invited speakers at the Remote Sensing for Ocean-Atmosphere Interactions Studies and Applications Workshop. 
From upper left to lower right: Aida Alvera-Azcaráte, Samantha Burgess, Carol Anne Clayson, Nicolás Cosentino, Pavla Dags-
son Waldhauserova, Minhan Dai, Corinne Derval, Hayley Evers-King, Federico Fierli, Chelle Gentemann, Claire Macintosh, 
Salvatore Marullo, Luciani Ponzi Pezzi, Marie-Helene Rio, Paolo Ruti, Jamie Shutler, Christopher Stewart, Christine Träger-
Chatterjee, Julia Wagemann, Hongbin Yu. 

explored potential of satellite-derived data in the 

field and identify gaps in terms of monitoring ca-

pability; c) inform on developments, tools, ways 

of access, available and upcoming training mate-

rial and training opportunities by satellite product 

providers; and d) identify needs and associated 

material and collaborations for improved data ac-

cess, usage, training and capacity building. 

 

The workshop included short, invited overview 

presentations, supplemented by a poster session 

and round-table discussions with questions and 

answers. The presentations included tutorials on 

the characteristics of selected data sets available 

at European data centres, how the data sets are 

derived, and how to access them.  Overviews of 

online software packages for data processing, 

analysis and display were also presented. The 

first two days of the workshop were timetabled to 

extend over three hours, with the third day being 

one hour shorter. There were 117 participants on 

Day 1, 108 on Day 2, and 63 on Day 3. Record-

ings of all sessions are available at https://train-

ing.eumetsat.int/course/view.php?id=421, where 

the detailed agenda and more detailed infor-

mation about the workshop can be found. Fourt-

een posters are available at https://padlet.com/ 

TrainingEUMETSAT/imt89nkvonxj02vs. 

 

Following introductory presentations at the start of 

the workshop by Paolo Ruti (Chief Scientist of EU-

METSAT), Minhan Dai (Co-Chair of the SOLAS 

Scientific Steering Committee), and Christine Trä-

ger-Chatterjee (EUMETSAT), the invited speak-

ers gave their presentations: 

• Carol Anne Clayson, Woods Hole Oceano-

graphic Institution, Falmouth, USA, “Satellite-

derived climate data records of air-sea fluxes: 

progress and issues” 

• Chelle Gentemann, Farallon Institute, Peta-

luma, USA, “Butterfly - air-sea heat and mois-

ture fluxes from space” 

• Hongbin Yu, National Aeronautics and Space 

Administration (NASA)/Goddard Space Flight 

Center (GSFC), USA, “Satellite perspectives of 

trans-continental transport and deposition of 

mineral dust” 

• Nicolás Cosentino, Instituto de Geografía, Pon-

tificia Universidad Católica de Chile. “Satellite 

tools to explore the relationship between dust 

and primary producers’ biomass” 

https://training.eumetsat.int/course/view.php?id=421
https://training.eumetsat.int/course/view.php?id=421
https://padlet.com/TrainingEUMETSAT/imt89nkvonxj02vs
https://padlet.com/TrainingEUMETSAT/imt89nkvonxj02vs
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• Pavla Dagsson Waldhauserova, The Agricul-

tural University of Iceland, “High Latitude Dust 

observation with focus on Iceland and Antarc-

tica” 

• Jamie Shutler, University of Exeter, UK, “Satel-

lites are now critical for observing the air-sea in-

terface, CO2 fluxes and the CO2 sink: recent ad-

vances and new opportunities”  

• Luciani Ponzi Pezzi, Laboratory of Ocean and 

Atmosphere Studies, National Institute for 

Space Research, Brazil, “Mesoscale oceanic 

eddy-induced modifications to air–sea heat and 

CO2 fluxes” 

• Salvatore Marullo, Climate and Modelling La-

boratory, ENEA Centro Ricerche Frascati, Italy, 

“Air-Sea Interaction in the Central Mediterra-

nean Sea: Assessment of Reanalysis and Sat-

ellite Observations” 

 

In terms of agency presentations, Federico Fierli 

of EUMETSAT presented “Overview on the EU-

METSAT product portfolio for Marine – Atmos-

phere Exchanges” and Corinne Derval of the Co-

pernicus Marine Environment Monitoring Service 

(CMEMS) presented “Overview on the CMEMS 

product portfolio”. On the third day, Marie-Helene 

Rio of European Space Agency (ESA) gave the 

presentation “Satellite observation to monitor Air-

Sea interaction – European Space Agency” and 

Samantha Burgess of European Centre for Me-

dium-Range Weather Forecasts (ECMWF) pre-

sented “The Copernicus Climate Change Ser-

vice”. 

 

Presentations on data discovery were given by 

Hayley Evers-King, and colleagues explained 

“EUMETSAT data access for ocean-atmosphere 

applications” and Corinne Derval of CMEMS ex-

plained the “Copernicus Marine MyOcean 

Viewer”. 

The workshop provided a very useful opportunity 

to bring together researchers and students, op-

erational practitioners, and educators and train-

ers specialising in remote sensing data sets with 

the focus on satellite data useful for studying and 

applying information on air-sea exchanges. De-

spite the workshop having been held online be-

cause of precautions against coronavirus dis-

ease 2019 (COVID-19), with the consequent loss 

of opportunities for face-to-face discussions and 

the benefits these bring, the online format permit-

ted participation from many countries without the 

cost and time necessary to travel to the venue. 

The recorded presentations are an additional 

benefit which we hope many will exploit. 

 

The workshop Organising Committee members 

were Peter Minnett, University of Miami, USA; 

Jessica Gier, SOLAS Project Office, Galway, Ire-

land; Li Li, SOLAS Project Office, Xiamen, China; 

Maria Kanakidou, University of Crete, Heraklion, 

Greece; Santiago Gassó, NASA/GSFC, Green-

belt, USA; Aida Alvera-Azcárate, University of 

Liege, Belgium; Jamie Shutler, University of Ex-

eter, UK; Estelle Obligis, EUMETSAT, Darm-

stadt, Germany; Anna Rutgersson, Uppsala Uni-

versity, Sweden; Marie-Helene Rio, ESA- Euro-

pean Space Research Institute (ESRIN), Fras-

cati, Italy; Hayley Evers-King, EUMETSAT, 

Darmstadt, Germany; Christine Träger-Chatter-

jee, EUMETSAT, Darmstadt, Germany; Federico 

Fierli, EUMETSAT, Darmstadt, Germany. 

 

Author 

Peter Minnett, Rosenstiel School of Marine and 

Atmospheric Science, University of Miami, Mi-

ami, USA. mailto:pminnett@rsmas.miami.edu 

Event sponsors 

mailto:pminnett@rsmas.miami.edu
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Integrated Trajectory (HYSPLIT) 4 was used to 

model particle trajectories. Surface chlorophyll-a 

concentration ([Chl-a]) data from the Ocean Col-

our - Climate Change Initiative (OC-CCI) v4.2 

(Sathyendranath et al., 2019) was used as a proxy 

of primary producers' biomass. Between Decem-

ber 2008 and February 2019, 73 dust events were 

identified in southernmost Patagonia. Of these, 32 

took place during peaks in dust mass accumula-

tion. These 32 events were simulated. Based on 

our methodology, no evidence is found for an in-

fluence of dust on [Chl-a] (Figure 2). 

 

A major limitation of this methodology is that the 

modelled dust deposition fields for individual 

events cannot be validated with satellite data, 

given that Aerosol Optical Depth (AOD) cannot be 

resolved vertically to isolate near-surface concen-

trations (i.e., deposition). Vertically well-resolved 

AOD data may help overcome this limitation. An-

other limitation is related to the quantification of 

the contribution of phytoplankton functional types 

to total [Chl-a] (e.g., Brewin et al., 2021). This 

would be useful for linking dust chemistry, ocean 

chemistry and nutrient requirements. While some 

sensors already have such capabilities, to the 

best of my knowledge no such data products are 

yet publicly available. 

