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Abstract

At the dawn of the 21st century, the Arctic Ocean ecosystem is at great risk
due to rapid climatic change. The ice edge retreat observed in the Barents Sea and
other subArctic areas is so substantihlat has led researchers to cheterisethem
as global warming hotspatd herefore there is an immediate neetb increase our
knowledge on thavailabilityof elements, anaspeciallythose in the particulate pool
to understand the aftermatlof loss of sea icen those areasThe samples and data
T2NJ 0KAAa (GKSaAraz 6SNBE LINPPARSR GKNRBdAzAK (KS
I NByida {SIFIé3x gK2a&aS T2 Dalgomruaities ghd piokessid O G S NA T
of the northern Barents Sea and adjacent Arctic Bd3uring two summer cruises
with contrasting ice conditionse particulate concentration foP, SO,Na, Mg, Cl, K,
Ca, Si,Fe, Mn, Cu, and Zn, was measured with wavelengh dispersive Xay
fluorescence spectrosco@ong the study transect to map their distributiof series
2F tSIFNR2yQa O2NNBflFiAz2zy GSada NBGSIHESR (¢
living materidin the euphoticzone 2018: PSCa & 2019P-SMg-K-NaC) and one
with a greater prominence in the deeper sampl2818:StO-FeMn-K-Mg & 2019: Si
FeO-Mn ) suggestingesuspension of particulate matte€anonicalCorrespondence
Analysis with complementary biological and hydrographical data furtbafirened
these patternsaand uncovered more detailed information about how the distribution
of elements in the particulate pool is linked to biogenic sources in the study area.
Examination of samplesising aScanningHectron Microscope revealed the most
dominant organisns in the study area each yeas well as supportingvidence of
strong Atlantic influence in 2018 and the impact of seaic2019 as shown with
elemental patterns These patterns and the investigation of their link with
hydrographical and biological factors presented here provide an elaborate overview
of the particulate elemental composition in the No#thlest Barents Sea and
contribute to furtherunderstandingof the potential effects of loss of sea isethat
area.
Keywords: Particulate matter, elemental composition, marine

microorganisms, Barents Sea, sea ice loss
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1.Introduction

Themarineecosystem®n Earthcompriseatremendousamountof microbial
diversityandabundancehat, togetherwith physicaland chemicalprocessesgovern
the pathways and cycling of biologically essentialements within the marine
environment(Arrigo,2005;Azamet al., 1983) Sincethe beginningof the 20" century
and the pioneeringwork of Alfred Redfield(Redfield,1934) our knowledgeof the
relationshipsbetweenbioinorganic chemistry and marine biogeoahistry has been
steadily growing (Morel et al., 2003). The ongoing flamd balanceof elements
between the organisms with unique elemental compositeomd their environment
include among other processes, assimilation, transfer, and mineralization
(transformation of organic to inorganic compounds) and is the concept of ecological
stoichometry (Sterner & Elser, 2008)

Matter is made up of chemicalementsrequired for regular functions of living
organisms and is abundam nature in different formssome directly available for
uptake and use and some n(#rausto da Silva & Williams, 200T)e widespread way
of characterizing different fractionef matter is based on the size of the particles.
Typically, all matter that consists of particles larger ti@a22-0.45>m is defined as
particulate matterand can be retained on filterdn contrast, anything smaller than
that is referred to as dissolvedatter (Volkman & Tanoue, 2002tach groujis then
subcategorizedepending on whether they consist of organigrarganic compounds
(Greenwood & Earnshaw, 2012)

Inorganic particlesn oceanic system&ave various origins. These include
erosion by weatheringrocessege.g. rivers)landsurface drainageand hydrothermal
vents as well addepositionof biogenic materiale.g.,siliceous frustulesf diatoms
and radiolarians, which areomposed of opaline silica (SiGH0), CaC® shellsof
coccolithophorids and foraminifeyd_anger, 2008 the forms ofdissolved inorganic
matter (DIM) and particulate inorganic matter (PIMFrausto da Silva & Williams,
2001) Dissolved organic matter (DOMN the other hand includes colloids (<&m),
viruses, smallbacteria and true solutes (low-molecularweight compounds:

polysaccharides and amino acid®ften DOM materials aggregate to form particles.



Thus, DOM and POM form a continuum, with microlbesnd in both fractions

(Verdugo et al., 2004)

1.1. Marineparticulate matterand its constituents
Marine PM or seston is a heterogeneous mixture of living organisamg

organic detritus and inorganic particles, which may vary substantially in their
elemental compositions in terms of quality and quanti@ollier & Edmond, 1984)
During the course of a bloonphytoplankton constitutes a large fractionof POM
together with zooplankton, protists, flagelkd, and large bacteria (Verdugo et al.,
2004) Additionally other types of labile particles like organic detritus and lithogenic
inorganicmaterialsform particleassemblaggin the water columnTheycan together

with plankton cells and zooplankton fecal materiedrm large aggregateseld
together bytransparent exopolymerigarticles released from planktorknown as
marine snow(Grossart et al., 2006; Munn, 2019)

Thee are varioussources ofPM in marine systemsSome are connected to
terrestrial input (rivers), erosion (hewvainfall and snowmelt), aerial deposition of
dust particles (wineblown dust, volcanic ash, and cosmogenic dust), crustal
enrichment (sediment resuspensio@nd as mentionedearlier to biogeric origin
(Price & Skei, 1975Fhisvariabilityin the sources oPMis the reason for the great
variability in its elemental amposition and availability of chemical elements in
oceanic systemsf we want to graspghe mechanisms behindutrient dynamicsand
energy transfer in the food webr eventhe evolutionaryhistory behind elemental
stoichiometryit is imperative to collect observatnal data that map the distribution
of particulate elemental compositiofrinkel et al., 2006; Quigg et al., 2003; Sterner &
Elser, 2008)But before that, it is important to understand a little bit about the role of
elements and their cycles in marine ecosystems.

