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Preface

Dear Readers, Dear Polar Researchers and People Connected to the Arctic and the Antarctic,

The Polar Symposium is a recurrent conference, typically occurring every two years, dedi-
cated to Arctic and Antarctic topics, with a long tradition dating back to 1972. Since then, these
meetings have been an excellent opportunity for integrating the polar community, exchanging
experiences, and a discussion between Polish and international polar researchers representing
various scientific disciplines. The Polar Symposium is currently co-organised by the Committee
of Polar Research, Polish Academy of Sciences, and the Polish Polar Consortium, and until
recently it has also been co-organised by the Polar Club of the Polish Geographical Society.
Instead, during the 40th International Polar Symposium, a new Polish Polar Club will debut as
an independent association, thus continuing the functioning of the Club since 1974.

The 40th jubilee Symposium on 4-7 November 2025, and the following editions, will take
place at an exceptional location: the Museum for Polar Research in Putawy, the first Polish
museum of polar research, established in 2020. This location enabled the organisation of vari-
ous supporting outreach events on polar research, such as public lectures, film screenings, art,
and science exhibitions. The possibility to organise Symposia at the Museum results from the
efforts of the late Dr. Andrzej Piotrowski, aiming at establishing the Museum, and of Dr. hab.
Piotr Zagorski, who supported the Museum and the organisation of Symposia at this set loca-
tion. We are also grateful to the Director of the Museum, Dr. Piotr Kondraciuk, and the Mu-
seum Team, for hosting the Polar Symposium and cooperation on organisational matters.

In 2025, the honour of co-organisation of the 40th International Polar Symposium, entitled
“Arctic and Antarctic at the tipping point”, has been given to the Kazimierz Wielki University
in Bydgoszcz, which has been a member of the Polish Polar Consortium since 2024. This hon-
ourable occassion aligns with the 30-year jubilee of geography at the University in Bydgoszcz.

During the plenary session on 5 November, we will have the opportunity to listen to four
lectures of the invited speakers. During the entire conference, on 5 and 6 November, five spe-
cial sessions and further 6 thematic sessions will take place. The conference will encompass
87 contributions by speakers representing 19 research units from Poland and 9 international re-
search units. The Symposium will host a total of 62 oral presentations and 25 posters, with

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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topics spanning Earth Sciences, biological sciences, chemical sciences, arts and humanities, so-
cial science, and including education and outreach.

We hope that the 40th International Polar Symposium will open the floor for animated dis-
cussions, exchange of ideas, and forging new scientific connections. We are pleased to present
the ,,Book of abstracts” of the 40th International Polar Symposium to the Readers.

On behalf of the Organisers,
Krystyna Koziotl and Danuta Szuminska

& The Scientific Committee of the 40th International Polar Symposium:

Piotr Jadwiszczak Wojciech Majewski Jerzy Nawrocki
Jacek Jania Krzysztof Migata Przemystaw Niedzielski
Monika Kedra Mateusz Moskalik Zaneta Polkowska
Paulina Pakszys Mateusz Strzelecki Katarzyna Wojczulanis-
Monika Szkartat Michat Wegrzyn Jakubas

Ireneusz Sobota
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Przedmowa

Szanowni Panstwo, Drogie Polarniczki i Polarnicy,

Sympozjum Polarne to cykliczna, odbywajaca si¢ typowo co dwa lata konferencja dedy-
kowana tematyce polarnej, o dtugiej tradycji siggajacej 1972 roku. Spotkania te od lat stwarzaja
doskonatg sposobno$¢ do integracji, wymiany do$wiadczen i dyskusji miedzy polskimi i zagra-
nicznymi badaczami rejonéw polarnych, reprezentujacymi rozmaite dziedziny naukowe.
Opieke nad Sympozjum sprawujg obecnie Komitet Badan Polarnych PAN oraz Polskie Kon-
sorcjum Polarne, do niedawna réwniez Klub Polarny PTG. Podczas 40. Sympozjum Polarnego
nastagpi debiut na tej konferencji Polskiego Klubu Polarnego jako samodzielnego
stowarzyszenia, ktore jest kontynuacja funkcjonowania Klubu od 1974 r.

40. jubileuszowe Sympozjum w dniach 4-7 listopada 2025 roku, a takze kolejne jego
edycje, beda odbywaty sie w wyjatkowym miejscu, w powotanym w 2020 roku Muzeum Ba-
dan Polarnych w Pulawach, pierwszym w Polsce muzeum polarnictwa. Pozwolito to na zor-
ganizowanie dodatkowych wydarzen popularyzujagcych wiedz¢ o obszarach polarnych w
formie wykladow, pokazoéw filmow 1 wystaw popularno-naukowych. Mozliwo$¢ organizacji
Sympozjéw w Muzeum wigze si¢ ze staraniami $.p. dra Andrzeja Piotrowskiego, zmie-
rzajagcymi do otwarcia Muzeum, oraz $.p. dra hab. Piotra Zagodrskiego, ktory wspierat powsta-
nie Muzeum i dazyt do stalej organizacji Sympozjow w tej lokalizacji. JesteSmy wdzigczni panu
Dyrektorowi dr. Piotrowi Kondraciukowi i Zespotowi Pracownikéw Muzeum za podjecie si¢
funkcji gospodarza miejsca posiedzen 1 wspotprace organizacyjng.

