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From 16 - 18 August 2019, the international expert 

community on sea-ice biogeochemical processes 

at sea-ice interfaces (BEPSII) had a productive 

meeting in conjunction with the International Glac-

iological Society (IGS) Sea Ice Symposium in 

Winnipeg, Canada. The BEPSII meeting gathered 

35 participants, including long term members and 

several new members and interested research-

ers, both senior and early career scientists, who 

were quickly integrated into the BEPSII family. 

The meeting was sponsored by Climate and Cry-

osphere (CLIC), the International Arctic Science 

Committee (IASC), the Scientific Committee on 

Antarctic Research (SCAR), the Scientific Com-

mittee on Oceanic Research (SCOR) and SOLAS.  

The meeting agenda contained presentations and 

summaries of ongoing projects, and plenary dis-

cussions of current research topics. Group discus-

sions applying the World Café method were used 

to develop a paper outline on sea-ice ecosystem 

services. Further discussion rounds were initiated 

to address new research tasks and projects ideas. 

In addition, the recent progress as well as upcom-

ing work items of the BEPSII task groups were dis-

cussed. For a detailed summary of the discussion 

rounds, held within the individual task groups, see 

the paragraphs below.  
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Task group 1, which is currently the SCOR Work-

ing Group 152 on Measuring Essential Climate 

Variables in Sea Ice (ECV-Ice), reported on sev-

eral successful intercomparison projects at the 

Saroma-Ko Lagoon in Hokkaido, Japan. Within 

these projects, the measurements of light and pri-

mary production in and under sea-ice are investi-

gated. Further, group 1 discussed a planned inter-

comparison project using the Roland von Glasow 

air-sea-ice chamber located at the University of 

East Anglia, United Kingdom. During this project, 

it is planned to apply CO2/CO2-flux measurement 

techniques. For 2021, another intercomparison 

project is planned in Cambridge Bay, Canada, to 

study primary production, nutrients and gases. 

Further important issues of the task group 1 dis-

cussions were sampling, data collation, and other 

projects and challenges, such as processes in ice 

cores. 

 

Task group 2 on Technology and Data collection 

highlighted various data collations (dissolved inor-

ganic carbon (DIC), nutrients, primary production 

for Arctic and Antarctic in sea-ice) in progress. Re-

sults summarising global carbon dioxide (CO2) 

flux measurements over sea-ice using chamber 

Figure 1: Participants of the biogeochemical exchange processes at sea-ice interfaces annual meeting.  

From left to right, back row: Florian Denman, Etsy Wilcox, Daiki Nomura, Francois Fripiat, Gauthier Carnat, Martin 
Vancoppenolle, Brent Else; second row: Karley Campbell, Jo Laenger, Letizia Tedesco, Odile Crabeck, Pat 
Wongpang; third row: Sarah Waulthy, Tonya Burges, Eeva Eonen-Rasmusen, Agneta Fransson, Jeff Bowman; 
fourth row: Inge Deschepper, Caroline Jacques, Klaus Meiners, Sebastien Moreau, Hanna Kauko; front row: 
Bruno Delille, Lisa Miller, Fanny van der Linden, Jean-Louis Tison, Delphine Lannuzel, Nadja Steiner, Ilkka Mateo. 
© T. Letizia 

techniques were also presented during the discus-

sion rounds. In addition, ideas for new variables 

were highlighted, e.g. oxygen-18 (O18), particulate 

organic carbon (POC), and a methane synthesis. 

The task group 2 also held a brainstorming ses-

sion about ideas on an international workshop on 

in situ sampling platforms and novel sensor tech-

nologies regarding the investigation of sea-ice re-

lated processes, which will be developed over the 

next two years. 