Among the 20 essential elements for all marine organi€nsggg, 2008)C, H,

O, N, P, $nakeup >95% of the total mass of organic matterainlyin the form of
carbohydrates, proteins, nucleic acids and lipiddich have vitd roles in the cells
(Munn, 2019) P is typically the fifth most abundant element in organis@s it is a
constituent of molecules (e.g., DNA, RNA, and phospholipis)biominerals (e.g.,
Caphosphate) it acts as a carrier for energy (e.g., adenosingriphosphate, ATP)
and substrates (e.gglucose phosphateggnd it participates in signaling paths (e.g.,
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cyclic adenosinenonophosphate, AMP)(Kay & Vrede, 2008; &de & Kay, 2008)
However, P is constantly alternating between its organic and inorgamt through
microbial activityWhite & Dyhrman, 2013Heterotrophic and autotrophimicrobes
compete for availabl®, which affects productivitgnd that is why its availability has

a major limiting effect on oceanic primary production rates and micratmaimunity
composition(Thingstad et al., 1993for almost a century now, it has become a norm
for oceanographic and marine studies to use P normalized quotas to characterize the
trophic state d a certain system and pvide information about the distribution
patterns of elements and stoichiometric relationships of natural samples, cell cultures
or individual ceB (Geider & La Roche, 2002; Ho et al., 2003; Lomas et al., 2019;
Martiny et al., 2013; Quigg et al., 2003; Redfidl@i34)

Theoceans arthed A 2 & LIK SNB Qa 3 oiS(in theSférm of dufate)? & A (1 2 NB
Even in the most exktme conditions, such as hydrothermal vents, anoxic sediments,
andP-dominated supraglacial spring systems, organisms utilize it as a source of energy
generation and integrate it into organic compountlke proteins and sulfolipids
(Munn, 2019; Trivedi et al., 201&)espite the Aundance of sulfate in seawater, most
marine microbes obtairs from recycling ofdimethyl sulfoniopropionate(DMSRP
which isa compoundproducedby algae suchasPhaeocystis globosand Emiliania
huxleyiand some dinoflagellatespecies In the cells,DMSPcan protect against
osmotic stresgYoch, 2002)but on a greater scalehe DMSRcycleis thoughtto be a
major driver in climate forcing acating to the CLAW hypothesthié acronym stands
for the surnames of the scientists who proposed@arlson et al., 1987)

As a component of oxide compounds such a,S00Js the most abundant
element in the Earth's crust by magreenwood & Earnshaw, 2012) wide range of
biological and abiotic activitieggulate the cycle oD in the atmosphere Significant
progress has been made in understanding the mechanisms that govern concentration
of O, particularly as it is anajor factor in coupled biogeochemical cycles of many
elements, including, P, N, S Si Ca Fe and othergPetsch, 2014)

Seawater consists of 6 principal ionic components that account for >99% of the
weight of salts. These afda (55 %)Cl (31%), $8%),Mg (4%),Ca(1%), andK (1%)
(Vrede& Kay, 2008)That is why, aside the essential elements described ireénker

paragraphs, all marine organisms require inorganic ions, as their survival depends
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highly on precise osmotic contrdNa, K, and Chre also of great significance in a
number of physiological processes ligkectrolytic balancesstability of DNAand
membranes chemical uptake of organic metabolit€srausto da Silva & Williams,
2001) Mg has been found to be amportant cofactor for a numbeenzymesand the
chlorophyll moleculgparticipate inphosphate transfeas well as act as an osmolyte
for marine bacterigFrausto da Silva & Williams, 2001; Heldal et al., 20@a2)among
its various roles in cellular physiolo@rausto da Silva & Williams, 200%)particularly
important for calcifying plankton organismas it is a basic component of their cell
wall structuresin the form ofCaC®(Langer, 2008; Munn, 201 miliania huxleyia
marine coccolithophore, i®sne of the most important CaG@roducers on earth
(Fagerbakke et al., 1994; Krumhardt et al., 20Uf)fortunately, there are strong
indications that ocean acidification due to climate change combiigid Ferepletion
will create unfavorablegrowth conditions for E. huxleyicausing it to expand to
northern areas andhussignificantly affectinghe biologicalCpump (Rosario Lorenzo
etal., 2018; Winter et al., 2014)

