Biogeosciences, 11, 2263279 2014
www.biogeosciences.net/11/2263/2014/
doi:10.5194/bg-11-2263-2014

© Author(s) 2014. CC Attribution 3.0 License.

$S900y uadQ

Springtime phytoplankton dynamics in Arctic Krossfjorden and
Kongsfjorden (Spitsbergen) as a function of glacier proximity

A. M.-T. Piquet®, W. H. van de Polf, R. J. W. Visser, C. Wiencke®, H. Bolhuis?, and A. G. J. Bumat

IDepartment of Ocean Ecosystems, Energy and Sustainability Research Institute Groningen, University of Groningen,
Nijenborgh 7, 9747 AG Groningen, the Netherlands

2Department of Biological Oceanography, Royal Netherlands Institute for Sea Research, P.O. Box 59, 1790 AB Den Burg,
Texel, the Netherlands

3Department of Functional Ecology, Alfred Wegener Institute, Am Handelshafen 12, 27570 Bremerhaven, Germany
4Marine Microbiology, Royal Netherlands Institute for Sea Research, P.O.Box 140, 4400 AC Yerseke, the Netherlands

Correspondence tA. M. T. Piquet (a.m.t.piquet@rug.nl)

Received: 22 August 2013 — Published in Biogeosciences Discuss.: 1 October 2013
Revised: 17 February 2014 — Accepted: 27 February 2014 — Published: 23 April 2014

Abstract. The hydrographic properties of the Kongsfjorden— samples from all locations, while outer samples from early
Krossfjorden system (PN, Spitsbergen) are affected by At- spring clustered separately. We conclude that glacier influ-
lantic water incursions as well as glacier meltwater runoff. ence, mediated by early meltwater input, modifies phyto-
This results in strong physical gradients (temperature, salinplankton biomass and composition already during the spring
ity and irradiance) within the fjords. Here, we tested the bloom period, in favor of low biomass and small cell size
hypothesis that glaciers affect phytoplankton dynamics ascommunities. This may affect higher trophic levels especially
early as the productive spring bloom period. During two when regional warming further increases the period and vol-
campaigns in 2007 (late spring) and 2008 (early spring)ume of meltwater.

we studied hydrographic characteristics and phytoplankton
variability along two transects in both fjords, using high-
performance liquid chromatography (HPLC)-CHEMTAX
pigment fingerprinting, molecular fingerprinting (denaturing 1  Introduction

gradient gel electrophoresis, or DGGE) and sequencing of

18S rRNA genes. The sheltered inner fiord locations re-The Kongsfjorden (79N, West Spitsbergen) is influenced
mained colder during spring as opposed to the outer locaby @ highly variable inflow of Atlantic water (AW) from
tions. Vertical light attenuation coefficients increased from the West Spitsbergen Current (WSC) (Cottier et al., 2005;
early spring onwards, at all locations, but in particular at theHegseth and Tverberg, 2013), which transports relatively
inner locations. In late spring meltwater input caused stratWarm saline water( > 3°C and S > 34.9 psu) northwards
ification of surface waters in both fiords. The inner fjord (Svendsen et al., 2002; Hop et al., 2006; Schlichtholz and
locations were characterized by overall lower phytoplank-G0szczko; 2006). As a result, the fiords located on the west-
ton biomass. Furthermore HPLC-CHEMTAX data revealed €0 side of Spitsbergen are characterized by relatively mild
that diatoms andPhaeocystissp. were replaced by small temperatures, compared with other Arctic locations at simi-
nano- and picophytoplankton during late spring, coincid- lar latitude. Disrupted wintertime cooling of Arctic waters is
ing with low nutrient availability. The innermost stations €xpected to facilitate the WSC inflow into Kongsfjorden as
showed higher relative abundances of nano- and picophywe” as in the Arctic at large. (Buchholz et al., 2010). The
toplankton throughout, notably of cyanophytes and Crylo»{O_Kongsfjorden and adjacent Krossfjorden are glacial fjords
phytes. Molecular fingerprinting revealed a high similarity that are fed with freshwater by several large glaciers and

between inner fjord samples from early spring and late springtréams (Svendsen et al., 2002; Cottier et al., 2005). Fresh-
water influx is highest in summer and co-occurs with a strong
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increase in sediment load, which can strongly limit light pen-  Although extensive information exists on larger microal-
etration (Keck et al., 1999; Svendsen et al., 2002). The meltgal species occurring in Kongsfjorden (Hasle and Heim-
water discharge affects a large area in the fjord, up to 45kndal, 1998; Keck et al., 1999; Hop et al., 2002), only a
distance from the glacier front and up to 30 m depth (Keckfew studies described the taxonomic composition in the
et al., 1999; Hop et al., 2002; Svendsen et al., 2002; Homano- and picophytoplankton size ranges (Rokkan lversen
et al., 2006), and leads to strong surface stratification duringand Seuthe, 2011). Molecular techniques offer an efficient,
summer. Due to enhanced WSC influence, the concomitanhigh-resolution approach to complement classical micro-
warming is expected to increase the magnitude and time ineukaryotic community analyses. In 2005 we performed a
terval of meltwater influx into Kongsfjorden. The time win- study to investigate summer phytoplankton diversity and
dow of meltwater discharge in Kongsfjorden is not clearly composition in Kongsfjorden and Krossfjorden, using a com-
described, in particular to what extent it affects water columnbination of molecular approaches (Piquet et al., 2010). Dur-
characteristics during the spring months (April-June). ing this study Kongsfjorden and Krossfjorden were found to
The observed hydrographic variability leads to a high harbor distinctive micro-eukaryotic communities during the
level of unpredictability in interannual phytoplankton spring stratified summer period. The results suggested that meltwa-
bloom timing, biomass and production. For example, en-ter input during summer structured marine microbial com-
hanced inflow of warm Atlantic water in Kongsfjorden is as- munities through decreased salinity, increased light attenua-
sociated with changes in phytoplankton abundance and contion, and strong salinity stratification. However, nothing was
position (Hodal et al., 2012; Hegseth and Tverberg, 2013)known about the possible impact of meltwater discharge dur-
years with less inflow showed diatom dominance during theing spring and how this would affect timing, extent and com-
spring bloom, whereas high inflow years were characterizegosition of phytoplankton dynamics. With increasing global
by Phaeocystis-pouchetiiominated spring blooms. There- warming, an earlier discharge of fresh meltwater is a likely
fore, the timing, composition, and biomass of the springscenario, and therefore information is required to be able to
bloom show extensive year-to-year variability (Hegseth andunderstand the consequences of enhanced glacial melting on
Tverberg, 2013). During summer stratification, diatoms andphytoplankton performance, in particular during the season
P. pouchetibecome nutrient limited, are grazed upon or sink of highest productivity, e.g., April-June.
out of the euphotic zone. As a result, a transition occurs to- The aim of the present study was to analyze the dynam-
wards less-productive, small-sized, but highly diverse plank-ics and composition of springtime phytoplankton communi-
ton communities (Hegseth and Sundfjord, 2008; Piquet et al.ties in response to prevailing water mass properties, glacier
2010). In addition to low nutrient availability, high sediment vicinity and meltwater release. We hypothesize that during
concentrations derived from glacial melt water input limit the spring bloom period phytoplankton is already affected
light availability for phytoplankton growth during summer. by glacial meltwater input, in particular at inshore locations.
The euphotic zone can be restricted to the upper 0.3 m closBhytoplankton variability was studied in two consecutive
to the glaciers (Keck et al., 1999), leading to highly unfavor- years, covering early spring (2008) and late spring (2007),
able conditions for phytoplankton growth (Hop et al., 2006). along a 3-station mini-transects in Kongsfjorden and adja-
Thus, the expected increase in magnitude of land-deriveatent Krossfjorden. High-performance liquid chromatography
meltwater influx may affect phytoplankton composition and (HPLC)-derived pigment fingerprinting followed by CHEM-
production. In addition, if the onset of meltwater discharge TAX calculation of taxon-specific contributions to total phy-
were to start earlier in the spring period (April-June), phy- toplankton biomass were related to physical and chemical
toplankton spring blooms may be affected, in particular atenvironmental variables. In addition, molecular characteriza-
inner fjord locations. In the western Antarctic Peninsula re-tion of the eukaryotic community provided complementary
gion, changes in phytoplankton composition and size werdnformation on community dynamics, diversity and compo-
observed, related with regional warming (Moline et al., 2004; sition by denaturing gradient gel electrophoresis (DGGE) of
Montes-Hugo et al., 2009). A significant decrease in aver-partial 18S rRNA genes and direct gene sequencing.
age phytoplankton cell size was associated with enhanced
meltwater input, favoring nanophytoplankton, notably cryp-
tophytes. Similar observations were made in the Pacific Arc-2  Materials and methods
tic (Canada Basin and Chukchi Sea) where smaller-sized
phytoplankton species appeared to thrive under summertimg.1  Field sampling
surface freshening and impoverished sea ice conditions (Li
et al., 2009; Coupel et al., 2012). Summertime fresheningSamples were collected in Kongsfjorden {3854’ N,
was associated with an increase in pico- and bacterioplank11°51'24” E) and Krossfjorden (74000’ N, 11°46'00” E),
ton abundance, while altered sea ice conditions caused a spibcated on the west coast of Spitsbergen in the Atlantic sec-
tial shift in phytoplankton distribution as well as an increase tor of the Arctic Ocean. The five sampling sites were repre-
in nanoplankton abundance. sentative for ocean- to glacier-influenced locations within the
fiords. The stations consisted of an “Ocean” station (O) at the
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e in the morning, stored cold and dark during transportation
™ (e and processed within 3 h at the Kingsbay Marine Laboratory,

