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Abstract  The basic environmental variables and adaptability of phytoplankton communities to low light and salinity were stud-

ied using incubation experiments in Kongsfjorden, a high Arctic fjord of Spitsbergen, in late summer 2006. Chlorophyll a concen-

trations were steady or decreased slightly in darkness after one day or one week incubation. Chlorophyll a concentrations showed 

an initial decline when exposed to natural light after one week incubation in darkness, and then increased significantly. In a salinity 

experiment, the maximal growth rate was observed at a dilution ratio of 10%, however, higher dilution ratios (≥40%) had an ob-

vious negative effect on phytoplankton growth. We suggest that the phytoplankton communities in fjords in late summer are dark-

ness adapted, and the inflow of glacial melt water is favorable for phytoplankton growth in the outer fjords where the influence of 

freshwater is limited. 
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0  Introduction* 

Ny-Ålesund, on the Brøgger peninsula at Kongsfjorden and 
affected by the North Atlantic warm current, is one of the 
warmest areas in the Arctic. It has a humid temperate cli-
mate, and the air temperature can be above 0℃ even dur-
ing mid-winter. The air temperature at Ny-Ålesund has 
been observed to increase more quickly (0.68℃·10 a-1) than 
in the rest of the Arctic[1]. It is an international monitoring 
site for the study of Arctic climate change in the coming 
decades. 

Kongsfjorden is a semi-open glacial fjord on the west-
ern coast of Spitsbergen, and shares a common mouth with 
the adjacent shelf. It is influenced by the mild temperatures 
mediated by the inflow of transformed Atlantic water (AW), 
the colder and fresher Arctic-type water (ArW), as well as 
freshwater from glacial melt, glacial calving, and precipita-
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tion. Freshwater influx is highest in summer and co-occurs 
with a strong increase in sediment particle concentrations[2], 
and decrease in euphotic zone depth. The melt water dis-
charge affects the salinity of surface waters up to 45 km 
from the glacial front, and up to 30 m in depth[3-5]. Kongs-
fjorden is also strongly influenced by the West Spitsbergen 
Current (WSC) of Atlantic origin, that transports relatively 
warm saline water (salinity >34.7) northwards. As a result, 
it is characterized by relatively mild temperatures compared 
with other Arctic locations at similar latitude. Wang et al.[6] 
also concluded that the AW current greatly affects the upper 
40 m of the water column in the outer fjord. These proc-
esses will strongly influence phytoplankton growth and 
local community composition. 

Light is a crucial factor controlling phytoplankton 
growth, and studies suggest that some Arctic phytoplankton 
have survival capability in winter[7-9]. With the increase in 
sea ice melt and the influx of fresh water, the salinities of 
the Arctic upper waters have obviously declined. A study in 
the Arctic fjords suggested that decreased salinity and in-
creased sediment load are major determinants of surface 
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microbial community composition and diversity[10]. Li et 
al.[11] revealed that picoplankton, being very small in size 
(<2 µm diameter), are likely to thrive as the Arctic Ocean 
freshens due to climate change. If these changes persist, 
they will speed up microbial processes[12]. In general, how-
ever, little research has been done, and none in Kongsfjor-
den. We conducted an experimental study at Ny-Ålesund to 
evaluate the adaptability of Arctic phytoplankton to light 
and salinity variations in Kongsfjorden. We expect to find 
out whether phytoplankton in fjord are adapted to darkness, 
and what will be the responses of the phytoplankton assem-
blage to the inflow of glacial melt waters. 

1  Materials and methods 

1.1  Environmental data and sample collection 

Environmental data and water samples were collected along 
a transect in Kongsfjorden, a high Arctic fjord in Ny-Åle-
sund, Spitsbergen, in August 2006 (Figure 1). The salinity, 
photosynthetically active radiation (PAR), and chlorophyll 
a concentrations were measured using a SBE 19 plus CTD 
(Sea-Bird Electronics, Inc.). Water samples were collected 
in a 2.5 L Niskin water sampler at ~5 m depth. Samples 
were brought back to the Marine Laboratory (Ny-Ålesund) 
for experimental retreatment immediately. Glacial melt 
waters used for the salinity experiment were collected from 
melting water stream near Ny-Ålesund airport and placed 
on the platform outside the laboratory for one day, to re-
move large sediment grains before experimentation. 

 

Figure 1  Sampling sites in Kongsfjorden, high Arctic. 

1.2  Darkness adaption experiments 

1.2.1  One day incubation experiment 

Water samples were transferred to five Nelgene polycar-
bonate culture bottles (500 mL volume). Three parallel 
samples were covered with aluminum foil to maintain 
darkness and two were exposed to natural light during in-
cubation at a local site (near the wharf). After one day of 
incubation, each bottle was rotated so the water sample 

could be mixed completely and 200 mL of subsample was 
collected for chlorophyll a concentration measurements. 