W roku 2025 zaszczyt organizacji 40. Sympozjum Polarnego zatytutowanego ,,Arktyka i
Antarktyka w krytycznym punkcie zmian” przypadl Uniwersytetowi Kazimierza Wielkiego w
Bydgoszczy, ktory od 2024 r. jest cztonkiem Polskiego Konsorcjum Polarnego. Ta wyjatkowa
rola organizacji towarzyszy obchodom 30-lecia funkcjonowania geografii na Bydgoskiej
Uczelni.

Podczas sesji plenarnej w dniu 5 listopada wystuchamy 4 wyktadow zaproszonych gosci,
aw tym i kolejnym dniu Sympozjum w trakcie 5 sesji specjalnych i 6 sesji tematycznych —
87 wystapien uczestnikow reprezentujacych 19 jednostek naukowych z Polski i 9 jednostek
naukowych z zagranicy. W trakcie Sympozjum zaprezentowane zostang 62 referaty oraz

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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25 posteréw, obejmujacych tematyke z zakresu nauk o Ziemi, nauk biologicznych, nauk
chemicznych, nauk humanistycznych i spotecznych, a takze edukacji i popularyzacji nauki.

Mamy nadziej¢, ze tegoroczne Sympozjum Polarne pozwoli na ozywiong dyskusje,
wymian¢ mysli i nawigzanie nowych kontaktow naukowych. Z przyjemnoscia przekazujemy
na Panstwa rece ,,Ksigzke abstraktow” 40. Sympozjum Polarnego zawierajacg streszczenia
wystapien referatowych i posterow.

W imieniu Organizatorow,
Krystyna Koziot oraz Danuta Szuminska

wraz z Komitetem Naukowym 40. Sympozjum Polarnego:

Piotr Jadwiszczak Wojciech Majewski Jerzy Nawrocki
Jacek Jania Krzysztof Migata Przemystaw Niedzielski
Monika Kedra Mateusz Moskalik Zaneta Polkowska
Paulina Pakszys Mateusz Strzelecki Katarzyna Wojczulanis-
Monika Szkartat Michat Wegrzyn Jakubas

Ireneusz Sobota
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Land to Sea Biogeochemical Fluxes in a Changing Arctic:
Insights from Svalbard

Andrew HODSON

University Centre in Svalbard, Arctic Geology, Longyearbyen, Svalbard

Department of Civil Engineering and Environmental Sciences,
Western Norway University of Applied Sciences, Sogndal, Norway

D<A AndrewH@unis.no

Our understanding of cryosphere-biosphere coupling in the polar regions is arguably weak-
est in the context of glaciers and their influence upon marine ecosystems. Major reasons include
the lack of cross-disciplinary interaction and the sometime extreme difficulty faced by those
trying to conduct field work where glaciers or glacial runoff meet the sea. This presentation
therefore addresses this science gap with new insights into nutrient transport by glacial melt-
waters into Svalbard coastal ecosystems. A particular emphasis is placed upon nitrogen, be-
cause it is a key, productivity-limiting nutrient and because the nitrogen cycle includes
atmospheric, organic and even geogenic inputs to the glacial system that were defined for the
first time by fieldwork conducted in Svalbard a quarter of a Century ago (e.g. Hodson et al.
2005; Wynn et al. 2007).

In spite of clear knowledge gaps in our understanding of the origins, magnitude and fate of
nutrients transported by glacial runoff into Arctic coastal ecosystems, there have still been some
major conceptual advances, such as:

1) It’s the productivity-limiting nutrient(s) that matter most, and in Svalbard this means

nitrogen and (less so?) silica. Both have received significant attention in recent years
(e.g. Duarte et al. 2025; Halbach et al. 2019), although mostly in one location (Kongs-
fjord) whose representativeness deserves scrutiny.

2) Increasing glacial runoff volumes can dilute the concentrations of nitrogen in the photic
zone, and even make photosynthesis more difficult due to high turbidity (e.g. Hopwood
et al. 2020). Therefore the “big nutrient flux must count” theory for glacial runoff often
seems naive.

3) Particles responsible for the high turbidity constitute a very large proportion of the labile
nutrient flux, especially for adsorbed NH4 and amorphous Si particles (e.g. Wadham et
al. 2016; Hendry et al. 2025).

