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Abstract We investigated whether phytoplankton
communities in two lakes in SW Greenland were
phosphorus or nitrogen limited. The study lakes have
contrasting water chemistry (mean conductivities differ
ten fold) and are located near Kangerlussuaq, SW
Greenland (�67�N, 51�W). A microcosm nutrient
enrichment experiment was performed in June 2003 to
determine whether nitrate or phosphate addition stim-
ulated phytoplankton growth. Samples were analysed
for species composition, biomass, and alkaline phos-
phatase activity (APA). Initially, both lakes had
extremely low total phosphorus but high total nitrogen
concentrations and high APA, suggesting that the
phytoplankton were phosphorus limited prior to the
start of the experiment. The phytoplankton composi-
tion and biomass (mainly Ochromonas spp.) responded
to phosphate but not to nitrate addition. In both lakes,
chlorophyll a increased significantly when phosphate
was added. Furthermore, APA was significantly lower
in the two lakes when phosphate was added compared
to the control and the nitrogen addition treatment. The
dominance of mixotrophic phytoplankton and high
DOC values suggest that these lakes may be regulated
by microbial loop processes.

Introduction

Long-term monitoring and palaeoecological studies
revealed that arctic ecosystems have undergone a con-
siderable degree of change in recent decades (Overpeck
et al. 1997). Global change models suggest that the ef-
fects of global warming will be most pronounced in the
Arctic (Serreze et al. 2000) and temperature increases
can affect the length of the ice free period as well as alter
thermal stratification and microbial processes. Further
evidence suggests that the Arctic is affected by long-
range atmospheric pollution (Bindler et al. 2001a, b). To
address the possible effects of future global change
processes on arctic algal communities, a better under-
standing of contemporary processes in arctic lakes is
required, which due to their remote location are often
understudied. Because of the lack of long-term moni-
toring data, palaeolimnological methods are increasingly
being used to investigate both short- and long-term
changes in arctic lakes (Overpeck et al. 1997). However,
meaningful interpretation of the sediment record re-
quires a better understanding of the contemporary eco-
logical processes and biological structure of arctic lakes.

Recent short-core studies in arctic lakes showed
striking changes in diatom assemblages over the last
100–150 years, particularly the increase in the abun-
dance of a range of small planktonic Cyclotella species
(Gajewski et al. 1997; Sorvari et al. 2002; Rühland et al.
2003). Some of the proposed causal mechanisms are the
effects of climate warming on stratification, temperature
effects on microbiological activity and nutrient cycling,
and long-range nutrient (nitrogen) inputs associated
with atmospheric pollution, as has been postulated for
the Rocky Mountains (Wolfe et al. 2001). There has
been, however, no systematic attempt to determine the
possible causal mechanisms using an experimental
approach.

A potential scenario is that increased input of
atmospheric nitrogen favoured small Cyclotella species.
Phytoplankton in arctic lakes, as with freshwaters in
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general, traditionally was assumed to be nutrient, par-
ticularly phosphorus (P) limited. However, nitrogen
limitation was also observed in many lakes (Healey and
Hendzel 1980; Elser et al. 1990) especially in more
pristine areas (Jansson et al. 1996). Nutrient limitation is
a dominant control of primary production and com-
munity structure in lakes. Consequently an increased
availability of nutrients may cause considerable changes
to the ecosystem, especially in oligotrophic, arctic sys-
tems (Reynolds 1984; Bettez et al. 2002). Phytoplankton
and limnological studies of arctic lakes, certainly com-
pared to temperate systems, have been quite limited with
more recent studies in Svalbard (Ellis-Evans et al. 2001;
Laybourn-Parry and Marshall 2003), Alaska (O’Brien
et al. 1997), Canada (Kalff 1991) and Scandinavia (Je-
ppesen et al. 2003; Bergström et al. 2005).