" é Ny-Alesund. Samples for inorganic nutrient analysis were

processed immediately on board. For each sample, 5 mL fil-

I € trate was obtained by filtration over a sterile 0.2 um pore
AR Y ol size cellulose acetate syringe filter (Whatman GmbH, Das-
: ! g sel, Germany). Vials destined for silica analysis were kept
at 4°C, while vials for nitrate, nitrite, and phosphate anal-
ysis were stored at80°C until analysis on a an AxFlow
Bran+Luebbe Traacs800 autoanalyzer at the Royal NIOZ
laboratory (Texel, the Netherlands).

[

T8N

2
§ : 2.2 Sample processing
&)z
.{50% /) Upon return to the Kingsbay Marine Laboratory water sam-
> ples were immediately filtered by vacuum pressure (maxi-
: mum 0.05 MPa). For pigment analysis, 6 L of seawater were
O. N\ filtered onto 47 mm GF/F filters. The filters were snap-frozen
" N in liquid nitrogen and stored at80°C until analysis. For
Oop‘v_ ~ molecular analysis, we filtered 1.5 to 2L of seawater onto
/Of% - 47 mm 2pum pore size polycarbonate filters (Merck Milli-
¢ P 9 pore; Massachusetts, USA). The use of 0.2 um polycarbonate
\ SOUM ' filters, which might have been more appropriate to cover the
? AN i ! full phytoplankton size spectrum, was not successful. This
' Ny-Alesund O\ pore size caused early clogging of filters due to the presence
e G @ of inorganic particles, and as a result restricted the filter vol-
® 2 ume but elongated filtration time beyond what was accept-
S able. Therefore we chose to use 2 um filters, even though

- —T . we were aware of (partly) losing <2 um picophytoplankton
cells. Filters were stored at80°C, until further analysis
Fig. 1. Bathymetric map of the Kongsfjorden—Krossfijorden system, in the home laboratory. For qualitative microscopy analy-
and inlay map of Svalbard showing the location of the fjords. Sam-gjs, 1L of seawater was fixed with Lugol’s iodine solution
pling locations Ocean (O), Kongsfjorden Middle and Glacier (M (1 o4 final concentration) supplemented with formaldehyde
and G), and Krossfjorden Middle and Glacier stations (KM and KG) (2% final concentration) and left to settle &t@. After one
are shown on the map. week, samples were concentrated to 100-150 mL by careful
siphoning of the supernatant. The concentrated samples were
transferred to 150 mL brown glass bottles with a Teflon-lined
intersection of both fjords, a station in the middle (M, KM) screw cap and kept in the dark at@ until processing.
and a station near the main glacier (G, KG) of each fjord
(Fig. 1). Water samples were collected twice a week, pro-2.3 Pigment analysis
vided weather conditions permitted boating activities, during
two spring—summer field campaigns in 2007 and 2008. TheFilters were freeze-dried for 48 h and immediately extracted
2007 campaign was conducted in late spring from 22 May toin 5mL 90% acetonew/v, 48h, 4°C) in the dark. Pig-
25 June 2007, and in early spring of 2008 from 9 April to 12 ments were quantified using HPLC. Pigment extracts were
May. separated on a Waters 960 HPLC system usingg£5@m
Standard sampling depths were 0 and 20 m. Surface sanbeltaPak reversed phase column (Waters) as described in
ples were collected directly using clean 12L polyethy- van Leeuwe et al. (2006). The different pigments were
lene carboys. Deeper samples were collected with a 12 lidentified by retention time and diode array detection at
Niskin bottle (General Oceanics, Inc.; Miami, Florida, USA) 436 nm. The HPLC was calibrated using pigment standards
mounted 2 m above a Sea-Bird CTD (SNE 19plus, Sea-Birdobtained from DHI LAB Products (Denmark), which in-
Electronics, Inc.; Bellevue, Washington, USA). The CTD cluded all pigments used in the CHEMTAX analysis. The
was fitted with a biospherical Li-Cor PAR (photosyntheti- CHEMTAX 1.95 program (Mackey et al., 1996) was used
cally active radiation) sensor (Sea-Bird Electronics), and into determine the taxonomic contribution of different phyto-
2008 supplemented with a Wetstar fluorometer (Wet labsplankton groups. The program uses the steepest-descent al-
Inc.; Philomath, Oregon, USA). All samples were collected gorithm to determine the best fit based on an estimate of
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pigment: Chla ratios for different algal classes (Mackey 2.6 Denaturing gradient gel electrophoresis
et al.,, 1996). We used an initial pigment-ratio matrix de-

rived from a Southern Ocean data set to compute OURGGE analysis of the PCR products was carried out on a
data. The pigments implemented in th(_a CHEMTAX _analy5|s PhorU system (Ingeny, Goes, NL). Optimal fragment sepa-
were Chlc 3, 19-butanqyloxyfu_coxanthl_n, fucoxanthin, 19 ration was obtained with a 15-55 % formamide—urea gradi-
hexanoyloxyfucoxanthin, prasinoxanthin, peridinin, alloxan- gnt (100 % denaturants defined as 7M urea and 40 % for-
thin, violaxanthin, lutein, zeaxanthin, Chland Chlb. The mamide (Muyzer et al., 1993). For all samples we loaded
analysis provides estimates on the relative contribution of di-gg ng of PCR product with 1% final concentration load-
noflggellates, cryptophyte.s,' chlqrophyteg (chlorophytes anq#19 buffer (0.05% w/v bromophenol blue, 40% wiv su-
prasinophytes were not distinguished), diatoms, haptophytegrose, 0.1 M EDTA pH 8.0, 0.5% sodium lauryl sulfate).
(where haptophytes 6 and 8 were pooled) and cyanophytegor each sampling location, all samples were run on a sin-
From the CHEMTAX results the pico-nanophytoplankton gle full DGGE (maximum of 40 samples on a 48-wells gel).
fraction was calculated, which was for this study based ona, gqditional gel was run with samples from different lo-
cyanophytes-cryptophytes-chlorophytes only. We omitted  ¢aions, selected according to the temporal extremes of our
the dmoflagellates and_hapt_ophytes in these c_algulatlons, b&jata set, corresponding to early, mid- and late spring. The
cause dinoflagellate diversity was high, consisting of atheyo|yacrylamide gels were silver-stained (Heuer et al., 2001),
cate and thecate cells in bot&20pm and>»20pum size e (4h, 60C), and scanned using a high-resolution Ep-
ranges (as revealgd by microscopy). In addition, Fhe colonyson perfection V700 photo scanner (Epson, USA). DGGE
form of Phaeocystisp. (> 20 um) seemed to dominate the fingerprints were analyzed using the Bio-NumePieersion
haptophyte community (based on microscopic inspection). 3 5 (Applied Maths). DGGE band patterns were digitalized
and normalized using flanking marker samples. All positive
bands (minimum 4 % profiling and 0.5 % surface area) were