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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4) Subglacial runoff from marine terminating glaciers with grounding lines deep beneath
the fjord surface exerts a major influence upon nitrogen supply to the photic zone be-
cause its buoyant rise also entrains nitrogen-rich bottom waters and sends them towards
the photic zone (e.g. Meire et al. 2017; Hoshiba et al. 2024).

Of the above, 4) has been particularly important because it redefined our understanding of
how glacial runoff influences nitrogen availability in the photic zone. The intensity and the
longevity of the buoyancy-driven circulation process is also intricately linked to climate, and
so a lot of research attention is currently directed towards what happens after tidewater glaciers
have retreated onto land (e.g. Meire et al. 2023; Santos-Garcia et al. 2022). Such a retreat is
expected to result in an estuarine-type circulation process, wherein riverine inputs fail to induce
the vertical mixing and therefore struggle to deliver sufficient nutrient supplies to sustain high
primary production in the upper water column. However, whilst the retreat of marine-terminat-
ing glaciers onto land is an important aspect of projected future change, it is arguably less im-
portant in Svalbard than it is in Greenland. This is because several of Svalbard’s fjords already
underwent this transition during the Holocene in response to isostatic uplift: a process that out-
paces rising sea level in West Spitsbergen even today. Others are very close to this transition,
and have shallow grounding lines that are unlikely to see the development of strong buoyancy-
driven upwellings. There is also the fact that not all Svalbard glaciers enter the sea via fjords,
as is indeed the case near other Arctic archipelagos.

Multi-year, multi-site analysis of nitrogen concentrations, fluxes and stable isotope compo-
sition in Svalbard runoff reveal two critically important processes require consideration before
the role of glacial runoff in the provision of productivity-limiting nitrate is to be fully under-
stood: i) atmospheric nitrate release by snowmelt in early summer, and ii) microbial nitrate
production by nitrification from mid-summer onwards. As a consequence of the latter, the ni-
trate content of glacial runoff is dominated by microbial production almost everywhere once
the winter snow resource has been released by snowmelt (Wynn et al. 2007; Ansari et al. 2013).
However, the impact of nitrification is far from spatially uniform, and there exist very signifi-
cant “hotspots” in the vicinity of large bird colonies and in catchments underlain by shale-rich
bedrock. The former is more localized, well-known, and effectively involves the recycling of
marine nitrogen via guano (e.g. Finne et al. 2024; Zmudczynska-Skarbek and Balazy 2017).
However, the latter has received almost no attention to date (Dixon 2019; Polukhin et al. 2021),
yet it occurs in landscapes that cover more than one third of the archipelago’s land area. In
extreme cases, new data show that the nitrate yields of shale-influenced glacier basins are en-
hanced by > 20 times those that would be expected from atmospheric nitrate alone. The erosion
of shale by glacial and periglacial processes across much of Central and Eastern Svalbard there-
fore produces flowpaths highly conducive to the transformation of geological ammonium to
nitrate during the melt season. This transformation is highly likely to respond to climate-driven
changes in the thaw depth, rainfall infiltration and meltwater percolation in future.

Going forwards, we need to be able to predict atmospheric and microbial nitrate delivery to
runoff if we want to forecast the future state of Svalbard fjord ecosystems. Atmospheric nitrate
release via snowmelt demonstrates clear sensitivity to climate change, with earlier, smaller
fluxes likely across much of the archipelago due to a shorter accumulation season and the earlier
onset of melt (Osuch et al. 2022). However, it is also notable that snow cover is undergoing a
recent increase in Heer Land and parts of Torell land, most likely due to enhanced moisture
supply from local sources as a consequence of sea ice failure along the East coast. The atmos-
pheric nitrate resource is therefore likely to be growing here as a consequence, although more
needs to be done to understand the regional variations in the nitrate chemistry of snowcover
before this can be predicted with any certainty. With respect to nitrate supply from nitrification,
there exist greater challenges due to its requirement for ground thaw to proceed and for shallow
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groundwater and subglacial flow paths to open before it becomes influential (e.g. Wynn et al.
2007; Ansari et al. 2013). However, nitrification is important because it has the capacity to
extend the duration of primary production after the winter nitrate and early summer snowmelt
resources have been depleted. As a consequence, nitrification can compensate for the loss of
supply via nitrate-rich bottom waters that occurs after the retreat of tidewater glaciers onto land.
An understanding of the supply of reduced nitrogen that is required to sustain the process is
also required, which will depend upon both extrinsic factors linked to climate and intrinsic fac-
tors linked to hydrological evolution of subglacial and proglacial drainage systems, permafrost
change and soil development. Of particular importance is the redox evolution of high through-
put shallow groundwaters in glacial and periglacial sediments. Will they shift toward more re-
ducing conditions and thus favour nitrate removal via denitrification, or will they be conducive
to nitrification by remaining oxic? At the time of writing, the overwhelming evidence is that
the major rivers entering fjords largely show the latter and are thus predominantly sustained by
flowpaths conducive to nitrification. By contrast denitrification in Svalbard seems most im-
portant in the active layer wetlands of lowland permafrost environments with low water yields
and thus minimal influence upon fjord biogeochemistry. As a consequence, it is not surprising
that a positive correlation between runoff and indices of primary production (Chlorophyll a) in
Svalbard fjords and coastal waters has been found, even in places where deep subglacial inflows
from marine-terminating glaciers are absent (Dunse et al. 2022).