A number of different methods are used to measure P
limitation in phytoplankton, e.g. measurement of
phosphate uptake, the loss of cell P content, response to
P additions, as well as nutrient ratios (Healey and
Hendzel 1979; Pettersson 1980; Vincent 1981). Another
common method is the alkaline phosphatase assay.
When phosphate concentration in the water drops below
a critical threshold level, or when phytoplankton cell P
quota decreases, the enzyme alkaline phosphatase is
induced in bacteria and phytoplankton, allowing the
cells to utilize organically bound phosphorus (see review
by Cembella et al. 1984). Alkaline phosphatase is a good
indicator of phosphate stress (Kuenzler 1965) and is
produced in most taxa (Healey and Hendzel 1979;
Cembella et al. 1984; Rengefors et al. 2003).

As relatively little is known about the present status
of lakes in Greenland and the dominant processes con-
trolling phytoplankton, the main objective of this pro-
ject was to investigate whether phytoplankton biomass
was nutrient (N or P) limited shortly after ice-out in two
contrasting lakes (one oligosaline, one freshwater). Our
hypothesis was that the phytoplankton communities
would be phosphorus limited as nitrogen is locally more
abundant in the Søndre Strømfjord area.

Materials and methods

Study area

The ice-free margin of West Greenland contains thou-
sands of lakes, few of which have been systematically
studied (Anderson et al. 2001). Limnological surveys are
limited (Hansen 1967; Anderson et al. 1999) and there

have been only a few studies of the phytoplankton, most
of which have been taxonomic in nature and based on
spot samples (Kristiansen 1994) or surface sediment
samples (Ryves et al. 2002; Pla and Anderson 2005). To
date there has been very limited application of ‘‘mod-
ern’’ phycological methodology to these lakes. Although
the majority of the lakes are dilute, oligotrophic systems
there are a number of oligosaline lakes located close to
the ice margin, where effective precipitation is very low
(Williams 1991; Anderson et al. 2001; McGowan et al.
2003) and appear to have locally enhanced nitrogen
concentrations (Table 1). These oligosaline lakes also
have very high concentrations of DOC (�50 – 100 mg l–1;
N.J. Anderson, unpublished data; Table 1).

The mean annual temperature in the area is –6�C,
and the precipitation is low, <150 mm year–1. The lakes
in the Kangerlussuaq area are ice-covered for nearly
9 months a year, ice-melt generally occurs in mid-June,
and they refreeze around late September to early Octo-
ber (Anderson et al. 2001; Kettle et al. 2004).

The experiments were performed during the early
summer of 2003 (20–26 June) in two oligotrophic lakes,
SS2 and Braya Sø (SS4) (Table 1) located in the Kan-
gerlussuaq (Danish = Søndre Strømfjord) area of
south-west Greenland (Fig. 1). These two lakes were
chosen because of the identical climate, catchment
geology (gneiss) and vegetation (dwarf shrub tundra),
but differences in water chemistry (Anderson et al. 2001)
(Table 1). SS2 (66.99�N, 50.97�W) is a 12-m deep dim-
ictic lake with an area of 0.36 km2 at an altitude of
185 m a.s.l., whereas SS4 (66.99�N, 51.05�W) is a 22-m
deep meromictic lake (with a purple sulphur bacteria
plate at �10-m depth) with an area of 0.73 km2 (altitude
170 m a.s.l). SS4 is a closed basin and is slightly saline
(conductivity 2636 lS cm–1; Brodersen and Anderson
2002). Both lakes are fishless, as indicated by both
gill-netting and the presence of large daphnids in the
zooplankton community (Erik Jeppesen, personal com-
munication).

Experimental methods

A microcosm nutrient-enrichment experiment, using
cubitainers, was performed in each lake. The design
consisted of a phosphate (P) and nitrate (N) treatment,
and a control (C) with no nutrient additions, with each
treatment having four replicates. Twelve translucent
plastic carboys (volume 10 l each) were filled with sur-
face lake water that had been mixed in a 140 l barrel and

Table 1 Summary major ion and nutrient chemistry for the study lakes (see Anderson et al. (2001) and Brodersen and Anderson (2002)
for details); DOC data: N. J. Anderson unpublished

Area
(ha)

Altitude
(m)

pH Conductivity
(lS cm–1 20�C)

TN
(lg N l–1)

TP
(lg P l–1)

Ca
(leq l–1)

DOC
(mg l–1)

Na
(leq l–1)

K
(leq l–1)

Alkalinity
(leq l–1)

SO4

(leq l–1)
Cl
(leq l–1)

