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Abstract

During the presenttsdy the relative abundance variasobpetweenPhaeocystis pouchetii
(Hariot, Lagerheim)and diatoms were investigated. Both biological and environmental
factors relaed to P. pouchetiiand diators were studiedn order to reveal possibieherent
orderlinessconnected taheir relative abundance variations in time and spddee areas
sampled were the Barents S&say 2006, 2007 and 20p2he Vestfjordarchipelago(April

2006, 2007 and 200@nd East Finnmar{iay 2009. In order to get a vertical and wontal
overview of their dominance distribution, a ratio denoting their relative domigamase
generated! investigatedthree depthgOm, 10m and 50m) and the relative dominaat®.
pouchetiiand diatomsat each depth were plotted against latitude landitude in the areas
sampled. Their presence and distributioerevinterpreted based on correlatoio co
occurring species and environmental variablde vertical distribution showed a trend for
pouchetiito dominate at 10m and diatoms at Om lhtlaree areas sample®.. pouchetii
seemed to be more abundant in the southern Barents Sea and East Firafaiaek to
Vestfjord archipelago. Diatoms on the other hand seemed to be more abundant in the northern
Barents Sea, especially at the ice edgkin Vestfjord archipelagoelative toEast Finnmark.

P. poucetiiwas observed most dominant in 2009 in all three main areas samplidel
diatoms dominaidin 2006 in the Barents Sea atm# Vestfjord archipelago. In the Barents

Sea and East FinnmarR, pouchetiiwas positively correlated tlate spring bloomdiatom
species as well as environmental variabMsch alsoindicaed a later appearance oP.
pouchetii in the spring bloom.n the Vestfjord archipelagd®. pouchetiiwas positively
correlated toboth early and latspring bloom species indicatir®y pouchetiito be present
throughout the spring bloom season. The environmental varidgiéed?. poucehtiiwas
positively correlated to however indicated a somewhat later appearaRceaichetii Total

di atom stock (fATo tspecidsaeporteddoshave peak abundance earligr o
than the specie®. pouchetiiwas positively correlated tom the Barents Sea and in East
Finnmark InVest fjord archipel ago 0TaoobthealyandVai@s pos
spring bloom species, indicating the main species to stay abundant throughout the bloom
seasonaswasalso indicated foP. pouchetiiHowever, according to the physical parameters
the main species constituting T o t genelalyseened to be more abundant in the early
spring bloom compared t®. pouchetiin both the Barents Sea, East Finnmamkl Vestfjord

archipelagoThe vertical and horizontal distribution Bf pouchetiiand diatoms in time and
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space iprobablyconnected to botimterspesific competitiobut also tdife history strategies.
P. pouchetiiis probablybetter adapted to less turbulence than diatanest does not require
silicate, thus avoiding competitiomith diatomswhen silicate concentrations are Idate in
the spring bloom season. The life history strategiesPfopouchetiiis however difficult to
outline since their entire life cycle is not yet resolved. Most of the diatoms comuniog a
spring bloom are spore prodire Whereas diatom spores requires deepxing and
irradiance to germinatd?. pouchetiiresting stage (if any) is still naonclusively detected
and its functioning can thus not be resolvé@tie bentiegpelagic dynamics is most likely
important clues in the distribution of phytoplankton indimnd spaceAs to the taxonomic
identity of P. pouchetiigenetic analyses performed indicated that it caldd belong to both
Phaeocystiscordata and Phaeocystisantarctica However, examined from a morphological
point of view thePhaeocysticell-materal collected from the Barents Sea in 2007 and 2009

were identified a®haeocystis pouchetii

Key words: spring bloom, phytoplankton dominancePhaeocystispouchetij diatoms,

Barents Sea, East Finnmark, Vestfjorden



1. Introduction

What is a phytoplankin bloom? As Smaydél997) pointed out, a bloom is not simply a

biomass issue. It also has regional, seasonal and sppeiefic aspects.

The most striking feature in the annual cycle of phytoplankton in the northern coastal and
shelf areas, the north Norwegian coast and the Barents Sea, is the spring bloom. The spring
bloom is relatively fixed in time, starting at the earliest late Maoften lasting into May

with peak abundances in ApfiDegerlund & Eilertsen 2009Exceptions though exists, for
example in Porsangerfjord where the spring bloom continues into the summer (Hegseth et al.
1995, Eilertsen & Frantzen 2007) or in Vestfjord where peaks in shallow amaden
observed in March (Degerlund & Eilertsen 2008his annualincrease in phytoplankton
biomassis importantin that it feeds the entire marine systenduring the springwhen it is
breeding season famorthern marine organisms, e.g. newly hatched figihaols (match
mismatch Cushing(1990) Thus theassessment of theming and mechanisms regulatitige

spring bloom is important in order to understand variations.gnfisheriesbeing crucially
important along the coast of northern Norway and in the Barents Sea. Thigiaally
historicallythe first motivation for studying the northern spring Inlod/estfjord, an area that
serves as the main spawning groundrforth east atlanticod, was the firsareain northern
Norway where extensive phytoplankton studies were perfor(Regn 1929, Gran 1930,
Braarud etl. 1958, Braarud & Nygaard 1980, Huseby 20@&3veral other extensive studies
have later taken place in north Norwegian fjords, e.g. Skjof@ehei 1974, Eilertsen 1983)
Balsfjord (Gaarder 1938, Eilertsen et al. 1981b, Eilertsen & Taasen 1984, Lutter 1989,
Sandberg 1996Malangen(Gaarder 1938, Throndsen & Heimdal 1976, Hegseth et al. 1995,
Sandberg 1996)UlIsfjord (Heimdal 1974)and Altafjord and Porsangerfjo iHegseth et al.

1995, Eilertsen & Frantzen 2007h the Barents Sea the phytoplankton studies ranges over
more than a centurfCleve 1883, 1899, Gran 1902, Gran 1904, Braarud 1935, Smayda 1958,
Heimdal 1983, Eilertsen et al. 1989, Heimdal 1989, Hegseth 1992, Hegseth 1997, Wassmann
et al. 1999)Characteristic of these are though that they cowéy limited periods of time, i.e.

they do not discuss annual variations. Only three Norwegian sources covers larger periods of
the year(Eilertsen et al. 1989, Evensen 1994, Degerlund & Eilertsen 2008je ale exists

several Russian publicatiotigat, peculiarly enoughseldomarecited. However, the extensive

monograph by Kuznetsq1992)is oneto take note of



Another aspect of phytoplankton blooms are harmful aldaems influencing ecosystems
andcausing economically losses to the fisind shellfish industry. This has though not been

so much in focus in the nortiprobably due to seldom occurrences, but it is a fact that e.qg.
Phaeocystis pouchetimay act toxiqHansen et al. 2004The understanding dhe dynamic
mechanisms regulating biomass, species succession and assemblages of phytoplankton
blooms aralsocrucially importam for an understanding of biologicalents at higher trophic

levels.

The area nortardsfrom the Polar Circle is unique in that large seasonal fluctuations in
environmental conditions influengehytoplankton biomass changes. Much effort has been put
into research on physichiological regulatory mechanisms since the last period of tfe 19
century(Cushing 1978jhen researchers hypothesized thatallity in physical parameters
influenced marine lifg(Sars 1879) The most common explanatory mechanism associated
with the bloom onset is the Sverdrup paradigm (1953), assuming that nutrients are not
limiting andstating that a mixed depth has to be equal to or shallower than a critical depth.
However, the spring bloom in northern areas often starts in unstratified watersmasse
prior to ameasurablelensity stratification of the water coluni(@aarder 1938, Heimdal 1974,
Schei 1974, Eilertsen et al. 1981b, Eilertsen & Taasen 1984, Skofteland 1985, Hansen &
Eilertsen 1995, Eilertsen &rantzen 2007)contrary to what is observed in more southern
areas. This delayed northern stratification is a result of less effective solar heating and surface
salinities being higher due to less runoff compared to southern Norway. Northern Norway has
a smaller drainage basin in addition to later ice melting, with a peak in runoff in June, due to
the characteristic light regim&ilertsen et al. 1981a)n the winter twilight period the sun is
below the horizon from 27 November to 15 January and during summer the sun is above the
horizon from the 20 May to 22 July in the Tromsg aredNR9In this intervening time the

daily incident irradiation increas rapidly with increasing day number and latitude. During 90
days at 78N the daylength increases from 8.3 to 24 h with a mean increase Hedagth of

0.081 h day. At 80°N the daylength increases from 2.5 to 24 h in only 45 days which results

in a mean increase in ddgngth of 0.48 h day Another factor also weakening the
stratification of the water column early in the spring is the prolonged period with winter
overturning of the water massgSaelen 1950, Svendsen & Thompson 1978, Eilertsen et al.
1981a). Measuremets from a 23 years period sh@awositive heat flux (cooling of the sea)

from September to Apréinda negative heat flux during Majugust for the northern coastal
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areaqEilertsen & Skarohamar 20Q6Dhis is howevetrue for coastal areas north of Tromsg,

i.e. areas hypothesised to be much less influenced by seaborne telecommunication
mechanisms than southern temperate gieiéextsen & Skardhamar 2006)he northernmost

coastal areas thateasignificantly influenced by seaborne telecommunication mechanisms are
according to Eilertsen and Skardhanfa006) Vestfjord The Vestfjorden basin traps and
slows down the north flowing Norwegian Coastal Curr®&@€C), which both influences the
atmospheric and ocean climate in that particular area. The Barents Sea is also to a greater
extent influenced by seaborne telecommunication mechanisms by warm and salty Atlantic
Water (AW) flowing through the Barents Sea Oing (BSO).

The succession of specidaring a bloomis most often explained by changing physical, as

well as chemical and biological conditions during spr{Mpargalef 1958, Smayda 1980)
Nevertteless, when phytoplankton staot appear in the water masses in early spring, they
most often show a characteristic patternpitglly small species appear in early spring,
followed by larger onegGaarder 1938, Schei 1974, Eilertsen et al. 198Th)s is in
accordancewith Margalef's (1958) succession scheme which consists of three defined
succession steps. Starting out with sreelled diatomghere isa shift to a mixed community

of bigger diatom cell$ollowed by athird stepdominated bydinoflagellate{Margalef 1958)
However, the sampling along the north Norwegian coast and in the Barents Sea has often
been sporadic botln time and space. Attempts to monitor the species success@n
therefore difficult. However, therare fewer drawbacks with such data when investigating
species assemblages and key species. Several attempts have been made to define species
assemblages connected to spring blooms, by assemblages meaning typical associations of
species connected to specifgeographical areafCleve 1896, Gran 1900, Gran 1902,
Jargensen 1905, Gran 1927, Gaarder 1938, Sakshaug 1972, Heimdal 1974, Braarud &
Nygaard 1980, von Quillfeldt 2000, Degerlund & Eilertsen 2009)

An inherent poperty of the northern phytoplankton works cited above is also that they
most often show tha®. pouchetiimay be abundant and that its amount relative to diatoms
may vary.P. pouchetiiis also considered ora the main species in the Arctic spring bloom
in terms of both cell numbers and biom@ésagerheim 1896, Eilertsen et al. 1989, Degerlund
& Eilertsen 2009) The literature connected t®. pouchetiiis extensive due to its great
ecological and economical impa@nd a focus on all aspects Bf pouchetiibiology is

beyond the scope of the present tektextendedcollection ofs 0 meentréb P. pouchetii



literature isthough compiled inAppendix C. Peculiarlyenough few of the formerly
suggested species assergbk mentionP. pouchetii,although it is a commonly occurring
species during the spring bloom in temperate and polar areas. However, the latest species
assemblage suggested for the north Norwegian coast and the Barents -86WN) a8y
Degerlund and Eilesen (2009) consists of P. pouchetii and several diatoms like
Fragilariopsis oceanica, Chaetoceros sociali€haetoceros furcellatus, Chaetoceros
compressus, Chaetoceros dahilSkeletonema costatum, Thalassiosipp.and Bacterosira
bathyomphala

In addition to being taxonomically different,e. P. pouchetiibelongs to Class
Prymnesophyceae and the diatoms belotog Class Bacillariophyceaélhey thusexhibit
different phyiological and ecological characterist(esg. nutritive valuehich in turnmay
have greatecological impacts. Worth taking notaf is also that P. pouchetiionly is
(assumedly) one species whereas fil@atom® consists of 164 genera and 1865783
spetes which was said to be underestimated by Sournia in 1991 and increasing with
approximately 320 per yeg&Bournia et al. 1991 However, this is an estimate of the diatom
species in the world and not in temperate and cold water areas wherarther isi much
lower but though relatively high. Despite thia, pouchetiiis a very successful species both
concerning biomass and abundance in comparison to the total bulk of diatoms during the
spring bloom. Characteristic foP. pouchetiiis the formatia of gelatinous colonies,
consisting of a variety of polysaccharidesn Rijssel et al. 2000)his has been considered
being the main reason for the success of this spécaxelot & Rousseau 1994, Hamm
2000, Veldhuis et al. 2005Maximum colony size reported by Jahnke and Baun{a887)
for P. pouchetiiis 1,52 mm in diametre In addition high doubling rates (faster than 1
division per day) has been reported for colonial celB.gfouchetiiEilertsen 1989, Veldhuis
et al. 2005, Verity et al. 2007)ts massive potential for rapid increase in biomass makes
colonyforming Phaeocystisspp. one of a few phytoplankton taxa with significant
biogeochemical impact oaglobal scaleP. pouchetiiplays a key role as an intermediary in
the transfer of carbon as well as sulphur between ocean and atmosphere and vice versa.
However, unlike diatoms they carry no stable frustules/cell wall (needs no silicon) and is
therefore not as easilyatted in the carbon cycle as diatoms i.e. sediment records. The lack of
a fAheavy and protectiveo frustule might al so
attenuation efficiency foP. pouchetiithan for diatoms. The overall contribution Bf
pouchetiito vertical carbon export has beegportedto be small(Reigstad & Wassmann
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2007) Studies show that at the end of the spring blébrpouchetiicolonies sink out of the
euphotic zone. However, due to autolysis, leakage, rapid microbal degradation and
zooplankton grazingmarine snow disintegrates itne upper part of the euphotic zone
(Wassman et al. 1990Q) In additionP. pouchetiiand diatomsas mentionedliffer in their
metabolic behavior. Fernand€¥992) found an active prtein metabolism during a diatom
bloom whereas a carbohydrateminated metabolism in Bhaeocystisspp. outburst. In
addition does fatty acids (EPA and DHA), which are essential for the growth of multicellular
animals,probablyonly occur in trace amounts Phaeocystiswhereas they are common in
many other phytoplanktorspecies(Nichols et al. 1991)This will have great effect on the
trophic structure assuming the classical food web to domewateg a diatom bloom and the
microbial loop to dominate during B. pouchetiiboom. Also supporting this is several
authors reporting zooplankton to favor diatoms d¥epouchetiidue to nutritional value, size
and/or toxicity(Verity & Smayda 1989, Estep et al. 1990, Weisse et al. 1994, Haberman et al.
2003) However, the nutritional value @&. pouchetiiis highly debated and is not straight

forward, butprobablydepend on several factors.

Few of the dominatingliatom species of the northern spring bloarareported to be toxic.

This is however not the case fBr pouchetiiwhich has been shown to act toxic towards
marine organisms. Differemffects like reduced appetitand weight loss in Atlantic salmon
andcod larvagEilertsen & Raa 1995)ethal effect on cod larva@anesen et al. 1998{oxic

and anaesthetic properties in Blowfli€a(liphora vomitorig (Stabell et al. 1999avoidance

of P. pouchetiblooms by herringSavage 1932and copepode avoiding grazing upon healthy
(young) colonies oP. pouchetii(Estep et al. 1990have probably been caused by a toxin
produced byP. pouchetii The toxic compound polyunsaturated aldehyde (PR-tans4-
trans-decadienal(DD), known to inhibit mitotic ell division in several different cell types,
identified in P. pouchetiiby Hansen et al(2004) was first identified in the diatoms
Skeletonema costatum, Pseutdtzschia delicatissimand Thalassiosira rotula(Hansen &
Eilertsen 2007)These diatom species are also occasionally present in northern spring blooms,
but at minor amounts and therefore probably have little biogeochemical effect on the
ecosystem in question. The exception may S$e costatumwhich has been reported
occasionally being one of the main species making up the bulk of the biomass along the north
Norwegian coastespecially early in spring bloom seas@aarder 1938, Eilertsen el a
1981b, Hegseth et al. 1995)he allelopathic function of the PUA is still connected to



uncertainty.lt is assumedly released by diatoms Baghouchetiias a response to mechanical

stress, possibly triggered by grazing activiBohnert 2000, Wolfe 2000, Pohnert 2Q002)
However, any adverse effectsonec cur ri ng phytoplankton speci
progress may be difficulotpinpoint(Hansen & Eilertsen 2007 addition to being toxid.
pouchetiihas been regarded a nuisance species. The gelatinous polysaccharide matrix of the
colonies can cause clogging asHing nets and accumulation of fetid foam on beaches
(Lancelot 1995)There is no doubt that the intgpecific differences between the two taxa are

great. Therefore the relative abundance variation between these taxa will have great impact on
the ecosystem in question both from a biological, economiudlesmvironmentapoint of

view.

The relative abundance variation betwd&npouchetiiand diatoms isn fact a main and
important characteristic of the northern spring blogiasBertsen et al. 1989b (Svalbard);
Heimdal 1974 (UllIsfjord); Pedersen et &89 (Trondjord); Eilertsen et al. 1981b (Balsfjord);
Fayn. 1929 (Lofoten); Schei 1979 (Skjomen); Sakshaug 1972 (Trondiéimpaim of this

study is therefore to look into the characteristics of these variations interannually, and also

seek for what causetanges in the ratios betwelenpouchetiand diatoms.



2. Materials and methods

2.1 Area description

The data used in this study was collected during the cruises to the Barents Sea in May 2006,
2007 and 2009vestfjord (Vestfjord archipelago) in Aprihe same years and East Finnmark

in May 2009(Table 1,Fig. 1, 2,3 and Appendix ¢ In May 2009, data was collected both in

the Barents Sea and East Finnmark. | myself participated on five of these c¢reise2007

in the Barents Se&009 in the Bagnts Sea and East Finnmark am@006, 2007 and 2009 in

the Vestfjord archipelago. The locations sampled in the Barents Sea varied between years due
to differentfocus of the projectsThe cruise to the Barents Sea in 2006 was part of an EU
project (MARISCO), and the 2007 and 2009 cruises were part BICAl bioprospecting

project (MabCent). In theVestfjord archipelagothe four locations Vestfjorden,
Henningsveerstraumen, Austnesfjord and Tysfjord were sampled all three years. The cruises to
the  Vestfjord
(http://mwwwO.nfh.uit.no/phaeocystis/marl¢d by Professor Hans Christian Eilertsen. See

echipelago were part of a Marine Ecology course

Appendix Bfor further details on sampling locations and periods for the different cruises.