Thebiologicalpump from the upper water column is majorly influenced by the
sinkingmaterial originating from phytoplankton and especially diatqmsarine snow,
resting sporeszooplanktonfecal pellets etc.and is responsibl@approximatelyfor
40% of oceani€sequestrationd a dzy Y2 HamdpT ¢ NBIdzShNgthe 5SS [ |
essential limiting nutrient for the growth of diatonas they usetito build their cell
wall (frustule)(Borowitzkaet al., 2016; Egge & Aksnes, 1992; Lomas et al., 201DB)
is also utilized by radlarians, silicdlagellates, several species of choanoflagellates,
and some picocyanobacterial¢ N5 3 dzSNJ g 5 S Sifarkly oscrfiee But H n mo 0
isalmost exclusively in the for of silicate dioxide (Si{Dor silicate (Si®)(Greenwood
& Earnshaw, 2012Thaefore, theSicycle is strongly coupled with tl@cycle andhe
Cflux in marine system@Egge & Akses, 1992; Larsen et al., 2015; Thingstad et al.,
2005)

Trace elementare those required in mor quantities(typically <0.01%bythe
organisnsto maintain proper physiological functisiiQuigg, 2008)Amongthem the
most abundant aré-e, Zn, Mn, C(If'wining & Baines, 2018)hich are components of
metalcontaining enzymes and take part in redox reactighsausto da Silva &

Williams, 2001) For instance Fe is a major componendf cytochromes and an
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important cofactor of enzymes in mamgetabolic pathways of protists and bacteria
(e.g., photosynthesisN fixation, etc.) and has been reported tbe limiting for
biological activity in large oceafBehrenfeld et al., 1996; Frausto da Silva & Williams,
2001; Morel et al., 2003; Munn, 2019)hat is why differenphytoplanktonicspecies
have developed competitive iron uptake strategtbat create complex interactions
among functional groups and regulate iron availability in natural sys{&aschez et

al., 2018)

1.2. Microorganisms and their role irthe marine

ecosystem
Microorganisms arehie most abundant organisms on earth, and they play a

vital role in the global biogeochemical cycles of the eleméAtago, 2005)They are

the major components of plankton in many oceaar coastategiongBratbak et al.,
2011) They are gry oftenassociated with suspended material in the water column
but are also found imigh abundances in the sea ice andha marinesedimentsAn
operational approach to categorize microbial plankton groups is to classify them by
size.Femtoplankton cosists of organisms whose size rarigits between 0.040.2

>m e.g., marine viruses. Slightly bigger organisms like bacteria, archaea and some
eukaryotic protists with a size of @2 >m belong in a group called picoplankton
(Munn, 2019) Howevey picoplankton, includes both autotrophic and heterotrophic
organismswhich of course have very different functional roldberefore it is
important to specify the type of picoplanktogroup one is referring to(Marshall,
2002) To distinguish betweeautotrophic eukaryoticpicoplanktonand bacteria it is
common to use the ternpicophytoplanktonfor the first ones. Because bacteria also
can be autotrophic (e.g. cyanobacteriajd generally are the most common and
abundant taxa within the autotrophic picoplankton, in many studies theyddien
grouped separately (e.gSynechococcy@®larshall, 2002) For the purpose of this
thesis, autotrophic eukaryotic picoplankton (e.gChlorophytes, Chrysophytes
Haptophytes, Prasinohytes, etc.)will be referred to as picophytoplankton and
heterotrophic bacteria belonging to picoplanktas bacteria(Marie et al., 1999;
Zubkov et al., 2006 Nanoplankton is the group that comprises organismsnfdto

20 >m big. Nanoplankton includeamong others,diatoms coccolithophores and



other flagellategMunn, 2019) Again, in thighesisthe term nanophytoplanktorwill

be addressing the autotrophic nan@mktonic organismsand heterotrophic
nanoflagellates (HNF) the heterotroplocganismsan this group respectivel{Marie

et al., 1999)Finally microplankton is a term used for organisms with a fieeveen
20¢200 >m and that includes itates, some very bigdiatoms, dinoflagellates,
foraminifera,etc., and is a highly important component 8M (Munn, 2019)

Our understanding of the recycling of elements within the oceéood web
and between the organisms and their environment haastically changed the last
century.Todayi,t is broadlyacceptedthat microbesare central factors to the modern
understanding of this food web, especially in the photic zone (Azam et al. 1983;
Thingstad et al. 2007)'he microbial food web links nutriernd C chemistry and
energy transfer through the food chain or interior export to the seafldtuwmerous
studies have shown that phytoplankton species showat@m in their elemental
requirements andcomposition(Bratbak & Thingstad, 1985; Egge & Aksnes, 1992;
Gonz t-50 GAE LS mMmopppT YEFdzZAYSASNI SG FfdX wnnanT
Sakshaug et al., 1983; Twining & Baines, 20IBjs variation in composition influ
ences both the stoichiometry of phytoplanktaterived PM (Finkel et al., 2006;
Klausmeier et al., 2004; Rembauville et al., 2016; Sterner & Elser, 2008)