Mg
(leq l–1)

SS2 36.8 185 7.87 251 653 10.5 1129 41 717 203 2186 22 659 910
SS4 73 170 9.06 2538 803 9 1194 90 14814 3091 13103 1679 12515 13545
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filtered through a 150 lm sieve to remove zooplankton.
Phosphate (K2PO4) was added to a final concentration
of 310 lg l–1 PO4�P (10 lmol–1) for the P-treatment.
Phosphate additions were designed to achieve an N:P
molar ratio of 5:1 to achieve N limitation, based on
previous measurements of total nitrogen. Nitrate
(NaNO3) was added to a final concentration of 700 lg l–
1 NO3�N for the N-treatment. Here, a N:P molar ratio
of 300:1 was aimed for, to achieve severe P limitation.
The carboys were mixed thoroughly after nutrient
additions and supported from a floating frame deployed
in the lake at 2-m depth to avoid high surface irradiance.
Samples were collected from the barrel and carboys on
day 1 and after 6 days.

Conductivity and temperature was measured at the
surface in both lakes. Samples for nutrient analyses were
filtered through a GF/C filter (Whatman) and stored at –
20�C until processed. Soluble reactive phosphorus (SRP)
was measured spectrophotometrically according to
Murphy and Riley (1962). Samples for total phosphorus
(TP) were processed by persulphate digestion and were
subsequently analysed spectrophotometrically (Menzel
and Corwin 1965). Nitrate was analysed using a cad-
mium reduction column and analysed spectrophoto-
metrically (Fossing et al. 2003 modified from Grasshof
1983). Total nitrogen (TN) samples were processed by
peroxidsulphate digestion (Valderrama 1995).

For chlorophyll a analyses, approximately 2 l of
water was collected from the barrel at the start of the
experiment and from the carboys on the sixth day. The
water was filtered through a GF/F (Whatman) filter
although on day 6 a GF/C filter (Whatman) was used.
The change in filter was necessitated due to the change
from syringe to vacuum pump with a different diameter
than the previous filter. Chlorophyll a (Chl a) was
determined spectrophotometrically in ethanol extracts
(Jespersen and Christoffersen 1987).

Alkaline phosphatase (AP) was determined flouro-
metrically using 4-methyl-umbelliferyl phosphate
(MUF) according to Petterson (1980). Bulk water sam-
ples were stored at –20�C until processed. 0.5 ml 1 mM

4-methyl-umbelliferyl pyrophosphate (MUP) reagent
solution was added to 4-ml sample. The samples were
measured in a Turner design TD 700 flourometer at 0,
10, 20, 40 and 60 min. Raw fluorescence was converted
into nmol MUF l–1 min–1, from the slope of a standard
curve.

Phytoplankton samples were preserved with Lugol’s
solution and stored in the dark at 4�C. The samples were
counted in 10-ml settling chambers using an inverted
Nikon eclipse TS 100 microscope. Cells of �2 lm in
diameter were counted as picophytoplankton. Biomass
was calculated using geometric formulae provided by
Blomqvist and Herlitz (1996).

All statistical analyses were performed in SPSS 11.0
for Windows. Levene’s test was used to test the homo-
geneity of variances. An ANOVA was used to test dif-
ferences among the treatments and when significant was
followed up by Tukey’s HSD post hoc test.

Results

At the start of the experiment the surface water in lake
SS2 had a temperature of 13.2�C and a conductivity of
�350 ( lS cm–1. In SS4, the temperature was 13.8�C
and the conductivity was �2660 lS cm–1. TP in both
lakes was �2 lg P l�1, while phosphate concentration
(SRP) was below detection, TN was 990 lg N l–1 in SS2
and 1575 lg N l–1 in SS4, and nitrate concentrations
were �2 lg NO3 l

–1 in both lakes
The P treatments in both lakes had concentrations of

668 and 606 lg PO4�P l–1 in SS2 and SS4 respectively
after nutrient additions, which was twice the targeted
concentration. In the nitrate treatment, initial concen-
trations (day 1) were 770 lg NO3�N l–1 in lake SS2 and
690 lg NO3�N l–1 in SS4 (Table 2). The nitrate and
phosphate concentrations had decreased by 10–30% by
day 6 (Table 2).