 

Task group 3 on Modelling and Observational pro-

cess studies summarised the progress in current 

model intercomparisons. Fortunately, several pa-

pers have been published within task group 3 and 

further publications are currently in preparation re-

porting about the progress in modelling biogeo-

chemical processes in sea-ice. BEPSII is now 

looking at evaluating Coupled Model Inter-com-

parison Project (CMIP) Phase 6 models with focus 

on sea-ice biogeochemical processes. CMIP6 has 

a much higher resolution, both temporally and 

spatially, which allows a highly resolved analysis 

of BEPSII processes or of environmental varia-

bles, affecting BEPSII relevant processes. CMIP6 

analyses will be also performed to support the 
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ecosystem services paper and the Antarctic posi-

tion analysis (see below). Observational process 

studies are highly focused on the upcoming “Mul-

tidisciplinary Drifting Observatory for the Study of 

Arctic Climate” (MOSAiC) drift experiment, where 

many BEPSII researchers are involved. In addi-

tion, the task group 3 held a discussion session on 

a potential BEPSII focused cruise in the Antarctic. 

 

Task group 4 on Synthesis finalised a position 

analysis on the future of Arctic sea-ice biogeo-

chemistry and ice-associated ecosystems. This 

publication will be submitted to Nature Climate 

Change shortly. A respectively position analysis 

for the Antarctic is currently at the planning stage 

and will be a central feature during the next BEP-

SII meeting, which will be held in association with 

the SCAR open science meeting in Hobart, Tas-

mania in July 2020. Further, small group and ple-

nary discussions were held to draft an extended 

outline for a BEPSII community paper on sea-ice 

ecosystem services. This publication will cover 

Arctic and Antarctic and will highlight ecologically 

and biologically significant components of the sea-

ice ecosystem and what services the system pro-

vides to the human society. In addition, several 

other integrative projects are in the planning 

stage, including building a better/closer link with 

the atmospheric chemistry community with the 

Cryosphere and Atmospheric Chemistry (CATCH) 

and to revisit the sea-ice carbon pump due to 

many new discoveries and insights in recent 

years. 

 

Task group 5 on Outreach has been very active 

and a lot of information is available from the regu-

larly updated website. BEPSII is also an active 

tweeter and the team is asking for more input from 

the BEPSII community to highlight news. Efforts 

are on the way to contribute to Frontiers young 

minds with an issue on biology in sea-ice for kids 

and youth. It is planned to create educational vid-

eos for sea-ice methodologies to be posted on 

BEPSII's new methods website. Some of those 

will be created during field experiments and 

method intercomparison projects as well as during 

the planned BEPSII field school in Cambridge Bay 

in 2021. A BEPSII overview video will be pro-

duced. Discussions continued to finalise the plan-

ning for the upcoming field school. During the next 

year, BEPSII will focus on applying for funding 

from various organisations. Details of task group 

activities have been updated and can be found in 

the updated Appendix of BEPSII's 5-year plan: 

https://bit.ly/2pPxd8x.  

 

In addition to the BEPSII meeting, BEPSII chaired 

a session at the IGS Sea Ice Symposium. To-

gether with two other biology related sessions, the 

focus on biogeochemical processes in the sea-ice 

region has been greatly increased compared to 

earlier IGS Sea Ice Symposia. 

 

The BEPSII and ECV-Ice steering committees 

would like to thank their sponsors for their contin-

uous support and travel funding as well as the or-

ganisers of the IGS sea-ice symposium for all their 

help in organising the meeting.    

 

Nadja Steiner (BEPSII co-chair) 

Institute of Ocean Sciences, Canada 

 
The outcomes of the meeting contribute to the 

Cross-Cutting Theme ‘Integrated Topics’ (polar 

oceans and sea-ice) of the SOLAS 2015-2025: 

Science Plan and Organisation. 

 

 
Event sponsors 

https://sites.google.com/site/bepsiiwg140/home
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Understanding the control of polar microalgal communities and production 
 

Kauko, H. M. 
 

Norwegian Polar Institute, Tromsø, Norway 
 
hanna.kauko@npolar.no 

Hanna Maria Kauko conducted her master studies in marine biol-

ogy in Helsinki, Finland, and completed a PhD in Norway in 2018, 

working jointly at the Norwegian Polar Institute and Norwegian Uni-

versity of Science and Technology (NTNU). Currently, she works as 

a postdoctoral researcher at the Norwegian Polar Institute studying 

the phytoplankton communities in the Southern Ocean. 