1.2.2  Ten days incubation experiment 

Two parallel samples were prepared for each experiment. In 
the first stage, they were incubated in the incubator at the 
Marine laboratory (Ny-Ålesund) and kept in complete 
darkness. The incubator waters were pumped from the fjord 
(at about 70 m depth, using laboratory pumping system), so 
the temperature was similar to the water in situ. After one 
week of incubation, a 100 mL subsample was collected for 
chlorophyll a measurement. The bottles were moved to the 
water near the wharf and incubated for a further three days. 
After one day incubation and the end of the incubation (3 d), 
100 mL and 200 mL subsamples were collected, respec-
tively, for chlorophyll a measurement. 

1.3  Salinity experiments 

Seawater samples were collected at Stations 1 and 4. The 
series dilution rates of sea water and melting water were: 
100%, 90%, 80%, 60%, 40% and 20%. Three parallel sam-
ples were made for each experiment. Cultures were placed 
near the wharf for one day and a 200 mL subsample was 
collected from each bottle and chlorophyll a concentrations 
were measured. 

1.4  Chlorophyll a concentration measurements 

Each subsample was filtered through a 47 mm diameter 
Waterman GF/F filter and extracted in 90% acetone for  
24 h in a low temperature environment. Chlorophyll a con-
centration was determined fluorometrically, following the 
method of Parsons et al.[13]. 

1.5  Phytoplankton growth rate calculation 

Phytoplankton growth rates were calculated using the fol-
lowing formula: 

µ = ln(Nt/N0)/t 

where µ is the growth rate, Nt is the phytoplankton biomass 
(chlorophyll a concentration) after incubation, N0 is the 
phytoplankton biomass at the beginning of incubation, and t 
is the incubation time (d). 

2  Results 

2.1  The environment during the experimental period 

Figure 2 shows the profiles of salinity, PAR, and chloro-
phyll a concentrations in the upper 50 m of the water col-
umn at five stations. Salinities decreased with depth and a 
marked halocline occurred in the water column. At 5 m 
depth, the salinity decreased from 32.22 at Station 1 to 
31.43 at Station 4. The light attenuated quickly in the upper 
water column and the PAR at 10 m depth was less than 
10% of that in the surface water. The turbidity was higher 
in the inner fjord (Stations 4 and 5) than in the outer fjord 
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(Stations 1 and 2). The depths of the euphotic zone were 
between 25 m and 30 m, with a decrease from the outer to 
inner fjord. The maximum chlorophyll a concentrations 

were observed at 10 m—15 m except for Station 1, where 
the maximum occurred at 20 m depth. 

  

Figure 2  Profiles of salinity, PAR, and chlorophyll a concentrations in the upper 50 m of the water column. 

2.2  Darkness experiments 

In the one day darkness experiment, no significant differ-
ence in mean chlorophyll a concentrations occurred be-
tween light and dark treatments after incubation, suggesting 
that these phytoplankton communities have the ability to 
adapt to darkness. At Stations 1 and 2 in the outer fjord, the 
growth rates (-0.04 and 0.03, respectively) in light condi-

tions were higher than in darkened conditions (-0.31 and 
-0.10, respectively). In the inner fjord, however, there were 
no significant differences in growth rate between light and 
dark treatments (Table 1). Figure 3 shows the ratio of chlo-
rophyll a concentrations in light and darkness after one day 
incubation at various stations, suggesting that there is in-
creasing phytoplankton growth from the inner to the outer 
fjord. 

Table 1  Comparison of phytoplankton growth in light anddarkness (n=number of samples) after one day incubation 

Dark Light 
Station Number 

chlorophyll a /(mg·m-3) pro Chl a growth rate chlorophyll a /(mg·m-3) pro Chl a growth rate

1 0.717 (n=3) 0.97 -0.31 0.930 (n=2) 0.97 -0.04 

2 0.833 (n=3) 0.92 -0.1 0.960 (n=2) 0.92 0.03 

3 0.603 (n=3) - - 0.620 (n=2) - - 

4 0.867 (n=3) - - 0.830 (n=2) - - 

Notes: -: no data; pro Chl a: chlorophyll a concentration before incubation. 

 
In our second experiment, no significant changes in 

mean chlorophyll a concentrations were found after incuba-
tion for one week. Chlorophyll a concentrations showed an 
initial decrease when exposed to natural light, after which 
chlorophyll a started to increase significantly (Figure 4). At 
Station 2, the growth rate varied from 0.029 in the 7 d 
darkened condition, to -0.126 in the 1 d and 0.885 in the 2 d 
light condition. However, at Station 4, the growth rate var-
ied from -0.003 in the 7 d darkened condition, to -0.042 in 
the 1 d and 0.163 in the 2 d light condition. 