Table 1: Overview of sampling periogdsaximum and minimum latitud@N) and longitudg°E) and number of
stations sampleduring each cruis@ositions are decimal degrees)

Location Year Latitude (°N) Longitude (°E) Sampling No. stations
(min-max) (min-max) periods
Barents Sea 2006 76.5681.77 09.3433.34 10-15May 24
Barents Sea 2007 73.8778.69 10.2633.94 10-18 May 17
Barents Sea 2009 728577.99 09.0331.27 1525 May 24
East Finnmark 2009 69.6871.69 25.1831.00 26-30 May 12
Vestfjord archipelago 2006 67.5668.35 13.2716.48 01-07 Apr. 20
Vestfjord archipelago 2007 67.8268.35 13.6516.48 12-18 Apr. 19
Vestfjord archipelago 2009 67.5668.35 13.2816.47 1519 Apr. 12

2.2 TheBarents Seand East Finnmark

The Barents Sea is an open afotweal sklf sea, borderip the Norwegian Sea in the west

andthe Arctic Ocean in the north. The eastern border is Novaja Zemlya and the southern

border is the Norwegian and Russian coast. The average depth is 230m and the sea covers

approximately 1.4 million kin(Ottersen& Chr 2001) The shallowest shelf areas are located

around Svalbard and soutiom Hopen to Bjgrngya (Spitsbergenbanken). The bathymetry

plays a crucial role in the circulation pattern in the Barents Sea, especially the trough between



Bear Island and Fugla. In this section, named the Barents Sea Opening (BSO), the Atlantic
water (AW) bifurcates into the North Cape Current (NCC) flowing eastward into the Barents
Sea through BSO and the West Spitsbergen Current (WSC) flowing northwards along West
Svalbardinto the Fram StraifHopkins 1991) In the northern part of the BSO there is an
outflow of Barents Polar Water (BPW). The inflow is varying over time and is profoundly
influencing the temperature of the Barents @eseng 1991, Ingvaldsen et al. 2004)orth of
the AW the Polar Front separates this water mass BBWV. All in all it can be sal that the
climate in the Barents Sea is variable, and this variation is closely linked to both the
characteristics of thenflowing watermasses and to the prevailing atmospheric conditions
again being linked to e.g. NA®urevik 2001)

The ice conditions in the Barents Sea in May 2006 made it possible to conduct
sampling much further north than during 2007 and 260§. 1). This was exploited well and
the sampling area was located north and east of SvalBiardL]. The cruise period was from
10 to 15.05.06. The cruise started north of Svalbard at 80-1858E. North of Svalbard, at
81.73N - 15.8CE, six stations were sampled during a 24 hour sampling programme (diurnal
station). Further a new diurnalrspling program€me including six stations was set up east of
Svalbard at 80.98! - 30.00E. The last station sampled was the southernmost station
(76.56N - 27.40E), located west of Hoperhe 2007 sampling in the Barents Sea was
conducted during the periotl0 to 18.05.07 The samplingstarted north of Bjgrngya at
75.5PN - 20.02E (Fig. 1). Further the cruise went into the ice at the east side of Svalbard as
far north as 78.08l - 33.90E. Three stations south of Bjgrngyaene sampled, \ith the
southernmaslocationsituated a73.87”N - 18.63E. The last stations to be sampled were on
the wesern side of Svalbard where the northernmost point in 2007 was sampled, i.e. at
78.69N - 10.26E. The 2009 sampling took place in the waters around southern Svallsird
the area between Svalbard and the Norwegian mainland where sampling also was conducted
around Bjgrngya and along the eastern coast of Finnmark (Fig. 1 ahkde2gruise period
was from 15 to 30.05.09 he first station sampled was at the northernrposttion, 77.9¢N
- 9.03E, i.e. outside Isfjorden on the western side of Svalbard. Further the cruisentwent
the waters around Bjgrngya and then to the eastern side of Svalbard where sampling was
conducted as far north as the ice condition allowedat77.72N. When leaving the ice edge
a transect was made towards Honningsvag at the northern tip of the Norwegian mainland.
Along the coast of East Finnmark the first sampling was conducted in Varangerfjord and
thereaferin PorsangerfjordvVarangerfjod is the most waterich fjord in Norway.However,
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in a strict sense it is a false fjord as it does not have &kél.circulation in Varangerfjord is
structurally differentfrom other fjord areas due to its wide entrano@ybe comparable to
Porsangerfyrd, and is mainly driven by wind and Coriolis for@@edersen et al. 200%ee
Table 2.Porsangerfjord is the largest fjord in Northern Norveaig the third largest fjord in
Norway, and because of its size the water circulatiomei®e alsanainly driven by wind and
the Coriolis force(Svendsen 1991Yhe sill in the inner part of Porsangerfjord, situated 30 m
from the fjord head, prevents basin wateym having free exchange with the open sea.
However, the outer part of Porsangerfjord has free exchange with the open sea (THixe 2).

innermost Porsangerfjord is considere true Arctic.

82°N

80°N

78°N

76°N

74°N

72°N ‘ ‘ ‘ —F
12°E  18°E 24°E  30°E 36°E

Figure 1: Map of the Barents Seshowingsampledstationsin 2006, 2007 and 2009yeen () is 2006, blue {)
is 2007 and red T i3 2009. The location of the ice edge is shown in same color as the station color for each
year.
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Figure 2: Map of East Finnmarkhowingsampledstationsin 2009

2.3The Vestfjord archipelago

The southernmost studied locatiavas the Vestfjord archipelago with its adjacent fjords
located in NordlandThree fjords inthe Vestfjord archipelago were selected for further
investigation in the present study: Vestfjorden, Austnesfjord and Tysfjord, in addition to the
sound Henningserstraumen (Table, Fig. 3 and Appendix XCVestfjorden lies between the
mainland of Norway and the Lofoten Island archipelage@®N - 11-19°E). It is an atypical

fijord due to its size, even though it hadeepsill. The sill is located between BodachRgast

and is at 227m depth. From a dynamical point of view Ves#jord rather a coastal
embayment being wider and deeper than most other fijoid#chelsonJacob & Sundby
2001) The chaacteristic topography dhe Vestfjord archipelago captures an inner branch of
the Norwegian Coastal Current (NCC). The NCC originates from the warm and salty Atlantic
Water (AW) and mixes with fresh water roff from the Norwegian coagBeetre & Mork

1981) The North Norwegian coastal areas are all to some degree under influence of the
northward flowing NCC. The NCC turns into Vestfjord archipelago on the ssaghside and

flows out on the nortwest side(Furnes & Sundby 1981Austnesfjord which is situated on

the western side of Vestfjord archipelago has quite similar water structure as Vestfjorden due
to the absence of a s{fFurnes & Sundby 1981This is not the case fdrysfjord, the second
deepest fjord in Norway, which is located on the eastern side of Vestfjord archipelago.
Tysfjord has three sills, and the innermost is 60 m, influencing the inflow of dense and warm

12



NCC into the fjord.The soundHenningsveerstraumen iglatively shallow, no deeper than
maximum 130m, causing strong currents due to the tides.

All three years a transect in Vestfjerdconsisting of four to five stationwere
sampled i.e. the two fjords Austnesfjord and Tysfjord in addition to the sound
Henningsveerstraumen. In 2006 the sampling started in the innermost part of Viesti#dard
first a transect including five stations was made throughout Vestfioithen the western
side of Vestfjord archipelago was sampled where a diurnal station inclisdingtations in
Henningsveerstraumen and a diurnal station including five stations in Austnesfjord were set
up. At last a transect consisting of five stations was made throughout Tysfjord, located on the
east side of Vestfjord archipelago. The samplingogewas from 1 t07.04.@® (Fig. 3) The
2007 cruise tdahe Vestfjord archipelago followed the same sampling route as in 2006, except
that Austnesfjord was visited before Henningsveerstraunmiée. cruisewas from 12 to
18.04.07 In Vestfjorcena transect ausisting of four stations were sampled. As much as 12 of
the stations sampled were part of a diurnal sampling pragearmhe first diurnal station
included six stations and was located in Austnesfjord. The second diurnal station also
included six stationand was located in Henningsveaerstraumen. In Tysford three stations were
sampled (Fig. 3)ln 2009the cruse period was fror5 t019.04 The sampling started in the
innermost part of Vestfjoeh and a transect including five stations was made throughout
Vestfjorcen Then the western side of Vestfjord archipelago was sampled, at first three
stations in Henningsveerstraumen and secondly two stations in Austnesfjord. In Tysfjord, on

the east side of Vestfjord archipelago, two stations were sarfiptp®).
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Figure 3: Map of the Vestfjord archipelagghowingsampledstationsin 2006, 2007 and 2009reen () is 2006,
blue @) is 2007 and red Tis 2009.

Table 2: Overview of fjord systems investigated showirepth of sill(s) (m), length (km), max. depth (m) and
max. width (km).

Fjord Depth of sill(s) (m) Length (km) Max. depth (m) Max. width (km)
Vestfjorden 227 180 >400 70 (at the sill)
Tysfjord 205 (Outer) 62 897 14

303 (Middle)

60 (Inner)
Austesfjord No sill 12 120 4
Porsangerfjord 60 100 310 20

(30km from fjord head
Varangerfjord No sill 90 420 70

2.4Physicd oceanography and medrology

The vessel FF/Jan Mayen (184 ft) was used during the cruises to the Barents 8ea and
Vestfjord artipelago. During these cruises vertical profiling of temperature, saldetysity

(Gt) and in vivo fluroescencé-L) were sampled at all statiompplyinga CTD (Se&Bird

SBE 9) with an attached Seapaimtvivo FL sensor. The degree of stability was quted as

the density difference from surface (Om) to 10m depth. Metrological data, wind spéBd (ms
wind direction f), sea and air temperatuf€}, humidity (61) and air pressure (mbar), were
obtained as means of registrations during station time tl@mmautomated meteorological

station onboard the vessel while cloud cover (sca®e 0= clear, 9=snowy or fog) and
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visibility (km) was observed manually. Missing data were replaced by data values from the

previousnearbystation.

2.5 Calculations and maaling

Surface heaflux (Q;) wascomputed as @Qn+Q+Qpr+Qs Where Qis sensible heat, {atent

heat, @ long-wave radiation (blackody radiation) and Qis short wave radiatiofGill

1982) Sensible heat was calculated according to the formwaGR) p 10 (TairTsed

where Gis heat flux coefficient (1.1 x I0f or neut r al stratification
%, G, is heat capacity (air) at constant pressure (1004 JKY, Vi is wind in ms' 10m

above sea surface and T is temperatt@ (Brown 1990) Air temperature measurements

were mising for the Barents Sea 2007 dataset, so the constant vahid efas used in the

model (as subjectively judged from earlier recordd)ind in ms' was also missing for the

Barents Sea 2007 dataset, so the constant value ti8ged as a typical medar area)was

used in the model. Latent heat was calculated according to forrgtla @ Ce V10 (Gair-Osed

where L, is latent heat of evaporation (2.5 x°1D Kg'), C. = G, and q denotes specific
humidity at 10m altitude and at the sea surface ((®mith et al. 1983)The Gi/Qses0a

airised(Pn T (1 - U) €ainsed WhereU=0.622 is the ratio between molecular weight of water vapour

and dry air. Further is §ses r611.0 x 1§57 arfsear275.18586) \yhare r js the relative humidity

of the air, 81, and pis mean air pressuig the northermemisphere (101400 Pa). Humidity

data was missing for the Barents Sea 2007 and Vestfjord archipelago 2009 dataset, so the
constant value of 0.7 was used for the Barents Sea and 0.6 for Vestfjord archipelago in the
model. The net long waveadiation was computed asp€i( &u(273.15+T)" i
(273.15+T)") (HendersorSellers 1986)Furthery, is longwave emissivity for sea (0.97),

is the Stefan Bol t Z%aa'Khne%s , .cienpiaine byt the foBnuléd 7 x 1
(17 0.261¢e"7™ 04128y  (1+0.2754) wh eis the relative proportion of cloud cover.

Cloud cover was mgng for the Barents Sea 2007 dataset, so the constant value was set to 6
in the modelThe basis for the short wave irradiance model was the algorithm in Frouin et al.
(1989)(Eq. 1). Here the shewave solar irradiance (QPAR) for clear sky is computed in

Wm? after input of surface visibility, humidity and regression coefficients for maritime
atmospheres and solar zenith anylisibility measurements were missing for the Barents Sea
2007 dataset, so the constant value of 97 was used in the model. The solar zenith angle was

computed at given geographical position and time according to the equations i1 %@
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Where kis the monochromatic extraterrestrial irradiance integrated ove7d@om (PAR),
d/dy is the ratio of actual to mean Ea®lun separatiora andb are regresion coefficients
representing different aerosol types, subscrpadO denotes water vapour and 0zoAds
albedo,V is surface visibility (km) andl is vertically integrated absorber amount (cm).

Both surface and sufurface irradiance were modell¢Hilertsen & HolmHansen
2000) The basis for the surface irradiance (Is) model was integrated 24 hour PAR with cloud
cover incident on surface in What date of measure. The basis for the-suiface irradiance
(Id) was the same as for surface irradiance exittepintegrated 24 hour PAR measurements
was from the sampling depth calculated from the diffuse attenuation coeffikjernthe
diffuse attenuation coefficient was modelled by Eilertsen and Htdmsen(2000)and based
on analysis of their Chland subsurface PAR data séier further information on modelling
see e.g. Eilertsen and Wy&2000)

2.6 Species abundance and composition

Water samples for cell counts (celf§ Wwere collected using 5! Niskin water bottles mounted

on the CTD. Phytoplankton species were enumerated live in an inverted Leica microscope
using a modifiedmethod of Utermo6hi(1958) where a 2ml fouwell Nunclon counting
chambers were w&d. Cell counts were performed onboard the vessel with a minimum of 2

hours settling time. Phytoplankton species identificationwaisly based on Tomad.997)
2.7 Taxonomic dentification of Phaeocystis spitléss Prymnesiophyceae)

Molecular methods are becoming increasingly common for taxonomic and ecological studies
of phytoplankton. Athe Planktonlab., Institute f@rctic Marine Biology (AMB), Faculty for
Bioscience Fisery and Economy (BFE) resources that permit molecular methods were
provided allowingme to use the polymerase chain reaction (PCR) based techniques to
identify Phaeocystispp. in this study. Two runs were preformed with mateRakgocystis

spp.) from dfferent locations in the Barents Sea. The fithaeocystispp. material (ID 76.2)

was collectedon 18 May in 2007 in the Barents Se@7,78N i 12.29E) where a single
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colony was isolated and kept inlture at the Planteplanktonlaip ill present. Haresting of

this culture was done by filtering approximately 100ml of dense cultmr¢é o0 0. 6 & m

polycarbonate filter (Millipore Corp.) supported by a-prent GF/C filter (456C in 8h). The
sample was immediately frozen in liquid nitrogen and stored-88tC. The second
Phaeocystisspp. material (ID 89) was collecteth 22 May in 2009 inhte Barents Sea
(75.64N - 2992°E) by filtration during a massivehaeocystispp.monoculturebloom where
the pellet was immediately frozen in liquid nitrogen and store@@&C. The extraction of
total DNA was performed using the spin column based DiNBa®d and Tissue kit Quiagen
where the manufactures instructions for total DNA from animal tissues wéogvédl. In

addition RNase A was used (4¢l, 100mg/ ml)

t

|l i sted as optional I n the manuf amxtcontaigisy i nstr
12. 5¢l reddyMi x PCR mast er mb de Ipfinien E(formard) Sci e n |

(10pmol [/ el ) (reveise)l1 Opprmome/re IR was added to the

DNA (10ng/,ufherm®lwassatldgd to a total volume of @50 p m 9. Primerk
used was an 18S rRNA geterget PCR primer pair spéci for the haptophyte enus
Phaeocysti{PhaeoF489 and PhaeoB83) designed by Nejstgaard et @008) The PCR
reaction programme was set to a 3 min denaturing step°@t ¢ellowed by 35 cycles of
(94°C for 45 s, 5&C for 90 s, 72C for 90 s) and the last step was 7 min &C7The reaction
was run in an Applied Biosystems 2720 Thermal Cyclerifiation of the PCR product was
done by salt precipitation, where the PCR product, 95% EtOH and 3M NaOAc, pH 5.2 were
mixed according to ratio 10:20:1. Furthbe sample was vortexed and incubated on ice for
30 min, centrifuged on 13200 rpm for 25 mimdathe supernatant was discarded. The pellet
was washed with 75% t OH wh e was usedperepellet and then centrifuged at 13200
rpm for 5 min. Then the supernatant was again discarded while thewssdlseto dry before

it was di s s oi@ waed Pribrio s&gleacing ACR kthé DNA concentration had to

1

be diluted to 5ng/el. The DNA <dropnnetadtTheat i on

sequencing mix consisted of 1¢l Big Dye v.

buffer (5x) and 1 6 ¢ | primer (2pmol [/ ¢l of each of the

andHO adding up to a tot al vol ume of 20¢l
an initial denaturing step at %6 for 5 min, further running 25 cycles of f@for 10 s,50°C

for 5 s) and at last 6Q for 4 min. The sequences were worked up at the DNA sequencing
facility at the University hospital in Tromsg where an Applied Biosystems 3130x1 Genetic
Analyzer was used. Further etrtmming of sequences were performed ughigeaks v. 1.7.2
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(A. Griekspoor and Tom Groothuis, Netherlands). Finally the blast program (basic Local
Alignment Search Tool), BLASTN v. 2.2.24 at the NCBI GenBank server
(http://wwwncbi.nim.nih.gov/blast/Blast.cgi) was used to searchufdoadedsequaces that

matched my sequences

2.8 Phaeocystis vs. diatom abundance

Surfacemaps with abundance indices were generated to illusirateget an overview of the

relative variationin Phaeocystispouchetiiand diatomsabundance in time and spaeé

different depthsin the present project cell numbers wesed as abundance indicators. It is

obvious thatif the biomassvas computed as e.g. cell volume, C, N similar, it would

increase diatonabundace relative td?. poudetii. Hence the approach applieby me only

reflects the relative changes abundances and not in "actual" biomdssorder to operate

with two variables to be plotted against each otRerpouchetiisolitary and colony cell

counts were merged and the same was done for the diatemesspegistered at the specific
locations. This resulted in the two variables, tBtapouchetiiiPpd) and t ot al di at
Do) . The t wo viétranstoimede(Encevblmoms mdstoofien increase biomass
exponentially) ad total diatoms werthereafteisubtracted from totdP. pouchetii This ratio,

for simplici Phaeocygideoemecahoed@d@,s wWas used as a
variables totaP. pouchetiiand total diatoms. A positive ratio denoRspouchetidominance

and anegatee rati o diatom dominance i .e. AnTot . D
fiPhaeocystil o mi nanced value is equal t Fb podchesiit o ms b
T h ePhaBocystisd o mi nanceo was <calculated for each
against &titude and longitude. Prior to analysis Scatteredintergunction in MATLAB