In conclusion, while we can easily predict meltwater production in response to seasonal
snowpack and glacier ablation, we still have a long way to go before we can predict the nutrient
composition of this meltwater as it enters the sea. This is not so much due to a lack of empirical
data resources but instead a lack of appropriate models that account for non-conservative nutri-
ent behaviour following the onset of summer meltwater production. Recent focus upon marine
nutrient resources (via the buoyancy-driven entrainment of bottom waters) has been important,
but means that the importance of riverine inputs has been overlooked, which is not helpful in
the case of nitrogen.
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Abstract

Antarctica is the most extreme continent for life on Earth, and it is also one of the regions
most threatened by climate change. Areas like maritime Antarctica and the Antarctic Penin-
sula have experienced significant temperature increases, with an average rise of 0.1 °C per
decade over the past 50 years. Future predictions are equally concerning, with temperatures
expected to rise by 0.5-1.5 °C over the next two decades (Steig et al. 2009; Turner et al. 2016;

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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Jones et al. 2019; Bozkurt et al. 2021; Gonzalez-Herrero et al. 2022). These temperature in-
creases could also significantly alter water and nutrient cycles in Antarctic soils, ultimately
affecting nutrient availability for plants. Moreover, it is crucial to consider that in Antarctica,
just as in the rest of the world, the atmospheric CO; (the essential carbon source for photo-
synthesis and a major greenhouse gas leading global warming), has risen dramatically since
the Industrial Revolution, from 260 to 410 ppm today (Nunes 2023). Together, the changes in
these abiotic factors are profoundly shaping the lives of terrestrial autotrophic organisms in
Antarctica.

Interestingly, Antarctica holds another unique biological record: it is the continent with
the lowest number of native vascular plant species—just two—in an environment primarily
dominated by mosses and lichens (Ramirez et al. 2024; Colesie et al. 2023). However, recent
studies have described the expansion of these angiosperms over the last few decades, espe-
cially the grass Deschampsia antarctica (Cannone et al. 2016, 2022). Rising temperatures and
more frequent heat waves predict changes in the ecological balance, facilitating the prolifer-
ation of vascularized species that previously struggled to establish themselves under these
conditions (Carrasco et al. 2021). This indicates that plant communities may undergo a sig-
nificant transformation, influenced by global climate change (Gonzalez-Herrero et al. 2022).
Species expansion, and the concept of Antarctica “greening”, is a complex process that inte-
grates both abiotic factors and the species’ ecological competence, and currently becoming
an important scientific hotspot to technically assess accurately these changes at a regional
scale (Roland et al. 2024; Walshaw et al. 2024, Colesie et al. 2025; Amaral et al. 2025). In
any case, for autotrophic organisms in such a harsh and extreme environment as Antarctica,
any expansion must be driven by increased net carbon gain throughout the year. In other
words, favorable weather should enhance the physiological and photochemical drivers of pho-
tosynthesis, leading to higher carbon assimilation rates (Saez et al. 2018a,b; Clemente-
Moreno et al. 2020a,b; Gago et al. 2025; Lee et al. 2013).

However, these theoretically beneficial conditions do not mean the Antarctic region is
close to becoming a paradise for plant life. Even with these favorable changes, the still harsh
conditions imply that ecological success relies not only on improved growth and photo-syn-
thetic rates, but also on enhanced stress tolerance mechanisms. These are crucial for plants to
successfully cope with the challenging Antarctica growing season characterized by extremely
variable temperature and light conditions, strong winds, freezing events and accompanied by
reduced water and nutrient availability in the soil (Gago et al. 2023, 2025; Lee et al. 2013;
Min et al. 2024, 2025; Ricco et al. 2025; Sanhueza et al. 2022; Saez et al. 2024; Vallejos et
al. 2025; Basile Dazzi et al. 2025). Therefore, could the improved carbon gains and nutrient
acquisition also be key factors in the success of vascular species by enabling them to divert
these increased resources toward stress tolerance, rather than solely toward growth?