A few samples (30) were selected for microscopy analysis assigned to band classes, and the relative abundance was set

mainly for comparative purposes associated with the CHEM-LC Pand surface (area under the Gaussian curve representing
TAX and molecular fingerprinting outcomes. Microscopy the Pand). The Pearson correlation coefficientfor each -
samples were processed following the Untermahl techniqueP@l! Of lanes within a gel was calculated as a measure of sim-
Ten to 25mL of fixed samples was left to settle for 48 h in ilarity between the community profiles, and the cluster anal-

counting chambers. Phytoplankton species composition Wa¥SiS was performed by, applying the unweighted pair group
qualitatively assessed, along one or two meridians at 40 method with mathematical averages (UPGMA). Furthermore

and 200x magnifications on an Olympus IMT-2 inverted mi- relative abundance data were used for diversity and multi-
croscope variate analyses.

2.4 Microscopy analysis

2.5 DNA extraction and amplification 2.7 Sanger sequencing

For molecular fingerprinting and sequencing, genomic DNA
was extracted under sterile conditions as described previVVé Selected samples from our data set that represented early,
ously (Piquet et al., 2010). DNA amplification of the 185 Mid-, and late spring samples from Ocean (O), Kongsfjor-
rRNA gene was carried out with the universal eukaryotic 4€n and Krossfjorden Glacier stations (G, KG). In total
primer set Euk1A and Euk516r (Diez et al., 2001). We alsol0 surface samples were selected (9 April 2008 Ocean; 14

used Euk1A in combination with the GC-clamp enriched re-APril 2008 Glacier; 16 April 2008 Krossfjorden Glacier;
verse primer (Euk516r-GC) for denaturing gradient gel elec-8 May 2008 Krossfjorden Glacier; 12 May 2008 Ocean
trophoresis (DGGE). Approximately 10 ng of DNA was used & Kongsfiorden Glacier; 21 June 2007 Ocean & Kross-
as a template in the polymerase chain reaction (PCR); 50 ulﬂorden Glacier; 25 June 2007 Kongsfjorden Glacier) for

PCR contained each primer at a concentration of 300 nM,generating clone libraries. All samples were amplified with
as well as 0.2mM dNTPs, 2mM Mg&l1 % deionized for- the Euk1A—-Euk516R primer set as described above but us-

mamide, 1x PCR buffer, and 2.5 U Tag DNA polymerase ing the GoTaq®HotStart Polymerase (Promega; Leiden, the
(Eurogentec, Belgium). Amplification reactions were run on Nétherlands). PCR products (520 bp fragments) were lig-
a thermal cycler (VWWR Unicyler, Gene Technologies Ltd, &t€d into pPGEM-t vector (Promega) and transformed into
UK, and Peltier Thermal Cycler, MJ Research INC, USA) E- coli DH5« competent cells (Sylphium Life Sciences
using the cycling conditions as described previously (DiezCroningen, the Netherlands). For each sample, 150-170
et al., 2001). Amplicon fragment size and yield was deter-White colonies were selected and amplified from the vector's
mined by comparison with DNA smart ladder (Eurogentec,T7'SP6 sites. In total 30 ng of PCR product was cleaned us-
Belgium) on a 1 % agarose gel. ing EXoSAP-IT (Affymetrix; Cleveland, USA) and used as a
template in the sequencing reaction performed with BigDye
3.1 Terminator buffers (Applied Biosystems) and 0.2 mM

Biogeosciences, 11, 2263279 2014 www.biogeosciences.net/11/2263/2014/
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T7 primer. Sequences were run on an Applied Biosystems Salinity (psu) Temperature (°C)
3730x | Genetic Analyzer. # Tl i

10
2.8 Sequence analysis @
£

S 30

All sequences were manually checked and trimmed using &
Chromas software version 2.3 (Technelysium, Australia), = «
and closest identity to other sequences was checked us-
ing NCBI (National Center for Biotechnology Information) "
BLAST (Basic Local Alignment Search Tool). All suspected 0
chimeric sequences were fragmented into smaller portions , = o B
and run in BLAST. Chimeric sequences and fragments <500 ‘
bp were excluded from the data set. Molecular Evolution-

ary Genetics Analysis (MEGA) version 4.0 (Tamura et al.,

2007) and its add-in ClustalW was used to align the DNA se-
quences and to calculate pairwise DNA distance matrix us-
ing the Kimura 2-parameter model (Hartl et al., 1994; Zhu
and Bustamante, 2005). All sequences were attributed to op-
erational taxonomic units (OTUs) defined at the 97 % simi-
larity level using mothur software (Schloss et al., 2009). All
sequences were submitted to the NCBI database (accessiorf
number KF534518-KF534631).

8

Kongs Middle

Depth (m)
8
8

Kongs Glacier

2.9 Meteorological data

Wind speed and direction, air temperature and irradiance
were obtained from the AWIPEYV observatory.

2.10 Data processing and statistical analysis

Dep th (m)

The attenuation coefficient for PARK(;) was calculated
from linear regression on In transformed irradiance data ver-
sus depth, and the 1 % depth for PAR was calculated. Diver-
sity data were calculated using PAST software version 2.16
(Hammer et al., 2001). Statistical testing was run using Sta-
tistica 8.0. Student’'stests and linear regressions (Kd, nutri-
ent removal) were performed in Excel.

Kross Glacier

Depth (m)
Kross Glacier

3 Results

3.1 Environmental conditions %0 420 W0 160

18oJuIian d’a'\x)’/

Sllghtfyet glgng\lce.lrtl\;ea SZL(J)rézce .Stﬁl.mlliy (sz.s) glffergrt'lcesﬁg_ 2. Water salinity and temperature profiles of the upper 60 m,
v_vere ound in April-May ( )W'_ |r}_ ongstjorden. Sta- ,,q of the five sampling stations collected over time in Julian days
tion G surface waters showed a significantly lower surface(JD 100 is 9 April; JD 177 is 25 June). The 2008 (left panel) and

salinity (¢ test, p < 0.005) with an average of 34.76 psu 2007 (right panel) sampling periods are separated by a white sec-
(£0.10), compared to O and M stations that had average Sution.