(MATLAB 7.10.0 (R2010a), The MathWorks Inc., MA, 2010) was used to perform
interpolation on the scattered dataset consisting of three matrices that resides in the 2D
surfaceplot. The surface plots were generated usingpttaor function in MATLAB. The

pcolor(X, Y, C)where X=longitude, Y=latitude and @Rhaeocystisd 0 mi n ,adnawsea

plot of the elements of C at the locations specified by X and Y. The color system sssetwa

to shading flatwhere the constant color of each cell is the color associated with the corner
having the smallest-y coordinates. Hence, C (i, j) determines the color of the cell iithhe

row and thgth column. Note that due to interpolation beém sampling positions there will

be an increasing uncertainty in tiPhaeocystisd o mi n aalue ¢hé further one moves

away from the sampling position.
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2.9 Principal Component Analysis (PCA)

Principal Component Analysis (PCA) was used to reduce a largeer of variablesnd
summarize theoriginal information to reveal typicabatterns(correlations) betweerthe
variables. PCA was applied ®. pouchetiiand the eight most dominating diatom species
sampledat each main location during all three yeatsdepths are include&ince | only had

data fromeastern Finnmark from one year these data were pooled with the Baeantsta in

the PCA analyseddence, eight dominating diatom speciesr&chosen for the Barents Sea

and East Finnmark and eight ftire Vestfjord archipleago when all data in all three years
were considered. Total diatom@) T o t ). wasDabso included in the analysis, but as a
supplementary variable whereas the nine phytoplankton species were ordinated as active
variables.Active varidbles are used in the derivation of the principal components and the
supplementary variables are projected onto the factor space computed from the active
variables. Phytoplanktospecies are occasionally difficult to distinguish from one another in
light microscope. This especially applies fhalassiosira hyalina and Thalassiosira
antarctica and Fragilariopsis oceanica can be confused withFossula arctica or
Fragilariopsis cylindrus(Quillfeldt 2001) However, | chose to usk hyalina, T. antarctica

andF. oceani@, though identifiation was based on light microscaperely, i.e. | considezd

this identification to be precisand appropriate for my purpasBrior to analysis species
abundance data were natul@d-transformed. Transformation such as log may improve linear
relationshps between variablegagain exponential increase assumeddmogeneity of
variances ando reduce the influence of outliers. This is according to Quinn and Keough
(2009) especially the case if the unequal variances and outliers are a resultradfrnadity

which often is to be found in phytoplankton datasets. In addition transformation will reduce
the influence of variables ' high values, e.g. species with very high abundaf@ainn &
Keough 2009) Variables not transformed will have larger ranges and will lm@em
represented in the data than others, in this case placing emphasis on phytoplankton group
biomass rather than pattern. That is why scaling is so crucially in multivariate analysis.
Correlation was used as the association matrix in PCA. It is impdddrdve in mind that

data from correlation research cannot be used to conclusively prove caumalibnly to

track relations/correlations among the variables (phytoplankton speliesther words
concusi ons ar e based om adfdciitricounmst @antviaali alklv
environmental ariableswere ordinated as supplementary variables. Prior to analysis the

environmental data werermalized (Eq. 2).
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N=(XT (Xmean) / Xmean
Equation 2

WhereX is the specific environmental variable aXigeanis the specific mean environmental
variable for the total Barents Sea and East Finnmark or Vestfjord archipelago dataset
considering all three years. Environmental variables are more complex than species
abundance variables concerning units of measuremehtsh often are different between
environmental variables. In addition environmental variables naturally have different ranges
(Cao et al. 1999)Another particularly important complexity pointed out by Cao (1999) is that

the biology and ecotoxicology, in this case environmental factors, of different variables vary

greatly . ALog transformation indiscriminately I
al |l vari abl es, and thus di st ofCaxset &.h1899)r es p ot
Extreme environmental valwues which can have
transformation having the intention of reducing tliefee c t o f Aoutlierso.

greater statistical significant relationship between one environmental variable to & specie
abundance variable than another, the biological significance might be of another character
(e.g. a surface sensible heatxdflincrease from -B0W m? might have no effect on species
abundance compared to a pH increase of 0.1 from within the buffering capacity to slightly
above the buffering capacity of the particular geographical area). Environmental didwashas
been normatied allowing data on different scales to be compdradsformingthemonto a

common scale.
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3. Results

Due to limited availability of resources and veds®ele, the areas sampled in the Barents Sea

as mentionedraried somewhat between years. Therefordy some of the areas can be
directly compared for interannual characteristics. On the other hand, the area close to the ice
edge can beteramually compared since it is a biotope determinedtbgnvironmendl state

(ice-low temperatures) rather thgeographical position.

3.1 Environmental variables, Barents Sea, May in 2006, 2007 and 2009

The range of the surface (Om) sea temperature in the Barents Sea in May 2006 was from
1.85°C to 2.78C (Fig. 4a). The highest Om temperature was measuredianst&9 located
northwest of Svalbard. Station 159 differed clearly from the other sampled stations, having
high temperatures both in surface (2@pand deepef50m), 3.54C (Appendix A, Fig. 1A).

The lowest Om temperature was measured at station &8&tbbetween Nordaustlandet and
Kvitaya. The temperatures down to 50m were at all other stations beth€emnd-2°C
(Appendix A, Fig. 1A). The only exceptions, in addition to station 159, were station 179
(located north of Nordaustlandet) having a 1€@mperature of 0.96€ and station 181
(located north of Kvitgya) having a Om temperature of "CQAppendix A, Fig. 1A).

In May 2007 the Om sea temperature range was flo88C to 5.89C in the sampled area

(Fig. 4b). The highest Om temperature was suead south of Bjgrngya at station 67, i.e. at

the southernmost station sampled. The lowest Om temperature was at station 45 which was
one out of six stations located in ice on the eastern side of Svalbard. The temperatures at Om
and 10m were comparableoept at station 5 located between Bjgrngya and Hopen where the
temperature was 1.72 at Om and1.72C at 10m (Appendix A, Fig. 2A). At stations 2, 9,

19, 28, 32, 41, 45 and 57 located in the eastern part of the sampling area temperatures at 50m
were conparable to the surface ones (Om and 10m). At stations 12 and 23, also located in the
eastern part of the sampling area, and stations 103, 109 and 115 on the western side of
Svalbard the 50m temperatures were higher than the surface ones. The opposiasuasdn

at stations 60 and 67 located south of Bjgrngya, and at station 98 west of Svalbard where the
50m temperature was lower than the surface ones (Appendix A, Fig. 2A).

The Om sea temperature range in May 2009 was fion#®C to 6.27C (Fig. 4c). Thenhighest
surface temperatures were measured at stations 238 and 241 located northwest of Bjgrngya
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(6.27°C). The lowest temperature at Om was measured at station 251 which was located in the
ice east of Svalbard. As for 2006 and 2007, there were no gfésredces between the
temperatures at Om and 10m at the stations (Appendix A, Fig. 3A). The greatest difference
between Om and 50m temperatures were at stations 248, 249 and 250, all located northeast
and station 232 located northwest in the sampling alethese stations had highealuesat

50m than at Om. (Appendix A, Fig. 3A). The Om temperatures at the stations 248, 249, 250
and 232 were0.46°C, -1.69C, -1.63C and 3.5iC while the 50m temperatures were 03

0.96°C, -0.82C and 4.5&C respectiely. As much as 12 out of the 24 stations sampled had
lower temperatures at 50m than at Om. The mean decrease in temperature from Om to 50m
was 0.47C. The station with the greatest decrease in temperature from Om to 50m was station
244 located southeast ithe sampling area with a Om temperature of %&44nd a 50m
temperature of 4.6C. An overview of temperature characteristics for the years 2006, 2007
and 2009 is in Table 3.
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Figure 4: Sea surface temperatures (Omjha Barents Sea, May 200&), 2007,(b) and 2009c). Note missing

Om sea temperature data at station 245 in 2009 (station location is though shown). Sampling stations are marked

with red circles. Bold black numbers are station numbers. Temperaturesicallbar is shown ira.
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Table 3: Overview of sea temperature characteristics in the Barents Sea in May in 2006, 2007 and 2009 at Om,
10m and 50m station depth. Maximum (MaxXCJ and minimum (Min. TC) temperatures are shown as Ivasl

percent of stations (stations at specific year and station depth) with higher and lower temperatures than the mean
for all stations and deptl{s0.73C). Note that stations with missing data are not included. Main areas with high
and low temperaturesre also mentioned.

Year Depth Max. Stations Main areas with high Min.  Stations Main areas with low
(m) T(°C) >0.79C temperatures T (°C) <0.73C temperatures
(%) (%)

2006 O 278 8 Outsidenorthwest -1.85 92 The rest of the sampled are
Svalbard was ingeneral below @

2006 10 280 8 Same trend as at Om -1.86 92 Same trend as at Om

2006 50 354 8 Same trend as at Om -1.86 92 Same trend as at Om

2007 O 5.89 18 North of Bjgrngya and at -1.88 82 At the iceedgeeast of
the southernmost station Svalbard, the northernmost
west of Svalbard stations west of Svalbard

and northeast of Bjgrngya
2007 10 5.88 18 Same trend as at Om -1.88 82 Same trend as at Om

2007 50 529 375 Same trend as at Om -1.88 62.5 Same trend as at Om

2009 O 6.27 74 West of Svalbar@nd -1.72 26 Just south of Bjgrngya and
south in the sampling are: atthe iceedgeeast of
Svalbard
2009 10 6.27 75 Same trend as at Om -1.75 25 Same trend as at Om
2009 50 6.31 87 Same trend as at Om -1.65 13 Same trend as at Om

The variation in stabty (computed as the density difference from Om to 10m deptti)e

sampled areas in the Barents Sea varied between years and areas. In 2006 the surface
stabilities varied betwees0.01 and 0.01 (Fig. 5a). The highest stability was at station 179,
recall that station 179 had a temperature difference of°C.%®tween Om and 10m. Station

169 had the lowest stability. Both stations were located north of Svalbard whereas station 169

was located in the ice.

The highest stability in 2007 was registered ai@ta60 just south of Bjgrngya,0®4, while
the lowest stability was at station 103 located on the western side of Svalb@éd, (Fig.
5b).

In 2009 the highest stability was registered at the northernmost station, station 229 located
west of Svalbard0.58) and the lowest stability was at station 233 also west of Svalbard (
0.003) (Fig. 5¢)An overview of surface stability for the years 2006, 2007 and 2009 is in

Table 4.
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Barents Sea, 10.-15. May 2006
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Figure 5: St ability,thg dpgree ofdstalilify evas €ompuged as the density difference from Om to

10m depth)n the Barents Sea in May in 200%), 2007 (b) and 2009(c). Note missing stability data at station
25



245 in 2009 (station location is thoughosvn). Sampling stations are marked with red circles. Bold black
numbers are station numbe8ability color-bar is shown ira.

Table 4: Overview of stability §ensity difference from Om to 10m depih the Barents Sea in May ird@6,

2007 and 2009. Maximum (Max. stab.) and minimum (Min. stab.) stabilities are shown as well as percent of
stations (stations at specific year and depth) with higher and lower stabilities than the meathéoyedrs

(0.01). Note that stations withissing data are not included. Main areas with high and low stabilities are also
shown.

Year Max. Stations Main areas with high Min. Stations Main areas with low
stab. >0.01 stabilities stab. <0.01 stabilities
(%) (%)

2006 0.014 4 Areabetween -0.014 96 The stability was evenly
Nordaustladet and the ice low in the rest of the area
edge

2007 0.004 O -0.004 100

2009 0.580 22 The northernmost areas -0.003 78 The stability wagvenly
west and east of Svalbarc low in the rest of the area

west of Bjgrngya and
southeast in the sampling
area

3.2 Environmental variables, East Finnmakkay in 2009

The Om sea temperature range in East Finnmark was frorfiC4t456.15C (Fig. 6). The

highest temperature was observed northwest of Nordkapp at station 260yténeost

station. The temperatures decreased from the outermost stations to the inner part of the two
main fjords sampled (Porsangerfjord and Varangerfjord). However, exceptions were stations
265 located in the outer part of Jarfjord and 264 located imulker part of Kobbholmfjord

which both had temperatures of ca.’8.5larfjord and Kobbholmfjord are located in the outer

part of Varangerfjord, more precise on gmuthernside. The lowest Om temperatures were
observed at stations 275 in the inner pgErtPorsangerfjord and 270 in the inner part of
Varangerfiord, 4.4% and 4.62C respectively. The Om and 10m temperatures were
comparable between the sampled stations except from stations 264 and 267 in Varangerfjord
where the temperatures at Om were highan at 10m, i.e. Om temperatures were %4nd

5.38C and 10m temperatures were £ hnd 4.12C respectivelf{(Appendix A, Fig. 4A) In

addition the Om temperature (4°69 was lower than the 10m temperature (856t station

272 located in Porsamgjord. All 50m temperatures were lower than the surface ones. The
temperature differences between 50m and Om were however minimal at the outermost stations
(160, 161, 162 and 163) where the mean decrease in temperature W@<@570m to 50m.

The gretest temperature difference between 50m and Om were observed in Porsangerfjord at
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stations 271, 272 and 275 where the mean temperature decreased Withf®0690m to
50m. The mean temperature for all depths was 4.38. All Om temperatures were higtte than
mean temperature and 75% of the 10m temperatures and 50% of the 50m temperatures were

higher than the mean temperature.

East Finnmark, 2&0. May 20090m
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Figure 6: Sea surface temperatures (Om) in East Finnmark in May in. Z488pling stations are markevith
red circles. Bold black numbers are station numbers.

In East Finnmark the highest stabilities were at stations 271 located in the outer part of
Porsangerfjord and 267 in the inner part of Jarfjord, both with a stability of ca. 3.0 (Fig. 7).
The lowest stabilities were at stations 264 in the outer part of Kobbholmfjord and 265 in the
outer part of Jarfjord, both with stabilit).13. The mean stability (calculated as demsity
difference from Om to 10m depth) for all stations was 0.68, whereas R8% stations had

higher stabilities than this mean value.
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East Finnmark, 260. May 2009
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Figure 7: St a b i |, thé degrde giistability was computed as the density difference from Om to 10m depth)
in East Finnmark in May 2009. Sampling stations are swhamkith red circles. Bold black numbers are station
numbers.

3.3 Environmental variables, Vestfjord archipelago, April in 2006, 2007 and 2009

The Om sea temperature range in the Vestfjord archipelago in April 2006 was frd@ 88
4.47C in the sampledrea (Fig. 8a). The highest Om temperature was measured at station 89,
the innermost station in Tysfjord. The lowest Om temperature was measured at station 76
located in Austnesfjord (Fig. 8a). Alirunal sampling station was set up both in
Henningsveerstiamen four samplingsand in Austnesfjordincluding five samplinggFig.

8a). The individual samplings at the diurnal stations are not showre surface color map in

Figure 8a. This is since the stations were sampled in the same geographical area and
consequently the mean of the stations are expressed in the plot at each location since the
temperature ranges were minimal. The temperature difference between Om and 10m was
minimal, on average the temperatures decreasidwith 0.042C from Om to 10m atlh
stations (Appendix A, Fig. 5A). The greatest differebvedweenOm and 10m temperature

was at station 76 (the station with the lowest Om temperature in the area sampledhe/here t
temperature decreased with2®C (Appendix A, Fig. 5A). The temperatuidifference
between Om and 50noald only be calculated at stations 82, 93 and 94 located in Tysfjord,
since these stations were the only ones where both the Om and 50m temperatures were

measured. Here the temperature differences between Om and 50m wer©graverage the
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50m temperatures, thaaried between 0.0&€ and 0.28C were 3.18C lower than the Om
temperaturesvhich againwere between 3.2€ and 3.47C (Appendix A, Fig. 5A).

In April 2007 the Om sea temperatures varied betwee?@.a8d 4.9%C in the sampled area

(Fig. 8b). The highest and the lowest Om temperatures were at stations 56 which was the
outermost station in Vestfjorden and 53, the innermost station in Vestfjorden (Fig. 8b). Note
that the Om temperature at station 56 was missingwaasl replaced by the measured sea
temperature at 5m. As in 2006, diurnal samplings were performed in Henningsvaerstraumen
and in Austnesfjord. At both diurnal stations six samplings were made. Maximum and
minimum Om temperatures in Henningsvaerstraumen we8d’C and 4.68C and in
Austnesfjord 4.6%C and 4.38C respectively. There were no great temperature differences
between Om and 10m in the area. However, exceptions were stations 72, 73 and 74 located in
Tysfjord where temperatures were slightly lowed @m than at Om, i.e. the mean difference

for all the three stations were 0°C7 (Appendix A, Fig. 6A). Station 53 had the highest
difference in temperature between surface and 50m, i.€@(A®pendix A, Fig. 6A).

In April 2009 the Omsea temperature mge was from 3.3& to 5.30C at the sampled
stations. The highest temperature was at station 165, the innermost station in Tysfjord, and the
lowest temperature was at station 161 located in Austnesfjord (Fig. 8c). The three stations in
Henningsveerstraumeand the two stations in Austnesfjord had mean temperatures 6€3.51

and 3.68C respectively. The temperatures at Om and 10m were comparable. Exceptions were
stations 161 and 162 located in Austnesfjord where the Om temperatures wée &h@s

3.90°C, while the 10m temperatures were £@2and 4.18C respectively (Appendix A, Fig.