Here, in this work we will review the main molecular ecophysiological factors that could
be crucial for the expansion of vascular plants in Antarctica, specially focused on
Deschampsia antarctica, as a model species, to promote the discussion about the future cli-
matic change scenarios that the Antarctic continent is facing.
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1. INTRODUCTION

The Antarctic Peninsula (AP) is one of the well-known regions with high climate variability,
recent atmospheric warming and related consequences to the cryosphere (Davies et al. 2014).
The largest annual and winter air temperatures increase of 0.46 °C and 0.89 °C/decade was
reported along the coast of AP (Turner et al. 2020). Changes in summer air temperature largely
contribute to major part of the interannual variability of all cryospheric components, i.e. glacier
mass balance, permafrost temperature or active layer thickness (Kaplan Pastirikova et al. 2023;
Engel et al. 2024).

Historical observations suggest an increasing intensity of westerlies and their poleward shift
since 1950s (Spence et al. 2014). The climatic forcing will cause a massive retreat of glaciers
resulting in expansion of ice-free areas, especially in the AP region (Lee et al. 2017). The bare
land left by retreating glaciers will be exposed to external agents shaping the landscape such as
fluvial or aeolian processes. With the massive glacier mass loss recorded within the AP region
(Cook et al. 2005), the fluvial processes were dominant. This is however likely to change when
the glacier peak water is reached in the catchments affected by important glacier melt and the
runoff declines (Huss and Hock 2018). Such drying of the landscape may consequently mean
that the aeolian processes will become the leading factor shaping the deglaciated landscapes.

2. ARID ANTARCTIC LANDSCAPES DEVELOPMENT - JAMES ROSS ISLAND
EXAMPLE

Despite the general observed trend of greening around the Antarctic Peninsula (AP) region
(Roland et al. 2024), James Ross Island does not completely follow the trend. The greening i.e.

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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Fig. 1: (a) Dust deposition on the wet surface in the braidplain; (b) dust deposition pattern during the
antarctic summer 2017/2018.

spreading of moss vegetation is observed in the western AP region influenced by increase of
precipitation (Vignon et al. 2021) likely connected to increased intensity and frequency of at-
mospheric rivers (Maclennan et al. 2025). On the contrary, James Ross Island, located in the
precipitation shadow of the AP mountain range, exhibits equally dramatic warming, but no
trend in precipitation at all. This leads to prolonged snow free periods during summer, when
the only source of freshwater is glacier/permafrost melt (Ned¢lcev et al. 2025). Recent warming
is also reflected in persistent melt of local glaciers (Engel et al. 2023). The prolonged periods
of snow free surface exposure during the summer resulted in increased likelihood of dust emis-
sions and dust transport events as the surface dries out, supporting the uplift of mineral particles
(Kavan et al. 2018), recorded also on the glacier surface (Kavan et al. 2020). The enhanced
aeolian activity is also visible in the relief, where landforms typical for arid desert-like land-
scape can be found (Fig. 1a).

Transport of material by wind seems to be negligible on the first sight. However, our long-
term measurements in passive aeolian samplers show that the amount of material transported
by wind is approximately equal to fluvial transport in local streams. Moreover, based on the
elemental composition analyses of fluvial and aeolian samples around the Bohemian Stream
catchment, we hypothesize that aeolian material is by far the most important source of material
further transported in the stream (Kavan et al. 2017; Kavan 2022; Stringer et al. 2024). Results
from the network of passive aeolian samplers clearly indicated the areas where dust deposition
was highest — the leeward sides of mountain ridges. Contrastingly, we recognized the river
valleys as significant dust deposition centres with only minimum dust deposition on the leeward
side of the streams (Fig. 1b).
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3. FUTURE PERSPECTIVES

The continuous warming will likely result in significant differentiation between the western
(maritime) and eastern (more continental) parts of the AP region. Prolonged snow-free periods
will likely cause important surface drying and consequent intensification of the aeolian pro-
cesses. One can assume that with the retreat and disappearance of local glaciers in the coming
decades this process will become even more important.
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species pair, the region, and the extent to which the species co-occurred at depth. These pat-
terns highlight the variability in habitat use and trophic structure among boreal and Arctic
zooplankton, offering insight into the complexity of Arctic pelagic systems in the context of
ongoing Atlantification.
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Abstract

Fjords on the west and north coast of the Svalbard are currently experiencing a steadily
warming mainly due to raising temperatures and increased influx of warm Atlantic waters.
This warming, along with glacial retreat and associated freshwater influx, modifies fjord hy-
drology, stratification, and water turbidity, and thus primary production patterns, which fur-
ther cascade to the whole ecosystem functioning. Woodfjorden, a long fjord north of
Spitsbergen, is located at the northern edge of the West Spitsbergen Current, includes the
main fjord, fed by multiple small rivers, and the two tributary fjords impacted tidewater glac-
iers.