face salinities of 34.93 psu{0.05) and 34.92 psut{0.05),

respectively. Station KG occasionally showed strongly re-

duced surface Sa"nitiesy most ||ke|y caused by me|t|ng ofThe freshwater inflow led to Significantly lower SSS at all
observed sea ice drifting within the inner Krossfjorden. inner locations between 14 and 25 June at the G, M and
The late spring season of 2007 (May—June) showed signifKG stations (33.41 psut(1.04) vs. 34.53 psu#(0.3), 7 test
icant meltwater effects: by mid-June surface water salini-p < 0.01). Decreased surface salinities generally coincided
ties had decreased considerably. The lowest SSS 31.79 psWth increased sea surface temperatures (Fig. 2) at all loca-
was recorded on 25 June near the Kongsfjorden Glacieflons.
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Fig. 3. Change in light attenuation coefficients over time (Julian = * .
days) for the 5 stations. Kongs = Kongsfjorden; Kross = Krossfjor- 2 | | ¢ oun o "
den. Left panel: 2008 campaign; right panel: 2007 campaign. °© 2 ® ° m o
. QB -
0 "B en ot L3l
1,2
On average, sea surface temperatures were significantly . |
lower in 2008 (averager = 0.63°C +0.79) than in 2007 10 1 .
(u=2.92°C £1.07;t test,n = 68,1 =12163,p < 0.001) I
(Fig. 2). In spring 2008 (April-May) clear differences in  ~ o0s{ ® o o .
water temperatures were observed between sampling sta':l % 3:3 * I
tions. Ocean and Kongsfjorden Middle (stations O and g 0,6 ? . a'ﬁ ; W
M) stations had significantly higher temperatures than the 3 °iﬁ 53,5 .
Krossfjorden (stations KM and KG) and Kongsfijorden in- & o041 "o I
ner Glacier (station G) stationu{onm =1.23°C+0.35; o Py . o o o
nwlkrng = —0.04°C+0.58;¢ testp < 00001) 0,2 | P ; e
|
. . 93 .!a <D>. °% 8‘ s
3.2 Light attenuation 00 1— , ; ° 0 ;
6
For all stations, vertical light attenuatioi §) gradually in- I
creased over time, meaning that over time less light pene- 51 . $ e .
trated within the water column and led to a shallower eu- v e g’ | .
photic layer (Fig. 3). Both glacier stations (G, KG) showed &~ 471 0.9 %Bl . o
enhanced, values already from the beginning of the sea- = . o & I
son (April 2008 campaign), in particular near the Kongs- g 31 o
fiorden Glacier. TheK,; coefficients for this station were % o s o
significantly different fromkK,'s observed at the other sta- o 27 . . I .
tions (one-way ANOVAp < 0.01). Here K, increased from 73 . : e .
0.15m ! in early April to 1.22n7! at the end of spring 11 ¢ | I _: o8
in 2007. As a result 1% light depths, which define the eu- - 255° 8> :
. . . [ ) 8
photic layer boundary, decreased from 32m in early April 0 0 0 00 0 0
to 3.7 m at the end of the 2007 campaign (25 June) near the Julian Days

Kongsfjorden Glacier. Station KG also showed elevaked

values as compared with the outer stations, ranging betweenig. 4. Nitrate, phosphate and silica concentrations from the five

0.10 11 (early April) and 0.22 m? (21 June) (Fig. 3), lead-

sampling locations collected over time in Julian days. The dotted

ing to 1% light depths decreasing from approximately 40 toline separates the 2008 (left panel) from the 2007 (right panel) sam-
25m during the course of the season. The middle fjord staPling period.

tions (M and KM) and station O had lowe&t; values at
the start of the season in 2008 ( values of 0.063, 0.070,

0.077m! for O, M, and KM, respectively), giving rise to 3.3 Nutrients

1% light depths> 70 m. However, also at these statidfgs

increased right from the beginning of the season, up until 1 ¥%During the early spring campaign of 2008 nutrients gen-
light depths of 30, 12 and 18 m, for O, M and KM, respec- erally showed a decreasing trend, while during late spring

tively, at the end of the season.

Biogeosciences, 11, 2263279 2014

(2007) nutrient concentrations remained stable but at low
levels (Fig. 4). The 2007 nutrient concentrations were sig-
nificantly lower than in 2008 for all nutrients (est, p <
0.001). Maximum starting values at the beginning of the
season were 11.3 uM for NOQNO35™+NO; ), 0.83 uM for
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Fig. 5. Surface samples pigment data of all stations over time (Julian days). Left panel shows surface biomass (black line) and the relative
contribution of nano—picoplankton to the total Gh{grey surface). Right panel shows the relative pigment class composition (cyanophytes,
dinoflagellates, cryptophytes, chlorophytes, haptophytes and diatoms) to the tatal Chl

POy, and 4.8 uM for Si. Although a decreasing trend was silicate removal varied greatly between stations, with the KG
observed at all stations, differences between stations werstation showing the lowest (0.027 pmottd—1) and station
found. The strongest decrease in )\@as observed at both M the highest (0.072 umolt! d—1) removal rate (Table 1).
middle stations, M and KM. The rate of nutrient decrease
over time was calculated and given as removal rates (Tabl§.4 Phytoplankton biomass
1). In 2008, the highest NOremoval rates were 0.177 and
0.171pmoltd=1 for M and KM, respectively (0 and 20m  Chlorophylla concentration (ug ) showed high variabil-
samples pooled). The other stations showed lower or np NOity in space and time. Chk levels were relatively high
removal. At the Kongsfjorden Glacier station no removal in early spring (2008 campaign) at the Ocean and Mid-
trend was found R? = 0.01, Table 1), while samples from dle Kongsfjorden stations (Fig. 5 left panels). Neverthe-
station KG showed a better fiR¢ = 0.92) and much lower less, in surface waters, Chl never exceeded 2.5 ugt.
NOy removal rates as compared with the Middle and OceanA phytoplankton bloom seemed to develop during early
station. P@‘ removal was similar for all stations, ranging spring at the Ocean and Middle Kongsfjorden stations; how-
between 0.009 and 0.011 umottd—1 (Table 1). In contrast, ever, surface Chk concentrations dropped sharply in the
third week of April (2008) (Fig. 5). On average, Chl

www.biogeosciences.net/11/2263/2014/ Biogeosciences, 11, 22632014
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Table 1.Early spring nutrient removal rates.

Station NG poz— SiO%‘

Ocean (O)n = 18) —0.158 (0.44) —0.011(0.57) —0.057 (0.27)
Kongs Middle (M)(n =20) —0.177 (0.58) —0.011(0.80) —0.072 (0.46)
Kongs Glacier (GYn =16) —0.057 (0.01) —0.010(0.33) —0.060 (0.37)
Kross Middle (KM) @ =8) —0.171(0.91) —0.009 (0.89) —0.052 (0.50)
Kross Glacier (KGXn =8) —0.147 (0.92) —0.009 (0.87) —0.027 (0.51)

NOx, PO?( and SiC%’ removal zmol L= d=1) over time for the 5 stations, based on linear regression

analysis of dissolved nutrients for 0 and 20 m samples (pooled) of 2008 samﬁemgression
coefficient).

