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Temporal variation (June and October 2012) in bac-
terial and phytoplankton communities of Kongsfjor-
den was studied using 16S rRNA gene clone libraries  
and marker pigments respectively. Proteobacteria  
was the dominant phyla in Kongsfjorden with Gam-
maproteobacteria (42%) and Alphaproteobacteria 
(84%) dominating in June and October, respectively. 
Retrieval of sequences affiliated to Verrucomicrobia, 
Gammaproteobacteria and Bacteroidetes in June cor-
responded with high autotrophic biomass (Chl a, 
33 ng l–1) whereas abundance of SAR 11 coincided 
with decrease in the intensity of autotrophic biomass 
(Chl a, 24 ng l–1) in October. Thus, the distribution of 
bacterioplankton community varied with change in 
phytoplankton composition indicating a significant 
coupling between these two groups in the fjord water. 
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KONGSFJORDEN, located on the west coast of the Spits-
bergen (Svalbard) archipelago at 79°N, is a glacial fjord 
in the Arctic1. Due to its location as a border area  
between the Atlantic and Arctic biogeographical zones, 
Kongsfjorden has received much research attention in the 
recent past. The current interest of the researchers work-
ing on the fjord is primarily based on the fact that 
Kongsfjorden is highly suitable as a site for exploring the 
impacts of possible climate change, with both Atlantic 
water influx and melting of tidal glaciers being linked to 
climate variability1. Information on bacterial assemblage 
at a given point of time could convey vital information 
pertaining to ecological aspects of the environment. Sev-
eral factors have an impact on composition of the marine 
bacterial communities. Phytoplankton composition and 
thereby substrate availability and concentration seem to 
play important roles in shaping bacterial communities2. 
Information on bacterial communities structure at the 
high biomass (autotrophic) zone of the fjord could  
provide insights on the taxonomy of members significant 
in bacterial–phytoplankton interactions. In this study,  

variation in distribution of bacterial assemblages at depth 
of chlorophyll maxima is studied and discussed in rela-
tion to changes in composition of phytoplankton groups 
on a temporal scale. 
 Hydrographic observations and water sampling were 
conducted during June and October in 2012 at station K1 
(78°54.299′N–12°13.665′E) near the Kongsbreen glacier 
front (Figure 1) using the research boat R.V. Teisten. A 
conductivity–temperature–depth (CTD) profiler (SBE 19 
plus V2, Sea Bird Electronics, USA) equipped with a flu-
orescence sensor (Wet Labs, Philomath, USA) was used 
to obtain information pertaining to the hydrographic fea-
tures (Figure 2) and fluorescence profile. Water samples 
were collected from a depth of 30 m showing primary 
chlorophyll maxima. 
 For the analysis of phytoplankton pigments, samples 
were immediately filtered on a GF/F filter (pore size 
0.7 μm, Whatman, England) and analysed following the 
procedure of Van Hukelem3. Chl a concentrations were 
higher in June (33 ng l–1) compared to those in October 
(24 ng l–1). Peridinin (40 ng l–1) was detected only in 
June, indicating the dominance of dinoflagellates in June  
while chl b (37 ng l–1) was detected only in October.  
Fucoxanthin concentration was almost similar in June 
(20 ng l–1) and October (19 ng l–1), indicating the pre-
valence of diatoms in both the months. 
 DNA extraction from the microbial community col-
lected over 0.22 μm polycarbonate membrane filter 
(Merck Millipore, Germany), was made using ultra clean 
soil DNA isolation kit (MOBIO, CA, USA). The 16S 
rRNA genes were amplified as described by Sinha et al.4 
and cloned according to manufacturer’s protocol (TOPO 
TA cloning kit, Invitrogen, CA, USA). The 16S rRNA 
genes in the plasmid were screened using a pair of speci-
fic primers, i.e. T3 (forward) and T7 (reverse) and  
amplified product was sequenced using an automated 
DNA sequencing system (Applied Biosystem, CA, USA) 
with BigDye™ Terminator v3.1 cycle sequencing kit  
(Invitrogen, CA, USA). Sequences were aligned using the 
Clustal W alignment function in the BioEdit software pack-
age (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) and 
analysed using MOTHUR 1.34.4 program5. The 16S 
rRNA gene sequences of the clones obtained in June and 
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Figure 1. Location of sampling sites in Kongsfjorden, Ny-Ålesund in Svalbard, Arctic. The station K1 (•) represents the inner 
fjord (modified from Hop et al.1). 

 
 

 
 

Figure 2. Rarefaction curves for June (– –) and October (– –) clone 
library showing the number of clones sampled versus the number of 
operational taxonomic units (OTUs) within each library. Error bars 
represent the 95% CI. 
 
 
October 2012 were deposited in EMBL (accession num-
bers LN852233–LN852327). 
 Based on the coverage estimates (Table 1 and Figure 
2), about 95% and 99% of diversity was observed in the 
clone libraries for June and October samples respectively. 