Satellite tools to explore the relationship between dust and primary pro-

ducers' biomass 

 
Cosentino, N. J. 
 
Pontifical Catholic University of Chile, Santiago, Chile 
 
nicolas.cosentino@uc.cl 

Nicolás Juan Cosentino studied physics and geology at the 

University of Buenos Aires, Argentina, and moved to the USA in 

2010 to start his Ph.D. at Cornell University. Currently, he is a 

postdoc at Pontifical Catholic University of Chile and studies the 

dust cycle in southern South America during the Last Glacial 

Maximum. 

Net primary productivity (NPP) in some surface 

oceans is limited by iron (Fe), which may be sup-

plied to these oceans by dust, promoting atmos-

pheric carbon dioxide (CO2) drawdown. This 

mechanism, coupled with export of organic matter 

to the deep ocean, constitutes a millennial-scale 

atmospheric CO2 sink (Martin, 1990). 20-25% of 

the rise in atmospheric pCO2 during the last de-

glaciation (~19-12 kyr BP) may be due to reduced 

dust-Fe flux to the oceans (Stoll, 2020). The iden-

tification of increases in NPP associated with pre-

sent-day dust deposition would partially confirm 

this hypothesis. 

 

Southern South America is the main present-day 

dust source to the Southern Ocean and Antarc-

tica (Neff & Bertler, 2015). During the last degla-

ciation, the Atlantic sector of the Southern Ocean 

(> 34ºS) is estimated to have contributed 41% of 

dust-induced global CO2 drawdown through Fe 

fertilization (Lambert et al., 2021). 

 

A series of small deflation pans in southernmost 

Patagonia (~54o South) emit dust, mostly concen-

trated in austral summer (Cosentino et al., 2020). 

Using surface visibility data and dust sampling, 

dust emission from these sources was con-

strained, while Hybrid Single-Particle Lagrangian 
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Figure 2: Response of surface ocean chlorophyll-a concen-

tration ([Chl-a]) to deposition of dust emitted from southern-

most Patagonia during 32 events between November 2012 

and February 2019. Values are normalised to the mean [Chl-

a] previous to each dust event. On each box, the central red 

mark represents the median, the bottom and top blue edges 

indicate the 25th and 75th percentiles, respectively, and the 

whiskers extend to the most extreme data points. Data 

points separated more than 3σ from the mean were previ-

ously discarded. The pink area represents the mean 95% 

confidence interval around the pre-event means. 

the last glacial termination, Earth and Planetary 

Science Letters, 554, 116675. https://doi.org/10.1 

016/j.epsl.2020.116675. 

Martin, J. H. (1990), Glacial-interglacial CO2 

change: The iron hypothesis, Paleoceanography 

and Paleoclimatology, 5(1), 1-13. https://doi.org/1 

0.1029/PA005i001p00001. 

Neff, P. D., Bertler, A. N. (2015), Trajectory mod-

elling of modern dust transport to the Southern 

Ocean and Antarctica, Journal of Geophysical Re-

search: Atmospheres, 120, 9303-9322. 

https://doi.org/10.1002/2015JD023304. 

Sathyendranath, S., Brewin, R. J., Brockmann, C., 

et al. (2019), An ocean-colour time series for use 

in climate studies: the experience of the ocean-

colour climate change initiative (OC-CCI). Sen-

sors, 19(19), 4285. https://doi.org/10.3390/s1919 

4285. 

Stoll, H. (2020), 30 years of the iron hypothesis of 

ice ages, Nature, 578, 370-371. https://doi.org/10. 

1038/d41586-020-00393-x.  

References 

Brewin, R. J., Sathyendranath, S., Platt, T., et al. 

(2021), Sensing the ocean biological carbon pump 

from space: A review of capabilities, concepts, re-

search gaps and future developments. Earth-Sci-

ence Reviews, 103604. https://doi.org/10.1016/j.e 

arscirev.2021.103604. 

Cosentino, N. J., Ruiz-Etcheverry, L. A., Bia, G. 

L., et al. (2020), Does satellite chlorophyll-a re-

spond to southernmost Patagonian dust? A multi-

year, event-based approach. Journal of Geophys-

ical Research: Biogeosciences, 125, 

e2020JG006073. https://doi.org/10.1029/2020JG 

006073. 

Lambert, F., Opazo, N., Ridgwell, A., et al. (2021), 

Regional patterns and temporal evolution of 

ocean iron fertilization and CO2 drawdown during 

A) PLATFORM 

B) OPEN OCEAN 

https://doi.org/10.1016/j.epsl.2020.116675
https://doi.org/10.1016/j.epsl.2020.116675
https://doi.org/10.1029/PA005i001p00001
https://doi.org/10.1029/PA005i001p00001
https://doi.org/10.1002/2015JD023304
https://doi.org/10.3390/s19194285
https://doi.org/10.3390/s19194285
https://doi.org/10.1038/d41586-020-00393-x
https://doi.org/10.1038/d41586-020-00393-x
https://doi.org/10.1016/j.earscirev.2021.103604
https://doi.org/10.1016/j.earscirev.2021.103604
https://doi.org/10.1029/2020JG006073
https://doi.org/10.1029/2020JG006073
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  Pavla Dagsson-Waldhauserova is a researcher at the Agricul-

tural University of Iceland (AUI), Iceland, and Czech University of 

Life Sciences, Czech Republic. Pavla received a joint Ph.D. degree 

from the University of Iceland and AUI focusing on dust aerosol in 

Iceland and dust-cryosphere interactions. Pavla is the head of the 

Icelandic Aerosol and Dust Association with > 40 scientific papers. 

High Latitude Dust observations with focus on Iceland and Antarctica 

 
Pavla Dagsson-Waldhauserova 

 
Agricultural University of Iceland, Reykjavik, Iceland 
Czech University of Life Sciences, Prague, Czech Republic 
 
pavla@lbhi.is 

High Latitude Dust (HLD) contributes 5% to the 

global dust budget and active HLD sources 

cover > 1,500,000 km2. They are located in both 

the Northern Hemisphere (Iceland, Alaska, Can-

ada, Greenland, Svalbard, North Eurasia) and 

Southern Hemisphere (Antarctica, Patagonia, 

New Zealand).  Iceland is the largest Arctic as well 

as European desert with high dust event fre-

quency (~135 dust days annually). Several stud-

ies have shown that Icelandic dust can travel > 

3,500 km towards the High Arctic (> 80°N) and to 

Europe (evidence from Ireland and Balkan Penin-

sula – Serbia). An example of dust plume over the 

North Atlantic is depicted in Figure 3.   

 

Icelandic dust has impacts on atmosphere, cry-

osphere, marine and terrestrial environments, as 

well as socio-economic sectors. Extreme dust 

storms in Iceland showed that air quality and visi-

bility are impaired, PM10 concentrations exceeding 

50,000 µg m-3 (one-min mean) while aeolian 

transport of 11 tons m-1 during a single storm 

measured. There is also an evidence that volcanic 

dust particles scavenge efficiently sulfur dioxide 

(SO2) and nitrogen dioxide (NO2) to form sul-

phites/sulfates and nitrous acid. Long-term meas-

urements from Antarctica resulted in impaired air 

quality due to local dust storms with PM10 exceed-

ing 120 µg m-3. 

Figure 3: Icelandic dust plume over the North Atlantic on 24th 

October 2019. Above: Dust Regional Atmospheric Model 

(DREAM), Below:  Moderate Resolution Imaging Spectrora-

diometer (MODIS) true colour satellite image. 