concentrations were lower at stations G, KG and KM. Fortions (O, M) showed nano—pico fractions well below 10 %,
comparison, average Chl concentrations during the 2008 while at the Kongs Glacier station in particular values above
campaign were 1.25H0,74) ug L1 for the Ocean station, 30 % were found. At the start of the late spring campaign
and 0.3540.26) ug -1 and 0.19 4 0.09) pg -  for Gand  of 2007 this trend was also visible: the relative dominance
KG, respectively. During the late spring campaign of 2007, of diatoms at the Ocean station decreased towards the in-
Chl a levels were low everywhere, ranging between 0.37ner parts of the fjords. At these inner locations, cryptophytes
(£0.25) ug L1 at station O and 0.31{0.33) ug -1 Chl g as well as cyanophytes were highly abundant. At the end of
at station G. No significant differences between 0 and 20 nthis campaign the nano—pico fraction at the Ocean station
Chl a levels were found (results not shown). had increased, which was mainly due to enhanced chloro-
phyte abundance, whereas cryptophyte abundance remained
3.5 Phytoplankton pigment fingerprints - CHEMTAX relatively low. Based on CHEMTAX, dinoflagellate abun-
dance was never high, but a general increase in relative abun-
The taxonomic composition of the phytoplankton as revealeddance was found during the late spring campaign, as com-
by taxon-specific pigment markers showed a high variabil-pared with early spring. Qualitative microscopic analysis
ity in space and time (Fig. 5, right panels). Similar to the confirmed the CHEMTAX outcomes in particular with re-
Chl a data, no significant differences were found betweenspect to cryptophyte presence at the glacier locations. Here
0 and 20m samples from the same location; therefore onlysmall-sized phytoplankton (cryptophytes, small dinoflagel-
surface patterns are shown (Fig. 5). In four samples from théates, occasional pennate diatoms) were often accompanied
Krossfjorden stations, 2008 campaign, pigment levels wereby small ciliates showing an average cell length of approx-
too low (<« 0.1 pug Chlz L~=1) to detect the essential pigments imately 15 um. At the end of the late spring campaign (19
required for a reliable CHEMTAX calculation. Pigment fin- and 21 June 2007, Julian day (JD) 170 and 172) both glacier
gerprints showed that diatoms and haptophytes dominatedtations showed high numbers of cryptophytes in various
in early spring (2008 campaign). These groups were resizes< 20 um, whereas Ocean samples had numerous frag-
placed by other taxonomic groups during the late spring camments ofPhaeocystisolonies. During early spring (9 and
paign (2007). Here (nano-)flagellates dominated as well ag6 April 2008) the diatom community at this location con-
cyanophytes, giving rise to a significantly enhanced fractionsisted mainly ofThalassiosiraspp., pennate chain forming
in the nano—pico size ranges (Fig. 5, left panels) (one-wayliatoms, andChaetocerosspecies in lower numbers. Dur-
ANOVA, p < 0.0001). Moreover, differences were found on ing late spring tintinnids and other ciliates of various sizes
the spatial scale. The highest relative abundance of diatomg< 20 um,> 20 um) were highly abundant at all locations.
and haptophytes was measured in the Ocean and Kongs-
fiorden Middle samples during early spring (2008) with the 3.6 Eukaryotic community — molecular fingerprints
Ocean station showing the highest average diatom abundance
during both campaigns (51 and 53 % in 2008 and 2007, reDGGE was applied to all samples, keeping samples from one
spectively). Remarkably, in 2008, the microphytoplankton location on separate gels. Similarity analysis of band patterns
composition at the glacier locations from both fjords and thefrom a given sampling station generally showed clustering
Krossfjorden Middle station differed significantly from the according to time and depth (data not shown). Ordination
Ocean and Kongsfjorden Middle stations, with lower relative analysis and individual environmental variable testing con-
amounts of diatoms and haptophytes (Tukey test,0.001; firmed that factors time, temperature, nutrients and depth sig-
p < 0.005), but enhanced fractions of chlorophytes, cryp- nificantly explained part of the variation observed for com-
tophytes and cyanophytes leading to an enhanced contribununities from a given sampling location.
tion of the nano—pico fractions (Fig. 5, left panels). Overall, Pearson’s similarity analysis of the band patterns of the
at the end of the 2008 campaign (12 May) both outer sta-additional gel containing samples from different locations
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3.7 Molecular community composition — clone library
sequencing

4

Et......_ :
2

For each clone library we sequenced between 134 and
154 clones, yielding a total of 1457 sequences of a
+/—520bp section of the 18S rRNA gene (position 1 to

=

E

St H]l 520). From the 1457 sequences we identified 65 OTUs
020 120508 Hi at the 0.03 cut-off level and 49 singletons. In Table 2
- : it we list the environmental clone and the isolate shar-
G20 120508 e T ing most identity with each OTU and the relative se-

00 140408 PR

guence distribution of each OTU for each sample. Over-
all we identified 760 Alveolata (Dinophyceae, Syndiniales
and Ciliophora)-, 107 Haptophyceae (Prymnesiales)-, 66
Viridiplantae (Chlorophyta)-, 83 stramenopiles (Bacillar-
iophyta, Pelagophyceae, Chrysophyceae)-, 18 Cryptophyta
(Pyrenomonadales)-, 12 Picozoas (formerly known as pi-
1 cobiliphytes; Not et al., 2007; Seenivasan et al., 2013)-,
| 78 Rhizaria (Cercozoa, Haplosporidia)-, 15 Telonema-, 15
KG20 090408 &b AL Choanoflagellida-, and 249 Metazoa (Maxillopoda, Annel-
00 090408 [ i H ] . . .
012 140408 1 m ida, Lophotrochozoa, Cnidaria)-related sequences. The se-
guence diversity was highest in glacier samples from early
Fig. 6. Dendrogram of DGGE profiles of PCR-amplified 18S rRNA April, with a Shannon diversity index (Hof 2.82 and 3.19
gene fragments from temporal selection of the five sampling locafor G and KG, respectively. Lowest diversity was found in
tions. The samples were selected according to the maximal tempora@cean samples from 12 May 2008’ @ 0.59) and 30 April

range covered by the two field campaigns (early April, early May 2008 (H = 1.41), which were dominated by copepod se-
and end of June). Cluster analysis was based on Pearson’s correlgyences.

tion index and the unweighted pair-group method with arithmetic
averages.
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The relative abundance of sequences identified as Dino-
phyceae was evenly distributed over the three locations and
between different sampling days. Most Haptophyceae se-
guences were recovered in early spring samples from O and
and sampling days revealed two main clusters as shown il samples, and then gradually decreased towards summer.
Fig. 6. The first cluster included samples with high band pat-Haptophyceae sequence distribution from clone libraries of
tern diversity, and the second cluster sampling with lowerthe Krossfjorden Glacier samples was relatively evenly dis-
band numbers. The high-diversity cluster consisted of latetributed over time. Sequences identified as Stramenopiles
spring (2007) samples collected at the onset of glacier meltvere mostly recovered from G and KG locations in early—
water influence. Several 2008 samples were included withimmid-spring. Chlorophyte sequences were mostly found in
the “2007 cluster”. Those 2008 samples were collected at staglone libraries from G ad KG locations in particular on 12
tions G, KM and KG. Noticeably, within the “2007” clus- May at location G.
ter all fjord surface samples formed a distinct cluster from Among sequences related to the grazer fraction of the
20 m samples, indicative of stratification. This surface watercommunity, copepod-related sequenc€alénus sp. and
cluster appeared to share strong similarity with 20 m sample®ithonasp.) were nearly exclusively recovered from Ocean
collected on 25 June at the Kongsfjorden Glacier and Middlesamples from mid-spring 2008>(75%). In contrast, se-
station. Overall, samples collected during early—mid-springquences related to Ciliophora were mostly recovered from
from inner fjord stations appeared to share more similarityG and KG locations, in particular from G samples from late
with glacier-influenced late spring samples. spring. Clones identified as Rhizaria-related sequences were

The cluster exhibiting lower diversity included exclusively mostly recovered from KG samples. Furthermore Rhizaria
2008 samples. Furthermore there was a temporal and spavere overall more abundant in June samples, in particular

www.biogeosciences.net/11/2263/2014/ Biogeosciences, 11, 22632014
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Table 2. Distribution, classification, and BLAST results related to the 64 operational taxonomic units identified at the 0.03 cut-off level.