2.3  Salinity experiments 

Figure 5 shows the parabola-like salinity dependence of the 
specific growth rate of phytoplankton at in situ seawater 
temperature under natural light. The maximal mean growth 
rate was at a dilution ratio of 10% and decreased continu-
ously from this optimum toward higher or lower salinities. 
Surprisingly, at the highest salinity (dilution ratio, 0), the 
mean growth rate was significantly higher than at a dilution 
ratio of 80%, at which the minimal value was obtained. At 
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Station 2, when the dilution ratio was 60%, the phyto-
plankton growth rate was similar to the undiluted sample; 
however, it was 20% at Station 4. This may reflect an de-
creased salinity from the outer to inner fjord, influenced by 
glacial melt. 

 

Figure 3  Ratios of Chlorophyll a concentrations in light and 

darkness after one day incubation at various stations. 

 

Figure 4  Temporal variation in chlorophyll a concentration in 

the light-dark conversion experiment. 

3  Discussion 

3.1  The adaptability of phytoplankton to darkness 

It has been reported that the phytoplankton in high latitude 
regions show fundamentally shade-adapted features[7]. Our 
results concur with those of previous studies, suggesting 
that the phytoplankton community can survive without ir-
radiance. A study in the central Arctic Ocean showed that a 
2 mm diameter micromonad was present (among other 
phytoplankton) in epifluorescence counts throughout the 
winter darkness, and represented a major constituent of the 
spring bloom beneath the pack ice[8]. Continuous seasonal 

observations have also shown the ability of phytoplankton 
to retain pigments and survive throughout winter darkness 
at reduced population densities; and to resume exponential 
population growth at the earliest return of light in late win-
ter-early spring[9]. Mixotrophy, the use of both phototrophic 
and heterotrophic strategies for energy acquisition, could be 
one mechanism allowing this and other phytoplankton to 
survive under this low-energy regime. Mixotrophy is com-
mon in marine and freshwater phytoplankton and numerous 
studies (many of them in continental waters) highlight its 
importance in polar environment[14-15]. Presumably, the dark 
survival of haptophytes[7] and other under-ice microalgae 
endowed with prominent chloroplasts may have been aided 
by mixotrophy[16]; this may include osmotrophy (uptake of 
dissolved organic matter) or phagotrophy (engulfment of 
organic particles). 

 

Figure 5  Growth rate of phytoplankton under different dilutions 

in salinity experiments. 

Figure 4 suggests that phytoplankton community in 
Station 2 has a better dark-adapted ability than those in Sta-
tion 4. This may be responsible for different phytoplankton 
community composition and biomass between Stations 2 
and 4. Wang et al.[6] revealed different environmental and 
biotic data between the surface layers of the inner and outer 
fjords. The biomass of heterotrophic nanoflagellates was 
significantly higher in the surface waters of outer Kongs-
fjorden than in the other water masses[6]. Diatoms are 
known to be the most substantial contributors to phyto-
plankton biomass in outer basins, whereas autotrophic 
dinoflagellates are abundant and most diverse in inner 
fjord[17-18]. In August 2006, the development of phyto-
plankton in the inner fjord appeared to be stressed by gla-
cial melt water inflow. High sediment load is known to re-
sult in poor light conditions in the inner fjord[19]; this ex-
plains the lower chlorophyll a concentration (1.6 mg·m-3) at 
Station 4 than at Station 2 (1.8 mg·m-3). The initial decrease 
suggests the potentially deleterious effects of light on 
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shade-adapted organisms. The light-shade acclimation of 
psychrophilic phytoplankton in polar oceans has been re-
ported[20-23]. It has also been observed that in psychrophilic 
phytoplankton, a shift from low light to high light caused a 
decrease in photosynthetic efficiency[19]. 

3.2  Effect of salinity on phytoplankton growth 

Fredersdorf et al.[24] showed that an arctic marine macroal-
gae, Alaria esculenta (Phaeophyceae) was relatively toler-
ant of and adaptable to diluted salinities, but only up to 
specific limits. Some studies[25-26] have demonstrated that 
salinity has a strong influence on the growth of Arctic and 
Antarctic ice algae and on changes in community composi-
tion. It seems that sea-ice algae are tolerant of decreased 
salinities to some extent[27]. Whether the arctic phytoplank-
ton community is tolerant of lower salinity deserves further 
study. 