The first studies on the elemental content of mariR&/ started to appear
during the 1970q¢Martin & Knauer, 1973; Price & Skei, 19715ter, more studies
followed that examinedthe major element compositions as well as ratios from
plankton samples to try and link their significance to the fluxes that determine the
major element cycle¢Collier & Edmond, 1984%ome researchers shed light to the
origin (natural/anthropogenic) and spatial distribution of elemental composition of
PMin the North Atlantic and the Svalbard ar@arrett et al., 2012; Bazzano et al.,
2014) Alongside those effortshe pioneer technology of-Ky spectroscopy gave the
opportunity to reveal the elemental content of Plvbm water samplegPaulino et al.,
2013)and was also used in compreheresstudies that related its seasonal variability
to biological and large scale hydrographic processaesh as the North Atlantic
Oscillation(Erga et al., 2017)

Concurrently, the field of elemental stoichiometry was develofiBgrner &

Elser, 2008)expanding from the traditional Redfield ratio to including trace elements
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(Twining & Baines, 2013s researchers gradually realized that there is great
variability of the elemental composition between different ganismal groups
(Frigstad et al., 2011; Geider & La Roche, 2002; Klausmeier et al., PlO@dariability

has been attributed toenvironmentalfactors (e.g., irradianceand evolutionary
history of marine organismsn seawater (Finkel et al., 2006; Quigg et al., 2003)
Consequentlythere is angrowingneed tostudywhich factors angrocesses affect

the distribution of elements in the PM pool, especially in areas that are drastically

transformed due to climate change.

1.3. The Barents Sea

The Barents Sea expands from the border with the Norwegian Sea eastwards
to Novaya Emlya Sea with a latitude rangifgtween 68.5¢ 82.6 N up to the Arctic
Continental Shelf edg@igurel). In total, it covers an area of around 1.6 million’km
with an average depth of 230 m (~500m maxim(®akshaug et al., 2009)

Spatial and temporal variab¥itin the advection of water masses asea ice
cover, are typical characteristics of tB&Dalpadado et al., 2012; Loeng, 1991 has
been found that the ROindex has a substantial impact on cyclonic circulation and
hydrography in theBSon a decadal timeframéLoeng,1991; Loeng & Drinkwater,
2007) On an annual basis, however, fluctuations in sea temperatures are controlled
by Atlantic inflow in the southern portion, Arctic water and sea ice influx in the
northern section, and heat exchange with the atmosph@reeng, 191; Loeng &
Drinkwater, 2007)Consequently, thisurrent fluxesand the bathygraphy, confine the
water mass distribution in thBS(Oziel et al., 2016)

The annual average primary production in the whBlgis approximately 90 g
C per M but it can fluctuate anywhere between 10 and 700 g C pér(8akshaug et
al., 2009) Years of observations and thorough research in B8&(Sakshaug et al.,
1992; Sakshaug et al., 20@®)ggest that it is becoming the first {ee Ardic Sea and
with the most profound changes taking places in the northern and easBSn
particularly after 2003{ ONBSY 9 {AYY2YyR&ZX H sommuchso NI K dzy
that it is characterized by researchers as a global warming hotspdd et al., 2018)
Over the last few years, the observed 30% increase in net primary production in the
BSregion, has been attributed to the decline in sea ice cover due to warming
(Dalpadado et al., 2020; Loeng & Drinkwater, 20@@spite the increase in the
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primary productionthere is still great incertitude on the exact impact on the species
distribution and the food web linkagg®alpadado et al., 2012; Haug et al., 2017,
Ingvaldsen et al., 2020Qziel et al., 2020)
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1.4. Aim of the thesis

In order to collect information aboutthe chemical composition and
distribution of oceanic PMand identify potential patterns and changes due to
fluctuating seace conditiors, samples for elemental composition were collected
alongthe Nansen Legadyansect during two consecutive summe20182019) The
aim of thisthesiscan be divided into three parts:

1 To map the particulate element distribution of P, S, O, Na, K, Cl,aVI§j,&e, Mn,
Cu and Zn during two summers of contrasting sea ice conditions in the-M&sh
BS

1 To calculate the correlatiors and stoichiometric relationships between the
elements.

T ¢2 Ay@SaidAiadarasS GKS St SYSyidaQ cerdihlk@n ya
biological and environmental factors (i.e., chloroptg; microbial abundances,

temperature, salinity) can assist in interpreting the observed elemental patterns



2.Materials andnethods

2.1. Nansen Legacy transect
The samples used for this stuagre collected from the Nansen legacy process

stations P1P5 in the NortAWest Part of theBS(Figure2) covering the northerrBS
from south of the Polar Front twards the Arctic Ocean

