
Fig.1. Biofilm formation 
and sampling procedure. 
A, Polycarbonate acryl 
plates were submerged in 
the sea water; B, biofilm on 
acryl plates; C, rinsed with 
sterilized sea water; D, 
scraped the biofilm; E, 
collected samples; 
F, preserved with glycerol 
for cultivation or freezed
for DNA extraction.
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Biofilm is an important life form of microorganisms formed in aquatic environments including oral cavities, water supply
systems, fresh water and marine environments. They affect human health and water quality. It also has important ecological
roles in aquatic environments such as protection from environmental stress and efficient lysis of macromolecules. In this study,
we analyzed bacterial community change during biofilm development in coastal area of Svalbard, Norway. High throughput
sequencing technology was applied to determine bacterial community structures of biofilm samples collected once a day for
15 days. The major phyla were Bacteroidetes (45.4%), Alphaproteobacteria (38.6%), and Gammaproteobacteria (8.9%).
Thirty two major OTUs (>2%) clustered by 97% sequence similarity cutoff mostly belonged to Rhodobacterales (26.5%) of
Alphaproteobacteria and Flavobacteriales (15.2%) of Bacteroidetes. The major OTUs occupied approximately 45% of the
whole community. They were assigned to the genera Arenicella, Flavivirga, Hoeflea, Litoreibacter, Maribacter, Octabecabacter,
Pelagibacter, Planktomarina, Planktotlea, Polaribacter, Reseovarius, Ruthia, Sulfitobacter, Tenacibaculum and several candiatus
genera. Some of them were major components in the early phase and the others were major in the late phase.

Fig. 2. Relative 
abundance of 
phyla or class in 
the Arctic marine 
biofilm for 15 
days

Fig. 3. OTUs 
diversity of phyla 
or class in the 
Arctic marine 
biofilm for 15 
days

Fig.4. Change of relative abundance in Major OTUs (≥2%)

Fig.5. DNA contents per
square millimeters . It 
was calculated as 
follows; DNA conc. (ng/
㎕) × elution vol. (㎕) 
× total sample vol. (㎕) 
/ sample vol. used for 
extraction (㎕) 
/ total area (cm2) ×
100.
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OTU_ID Taxa D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

E
a
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y

OTU_5 Bacteroidetes_Flavobacteriales_Polaribacter 5.66 3.28 2.25 1.90 2.33 0.85 2.35 0.96 0.95 0.21 0.09 0.72 0.29 0.23 0.09 

OTU_10 Bacteroidetes_Flavobacteriales_Flavivirga 4.91 3.84 3.14 2.16 0.66 1.39 0.74 0.21 0.42 0.08 0.00 0.14 0.14 0.00 0.09 

OTU_12 Bacteroidetes_Flavobacteriales_EF016484_g 1.17 3.28 2.86 3.70 2.84 4.01 4.16 3.30 1.37 0.95 0.37 0.29 0.00 0.70 0.00 

OTU_13 Bacteroidetes_Flavobacteriales_Polaribacter 3.33 3.60 0.84 1.23 0.51 0.54 0.67 0.53 0.95 0.49 0.00 0.43 0.72 0.23 0.09 

OTU_27 Bacteroidetes_Flavobacteriales_ABVV_g 1.42 0.72 0.09 0.05 0.29 0.00 0.20 0.00 0.21 0.04 0.00 0.00 0.00 0.00 0.05 

OTU_38 Bacteroidetes_Flavobacteriales_DQ009083_g 2.91 1.60 0.47 0.51 0.58 0.23 0.13 0.00 0.00 0.04 0.09 0.00 0.00 0.00 0.00 

OTU_52 Gammaproteobacteria_Ruthia_o_Ruthia 0.33 0.08 0.28 0.05 0.00 0.08 0.34 0.00 0.00 0.04 0.00 0.14 0.00 0.00 0.00 

OTU_55 Alphaproteobacteria_SAR11_Pelagibacter 0.67 0.32 0.33 0.15 0.00 0.23 0.07 0.00 0.21 0.04 0.00 0.00 0.29 0.23 0.00 

OTU_57 Bacteroidetes_Flavobacteriales_ABVV_g 3.33 0.48 0.23 0.05 0.00 0.15 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

OTU_85 Alphaproteobacteria_EU491744_o_ 3.91 0.72 0.28 0.56 0.15 0.00 0.07 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 

OTU_87 Alphaproteobacteria_Rhodobacterales_Planktomarina 0.33 0.16 0.14 0.31 0.00 0.31 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.05 
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OTU_9 Alphaproteobacteria_Rhodobacterales_Sulfitobacter 0.00 0.08 2.62 3.03 1.68 2.78 0.94 4.36 1.16 4.93 5.73 3.32 1.58 2.11 0.97 

