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Abstract: The total numbers and biomass of bacterioplankton in two Arctic glacial fjords off
west Spitsbergen were studied. Samples were collected from different water depth layers –
from the surface to 80–90 m depth. Total bacterial number (TBN), biomass and morphologi−
cal structure (shape of bacteria) were determined using the acridine orange direct count
method. The highest values of TBN and biomass in the water column were found in
Kongsfjorden in the stations adjacent to Kongsbreen Glacier, and the lowest values in the
outer part of the Krossfjorden. The local maxima of bacterioplankton were observed in water
layers around pycnocline. The morphological structure was similar in all samples – the bacte−
ria were dominated by rods (over 65%), followed by cocci (16–20%) and vibrios (11–15%).
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Introduction

The fjords of the west coast of Spitsbergen belong to the rapidly changing Arctic
coastal areas. Climate warming is causing glacier retreat, increase in melt−water in−
flow and inorganic suspensions sedimentation, salinity and temperature fluctua−
tions. Therefore this area has been treated as a model site for studies on the impact of
climate change in the Arctic (e.g. Włodarska−Kowalczuk and Węsławski 2001).
Kongsfjorden and Krossfjorden, two fjords situated off the west coast of Spits−
bergen, have attained much attention during the last few years. The fjords are re−
garded as key European sites for Arctic biodiversity monitoring (Hop et al. 2002).
The intensive international investigations of these fjords (Ny Ålesund LSF, BIO−
DAFF, BIOMARE programs) have focused both on the physical characteristics of
the environment and the biotic components of the ecosystem. Overviews of the ex−
isting knowledge concerning the physical environment and marine ecosystem of the
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fjords were recently published by Svendsen et al. (2002) and Hop et al. (2002).
However, in contrast to the existing extensive data sets on the phyto− and zooplank−
ton, nekton and benthic flora and fauna, bacteria have been not studied in the fjords.
Bacteria cannot be disregarded in any model of an ecosystem structure and function−
ing in as much as they transform particulate organic matter to soluble forms and de−
tritus (Zdanowski 1988) and transfer dissolved organic matter (DOM) to higher
trophic levels (Azam et al. 1983). The present preliminary study of bacteria in the
Kongsfjorden/Krossfjorden fjordic system is aimed at the evaluation of the densities
and biomass of bacteria present in fjordic waters in the summer season as well as
studying the distribution of bacteria along the fjord axis and among the water layers.

Investigated area

Kongsfjorden and Krossfjorden (79° N, 12° E) are two fjords of about 25 km
length each, connected by a common mouth demarcated by two capes: Kapp Mitra
and Kvadehuken (Fig. 1). Eight active tidal glaciers terminate in the waters of the
inner parts of the fjords. Kongsbreen, situated in the innermost part of Kongs−
fjorden, is recognised to be the most active glacier in the Svalbard Archipelago,
with the highest rate of calving (0.23 km3/year) and with a front retreating at an av−
erage speed of 200 m/year (Lefauconnier et al. 1994). Each year the glacier erodes
about 0.3 mm over 800 km2 of its drainage area, which results in an input of
2.6 × 105 m3 of mineral material into fjord waters per season (Elverhøi et al. 1980).
The mineral material, carried by glacier meltwaters, sediments mostly in the inner
parts of the fjord close to the glacier front (Svendsen et al. 2002). The strong in−
flow of glacier meltwater results in the formation of a surface water layer of rela−
tively high temperature and very low salinity. This surface water overflows the At−
lantic waters of high salinity and temperature originating on the Spitsbergen shelf,
and the local fjordic waters of intermediate salinity and low temperature. The wa−
ters flowing into the fjord are transported along the southern coast, while the
outflowing waters are transported along the northern coast (Svendsen et al. 2002).
High amounts of inorganic suspension limit the abundance of phytoplankton and
primary production in the inner basins in summer (Keck et al. 1999). The low sa−
linity of surface water results in the mass mortalities of zooplankton observed in
glacial bays (Węsławski and Legeżyńska 1998).

