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Abstract 
 

The Arctic Ocean supports a unique and dynamic microbial community, yet its 
composition, structure, and response to environmental shifts remain incompletely 
understood. In this study, 16S rRNA gene metabarcoding (targeting the V3-V4 and V4-
V5 hypervariable regions) was used to assess surface water microbial diversity across 
20 stations in the Barents Sea, focusing on latitudinal variations within two contrasting 
current systems: the West Spitsbergen Current (WSC) and the East Spitsbergen Current 
(ESC). Our results showed that the microbial community is dominated by three primary 
families—Pseudoalteromonadaceae, Moraxellaceae, and Flavobacteriaceae (14.20%). 
Comparative analysis of the V3-V4 and V4-V5 regions reveals that each region captures 
different aspects of microbial diversity, with V4-V5 detecting a higher number of 
unique families. Analysis through Nonmetric Multidimensional Scaling (NMDS) reveals 
distinct community separations between the WSC and ESC, though ANOSIM results 
indicate no significant within-system differences. Environmental parameters, including 
pH and temperature, appear closely linked with community composition, reflecting 
the influence of climatic and oceanographic processes on microbial structure. As global 
climate change continues to reshape Arctic environments, monitoring microbial 
diversity is essential to understand and predict shifts in the Arctic Ocean’s ecosystem 
functions. 

 

Introduction 
 

Polar ecosystems are undergoing rapid changes 
due to the pressure of climate change; the north polar 
region may be the most susceptible to global warming 
than other places because of Arctic amplification (the 
magnified variability of surface air temperatures in that 
region) transforming the functioning of marine 
ecosystem (Previdi et al., 2021; Serreze & Barry, 2011). 
The average water temperature of the Arctic is 

increasing faster than the global average for the last 
couple decades (Koenigk et al., 2020; Rantanen et al., 
2022). Arctic Sea ice declined nearly 50% since the 1950s 
and its shrinking at roughly 10% every 10 years (Peng & 
Meier, 2017). Increasing water temperature decreases 
sea-ice cover and intensifies hydrological cycles which 
affects ocean circulation at local and global scales 
(Grémillet & Descamps, 2023). This raises many 
questions about the ecological consequences of the 
diminished polar ice. Recent studies show that the 
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eastern basin of the Arctic Ocean is in a transitional 
phase due to perpetually warmer conditions, a process 
also called “Atlantification” which results in decreased 
stratification, increased vertical mixing, and changes in 
primary production (Polyakov et al., 2017; Reigstad et 
al., 2002).  

The Arctic Ocean's upper water column, known as 
polar surface water, can extend to depths of up to 200 
m (Jones, 2001). The surface layer of this column, 
referred to as the ‘polar mixed layer,’ reaches up to 50 
m in depth and is characterized by low salinity and 
temperatures that undergoes significant daily and 
seasonal fluctuations (Talley et al., 2011). Despite being 
a harsh environment, most of the biological production 
takes place in the polar surface water layer. Variation in 
environmental conditions result in seasonal shifts in the 
composition of microbial communities within the upper 
water column (Bano & Hollibaugh, 2002; Öztürk et al., 
2022, 2024). In addition, hydrographic regime and water 
circulation also shape spatial microbial community 
compositions. Despite these challenging environmental 
conditions, microbial communities thrive and play key 
roles in photosynthetic carbon assimilation, nutrient 
recycling, and carbon degradation. Molecular diversity 
of bacterioplankton in the Arctic Ocean is far from being 
fully documented and without a general understanding 
of the microbial organisms that are structuring the 
function of Arctic ecosystem, it is unlikely we will 
understand the impacts of future environmental 
changes.  

Advances in genetic techniques, such as 
metabarcoding and metagenomic have paved the way 
to address the taxonomic diversity, structure, and 
composition of microbiota all over the globe (Sunagawa 
et al., 2015). Recent sampling techniques like 
metabarcoding, and metagenomic approaches have 
provided valuable insight into the diversity and 
functional roles of microbials in the Arctic region. Cao et 
al. (2020) studied the taxonomic structure of microbiota 
in Arctic and Antarctic Sea water and compared the 
overlapping operational taxonomic units (OTUs) 
between the polar microbiomes and ocean 
microbiomes in which global ocean microbial diversity 
was investigated, and dissimilarities highlighted in 
microbial communities at the surface water between 
polar and temperate ecosystems. Nearly 19% of the 
identified OTUs were unique to the Arctic Ocean. 
Similarly, microbial community composition comparison 
between the Arctic Ocean (Arctic) and the Southern 
Ocean (Antarctic) highlighted differences of microbial 
compositions and 70% of the OTUs were found as 
unique to the Arctic Ocean (Ghiglione & Murray, 2012). 
Lee et al. (2019) assessed latitudinal changes in 
microbial community composition in the western Arctic 
surface water and found an increasing tendency of the 
relative abundance of Alphaproteobacteria and 
Gammaproteobacteria groups, which was attributed to 
the changes in community composition to physical and 
biogeochemical characteristics. 