Figure 2: Sea-ice sampling during a recent research expedition to Southern Ocean on board the research 

vessel Kronprins Haakon. © Andreas Wolden 

the open waters of the Southern Ocean is mainly 

limited by the supply of the micronutrient iron, and 

light availability where the water column is deeply 

mixed (Ardyna et al., 2017). 

In March 2019, our multi-disciplinary team con-

ducted a research expedition to the King Haakon 

VII Sea in the Southern Ocean (Figure 2) The goal 

of this expedition was to investigate the physical 

and biogeochemical conditions, phytoplankton bi-

omass, community composition and optical prop-

erties, and grazer (zooplankton) abundances as 

well as higher trophic level organisms. This broad 

My current postdoc research focusses on phyto-

plankton in the King Haakon VII Sea, eastern 

Weddell Sea in the Southern Ocean. I am investi-

gating the drivers of phytoplankton blooms and 

primary production, and their role in food web dy-

namics and carbon export. Phytoplankton have an 

important role in the carbon cycle and ecosystem 

as they absorb carbon dioxide (CO2) to produce 

organic carbon by photosynthesis. This organic 

carbon is then available for higher trophic levels 

within marine ecosystems, including the benthic 

environment. The pelagic primary production in 
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spectrum of investigations will give us a holistic 

view of the ecosystem processes in this hardly ex-

plored region. Furthermore, our results will help to 

guide spatial management.  

 

Understanding primary production in the Arctic is 

equally important for process studies as well as to 

predict future trends. My PhD research focused on 

the pack ice region in the Arctic, north of Svalbard, 

studying ice algal and under-ice phytoplankton 

communities, as part of the “Norwegian Young 

sea ICE campaign” (N-ICE2015) (www.npo-

lar.no/nice2015).  

 

The Arctic is facing profound changes in the ice 

cover with warming temperatures (reviewed in 

Meier et al., 2014), which affects the algal habi-

tats. Changes in light conditions are one conse-

quence of thinning and more fractured ice cover. 

We investigated algal biomass in different ice 

types (Figure 3) with different age and concluded 

that the young ice (age few weeks) reached in the 

spring the same biomass as the surrounding older 

ice despite different environmental conditions 

(Kauko et al., 2017). Light availability was more 

favourable in the young ice, but biomass accumu-

lation may have been compromised among other 

things by the low initial biomass and time needed 

for ice algal community succession. Thus, in-

creased light levels do not necessarily add to ice 

algal areal production, but other factors also play 

an important role. For under-ice phytoplankton; 

however, the increased light provided by leads 

(cracks in the ice cover) was crucial for the devel-

opment of a bloom (Assmy et al., 2017). Also 

other algal habitats, such as the infiltration layer 

(algal habitat between the snow and the ice 

cover), offer better light availability than bottom ice 

and was observed to host large algal biomass 

(Fernández-Méndez et al., 2018).  

 

Another significant change in the Arctic ice cover 

is the replacement of multi-year ice by younger ice 

(Meier et al., 2014). We investigated community 

compositions in these different ice types and ob-

served that the ice algal community in the young 

ice develops into typical ice algal community dom-

inated by pennate diatoms within a few weeks. 

Suggesting that the proximity to older ice is crucial 

in this process to provide the seeding population, 

Figure 3: A schematic showing different algal habitats in Arctic pack ice. Light transmittance varies between 

the ice types and open water (yellow arrows). Different algal groups were dominant in the different habitats 

in the bloom phase (see legend). Figure modified from Kauko (2018). 
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if other seeding sources like sediment bottoms are 

far away (Kauko et al., 2018; Olsen et al., 2017). 

 

The polar areas are logistically challenging, and 

the dark winter periods and ice-covered regions 

are inaccessible for biological remote sensing, but 

extensive field campaigns, such as the one de-

scribed here, help to understand the ecosystem 

and its physical drivers. Gaining further 

knowledge is needed to manage the polar areas 

and to understand how these areas are affected 

by the changing climate. 
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  Hakase Hayashida is a postdoctoral researcher at the Australian 

Research Council Centre of Excellence for Climate Extremes at 

the Institute for Marine and Antarctic Studies, University of Tasma-

nia, Australia. Hakase is interested in understanding how sea-ice 

and marine biogeochemical processes are affected by climate 

change and extreme events. Hakase completed his PhD in Earth 

and Ocean Sciences at the University of Victoria, Canada. 