 

7 

 

Attendees research profiles 

 

 
HLD was recognised as an important climate 

driver in Polar Regions in the Intergovernmental 

Panel on Climate Change (IPCC) Special Report 

on the Ocean and Cryosphere in a Changing Cli-

mate in 2019. Volcanic dust has similar impacts 

on snow/ice as Black Carbon in terms of albedo 

reduction and water retention capacity of snow. In 

atmosphere, Icelandic dust is an efficient ice-nu-

cleating particle (INP) having impacts on the mid- 

to high-latitude mixed phase clouds, exhibiting an 

activity comparable to or exceeding common de-

sert dust. HLD providing increased INP concen-

trations can lead to a reduction in supercooled wa-

ter and a decrease in shortwave reflectivity of 

clouds to produce a positive climate feedback. In 

the marine environment, Icelandic dust with high 

total Fe content (10-13 wt%) and the initial Fe sol-

ubility of 0.08-0.6%, can impact primary produc-

tivity and nitrogen fixation in the North Atlantic 

Ocean, leading to additional carbon uptake. 

First operational dust forecast for Icelandic dust is 

available at the World Meteorological Organiza-

tion Sand/Dust Storm Warning Advisory and As-

sessment System (WMO SDS-WAS) at 

https://sds-was.aemet.es/forecast-products/dust-

forecasts/icelandic-dust-forecast (Figure 3). De-

tailed information on HLD research and publica-

tions referred in this abstract can be found through 

the Icelandic Aerosol and Dust Association (Ice-

Dust) on the IceDust website: https://icedust-

blog.wordpress.com/. 

Contact 
 
SOLAS International Project Office 
 
National University of Ireland Galway, Ireland  
State Key Laboratory of Marine Environmental Science, 
Xiamen University, China 
 
solas@geomar.de 
 
Editors: 
Jessica Gier, Li Li and Chengcheng Gao 

SOLAS Sponsors 

https://sds-was.aemet.es/forecast-products/dust-forecasts/icelandic-dust-forecast
https://sds-was.aemet.es/forecast-products/dust-forecasts/icelandic-dust-forecast
https://icedustblog.wordpress.com/
https://icedustblog.wordpress.com/


1 
 

The 2021 Biogeochemical 
Exchange Processes at 
Sea-Ice Interfaces (BEPSII) 
Exchange Awards: 
 

Supporting Early Career Network-
ing in Sea-Ice Biogeochemistry 

solas event report 
Report 23  I  September 2022 
 
 

BEPSII is an open network for international 

knowledge exchange related to Biogeochemical 

Exchange Processes at Sea-Ice Interfaces. 

BEPSII aims to identify the feedback between 

biogeochemical and physical processes at the 

ocean-ice-snow-atmosphere interfaces and 

within the sea-ice matrix, as well as quantify the 

role of sea ice in polar ecosystems – from biodi-

versity impacts to climate change – and com-

municate these globally-relevant issues (Figure 

1). 

 

First launched in 2012 as a Scientific Committee 

on Oceanic Research (SCOR) working group, 

BEPSII is now a long-lived activity jointly spon-

sored by SOLAS, the Climate and Cryosphere 

program (CliC), and the Scientific Committee of 

Antarctic Research (SCAR). BEPSII promotes 

the publication of scientific papers and reviews, 

conducts cross-cutting community workshops, 

compiles and releases observational data-

bases, initiates model inter-comparisons, and 

identifies critical requirements for methodologi-

cal developments. Support for the next genera-

tion of sea-ice biogeochemists is integral to all 

BEPSII activities; indeed, capacity-building is 

In this report 

Event summary                        1 

Event sponsors                        3 

Awardees research profiles 

The effect of salinity shifts on DMSP production 

in two Arctic diatom isolates 
                                                 4 

Investigating the sea ice carbon content – an   

intercomparison experiment 
                                                 6 

Antarctic sea ice and its role as a driver of 

Southern Ocean primary production 
                                                 8 

The possible effect of sea ice dynamics on mer-

cury cycle in the Antarctic plateau 
                                                10 



 

2 
 

Event summary 

 

  

part of the BEPSII “DNA”, as many of the founding 

members were early-career scientists at the time. 

BEPSII continues to explicitly foster early-career 

scientists through two dedicated positions on the 

steering committee, financial support to attend an-

nual meetings, and early career workshops in con-

junction with those annual meetings. With SOLAS 

support, BEPSII also organised a sea-ice biogeo-

chemistry winter school in May 2022 in Cambridge 

Bay, Canada. 

 

In 2021, BEPSII launched its first exchange pro-

gramme award to support early-career scientists 

in research collaborations. Motivated by a realisa-

tion that the coronavirus disease 2019 (COVID-19) 

pandemic had severely hobbled network-building 

for early-career scientists, the programme sup-

ported short visits between institutions to learn new 

techniques, develop joint experiments, and ex-

change knowledge. A call for proposals was issued 

through the BEPSII, SOLAS, SCAR, and CliC mail-

ing lists, and the BEPSII steering committee se-

lected the awardees. Funding from SOLAS was 

awarded to four scholars: 

• Dr. Deborah Bozzato, a postdoc at the University 

of Groningen, The Netherlands, to visit the lab of 

Prof. Hendrik Schäfer and Dr. Alison Webb at 

the University of Warwick, in the UK. 

• Ms. Johanna Länger, a PhD student in Canada 

at the University of Victoria, to visit the lab of 

Prof. Brent Else at the University of Calgary, 

Canada. 

• Dr. Pat Wongpan, a postdoc at the University of 

Tasmania, Australia, to visit the lab of Dr. Matt 

Pinkerton at the National Institute of Water and 

Atmospheric Research, in New Zealand. 

• Ms. Veronica Amoruso, a master’s student in It-

aly at the University of Bologna, Italy, to visit the 

lab of Drs. Andrea Spolaor and Warren Cairns 

at the Institute of Polar Sciences, in Venezia-

Mestre, Italy. 

The stories of their journeys are included below.  

 

Two additional scholars’ exchanges were funded 

through CliC and SCAR. 

 

We congratulate our exchange scholars and wish 

them all of the best in their careers. After the suc-

cess of this inaugural exchange programme, 

BEPSII hopes to offer additional exchange 

Figure 1: Schematic representation of biogeochemical processes at sea-ice interfaces and within sea ice over 

the seasons. DIC indicates dissolved inorganic carbon; POC, particulate organic carbon; VOC, volatile organic 

carbon; DMS, dimethylsulfide; and CCN, cloud condensation nuclei. https://doi.org/10.1525/elementa.272.f1 

https://doi.org/10.1525/elementa.272.f1
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Giulia Castellani, Alfred Wegener Institute - 

Polar biological Oceanography, Bremerhaven, 

Germany. giulia.castellani@awi. de 

Lisa Miller, Institute of Ocean Sciences, Fisher-

ies and Oceans Canada, Sidney, Canada. 

Lisa.Miller@dfo-mpo.gc.ca 

Event sponsors 

awards in the coming years. Finally, BEPSII thanks 

all of our sponsors, and particularly SOLAS, for 

supporting our work! 

 

References 

Steiner, N. & Stefels, J. (2017), Commentary on the 

outputs and future of Biogeochemical Exchange 

Processes at Sea-Ice Interfaces (BEPSII).               

Elementa-Sci. Anthrop., 5, 81.  https://doi.org/10.10 

16/j.marchem.2019.103704 
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Deborah Bozzato studied Biotechnology in Verona, Italy. She 

moved to Leipzig, Germany, for her PhD to investigate the effect of 

climate change on the carbon balance in Antarctic microalgae. Since 

2019, Deborah has been working as a Postdoc on the project “Arctic 

sea ice-pelagic coupling of the carbon and sulfur cycles”. 

DMSP has previously been studied in situ, in both 

sea-ice and sea-water, for its cryoprotectant and 

osmolyte function. Higher concentrations in the 

ice, rather than in the water, highlight the signifi-

cant importance of this molecule for the sea-ice 

microbial community (Gourdal et al., 2019). 