We conducted a complex, multidisciplinary coastal and marine research in Woodfjorden,
during r/v Oceania (10 PAS) cruise in August 2024. A wide range of physical and biogeo-
chemical measurements were taken along the fjord axes including temperature, salinity, light
penetration, dissolved oxygen, nutrients (NO2-, NOs~, NH4*, POs*, DSi), pH, total alkalinity,
pCO;, phytopigments, Dissolved Organic and Inorganic Carbon in the water column, and To-
tal Organic Carbon, grain size and phytopigments in the sediments. We measured primary

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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production rates (in situ), and assessed zooplankton, and macro- and meiobenthic community
structures. Ex-situ experiments were performed to measure sediment respiration rate, and car-
bon and nutrient fluxes. Littoral zone sampling included shallow waters measurements (tem-
perature, salinity, light penetration), algal physiology and biochemistry (Fucus distichus,
Saccharina latissima), and zoobenthic studies.

Here we present the first synthesis of results from a multidisciplinary field campaign
designed to help understand the consequences of ongoing environmental shifts for Woodfjor-
den ecosystem functioning, both in the shallow littoral zone and deep central parts of the fjord.
Our findings offer new insights into the physical and biogeochemical setting of the Wood-
fjorden ecosystem and their influence on biological communities in shallow coastal areas and
across the fjord. Together, collected datasets provide a comprehensive overview of the marine
carbon cycle and ecosystem structure in this relatively understudied region of Svalbard.

Acknowledgments. This study is a part of the Horizon 2023 project SEA-Quester (Grant
Agreement No. 101136480).

Received 15 September 2025
Accepted 20 October 2025



Publications of the Institute of Geophysics, Polish Academy of Sciences
Geophysical Data Bases, Processing and Instrumentation

vol. 455 (P-5), 2025, pp. 173-175
DOI: 10.25171/InstGeoph_PAS_Publs-2025-118
40th International Polar Symposium — Arctic and Antarctic at the Tipping Point, 4-7 November 2025, Putawy, Poland

Pelago-benthic Coupling in a High Arctic Fjord

Marta RONOWICZY*, Piotr BALAZY?, Maciej CHELCHOWSKI?, Piotr KUKLINSKI,
Weronika PATULA?, Anna SOWA!, Janne SPREIDE?,
and Agata WEYDMANN-ZWOLICKA?

nstitute of Oceanology, Polish Academy of Sciences, Sopot, Poland
2The University Centre in Svalbard, Longyearbyen, Norway
3Institute University of Gdansk, Gdynia, Poland

< martar@iopan.pl

Keywords: pelago-benthic coupling, meroplankton, settlement, experiment, Arctic ecology.

1. INTRODUCTION

Meroplankton—pelagic larvae of benthic invertebrates—plays a key role in Arctic coastal eco-
systems by linking pelagic and benthic processes through dispersal and settlement (Pineda-Metz
2020). However, in shallow hard-bottom environments, factors driving this pelago-benthic cou-
pling remain poorly understood. We investigated these processes through a year-round study in
Isfjorden, Svalbard (>78 °N), combining seasonal plankton sampling with an in situ coloniza-
tion experiment using settlement plates at two stations (site S and site N).

2. MATERIAL AND METHODS

The study took place in Isfjorden, the largest fjord on the western coast of Spitsbergen (Sval-
bard), characterized by varied hydrological conditions and underwater landscapes. Salinity in
shallow zones ranges from 28 to 34 PSU, and temperatures from —1.4 to 7 °C (Nilsen et al.
2008). Inner bays are seasonally ice-covered (Nov—July), and the region experiences a 112-day
polar night. Two stations were surveyed: a northern site (N) with colder, more Arctic-like con-
ditions and greater glacier influence, and a southern site (S), warmer and less impacted by fresh-
water input. Environmental differences are shaped by fjord circulation, glacier proximity, and
bathymetry.
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Plankton samples were collected every three months using a vertically hauled WP2 net and
two SCUBA diver-operated methods (horizontal net tow and suction pump). To investigate the
relationship between larval supply and benthic colonization, we carried out a year-round settle-
ment experiment using a metal frame structure equipped with two sets of triplicate plates ori-
ented upward and downward and exchanged at three-month intervals.

3. RESULTS AND DISCUSSION

Regardless of the method, seasonality was the strongest predictor of meroplankton composition
(PERMANOVA, 31.8% variation explained), with spring peaks in Polychaeta larvae and Cir-
ripedia nauplii, summer peaks in Bivalvia veligers, Echinodermata ophioplutei, and Cirripedia
cypris, and autumn peaks in Bryozoa cyphonautes. Environmental variables including temper-
ature, chlorophyll a, and photoperiod, jointly explained 36.7% of variability (DistLM), support-
ing the view that planktotrophic larval development is an effective strategy in high-latitude taxa
like Bivalvia and Cirripedia.