Materials and methods

Bacteriological investigations were carried out in Kongsfjorden and Kross−
fjorden in July 1999. Water samples were taken from five depths in five sampling
stations (Figs 1, 3). At all stations, except for station IV, the salinity and tempera−
ture were measured with the use of OceanSeven 316 Idonaut. Water was sampled
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using Niskin bottles. Samples were stored in sterile glass bottles (250 ml) and fixed
with particle−free formaldehyde (2% total concentration). The total bacterial num−
ber, biomass and morphology were determined using the acridine orange direct
count method (Hobbie et al. 1977). Three 2 ml subsamples of each seawater sam−
ple were filtered on 25 mm irgalan−black−stained polycarbonate filters (0.2 µm di−
ameter). The bacteria were stained with a 0.01% solution of acridine orange for
2 minutes. Cells were counted using an Axioskop FL epifluorescence microscope
under 1200−fold magnification. An HBO−50 W high pressure mercury burner,
410–485 nm excitation filter, 515 nm barrier filter and 505 nm dichroic mirror
were used (Świątecki 1997). The image analysis system of Świątecki (1997) was
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used. It included an attachment for the epifluorescence microscope, monochro−
matic camera and PC and MultiSkan Bace V.8.08 computer program for picture
analysis. Bacterial cells were counted in 20 fields. The orange−red and greenish
fluorescing particles were classified into five size classes and three morphological
types (cocci, rod, and vibrio) were counted. The mean value of the three sub−
samples was calculated for each sample. The biomass of bacteria was estimated
from the mean volume of cells with use of the Norland’s formula (1993).

Results

The highest number of bacteria in the entire water column was recorded at sta−
tion I adjacent to the Kongsbreen Glacier (436 × 1012 TBN/m2) as well as in the sur−
face waters of station II; the lowest values were observed at station V situated at
the fjord mouth close to Kapp Mitra (96 × 1012 TBN/m2) (Fig. 2a). The biomass
distribution pattern in the investigated area and in the layers within the water col−
umn was similar to that observed for density (Fig. 2b). The biomass in the water
column varied from 2.5 × 103 mgC/m2 (at station V) to 14.8 × 103 mgC/m2 (at sta−
tion I) .

As regard the distribution in water layers the highest number of bacteria was
noted in the surface water only at station V (Fig. 3). The maximum of TBN corre−
sponded to the salinity gradient observed in 0–10 m water layer. At stations II and
III, situated in the central part of Kongsfjorden, the highest values were recorded in
the layers 5–10 m (80 × 105 TBN/cm3) and 10 m (67 × 105 TBN/cm3), respectively.
At these stations strong salinity gradients were observed in the 0–20 m and 0–15m
water layers, respectively. At stations I and IV, situated close to tidal glacier fronts,
no single distinct peak of density was noted. At all stations, except for station I, the
lowest bacterial numbers were observed in the bottom layers.

The proportions of bacteria of different shapes was very similar at all stations.
Rods were the dominant bacterial forms – they made up from 66% (station II) to
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73% (station V) of all bacteria. The percentages of cocci and vibrios were much
lower. Cocci made up between 16% (station IV) to 20% (station I), while vibrios
accounted for 12% (station V) to 15% (station II).

The bacterioplankton was dominated by small forms (volume <0.1 µm3) – they
made up 51–71% of TBN at stations I, II and II and 58–90% at stations IV and V.
Bacteria of sizes ranging from 0.1 to 0.5 µm3 made up 8–18% of TBN, and bacteria
larger than 0.5 µm3 made up from 2 to 8% of TBN.
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Discussion

The number and the biomass of bacteria decreased from the inner towards the
outer parts of the fjords. The highest values of TBN and biomass were noted at the
station adjacent to Kongsbreen, the glacier recognised to be the most active in the
Svalbard archipelago. The abundance of bacteria was lower in the vicinity of less
active glaciers – Blomstrandbreen and Lillehookbreen. The decrease in salinity in
glacier−proximal areas results in mass mortalities of zooplankton (Węsławski and
Legeżyńska 1998) and thus in high amounts of particulate organic carbon. These
are potential food resources and available substrates for bacteria. In addition the
high concentration of inorganic particles might be advantageous for bacteria. Bac−
terial colonization is important in processes such as flocculation of mineral parti−
cles (e.g. Syvitsky et al. 1989). Bacteria tend to attach to particles and aggregates
of particles. The aggregates form a protective microhabitat for microorganisms
and increase the availability of nutrients which are absorbed by particle surfaces
(Logan and Hunt 1987, Droppo et al. 1998). Maximal bacterial densities were also
observed by Zdanowski (1995) in the inner basin influenced by the glacier outflow
in waters of an Antarctic fjord, Admiralty Bay (King George Island). A similar
pattern was reported for sediments in the Baffin Island fjords by Syvitsky et al.
(1989). They observed twice as high bacterial biomass in sediments close to the
glacier than in sediments in the outer parts of the fjord.