 

The sea-ice sulfur cycle is one of the core param-

eters of the Multidisciplinary drifting Observatory 

for the Study of Arctic Climate (MOSAiC) field 

campaign (https://mosaic-expedition.org/). Alison 

Webb and I were on board during summer time, 

respectively on Legs 5 and 4. With support 

through the BEPSII Early Career Exchange Pro-

gramme, I had the opportunity to further develop 

some of the research questions we raised during 

the expedition, in collaboration with my colleagues 

at the University of Warwick, UK, namely, which 

are the microorganisms responsible for DMSP up-

take and/or production in the Arctic Ocean, and 

what is the impact of the Arctic freshwater stratifi-

cation during Summer? 

 

We undertook stable isotope DMSP incubations 

for 24 hours with two monoclonal isolates ob-

tained from a marginal-ice-zone algal culture. 

The effect of salinity shifts on DMSP production in two Arctic diatom isolates 

 
Bozzato, D.1*, Schäfer, H.2, Webb, A.2, Stefels, J.1, van Leeuwe, M.A.1 

 
1 Groningen Institute for Evolutionary Life Sciences, University of Groningen, Groningen, The Netherlands 
2 University of Warwick, Coventry, UK 
 
*d.bozzato@rug.nl 

Dimethylsulfoniopropionate (DMSP) is an organic 

osmolyte, cryoprotectant and anti-oxidant 

(Stefels, 2000) produced globally by many groups 

of marine phytoplankton and particular groups of 

bacteria (Curson et al., 2018). Moreover, DMSP is 

a precursor of the semi-volatile compound dime-

thylsulfide (DMS). Once DMS is released into the 

atmosphere, it contributes to the formation of 

cloud condensation nuclei, with a possible cli-

mate-cooling effect. The Arctic is particularly af-

fected by climate change: here temperature is in-

creasing at a rate 3 times the global average and 

sea-ice is declining at an alarming rate (Post et al., 

2019). In summer, the melting of sea-ice and 

snow creates a surface layer of low salinity on top 

of the existing upper mixed layer (Popova et al., 

2013). These freshwater inputs to the water col-

umn, together with the thinning and weakening of 

the pack ice, stimulate the opening of leads and 

the formation of melt ponds on the ice surface. 

Leads and melt ponds provide areas of gas ex-

change between the atmosphere and the underly-

ing water column (Steiner et al., 2003). Further-

more, rapid changes in sea ice and surface water 

salinity can result in an extremely challenging en-

vironment for the under-ice microbial community.  

https://mosaic-expedition.org/
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Popova, E.E., Yool, A., Aksenov, Y. & Coward, 

A.C., et al. (2013). Role of advection in Arctic 

Ocean lower trophic dynamics: A modeling per-

spective. J. Geophys. Res. Oceans, 118(3), 1571-

1586. https://doi.org/1 0.1002/jgrc.20126 

 

Post, E., Alley, R.B., Christensen, T.R., et al. 

(2019). The polar regions in a 2°C warmer world. 

Science advances, 5 (12), eaaw9883. https://doi. 

org/10.1126/sciadv.aaw9883 

 

Stefels, J. (2000). Physiological aspects of the 

production and conversion of DMSP in marine al-

gae and higher plants. J. Sea Res., 43 (3-4), 183-

197. https://doi.org/10.1016/S1385-1101(00) 

00030-7 

 

Acknowledgements 

The BEPSII exchange program award 2021.  

All the persons involved in the MOSAiC expedition 

(AWI_PS122_00), as listed in MOSAiC Extended 

Acknowledgement. https://doi.org/10.5281/zenod 

o.5179739 

These incubations were coupled with different sa-

linity shifts, as illustrated in Figure 2. A suite of pa-

rameters was taken at the beginning and the end 

of each experiment. The isolates were identified 

as species of Attheya using ribosomal Ribonucleic 

Acid (RNA) gene sequencing. Microscopy and 

flow cytometry cell count measurements and par-

ticulate organic carbon (POC) concentrations 

gave us an indication of biomass growth. Further-

more, chlorophyll a, pigments and photophysio-

logical parameters (e.g. maximum quantum yield 

of photosystem II, Fv/Fm) were measured to 

check the status of the cultures. DMSP and other 

sulfur compounds are currently analysed at the 

University of Groningen, to determine the capacity 

of these isolates to produce/uptake DMSP and 

how this is affected by salinity. RNA samples for 

transcriptome analysis are being analysed to 

identify genes responding to the dynamic 

changes in growth conditions. 
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Figure 2: Overview of the experimental design, showing the 
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Johanna Länger studied Geoeocology in Germany and decided to fo-

cus on the Arctic after an exchange year at the University of Tromsø, 

Norway, during her master’s study. In 2019, she started her PhD at the 

University of Victoria, Canada, investigating the marine carbon budget 

in the Canadian Arctic using numerical models. 

The marine sink for atmospheric carbon dioxide 

(CO2) and the gas transfer between the ocean and 

the atmosphere is a highly relevant topic when 

talking about global carbon budgets.  In the Arctic 

Ocean, sea ice imposes major influence on the 

air-sea flux of CO2. It is often assumed that a 

closed sea ice cover with a low ice temperature is 

impermeable to gases and is therefore expected 

to prevent gas fluxes (Miller et al., 2015). During 

sea ice formation, brine enriched with CO2 and its 

solution products Carbonate and Bicarbonate 

(summarised as DIC – dissolved inorganic car-

bon) gets rejected and drains into the water col-

umn (Sea Ice Carbon Pump – SICP (Rysgaard et 

al., 2011)). The remaining sea ice and its meltwa-

ter are relatively depleted in DIC and are therefore 

potentially capable to dissolve atmospheric CO2 

well. 

 

However, sea ice biogeochemistry is still a rela-

tively young scientific field and many methods for 

measuring Essential Climate gases Variability in 

sea ice (ECV-ice) are still being developed and 

improved. There is still a lot of uncertainty about 

the sea ice carbon budget and its contribution to 

fluxes, due to the remoteness of the system and 

the harsh environments that complicate sampling 

procedures. A part of the community of BEPSII, 

therefore, conducts a method inter-comparison on 

the ice near Cambridge Bay, Canada, based at 

the Canadian High Arctic Research Station 

(CHARS).  

 

Led by Brent Else, the ECV-ice working group 

runs an intercomparison between different meth-

ods to measure the carbon fluxes. The flux meas-

urements are done by different Eddy Covariance 

(Else B. & Nomura D.) towers and closed cham-

bers to measure the gas flux (Nomura D.) are set 

up in close proximity (Figure 3). Based on the gra-

dient of the partial pressure of CO2 (pCO2) be-

tween the sea ice and the atmosphere, fluxes can 

be calculated. Therefore, different methods to 

measure the pCO2 in sea ice are compared: Peep-

ers (Simpson K. & Crabeck O.), Sackhole brine-

pCO2 and DIC/TA ratios (Delille B.). These meas-

urements are also taken within proximity to the 

flux measurements. 

 

Primary production is an important part of the sea 

ice carbon budget. In parallel to the ECV-ice pro-

ject, a method intercomparison for primary pro-

duction was conducted with the potential to im-

prove our understanding of the connections betw- 

Investigating the sea ice carbon content – an intercomparison experiment 
 

Johanna Länger 
 
School of Earth and Ocean Science, University of Victoria, Victoria, B.C., Canada 
 
jlanger@uvic.ca 
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Acknowledgements 

I would like to thank Brent Else, Bruno Delille 

and Daiki Nomura, and the rest of ECV-ice for 

their patient explanations and help with writing 

this report. 

een the different parts of the sea ice carbon 

budget. A comparison of Underwater Eddy Covar-

iance for oxygen-fluxes (Else B. & Campbell C.), 

incubations with the 13-C carbon isotope and Ar-

gon-Oxygen ratios (Campbell C.) was conducted. 

 

The aims of these experiments are to determine 

the uncertainty of measurement methods, to get a 

grasp of the spatial variability of the sea ice car-

bon content, and to gain insights into the differ-

ences between the methods for measurements. 