Growth estimates for phytoplankton communities vary 
among stations in the outer and inner fjords. This may be 
explained by the different phytoplankton community com-
position at the stations, although we did not study the initial 
phytoplankton community composition and its change after 
incubation at different salinities. Kongsfjorden is a small 
fjord with a wide opening to the open ocean via Kongs-
fjordrenna. A sill in the middle of the fjord divides it into an 
outer part, strongly influenced by West Spitsbergen Current, 
and an inner part influenced by glaciers: Kronebreen, 
Kongsvegen, Conwaybreen and Blomstrandbreen[4]. The 
complex dynamics of the fjord’s water masses may be re-
garded as the major driving forces for the variability in 
phytoplankton assemblages. Diatoms are the most substan-
tial contributors to phytoplankton biomass, especially in 
outer basins, whereas autotrophic dinoflagellates are the 
most important contributors in the inner fjord[17-18]. A study 
showed a dominance of dinoflagellates and the chrysophyte 
Dinobryon Balticum in the surface layers, whereas the 
abundance of diatoms and the haptophyte Phaecystis 

pouchetii increased with depth, and some Nitzschia species 
found in the plankton samples are usually regarded as typi-
cal sea-ice diatoms[28]. Microscopic and genetic analyses 
suggested that significant biodiversity of dinoflagellates 
occurred during the summer 2006 in Kongsfjorden[29]. 

Figure 5 shows that the growth rates with lower dilu-
tion (0%—20%) at Station 4 were more stable than those at 
Station 2. This may reflect andecreased salinity from the 
outer to the inner fjord influenced by glacial melt, and the 
community in the outer fjord was more sensitive to the 
freshwater inflow than the inner fjord. Wang et al.[6] also 
concluded that the salinity of the surface water (average 
31.5) throughout the transect was low, and lower in the 
inner fjord because of glacial melt. There are several possi-
ble reasons for the variation in observed growth rates of the 
phytoplankton as a response to different salinities conse-
quent from addition of different melt water. Melt water 
addition caused decreased grazing pressure[30], which can 
stimulate phytoplankton growth. However, we did not ex-

clude grazers in melt water from our experiment by 
pre-screening, and thus grazers such as heterotrophic flag-
ellates, ciliates, and metazoans were present in our samples. 
Additionally, enclosure itself may have also affected the 
growth of phytoplankton. As with all incubations, enclosure 
of the planktonic community may have affected a variety of 
other factors in addition to the variables manipulated in the 
treatments. These other factors may include exchanges of 
materials and increased grazing pressure. We have assumed 
that grazing will not have significantly affected the deter-
mined growth rate. 

A further artifact might be introduced by changing the 
nutrient regime, because the nutrient status varied between 
the different salinity treatments due to the mixture of vary-
ing amounts of melted glacial water and high saline sea-
water at the beginning of the experiments. The melting wa-
ter generates increased nutrients and leads to an initial 
slight increase in nutrient availability for the phytoplankton. 
Andersen and Prieur[31] reported that wind-forcing en-
hanced availability of nitrate in the euphotic layer, a drastic 
decrease in phytoplankton biomass, and the processes (ver-
tical advection, primary production, grazing pressure, etc.) 
controlling this decrease. In addition, the incubation time 
was just one day, thus nutrients did not became a limiting 
factor for phytoplankton growth. Some studies have indi-
cated that the input of melt water induced higher phyto-
plankton growth, although significantly lower concentra-
tions of nutrients were observed in melting-affected wa-
ters[32]. In contrast, dilution brings about lower light pene-
tration and decreased salinity and these may have negative 
effects on growth. From our darkness adaptation experi-
ment, we concluded that the phytoplankton community has 
good shade-adapted ability to survive, so lower irradiance is 
not an inhibiting factor for phytoplankton growth. 

When the melt rate was higher (~80%), the growth rate 
decreased rapidly to its lowest. This suggests salinity is an 
important ecological factor that superimposes effects on the 
growth of phytoplankton, comparable to grazing pressure, 
light penetration, and nutrients. Besides this uncertainty, our 
study was carried out in the context of an extremely high 
load of melt water entering the Kongsfjorden, which pro-
vided an opportunity to study the growth of phytoplankton 
in conditions that will probably occur again in future. We 
chose our experimental approach because it simulates pre-
cisely the natural ongoing processes leading to salinity 
variations. Large amounts of melted water entering the 
ocean reduces the salinity and temperature of the surface 
water and can be an additional source of microorganisms, 
contaminants, and organic carbon[33-36]. 

4  Conclusion 

We report a good adaptability of phytoplankton to low ir-
radiance in Kongsfjorden. To some extent, phytoplankton 
growth was promoted by low-to-moderate decreased salin-
ity, but was strongly limited by lower salinity. This sug-
gests an existing balance of phytoplankton in Kongsfjorden 
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that will be threatened with flowing melt water consequent 
from global warming. Further study should focus on the 
changes in phytoplankton community composition as a re-
sponse to changing salinity and light. 
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