Both lakes were initially dominated by small (diam-
eter 5–12 lm) chrysophytes, mainly belonging to the
genus Ochromonas. The total biomass was twice as high

SS2SS4

Kangerlussuaq

0 50 km

Inland Ice

51°W

67°N

Greenland

300km

see main map

Fig. 1 Map of the
Kangerlussuaq (Søndre
Strømfjord), south west
Greenland (�67�N, 51�W)
showing lakes SS2 and SS4
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in SS4 (2·109 lm3 l–1) compared to SS2 (Figs. 2a, 3a). In
the oligosaline SS4, the phytoplankton community
also consisted of 4% picophytoplankton (�2 lm),
whereas in SS2 this group was negligible. Pennate dia-
toms (predominantly Diatoma elongatum), Rhodomonas
spp., Oocystis sp., and various species of filamentous
cyanobacteria were also found at low abundance in both
lakes. However, Scenedesmus sp. was only encountered
in SS4, whereas members of the Rhizoochrysidaceae
family, Bitrichia spp., Dinobryon spp., Elakatothrix spp.,
Cyclotella spp., and Ceratium sp. were found only in
SS2. Overall, there was a higher number of taxa in lake
SS2 (13 taxa) compared to SS4 (11 taxa).

In SS2, all treatments were dominated by Ochro-
monas spp. after five days incubation (Fig. 2a) with
picophytoplankton contributing �10% of the biomass
in the P treatment. In SS4, Ochromonas spp. was also the
dominant taxa in the treatments with nutrient addition
(Fig. 3a). In contrast to SS2, no increase was observed in
the picophytoplankton fraction of the SS4 community in
any of the treatments. In the control treatment, there
was a co-dominance of Ochromonas spp. and a pennate
diatom, mainly D. elongatum.

In both lakes, the microcosms showed a significant
(ANOVA, P<0.05) increase in chlorophyll a concen-
tration in all treatments by day 6, compared to the ini-

Fig. 2 The results from Lake
SS2 shown for the four different
treatments, initial (I), control
(C), phosphate (P) and nitrate
(N) addition. Vertical error bars
show standard deviation (n=4).
a Biomass expressed as lm3 l–1

shows an increase for all
treatments, especially for the
phosphate treatment, when
compared to initial.
b Chlorophyll a (Chl a) in lg l–1.
A significant (P<0.05) increase
for all treatments compared to
initial value. The phosphate
treatment is significantly
(P<0.05) differed from the
control and nitrate treatment.
c The control and nitrate
treatment shows a significant
(P<0.05) increase in alkaline
phosphatase activity (APA),
nmol MUF l–1 min–1 compared
to initial. The phosphate
treatment is significantly
(P<0.05) lower than the other
treatments

Table 2 Inorganic phosphate (P), nitrate (N) concentrations and APA/Chl a in the lakes SS2 and SS4, initially (day 1) and in the nutrient
addition experiments (day 6). Phosphate and nitrate are expressed as lg PO4�P l–1 and lg NO3�N l–1 respectively. APA/Chl a is
expressed as nmol MUF min�1 (lg Chl a)�1

Lake Treatment P (Day 1) P (Day 6) N (Day 1) N(Day 6) APA/Chl a(Day1) APA/Chl a (Day 6)

SS2 Initial 3 ±2 – 1 ± 1 – 38±17 -
Control 3 ± 1 1 ± 2 6 ± 7 4 ± 1 – 10±4
Phosphate 670 ± 80 605 ± 110 2 ± 0 3 ± 2 – 0.4±0.05
Nitrate 0 ± 0 1 ± 1 770 ± 85 600 ± 105 – 14±3