(Lana et al., 2011). Such an approach to produc-

ing the sea-surface DMS concentration fields that 

feed into atmospheric, global climate and earth 

system models is potentially problematic. 

Another approach to obtain sea-surface DMS 

concentration fields is via numerical modelling. 

Process models apply mechanistic representa-

tions of key physical and biogeochemical pro-

cesses to produce simulations over time periods 

and spatial domains that are beyond the capacity 

of field observations. The limited extent of obser-

vations also makes it difficult to study inter-annual 

variability and trends. In this study, we used a 

three-dimensional regional coupled sea-ice-

ocean physical-biogeochemical model developed 

for the Arctic (Hayashida et al., 2019) to conduct 

simulations over the satellite era (1979-2015). 

Our model simulates an accelerated decline of 

Arctic sea-ice since the beginning of the 21st cen-

tury (Figure 4a), consistent with satellite observa- 

Recent field observations suggest that oceanic 

emissions of dimethylsulfide (DMS) may play a 

dominant role in the production of Arctic aerosols 

and clouds affecting the surface irradiance during 

late spring and summer. In ice-covered seas, 

DMS is produced not only in the water column, but 

also in various sea-ice habitats. The ongoing re-

treat of sea-ice cover is expected to enhance oce-

anic DMS emissions in the Arctic, although the 

magnitude of this increase is highly uncertain. 

One of the main challenges in Arctic DMS re-

search is the poor spatio-temporal coverage of 

sea-surface DMS concentration measurements; 

direct measurements in ice-covered regions are 

logistically difficult, while indirect measurements 

via remote sensing are restricted to open water. 

Consequently, existing climatologies of sea-sur-

face DMS concentration for the Arctic domain 

have been primarily constructed by the extrapola-

tion of in situ measurements from lower latitudes 

Contrasting responses of modelled sea-to-air and ice-to-sea dimethyl-

sulfide fluxes to the accelerated decline of Arctic sea-ice since the be-

ginning of the 21st century 

 
Hayashida, H.1, 2*, Steiner, N.3, Monahan, A.4 
 
1Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Australia 
2Departme Australian Research Council Centre of Excellence for Climate Extremes, University of 
Tasmania, Hobart, Australia 
3Institute of Ocean Sciences, Fisheries and Oceans Canada, Sidney, Canada 
4School of Earth and Ocean Sciences, University of Victoria, Victoria, Canada 
 
*hakase.hayashida@utas.edu.au 
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tions (Stroeve et al., 2012). Modelled September-

mean sea-ice extent over 2001 - 2015 shows a 

linear trend of - 0.17 million km2 per year, corre-

sponding to a 32 % decrease over this period. 

This decline is associated with an upward trend in 

modelled annual-total sea-to-air DMS flux (Figure 

4b). A linear trend over 2001 - 2015 of 0.004 Tg 

sufide (S) per year is found for the sea-to-air DMS 

flux, resulting in a 25 % increase over this period. 

Reduction of light limitation on phytoplankton 

growth (and subsequent DMS production) and an 

increase in open-water areas are the main drivers 

of the positive trend. In contrast, strong inter-an-

nual variability and weak trends are found for 

modelled annual-total ice-to-sea DMS flux (Figure 

4c). This contrasting response of the ice-to-sea 

DMS flux is because the Arctic sea-ice is not only 

shrinking horizontally, but is also thinning verti-

cally. These two changes have counteracting ef-

fects on ice algal primary production: the reduc-

tion of extent decreases the production by de-

creasing ice algal habitat, whereas the vertical 

thinning increases it by relaxing light limitation. 

 

Our model results provide process-based under-

standing of sea-ice and marine biogeochemical 

responses to the ongoing Arctic sea-ice decline, 

and call for continued effort in the assessment of 

projected changes in DMS emissions and their im-

pacts on Arctic climate in coming decades.  