The southern station (S), influenced by warm Atlantic waters, showed greater productivity,
while the northern station (N), affected by winter sea ice drift, exhibited higher overall mero-
plankton abundance. Method comparison indicated that the WP2 net was most effective for
deeper sampling, but the suction pump proved valuable in shallow, kelp-dense zones where
standard nets are impossible to use. Combining both methods maximized multivariate disper-
sion, highlighting their complementary value in shallow Arctic ecosystems.

To investigate the relationship between larval supply and benthic colonization, we carried
out a year-round settlement experiment using a metal frame structure equipped with two sets of
triplicate plates oriented upward and downward and exchanged at three-month intervals. The
results revealed that light and temperature were the main drivers of early epibenthic coloniza-
tion. These physical factors—together with depth, plate orientation, and station location—ex-
plained 46% of the variability in settlement patterns, while biotic variables, such as the presence
of meroplanktonic larvae and phyto- and zooplanktonic communities, explained an additional
24% (Fig. 1).

»"‘iuencing early epibenthic assemblages in an Arctic fjord
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Fig. 1. Venn diagram of partition of explained variation in epiobenthic taxa composition shared between
abiotic and biotic explanatory variables (modified after Ronowicz et al. 2024).



PELAGO-BENTHIC COUPLING IN A HIGH ARCTIC FJORD 175

Sessile taxa displayed strong orientation-dependent settlement: coralline red algae
(Lithothamnion sp.) dominated upward-facing plates, while polychaetes and bryozoans were
more abundant on downward-facing surfaces. However, during summer, juvenile individuals
of the cirriped Semibalanus balanoides aoutcompeted other recruits on both plate sides due to
a massive larval influx triggered by phytoplankton blooms. Seasonal trends were particularly
pronounced on downward-facing plates: autumn and winter were dominated by polychaetes
belonging to Spirorbinae and by bryozoans; spring by Lithothamnion sp. and bryozoans (at
station N) or Spirorbinae and bryozoans (at station S); and summer by S. balanoides, irrespec-
tive of site. Notably, high numbers of Lithothamnion sp. on upward-facing plates deployed
during the polar night provide the first evidence that coralline algae at high latitudes can settle
in complete darkness, suggesting that solar radiation is not a prerequisite for spore release or
settlement. The connectivity between pelagic larvae and benthic recruitment was clearly visible
in the seasonal sequence of cirriped life stages, and to a lesser extent in cyphonautes larvae,
which may correspond to currently unidentified juvenile cheilostomatid bryozoan settling on
plates.

4. CONCLUSIONS

In conclusion, this study provides novel insight into the mechanisms of pelago-benthic coupling
and settlement dynamics in typically poorly explored shallow Arctic rocky habitats. Our results
demonstrate that seasonality, environmental conditions, and larval dispersal patterns jointly
structure meroplankton communities and influence settlement success, highlighting the com-
plex nature of coastal habitats. These findings suggest that climate-driven changes in light and
temperature regimes may alter recruitment patterns and disrupt the functioning of polar ecosys-
tem.
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1. INTRODUCTION

Recent advances in in situ underwater imaging have opened new horizons for understanding
particle and plankton dynamics in marine ecosystems including polar regions. Utilizing the
Underwater Vision Profiler (UVP), we conducted high-resolution investigations of particle size
spectra and morphology of plankton and marine snow across both polar regions—Admiralty
Bay (Antarctica), West Spitsbergen Shelf and fjords (Arctic), and several fjords along East
Greenland (Arctic). This modern optical approach not only quantifies particle flux but uniquely
enables the morphological classification of marine snow into distinct morphotypes, offering
novel insights into their origin, biological composition, and role in the ocean’s biological carbon

pump.

2. RESULTS AND DISCUSSION

Our results highlight the importance of marine snow quality in regulating vertical carbon export
and we demonstrate year-to-year variability in the structure of plankton—particle assemblages,
particularly contrasting the summers of 2023 and 2024 in glacier-influenced coastal waters of
Admiralty Bay, and summers of 2022 and 2023 in glacier-influenced Spitsbergen Fjords. Cou-
pling UVP imaging with laser-based particle counters further refined our ability to resolve par-
ticle fields and provided new metrics to assess the food availability and quality for upper-trophic
levels, including Arctic seabirds during the breeding season.

Moreover, underwater imaging allowed us to map glacial outflows and associated biological
responses across East Greenland fjords, revealing how physical forcing shapes the spatial co-
distribution of zooplankton and organic particles on the shelf. This integrative approach under-
scores the ecological and biogeochemical value of modern imaging tools and sets the stage for
new perspectives in polar marine research.
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1. INTRODUCTION

The active layer and permafrost are key elements of periglacial landscapes in Antarctica’s ice-
free regions. Variations in factors like permafrost temperature and the thickness of the active
layer are valuable indicators of climate change, given their strong responsiveness to climate
fluctuations (e.g. Vieira et al. 2010; Hrbacek et al. 2023). The northern part of James Ross
Island, Ulu Peninsula, is probably the largest ice-free area in the Antarctic Peninsula region.
Local conditions in terms of altitude, lithology, topography or vegetation abundance therefore
provide favourable conditions for the soil wide range of research activities including thermal
state of the active layer and topmost permafrost. In this contribution, we present the data on
active layer thermal regime in the period 2006 to 2023.