7A). Another exception was station 149 located in the middle of the Vestfjorden transect,
where the temperature at Om (£@Bwas higher than the temperature at 10m (&BR9n

contrast to the other years, the 50m temperatures were higher than the surface temperatures at
all stations where the 50m temperature was measured i.e. at stations 147, 148, 149, 151 and
153 constituting the Vestfjorden transect (Appendix A, Fig. 7A)e Tneatest difference
between Om (3.4C) and 50m temperature (5°0) was at station 148, located in the inner

part of the Vestfjorden transect. An overview of temperature characteristics for the years
2006, 2007 and 2009 in Table 5.

29



Vestfjord archipelago, 01.-07. April 2006, Om
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Vestfjord archipelago, 15.-19. April 2009, 0m
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Figure 8: Sea surface temperatures (Om) in the Vestfjord archipelago in April in (2008007 (b) and2009

(c). Note missing Om sea temperature data at stations 58 and 87 in 2006 and at station 170 in 2009 (station
location is though shwn). Sea temperature at Om is missing for station 56 in 2007, and was replaced by the 5m
temperature. Sampling stations are marked with red circles. Bold black numbers are station numbers.
Temperature scaleolor-bar is shown ira.
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Table 5: Overviewof temperature characteristicsthe Vestfjord archipelago in April in 2006, 2007 and 2009.
Maximum (Max. PC) and minimum (Min. TC) temperatures are shown as well as percent of stations (stations

at specific year and depth) with highend lower temperatures than the mean fostalions and deptt{8.68°C).

Note that stations with missing data are not included. Main areas with high and low temperatures are also shown.

Year Depth Max. Stations Main areas with high Min.  Stations Main areas with low
(m) T(°C) >3.68C temperatures T (°C) <3.68C temperatures
(%) (%)

2006 O 447 17 The innermost part of 288 83 Austnesfjord and
Tysfjord and the second Henningsvaerstraumen
outermost station in
Vestfjorden

2006 10 420 19 Same trend aat Om 3.04 81 Same trend as at Om

2006 50 026 O 0.06 100 Tysfjord (only area

sampled)

2007 O 495 100 Austnesfjord and 403 0
outermost part of
Vestfjorden

2007 10 4.95 100 Same trend as at Om 3.99 0

2007 50 4.94 100 Same trend as at Om, 416 O
except tle innermost part
of Vestfjorden was the
second warmest area

2009 O 530 55 Tysfjord, Vestfjorden 3.35 45 Henningsveerstraumen and
transect (except the seco Austnesfjord
innermost station)

2009 10 530 67 Same trend as atOm, in 3.45 33 Same trend as at Om
addition to onetation in
Austnesfjord

2009 50 5.10 100 Vestfjorden (only area 432 0
sampled)

The surface stabilitie¢density difference between Om and 10m depththe Vestfjord
archipelago were relatively low in the Vestfjorden trabhsaed in Henningsveerstraumen
compared to the two sampled fjords (Austnesfjord and Tysfjord) (Fig. 9a, b and c). In 2006
the highest stability was at station 83 located in Tysfjord (2.35) (Fig. 9a). The second highest
stability was 0.08 at station 76 in Aossfjord. The lowest stability wa®.001 outside

Henningsveerstraumen at station 66.

In 2007 the highest stabilities were in Tysfjord at stations/23and 74 (3.933.07and1.90
respectively). High stability1.92) was also observed atation 62 in Aistnesfjord (Fig. 9b).
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The lowest stability was at station 71 which was part of the diurnal sampling programme in

Henningsvaerstraumer0(01).

In 2009 the highest stabilities were in Austnesfjord and Tysfjord (Fig. 9c). Stations 161 and
162 in Austnesfjat had stabilities 0.54 and 0.18 respectively, while station 165 in Tysfjord
had 0.33. The lowest stability was just outside Henningsveerstraumen at statief.Q3Y (

An overview of stability characteristics for the years 2006, 2007 and 2009 is in Table 6
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Vestfjord archipelago, 15.-19. April 2009
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Figure 9: St abi | i ty (thplegreadaf stabikityr was coraputed as the density difference from Om to

10m depth)n the Vestfjord archipelago in April iB006(a), 2007 (b) and2009(c). Note missing stabily data

at stations 58, 87 89, 93 and 94 in 2006, station 68 in 2007 and station 170 in 2009 (station location is though
shown). Sampling stations are marked with red circles. Bold black numbers are station nStabéity color-

bar is shown i

Table 6: Overview of stability density difference from Om to 10m deptbharacteristics in the Vestfjord
archipelago in April in 2006, 2007 and 2009. Maximum (Max. stab.) and minimum (Min. stab.) stabilities are
shown as well as perceoit stations (stations at specific year and depth) with higher and lower stabilities than the
average for all the years (0.01). Note that stations with missing data are not included. Main areas with high and
low stabilities are also shown.

Year Max. Stations Main areas with high ~ Min. Stations Main areas with low
stab. >0.36 stabilities stab. <0.36 stabilities
(%0) (%0)

2006 2.350 7 Tysfjord -0.001 93 Generally low in the rest of
the area

2007 3.930 29 Tysfjord and -0.010 71 Generally low inthe rest of
Austnesfjord the area

2009 0.540 9 Austnesfjord -0.030 91 Generally low in the rest of
the area

3.4 ldentification of Phaeocystipp, molecular approach

The Blast search performed in GenBank showed that the four sequences i.e. the F and R
sequence fronPhaeocystissamples 76.2 (AMB culture collection) and 89 (environmental
sample), were significantly similar to the sequences in GenBank which is shown in Table 7.
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My sequences showed maximum identityHaptophyceaesp., Phaeocystisp., Phaeocystis

pouchdii, PhaeocystisordataandPhaeocystisintarctica

Table 7: Sequences uploaded from NCBI GenBank producing significant alignments t®lmmatystisspp.

sequences (sample I D 76.2 and 89) ssriptommanchnipxindue scBra n k
and identity.
Accession Description Max. score Max. ident.
EF432545.1 Haptophyceasp. W51 18S ribosomal RNA gene.

partial sequence 235 100
EF432535.1 Haptophyceasp. W64 clone Al 18S ribosomal

RNA gene, partial sequence 235 100
EF432520.1 Haptophyceasp. 8 clone B1 18S ribosomal RNA

gene, partial sequence 235 100
EF432517.1 Haptophyceasp. 8 clone Al 18S ribosomal RNA

gene, partial sequence 235 100
AM491023.1 Phaeocystisp. PLY559 partial 18S rRNA gene,

strain .Y 559 235 100
AF182114.1 Phaeocystis pouchetsolate P360 small subunit

ribosomal RNA, complete sequence 235 100
AF180940.1 Phaeocystisp. PLY559 small subunit ribosomal

RNA gene, complete sequence 235 100
AJ278036.1 Phaeocystis pouchetli8S rRNAgene, strain P361 235 100
AF163147.1 Phaeocystis cordatamall subunit ribosomal RNA

gene, complete sequence 235 100
X77475.1 P.pouchetiiHariot) Lagerheim 18S rRNA gene 235 100
X77481.1 P.antarcticaKarsten SK23 18S rRNA gene 235 100
X77479.1 P.antrcticaKarsten SK21 18S rRNA gene 235 100
X77478.1 P.antarcticakarsten SK20 18S rRNA gene 235 100
X77480.1 P.antarcticakarsten SK22 18S rRNA gene 235 100

3.5 P. pouchetii vs. diatom dominance in the Barents Sea 2006

From the depth profile, three dépt (Om, 10m and 50m) exe chosen to illustrate the
horizontal variation in dominance betwedP. pouchetii and diatoms fiPhaeocystis
d o mi n ,aseecMaterial and Methods) (Fig. 10). At Om, a majority (i.e. at 16 out of 24

stations) of the stations were deoraied by diatoms (Fig. 10a). The highest diatom dominance

ac

value €3.24) was detected northeast of Svalbard at station 184. This station, situated at the ice

edge, was one of six stations in a diurnal sampling pragearue to ice drift the stations
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were rot sampled at the exact same location during tbedisampling programme. All the

other stations in the diurnal sampling prognaehad diatom dominancas wel|l where
average was3.05 for the six stations. The second highest value of diatom domin&r@@)

was at the southernmost station, i.e. station 202 (Fig. POg)ouchetiidominated at five
stations and all stations were located northwest in the sampling area, north of Svalbard (Fig.
10a). A peak irP. pouchetiidominance (2.35) was observedsgdtion 165 (Fig. 10a). The

four other stations witl. pouchetiidominance were 159, 161, 167 and 173 where the two
last stations were part of the diurnal sampling prognamorth of Svalbard (Fig. 10a). Three
stations were neither dominatedBypouchéior di at oms, i . eghavingphey we|
equal abundance or not precent at. alfjvo of these stations, stations 169 and 175 were
included in the dirnal sampling programe north of Svalbard. The third station (166) was

located in the transitionetweerP. pouchetidominance and diatom dominance (Fig. 10a).

Much of the same trend fiiPhaeocystisl o mi n distribgian was present at 10m (Fig. 10a

and b). At 10m 17 stations were dominated by diatoms, si.lpouchetiiand one station

was fiakat The diatom dominance at Om and 101
10a and b). ak in diatom dominance329) wasobservedat station 184 and the second

highest value-3.22) was at station 202. Th pouchetiidominance distribution was sal

quite similar at Om and 10m (Fig. 10a and b). PeaR.ipouchetiidominance (2.71) was

observed at station 159. Different from O, pouchetiidominance was observed at station

200, east of Kong Karls Land (Fig. 10b). This station had the eight highlee of diatom

dominance at Om.

At 50m the diurnal sampling prograne north of Svalbard was not sampled, except station
171 which was dominated by diatoms. Theurndal sampling programe northeast of
Svalbard and station 179 located north of Svalbaad &lso not sampled at 50m. From the 12
stations sampledP. pouchetiiand diatoms dominated at six stations each and the
fiPhaeocystidd o0 mi n alistribetion was quite similar to 10m (Fig. 10b and c). The only
great difference between 10m and 50m was shit in dominance from diatoms tB.
pouchetiiat station 202. Recall though, at both Om and 10m station 202 had the second
highest value of diatom dominance. An overviewifiBhaeocystisl o mi n don thesyear

2006 is in Table 8.
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Barents Sea, 10.-15. May 2006, Om
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Figure 10: Phaeocystiglominance (negative value denotes diatom dominance) in the Barents Sea in May 2006
at Om(a), 10m,(b) and 50m(c). Note, 50m is not sampled at station 179 (station location is though shown).
Sampling stations are markedtivied circles. Bold black numbers are station numbgraeocystislominance
color-bar is shownR. poucheti> 0 < diatoms) ira.

3.6 P. pouchetii vs. diatom dominance in the Barents Sea 2007

At Om P. pouchetiiand diatoms dominated at eight stationsheégaving one station (station

45), situated in the ice east of Svalbard, where only flageletee present. Peak dominance
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of P. pouchetii(2.02) was observed at station 5 located south of Edgegya (Fig. 11a). The five
stations 9, 12, 19, 23 and 28 lted on the east side in the sampling area, between station 5
and the ice edge, were also dominatedPbgouchetiiFig. 11a).P. pouchetidominance was

also observed at the two northernmost stations, station 115 and 109, on the west side of
Svalbard. Howver, the two other stations, station 103 and 98, in this area were dominated by
diatoms (Fig. 11a). The highest diatom dominance was observed at statie&6)/and 2

1.80), located just southwest of tRepouchetiipeak dominance station (station(kig. 11a).

High diatom dominanceZ.12) was also observed at station 32 situated in the ice. In the ice a
diurnal sampling programe was set up with five samplings at approximately the same
location. Concerning time, the first two stations were dorathdly P. pouchetij the second

two by diatoms and the last one was the station where both were absent.

At 10m as much as 13 stations were dominated by diatoms and four stations were dominated
by P. pouchetii The four stations dominated By pouchetii(stations 9, 12, 19 and 67) were

all located on the east side in the sampled area (Fig. 11b). The Hgipestchetidominance

(0.55) was observed at station 19 and the second highest (0.34) at station 12, both located
northeast in the sampled area. Thghlest diatom dominance2(55) was observed at the
northernmost station, station 115, and the second highest diatom domiraRde as

observed at station 57 located northeast of Bjgrngya (Fig. 11b).

As for 10m, at 50m diatoms domiedtat more statios thanP. pouchetii Of the 17 stations,

nine stations were dominated by diatoamsl five by P. pouchetiithe two stations (32 and
45) situated i n,atdmeabuindaece dat was sainpled franr statfbigys

11c). At station 32 it waan equal abundance &f. pouchetiiand diatomswhile they were

not present at all at station 45. As fldm, at 50nP. pouchetiiwasdominatingon the east

side in the sampled arela additionP. pouchetidominatdat the northernmost station (115)

on thewesern side of Svalbard at 50m (Fig. 11c). Recall, at 10m this station (115) had the
highest peak dominance of diatoms. The higRegiouchetidominance (1.80) was observed

at station 41 and the second highest (0.52) at station 23, both includediiurtta sampling
programme situated in the ice east of Svalbard. The highest peak dominance of diatoms (
2.73) at 50m was observed at the ice edge at station 19 and the second Hdgt@sa(
station 2 north of Bjgrngya (Fig. 11c). An overviewiBhaecystisd o mi n &ntlceeyéar
2007 is in Table 8.
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Barents Sea, 10.-18. May 2007, Om
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Figure 11: Phaeocystigslominance (negative value denotes diatom dominance) in the Barents Sea in May 2007
at Om(a), 10m,(b) and 50m(c). Sampling stations are markadth red circles. Bold black nhumbers are station
numbersPhaeocystislominancecolor-bar is shownR. poucheti> 0 < diatoms) ira.

3.7 P. pouchetii vs. diatom dominance in the Barents Sea 2009

Of the 24 stations sampled at Om, 12 were dominated byntBatmd 11 byP, pouchetii
Station 245 located east of Bjgrngya was not sampled (Fig. 12a). The highest diatom

dominance values were observed at stations 2869) on the eastn side of Bjgrngya and
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241 (2.04) located southwest of Bjgrngya. The higliegpouchetiidominance values were
observed east of Bjgrngya at stations 257 (0.74) and 258 (0.56).

At 10m all 24 station were sampled, wherea®flthesewere dominated by diatoms and 14

by P. pouchetii(Fig. 12b). The area with the highest diatom dwanice had shifted slightly to

the east compared with the stations with the highest diatom dominance at Om. The highest
diatom dominances were now observed at stations-2372]) and 242-(.88). The area with

the highestP. pouchetiidominance was also egarable from Om to 10m. The highdxt
pouchetiidominances at 10m were observed at stations 246 (3.41) and 245 (3.16), which were
the nearby stations to the Om stations 257 and 258, having the Hgipestchetidominance

at Om. HighP. pochetiidominaice (2.49) was also observed at station 234 located southwest

of Sgrkapp Land.

At 50m all stations, except station 237 south of Bjgrngya, were sampled (Fig. 12c). From the
23 sampled stations diatoms aRAdpouchetiidominated on 10 stations each whilatisins

232 and 233 |l ocated west of SBrkapp Land an
The area north of Bjgrngya had quite similar distributiofifhaeocystisl 0 mi n atri@re o

as at 50m (Fig. 12b and c). However, the second highest dominaPcpaafchetii(2.59) was

now observed at station 234 west of Sgrkapp Land. Recall, at 10m station 234 had the third
highest dominance d?. pouchetii.The highesP. pouchetiidominance (2.92) was observed

at station 245 which had the second highHespoucletii dominance at 10m. The highest
diatom dominance-2.27) was observed east of Bjgrngya at station 244, close to station 245
having the highesP. pouchetiidominance, while the second highest diatom dominance (
2.04) was east of Bjgrngya at station 288.overview offiPhaeocystisl o mi n d&onthee 0
year 2009 is in Table 8.
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Figure 12: Phaeocystigslominance (negative value denotes diatom dominance) in the Barents Sea in May 2009
at Om(a), 10m,(b) and 50m(c). Note misghg data at station 245 at Om and station 237 at 50m (station location
is though shown)Sampling stations are marked with red circles. Bold black numbers are station numbers.
Phaeocystislominancecolor-bar is shownR. pouchetit> 0 < diatoms) ira.

3.8 P. pouchetii vs. diatom dominance in East Finnmark 2009

A total of 12 stations were sampled in East Finnmark. At Om two stations were dominated by
diatoms and 10 stations B pouchetii(Fig. 13a). The two stations dominated by diatoms
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were 261 {2.77) lacated just outside Porsangerfjord and the offshore station-@8@). The
highestP. pouchetiidominances were observed in Jarfjord at stations 265 (2.73) and 267
(0.92). Station 26§ust outside Vardéad the third highes?. pouchetidominance (0.76).

At 10m it was station 263 that had the high@sipouchetiidominance (2.81) while station
267 still (according to Om) had the second higliegbouchetiidominance (0.73) (Fig. 13b).
Only one station was dominated by diatoms, station 261 just outsidangerfjord with a

diatom dominance oD.24.

At 50m three stations were dominated by diatoms and ®.bgouchetii(Fig. 13c). The
highest diatom dominance2(49) was now observed at the offshore station 260. The second
highest diatom dominance0(47)was observed outside Porsangerfjord at station 261, which
was the station with the highest diatom dominances at Om and 10m. Station 262 outside
Vardg was also dominated by diators324). The highed®. pouchetidominance (2.74) was
observed in the inmmost station (275) in Porsangerfjord while the second highest (1.01) was
observed at station 263 which had the higlegpouchetiidominance at 10m (Fig. 13b and

c). An overview offiPhaeocystisl 0 mi n #ontleegaar 2009 is in Table 8.
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Figure 13: Phaeocystislominance (negative value denotes diatom dominance) in East Finnmark in May 2009 at
Om (a), 10m, (b) and 50m(c). Sampling stations are marked with red circles. Bold black numbers are station

numbersPhaeocystislominancecolor-bar is shownR. poucheti> 0 < diatoms) ira.
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Table 8: Overview ofPhaeocystiglominance characteristics in the Barents Sea in May in 2006, 2007 and 2009
and East Finnmark in May 2009 (*). Maximu pouchetidominance (Max. Pp) and diatom dominance (Max.