(https://arvenetternansen.com). The sampling wasonductedon the Norwegian

research icebreaker R/V Kronprins Haakon throughout the course of two research
cruises which took place on thé @3 of August 2018 (JEx Joint Cruise -R) and
5h-27" of August 2019 (Q3eference to the 3rd quarter of the yearinthe JC12
cruise the process stations #7b that were conducted were all open water stason
On the Q3 cruise, seven process stations (P1, P2, P3, P4, P5, P6 and P7) were
conducted, of which the first four were opemater stations on the shelf (P1, P2, P3
P4), while the ones situated on the shelf (P5), slope (P6) and deep Nansen Basin (P7)
were covered by icéefocompare the two years, only data from stations-P3 were
analyzedn this thesis.
This area is hydrographically characterized by six watesesalsased on the
description ly Sundfjord et al. (2020)
1 Arctic Water Ar'W): Sea ice melt water is exported southward from the Arctic
Ocean onto theBSshelf which then circulates northward back and sinks into the
Arctic OcearfAagaard & Woodgate, 20QI)his water mass is easily recognized by
its low salinity (<34.9 PSU) and temperatures below zero.
1 WarmArdic Water (WArW): This water mass can be a result of warmingAo#V
SAGUKSNI 68 &2t NI NIRAFGAZ2Y 2N o6& YAEAYy3I gA
1 Atlantic Water (AW) : Advected from the North Atlantic into the SouthvB&sthe
Fram Strait, the Eastern Eurasian Basin, &edArctic Basin (Figure 1). This warm
6BHc/ O FYR alfAyS o6pondgp t{! 0 &I GSNI YI aa
further north due to the strong stratification.
1 Modified AW (mAW): The term is usealdescribe theAW mass that has lost its
heat(0<T<€ / 3 BHonddp t{'!' 0 RdzS (2 &aSI A0S FT2NX¥I
1 Intermediate Water (IW): This definition describes the water mass that has even

f 26SNJ 0SYLISNI G dzZNBE  tmAWiaad is usuall foundbdpeper{ | 0 (0 KI y
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1 Bottom Water (BW): A locally formed water magth extremely lowtemperature
(<Mm®dmc/ 0O YR KAIK alfAyAlte o6pondd t{! 0z
layer during autumn when the release of brine during sea ice formation and

cooling of the atmosphere occurs.

T g;; August 2018
- Z\? a o
S J.PS
o | anlthe — ’
%é@w / P4
E m}:btﬂ%w; P3
8 1 '
8. f %"‘K? P2 August 2019
Bl S '
! .P1

18 20 22 28 28 32 34 38 38

24 il i 30 3
Longitude (decimal degrees)

Figure2. Map of the Nansen Legacy process stationB®Pin the NortAiNest Part of the Barents Sea (left). Se
coverage forAugust 201gright-top) and August 2019 (rightottom) Map built under the PlotSvalbard packi
(Vihtakari, 2020)and sea ice coverage datduring the corresponding study periods wegeovided fron
https://resources.marine.copernicus.eu/
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2.2. Hydrdogical parameters: temperature arsalinity
A SBE 911plus CTD system {(Bed Scientific, WA, USA), documented

temperature and salinity, which were used to identify water masses in the study area.
The CTD was lowered vertically at a speed betweenl0r@/s on each station and
values wereecorded upwards.

A 24Niskinbottle rosette attached to the CTD cage was use to acquire
samples on the upcast for particulate elemental composition, chloropykhnd
flowcytometry at the assigned standardized sampling de@h40, 20, 30, 40, 50, 60,

90, 120, 150, 200 nh)CM (Deep Chla max: only if present and significantly different
FTNRY aidl yRINR R Botiorkid h (IdwdsSsaripling deptivalways $OR
m above the seafloor to avoid damage to the equipment). Further cruise and sampling

details are described ithe Nansen Legacy Sampling Proto(2020a)

2.3. Elemental concentrations pfrticulate matter
Water samples weracquired with a Nisk#bottle rosette attached to the CTD

cast. Samples were taken from the standard depths on every station. The water

samples were collected directly from the Niskin bottles into plastics containers that

were cleaned with distilled watdveforehand and rinsed with a small sample volume

before being filled. If necessary, the containers were kept in a dark and cold place until

filtration. Right before filtration the containers were gently agitated to resuspend any
sunkenmaterial. For the ttal particulate element analysis approximately 1.5 L from

SIFOK gl GSNJ &l YLXS g6Fa FAEGSNBR Ay GNARLI AOL
0t/ 0 FAECEOGSNARZ nt YY AY RAFYSGSNE nodc >Y LRI
After filtration, each filter wa rinsed with 5 ml of distilled water to prevent

interference from salt crystalghen left to airdry and kept try in petri slides until

further analysis. Total particulate concentrations of P, S, O, Na, CI, K, Mg, Ca, Si, Fe,

Mn, Cu, and Zn were measuredby wavelength dispersive-RRay fluorescence
ALISOGNR&AO2LR 0625-wCO0 AY . NHzZISNX ! -9 {n L
of Bergen(Figure3). PC filters haveigh content ofC,and this high background will

obscure the WDXRF measurement for that particular element. In addition, N cannot

be precisely measured due to influence from the strong C igeaklino et al., 2013)

C and N are therefore not included in this investigation.

12



WDXRF analysis has a lobehefits as it is nofestructive, noAinvasive, and
requireslittle preparation of the samplegGamela et al., 2020The concentration for
the abovementioned chemical elements was calculated based on the calibration
parameters and detection limits explained Haulino et al.(2013) (Appendix6.1,
Equation 1). The instrument provides a bulk amount of particulate element
concentration and does not discern between different chemical forwdeast three

blank filters from each new batcind three filters with filtered distilled water were

analyzed for reference prior to analyzing the samples. Standard error (SE) is given for

all sampling pointsMore detailed information can be found in the Nansen Legacy

Sampling Protocolg020a)

7 water sample (Counts per second)

-

/

<= Filtration of Intensity counter

Polycarbonate or Detector
Glass filter

() Beamfilter .
— \ Characteristic
e . W X-rays from &
Polychromatic X-rays—, . sample &8 Secondary
‘ V .~ « collimator
Primary .
\ collimator y o
X-Ray o
tube Analyser

crystal

Data saved on
computer

Figure3. Schematic representation of the main principles of wavelength disperstey Kuorescence
spectroscopy (WDXRF), used to measure particulate elemental stoichiometry from water samples.