With the funding of SOLAS, I was able to join the 

first part of the experiment. 

 

References 

Miller, L.A., Fripiat, F., Else, B.G.T., et al. (2015).  

Methods for biogeochemical studies of sea ice: 

The state of the art, caveats, and recommenda-

tions. Elementa-Sci. Anthrop., 3, 000038. 

https://doi.org/10.12952/journal.elementa.000038 

 

Søren, R., Bendsten, J., Delille, B., et al. (2011). 

Sea ice contribution to the air–sea CO2 exchange 

in the Arctic and Southern Oceans. Tellus Ser. B-

Chem. Phys. Meteorol., 63(5), 823-830. 

https://doi.org/10.1111/j.1600-889.2011.00571.x 

Figure 3: Intercomparison between different methods for measuring the CO2-flux and the sea ice carbon content. Peepers 

(near the left group of people) are deployed near an eddy-covariance (EC) tower (centre) with a partial pressure of CO2 

(pCO2) chamber in its footprint (right). All measurements are within the footprint of a permanent EC tower (background). Ice 

cores for dissolved inorganic carbon and alkalinity measurements are taken in close proximity. Credit: Nomura D. 
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Physics: Insights from a Mushy-Layer Sea Ice 

Model at the online conference. Finally, the Aus-

tralian-New Zealand border was reopened, and I 

visited Dr. Pinkerton 13-17 June 2022. My round-

trip airfare was funded by AAPP while the accom-

modation was supported by BEPSII and SOLAS. 

 

Dr. Pinkerton recently published the data of satel-

lite-based sea ice primary production, which co-

vers the period from 1987 to 2017 (Pinkerton & 

Hayward, 2021, Figure 4). This work includes 

dates between 2000-2018 for which the high-res-

olution mapping of circum-Antarctic land-fast sea 

ice distribution is also available (Fraser et al., 

2020). At NIWA and working with Dr. Pinkerton, I 

(i) discussed and compared two recently devel-

oped approaches by Pinkerton & Hayward (2021) 

and Wongpan et al. (in preparation) to estimate 

primary production in Antarctic land-fast sea ice 

and (ii) evaluated the primary production in sea ice 

simulated by the ACCESS-OM2-01, which is a 

Consortium for Ocean-Sea Ice Modelling in Aus-

tralia (COSIMA)’s flagship Australian high-resolu-

tion (0.1°) ocean-sea ice model (Kiss et al., 2020) 

with the remote-sensing-based estimates from 

Pat Wongpan obtained his PhD from the University of Otago in New 

Zealand and was a David Crighton fellow at the University of Cam-

bridge. He was a Japan Society for the Promotion of Science (JSPS) 

Postdoctoral fellow at the Institute of Low Temperature Science (ILTS), 

Hokkaido University, Sapporo, Japan. He is interested in sea ice–ice 

shelf–ocean interaction and its consequences on the ecosystem, par-

ticularly sea ice fastened to the coastline of Antarctica. He is a research 

associate (postdoc), quantitative sea ice biogeochemist/ecologist, at 

the Australian Antarctic Program Partnership (AAPP), University of 

Tasmania in Hobart, Australia. 

As a postdoc, a quantitative sea ice biogeochem-

ist/ecologist, I have been working on sea-ice bio-

geochemical modelling at AAPP, University of 

Tasmania in Hobart, Australia. I was awarded the 

BEPSII exchange programme award 2021 sup-

ported by SOLAS. The proposed research visit 

would help me to learn novel methods in studying 

Antarctic sea ice and its role as a driver of South-

ern Ocean primary production. I plan to work 

alongside Dr. Matt Pinkerton at the National Insti-

tute of Water and Atmospheric Research (NIWA), 

Wellington, New Zealand to learn new ap-

proaches for satellite-based estimates of South-

ern Ocean ice algal primary production. 

 

The plan was that I first attend the 13th Interna-

tional Conference on Southern Hemisphere Mete-

orology and Oceanography (ICSHMO), which 

took place from 8-12 February 2022 in Christ-

church, New Zealand, before visiting Dr. Pinker-

ton. However, due to the coronavirus (COVID-19) 

pandemic, the conference was moved to online. I 

did present my current work on (i) Estimation of 

Primary Production in Antarctic Landfast Sea Ice 

during 2005-2006 and (ii) Sub-Ice Platelet Layer 

Antarctic sea ice and its role as a driver of Southern Ocean primary pro-
duction 
 

Pat Wongpan 
 

Australian Antarctic Programme Partnership (AAPP), Institute for Marine and Antarctic Studies (IMAS), 
University of Tasmania, Hobart, Australia  
 
pat.wongpan@utas.edu.au 
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Figure 4: A) 1987-2017 

mean satellite-based esti-

mation of ice algal produc-

tion; B-D) are seasonal 

means. Figure courtesy of 

Pinkerton & Hayward 

(2021). 

Pinkerton & Hayward (2021). I also gave an in-

vited seminar speech entitled "Primary Production 

in Antarctic Sea Ice" at NIWA on 15 June. 

 

Lastly, since 20 April 2020, I have been appointed 

as a Topic Coordinator of the Frontiers for Young 

Minds’ Antarctica and the Southern Ocean Collec-

tion (Figure 5, https://fro.ntiers.in/AntarcticaCol-

lection) hosted together by Nick Golledge, Eileen 

Hofmann, Marilyn Raphael, and Letizia Tedesco. 

This collection aims to inform young readers about 

fundamental knowledge and digested cutting-

edge science that will help increase their under-

standing of Antarctica and its central role as a 

global climate driver. 
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Veronica Amoruso is currently studying for a master’s degree in 

“Environmental management and assessment” at the University of 

Bologna, Italy. Her BEPSII-funded exchange was hosted by the In-

stitute of Polar Sciences - National Research Council (ISP-CNR) at 

the Ca' Foscari University Venice, Italy, where she studied the geo-

chemical cycle of mercury at the poles. The main activity was to an-

alyse snow samples by inductively coupled plasma sector field mass 

spectrometry (ICP-SFMS). 

The possible effect of sea ice dynamics on mercury cycle in the Antarctic 

plateau 
 

Veronica Amoruso 
 

University of Bologna, Bologna, Italy 
 
veronica.amoruso2@studio.unibo.it 

Mercury (Hg) is an element of scientific concern 

because of the toxicity of its organic species. Both 

the elemental form Hg(0), also known as Gaseous 

Elemental Mercury (GEM), and the oxidised form 

Hg(II), existing as Reactive Gaseous Mercury 

(RGM) or associated with particles, are found in 

Antarctica. GEM is persistent in the atmosphere 

and travels long distances, while RGM undergoes 

wet and dry deposition, altering the Hg concentra-

tion in the upper snow strata. A snow-air exchange 

between the two species in polar regions is sug-

gested (Spolaor et al., 2018) and the role of the 

photochemical reactions has been observed 

(Brooks et al. 2008a; Dommergue et al., 2012), as 

well as a seasonal pattern (Angot et al., 2016). 

However, the geochemical cycle of Hg between 

polar surface snow and lower atmosphere is not 

fully understood.  

 

“Atmospheric mercury depletion events” (AMDEs) 

were first discovered by Schroeder et al. (1998) in 

the Arctic and consist of a dramatic decrease of 

Hg(0) concentrations in the atmosphere during the 

spring season. Angot et al. (2016) investigated 

AMDEs, by measuring gaseous mercury for one 

year at Concordia Station. They recorded stable 

concentrations in winter and oscillations in sum-

mer, moreover, phenomena of AMDEs during 

the springtime were observed. They concluded 

that the snowpack acts as a sink of GEM during 

winter, due to the dry deposition, while photo-

chemical reactions, occurring during summer 

and spring, cause the reduction of Hg(II) to Hg(0) 

and its reemission from the snow surface into the 

atmosphere. RGM or Gaseous Oxidised Mer-

cury (GOM) is found in the air at high concentra-

tion levels when GEM decreases and peaking 

around midday. 