Metabarcoding studies in the Arctic have so far 
mostly focused on the Svalbard archipelago. Microbial 
community compositions in soil (Venkatachalam et al., 
2021), glaciers and tidewater (Garcia-Lopez et al., 
2019),subglacial water (Sułowicz et al., 2020), coastal 
sea water (Delpech et al., 2021), sediment (Buongiorno 
et al., 2019), and air (Cuthbertson et al., 2017) were 
studied at local scale.  

Microbial communities play crucial roles in the 
biogeochemical cycles in the water column, yet their 
composition and dynamics remain poorly characterized. 
Although microbial communities are essential to marine 
ecosystems, their sensitivity to environmental changes 
remains inadequately understood. In order to better 
understand the impact of environmental changes on 
these microbial communities, a fundamental knowledge 
about the microbial community compositions is 
necessary to be established. The aims of this study were 
to assess latitudinal changes in microbial community 
composition distribution in the Arctic Ocean and to 
compare resolution power of V3-V4 and V4-V5 
hypervariable regions of 16S rRNA for the microbial 
diversity estimation. 

 

Material and Method 
 

Sampling  
 

Surface and 10 m depth water were collected 
during the second Turkish Arctic expedition (TASE-II) in 
the Barents Sea in July 2022, conducted by R/V 
PolarXplorer. The samples were obtained using a Niskin 
bottle from 20 stations (Figure 1). Notably, water 
sample from 10 meters could not be collected at station 
S19. Environmental parameters (surface water 
temperature, dissolved oxygen, oxygen saturation, 
sigma-t, salinity, and conductivity) were measured. 
Water samples (1200 ml from each point) were filtered 
onboard using a vacuum filtration system equipped with 
0.22 μm polyethersulfone membrane filters (GVS 
Filtration Inc.). The filters were then preserved at -20°C 
during the cruise and transported to the laboratory 
under cold-chain conditions. 

 
DNA Extraction, PCR Amplification, and Sequencing 
 

DNA extraction from the filters was performed 
using the DNeasy Power Water Kit (Qiagen, Germany) 
following the manufacturer's instructions. DNA 
concentrations quantified by Qubit and DNA quality is 
assessed by gel electrophoresis. 

Microbial diversity was assessed using a 16S rRNA 
gene-based approach. The preparation of the DNA 
libraries was based on V3-V4 and V4-V5 hypervariable 
regions of 16S rRNA gene using the QIAseq 16S/ITS 
screening panel (Qiagen, Germany), a two-stage PCR 
workflow. PCR was performed using a QIAseq 16S/ITS 
PCR set up. The thermal cycling protocol included an 
initial denaturation at 95°C for 2 minutes, followed by 
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12 cycles of denaturation at 95°C for 30 seconds, 
annealing at 50°C for 30 seconds, and extension at 72°C 
for 2 minutes, with a final extension step at 72°C for 7 
minutes. A secondary PCR was performed to attach the 
QIAGEN index barcodes. QIAseq magnetic beads were 
used for amplicon clean-up and DNA concentration was 
quantified with Qubit. Samples were diluted to 2 nM, 
pooled, and sequenced on MiSeq using the MiSeq 
Reagent Kit v3 (Illumina).  

 
Bioinformatics 

 
Bioinformatic data analysis were conducted using 

the CLC Genomics Workbench (v. 22.0.2) along with the 
Data QC and OTU Clustering workflow from the 
Microbial Genomics Pro Suite Module (v. 22.1.2). 
QIAseq 16S/ITS Demultiplexer tool was used to 
demultiplex raw reads and to group based on analyzed 
region. The trim Reads tool of CLC Genomics Workbench 
was used for adapter and quality trimming. Low read 
numbers were filtered with the filter samples based on 
the number of reads tool. OTU clustering for each region 
(V3-V4 and V4-V5) was performed using the OTU 
Clustering tool. The reads are aligned to the SILVA 16S 
v132 reference sequence database, using a 97% 
similarity threshold, and OTU tables were created for 
each region. 