2.4. Determination othlorophylla
Data for quantification of chlorophyla and phaeopigments using the

fluorometric acidification method were acquired acdog to the methodology
described in the Nansen Legacy protod@@20b)Appendix6.1, Equation2).
2.5. Abundance of bacteria and small protists

Samples for enumeration of bacteria, heterotrophic nanoflagellates,
picophytoplankton, and nanophytoplankton by flow cytometry were analyzed
following the methodology described the Nansen Legacy Protd@i20cjAppendix
6.1).
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2.6. ldentification of algal species
For the goal of identifying th®M constituentsn samples of interest, some

filters used for determination of particulate elemental stoichiometry were prepared
to be viewed with a Quanta FEG 4&td a SUPRA 55¢anning electron microscope,
at 250;0 p n na@gnifidation or higher if necessary. SEM specimens were prepared by
mounting the filters on Astubs and coating them with iridiuor gold/palladiumin a
Polaron SC502 Sputter Coater for 30 s.
2.7. Statistical analysis

Addressing the distribution of theneasured variables is the perquisite for
choosing the appropriate statistical method and tools to analyze a dataset. For that
purpose, a Shapird Af {1 Qa GSad o6Fa LISNF2NX¥SR G2 |

Qx
Qx

distribution of the data/Appendix 6.2)Toassesshe significance of differences of the
measured element concentrations parameters and microbial abundances between
the two summers & St OKQA ! bh+! (Sad {2t&BSwWakSNI g A (0 F
LSNF2NYSR® ¢KS 2SfOKQa !bhx! GSadmalgl a OK2:
distribution for the data therefore is neparametric and is less sensitive to
heteroscedasticity(Moder, 2016) P-values were adjusted using the Bonferroni
correction. The Bonferroni method is a multiglemparison correction used when
several dependent or independent statistical tests pegformed simultaneously to
avoid a lot of spurious relationships (type | err¢fginstrong, 2014)
One of the goals of this this thesis was to describe the distribution of the
elements inPMin association withhe distribution of microbial groups. Therefore, a
series of Pearson correlation tests were performed with the Bonferroni correction
method to see if thee are any correlations between and amotige element
concentrations and the microbial groups. The correlation coefficient (a) between for
any responseredictor relationship was set at a level of |a| > 0.3 to account for the
number of comparisons being germed.
Canonical correspondence analysis (CCA) was performed to investigate the
relevance of the element concentrations BM in explaining variation in microbial
abundances in the study area. CCA is a constrained ordination method used widely in

aquaticstudies where a low dimensional ordination space is created through linear
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combinations of environmental variables, which makes it a useful method for
RSGSOGAY3a SYy@ANRBYYSyGlrft @IFNAIOEfSA&(T&rKlI G WoS:
Braak & Verdonschot, 1995)n such a space, similar samples are plotted close
together while dissimilar ones are placed far apart. It is generally applied to identify
and measure associations among two sefsvariables where one of them has
observations (for example, species abundances in each studied site) and the other has
gradients (for example, measurements of environmental variables in each studied
site). Here, CCA is used as a tool to help better utaedshow and why some of these
variables could be stronglyinked An initial model including all element
concentrations wasvaluatedwith the vegan package in R. To avoid downweighing of
the model, a Hellinger transformation was performed on both magicéhe choice of
constraining variables in the final model was decided using forward selection with the
double stopping criterion as implemented in the ordistep function in Végmnchet

et al., 2008) ANOVAike Monte Carlo permutation tests (n=999) were implemented

to find out which vectors (elements) werstatistically significant to explain the
variance of the response variables (microbial groups) as well as the significance of the
whole model(Appendix 6.2)The results were depicted in a CCA biplot.

All data manipulationsnd statistical analysis was performed in RStuall
visualization of datavas done with the ggplot2 packa¢fe Core Team, 2017; Wickam,
2016) The results for temperature, salinity, elemental concentrations, and chlorophyll
aare depicted in section plots busing the algorithm Multilevsigine Appoximation
(MBA) for data interpolation as it is implemented in the PlotSvalbard pack&geeR
et al., 1997; Vihtakari, 2023n online repository with all datasets and detailed scripts
is available on GitHufinttps://github.com/ilianauib/MasterThesi}.
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3.Results
3.1. Temperature andalinity

The hydrological parameters (temperature asainity) were investigated to
distinguish the origin of the water masses along the Nansen Legacy transect. In August
2018, there appeared to be in general higher temperatufe$S(f OKQ& ! bh+! Y CT
p<0.00) compared to August 2019, especially above 4@epth in all stations. In
2018, P1 was the station with the highest temperature (maxd®). éven down to 240
m depth where the sea temperature was just abow€ Figure4). On the contrary in
August 2019 stations P4 and P5 were dominated by water belto®Z, and

temperatures above & were found only in the surface layer of P1 and P2 stations.