 

The negative correlation between atmospheric 

Hg(0) and Hg(II) in surface snow has also been 

observed by Spolaor et al. (2018). The conver-

sion between the two species can be addressed 

by the high oxidation capacity of the polar atmos-

phere during the spring. The springtime oxida-

tion processes involve halogens, such as bro-

mine (Br), which are responsible for the ozone 

depletion events (ODE) and the ozone hole.  

Ebinghaus et al. (2002) observed an increase in 

hypobromite (BrO) radicals during the AMDEs. 

The same was observed by Brooks et al. 

(2008b), who also detected a higher deposition 
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 near the coast, highlighting the role of the sea-

ice surface, predominantly responsible for the 

release of reactive bromine in polar areas in 

spring, known as the “bromine explosion”. 

 

The aim of this study is to investigate the mer-

cury depositional processes in the Antarctic Plat-

eau (Concordia Station) and the possible link 

with the spring sea-ice dynamics. For this pur-

pose, together with mercury analysis, we will de-

tect the concentrations of bromine (Br, because 

of its role in the AMDEs), iodine (I, which has 

similar behaviour to mercury in a polar environ-

ment), sodium (Na, as a coast air mass tracer) 

and trace elements (tracers of the origin of the 

mercury found) from the available samples. 

 

Samples of surface (0-3 cm) and sub-surface (3-

6 cm) snow were collected, together with snow 

depositions, during the Austral summer (from 5th 

to 24th January 2019) at Concordia Station, the 

Italo-French station on the Antarctic Plateau. 

Snow samples were collected twice a day, at 

around 10 am and around 4 pm, to compare the 

high and low irradiation hours. Deposition sam-

ples were taken in the morning from raised dep-

osition tables to avoid sublimation losses. These 

samples are a mixture of snow and frost that 

forms overnight. High-resolution meteorological 

data will be provided by partner institutions, e.g. 

Energy and Sustainable Economic Development 

(ENEA), Italy. 

 

Total Hg concentrations in the snow samples 

shall be determined using a Thermo ICP-SFMS 

(Element XR) operating in low-resolution scan-

ning mode using 202Hg as the analytical mer-

cury mass. The instrument will be calibrated us-

ing standards prepared from a mono-elemental 

Hg solution. Considering the high volatility of Hg 

in solution, the samples will be acidified at 2% 

v/v with ultrapure hydrochloric acid. The concen-

trations of I, Br and Na in non-acidified samples 

will be determined by ICP-SFMS. Each analysis 

starts and ends with an ultra-pure water (UPW) 

cleaning session to ensure a stable background 

level throughout the analysis. The external 

standards for the calibration are prepared by di-

luting a 1000 parts per million (ppm) stock ion 

chromatography standard solution. 

 

The analyses are being carried out in the Ca’ 

Foscari laboratories and the results will be avail-

able soon. 
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53rd Liège Colloquium and 3rd 
GO2NE Open Conference on 
Ocean Deoxygenation 

Low oxygen environments in ma-
rine and coastal waters: Drivers, 
consequences, solutions 
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Liège, Belgium and Online 

solas event report 
Report 24  I  September 2022 
 
 

The 53rd International Colloquium on Ocean Dy-

namics – 3rd GO2NE Oxygen Conference took 

place from 15 to 20 May 2022 in Liège, Belgium. 

The colloquium was organised by the Intergovern-

mental Oceanographic Commission of United Na-

tions Educational, Scientific and Cultural Organi-

sation (IOC-UNESCO) Global Ocean Oxygen 

Network (GO2NE) and was a contribution to the 

Global Ocean Oxygen Decade (GOOD) pro-

gramme of the United Nations (UN) Ocean Dec-

ade. It was a hybrid event involving 183 on-site 

and 80 online participants. 

 

“The science is clear for ocean, land and human 

society: Any further delay in concerted global ac-

tion will miss a brief and rapidly closing window to 

secure a livable future. This report offers solutions 

to the world. It is over to you now!” With these 

words, Prof. Dr. Hans Otto Pörtner concluded his 

opening speech and gave the start to a full week 

of discussion on Ocean Deoxygenation. 

 

Oxygen (O2) is considered an effective indicator 

of ocean health and climate change. Its level, dis-

tribution and variability from sub-seasonal to mul-

tidecadal scales provide relevant information on 

In this report 

Event summary                       1 

Event sponsors                       3 

Awardees research profiles 

Life in oxygen-poor environments: growth and 

life history of the glacier lanternfish (Benthosema 

glaciale) in West Norwegian fjords 
                                                4 

Light environment and vertical distribution of 

mesopelagic organisms in poorly- and well-oxy-

genated Norwegian fjords 
                                                7 

Quantifying oxygen dynamics in a seasonally hy-

poxic fjord using a coupled benthic-pelagic 

model 
                                                9 
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the physical and biogeochemical functioning of 

the ocean, and often acts to constrain life in the 

ocean. 

 

Current evidence indicates that the coastal (i.e., 

most directly influenced by land) and open ocean 

areas have been losing O2 since the middle of the 

last century, with consequences for living organ-

isms and biogeochemical cycles that are not yet 

fully understood. In the open ocean, the O2 inven-

tory has decreased by a few percent (i.e., 0.5-3%) 

and Oxygen Minimum Zones (OMZs) are ex-

panding, which is primarily attributed to global 

warming although a quantitative understanding is 

still lacking. The number of hypoxic coastal sites 

has increased, predominantly in response to 

worldwide eutrophication; yet trends in deoxygen-

ation in the global coastal zone remain ill-defined. 

 

The development and extension of areas with low 

O2 concentrations degrade the living conditions 

and contract the metabolically viable habitat for a 

large number of pelagic, mesopelagic, and ben-

thic organisms. The effects on individuals ex-

posed to low O2 can result in altered food web 

structures. 

 

Deoxygenation affects many aspects of the eco-

system services provided by the ocean and 

coastal waters. For example, deoxygenation ef-

fects on fisheries include low O2 affecting popula-

tions through reduced recruitment and population 

abundance, as well as through an altered spatial 

distribution of the harvested species, which can 

cause changes in fishing activity. These effects 

can lead to changes in the profitability of the fish-

eries and can affect the interpretation of the mon-

itoring data leading to misinformed management 

advice. 

 

Model simulations for this century project a de-

crease in O2 under both, high and low CO2 emis-

sion scenarios, while the projections of the coastal 

ocean at the land-ocean interface indicate that eu-

trophication will likely continue in many regions of 

the world. Warming is expected to further amplify 

deoxygenation in coastal areas. The reason for 

this amplification is an increased eutrophication 

that is caused by enhanced and extended stratifi-

cation. 

 

The Colloquium offered 13 keynote talks, 89 talks, 

and 60 posters. The presentations highlighted 

new developments and insights related to deoxy-

genation in open and coastal waters across 10 

thematic sessions (❈Ecosystem Services, Trans-

lating Science to policy and management; ❈Deox-

ygenation and ocean life; ❈How the past can in-

form the future?; ❈Microbial Communities and 

their controls on biogeochemical feedbacks and 

interactions; ❈Deoxygenation in a multi-stressors 

world; ❈Observing and modelling deoxygenation; 
❈Deoxygenation, Water quality and the climate 

system: Understanding processes and feedbacks 

Figure 1: Header picture of the 53rd Liège Colloquium and 3rd GO2NE open conference on ocean deoxygenation: Low 

oxygen environments in marine and coastal waters. 
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and developing actionable indicators; ❈Open 

ocean and coastal deoxygenation: assessing 

variability and trends; ❈Deoxygenation: under-

standing causes and attributing changes). The 

Colloquium also involved mentoring activities and 

4 panels on “Science to policy”, “Citizen Science”, 

“Diversity and Equity in STEMS”, and “Communi-

cation to the media”.   