ATot . D60) are shown as well as percent o fP.motchetii ons (s
(Pp) and diatoms (ATot. Do) . Note stationedbyH th miss
pouchetiiand diatoms are also shown.
Year Depth Max Stations Main areas dominated  Max. Stations Main areas dominated by
(m) .Pp P.po by P. pouchetii iTot ATot diatoms
(%) Do Do

2006 O 235 24 North of Svalbard -3.24 76 Rest of the area
2006 10 2.71 26 Same trend as at Om -3.29 74 Same trend as at Om
2006 50 2.63 50 Rest of the area -3.30 50 Northeast of Svenskegya
2007 O 2.02 50 Between Bjgrngya and tt -2.56 50 Just northeast of Bjgrngy:

ice edge east of Svalbarc
2007 10 0.55 24 At the ice edge east of -2.55 76 Just northeast of Bjgrngy:

Svalbard and the northernmost

stations west of Svalbard

2007 50 1.80 36 Same trend as at 10m  -2.73 64 Same trend as at 10m
2009 O 0.74 48 West of Svalbard and eas -3.09 52 East of Bjgrngya and
in the sampling area southeast in the sampling

area

2009 10 3.41 58 Same trend as at Om -1.92 42 South of Bjgrngya

2009 50 292 50 Same trend as at Om -2.27 50 West and southeast of
Bjagrngya

2009* O 2.73 83 Jarfjord and outside Vard -2.77 17 Outside Posangerfjord

2009* 10 2.81 92 Outside Vardg -0.24 8 Same trend as at Om

2009* 50 2.74 75 Same trend as at Om -2.49 25 Same trend as at Om

*East Finnmark
3.9 P. pouchetii vs. diatom dominance in the Vestfjord archipelago 2006

In the Vestfjord archipelago20 stations were sampled. However, at stations 58 in the
Vestfjorden transect and 87 in the Tysfjord transect species abundance data from Om was
missing. Of the 18 stations sampled, only two stations (72 and 77, located in Austnesfjord)
were dominated bf?. pouchetiiwith quotient values (see Material and Methods) of 0.52 and

0.24 respectively (Fig. 14a). These two stations were part of the diurnal sampling pnegram

Of the remaining 16 stations, stationsof82 | oc
diatoms and P. pouchetii) while the rest of the stations were dominated by diatoms (Fig. 14a).

As mentioned earlieeach individual samplingh the diurnal sampling programe does not
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show in the surface color map since only the mean of therstatadues are expressed in the

plot. However, all stations in Henningsvaerstraumen were dominated by diatoms and the mean
value for these four stations w&s93. In Austnesfjord the mean value for the four stations in

the diurnal sampling programe was-0.91. The three highest values of diatom dominance
were at stations 62, 68 and 61 in the diurnal sampling preagesmHenningsveaerstraumen,

with values-3.03,-2.99 and2.98 respectively (Fig. 14a).

At 10m diatoms were still dominating at most stationsti®is dominated b¥?. pouchetii

had increased from two at Om to five at 10m.
87, 89, 93 and 94, all located in Tysfjord, were not sampled at 10m. The highest diatom
dominance{3.12) was observed at statib@ located in the middle of the Vestfjorden transect
(Fig. 14h. The second highest value301) was observed at the innermost station in
Vestfjorden. The next four highest diatom dominance values were all observed in the diurnal
sampling programein Henningsveaerstraumen, which had a mean valu€.8D. The diurnal
sampling programme in Austnesfjord was also, according to the mean valb, dominated

by diatoms. However, four of the five stations, stations 77, 74, 72 and 76, were dominated by
P.pouchéi, with values 0.54, 0.41, 0.35 and 0.17 respectively. The fifth station (75) was
dominated by diatomsZ4.78). The last station dominated Bypouchetii(0.22) at 10m was

station 59.

The only stations sampled at 50m were stations 82, 87, 93 and ®ddlacarysfjord. All
stations were dominated by diatoms. The diatom dominance value edtrgam the
innermost part of the fjord and outwards. Stations 87 and 82 had vals@2Dbfand-1.94
respectively. The two outermost stations 93 and 94 were sdraplihve same geographical
area only differing in time of sampling and had peak value®.6® and-2.20 respectively.

An overview ofPhaeocystislominance for the year 2006 is in Table 9.
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Figure 14: Phaeocystislominaice (negative value denotes diatom dominance) in the Vestfjord archipelago in
April 2006 at Om(a), 10m,(b). Note missing data at stations 58 and 87 at Om and stations 87, 89, 93 and 94 at
10m (station location is though shown). Sampling stations areeahavith red circles. Bold black numbers are
station numberd?haeocystislominancecolor-bar is shownR. poucheti®> 0 < diatoms) ira.

3.10P. pouchetii vs. diatom dominance in the Vestfjord archipelago 2007

Of the 19 stations sampled, the majority, 8 stations, were dominated by diatoms while
two were dominated bl. poucheti St ati ons 72 and 74 | ocated
Stations 54 and 56 in the Vestfjorden transect were not sampled at Om. The highest value of
diatom dominance-2.71) was observed at station 59 in Austnesfjord, station 73 in Tysfjord
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had the second highes2(28) and station 68 in Henningsveerstraumen the third highest (
1.06) (Fig. 15a). In Austnesfjord all six stations in the diurnal sampling progeanere
dominated B diatoms, and the mean value wa<91. In Henningsvaerstraumen only one of
the six stations in the diurnal sampling, station 66, was dominated fpyucheti(0.04). The
mean value for the diurnal sampling in Henningsveerstraumen-@a2. The last stain
dominated byP. pouchetii(0.45) was the innermost station (53) in the Vestfjorden transect
(Fig. 15a).

Diatoms still dominated at 10m for most of the stations. Of the 19 stations, at 10m, 12 stations
were dominated by diatoms and five By pouchetii Station 74 located in Tysfjord was
Aneutral 6 and station 68 in HenningsvpPrstradu
highest diatom dominance at 10m was in Tysfjord at stations 72 an?.33, and-2.21
respectively (Fig. 15b). In the Vestfjordd¢ransect all stations were also dominated by
diatoms at 10m (Fig. 15b). It was only on the western side of Vestfjdedgmouchetii
dominancevere observed. The highd3t pouchetidominance (0.76) was observed at station

62 in Austnesfijord. Three of theix stations in the diurnal sampling program in
Austnesfjord were dominated B: pouchetiiand the average value for the six stations was
0.07. The second higheBt pouchetiidominance value (0.43) was observed at station 66 in
Henningsveerstraumen. IHenningsveerstraumen two of the five stations in the diurnal
sampling were dominated by. pouchetiiand the average dominance value for the five

stations was0.13.

The diurnal sampling programe in Austnesfjord and Henningsvaerstraumen were not
sampled 850m (Fig. 15c). From the seven stations sampled, five were dominated by diatoms
and two byP. pouchetiiat 50m. At stations dominated by diatoms the specific dominance
values were even higher at 50m than at Om and 10m (Fig. 15a, b and c). Stationesbitoca
Vestfjorden had the highest diatom dominance val2&6) in the sampled area at 50m. The
three stations 73, 74 and 72 in Tysfjord were also dominated by diatoms, having the three
highest values next to station 5%.25, -2.17 and-2.11 respectidg. The two stations
dominated byP. pouchetiiwere observed at the innermost (53) and outermost (56) stations in
the Vestfjorden transect with a dominance value of 0.26 and 0.07 respectively (Fig. 15b). An
overview ofPhaeocystislominance for the year Q@ is in Table 9.
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Vestfjord archipelago, 12.-18. April 2007, 50m
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Figure 15: Phaeocystigslominance (negative value denotes diatom dominance) in the Vestfjord archipelago in
April 2007 at 0Om(a), 10m,(b) and 50m(c). Note missing data at stations 54 and 56 at Ompst&8 at 10m and

at all stations on the west side of Vestfjord archipelago at 50m (station location is though Seawpljng
stations are marked with red circles. Bold black numbers are station nubaeacystislominancecolor-bar

is shown P. pouchéi > 0 < diatoms) ira.

3.11P. pouchetii vs. diatom dominance in the Vestfjord archipelago 2009

At Om diatoms dominated at 7 statioRs,pouchetiiat four (station 170 in Tysfjord was not
sampled). The area with the highest diatom dominance at Om wasved on the westn

side of Vestfiorden, where the highest value2.q5) was at station 157 in
Henningsveerstraumen (Fig. 16a). All three stations (156, 157 and 159) sampled in
Henningsveerstraumen were dominated by diatoms with an average valteB@&fThe
second highest diatom dominane.Q) was observed at station 162 in Austnesfjord. As in
Henningsveerstraumen, the two stations (161 and 162) in Austnesfjord were dominated by
diatoms with an average value -df.90. The highesP. pouchetiidominance(0.58) though
relatively low,was observed at station 149 in the middle of the Vestfjorden transect and the
second highest value (0.17) was at the innermost station in Tysfjord, station 165 (Fig. 16a).

At 10m P. pouchetiiand diatoms dominated at six stas eachHowever, much of the same

trend inPhaeocystiglominance distribution wasbservedat 10m as at Om (Fig. 16a and b).

The stations on the west side of Vestfjorden were dominated by diatoms while the east side
was dominated byP. pouchetiiat 10m The greatest difference was that station 159 in
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Henningsveerstraumen had shifted in dominance from diatoms at Prmptmuchetiiat 10m.

In addition there was a shift in dominance at the two outermost stations of the Vestfjorden
transect, where diatoms domated at station 151 arfel pouchetiiat station 153 at Om while

the opposite was observed at 10m (Fig. 16a and b). The highest diatom dominance values
were still observed in Henningsveerstraumen at stations 156 and 157, both withl\@2,e

and in Austesfjord at station 162-1.91). The two highed®. pouchetiidominance values

(0.40 and 0.38) were observed in Tysfjord at the two stations 165 and 170 respectively.

At 50m the only stations sampled were the five stations in the Vestfjorden transefduilhe
outermost stations 148, 149, 151 and 153 were dominated by diafobfs;0.06,-2.34 and
-0.33 respectively and the innermost station 147 was dominat&d pguchetii(0.17). An

overview ofPhaeocystislominance for the year 2009 is in Table 9.
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Vestfjord archipelago, 15.-19. April 2009, 10m
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Figure 16: Phaeocystiglominance (variation in dominance betwderpouchetiiand diatoms) in the Vestfjord
archipelago in April 2009 at Orfa), 10m, (b). Note missing data at station 170 at Om (station location is
however stil shown).Sampling stations are marked with red circles. Bold black numbers are station numbers.
Phaeocystislominancecolor-bar is shownR. pouchetii> 0 < diatoms) ira.
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Table 9: Overview of Phaeocystislominance in the Vestfjdrarchipelagio in April in 2006, 2007 and 2009.

Maximum P. pouchetid o mi nance ( Max. Pp) and diatom dominance (
percent of stations (stations at specific year and depth) dominatedgmuchetii Pp) and did)t.oms (A
Note stations with missing data are not included. Main areas dominated gmuchetiiand diatoms are also

shown.

Year Depth Max. Stations Main areas dominated  Max. Stations Main areas dominatedby

(m) Pp P. po by P. pouchetii ATot ATot diatoms
(%) Do Do (
2006 O 055 12 Austnesfjord -3.03 88 Rest of the areaespecially
Henningsveerstraumen
2006 10 054 33 Same trend as at Om -3.12 67 Same trend as at Om
2006 50 0 -2.59 100 Tysfjord (anly area
sampledl
2007 O 045 13 Henningsveerstraumen ar -2.71 87 Rest of the areaspecially
innermost station in Austnesfjord
Vestfjorden
2007 10 0.76 29 Henningsveerstraumeand -2.32 71 Rest of the area, especial
especiallyAustnesfjord Tysfjord
2007 50 0.26 29 Innermost and outermost -2.36 71 Rest of the area, especial
station in Vestfjoden Tysfjord and the second

outermost station in
Vestfjorden

2009 0 0.58 36 Tysfjord andthe middle  -2.05 64 Austnesfjord and
and the atermost area in especially
Vestfjorden Henningsveerstraumen
2009 10 0.40 50 Sane trend as at Om -1.92 50 Same trend as at Om
2009 50 0.17 20 Innermost station in -2.34 80 The rest of the stations in
Vestfjorden (Vestfjorden Vestfjorden (Vestfjorden
transect only area transect only area sample
sampled)

3.12 Principal componentalysis, Barents Sea and East Finnmark

The PCA analysis for the Barents Sea and East Finnimérdksed orall three sampled years
in May in the Barents Sea (2006, 2007 and 2009) and May 2009 in East Enam all
depths are included®pecies represext in the PCA are the eight most dominating diatoms in
addition toP. pouchetiand vari able ATot. Do (total di at
station).Number of diatom species registered in 2006 (n=79); 2007 (n=60); 2009 (Foe52).
species included ithe PCA analysis see Table 10. As Austin and Gsargth (1968) points
at, the less abundant species contribute with very little information, and an efficient ordination
can often be obtained from less than 25%heftbtal population. Nine principal components,
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corresponding to the nine active species variables were generated. A listing of species, with

the two highest loading of each species on the nine components, is given in Table 10. These
loadings represent theorrelation of the species with the component, indicating the degree to
which changes in that species will affect individual scores for that component. Six of the
species had their highest factor loadings contained in the two first principal components,
which also were the only two principal components with an eigenvalue greater than 1 (Table

10). However, the three other speci€haetoceros socialis, Thalassiosira nordenskioeldii

and Chaetoceros debiljshad their second highest factor loading contaiimethe two first

principal components constituting 49% of the variation within the species data, whereas PC1
explains 31.4% and PC2 explains 17.5% of the variance (Fig. 17, Table 10). The PCA
analysis for the Barents Sea and East Finnmark is based onnB@IC2. PC1 separatfs
pouchetiiand C. debilisfrom all the other diatoms included in the analysis. PC2 separates
Navicula pelagicaand Thalassiosira hyalinafrom Fragilariopsis oceanica, Thalassiosira
antarctica, T. nordenskioeldii, C. socialiand Chaetoceros compressus(Fig. 17). The

suppl ementary variable ATot. DO is containec
variable fATot . Do, a which wete pmjected onto thenfaatot spdce v ar |
computed from the active variabldsd theihighest factor loadings contained in the two first

principal components.
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Figure 17: PCA scaling (ordination) plot of the Barents Sea (May 2006, 2007 and 2009) and East Finnmark
(May 2009)data based on a correlation matrix of association between nine dominating phytoplankton species
and variable ATot . D6 consisting of the sum of al |l d
2009 n=52, natural Log (L@gtransformed species abundance, cé)l ISpecies acronymd$®p Phaeocystis
pouchetij Fo Fragilariopsis oceanica,Cs Chaetoceros socialisNp Navicula pelagica,Tn Thalassiosira
nordenskioeldii, Th Thalassiosira hyalina,Cd Chaetoceros debiljs Ta Thalassiosira antarctica, Cc
Chaetoceros compressugnvironmental acronym$td stations depth (mN\ latitude ), E longitude f), T sea
temperature®C), Dno day number in yeak diffuse attenuation coefficient; diurnal PARincident on surfage
Qs shortwave radiation at surfac€, total surface heat fluxss a |l i ni tod stabilita dedsity difference
from Om to 10m depdh See Materials and Methods for further details on variables. All environmental variables
are normalized except for stability which is standardiZedtal number of cases in dataset (stations and
comsponding stations dept hs sampl ed) n=377. Both env
supplementary variablémarked with *) Active variables are used in the derivation of the principal components
and the supplementary variables are projected the factor space computed from the active variables.

P. pouchetiihad its strongest positive correlation to diurnal PAR followed by day number in
year, temperature, the diffuse attenuation coefficient, stave radiation incident on sea
surface, stabty, station depth and salinity (ranked from strongest to weakest correlation, Fig.
17). All the diatoms were also positively correlated to the diffuse attenuation coefficient. The
three variables tha&. pouchetiwere negatively correlated to were tiatie, total surface heat

flux and longitude. The most significant correlation for diatoms, exCeplebilis,were a
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positive correlation to latitude (Fig. 17). This was also the case for longitude, except for that
C. compressuwas negatively correlated this variable together wit@. debilis All diatoms
exceptC. socialiswere positively correlated to total surface heat flux. The only diatoms
positively correlated to day number in year and salinity were the three Chaetoceros species. In
addition C. dehlis and C. compressusvere positively correlated to temperature and short
wave radiation incident on sea surfaCe debilisandC. socialiswere positively correlated to
diurnal PAR. In the PCA plot (Fig. 17) the three Chaetoceros ordinated sinfladigeanica,

T. nordenskioeldiand T. antarcticaalso had positive correlations to and ordinated similarly

to the environmental variables latitude, longitude, diffuse attenuation coefficient and total
surface heat flux. All species in the PCA analysis hadng positive correlation to the
suppl ementary variable ATot . D 0 P. poldhetiiwasp e c i e S
C. debilis, C. compressandC. socialis. C. debilibad the highest similarity tB. pouchetii

i.e. they had six positive cotadions to environmental variables in common whie
compressusand C. socialis had five and four environmental variables in common
respectively. All the other diatoms had only one positive correlation to environmental
variables in common witP. pouchetiwhich was the diffuse attenuation coefficient. In total

P. pouchetiwas positively correlated to eight environmental variables.
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Table 10: Factor coordinates of the Barents Sea (May 2006, 2007 and 2009) and East Finnmark (@)ay 200
species data (active variables) and environmental data (supplementary variables). The two highest values are
shown, highest absolute value is underlined, eigenvalues of correlation matrix and cumulative proportion of total
variance explained by each vercof the principal components analysis of the active variables.

Species Factor Factor Factor Factor Factor Factor Factor Factor Factor
Active var. 1 2 3 4 5 6 7 8 9
P. pouchetii -0.44 -0.57

F. oceania 0.61 0.52

C. socialis -0.49 0.50

N. pelagica 0.81 0.37

T. nordenskioeldii 0.60 0.64

T. hyalina 0.83 0.27

C. debilis -0.62 0.70

T. antarctica 0.65 -0.63

C. compressus -0.59 -0.58

Eigenvalue 2.82 1.58 097 0.83 0.70 0.65 0.63 0.51 0.31
Cumulative(%) 31.38 4889 59.65 68.89 76.68 83.94 90.98 96.60 100
Station dept -0.13 -0.12

Latitude 0.39 0.23

Longitude 0.34 0.22

Sea temp. -0.46 -0.23

k* -0.38 0.22

I -0.54 -0.31

Q* 0.27 -0.22

Qs* -0.37  -0.20

Day no. in year -0.28 -0.34

Salinity -0.13 -0.18

pat * -0.15 0.12

Tot. Diatoms 0.49 -0.33

*Explanation to environmental variable acronyrkgliffuse attenuatioroefficient,ls diurnal PAR incident on
surface,Q, total heat flux,Qs shortwave radiation at surface awgd stability density difference from Om to
10m depth See Materials and Methods for further details on environmental variables.