 
Data Analysis 

 
Alpha diversity estimates and rarefaction curves 

were calculated using the Alpha Diversity tool of CLC 
Genomics Workbench. The relationship between 

microbial abundance and latitude was determined using 
Spearman rank correlation. Alpha diversity indices 
(Shannon index and Pielou’s evenness index) were 
calculated using vegan (Oksanen et al., 2020) package of 
R. Wilcoxon test was used for comparing alpha diversity 
indices between the current systems since the data did 
not fall in a normal distribution. Microbial community 
composition was visualized using nonmetric 
multidimensional scaling (NMDS). ANOSIM was used 
comparing microbial community composition between 
WSC and ESC. Following a significant difference in 
ANOSIM results SIMPER analysis was performed to 
identify taxa that contributed to the community 
difference between depth strata and stations. The data 
analyses were performed using R (ver. 4.3.1). 
Environmental variables were incorporated into the 
weighted Unifrac distance matrix to evaluate their 
impact on beta diversity. The 'envfit' function in the 
vegan package was used to identify the environmental 
factors and taxa contributing to the observed 
differences. 
 

Results 
 

Rarefaction curve analysis, performed at the 
specified sequencing depth, indicated good coverage of 
richness across the samples. The species coverage 
indices (Good's coverage) were predominantly above 
99%, demonstrating sufficient sequencing depth. 
Classification of OTUs at 97% similarity using the SILVA 
database identified a total of 225 OTUs at the family 
level, with 176 determined from surface water samples 
and 193 from samples taken from 10 meters deep. For 

 

Figure 1. The map illustrates the bathymetry, sampling stations, and the two main current systems. The West Spitsbergen Current 
(WSC) divides into two branches: the Yermak Branch and the Svalbard Branch. The East Spitsbergen Current (ESC) continues as the 
Spitsbergen Polar Current (SP). 
 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS27181 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

both depths Pseudoalteromonadaceae, 
Flavobacteriaceae, and Moraxellaceae were the most 
common families (Figure 2). While more OTUs from 
Pseudoalteromonadaceae were determined using V3-
V4 region, V4-V5 region determined more OTUs from 
Flavobacteriaceae, and Moraxellaceae. V3-V4 and V4-
V5 regions determined 17 and 36 distinct families in 
surface water respectively while these numbers were 17 
and 48 for deep water samples.  

The analysis of the V3-V4 hypervariable region 
revealed 15 distinct taxa at the phylum level, with 
Proteobacteria (83.95%), Bacteroidetes (14.77%), and 
Cyanobacteria (1.05%) being the most abundant. At the 
family level, 176 taxa were identified, with 
Pseudoalteromonadaceae (47.49%), Moraxellaceae 
(19.91%), and Flavobacteriaceae (12.56%) representing 
the dominant families (Figure 3). Similarly, a 
comprehensive analysis of the V4-V5 hypervariable 

region identified 20 phyla. Proteobacteria accounted for 
81.77% of the total abundance, followed by 
Bacteroidetes at 16.54%, and Cyanobacteria at 1.42%. A 
total of 193 families were identified, with 
Pseudoalteromonadaceae (46.51%), Moraxellaceae 
(17.73%), and Flavobacteriaceae (14.01%) being the 
most abundant (Figure 3). Although in most of the 
stations the relative abundance was dominated by 
Pseudoalteromonadaceae, the family was not observed 
in some of the stations (Figure 3). 

An increasing abundance with latitude was 
determined which was significant for V4-V5 region at 
surface water (R2 = 0.25, p<0.05) and V3-V4 region at 10 
meters (R2 0.23, p<0.05). The average Shannon index in 
surface water (0 m) was 1.32±0.12 and 1.40±0.13 for ESC 
and WSC respectively. On average, the Shannon index at 
a depth of 10 meters was 1.13±0.09 for ESC and 
0.96±0.07 for WSC. The Shannon index was similar for 

 

Figure 2. The primary taxonomic families identified in the V3–V4 and V4–V5 datasets from surface (left) and ten meters depth 
(right). The numbers in each bar shows the count of observed OTUs associated with family. Families representing more than 70% 
of the dataset were included to the graph. Venn diagrams showing shared and distinct family numbers for V3–V4 and V4–V5 
datasets. 
 
 
 

 
Figure 3. Relative abundances of microbial organisms at family level by depth and hypervariable region. 
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ESC and WSC in both depths (Wilcoxon test, p>0.05) 
(Figure 4). Pielou’s evenness index averaged 0.35±0.03 
and 0.34±0.03 for ESC and WSC respectively in surface 
water. In 10 meters depth the Pielou’s evenness index 
was 0.29±0.02 for ESC and 0.24±0.02 for WSC. Similar to 
the Shannon index the Pielou’s evenness index was 
similar in both current systems and depths (Wilcoxon 
test, p>0.05). 