 

Contributions from the 53rd Liège Colloquium will 

be published in a Special Issue of Biogeosci-

ences. Full information on the event is available 

at https://www.ocean-colloquium.uliege.be/ and 

on Twitter at: https://twitter.com/liegeocean & 

https://twitter.com/GOOD_Ocean_Oxy. 

 

The Colloquium in numbers: 

Participants: 263 in total, 183 on-site, 80 online 

Women: 45% of the total, 22% as keynote speak-

ers, 78 % as panelists. 

 

Key messages included the following:  

1. The European Union (EU) mission for oceans 

offers a fantastic opportunity to connect, align 

and harmonize efforts on deoxygenation to 

ensure a healthy ocean by 2030. For in-

stance, many national alliances have taken 

place in the Atlantic – demonstrating collabo-

rative advantages (aligning resources, com-

bining expertise).   

2. Take any opportunity to augment our obser-

vational capacity and data collection while en-

suring data are properly processed, quality 

controlled/flagged and archived in interna-

tional databases respecting the Findable, Ac-

cessible, Interoperable, and Reusable (FAIR) 

principles. The building of data synthesis 

products will help to support the deployment 

of the Blue Economy in a sustainable way and 

meet EU policy objectives. The EU Digital 

Twin (by 2024) will allow visualization of ocean 

problems and stimulate initiatives on ocean 

observation to support the policy-making pro-

cess. The organisation of Hackathons allows 

linking with the community of data scientists. 

3. A crucial challenge is to efficiently communi-

cate about deoxygenation. The community 

needs strong communicators to bring the is-

sue and its urgency to politicians. Getting the 

topic of oxygen into policy requires capturing 

the interest of policymakers on global, re-

gional, national and local scales. Oxygen as a 

planetary boundary can provide motivation.   

4. The philanthropic and private sectors have 

much to contribute in bringing science to ac-

tion, with opportunities via companies that 

have made net zero carbon commitments. 

They often do not have the direction for action. 

The UN Ocean Decade, and in particular the 

Global Ocean Oxygen Decade programme, 

provides an opportunity to activate blue sec-

tors of the economy and connect with wider in-

terests in ocean health.  

5. The young generation can contribute to the 

worldwide data collection and share efforts 

around oxygen and other biogeochemical var-

iables, the Early GOOD emerging network will 

play this vector role. 
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Francesco Saltalamacchia got a Bachelor degree in Environmental 

Sciences and a Master degree in Marine Ecology in Italy. He joined 

the Swedish University of Agricultural Sciences, Sweden, for his Mas-

ter’s thesis in 2018 and then stayed until 2020. His PhD project at the 

University of Bergen, Norway, aims to assess how water deoxygena-

tion affects the life history and physiological traits of mesopelagic fish. 

vertically or horizontally into better-oxygenated 

waters. This spatial shifting, however, may lead to 

a decoupling of the spatial distribution of preda-

tors and preys, since species in different trophic 

levels may have different tolerance thresholds to 

low-oxygen conditions  

 

The mesopelagic domain (or “twilight zone") ex-

tends from the bottom of the photic zone to the 

deepest layers penetrated by light, with a depth 

range typically considered to be between 200 and 

1000 meters below the surface. The biomass of 

mesopelagic organisms, estimated in the order of 

10 billion tons globally, has been proposed as a 

potentially harvestable resource (Lam & Pauly 

2005), especially considering the poor status of 

worldwide fisheries and the continued increase in 

the human population. Mesopelagic species are 

also important components of pelagic food webs, 

and with their diel vertical migrations, they play a 

vital role in transporting organic matter between 

the surface and deeper layers of the water column 

(Bianchi et al., 2013). 

 

Using Norwegian fjords as a model environment, 

this work aimed to assess whether low-oxygen co- 

Life in oxygen-poor environments: growth and life history of the glacier 

lanternfish (Benthosema glaciale) in West Norwegian fjords 

 
Saltalamacchia, F.*, Solås, M.R., Folkvord, A., Salvanes, A.G.V. 
 
Department of Biological Sciences, University of Bergen, Norway 
 
*francesco.saltalamacchia@uib.no 

Dissolved oxygen (DO) concentrations in coastal 

waters have decreased drastically in the last few 

decades, and oxygen depletion is now a chronic 

issue in many areas (Diaz & Rosenberg 1995). 

Due to the synergistic effect of global warming, or-

ganic pollution and eutrophication, coastal hy-

poxia has in fact shifted from being a local and 

seasonal natural phenomenon to a major threat to 

marine ecosystems worldwide (Diaz & Rosenberg 

2008). Hypoxia has been linked to shifts in the 

composition of ecological communities (Domenici 

et al. 2017), disruption of life cycles, reduced 

growth (Tunnicliffe et al., 2020), impairment of re-

production (Wu, 2009) and change of migration 

patterns due to habitat loss (Ludsin et al., 2009). 

Not all the aquatic organisms, however, respond 

in similar ways. Since hypoxia originates as a nat-

ural phenomenon, species show tolerance thresh-

olds and have developed several strategies to 

deal with it. Organisms characterised by a greater 

capacity for oxygen extraction can therefore main-

tain a routine metabolic rate at lower DO levels, 

thus exploiting more variable environments. Pe-

lagic organisms are generally considered less vul-

nerable than benthic ones because they can de-

tect and actively avoid hypoxic layers by moving 
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oxygen concentration showed slightly skinnier fish 

in the deepest sample collected from Masfjorden 

during the year with the lowest dissolved oxygen 

levels. 

 

Ocean warming and oxygen loss are pressing 

concerns in coastal areas. Fjords are particularly 

vulnerable since stratification limits the renewal of 

deep basin water at sill depth and therefore the 

supply of dissolved oxygen. Although highly-

abundant mesopelagic fish is regarded as a po-

tential food resource for the future, their suscepti-

bility to global change is yet to be assessed. Our 

preliminary results suggest that the depth distribu-

tion of the glacier lanternfish might be altered due 

to hypoxic conditions, with the larger individual 

(normally dwelling in deeper waters) migrating up-

wards. Moreover, body condition at greater 

depths also appears unfavourably affected. 

 

References 
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(2013). Intensification of open-ocean oxygen de-
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nditions affect growth, vertical distribution, and 

body condition of one of the most abundant     

mesopelagic fish species in the North Atlantic, the 

glacier lanternfish Benthosema glaciale. The ba-

sin water of Masfjorden, on the west coast of Nor-

way, was continuously hypoxic from 2016 to 2020. 

Environmental data and biological samples were 

collected at fixed depth intervals over several 

years in Masfjorden (before, during, and after hy-

poxia) and in a neighbouring well-oxygenated 

fjord. The Von Bertalanffy’s growth parameters 

from Masfjorden did not differ between 2017, 

2020 and 2021, and were not significantly differ-

ent from what was observed in Fensfjord in 2020 

(Figure 2). Length distributions by depth intervals 

showed an increase in mean lengths through time 

in Masfjorden, suggesting individuals' upward 

movement from the hypoxic layer into more oxy-

genated waters (Figure 3). Both length-weight re-

lationship and body condition modelled against 

Figure 2: Standard length at age, and estimated Von Ber-

talanffy growth curves for the sampled populations of B. 

glaciale. Top: Masfjorden 2017 (hypoxic), 2020 (low oxy-

gen) and 2021 (well oxygenated). Bottom: Masfjorden 

2017 (hypoxic), and Fensfjorden 2020 and 2021 (well oxy-

genated). 

Figure 3: Mean standard length of B. glaciale through time 

(2012-2021) over three depth intervals (200-300 m, 100-

200 m and 0-100 m) in Masfjorden. Day samples are 

shown in grey, night samples in black. 

https://doi.org/10.1038/ngeo1837
https://doi.org/10.1038/ngeo1837


 

6 
 

Awardee research profiles 

 

  
Diaz, R.J. & Rosenberg, R. (1995). Marine benthic 

hypoxia: a review of its ecological effects and the 

behavioural responses of benthic macrofauna. 