3.13 Principal component analysis, Vestfjord archipelago

The Vestfjord archipelago data compromises all three years (2006, 2007 and 2009) in April

and all depths were included. The eight most dominating diatoms?apduchetiiwere

included in the PCA analysis as actixagiables. Species included in the PCA analysis can be
seeninTablelThe variable ATot. Depistered mteach sam@irgs al |
station and were includan the analysis as a supplementary variabienber of diatoms in

2006 (n=63); 200Mn=26); 2009 (n=29). The first four, out of a total of nine principal
components corresponding to the nine active species variables, had an eigenvalue greater than

1 (Table 11). Six of the species had their highest factor loadings contained in thestwo fir
principal components;. pouchetii, C. socialis, T. nordenskioeldii, Psemidtaschia seriata,

Bacterosira bathyomphaland Chaetoceros furcellatug=. oceania had its highest factor
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loadings contained in the fourth principal componamd Skeletonemacostatum and
Chaetoceros decipiens the fifth principal componer{fTable 11). HoweverS. costatunand

C. decipiendad, unlikeF. oceanicatheir second highest factor loading contained in the two
first principal components. The two first principal campnts constituted 43.30% of the
variation within the species data (Table 11). PC1 explains 25.76% and PC2 explains 17.54%
of the variance (Fig. 18). PC1 separa®espouchetii, P. seriatal. nordenskioeldiand C.
furcellatusfrom the rest of the speci@scluded in the analysis (Fig. 18}. oceania was
separated frors. costatum, C. decipiens, B. bathyomphala, C. soeiatishe supplementary
variable ATot. Do by PC2 (Fig. 18). The envi
variables) were #h same as used in the PCA analysis for the Barents Sea and East Finnmark.
Nine of the eleven environmental variables had their highest factor loadings contained in the
two first principal componentsstation depth, latitude, longitude, sea temperaturenaliu

PAR, total surface heat flux, shaviave radiation incident on sea surface, day nhumber in year
and stability Table 1). The diffuse attenuation coefficient and salinity hHbdir highest

factor loadings contained in the fourth principal componenbl€ral). However, the diffuse
attenuation coefficient had its second highest factor loading contained in the two first

principal components.
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Figure 18 PCA scaling (ordination) plot of théestfjord archipelago April 2006, 2007 and 2009) data based
on a correlation matrix of association between nine
consisting of the sum of all diatoms (number of diatoms in 2006 n=63, 2007 n=26 and 2009 nx29| ogt
(Logy)-transformed specie abundance, cé)l ISpecies acronym$p Phaeocystis pouchetiBSc Skeletonema
costatum Cs Chaetoceros socialis,;Tn Thalassiosira nordenskioeldiiPs Pseudenitzschia seriata, Fo
Fragilariopsis oceanicaBb Bacterosira bathyomphal&d Chaetoceros decipien€f Chaetoceros furcellatus
Environmental acronymsStd stations depth (m)\l latitude {), E longitude f), T sea temperaturé®), Dno day
number in yeark diffuse attenuation coefficients diurnal PAR incident on surfac&s shortwave radiation at
surface,Q, total surface heat flusSs a | i n @pt $tabildy, density difference from Om to 10m deptiSee
Materials and Methods for further details on variables. All environmental variables are normalized except for
stability which is standardized.otal number of cases in dataset (stations and smoreling stations depths
sampled) n=269. Both environment al dat a (marked vith ot . Do
*). Active variables are used in the derivation of the principal components and the supplementary variables are
projected oto the factor space computed from the active variables.

The species group according to PCA analysis figure 18 consistingpmfuchetii,P. seriata,

T. nordenskioeldiandC. furcellatuswaspositively correlated to day number in year, latitude,
sea temeprature and diffuse attenuation coefficient (environmental variables is ranked from
strongest to weakest correlation according tpouchetii, exceptC. furcellatusthat was not
positively correlated to temperature. In additidh, seriatawas positivelycorrelated to
longitude, salinity and stability whil€. furcellatis correlated positivelyto diurnal PAR,
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shortwave radiation incident on sea surface and salinity. The haptophycgeuchetiihad

its strongest negative correlation to total surfacd Her, shortwave radiation incident on

sea surface andiurnal PAR All other species, i.€S. costatum, C. socialis, F. oceanica, B.
bathyomphalaand C. decipienswere positively correlated to total surface heat flex.
oceanicaalone was positively eceelated to the diffuse attenuation coefficient, day number in

year, salinity and stabilityHg. 18. S. costatum, C. socialendC. decipiensvere positively

correlated to latitude, and the latter two species were also positively correlated {oaskort

radiation incident on sea surface along wBthbathyomphalaThese species were grouped
together i n t he PCA an@&igweslB).sS. eobtaiumgnd Bvi t h i
bathyomphalavere also positively correlated to salinity aBdbathyomphalavas theonly

species positively correlated to station depth. The only species in this latter @oup (
costatum, C. socialis, C. decipiens and B. bathyomphia¢acorrelated to diffuse attenuation
coefficient and diurnal PAR wda3. decipiensAll species in théCA analysis were positively
correlated to the supplementary variafbl e AT«
pouchetii according to the number of positive correlations to the same environmental
variables wereTl. nordenskioeldiiand P. seriata They had four positive correlations to
environmental variables in common wikh pouchetii In total P. pouchetiiwas positively

correlated to four environmental variables.
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Table 11: Factor coordinates of the Vestfjord archipaag\pril 2006, 2007 and 2009) species data (active
variables) and environmental data (supplementary variables). The two highest values are shown, highest absolute
value is underlined, eigenvalues of correlation matrix and cumulative proportion of tatalceaexplained by

each vector of the principal components analysis of the active variables.

Species Factor Factor Factor Factor Factor Factor Factor Factor Factor
Active var. 1 2 3 4 5 6 7 8 9
P. pouchetii -0.62 0.55

S. costatum -0.52 -0.43

C. socialis -0.80 -0.45
T. nordenskioeldii -0.75 0.51

P. seriata 0.63 -0.35

F. oceania 0.61 -0.64

B. bathyomphala -0.68 0.60

C. decipiens -0.55 0.60

C. furcellatus -0.65 -0.61

Eigenvalue 231 1.58 112 1 0.74 0.64 0.63 0.56 0.42
Cumulative % 2576 43.30 55.70 66.76 75 82.13 89.18 95.37 100
Station dept 0.21 -0.17

Latitude -0.39 0.16

Longitude 0.16 0.26

Sea temp. 0.53 -0.09

k* 0.23 -0.27

I 0.33 -0.26

Q* -0.50  0.19

Qs -0.30 0.40

Day no. in year 0.68 -0.25 5454

Salinity 0.09 -0.14

pat * 0.17 0.29

Tot. Diatoms -0.23 -0.58

* Explanation to environmental variableranyms;k diffuse attenuation coefficients diurnal PAR incident on
surface,Q, total heat flux,Qs shortwave radiation at surface amwplli $tability density difference from Om to
10m depth. See Materials and Methods for further details on enviroretheatiables.

An overview of positive correlations between species and environmental variables in the PCA
analysis for the Barents Sea and East Finnmark and Vestfjord archipelago is given in Table
12, where the three strongest positive correlations ta@mnwental variables are shown for

each species.
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Table 122 PCA correlations for the Barents Sea and East Finnmarkttendlestfjord archipelago showing
species corretin to environmental variablethe three strongest positigerrelation to environmental variables
in each PCA are shown for each speciBsBarents Sea and East FinnmaXk,Vestfjord archipelago and
***denotes the strongest correlatiori*second strongest and *third stronges§pecies acronymsPp
Phaeocystis pachetii Dia total diatoms,Fo Fragilariopsis oceanica, Tn Thalassiosira nordenskioeldii
(common for the Barents Sea, East Finnmark and Vestfjord archipezgyGhaetoceros sociali$\p Navicula
pelagica Th Thalassiosira hyalinaCdeb Chaetoceros debdj Ta Thalassiosira antarcticaCc Chaetoceros
compressugBarents Sea and East FinnmarBc Skeletonema costatur®s Pseudenitzschia seriata,Bb
Bacterosira bathyomphalaCdec Chaetoceros decipien§f Chaetoceros furcellatuévestfjord archipelago).
Environmental acronymsStd stations depth (m)N latitude ), E longitude f), T sea temperatur€@), k
diffuse attenuation coefficientg diurnal PAR incident on surfac€, total surface heat fluxQs shortwave
radiation at surfaceDno day number iryear,Ss a | i n ¢ stabildy, density difference from Om to 10m
depth). See Materials and Methods for further details on variables.

Varr Pp Dia Fo Cs Np Tn Th Cdeb Ta Cc Sc Ps Bb Cdec Cf

Std Vo
N V** V*** B** B** B*** B*** B* V** V*
V***
E B** B*** B** B*** B** B***
T B* B* V**
V*
k B*** V* B*** B** B*** B** V* V***
V*
| s V**
Qt V** B* B* B* B* B** V*** V*** V***
V***
Qs B* V* V**
Dno B** B* B* V** V*** V*
V***
S V** B** B*** V*
it
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4. Discussion

The main findings in th presenttudy are as follows:The highestPhaeocystis pouchetii
dominance (see Matersahnd MethodsPhaeocystislominance ratip observed during the
sampling periods (2006, 2007 and 2009%hie Barents Sea in May and Vestfjord archipelago
in April, was in 2009. HighP. pouchetiidominance was also observed in East Finnmark
which was only sampled in May 2009. In all three areas the highgstuchetiidominance
was generally observed at 10rapth (the three depths investigated each year were Om, 10m
and 50m during the sampling period$n 2009 at 10m depth, 58% of the stations were
dominated byP. pouchetiiin the Barents Se&0% in Vestfjorden archipelago and 92% in
East Finnmark. The yeavith the highest diatom dominana&s in 2006 both in the Barents
Sea and Vestfjord archipelago. In both areas diatoms were generally observed to dominate at
Om depth during the sampling periods. 2006 at Om depth76% of the stations were
dominated by @&tomsin the Barents Seand 88% in Vestfjord archipelago. In East Finnmark

the diatom dominance was lpw/7% at Om in 2009

The Phaeocystisequences (18s rRNAnalyzed from the Barents Sea indicated that it could
belong to bothP. cordataandP. antarctica. (Table 7).Examined from a morphological point
of view this is not likely.P. cordatais not observed to have any colonial stage, neither in
natural samplesior in culture (Zingone et al. 1999)In case of the colony forming.
antarcticait is only reported to be present in Antarctic waté3shoemann et al. 2009n
addition it is possible to distinguidh. pouchdt from P. antarcticawhen they are in thie
colonialstage P. pouchetiformslobedcloudlike colonies with cells in packets of four while
P. antarcticaforms globular colonies with cells randomly distribut@dedlin & Zingone
2007) This suggests that the species observed Rvgsouchetii but it is clearthat more

extensive gentical analysis (more genes) can give other suggestions

The spring bloom in theentral Barents Sea has been reported to peak in Aprd@ndtimes

into May by Evensen(1994) and in May by Ellertsen(1982) Rey and Loeng(1985)
However, Sakshaug and Slags{a@91)and Rey and Loen(985)concludes that the spring
bloom in thecentral Barents Sestarts at varying times depending on the vertical stability of
the water column and irradiance. According to Sakshaug and Slagstad (1991) the spring
bloom can start in early April if the vertical mixing is shallower than 2l@m.edge blooms

takes placat the same time as in tleentral Barents Sea, in April or Mgidegseth 1992)

Data from East Finnmark is scarce, and spring bloom timing may vary. Eilertsen and Frantzen
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(2007)andHegseth et al(1995)reported the spring bloom in Porsangerfjord to peak during
April/May and continue into the summebespite great latitudinal differences, the spring
bloom in Vesfjord archipelag@roperpeaks approximately at the same time as in the Barents
Sea and East Finnmarkhough it may some years peak earlier in shallow aitdaseby
(2002) thus reports spring bloom peakn late March for Austnesfjord and during April in
Henningsvaerstaumen and Vestfjorden. Spring bloom peaks in late March or early April in
this area ha also been reported by others eByaarud and Nygaard1978, 1980) A
compilation based on a literature study as well as their own data of the most abundant
phytoplankton species in March, April and May (showing maximum cell numbers)tfre

coast of northern Norwagind theBarents Sea is given by Degerlund and Eiler{&&99)

This extensive work summarizes the phytoplankton literature covering a great geographical
area over a long time peri¢@9222007) giving an overview of the spring bloom peaks and
species associated with #nd the conclusions herein are that the most variable timings of the

spring blooms are south in the area (Vestfgnchipelagd and in the north (ice edge)

My samping in the Barents Sea and East Finnmark took place in May, one month later than
in the Vestfjord archipelago which was sampled in ApBlue to limited availability of
resources and vesdgéhe, the areas and periods sampled in the BarentasSeaentione

varied somewhat between yeals.the Barents Sea the spiing in 2006 and 2007 started

five days earlier than in 2009. In addition, the sampling area in 2006 was further north than
the other years, contributing to the relative low temperatures obser2€@6. The sampling

in 2009 was conducted both in the Barents Sea and East Fini8mar#.| only had data from
eastern Finnmérfrom one year these data weraoled with the BarestSea data in the PCA
analyses. In addition one resoning for thias tha eastern Finnmark generally has colder
water than esists further south in northern Norwadwp. the Vestfjord archipelago the same
geographical area was sampled each year. However, the sampling period in 2006 was almost

two week earlier than in 2007 and(®D

The present study ithereforewithin the time period where the spring bloom event is
observed in the Barents Sea, East Finnmark and Vestfjord archipelago. However, the spring
bloom event is as mentioned reported to vary between years depending ramraawuial

variables like e.g. stability of the water column and irradiance. It is important to have in mind
that the present investigation is a Asingle

result of both the biological and physical condittbat has already taken place. However, the
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species present vs. abundances and the environmental variables may give us a clue of which
stage the spring bloom is in and what environmental regime it takes place in. Degerlund and
Eilertsen(2009) used this approach for the Barents Sea and north Norwegian coast. Where
Sspecies associations i .e. s ever glansleypl®36,i es f
Krebs & Richard 1985)interpreted as positive correlations between species and the
correlation of these species to environmental variables caardischat we interpret as an
association of earlgr latespring bloom specig®egerlund & Eilertsen 2009)

As mentioned in the aim of the present stuBly,pouchetiiis known to be an imptant
species in all three areas investigated, and the relative abundance betvpeeichetiiand
diatoms is also known to vary greatly between years. In the following discussion | will focus
upon the vertical and horizontal dominance variation betwWe@ouchetiiand diatomsn the

study area and their correlation to species and environmental variables.

There was a trend fé. pouchetito dominate at 10m and diatoms at Om in this present study.
For simplicity fistation dominano& will be used in the filowing to denogé the relative i.e.
high or low percent of stations dominated by eitlierpouchetiior diatoms. In five of the
seven cruises the highd3t pouchetiistation dominance was observed at 10m station depth
The same accounted for diatoms caong®y Om ifthe situation observed &0m in Vestfjord
archipelago in 2009 is not taken in to accodite situatiorin Vestfjord archipelagavas not
representative for the entire area since abundance data only was taken from the Vestfjorden
transectt 50n in 2009 A similar vertical distribution, where. pouchetiwas more abundant
in the deeper part of the water column, was observed by Wassmann(E298) They
observedP. pouchetiito be most bundant between 25m and 50m in the meandering Polar
Front and in the frontal zones whereas in the upper Ry@ouchetiiabundance deceased.
They reported the situation observed to ba inell developed bloom phase (though no peak
bloom phasepased onncreasng stratification, moderate to high chlorophyll concentrations
and increasingly depleted nutrient concentrations towards the north. They also observed
silicate concentration to often be <2¢gM. Si
much lowerabundance) was observed in their remaining transect, including both Atlantic
water (prebloom stage) and Arctic water (peak bloom) in the central Barent@/\&essmann
et al. 1999) In the Atlantic water the stratifation was weak which is typical for this area
(Wassmann et al. 199%trong stratification was observed in the Arctic waters and the bloom
appeared to be limited by silicate and nitr@féassmann et al. 1999 situations where
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nutrients and silicate is depleted in the upper stratified laifengouchetiihas an advantage
over diatoms.P. pouchetiidoes not need silicate arekperiments indicate that diatoms
dominate oveP. pouchetiionly when silicate concentratioaseabove 2uM(Egge & Aksnes
1992) giving P. paichetiia competitive advantage later time spring bloom. In additiora
positive buoyancy has beeeported forP. pouchetiicolonies(Skreslet 1988, Schoemann et

al. 2005) The ability to adjust their specific weight might play an important role in the
competition with diatomsin stratified waters where nutrients are accessible only below a
deep pycnoclinelR. pouchetiimay possibly acquire neutral buoyancy below the pycnocline.
West of Svalbard, Eilertsen et §.989)found it evident that the critical depth during the day
was below 1% light depth (which in their study variedveen 15m and 35m) allowirige
phytoplankton to take advantage of the enhanced nutrient concentrations under the
pycnocline. The low light itensities associated with greater depths might also act as an
advantage folP. pouchetii Eilertsen(1989) reportedP. pouchetiito show great ability to
maintain and increase its photosynthetic efficiency at Ight lintensities. The same tendency
has been reported fd?haeocystiSrom Antarctica(Palmisano et al. 1986whereit was
shown to be better adapted than diatoms to low light intengitieggo et al. 1999) In
addition, Hegarty(1998) reports onPhaeocystiscf. pouchetii growing faster relative to
diatoms when nutrients were rbmiting and irradiance as low. This might be theain

reasongor the observed dominance®f pouchetiiat a greater depth than diatoms.

The highest percent of stations dominatedPbgeocystis pouchetivas observed in 2009 in
both main areas, the Barents Sea and Vestfjalu@lago. HighHP. pouchetidominance was
also observed in East Finnmark in 206®wever, it was only in the Barents Sea and East
Finnmark situations were observed where the percent of stations domina®egbychetii
exceeded the percent of statiomsrinated by diatoms. This points to the greater presence of
P. pouchetiiconcerning distribution in the Barents Sea and East Finnmark than in Vestfjord
archipelago in the periods investigated. The lglpouchetidominance in East Finnmark in
May 2009 issupported by the negative correlation betwBemouchetiiand latitude N) in

the PCA analysis for the Barents Sea and East FinnnTdris indicaes anincreasing
abundance ofP. pouchetiiin the southern Barents Sea and East Finnmark. In the PCA
analyss for Vestfijord archipelagd®. pouchetiiwas positively correlated to latitudéN{)
which indicates a greater abundance Rof pouchetiiin the two northernmost locations

sampled, Austnesfijord and Henningsveerstraumé&his is especially the case in
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Austnegjorden, supported by that the maximdinpouchetidominance value was observed
in Austnesfjord in 2006 and 2007 at 10m (the depth with the generally highpsuchetii
dominance)ln 2009 the maximuni®. pouchetiidominance value was however observed in
Tysfjord at 10m.The explanations to the distribution pattern observedPfqrouchetiihas to

be sought in the physical and biological variables connected to its environment.