OTU_11 Alphaproteobacteria_Rhodobacterales_Litoreibacter 0.17 0.08 0.33 0.26 1.46 0.69 0.34 0.32 0.74 4.19 0.74 0.58 2.59 0.47 4.19 

OTU_14 Bacteroidetes_Flavobacteriales_Flavobacteriaceae_uc 0.58 0.00 0.66 1.03 1.17 0.46 0.74 1.17 0.95 0.74 1.20 0.58 2.01 1.17 0.87 

OTU_17 Bacteroidetes_Flavobacteriales_DQ906732_g 0.00 0.32 0.42 0.98 0.88 0.85 2.42 0.53 1.16 0.25 0.28 0.00 0.14 0.70 0.18 

OTU_21 Alphaproteobacteria_Rhodobacterales_Sulfitobacter 0.17 0.24 0.52 0.92 1.09 0.62 1.34 1.49 1.58 2.14 1.11 1.16 1.44 1.41 0.74 

OTU_22 Gammaproteobacteria_Arenicella_o_Arenicella 0.00 0.08 0.33 0.05 0.07 0.69 0.87 0.64 1.16 0.82 0.92 0.43 2.30 1.17 0.51 

OTU_29 Alphaproteobacteria_Rhodobacterales_Sulfitobacter 0.00 0.08 0.00 0.05 2.55 0.15 3.02 0.11 4.53 3.45 0.09 0.72 4.75 0.47 0.41 

OTU_35 Bacteroidetes_Flavobacteriales_Tenacibaculum 0.00 0.00 0.14 0.10 0.15 0.08 0.27 0.64 0.11 0.49 0.83 2.02 1.73 1.41 1.10 

OTU_36 Bacteroidetes_Flavobacteriales_Flavobacteriaceae_uc 0.25 0.08 0.37 0.67 0.88 1.62 2.21 0.85 0.63 0.45 0.46 0.14 0.00 0.00 0.05 

OTU_39 Bacteroidetes_Flavobacteriales_DQ395037_g 0.00 0.00 0.56 0.62 0.73 1.93 2.28 1.49 0.63 0.53 0.65 0.14 0.14 0.00 0.74 

OTU_42 Bacteroidetes_Flavobacteriales_Maribacter 0.08 0.24 0.47 0.36 0.44 0.23 0.40 0.74 0.53 0.45 0.74 2.02 1.01 0.94 0.97 

OTU_83 Bacteroidetes_Flavobacteriales_Flavobacteriaceae_uc 0.08 0.08 0.05 0.10 0.07 0.08 0.07 0.00 0.21 0.12 0.28 1.88 0.86 3.04 1.47 

OTU_169 Alphaproteobacteria_Rhodobacterales_Planktotalea 0.00 0.08 0.00 0.05 0.00 0.00 0.13 0.11 0.21 8.02 0.00 0.00 0.00 0.00 0.00 

L
a

te

OTU_1 Alphaproteobacteria_Rhodobacterales_Sulfitobacter 0.92 2.88 6.56 4.11 7.88 2.70 8.86 14.57 9.27 4.07 18.76 9.54 9.06 10.30 10.81 

OTU_2 Alphaproteobacteria_Rhodobacterales_Planktotalea 0.67 1.04 0.94 6.52 4.08 4.24 4.90 2.55 8.64 4.48 4.53 4.34 0.58 2.58 4.92 

OTU_3 Alphaproteobacteria_Rhodobacterales_Sulfitobacter 2.83 3.20 4.64 2.31 7.22 4.09 1.61 3.94 3.69 5.88 6.93 8.82 3.02 7.49 12.52 

OTU_4 Alphaproteobacteria_Rhodobacterales_Octadecabacter 0.25 0.32 0.56 4.83 2.48 5.94 0.74 0.85 6.95 7.03 3.33 0.87 6.33 0.23 2.39 

OTU_7 Alphaproteobacteria_Rhizobiales_Hoeflea 0.08 0.72 0.84 1.39 0.95 2.93 3.15 2.98 2.21 3.70 3.70 2.02 1.87 2.58 2.67 

OTU_8 Alphaproteobacteria_Rhodobacterales_Roseovarius 0.25 0.56 0.89 0.51 1.39 1.16 1.14 1.17 1.69 2.01 2.59 2.17 1.87 1.64 2.49 

OTU_16 Bacteroidetes_Sphingobacteriales_ 0.58 0.80 0.84 0.51 0.51 0.93 0.87 0.96 1.37 1.07 2.03 1.73 2.45 2.58 0.41 

OTU_18 Gammaproteobacteria_Arenicella_o_Arenicella 0.00 0.24 0.28 0.26 0.44 1.62 1.07 1.81 0.74 0.86 2.68 4.05 2.59 2.58 2.53 
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