The depth distribution of bacteria can be attributed to the hydrological stratifica−
tion and/or phytoplankton distribution. Bacterioplankton and phytoplankton gener−
ally tend to accumulate in the layers around the pycnocline. Phytoplankton densities
are very low in the area adjacent to Kongsbreen. In the central part of Kongsfjorden
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Table 1
Total bacterial number (TBN) recorded in different polar habitats.

Habitat, area × 105

(TBN/cm3) Method References

Fjordic water, Kongsfjorden
Krossfjorden, Spitsbergen 7.8–80.0 AODC present study

Fjordic water, Horsund,
Spitsbergen 0.8–1.3 Light microscopic

stained erytrosine
Zajączkowska and
Zajączkowski 1989

Fjordic water, Admirality Bay,
Antarctica 0.03–18.7 AODC Zdanowski 1995

Open water, Antarctica 0.003–3.56 AODC Zdanowski 1995

Open water, Beaufort Sea 1.8–8.7 AODC Atlas and Morita 1986

Sea ice, Antarctica 0.03–440 AODC Zdanowski 1995

Sea water under ice, Anatrctica 0.06 AODC Zdanowski and Donachie 1993

Sea ice, Barents Sea and
Laptev Sea 0.4–36.7 AODC Gradinger and Zhang 1997



phytoplankton concentrates at around 10–15 m, in the outer part of the fjord it con−
centrates in surface waters (Keck et al. 1999). This distribution pattern is followed
by the bacteria in the central and outer parts of the fjord – maximal densities were
found at 10 m at stations II and III and in the surface water at station V.

The only previous total bacterial counts done for water samples from Spits−
bergen were published by Zajączkowska and Zajączkowski (1989) for Hornsund
Fjord. The values found in Kongsfjorden are much higher. This stems from the dif−
ference in methodology – light microscopy by Zajączkowska and Zajączkowski
(1989) and epifluorescence microscopy in our study. The values of bacterio−
plankton densities recorded in Kongsfjorden/Krossfjorden as well as in the Ant−
arctic fjord – Admiralty Bay – were higher than the values recorded in the Arctic
and Antarctic open waters (Table 1). This is a result of the higher concentrations of
organic matter in inshore areas.

Acknowledgements. — We wish to thank the participants of the cruise AREX 1999 on r/v
Oceania who helped with water sampling. We also thank Prof. Howard Feder for his comments
on the manuscript. We are very grateful to Prof. Aleksander Świątecki and Dr Dorota Górniak
from Microbiological Laboratory in Faculty of Biology Warmian and Mazurian University for
helping in computer analyses.

References

ATLAS R.M. and MORITA R.Y. 1986. Polar environments. Bacterial communities in near shore Arc−
tic and Antarctic marine ecosystems. Proceedings of IV International Symposium on Microbial
Ecology: 185–190.

AZAM F., FENCHEL T., FIELD J.G., GRAY J.S., MEYER−REIL L.A. and THINGSTAD F. 1983. The eco−
logical role of water−column microbes in the sea. Marine Ecology Progress Series 10: 257–263.

BESZCZYŃSKA−MOLLER A., WĘSŁAWSKI J.M., WALCZOWSKI W. and ZAJĄCZKOWSKI M. 1997. Esti−
mation of glacial meltwater discharge into Svalbard coastal waters. Oceanologia 39: 289–298.

DROPPO I.G., JEFFRIES D., JASKOT C. and BACKUS S. 1998. The prevalence of freshwater floccula−
tion in cold regions: a case study from the Mackensie river delta, Northwest Territories, Canada.
Arctic 51: 155–164.

ELVERHØI A., LIESTØL O. and NAGY J. 1980. Glacial erosion, sedimentation and microfauna in the
inner part of Kongsfjorden, Spitsbergen. Norsk Polarinstitutt Skrifter 172: 33–60.

GRADINGER R. and ZHANG Q. 1997. Vertical distribution of bacteria in Arctic Sea ice from the
Barents and Laptev Sea. Polar Biology 17: 448–454.

HOBBIE J.E., DALEY R.T. and JASPERS S. 1977. Use of nucleopore filters for counting bacteria by
fluorescence microscopy. Applied and Environmental Microbiology 33: 1225–1228.