P. pouchetiwas positively correlated to sea temperatures both in the B&eat&ast
Finnmark and in Vestfjord archipelago. Howevthis might not be a direct effect d?.
pouchetiithriving only at high temperatures since some of the stations withPigiouchetii
dominance in the other years (2006 and 2007) rather had dothe lmwest temperatures.

The positive correlation to sea temperatures may as well be an effect of the life history
strategy ofP. pouchetiijndicating a later appearance f pouchetiin the succession. After

all the sea temperature is tightly coupledthe development of the spring bloom, where
relatively higher temperatures indicate a later stage in the spring blben).the high sea
temperatures observed in 2009 in btik Barents Sea and Vestfjord archipelagticates

that the spring bloom is a late phase?. pouchetiihas been reported to occur later in the
spring bloom, where the traditional view is that spring blooms in regions Rvgoeuchetii
blooms occur is usually characterized by a diatom bloom followed by a p&akpiwuchetii

caony cells(Riebesell et al. 1995, Wassmann et al. 1999, Rousseaua et al. 2000, Smith et al.
2003) In addition, previous investigations has observed that the spring bloom peaks earlier in
coastal water than offst®(Fegyn 1929, Husby 2002)which might explain the highe.
pocuhetiidominanceobservedin East Finnmark. The spring bloom in the sheltered fjord
Austnesfjord is as earlier mentionded reported to start ealier than in Henningsveerstraumen
and Vestfjorden which might be tieason for the observed high pouchetiidominance in

this fjord in 2006 and 20Q7This might also be the case in Tysfjard2009wherehigh P.
pouchetiidominance was observed along with the highest temperatures observed in the
Vestfjord archipelagindicatinga later bloom stage.

A late appearance d?. pouchetiiin the spring bloomin the Barents Sea and East
Finnmark was also supported by the positive correlation betwBenpouchetii and
Chaetoceroglebilis, Chaetocerosocialisand Chaetoceroxompessusin the PCA analysis
for the area in questio ypically the species succession follows a characteristic pattern in the
spring bloom and it is to some degree possible to estimate the stage of a bloom due to
successional patterrfMargalef 1958) Chaetocerospecies and especially. socialishave

been reported to have high concentrations late in the spring bloom season in the Baents
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(von Quillfeldt 2000) In Vestfjord archipelagd®. pouchetiiwas positively correlated to
Pseudenitzschia seriata, Thalassiosira nordenskioeldii, Chaetoceforscellatus and
Skeletonemaostatum S. costatunoften appears early in the spring bloom in Vestfjord
archipelago (March) and along the north Norwegian c@dsiseby 2002, Degerlund &
Eilertsen 2009yhile T. nordenskioeldiandC. furcellatushavea somewhat later appearance
(Schei 1974, Huseby 2002)). nordenskioeldimight have a more sporadic appearance since
it also has been reported asearly sprig bloom species along the north Norwegian coast by
Degerlund and Eilertsef2009) P. seriatais distributed in temperate to northern cold water
regions and Heimd4lL974)observed it, however in small amounts, in early April in Ullsfjord
in a spring bloom situation dominated by diatoms &dpouchetii The two peciesT.
nordenskioeldiiand P. seriatawere in addition toP. pouchetiipositively correlated to sea
temperature wherP. seriatahad the strongest correlation to sea temperatures in Vestfjord
archipelago.

It seems as iP. pouchetiido not appear astkin the spring bloom succession in
Vestfjord archipelagio as in the Barents Sea supported by its correlation to both early and late
spring bloom species in Vestfjord archipelaganay rather be more abundarteoughout
the spring bloomseasonin Vestford archipelago In addition, P. pouchetiiwas only
positively correlated to diurnal PAR incident on sea surface andsiawd radiation incident
on sea surface in the PCA analysis for the Barents Sea and East Finnmark, indicating a later
appearance irhe Barents Sea and East Finnmark than in Vestfjord archipelago.

Other environmental variables which might also indicate a later appearariRe of
pouchetiiin the spring bloom in the Barents Sea, East Finnmark and Ves#johipelago
was the positivecorrelation betweenP. pouchetij day number in year and the diffuse
attenuation coefficient. However, it is more likely that the positive correlation betReen
pouchetiiand day number in year is a result of the sampling track which varied greatly
between gars in the Barents Sea but not so much in Vestfjord archipelago. In Vestfjord
archipelago the sampling track was as following: the Vestfjorden transect,
Henningsveerstraumen, Austnesfijord and Tysfjord, except in 2007 when Austnesfjord was
sampled before Hwingsveerstraumen. In the case of Vestfjord archipelago the positive
correlation betweerP. pouchetiiand day number in year indicates a I®v pouchetii
abundance in the Vestfjorden transect and an increaBingouchetii abundance in
Henningsveerstrumeriustnesfijord and Tysfjord. This is supported by the maxinmfem
pouchetiidominance values observed in Austnesfjord and Tysfjorden as earlier mentioned.

67



The diffuse attenuation coefficient is known to increase during the spring bloom due to
increased abundae of phytoplankton which in turn results in increased release of
extracellular organic carbgi®mith 1977, Larsson & Hagstrom 1979, lturriaga 1981, Larsson
& Hagstrom 1982, Riemann et al. 1982k earlier mentioed, P. pouchetiis known for its

rapid growth and gelatinous colonies consisting of a variety of polysaccharides which
probably increases the diffuse attenuation coefficient. The sgeécmsuchetiwas positively
correlated to in both main areasere also positively correlated to the diffuse attenuation
coefficient except frons. costatumn Vestfjord archipelago. This again shows the earlier
appearance @&. costatunm the spring bloom successiandthe positive correlation between

P. pouchetiiand bah early and later spring bloom species in the Vestfjord archipelago.

The year with the highest percent of stations dominated by diatoms was in 2006 in both the
Barents Sea and Vestfjord archipelago. The diatom dominance in East Finnmark in 2009 was
low compared to the Barents Sea and especially Vestfjord archip@lagercent of stations
dominated by diatoms was generally higher in Vestfjord archipelago than in the Barents Sea
and especially East Finnmark. This points to the greater importance ahsiatovestfjord
archipelago than in the Barents Sea and especially East Finnmark in the three years
investigated. I n the PCA analysis for t he E
diatoms) was positively correlated to longitud&)( This was alsdhe case for the three
speciesNavicula pelagica, T. nordenskioeldind Thalassiosirahyalina,whichfi To t . Do ha:
its strongest positive correlatida in the PCA analysis for the Barents Sea and East Finnmark

i.e. these species followed the sanheiralame trend as total diatom¥hese three species

were in addition to having a positive correlation to longitf@® élso positively correlated to

latitude fN) along with Fragilariopsis oceanicaC. socialis and Thalassiosira antarctica

This indicatesthat he most abundant diatom species con
and East Finnmark in the three years sampled had a higher abundance in northeast, probably
at the ice edge which was sampled each year in nortiAdhstations situated into theé

drift in the years sampled wedeminated by diatoms except fone station in 2006 and 2007

where P. pouchetiidominated. This is supported by thtite species from the genera
ChaetocerosThalassiosiraFragilariopsisandNaviculaare all reported tbe predominant in

the outermost and thinnest part of the seqd$akshaug et al. 20090 Vesfjord archipelago

ATot . Do and the three species wereposhiwelg it s

correlated tolatitude PN) which indicates a greater abundance of diatoms north in the
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sampling area(Henningsveerstraumen and Austnesfjorbh the three years sampled in
Vestfjord archipelago the maximum diatom dominance values observed at Om (the depth with
the generally highest diatom dominane&yein Henningsveerstraumen in 2086d 2009 and
in Austnesfjord in 200.7Examination of thenvironnental variable and species connectéal
ATot . Dcontriloute gobxplain the proposed distribution pattenntime and space for
the main species constituting ATot. DO.

A T ot wasregatively correlated to sea temperatures according to the PCAianaly
for the Barents Sea and East Finnmark and Vestfjord archipelago. This is supported by that
the lowest sea temperatures in both main areas were observed in 2006 i.e. the year with the
highestdiatome dominancelhe negative correlation to sea tempemataight indicatethat
the main species i radah kaly appearance inDhe spvirg rblocanb | e
successionHowever, h case of the PCA analysis for the Barents Sea and East Finnmark it
strengthens the proposed g abundance of diatoms cowted to the low temperatures at
the ice edgevhi ch was sampled each year. The thre
positive correlation to in the PCA analysis for the Barents Sea and East Fin(ixhark
pelagica, T. nordenskioeldiand T. hyalina) were &so negatively correlated to sea
temperaturesThis is in agreement witil. hyalinabeing characterized as a spring species
often in the presence of ice arM. pelagicabeing a true ice algae speci@Sran 1902,
Eilertsen et al. 1989, Kuznetsov 1992, Quillfeldt et al. 20@3j)s therefore reasonable to
suggest t hat the main species in ATot. Do
presence of ice. This is also supported by total diatoms to be dominatémypesratures of
1.46°C in 2006. Temperatures below the ice in Arctic water in ice covered regions of the
Barents Sea is reported to be betwee@5’C to-1.9°C in May, values represent range in the
sampling area for surface waters1(®) (Hegseth 1992)The negative correlatioto sea
temperature might theref® not solely be associated to early appearance in the spring bloom
sinceT. nordenskioeldiis proposed to be late spring bloom species along wilh hyalina
(compared to the pennate chéamming Fossula arcticaandFragilariopsisspp.)in anArctic
spring bloom (von Quillfeldt 2000) but rather to the ice bloom situation where low
temperatures are connected to the ice edigeughT. nordenskioeldieand T. hyalira are
proposed as being later spring bloom species, they often appear Géfmetocerosspp.
(Quillfeldt 2000) This suggestthatt he mai n speci es ¢ ocaheddioft ut i ng
P. pouchetiwhich was positively correlated to the only thf&leaetocerospeciesn the PCA

analysis for the Barents Sea and East Finnmédokvever,Phytoplankton connected to areic
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edge spring bloom will generally experience low temperatures when following the northward
retreat of the ice edge. I n addition was fATo
coefficient in the PCA analysis for the Barents Sea and EasmBikn Hegseth(1992)

observed high domimage of silt, clay and nonliving organic matter under ice in samples
collected over the Hopen Bank in February/March. When the ice starts to melt in April/May
(Hegseth 1992}he silt, clay and nonliving organic matter under ice is released which
probably rapidly increases the diffuse attenuation coefficieneimihal stage of the ice edge

bloom. It is difficult to say ifthe positive correlation to thdiffuse attenuation coefficient is

due to a later appearance of the main diatoms in the spring bloom i.e. high concentration of
phytoplankton and release oftecellular organic carbon, or that the main diatoms observed

are more abundant ithe initial stage othe ice edge bloomHowever, the main species
constituting ATot . DO pr oFb@obcheliin thepspriagabloem a h e a d
in the Barerg Sea in the investigated period.

The three species ATot. Do ihthelPCA &nalysist r ong
for the Vestfjord archipelag¢S. costatum, C. socialiand T. nordenkioeldi) were also
negatively correlated to sea temperatuexsept fromT. nordenskioeldiiThese species are
often some of the main species in the spring bloom in Vestfjord archip@agarud &
Nygaard 1980, Degerlund & Eilertsen 20095 earlier mentione®. costatums an early
species and. nordenskioeldiis a somewhat later speciesthe spring bloom succession in
Vestfjord archipelago. In the Vestfjord archipela@osocialishas been reported to belong to
the species in early succession, small diat@ifseby 2002, Degerlund & Eilertsen 2009)

The mainspeciesocn st i t ut i ng t bothto@aflyand late@ringtbledmaspegies,
indicating total diatoms tde more abundant throughout the spring bloom in Vestfjord
archipelago than in the Barents Sea. Recall, this was also observ&d paruchetiiin
Vestfjord archipelago. This agrees well with the observations made by(Fe®®) reporting

the spring bloom in Vestfjord archipelago to be initiated withaetocerosspp. and P.
pouchetii. One reason for this mit be that the spring bloom is mofshortlivedo in
Vestfjord archipelago than in the Barents Sea. This is however true for the fjords located on
the west side of Svalbard, Kongsfjord and Hornsund according to Eilertser{1&88l) who
statethat the spring bloom lasts longer in this area (from mid March to early Jameatihe
north Norwegian coastvhere they usually last for about one mo(atthews & Heimdal
1980, Eilertsen 1983)This is probably not connected to the initial nutrient concentration

since they are observed comparable in the Spitzbergen fjordsadsifbl outside Tromsg
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(Eilertsen& Taasen 1984)Eilertsen et al(1989) suggestheavy grazing to slow down the

progress of the spring bloom and recycled ammonia to prolong the progress. This agrees well
with Sakshatugdshethatemeand protracted phytop
icef ree Atl antic waters may represent good e X
that arise where sea ice overlies Atlantic water may be textbook examples of mismatch, as are

the ealy spring blooms in Norwegian fjord&Vassmann et al. 199D). Thistedtlsat g g e
phytoplankton generally have a more narrow
compared to the Barents Sea which might be the reason for the observed overlap in peak

abundance in Vestfjord archipelago betwBepouchetiand diatoms.

The latest species associations suggested for the present study ardd amichetii
associations for the Barents Sea region@nsbocialisassociations along therth Norwegian
coast(Degerlund &Eilertsen 2009) Species association names are assigned according to
Cl e I897xdea of naming the spi&es association after the most predominant species in
the area. This is supported by several otlieey & Loeng 1985, Skjoldal & Rey 1989, Rey
1993, Evensen 19914, Qui I I f el dduggesttyahe greaRat 0 k o
importance ofP. pouchetiiin the Barents Sea and diatoms, especi@llyocialis,along the

north Norwegian coast. Degerlund and Eilerté2009)observed a tadency forP. pouchetii

to increase in importance towards the north in their study area which was from Vestfjord
archipelago to the Barents Sea. They obseRegdouchetiito be most predominant in the
northernmost coastal fjords and in the Barents Seahwisi in agreement with the present
three years study. pouchetiiwas not only abundant in the Barents Sea and especially East
Finnmark, it was occasionally also the most dominagipeciesn relation to total diatoms in

the entire area sampled in tharBnts Sea and East Finnmark in 2009.

As earlier mentioned, Sakshaug and Slagé&t881)and Rey and Loen(985)concludethat

the spring bloom in theentral Barents Sea starts at varying times depgnalinthe vertical

stability of the water column and irradiance. However,the Barents Sea the surface
stabilities (610m) were generally low in May all years, the only exception was the
northernmost station west of Svalbard in 2008w stability can reglt in increased mixed

depth. One definition is that the mixed depth related to vertical density distribution is the
depth at which a cihfarRgyhas ocourcefbevituhl®©82)sHoweveg c e
due to the often weakly stratified nature of the water columns in the Barents Sea and East

Finnmark (Eilertsen & Skardhamar 2008) ; ¢hange of 0.1 is here used as criterion. The
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situation in East Finnmark waather different, which due to river runoff had high stabilities
compared to the Barents Sea.

According to the PCA analysis for the Barents Sea and East Finrffng@&uchetii
was positively correlated to stability and total diatoms were negativelylateddo stability.

This is supported by that the only station in the Barents Sea and the stations in East Finnmark
with surface stabiliyabove 0.1 were dominated Y. pouchetii Especially was East
Finnmark the main area attributing to the positive dati@en betweenP. pouchetiiand
stability.

P. pouchetiiseems to have some competitive advantages over diatoms at low
turbulence since it can have positive buoyaf®kreslet 1988, Schoemann et al. 2008)ile
diatoms would dominate in relatively turbulent conditions accortbngargalef(1978) It is
not possible to observe any trepiceitherP. pouchetiior diatoms being dominant in stratified
areas in the Barents Sea since only one station was stratified. However, diatoms were more
dominating in 2006 and 2007 than in 2009 and there were no stratification in the two earliest
years smpled. In East Finnmark on the other hand the situation observed was probably a well
developed spring bloom since a marked stratification of the water column was observed,
probably due to river runoff. Hegseth et @995)state that freshiater runoff desnot cause
anymarked stability in the water masses until May/June, when the spring bloom is over in the
area properin support of this wathe observation o€haetocerospp. sporebeing common
among diatoms present at 50m in East Finnmvanich indicaes that the pela in diatoms
probably had culminated\ccording to this the spring bloom observed in the near coastal area
of East Finnmark in the present study might be in a late bloom phase dominakd by
pouchetii In addition, previous investigations has observed tha spring bloom peaks
earlier in coastal water than offshae earlier mentionedrhis might be the reason for the
observed diatom dominance at the offshore stations with low stabilityPargbuchetii

dominance at the coastal stations with high stgbil East Finnmark.

ATot . Do and ithhdets dtringest posisvegreetatios t® in the Barents Sea

and East Finnmarlkvere negatively correlated to stabilifihis is surprising since the main
speiesconstituting AT dothe moBt@bundant ie the ice @dge Hobne. tte
edge blooms are characterized by a stratified upper water lay due to the low saline melt water.
However, the surface stability calculatedthre present study was from Om to 10mhile

Hegseth(1992) observed a pronounced pycnocline at 20m to 30mgukpril/May (1986
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1988) as a result of melting of sea ice. It is therefore possible that any stabilization was
overlooked when only investigating the stability in the upper 10 meters if this also was the
case in the present study.