T ¥ 0w © 4 w o S &8 38

O © © © § 9© 9O © © d

[<2] o N - 3 N Te] — o N a

S ® < o J H N 5 gy =
OTU (Sva_) O O O O O 0o 0O X X X << CLASSIF ISOLATE ENVIRONMENTAL CLONE
G1404-1097 19 6 2 21 4 9 17 6 84 HAP;Phaeo Phaeocystis pouchetii isolate P360 AF182114 ~
G1205-0183 1 2 5 1 2 4 15 HAP; Prym Chrysochromulina simplex AM491021 umec pico HM581636
G2506-1002 2 4 2 8 HAP; Prym Chrysochromulina leadbeateri AM491017 u mar euk B28-0201 JF273973

19 6 0 3 23 11 5 11 17 12 107 TOTALHAPTOPHYCEAE
kG1604-1259 1 5 2 6 1 15 STR;Bacil; Med Odontella sinensis strain CCMP1815 HQ912564 u picopl cl. BK401_GU43318NSea
kG1604-1318 2 3 10 15 Thalassiosira antarctica CCMP982 DQ514874 ~
G2506-1026 8 1 9 Chaetoceros sp. ArM0005 EU090014 ~
G1404-1142 1 2 1 2 6 Synedra minuscula CCMP845 EF423415 umec BK298 GU433125lsea
kG1604-1264 1 6 6 Corethron inerme AJ535180 ~
kO0904-0055 2 1 1 1 5 Pleurosigma intermedium AY485489 ~
G2506-0973 1 2 3 Skeletonema grevilleii CCMP 1685 DQ396512  ~
kG1604-1287 2 2 Brockmanniella brockmannii CCMP151 HQ91256& stramenopile cl 70S8Be80p JQ782032
G1205-0193 4 1 5 Spumella sp. Mbc_3C AB425951 u freshwater cl LG20-09 AY919752
G1205-0271 3 3  STR; Laby Aplanochytrium sp. Sla FJ810216 u picoeuk cl. ws_138, 1804D11 FR874462
G1205-0265 1 4 5 1 1 12 STR;Pelag Pelagococcus subviridis PSU14386 umec SGYH1519.FRAG.MO.500m JX8423E8IPaci
G1404-1056 1 1 2 STR; Pelag Aureococcus anophagefferens JQ420083 ~

8 0 O O0 17 16 10 25 1 7 83 TOTAL STRAMENOPILES
G1205-0220 1 1 3 21 5 2 3 3 39 VIR;Chlor;Mam Mantionella squamata X73999 ~
kG1604-1308 2 3 3 3 5 2 18 VIR; Chlor; Prasi Pyramimonas gelidicola HQ111511 umec Q3-30 JQ420120
G1205-0244 5 1 1 2 9  VIR; Chlor; Mam  Bathycoccus prasinos FN562453 umec SGUH466.FRAG.MO.5m JX8416&MPaci

2 1 0 4 6 29 6 8 5 5 66 TOTAL VIRIDIPLANTAE
kG2106-0862 1 1 2 8 12 PICOBI Picobiliphyte sp. MS584-11 JN934891 umec SGYH1057.FRAG.MO.500 m JX842028IPaci
00904-0135 11 2 13 CRYP; Pyren Geminigera cryophila JF791030 umc picopl ws_159, 1815FQ7 FR8747@jord
kG2106-0839 1 2 3 CRYP; Pyren Geminigera cryop DQ452092 u cryptophye cl. env_Pavin_epi_T_NS21Gbis (freshwater) JX869382
00904-0009 2 2 CRYP; Pyren Geminigera cryophila JF791030 uec NPK97_252 EU3713&Fongsfjorden

13 0 0 0 0 0 1 2 0 2 18 TOTAL CRYPTOPHYTA
kG0605-0461 5 1 47 29 50 26 5 82 19 264 ALV;Dino;Gymn Gyrodinium cf. Gutrula FN669511 umec CNCIII05_47 HM581708entr Arc Oce
03004-1454 39 57 10 12 16 5 7 24 26 8 204 ALV,Dino;Gymn Gyrodinium spirale AB120001 umec SGUH845.FRAG.MO.5m JX8419ENPaci
kG2106-0859 6 1 7 1 2 20 37 ALV, Dino; Sues Gymnodinium beii GBU41087 uec :49 AB51038Buribati lake Arctic Sediment
00904-0078 14 2 16 ALV, Dino; Gymn  Karlodinium micrum JF791049 umec. SGYH416.FRAG.MO.500m JX8423BRIPaci
02106-0669 1 6 2 2 2 3 16 ALV;Dino;Gymn Lepidodinium viride JF791033 u picopl cl. BKO71 GU43317RSea
kG1604-1253 3 5 2 10 ALV, Dino; Gymn Lepidodinium viride AF022199 umec CNCIII51_17 HM58176Zentr Arctic Ocean
kG1604-1271 1 1 1 1 3 2 1 10 ALV, Dino; Gymn Karlodinium micrum JF791049 umec ws_164, clone 1816E11 FR874&j6rd
kG2106-0847 1 1 1 1 4 8 ALV;Dino; un. Dinophyceae sp. CCMP1878 AY251287 umec SGUH638.FRAG.MO.5m JX84178&MNPaci
00904-0123 3 1 4 ALV; Dino; un. Dinophyceae sp. Jeong2006-1 AM408889 u Syndiniales cl. BIO1_F7 FN598232
kG1604-1238 1 3 4 ALV, Dino; Peri Pentapharsodinium tyrrhenicum AF022201 umec. SGYH1536.FRAG.MO.500m JX8423FNPaci
kG1604-1281 1 2 3 ALV; Dino; Peri Roscoffia capitata AF521101 umec SGYH772.FRAG.MO.500m JX8425&MNPaci
kG1604-1298 1 2 3 ALV, Dino; Gony  Azadinium spinosum JX262491 umec SGUH1151.FRAG.MO.5m JX8414EBIPaci
G2506-0902 2 2 ALV; Dino; Peri Heterocapsa triquetra AJ415514 umec PROSOPE99.CTD2.30m.141203_16 DQ001453
kG1604-1315 1 1 2 ALV, Dino; un. Dinophyceae sp. RS-24 AY434686 umec SGYH921.FRAG.MO.500m JX8426B8IPaci
00904-0033 2 2 ALV, Dino; Peri Lessardia elongata AF521100 umec SGYH772.FRAG.MO.500m JX8425&dIPaci
G2506-0997 1 1 2 ALV, Dino; Gymn  Gyrodinium rubrum_AB120003 umec SGUH510.FRAG.MO.5m JX8416&ANPaci
01205-0335 2 2 ALV, Dino; Peri Protoperidinium americanum AB716911 umec E4-160 ANT Davis EU078310Ant Davis
kG2106-0889 2 2 ALV, Dino; Peri Protoperidinium bipes AB284159 ~
G1205-0236 5 2 7  ALV; Dino; Syn Amoebophrya sp. AY208893 u alv c RA001219.16 DQ186528
G1404-1107 1 5 6 ALV, Dino; Syn Amoebophrya sp. AF47255 umec SGUH1446.FRAG.MO.5m JX84146E&NPaci
G2506-0975 1 1 2 4 ALV, Dino; Syn Amoebophrya sp. AY208893 uec B19bE11 EU333058
kG1604-1313 1 3 4 ALV, Dino; Syn Amoebophrya sp. AY775285 u picopl ec BK161 GU433113
kG1604-1240 1 1 2 ALV; Dino; Syn Amoebophrya sp. AY208893 uec cs618-07 HM36956eterotroph cells)