Clone library of June sample was dominantly represented 
by Gammaproteobacteria (42%) and Alphaproteobacteria 
(37%) while Bacteroidetes (19%) and Verrucomicrobia 
(2%) constituted the rest of the population (Figure 3 a and 
b). Most members of the Gammaproteobacteria were 
closely related to environmental clone sequences from 
glacier/fjord environments (Figure 4 a and b). Alphapro-
teobacteria was solely represented by SAR 11 clade of  
the genus Candidatus Pelagibacter. In October, Alphapro-
teobacteria (84%) was the dominant class followed by 
Gammaproteobacteria (10%) and Bacteroidetes (6%). 
The genus Candidatus Pelagibacter was the sole repre-
sentative of alphaproteobacterial population in October 
also and most of the sequences were affiliated to those 
reported from Antarctic sea water (Figure 4 a and b). 
 Bano and Hollibaugh6 have found that SAR11  
sequences accounted for 36% of all retrieved ribotypes in 
Arctic Ocean. Yager et al.7 reported SAR11 sequences in 
the DGGE profiles of samples taken before or after the 
peak of an algal bloom in the Chukchi sea while it was 
not detected during the peak of the bloom. Increase in 
abundance of SAR 11 with decrease in the intensity of 
autotrophic biomass in October (84%) as compared to 
that in June (37%) fortifies such observations. Stable car-
bon isotope probing experiments with sandy sediments in
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Table 1. Biodiversity indices and statistics among the June and October clone libraries 

Library Individuals OTUs Chao1 (95% CI) % Coverage H′ (95% CI) 
 

June 43 9 10.0 (9.0–22.9) 95.3 1.9 (1.7–2.1) 
October 52 4 4.0 (4.0–4.0) 99.8 1.0 (0.8–1.2) 

Individuals, Number of clones sequenced; OTUs, Number of operational taxonomic units defined at 97%  
sequence identity; Chao1, Chao 1 nonparametric richness estimate with 95% confidence interval in parentheses; 
% coverage, Per cent library coverage based on Good’s estimate, H′, Shannon–Weaver diversity index with 95% 
confidence interval in parentheses. 

 
 

 
 

Figure 3. Percentages of 16S rRNA gene clone sequences (top x-axis) obtained in June (a) and October (b) at fluorescence (– –) peak  
(30 m) indicating high autotrophic biomass (bottom x-axis). Shown is the phylogenetic affiliation of class Alphaproteobacteria ( ), Gammaproteo-
bacteria ( ), Flavobacteria ( ) and Verrucomicrobia ( ). 
 

 
the Gulf of Mexico demonstrate that the gammaproteo-
bacterial genera Pseudoalteromonas in addition to mem-
bers of the Bacteroidetes assimilate algal extracts 
quickly8. The high abundance of Gammaproteobacteria 
(42%) in June with higher abundance of autotrophic bio-
mass as compared to that in October (10%) is congruent 
with such observations. 
 Among the bacterial phyla that appear consistently in 
molecular surveys of Arctic marine environments, Verru-
comicrobia are a widespread minority component in 
clone libraries from the marine water column6. Similarly 
we found that Verrucomicrobia represents a minor  
component (2%) of bacterial community in June. The  
free-living, epibiotic and symbiotic lifestyles of Verruco-
microbia with their predominantly carbohydrate-
degrading metabolism indicate their potential role in  
mobilizing fixed carbon in a system9. A 16S rRNA gene-
based bacterial community survey of the water column in 
an Arctic fjord of Svalbard yielded Verrucomicrobia as 
the dominant clone group which was associated with  
polysaccharide hydrolysis9. 

 Comparative 16S rRNA sequence analysis revealed 
that Flavobacteria is the dominant class of Bacteroidetes 
in marine picoplankton10. This is congruent with our ob-
servation where Flavobacteria constituted the complete  
Bacteroidetes population in June and October. High  
abundance has been linked to cold waters11, phytoplank-
ton blooms12 and upwelling systems13. This distribution 
suggests a preference for more productive conditions. 
The higher autotrophic biomass observed in June along 
with higher incidence of Flavobacteria as compared to 
that in October (Figure 4 a and b) could be indicative of 
its preference for productive conditions. 
 To summarize, retrieval of sequences affiliated to Ver-
rucomicrobia, Gammaproteobacteria and Bacteroidetes in 
June corresponded with the high autotrophic biomass 
(Chl a, 33 ng l–1) whereas abundance of SAR 11 coin-
cided with decrease in the intensity of autotrophic bio-
mass (Chl a, 24 ng l–1) in October. Thus, the observed 
change in the composition of bacterial community could 
be significantly linked to the variation in the phytoplankton 
assemblage in the fjord water. This study can serve as
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Figure 4. Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of representative sequences for the clones 
obtained in June (a) and October (b) (prefixed with Un-Kongs) from the water samples at 30 m depth with their nearest phylogenetic 
nighbour sequences. Accession numbers of 16s rRNA gene sequences are denoted in parenthesis. Phylogenetic tree was constructed by 
maximum likelihood method. Numbers at nodes are bootstrap values. The bar represents 0.05 substitutions per alignment position. 
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basic information for future studies on spatio-temporal 
variation of bacterioplankton communities and their 
coupling with phytoplankton assemblage in Arctic fjords. 
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