However, i he three sieoies bad ds sttongest positiveorrelatiors to
were positively correlated to total heat fluxthe Barents Sea and East Finnma&xlkpositive
total heat flux value denotes heat loss from air and is referred to as negative heat flux. The
thermal regime of the Barents Sea is mainly influenced by two factors, the total heat flux and
the water exchange with the adjacent bagikgznetsov 1992) The negative heat flux
increases the temperature of the sea surface which eventually stabilizes the upper layers of the
water column. At the ice edge the melting of ice will also contribute to the stabilization of the
upper water caimn which in turn might triggethe ice edge bloom reported to start in April
or May as earlier menti oned. However, ATot .
positive correlation to in the Barents Sea, East Finnmark and Vestfjord archipelago were
negdively correlated to stability. Nevertheless, thermal stratification resulting from radiation
absorbed by the phytoplankton cells may be weak and difficult to d8teamska & Dickey
1993)

In Vestfjord archipelago botR. pouchetiand #fATot . DO weateétonegat |
stability. High stabilities, (>1.25 in Vestfjord archipelago) were observed in Tysfjord in 2006
and 2007 and in Austnesfjord in 2008urface stabilities most likely developes earlier in
these two sheltered fjords tham Henrningsveerstraumen and $t§orden. Thusthe spring
bloom mighthave started earlier in these two fjords and furth@minated leaving low
abundance of botR. pouchetiiand diatoms in the stratified waters of the two fjords in the
years in question. Recall, high. pouchetiidominance was observed in these two fjords.
However, the maximuni. pouchetiidominance values were observed in the years when
relatively low stability was observed in the two fjords. i.e. Austnesfjord in 2006 and Tysfjord
in 2009. Only exception was the riamum P. pouchetiidominance value observed in
Austnesfjord in 2007. The lowest stabilities in Vestfjord archipelago were not surprisingly
observed in Henningsveerstraumen in all three years, and in all three years the stations in
Henningsveerstraumen hadpeedominance of diatoms. This is supported by that diatoms
would dominate in relatively turbulent conditions according to Mardqat8)

Asin the PCA analysiiort he Barents Sea and East Finnn
species it had its strongest positive correlaiom in the PCA analysis for Vestfjord
archpelago were positively correlated to total heat flux, except frdmnordenskioeldii
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Stratification is not necessary for the initiation of a spring bloom. In all localities north of
Skjomen the spring bloom is reported to take place in unstratified matesegSchei 1974,
Eilertsen et al. 1981b, Eilertsen 1983, Rey & Loeng 19&b)fjords with depths of
approximately 200n{Eilertsen & Taasen 1984Therefore the diatom species observed in an
early spring bloom succession will not be positivetyrelated to stability. In addition,

stratification in an early spring bloom succession might be weak and difficult to detect.

There seems to exist little consistency regarding the relative abundance variation lfetween
pouchetiiand diatoms. In all year®. pouchetiiwas present in the peristhe areas were
investigated and in addition found dominant in some areas, penmwsmore dominating

than others. However, interesting is the ability of this single spdigmuchetii to dominate

over a bulkof different diatom species. The relative abundance variation be®vesuchetii

and diatoms has great impact on the ecology and economy connected toslie gueation

as mentioned in the introduction . pouchetiihas been shown to deter grazansl to be

toxic to marine organisms, altering the vertical carbon transport as well as having different
nutritional value compared to diatoms. What malkes pouhetii so successful in the
competition with the bulk of different diatom species?

Several facts are believed to strengthen the dominancd®.opouchetiiduring a
spring bloom.Phaeocystisappears to be capable of adaptation to a wide range of growth
irradiancegEilertsen 1989)When the concentration of diatoms d@dooichetiiincreasethe
shelf shading increases. This results in lower irradiance, which can f&vopouchetii
Phaeocystissingle cells have low sinking rate due to their nanofigecquevort & Smith
2001, Peperzak et al. 2003rolonies of Phaeocystishave negative sinking rate which
demonstrates their capacity tegulate their buoyancySkreslet 1988, Schoemann et al.
2005) Another factor probably making. pouchetiimore competitive is their resistance to
grazing both due to their large size range and to the toxic life stage associatde. with
pouchetii(Estep et al. 1990, Schoemann et al. 2005, Veldhuis et al. 2005, Wassmann et al.
2005, Nejstgaard et al. 2007, Rousseau et al. 2007)

As diatom species often can be characterized as early or late spring bloom species, the
spring bloom peak iR. pouchetiiis reported to occur both before and after a peak in diatoms.
However, the traditional view is that a peak in diatoms is followed by a pdakgauchetii
as earlier mentioned. An explanation can be that one triggering factor for colony formatio

P. pouchetiiis that solitary cells require a solid substrate for attachnienpouchetiihas
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often been observed att@achto Chaetocerospp. setae both in experiment cultures and in
natural environment@Kayser 1970, Rousseau et al. 1994 and own observatidng)ssible
explanation to the observed decrease in diatom cell number followed by an incréase in
pouchetiicould alsobet he producti on and r el eunsaterated f t he
aldehyde Zrans4-transdecadienal (DD)YHansen & Eilertsen 200/)dentified as the most
toxic component released By poudtetii (Hansa et al. 2004)Laboratory work conducted by
Hansen and Eilertse(2007) shows that division rates f@&. costatum, C. sosialend T.
antarctica decreased as concentration@D increasedHowever, o conclusions could be
drawn considering if DD is present in sufficient amounts to influence diatom gbatisen

& Eilertsen 2007)sincethe methods for quantifying painsaturated aldehydes (PUAS) are
not sensitive enough field (Casotti et al. 2005FExperiments indicate that diatoms dominate
over P. pouchetiionly when silicate concentratioase above 2 uM(Egge & Aksnes 1992)
giving P. pouchetiia competetive advantage later in spring bloom. This can explain tke pea
in diatoms followed by the peak iR. pouchetii but it can not explain the vice versa
dominance which also has been observed in early spring in northern N@waander 1938,
Heimdal 1974, Eilertsen et al. 1981b)

5. Conclusions

The vertical distribution of plytoplankton showed a trend foPhaeocystispouchetii to
dominate at 10m and diatoms at @mthe three main areas sampled. The higRegbuchetii
dominance was obsed in 2009 in the Barents Se&ast Finnmarkand Vestfjord
archipelago Especially highP. pauchetii dominance was observed in East Finnmark. Further,
P. pouchetiappears more important in East Finnmark entthhe southern Barents Sea than in
the northern Barents Sea and Vestfjord archipelagming present studyln Vestfjord
archipelago P. pouchetii seened to be more abundant in northwestbeing
Henningsveerstraumen. Howevér, pouchetiiseened generally to be mre dominating in
Austnesfjordduring the sampling periods. The highest diatom dominance was observed in
2006 in the Barents SeadaNesfjord archipelago. Diatomappeared to be more dominating
in the Vestfjord archipelago than in the Barents 8Seang the sampling periodslowever,
diatomsgenerallyseemedo bemore abundant tha®. pouchetiin the northern Barents Sea,
especial in northeast at the ice edgethe years sampledn the Vestfjord archipelago the
highest abundance ofaloms seemed to be in northwé@denningsveerstraumemhich also
was the area with the generally highest diatom dominance in the sampling pé&riods.
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pouchetiiwas positively correlated to speciesown for their later appearanae the spring

bloom in the Barents Sea and East Finnmark, indicating a later appeardhcpoaiuhetii

Tot al di at o had its(thiie€ strongestposjtive correlasido species reported to

have peak abundance earlier than the speRiepouchetiiwas positively correlated to,
indicatingthatt he mai n speci es ¢ &aasi¢rihan. pauaheiiinitheEo t . D¢
Vestfjord archipelagd®. pouchetiiwas positiely correlated to both early and late spring

bloom species, indicating. pouchetiito stay abundant throughout the bloom seassrP.

pouchetin Tot . DO had its three strongest positi
bloom species in Vestfidr ar chi pel ago, indicating the mai
stay abundant throughout the bloom season. However, according to the physical parameters
the main species constituting T o t . &l besneore mbundant in the early spring bloom
compaed toP. pouchetiin both the Barents Sea, East Finnmark and Vestfjord archipelago.
Concerning the identity d®. pouchetij the genetic analyses performed indicated that it could
alsobelong to botiPhaeocysticordataand Phaeocysti@ntarctica Nevertleless, examined

from a morphological point of viewhe Phaeocystizell-materialcollected from the Barents

Sea in 2007 and 20Q@%reidentifiedasPhaeocystis pouchetii

6. Further research

It is rather evident that lifbistory strategies play an impant role in the ecosystem as a
whole. Marcus and Boer1998) statal that the benthipelagic coupling is important in an
ecological context in enhancing the understanding dbgaal patterns of global importance.

As Eppley(1986)suggested, dormant |Heycle stages may provide the key to understanding
fluctuations in the abundance of planktonic specidss puts largerfocus on biological
interactions as regulators in additiononr to th
more than 100 years scientists have semt¢hor a A pRhaedcystigasting dtage,
unfortunately with no conclusive succéSsherffel 1899, Scherffel 19000 one attempt to
find the @post uPhadoestioudetisaimonnaylture Was guitivated and
structures looking like tetraspores were found on the surface of the culticatingn (pers.
commentHC. Eilertsen). This bottom stage, possible resting stage, is also mentioned by a
Russian authomore than40 yeas ago (Kashkin 1964) However, the nature of an
overwintering form and the colorfgprming cell of Phaeocystiss still unresolved along with

the factors triggering colony formatiofRousseau et al. 2007k is well known that a

significant proportion of marine planktonic diatoms in neritic environments form resting
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sporeqGarrison 1981)When conditions are praefle and deep mixing is present the spores
reachthe euphotic zone and germinatxperiments have shown that sporeay have a

distinct photoperiodic response, thus daygthmaytrigger germination of spores and/or the

onset of growth(Hollibaugh et al. 1981, Eilertsen 1993, Eilertsen et al. 1995, Hansen &
Eilertsen 1995) How evolution has placeBhaeocystisis por es ger mi nati ono
space locally will influence competition with diatoms. For the firsetenproposed zygote in

the form of a nonmotile cell was reported Rinaeocystisn this caseP. antarctica(Gaebler

Schwarz et al. 2010Zygotes are known to form the overwintering life stages as aysts
Dinophyceaend akinetesn Pithophoraceaend it might have the same ecological function

in P. antarctica(GaeblerSchwarz et al. 2010)These proposed zygotes hdeen observed

attached to diatom frustules which may serve as protection against pre{fza@tsier

Schwarz et al. 2010)This | have also observed, both during the cruise to the Barents Sea
(during present study), in natural samples from Tromsgysundet and in laboratory cultures
maintained at the PlanktonlabAMB). This suggestdhat the proposed zygotenight be

involved in the life cycle oP. pouchetiias well. Eilertsen et al(1981lb) experienced that

during early spring large amounts of solitary cells (the precursor of the colonial stage) may
occur fAout of nothingo. This was @albrshesesobser v
study. At the 1% of March there were no regiseetP. pouchetiin Tromsgysundet while at

the 19" of March there were.@ x 10 cells I*. P. pouchetiimight have been overlooked if

attached to diatom frustules and when released i.e. at favourable conditions, showed rapid
growth characteristic for thispeciesAn under st an dfavouggblec b n diwhabon s @
triggering spore germination, colony formation and massive grawphytoplankton, will

probably be a big step forward in resolvihg questioaconnected to the variation in relative

abundane betweerP. pouchetiand diatoms.
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Figure 1A: Sea temperatusglotted against station numbarOm, 10m and 50m in the Barents 8ellay
2006.
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Figure 2A: Sea temperatuslotted against station numbatrOm, 10m and 50m in the Barents 8eilay
2007.
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Figure 3A: Sea temperatusglotted against station numbarOm, 10m and 50m in the Barents 8ellay

2009.
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Appendix B

Table 1B: An overviewshowingsampling stations ithe Barents Sea May 2006,2007 and 2009
Year Station Latitude (°) Longitude (°) Date Time (UTC)

2006 159 80.13 9.58 10.05.06 07:14
2006 161 80.84 9.34 10.05.06 14:45
2006 163 81.55 9.36 10.05.06 20:24
2006 165 81.31 13.76 11.05.06 03:05
2006 166 81.48 15.83 11.05.06 06:05
2006 167 81.73 15.79 11.05.06 12:00
2006 169 81.77 15.84 11.05.06 19:10
2006 171 81.73 15.80 11.05.06 23:16
2006 173 81.73 15.80 12.05.06 03:02
2006 175 81.73 15.80 12.05.06 06:57
2006 177 81.66 15.60 12.05.06 11:05
2006 179 81.15 18.80 12.05.06 19:00
2006 181 80.69 29.22 13.05.06 06:19
2006 182 80.92 30.51 13.05.06 13:00
2006 184 80.88 30.30 13.05.06 16:56
2006 186 80.90 29.91 13.05.06 21:04
2006 188 80.90 29.38 14.05.06 00:59
2006 190 80.85 29.74 14.05.06 05:53
2006 193 80.02 28.95 14.05.06 14.02
2006 195 79.60 31.09 14.05.06 20:09
2006 196 79.07 33.34 15.05.06 02:02
2006 198 78.30 31.91 15.05.06 07:02
2006 200 78.30 31.91 15.05.06 13:00
2006 202 76.56 27.40 15.05.06 19:34
2007 2 75.51 20.02 10.05.07 18:00
2007 5 75.54 22.38 10.05.07 22:01
2007 9 75.51 24.50 11.05.07 02:05
2007 12 76.46 28.92 11.05.07 11:21
2007 19 77.94 31.76 12.05.07 06:20
2007 23 78.02 32.98 12.05.07 12:56
2007 28 78.08 33.90 12.05.07 21:01
2007 32 78.07 33.94 13.05.07 01:083
2007 41 77.98 33.70 13.05.07 10:05
2007 45 77.98 33.73 13.05.07 13:57
2007 57 74.93 21.51 15.05.07 05:07
2007 60 74.24 18.98 15.05.07 11:083
2007 67 73.87 18.63 15.05.07 17:47
2007 98 77.19 13.73 18.05.07 07:00
2007 103 77.78 12.29 18.05.07 12:07
2007 109 78.21 11.17 18.05.07 17:14
2007 115 78.69 10.26 18.05.07 23:03
2009 229 77.99 9.03 15.05.09 02:23

2009 230 77.72 9.68 15.05.09 09:34



2009 231 77.47 10.97 15.05.09 15:58

2009 232 77.03 11.25 15.05.09 23:00
2009 233 76.64 13.06 16.05.09 07:08
2009 234 76.40 14.33 16.05.09 13:05
2000 236 74.38 19.96 17.05.09 21:38
2009 237 74.32 19.14 18.05.09 17:26
2009 238 74.31 15.80 19.05.09 14:18
2009 239 74.07 15.46 19.05.09 21:56
2009 241 73.23 16.37 20.05.09 14:25
2009 242 73.30 19.26 20.05.09 23:49
2009 243 73.40 22.05 21.05.09 06:38
2009 244 73.80 24.59 21.05.09 13:30
2009 245 74.25 26.98 21.05.09 20:09
2009 246 74.92 28.88 22.05.09 02:55
2009 247 75.64 29.92 22.05.09 09:26
2009 248 76.40 30.61 22.05.09 17:05
2009 249 77.14 31.27 22.05.09 22:59
2009 250 77.34 30.96 23.05.09 03:36
2009 251 77.72 30.92 23.05.09 12:38
2009 257 74.87 27.49 25.05.09 08:34
2009 258 74.00 27.17 25.05.09 14:17
2009 259 72.85 26.68 25.05.09 20:57

Table 2B: An overview showing sampling statiomsEast Finnmarkn May 2009.

Year Station Latitude (°) Longitude (°) Date Time (UTC)

2009 260 71.69 26.47 26.05.09 03:57
2009 261 71.05 26.67 26.05.09 18:32
2009 262 70.96 29.07 27.05.09 01:33
2009 263 70.46 31.00 27.05.09 01:45
2009 264 69.78 30.71 27.05.09 13:38
2009 265 69.81 30.41 28.05.09 07:03
2000 267 69.68 30.41 28.05.09 11:03
2009 268 70.03 29.97 28.05.09 15:37
2009 270 70.11 28.94 28.05.09 20:43
2009 271 70.87 26.27 29.05.09 14:58
2009 272 70.20 25.27 29.05.09 22:32

2009 275 70.12 25.18 30.05.09 09:08




Table 3B: An overviewshowingsamping stations irthe Vestfjord archipelagin April 2006, 2007 and 2009.

Year Station Latitude (°) Longitude (°) Date Time (UTC)
2006 56 68.35 15.99 01.04.06 18:28
2006 57 68.17 15.28 02.04.06 21:35
2006 58 68.00 14.52 02.04.06 00:40
2006 59 67.80 13.78 02.04.06 03:35
2006 60 67.56 13.27 02.04.06 20:10
2006 61 68.15 14.20 02.04.06 23:10
2006 62 68.15 14.20 02.04.06 23:10
2006 66 68.15 14.20 03.04.06 07:02
2006 68 68.15 14.20 03.04.06 16:01
2006 72 68.33 14.73 03.04.06 20:30
2006 74 68.33 14.73 03.04.06 00:03
2006 75 68.33 14.73 04.04.06 04:30
2006 76 68.33 14.73 04.04.06 08:00
2006 77 68.33 14.73 04.04.06 06:07
2006 82 67.90 16.26 05.04.06 07:31
2006 83 67.86 16.39 05.04.06 15:37
2006 87 67.82 16.48 05.04.06 23:26
2006 89 67.82 16.48 06.04.® 08:20
2006 93 68.06 16.13 07.04.06 06:01
2006 94 68.06 16.13 07.04.06 10:00
2007 53 68.35 16.00 12.04.07 18:53
2007 54 68.20 15.19 12.04.07 21:31
2007 55 68.06 14.39 13.04.07 01:33
2007 56 67.86 13.65 13.04.07 05:05
2007 58 68.34 14.73 13.04.07 1313
2007 59 68.34 14.73 13.04.07 17:02
2007 60 68.34 14.73 13.04.07 21:06
2007 61 68.34 14.73 14.04.07 01:01
2007 62 68.34 14.73 14.04.07 05:05
2007 63 68.34 14.73 14.04.07 09:10
2007 66 68.24 14.20 14.04.07 19:06
2007 67 68.24 14.21 14.04.07 23:02
2007 68 68.24 14.21 15.04.07 02:57
2007 69 68.24 14.21 15.04.07 07:05
2007 70 68.24 14.21 15.04.07 11:00
2007 71 68.24 14.21 15.04.07 14:58
2007 72 67.82 16.48 18.04.07 07:06
2007 73 67.86 16.39 18.04.07 10:43
2007 74 67.90 16.26 18.04.07 18:15
200 147 68.35 15.99 15.04.09 06:18
2009 148 68.20 15.29 15.04.09 09:00
2009 149 68.00 14.51 15.04.09 13:20
2009 151 67.81 13.78 15.04.09 16:18
2009 153 67.56 13.28 15.04.09 18:51
2009 156 68.16 14.14 16.04.09 23:40

92



2009
2009
2009
2009
2009
2009

157
159
161
162
165
170

68.17
68.16
68.33
68.33
67.82
67.87

14.14 17.04.09
14.13 17.04.09
14.73 17.04.09
14.73 18.04.09
16.47 19.04.09
16.34 19.04.09

03:28
07:42
23:31
03:26
06:22
15:05
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