Stay tuned for Hayashida et al. (in prep.) for de-

tails. 
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Figure 4: Interannual variability (solid) and trends 

(dashed) in modelled (a) September-mean sea-ice extent, 

(b) annual-total sea-to-air DMS flux, and (c) annual-total 

ice-to-sea DMS flux during 1979-2015 spatially integrated 

over the domain north of 60°N. Dashed lines represent 

moving averages based on the locally weighted scatterplot 

smoothing. 
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A return of the sun following the polar night stimu-

lates rapid growth of photosynthetic algae within 

sea-ice. This spring ice algal bloom provides a 

concentrated food resource for aquatic grazers 

and significantly contributes to marine primary 

production throughout many regions of the Arctic. 

Changes associated with the polar amplification of 

global warming (Vihma 2014, Stroeve et al. 2014) 

have the potential to affect the taxonomic compo-

sition (van Leeuwe et al. 2018), phenology, 

productivity, and nutritional value of the sea-ice al-

gal bloom (Leu et al. 2010, 2015), which are pre-

dominantly species of silica-rich diatoms. Such 

changes will inevitably affect trophic functioning 

and carbon cycling in the Arctic marine system.  

The species of algae growing in sea-ice can vary 

widely across the Arctic and over the course of the 

spring as a function of environmental forcing (van 

Leeuwe et al. 2018). Such variability in taxa can 

affect the productivity of a bloom and ultimately 

determine whether the ice is a net source (re-

lease) or sink (uptake) of carbon dioxide (CO2) 

(Campbell et al. 2017, 2018). Building up on these 

insights, the Changing Arctic Ocean (CAO) Dia-

tom-ARCTIC (Autecological Responses with 

Changes To Ice Cover) project studies the driving 

forces of biodiversity and primary production in 

sea-ice. In turn, this study will improve predictions 

of how climate warming and changing ice habitat 

conditions will affect sea-ice algae in the future.  

Pursuit of these research questions, samples of 

ice algae across the Canadian Arctic were col-

lected, alongside a suite of physical and biogeo-

chemical parameters that characterise growth 

conditions in the ice. These parameters include 

light, nutrients, dissolved inorganic carbon (DIC) 

and chlorophyll a pigmentation (Figure 5).  

Studying the algal communities of sea ice in a time of rapid change 
 

Karley Campbell 
 
Bristol Glaciology Centre, University of Bristol, United Kingdom 
 

kc17823@bristol.ac.uk 

Karley Campbell is a postdoctoral researcher within the frame-

work of the Diatom Autecological Responses with Changes To 

Ice Cover (Diatom-ARCTIC) project, investigating the role of al-

gal speciation in sea-ice communities. Her scientific work focus-

ses on the response of sea-ice microbes to environmental 

change. Her research activities include method development, 

field process studies, and culture-based experimentation.  

Figure 5: Sea ice collected near the community of Coral Har-

bour, Hudson Bay, Canada, during the 2019 CHOOSE cam-
paign. Samples for analysis of dissolved inorganic carbon 
(DIC) are vacuum sealed before ice melt (left), while ice col-
lected for assessment of primary production is melted in fil-
tered seawater to avoid osmotic shock (right).© K. Campbell 
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In 2018, the study area has been extended to the 

Lincoln Sea of the high Arctic. This scientific 

work was part of the Multidisciplinary Arctic Pro-

gram (MAP) - Last Ice coordinated by C. Michel 

at the Department of Fisheries and Oceans, 

Canada. Additionally, in spring 2019, the north-

western area of the Hudson Bay, Canada, was 

studied within the Coral Harbour Oceanographic 

Observation and Sea Ice Experiments 

(CHOOSE) campaign. The CHOOSE campaign 

was co-lead by C.J. Mundy from the University 

of Manitoba, Canada. 

 

Measurements of gross primary production and 

net community production via oxygen optode in-

cubation methods have been an important part 

of this work, as it has permitted assessments in 

the remote study regions with limited use of 

chemicals (Campbell et al. 2016, Figure 2). Fu-

ture analyses will see these datasets combined 

with evolving technologies (e.g. remotely oper-

ated vehicles) to model production over different 

spatial and temporal scales.  
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