2 0 0 0 6 6 2 4 3 0 23 TOTAL SYNDINIALES
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in KG and O samples. Choanoflagellates were mostly recovprotistan communities also observed a large dominance of
ered from mid-late spring samples, and absent in most earhAlveolata-related sequences (Lovejoy et al., 2006; Terrado
spring samples. etal., 2011). Analysis of protistan rRNA gene clone libraries
from the Amundsen Gulf (Canadian Arctic) showed that
rRNA gene clone libraries mostly consisted of OTUs iden-
4 Discussion tified as Ciliophora, Dinophyceae, Marine Alveolata, which
are all members of the Alveolate superphyla, and further-
4.1 Comparison of phytoplankton community analysis more Marine Stramenopile (MAST) and Prasinophyte OTUs.
methods: pigments, microscopy and 18SrRNA gene In addition to the high contribution of Alveolate-related
sequencing sequences, a striking difference with the CHEMTAX ap-
proach was the underrepresentation of diatom (Stramenopile)
In the present study we show that the combination of pigmentand the near absence of cryptophyte sequences. This under-
and molecular fingerprinting, supported with occasional mi-lines that when solely applying molecular methods, the phy-
croscopy inspections to assess phytoplankton communityoplankton community is not realistically reflected by analy-
structure, are highly complementary. CHEMTAX analysis sis of the 18S rRNA gene. On the other hand analysis of the
of taxon-specific pigments revealed semi-quantitative dif-18S rRNA gene also has an important added value since it
ferences in phytoplankton community structure at the clasgrovides information on non-pigmented species and on the
level over time and space. Incidental microscopy confirmedidentity of taxonomically unidentifiable smaller species be-
the quantitative data generated by the CHEMTAX analysis.longing to relevant marine taxonomic groups such as chloro-
For example, the high relative contribution of cryptophytes phytes, prasinophytes, Picozoa, haptophytes, chrysophytes
to total phytoplankton biomass, as revealed by CHEMTAX and pelagophytes, as demonstrated for the two Arctic fjords
was confirmed by the high numbers of cryptophyte cells asunder study (Table 2). Moreover, 18S rRNA gene sequenc-
visually observed for the glacier and late spring samplesing provided qualitative information on smaller heterotrophs
Overall, the stations in close proximity to both glaciers, pre- belonging to the Ciliophora, Syndiniales, Choanoflagellates,
dominantly hosted a small cell community including cryp- Cercozoa, and Telonema. High throughput sequence analy-
tophytes, cyanophytes, chlorophylicontaining algae, and sis of RNA instead of the 18S rRNA gene might provide a
some pennate diatoms and small ciliates. The relatively highmore accurate reflection of the active/live part of the plank-
abundances of haptophyte and diatom specific pigments imon community. In addition, it has been proposed that RNA
early spring samples from the Ocean station were indeedbased libraries are more representative of environmental con-
confirmed by microscopy: samples were mainly composed oflitions prevailing at the time of sampling (Stoeck et al.,
Phaeocystisp. colonies and diatoms belonging to the gen-2007). For future protistan and phytoplankton community
eraThalassiosira Fragilariopsis and ChaetocerosFurther-  studies we recommend the sequencing of rRNA and RNA
more, specific pigment signatures suggested a high relativibraries through next generation sequencing methodologies
contribution of cyanophytes in some samples constituting upand complementary taxon-specific pigment analysis.
to 25 % of the total phytoplankton community. Confirmation
of this finding was attempted by using specific cyanobacteriah.2 Kongsfjorden springtime phytoplankton dynamics
primers Cya27F1 and Cya809R (Jungblut et al., 2005; Jung-
blut et al., 2010; Lionard et al., 2012) on DNA extracts of the Typically, Kongsfjorden spring blooms peak in May and
0.2-2 um size fraction. The amplification did not yield any consist ofPhaeocystis pouchet@nd diatomsThalassiosira
specific cyanobacterial amplicons preventing the identifica-spp., Chaetocerospp. andFragilariopsis spp.) (Seuthe et
tion of cyanobacterial species present in the Kongsfjorden-al., 2011; Hodal et al., 2012; Hegseth and Tverberg, 2013).
Krossfjorden system. Further investigation is therefore re-However, in recent years, the bloom timing varied from
quired to assess specific cyanobacterial presence and identifypril to the end of May. (Hegseth and Tverberg, 2013).
in both fjords. Shifts in bloom timing have been attributed to the vari-
Species composition inferred from partial 18S rRNA geneable presences of sea ice and anomalous wintertime AW in-
sequencing revealed a different community composition, aglow events into the fjord. The mooring site within Kongs-
compared with CHEMTAX and microscopy. Most striking fjorden revealed important wintertime AW inflow events in
was a bias towards identification of Alveolate-related se-three consecutive years (2006—2008). (Hegseth and Tver-
quences. Over half (760) of our 1454 environmental se-berg, 2013). In our sampling years of 2007 and 2008 the
quences were identified as Alveolata, among which 591 weravinter cooling of the fjord was interrupted by several AW
most related to th®inophyceae Alveolates are known to incursions in surface waters. Hegseth and Tverberg (2013)
often dominate in 18S rRNA gene libraries (Massana andreported decreased spring bloom Ghlalues and altered
Pedros-Ali6, 2008). Clone libraries of the 18S rRNA gene taxonomic composition during the bloom period. The com-
are mostly biased towards high 18S rRNA gene copy num-position shift was most pronounced during the 2007 spring
ber species (Zhu et al., 2005). Other Arctic studies on marinédbloom with aPhaeocystis-pouchetilominated community
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(> 90%) complemented by small flagellates and only acause changes in phytoplankton composition, as found be-
minor contribution of diatoms (1%). The bloom was de- fore (Piquet et al., 2011; Hegseth and Tverberg, 2013). Af-
layed to mid-May and strongly reduced in duration. By ter the wind event, a period characterized by relatively calm
23 May only 10% of the bloom remained, and the suc-southerly winds permitted stabilization of the water column
cession towards a flagellate community had started. Thesand therefore biomass buildup. Ghivalues eventually in-
data enabled us to situate our 2007 late spring samplingreased after 28 April up to our last sampling day on 12 May,
period (22 May to 25 June) within the post-bloom period. reaching up to 2.5 and 2.8 ugtL at the Ocean station at 0
Kongsfjorden phytoplankton succession has been reportednd 20 m, respectively, and 2 and 2.5 jigtlat 0 and 20 m
to shift to a nano- and picoplankton- and dinoflagellate- depth, respectively, on 2 May at Kongsfjorden Middle sta-
dominated community during summer (Keck et al., 1999;tion. Maximal Chla values from our data were still well
Rokkan Iversen and Seuthe, 2011; Seuthe et al., 2011). Orelow maximal Chla springtime values, which can reach
2007 data showed that haptophyte and diatom pigmentsyp to ~13pgL ! as recorded in other years (Hop et al.,
which normally constitute the largest fraction of the spring 2002; Hegseth and Tverberg, 2013). This indicates that the
community (Fig. 5), had mostly disappeared although frag-2008 spring bloom was disrupted and characterized by low
ments of senescehaeocystisolonies were still observed biomass throughout.
at the O and M stations. Moreover, the late spring 2007
nutrient data showed largely nutrient-depleted surface wa4.3 Cyanobacteria as potential marker species
ters. Despite the relatively diatom-poor 2007 bloom reported
by Hegseth and Tverberg (2013), our late spring nutrientOur pigment data are the first showing the relative impor-
data also showed silica concentrations below 2 puM, sugtance of cyanophytes in the Kongsfjorden—Krossfjorden sys-
gesting that diatoms might have peaked earlier than théem. Cyanobacteria are ubiquitous and important contribu-
Phaeocystisp. bloom, in- or outside Kongsfjorden. The ob- tors to primary production in warmer marine waters, and
served succession from haptophytes and diatoms to the nanase typically considered to be absent from high-latitude po-
and picophytoplankton-sized classes (chlorophytes, cryptofar marine waters (Partensky et al., 1999). Just recently a
phytes, dinoflagellates and cyanophyte) is in agreement witfew studies have observed cyanobacteria in Arctic waters.
other studies conducted in Kongsfjorden during late springCottrell and Kirchman (2009) foun8ynechococcuspp. in
and summer (Keck et al., 1999; Rokkan Iversen and Seuthesamples from the Chukchi and Beaufort Sea, while Diez et
2011; Seuthe et al., 2011). al. (2012) reported the presence of cyanobacterial nifH genes
In 2008, Hegseth and Tverberg (2013) measured an inin samples collected in the Fram Strait, west from Spitsber-
crease in Chhk (up to 1.6-1.9ugLt?) between 18 and 21 gen. We propose that the regular Atlantic water incursions
April (JD 109 to 112) at the central Kongsfjorden monitoring might have contributed to transport of cyanobacterial species
site. They speculated that this was the initiation of the springfrom the milder Atlantic currents into Kongsfjorden. A tem-
bloom, composed oPhaeocystissp. (90 %) and diatoms perate origin for the Chukchi and Beaufort S&mechococ-
(7 %), (Fragilariopsis sp., Thalassiosiraspp., Chaetoceros  cusspp. was also proposed by Cottrell and Kirchman (2009).
sp. and pennate diatoms). Our early April CHEMTAX and In the past, Atlantic water inflow events have been associ-
microscopy data showed similar taxonomic composition andated with observations of the haptophimiliania huxleyin
maximal Chla values at the Ocean station of 1.7 pgtlon Svalbard and Arctic waters (Hasle and Heimdal, 1998; Hop
16 April (JD 107). From mid-April 2008 onwards the spring et al., 2002; Hegseth and Sundfjord, 2008). As a result, this
bloom did not develop steadily at all fjord locations. Ghl  species was proposed as a marker species for AW intrusion in
values in Kongsfjorden Middle station showed a small in- the area. However in our 2007 and 2008 samples, two years
crease around 19 April to 0.7 and 1 pglLin surface waters ~ with strong AW influence, n&. huxleyicells were found.
and 20 m samples, respectively, whereas £hlvels from  Instead, cyanobacterial presence might be a more promising
all other stations stayed below 0.5 ugll Between 19 and AW marker as suggested earlier (Gradinger and Lenz, 1989).
26 April we measured a sharp decrease indal the Ocean
and Middle station, dropping down to <0.5ugt This co- 4.4 Potential freshwater species intrusions
incided with a high wind velocity period of 4 days (daily
average wind speeds 6.95 and 8.2hdrom the NWW di-  Alternatively, in polar freshwater systems, such as lakes, melt
rection, which freely blew into Kongsfjorden, which has a water ponds and streams, cyanophytes are major contributors
northwest—southeast orientation. The high winds combinedo primary production (Jungblut et al., 2010; Harding et al.,
with low air temperatures (wind chil-37°C) likely caused  2011; Vincent and Quesada, 2012). As meltwater was affect-
vertical mixing and cooling of the water column. This was ing the Kongsfjorden—Krossfjorden system throughout our
confirmed by the CTD profiles (Fig. 2) showing a homoge- sampling period, one could speculate that cyanophyte pig-
neous water column for the upper 60 m at the O and M staiments could have originated from freshwater sources. If the
tions. The resultant vertical redistribution of phytoplankton cyanophyte pigments originated from the freshwater runoff
biomass may have interrupted bloom formation, and couldor processes related to glacial melting, one would expect
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clear differences in cyanophyte pigment abundance betweefjorden Glacier and Krossfjorden stations probably was an
the different layers as the high buoyancy of small freshwaterimportant determinant for lower Chl values. In support of
cyanophytes would confine them within the surface melt wa-this, Rokkan Iversen and Seuthe (2011) showed a low con-
ter layer of the fjord. However, our analysis indicated that tribution of < 10 um-sized cells (expressed as % @htur-
overall cyanophyte pigment abundance at 20 m depth wagng the spring bloom at their monitoring location in central
similar to the abundance at the surface, providing no evi-Kongsfjorden, while comprising the largest fraction of the
dence for a freshwater-related population. Cyanophyte pigphytoplankton (75-95 %) during the rest of the year.
ment abundances were overall higher in late spring than early The Kongsfjorden and Krossfjorden Glacier locations
spring, when freshwater input was highest. This could pro-showed lower water temperatures with subzero values. We
vide circumstantial evidence for a freshwater origin. How- speculate that the prevailing lower water temperatures pre-
ever, we did not find higher cyanophyte pigment abundancesented the development of a spring bloom at those locations.
at the glacier station, which was most influenced by meltwa-On the other hand, the nutrient data demonstrated uptake and
ter input in late spring, weakening the likelihood for a fresh- hence phytoplankton growth at these locations although the
water origin. Overall our data do not provide conclusive evi- observed lower silica uptake rates indicated decreased quan-
dence for a freshwater origin. titative importance of diatoms. The Kongsfjorden Glacier
Our samples also revealed relatively important chloro-data showed a highest Chlvalue of 0.8 ugE! on 5 May,
phyte pigment abundances. A potential non-marine origincorresponding with an intrusion event of saltier and warmer
of the chlorophytes was examined by comparing depth andvater (Fig. 2, JD 124) and thus probably reflecting transport
spatially related differences in pigment abundance. Chloro-of phytoplankton from the Middle station.
phyte pigments were slightly more abundant in surface wa- In addition to the relatively colder conditions, inner fjord
ter samples than in 20 m-depth samples, in particular at infocations were also characterized by lower salinities. The sur-
ner fjord locations, while highest chlorophyte pigment abun-face waters at the Krossfjorden Glacier station were signifi-
dances were found at the Ocean station, suggesting the presantly fresher due to sea ice melting leading to surface strati-
ence of marine chlorophytes. Therefore our findings mean eification (Fig. 2) during early spring (2008 campaign). Salin-
ther that chlorophytes have a slight physiological advantagéties near the Kongsfjorden Glacier also showed slightly re-
in surface waters (more light, less salinity) or that marineduced values during the 2008 campaign. Sea ice was largely
as well as freshwater chlorophytes were present in the studgbsent from Kongsfjorden, and reduced salinities were prob-
area. The latter is a plausible explanation, as the chlorophytably caused by early springtime glacier melting. The over-
group was inferred from CHl: a pigment present in chloro- all significantly higher Kd values measured near the glacier
phytes and prasinophytes. HPLC does not enable the distincsupport an early onset of glacier meltwater, enriched in sedi-
tion between both classes, and thus the relative pigment disment particles, during early spring. Several other polar stud-
tribution of chlorophytes might very well have consisted of ies have reported shifts in phytoplankton communities to-
freshwater chlorophytes at the inner locations and in surfacevards smaller-sized phytoplankton species, as a result of
waters, while at the Ocean station marine prasinophytes mayneltwater input. Along the western Antarctic Peninsula re-
have been relatively more abundant. In both cases, identifiduced water salinities were correlated with increased crypto-
cation of cyanophytes and chlorophytes in polar marine sysphytes abundance (Moline et al., 2004), whereas diatom and
tems influenced by meltwater incursions requires further in-prymnesiophytes were associated with saltier water masses.
vestigation in order to determine their origin: marine or from The relatively higher proportion of nano—picoplankton at the