Nonmetric multidimensional scaling (NMDS) 
revealed some separation in microbial communities 
between surface and 10 meters depth for both current 
systems (Figure 5). While there was no significant 
difference between the current systems in surface 
waters with respect to microbial communities (ANOSIM, 
p>0.05), a significant difference was found at 10 meters 
depth. SIMPER results determined 64.68% overall 
average of which determined by 
Pseudoalteromonadaceae (47.43%), Moraxellaceae 
(23.97%), and Flavobacteriaceae (14.20%). Temperature 
and pH appeared to be two closely linked environmental 
parameters with community composition. Yet, only pH 
was found as a significant factor (p<0.05) influencing the 
microbial community structure in surface water causing 
a difference between sampling sites. 

Discussion 
 

Compared to the V3-V4 dataset, V4-V5 datasets 
generally consisted of more OTUs in both depth strata. 
The number of observed OTUs associated with the 
members of the families of Pseudoalteromonadaceae, 
Flavobacteriaceae, Moraxellaceae, Rhodobacteraceae, 
and Pseudomonadacea showed substantial differences 
between V3-V4 and V4-V5 dataset. Members of the 
families of Pseudoalteromonadaceae and 
Pseudomonadacea generally associated with organic 
matter degradation (Buchan et al., 2005). 
Flavobacteriaceae that includes key heterotrophic 
bacteria genera such as Polaribacter, which were 
reported to respond to phytoplankton blooms in high 
and mid-latitudes (Avcı et al., 2020; Fadeev et al., 2018, 
2021). Rhodobacteaceae including the genus 
Sulfitobacter known to play a role in the assimilation of 
dimethlysulfoniopropionate produced from 
decomposition of organic matter and production of 
dimethyl sulfide, a gas known to have a cooling effect on 
the climate. 

Changes in the number of OTUs in V3-V4 and V4-
V5 datasets indicates that on OTU level, the diversity of 

 

Figure 4. Distribution of alpha diversity indices namely, Shannon index (A) and Pielou’s evenness index (B) in surface water and 
10-meter depth from West Spitsbergen Current (WSC) and East Spitsbergen Current (ESC) systems. 
 
 
 

 
Figure 5. Nonmetric multidimensional scaling (NMDS) plots comparing microbial communities in surface water (left) and 10 meters 
depth (right) from West Spitsbergen Current (WSC) and East Spitsbergen Current (ESC) systems. 
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different microbial groups are captured differently by 
different primer sets that target different hypervariable 
regions of 16S rRNA gene regions (Kerrigan et al., 2019; 
Yang et al., 2016). The number of OTU differences 
between V3-V4 and V4-V5 datasets were consistent 
with those of previous studies in polar regions (Fadeev 
et al., 2021; Varliero et al., 2024). Similar differences 
were also observed while comparing number of OTUs 
between different hypervariable regions of different 
genes (Jackson et al., 2021; Willis et al., 2019). Despite 
the differences observed on OTU level between 
datasets, the overall taxonomic composition was 
consistent. For both depth strata, 
Gammaproteobacteria (mainly the families of 
Pseudoalteromonadaceae and Pseudomonadaceae), 
Bacteroida (mainly the family Flavobacteriaceae), 
Alphaproteobacteria (mainly the family 
Rhodobacteraceae) dominated the seawater. Overall, 
bacterial community composition found in this study 
was consistent with reports of previous studies (Fadeev 
et al., 2018, 2021; Feyzioğlu et al., 2023; Galand et al., 
2009; Han et al., 2015; Kirchman et al., 2010; 
Malmstrom et al., 2007; Rapp et al., 2018; Wilson et al., 
2017). 

Cluster analysis of the OTUs from the water 
samples revealed that bacterial communities were 
largely similar between the two current systems in 
surface waters but exhibited significant differences at a 
depth of 10 meters. Changes of bacterial abundance 
with latitude at both depth strata supports the idea that 
latitude significantly influence the distribution of 
bacterial communities in the Arctic (Han et al., 2014, 
2015; Lee et al., 2019; Ortega-Retuerta et al., 2013; 
Yergeau et al., 2017). Previous study by Lee et al. (Lee et 
al., 2019) find link between environmental parameters 
(temperature, salinity, chl-a) and latitudinal change in 
bacterial distribution in Artic region. In this study, only 
pH appeared to be a significant factor linked with 
bacterial distribution in surface water (p<0.05).  
 

Conclusion 
 

Microbial community composition in two main 
current systems: The West Spitsbergen Current (WSC) 
and The East Spitsbergen Current (ESC) in surface waters 
of Arctic Ocean was investigated using two different 
hypervariable region of 16S rRNA during summer 2022. 
Results indicated that microbial community abundance 
were increased at surface waters with latitude and 
microbial diversity captured by V4-V5 hypervariable 
region was higher compared to that of V3-V4. The 
microbial community compositions were found as 
similar in both current systems. Since only pH was found 
significant in influencing microbial structure, exploring 
other factors such as seasonal ice coverage and nutrient 
availability might provide a more holistic context. 
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