Oceanogr. Mar. Biol., 33, 245-303.  https://www.r 

esearchgate.net/publication/236628341341 

 

Diaz, R.J. & Rosenberg, R. (2008). Spreading 

dead zones and consequences for marine eco-

systems. Science, 321(5891), 926-929. 

https://doi.org/10.1126/science.1156401 

 

Domenici, P., Steffensen, J.F. & Marras, S. 

(2017). The effect of hypoxia on fish schooling. 

Phil. Trans. R. Soc. B, 372, 20160236. http://dx.d 
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Ecol., 381, S121-S131. https://doi.org/10.1016/ 
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Martine Røysted Solås completed her Bachelor’s degree in biology 

and Master’s degree in marine biology at the Department of Biolog-

ical Sciences, University of Bergen in Norway. In 2019, she started 

her PhD at the same department to investigate how mesopelagic 

organisms will respond to hypoxia in Western Norwegian fjords. 

Every diel cycle, large masses of small pelagic 

fish and crustaceans undertake diel vertical migra-

tions following daily variations in sunlight. These 

assemblages of organisms are often referred to as 

sound scattering layers (SSLs) because they ap-

pear as acoustically dense layers when viewed 

using an echosounder. The SSLs are ubiquitous 

in the world’s oceans and their migration behav-

iour contribute to active transport of carbon be-

tween surface waters and the deep ocean (Da-

vison et al., 2013). The SSL organisms have key 

roles in the marine food web and with the growing 

interest in harvesting also these species (St. John 

et al., 2016), it has become important to expand 

our knowledge of how these organisms might be 

influenced by anthropogenic pressures such as 

the ongoing ocean deoxygenation (Breitburg et 

al., 2018).  

 

The deep daytime depth of the SSLs is known to 

be related to water mass light penetration, where 

murky water leads to a shallower daytime depth 

than clear water (Røstad et al., 2016). Research 

has also found that shallower SSL daytime depth 

can concur with hypoxia. Some suggest that shal-

lower daytime depths are a result of SSL organ-

isms avoiding low-oxygen water (Bianchi et al., 

2013; Netburn & Koslow, 2015) while others have 

found that hypoxic water masses seem to have re-

duced light penetration compared to well-oxygen-

ated water (Aksnes et al., 2017). 

 

In this PhD project (which is part of the 

HypOnFjordFish research project) I use Western 

Norwegian fjords with different oxygen conditions 

to study how deoxygenation might influence mes-

opelagic organisms and SSL characteristics. Part 

of this work is also to explore the hypothesis of a 

negative correlation between dissolved oxygen 

and light attenuation. Preliminary findings were 

presented during the 53rd International Colloquium 

on Ocean Dynamics (GO2NE 3rd Oxygen confer-

ence) (Figure 4). The next steps are now to inves-

tigate the vertical distribution and migration pat-

tern of the SSL organisms in the fjords, using echo 

sounders and trawl hauls, to see how their day-

time depth and vertical migration relate to the ox-

ygen and light environment. 

Light environment and vertical distribution of mesopelagic organisms in 

poorly- and well-oxygenated Norwegian fjords 
 

Solås, M.R.*1,2, Aksnes, D.L.1, Staby, A.3, Salvanes, A.G.V.1,2 
 
1 Department of Biological Sciences, University of Bergen, Norway  
2 Bjerknes Centre for Climate Research, Norway 
3 Institute of Marine Research, Norway 
 
*martine.solas@uib.no 

https://hyponfjordfish.w.uib.no/
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Røstad, A., Kaartvedt, S. & Aksnes, D.L. (2016). 

Light comfort zones of mesopelagic acoustic 

scattering layers in two contrasting optical envi-

ronments. Deep Sea Research Part I: Oceano-

graphic Research Papers, 113, 1-6. https://doi.o 

rg/10.1016/j.dsr.2016.02.020 

 

St. John, M.A., Borja, A., Chust, G., et al. (2016). 

A dark hole in our understanding of marine eco-

systems and their services: Perspectives from 

the mesopelagic community. Front. Mar. Sci., 3, 

31. https://doi.org/10.3389/fmars.2016.0 0031 
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Figure 5: Martine was holding the prize for 

the Best Poster Award © Veronique Garçon 
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dynamic of the basin bottom waters. The model 

was constrained with conductivity, temperature 

and depth (CTD) sensors data from ongoing mon-

itoring of basin, and sediment oxygen uptake that 

we determined from seasonally collected sedi-

ment cores using Clark type microsensors (Figure 

6). The model reproduced seasonal changes in 

bottom water oxygen, sediment oxygen penetra-

tion depths (measured using Clark microelec-

trodes), and benthic oxygen fluxes. We found that 

Subhadeep Rakshit studied geological sciences in India and moved 

to Canada in 2017 to conduct his PhD studies in marine biogeochem-

istry. Subhadeep started his PhD study at Dalhousie University to in-

vestigate the benthic-pelagic coupling of oxygen and nutrients in the 

seasonally hypoxic coastal basin. 

Climate change induced deoxygenation of the 

world oceans has been occurring over at least the 

last half century and is further exacerbated in 

coastal areas by anthropogenic nutrient loading 

and eutrophication (Diaz & Rosenberg, 2008). 

Most susceptible to these effects are coastal re-

gions with restricted circulation such as semi-en-

closed coastal bays, estuaries, and fjords (Breit-

burg et al., 2018). Predicting hypoxia and anoxia 

in these environments involves correctly quantify-

ing oxygen resupply to the bottom water and con-

sumption due to respiration in both the water col-

umn and sediments. To determine this oxygen 

budget, we focus on Bedford Basin, a 70-meter-

deep, seasonally hypoxic semi-enclosed fjord on 

the West Atlantic coast (Nova Scotia), that is con-

nected to the Scotian shelf water through a narrow 

20-meter-deep sill, that restricts the exchange and 

mixing of bottom and surface waters. Bottom wa-

ter re-oxygenation occurs due to convective winter 

mixing, and infrequent intrusions of Scotia shelf 

water during the summer and fall (Haas et al., 

2021). The site hosts a time-series station, main-

taining weekly hydrographic measurements for 

two decades (Bedford Institute of Oceanography, 

2014). Here, we constructed a 1-Dimensional cou-

pled benthic-pelagic model describing the oxygen 

Quantifying oxygen dynamics in a seasonally hypoxic fjord using a cou-
pled benthic-pelagic model 
 

Rakshit, S.1*, Davis, R.1, Wallace, D.1, Dale, A.2, Algar, C.1 
 
1 Dalhousie University, Halifax, Canada 
2 GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany 
 
*subhadeep.rakshit@dal.ca 

Figure 6: A. Collecting sediment cores using the multi-

core. B. Measuring oxygen concentration profiles in the 

sediments, using Unisense microsensors in the cold-room 

after bringing the cores to the lab. 
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the bottom water (below sill depth water) re-oxy-

genation occurs majorly due to convective winter 

mixing, and infrequent intrusions of Scotia shelf 

water during the summer and fall, nevertheless, 

the stratified time supply of oxygen to the bottom 

water is considerable and depends on the degree 

of sea surface temperature. This often determines 

the intensity of bottom water hypoxia that takes 

place in Bedford Basin in late summer and fall. We 

also found that intrusions in Bedford Basin happen 

rapidly in a timescale of a few hours and substan-

tially change the water mass, which could intro-

duce oxygen in a comparable amount to winter 

mixing, and often terminates hypoxia. Such a 

model framework can be used as a tool to assess 

the sensitivity of coastal hypoxia to climate in-

duced changes (i.e. increased stratification and 

temperatures), oxygen resupply and consumption 

processes, as well as nutrient dynamics.  
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