freshwater sources. inner fjord locations during springtime could have been par-
tially mediated by glacier influence expressed in lower salin-
4.5 Influence of environmental conditions on ities and temperatures. Also, it cannot be ruled out that melt-

springtime phytoplankton biomass and composition ~ water induced surface stabilization that caused rapid sink-
ing of diatoms out of the euphotic zone, the latter becoming
Differences in both phytoplankton biomass (Ghbnd com-  highly shallow towards the end of spring. In addition, the
position between stations Ocean and Kongsfjorden Middlesuboptimal irradiance conditions resulting from strong light
versus Krossfjorden Middle and both glacier stations wereattenuation near the glaciers could also have limited phyto-
striking. The inner locations had significantly lower Ghl  plankton growth. Our molecular fingerprinting data further
values, and showed a higher relative abundance of nanosupport the hypothesis that early glacier influence was at
picoplankton groups throughout the early spring samplinghand, as spring phytoplankton community fingerprints from
period. At the Ocean site, 2008 Ghivalues and diatom pig- inner fjord stations shared more similarity to late spring com-
ments were positively correlated (In transformed &hy = munities than the outer fjord spring community. The tran-
32.407x +56.815,R? = 0.736). Other locations showed rel- sect data from Hegseth and Tverberg (2013) from spring
atively low diatom pigment concentrations. Diatoms are con-2006 show an early spring bloom with high Ghiconcen-
sidered primary biomass contributors in polar waters (Varelatrations (13 pg £1) measured in Kongsfjorden in particular
etal., 2002), and their relatively lower contribution at Kongs- at stations Kbh0—Kb2 corresponding to our Ocean and Middle
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