HOP H., PEARSON T., HEGSET E.H., KOVACS K., WIENCKE C., KWAŚNIEWSKI S., EIANE K.,
MEHLUM F., GULLIKSEN F., WŁODARSKA−KOWALCZUK M., LYDERSEN Ch., WĘSŁAWSKI

J.M., COCHRANE S., GABRIELSEN G.W., LEAKEY R., LONNE O.J., ZAJĄCZKOWSKI M., FALK−
PETERSEN S., KENDALL M., WANGBERG S.A., BISHOF K., VORONKOV A.Y., KOVALTCHUK

N., WIKTOR J., POLTERMAN M., DI PRISCO G., ESTOPEY A., PAPUCCI C., GERLAND S. and
LIPPERT H. 2002. The ecosystem of Kongsfjorden, Svalbard. Polar Research 21: 167–208.

LOGAN B.E. and HUNT J. R. 1987. Advantages to microbes of growth in permeable aggregates in ma−
rine systems. Limnology and Oceanography 32: 1034–1048.

Abundance and biomass of bacteria in glacial fjords 83



KECK A., WIKTOR J., HAPTER R. and NILSEN R. 1999. Phytoplankton assemblages related to physi−
cal gradients in an arctic, glacier−fed fjord in summer. International Council for the Exploration
of the Sea, Journal Marine Science 56: 203–214.

LEFAUCONNIER B., HAGEN J.O. and RUDANT J.P. 1994. Flow speed and calving rate of Kongsbreen
glacier, Svalbard, using SPOT images. Polar Research 10: 56–65.

NORLAND S. 1993. The relationship between biomass and volume of bacteria. In: P.F. Kemp, B.F.
Sherr, E.B. Sherr and J.J. Cole (eds) Handbook of Method in Aquatic Microbial Ecology. Lewis
Publishers, New York: 303–308.

SVENDSEN H., BESZCZYŃSKA−MOLLER A., HAGEN J.O., LEFAUCONNIER B., TVERBERG V., GER−

LAND S., ORBAEK J.B., BISCHOF K., PAPUCCI C., ZAJĄCZKOWSKI M., AZZOLINI R., BRULAND

O., WIENCKE Ch., WINTHER J.G. and DALLMANN W. 2002. Physical environment of Kongs−
fjorden, an Arctic fjord system in Svalbard. Polar Research 21: 133–166.

SYVITSKI J.P.M., BURELL C.D. and SKEI J.M. 1987. Fjords. Processes and Products. Springer−
Verlag, New York: 379 pp.

SYVITSKI J.P.M., FARROW G.E., ATKINSON R.J.A., MOORE P.G. and ANDREWS J.T. 1989. Baffin
Island fjord macrobenthos: bottom communities and environmental significance. Arctic 42:
232–247.

ŚWIĄTECKI A. 1997. Zastosowanie komputerowej analizy obrazu w badaniach wody. Zeszyty Nau−
kowe Wyższej Szkoły Pedagogicznej, Olsztyn 6: 105–112 (in Polish).

WĘSŁAWSKI J.M. and LEGEżYŃSKA J. 1998. Glacier induced zooplankton mortality? Journal of
Plankton Research 20: 1233–1240.

WŁODARSKA−KOWALCZUK, M. and WĘSŁAWSKI, J.M. 2001. Impact of climate warming on Arctic
benthic biodiversity: a case study of two Arctic glacial bays. Climate Research 18: 127–132.

ZAJĄCZKOWSKA B. and ZAJĄCZKOWSKI M. 1989. Quantitative microbiological survey in Horn−
sund, SW Spitsbergen. Reconnaissance study in Summer 1985. Bulletin Polish Academy of Sci−
ences 37: 79–84.

ZDANOWSKI M.K. 1988. Matter conversion in the course of krill (Euphausia superba Dana) decom−
position in the Antarctic ecosystem. Part I. Polish Archive of Hydrobiology 35: 65–96.

ZDANOWSKI M.K. 1995. Characteristics of bacteria in selected Antarctic marine habitats. In:
S. Rakusa−Suszczewski and S.P. Donachie (eds) Microbiology of Antarctic marine environ−
ments and krill intestine, its decomposition and digestive enzymes. Polish Academy of Sciences,
Warsaw: 7–100.

ZDANOWSKI M.K. and DONACHIE S.P. 1993. Bacteria in the sea−ice zone between Elephant Island
and the South Orkneys during the Polish sea−ice zone expedition (December 1988 to January
1989). Polar Biology 13: 245–254.

Received 25 June 2004
Accepted 11 February 2005

84 Katarzyna Jankowska et al.