August 2018

= 100
=
(=R
i
O 200
300
0 200 400 600
Distance km
[
Temperature °C 3 0 3 4 B
August 2019
0
100
E
i
s
o 200

300
] 200 400 G600
Distance km
B
Temperature °C _5 0 2 4 g

Figured. Depth section plots of temperature along the study transect for August 2018 and August 2019. B
correspond tesampling pointsContour lines are drawnan ®mc/ X nc/ YR Hc/ @
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{fAYyAle imttdatdzSignificenlyFogtdein the two years (p=0.06)
however there appeared to be a dominance of less saline water with <34 PSU
documented in the surface of P5 (32 PSU), P4 (33 PSU), and P3 (33.8 PSU) in 2019
(Figureb). Overall, in 2018 the water column appeared to be more mixed with a warm
surface layer stretching over the whole study area, while in 2019 there was a greater
influence of more cold ahless saline water ithe study area spreading southwards

from the northern part of the transect.

August 2018
0 JP1 P2 F3 P4 P5
£ 100 1
i
0
18]
0O 200 1
300 1
0 2L:IIZI 4L:IIZI EIiIZI
Distance km
L N
August 2019
o JP P2 P3 P4 P5
i i Z ¥ 2
100
E
Ly
g
O 200
300 4,
0 2E.IIZI 4IZlID EE.IEI
Distance km
L N

Figure5. Depth section plots dgalinity along the study transect for August 2018 and August 2019. Blac
correspond tesampling pointsContour lines are drawn &.4 PSU, 34.5 PSU, 34.7 PSU AND 34.9 PSU
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3.2. Distribution of particulate elemental composition

The results for particulate elemental composition are depicted in section plots.
Each plot has its own separate scal@tzount for the variableange of themeasued
valueson each yearAdditionally, the depth axis on some ofetlplotsis in log scale
for visualization purposes.

Phosphorus
ParticulateP concentrations varied between 0.06@2.004> r - 0.191r0.006

> rin August 2018 and 0.0§6.000> r - 0.276,0.021> r in August 2019Kigure6).
Although highest concentrations for particul@®svere observed above 75m depth for
both years and there was not a significant difference in the documented
concentrations between the yea?2 (St OKQ& ! bh+!Y CIHI LI nodmp!
differed largely from one year to the other. As shown in Figure 5, in August 2018 the
highest value of particulat® was documented at 20 m depth in the lowest latitude
(P1 76N). It is also noteworthy that i028 elevated values éfwere also documented

at P2 station (40m: 0.08D.006> r),at P3 40m:0.108 n ® m f) the bottom samples

of the first two stations (P1, 322m: 0.0§6019> r and P2, 181m: 0.08D.006> r).

On the other hand, in August 2019, the maximum concentration of particiHatas
observed at the ice covered station P5 betweer200m depth (0.2640.013> r -
0.276,0.021> r), while high values were alsegistered at P4 30m (0.149.010> r)

and at P50m (0.1480.06> r).

Sulfur
Concentrations of particulateS ranged between 0.008D.001 > r ¢

0.046,0.009> r in 2018 and 0.005 n ®r naw1 ® n 7 n M 2019 (Figure 4),

GAOUK GKS fFGOSNI 0SAy3a aAayAaAFAaAOlyidfe KAIKS
distribution varied similarly with particulat® with three distinguishing exceptions

(Figure7). Specifically, in August 2019 the area with the maxmparticulateSwas

found just below the surface (10m) at P2 station with high concentrations

0 n ®np yxprhasa detbcted down to 380m. Another area with higBwas the

G2L3 wnY G t>pr0dohPYRc om N dh fio>tr)ninteyestigiyghe 5 1 @1 nn
year prior, elevated concentration of sulfur was documented at 10m depth at P1

aGlraAazy onpnncpndnndg
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Figure6. Distribution of particulate P #a r during August 208 and Awgust 2019 for all five stations of the Nan
[ ST 08 ¢NIyasSod FNRY Black dots doftespond ammpling pointsS Fefpth akia is iN.

scale.Notice the different scale for each year at thettom of each plot.
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August 2018
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Figure7. Distribution of particulate S i r during August 2018 and August 2019 for all five stations of the
bryaSy [S3F 08 ¢NIyaSOi FTNRY Ttccb { samplmgpointdDepthiads

in log £ale.Notice the different scale for each year at the bottom of each plot.
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Oxygen
Unlike P and S, the highest concentration of O was observed in deep

water/close to bottom. Particulate O concentration Figure 8) varied between
0.064,0.000 > r¢ 0.620.071 > r in 2018 with two exceptionally high values
1.70%0.341> r and 1.46%0.073> r at the bottom of P1 (322m) and P2 (181m)
respectively. On other hand, in 2019 concentration of thePM ranged between

0.085%0.004> r - 1.24150.120> r (lowest: P2 90m, highest:1IF315m). Despite the

similar distribution between the two years and those two high values in 2018
mentioned above, th® concentration of thePMin 2019 was significantly hightran

0KS LINB@A2dza &SI NJ 02St OKQa ! bhence¥ntt®@ I' ¢gdH
RAGGNAROdzGA2Y 2F LI NI A OdzZ D{A.8480.G73>r) ati5kn2 G & LJ2 G €

August 2018
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Oxygen puM 04 0.8 12 16

August 2019
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Oxygen pM 0.3 0.6 0.9 12

Figure8. Distribution of particulat®OA y >r RdzZNAy 3 ! dzZ3dzAd wnmy FyR | dz
Legacyt NI yaSOG FNRBY Tccb (2 yndocb sanplibghpdintsii@ice ik dfferér
scale for each year at the bottom of each plot.
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depth on the P1 station in August 2019. As described laksw in the results, this
particular hotspot of O coincided with high particulate silicate concentration,
chlorophylla maximum and high nanophytoplankton abundance.