2. METHODS

The monitoring network on active layer thermal regime managed by Department of Geography,
Masaryk University, was initiated in 2006 when the first automatic weather stations providing
also data of soil temperature up to 50 and 75 cm depth were installed. Since then, the monitoring
was initiated at 12 localities (Fig. 1) containing more than 20 profiles with soil temperature
monitoring between the surficial part of ground (2 cm) up to topmost part of permafrost (75 to
200 cm). The locality of the sites was selected to provide representative data for different li-
thologies and altitudes.
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Fig. 1. Regional setting and the position of study sites on James Ross Island.

All sites have similar instrumental setting using resistance temperature detectors Pt100/8 or
Pt1000/8 with an accuracy +0.15 °C and record interval 30 minutes. In 2014, the first Circum-
polar Active Layer Monitoring South (CALM-S) monitoring was initiated near to Johann
Gregor Mendel Station, another two CALM-S measurements were started in 2017. To better
understand active layer physical properties such as soil moisture and soil heat flux are also
monitored on the selected sites. Further, the samples from selected localities were collected to
set the soil texture, density, and soil thermal properties in laboratory conditions.

3. RESULTS AND CONCLUSIONS

The mean annual soil temperature on Abernethy Flats (45 m a.s.l.) providing the longest dataset
available ranged from —5.7 °C to —6.0 °C at a depth 5 and 50 cm, respectively, in the period
2006 to 2023 (Fig. 2). The soil temperatures on other site of Ulu Peninsula were usually within
+0.5 °C (lower elevated site) to —2.0 °C (higher elevated sites) when compared to Abernethy
Flats. The study period can be divided into part of pronounced cooling by from 2006 to
2013/2014 which turned into warming continued until 2023, which was the warmest year rec-
orded on James Ross Island. Overall, we detected warming trends of 1.81 °C/decade (5 cm,
non-significant) and 1.43 °C/decade (50 cm, significant at p < 0.1).

Active layer thickness on James Ross Island is highly variable depending mostly on lithol-
ogy and altitude. The usual annual thicknesses observed on automatic meteorological stations
are between 50 and 90 cm. The maximum values > 130 cm were detected by manual probing on
Circumpolar Active Layer Monitoring site near to Johann Gregor Mendel Station (CALM-S
JGM). Importantly, the CALM-S JGM site very well express the importance of the lithological
conditions which caused the differences in active layer thickness > 30 cm in the area of 80 to
70 m. Similarly, to ground temperature, active layer thinned before 2013/2014 (ca. 10-15 cm/
decade) whereas thickening of the similar rate was observed since then.
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Fig. 2. Variability of mean daily (top) and mean annual (bottom) air temperature and soil temperature
at a depth of 5 cm (GT5) and 50 cm (GT50).
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1. INTRODUCTION

Permafrost landscape consists of a variety of frozen grounds, including the ice- and carbon-rich
yedoma (occurring in Siberia, Alaska, and northern Canada), which sheds significant amounts
of carbon into surface waters as a result of climate warming (Mann et al. 2022). The ice in
yedoma had been formed through a variety of processes, including syngenetic ice-wedge ex-
pansion (Shur et al. 2022). Yedoma may thus contain refrozen meteoric waters of various age
with various chemical traces. Permafrost has been shown to include not only a large organic
matter burden, but also mercury (Fabre et al. 2024) and polycyclic aromatic compounds (PACS)
of mixed origin (Muir et al. 2025; Muir and Galarneau 2021). We have demonstrated recently
(Szuminska et al. 2023) that it may also be a source of other metals and metalloids released into
the surrounding waters with thaw. Here, we have further investigated into the organic chemistry
of various surface waters connected to and more distant from a yedoma cliff on the bank of the
great Arctic river Kolyma to determine what other effects may be associated with its thaw and
thermoerosion-driven input into the river.

2. MATERIALS AND METHODS

In July 2021, we collected 28 water samples from the lower Kolyma river and tributaries, two
thermokarst lakes, yedoma ice and meltwater creeks (Fig. 1). PAHs were determined using GC-
MS. Having analysed their concentrations of dissolved and suspended sediment fraction of
PAHs and further organic compounds, we also drew paralells with the Szuminska et al. (2023)
study on metals and metalloids, determined with ICP-MS and ICP-OES.

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.