Sodium, Chlorine, Potassium
ParticulateNaand Clshowedsimilar distributionalong the research transect,

with some bcations of high concentrations (2018:-P40m and P220m, 2019: P2
10m) Figure9 & Figure10). The concentration of particulat& ranged between
nednnHpADOMN RN Pann >c AY 1 dz3 dgnid nipmmyn daynR  n
>r AY !l dz3dzald wnmopE gAGK GKS KAIKSad 02y O0Sy

the study area for both year§igurell).
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. IR
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August 2019
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Figure9. Distribution of particulatéNain> r during August 2018 and August 2019 for all five stations of the N
[ ST O0e ¢NIryaSoOil FTNRBY Ttcchb {2 yndsamdingpdinfEpth akiin I¢
scale Notice the different scale for each year at the bottom of eaoh pl
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FigurelO. Distribution of particulate @'y >r RdzNAyYy 3 ! dzZ3dzald wnamy FyR | d
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scale. Notice the different sieafor each year at the bottom of each plot.
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August 2018
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bryaSy [S3aF0& ¢NryaSoOi FTNRBY T1ccb {zsanplngmiotsDepihfad
in log scale. Notice the different seébr each year at the bottom of each plot.
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Magnesium
Particulate Mg varied significantly between the two summers in terms of

concentrationf St OKQ& ! b h *! Yané distribudoniEthe wiater clamnm
(Figurel?). More detailed, in 2018 concentrations varied between OgID@01> r ¢
0.0650.008> r with highest value®.17150.053> r at P1 322m and 0.140.015> r

at P2 181mOn the contrary, in 201RIg seemed to be more abundant on the surface

layers of P2 (10m : 0.168.070> r) and P5 (10m & 20m : 0.153.010> r).

August 2018

300
0 200 400 600
Distance km
: I
Magnesium pM 0.05 0.1 0.15
August 2019
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: I
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Figure12. Distribution of particulate Mgy’ >r RdzZNAyYy 3 | dzZ3dzA 40 wnmy | YR
blyaSy [ S3F 08 ¢ NI yas O irightNEadk datsccortespan@ sanpling points Noticé t6:
different scale for each vear at the bottom of each plot.
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Calcium
Concentrations of particulat€€awere significantly higher in August 2018

OHAMYY nonqmodwpmmbgumd®amMm >r T H-mPdY dp ®DOmp@ ghn ®nji
2S5f OKQa !bhz!Y CT ndc IFigd1d the disiributioh afCai £  dza G NJ
between the two summers was disparate. During the August of 2018, there were two

primary areaswith high concentrations botfiound at the southernmost station (P1

30m and 60m) with the concentration decreasing northwards along the transect.

Contrarily in2019, high concentrations were documented on the bottom and surface

of P1, which expanded across ttop water layer until station P2, and most distinctly

at 30 m depth at the P3 station.
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Figure13. Distribution of particulate Ca i r during August 2018 and August 2019 for all five stations ¢
blyaSy [S3lF0e ¢NIyaSOi FTNRBY T1ccb {2samppingpomtbDeqittas
is in log scaleNotice the different scasfor each year at the bottom of ea plot.
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Silicon
In August 2018 particulat8i@ NA SR 06 S 6 S S y¢nndP iy p g giddc gp

>rY gAUK GKS (g2 KAIKSal @ fdzSa NBFOKAYy3I wm
181 m and P1 322 m depth, respectively. In 2019, high concentrations also

observed near the surface layers {PIn YY 51 ®ddpmp mdPYpc n>pmIT 1tpp1t PN HY
as well as near the bottom (RAMp YY nO®dpHEF@mMYY »+O@ECPotro 1PN

> r Bigureld).
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Figurel4. Distribution of particulate Si i r during August 2018 (top), and August 2019 (dofenhll five station
ORSLIAOCGSR a @OSNIAOKE R2GGSR tAySao 27F K Notiberthy
differentscaledor each year tithe bottom of each plot.
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Iron
The highest values for particulafethrough the whole transect for both years

were documented in the deepessamples (below 100m the concentration of

particulate Fewas one order of magnitude higher compared to the concentration in

the top 100m in all stations in both years). The concentration fluctuated from
ndénnHpn®ann pwn (>248IMPI0ROISHEMIINE Y ndnnopndnnu >
N®HHOBR N DAIMEM) m 201D Interestingly, in 2019 particulde marked a

descending trend in a northward directioRi§urelb5).

Figurel5. Distribution of particulate Fe ¥ r during August 2018 (top), and August 2019 (dofenjll five station
(depicted as vertical dotteH A y Sa0 2F (GKS bltyaSy [S3F0e ¢NIyas
different scales for each year at the bottom of each plot.
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