SS4 Initial 1 ± 0 – 10 ± 10 – 27±14 –
Control 2 ± 0 2 ± 1 10 ± 7 15 ± 13 – 8±1
Phosphate 605 ± 70 425 ± 60 5 ± 1 3 ± 2 – 0.3±0.2
Nitrate 2 ± 2 2 ± 2 690 ± 200 520 ± 65 – 6±1
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tials (Figs. 2b, 3b). While there was no significant
difference between the control and nitrate treatment in
lake SS2, the chlorophyll a doubled in the P treatment
(ANOVA, P<0.05), compared to both the control and
nitrate treatment. The same pattern was observed for
biomass as calculated from the phytoplankton counts
(Fig. 2a). Lake SS4 responded similarly to SS2. There
was no significant difference (ANOVA; P>0.05) be-
tween the chlorophyll a concentration in the control and
N treatment, while in the P treatment chlorophyll a was
three to four times higher (ANOVA P<0.05) than in the
other treatments. Even though SS2 and SS4 had the
same initial chlorophyll a level, the response to the P
treatment was much greater in lake SS4, where it in-
creased from 0.1 to 4.9 lg l–1(Fig. 3b) compared to an
increase from 0.1 to 1.6 lg l–1 in SS2 (Fig. 2b).

Initially, APA was similar in the two lakes, amount-
ing to 2.5 nmol MUF l�1 min–1 or 38 and 27 nmol
MUF l�1 min–1 (lg Chl a)�1 respectively for SS2 and
SS4 (Table 2). Following nutrient enrichment, APA was
significantly (ANOVA; P<0.05) lower in the P treat-
ment than in the control and N treatment in both lakes
(Figs. 2c, 3c, respectively). In lake SS2, APA in the P
treatment was also significantly lower than the initial
value (ANOVA; P<0.05). In both lakes, APA increased
significantly (ANOVA; P<0.05) in the control and N
treatments, compared to the initial value, although there

was no significant difference between the two (ANOVA;
P>0.05).

Discussion

Experimental work on remote arctic lakes is quite lim-
ited and mainly confined to areas with more extensive
logistic support, e.g. Toolik Lake (O’Brien et al. 1997)
and lakes on Svalbard (Laybourn-Parry and Marshall
2003; Jeppesen et al. 2003). This study confirms our
hypothesis that the spring phytoplankton communities
in two lakes in SW Greenland were severely phosphorus
limited. The results from the two contrasting lakes are
probably typical representatives for the two main lake
groups at the head of the fjord, freshwater and oligos-
aline (Anderson et al. 2001; Pla and Anderson 2005).

Soluble reactive phosphorus (SRP), TP and nitrate
concentrations were close to the detection-limit in both
lakes shortly after ice-out, confirming that the lakes are
oligotrophic. In contrast, Brodersen and Anderson
(2002) found that TP was 10.5 lg l–1 in lake SS2, and
10.8 lg l–1 in lake SS4 (based on a 4 year average (1996–
2000) samples taken between April and September). This
discrepancy may be due to our single sampling approach
at a time when the phytoplankton biomass was very low.
However, higher TN concentrations than expected were

Fig. 3 The results from Lake
SS4 shown for the four different
treatments, initial (I), control
(C), phosphate (P) and nitrate
(N) addition. Vertical error bars
show standard deviation (n=4).
a Biomass expressed as lm3 l–1

shows an increase for all
treatments, especially for the
phosphate treatment, when
compared to initial. b
Chlorophyll a (Chl a) in lg l–1

A significant (P<0.05) increase
for all treatments compared to
initial value. The phosphate
treatment is significantly
(P<0.05) differed from the
control and nitrate treatment. c
The control and nitrate
treatment shows a significant
(P<0.05) increase in APA,
nmol MUF l–1 min–1

compared to initial. The
phosphate treatment is
significantly (P<0.05) lower
than the other treatments
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observed in this study. In Brodersen and Anderson
(2002), the TN concentrations reported for the two lakes
averaged 653 and 963 lg l–1 respectively, which com-
pares with 990 and 1575 lg l–1 in the present study.
These differences are probably due to interannual vari-
ability and are not considered further.

The molar N:P ratio in healthy, growing phyto-
plankton is 16:1, with higher ratios indicating phos-
phorus limitation (Redfield 1958). Guildford and Hecky
(2000) analyzed a large lake data set and concluded that
TN:TP >50 (molar) was consistent with P deficient
growth, while TN:TP<20 indicated N deficiency. In the
present study, the TN:TP (molar ratio) was 298 for lake
SS2 and 419 for lake SS4, indicating severe phosphorus
limitation (Guildford and Hecky 2000). In Brodersen
and Anderson (2002) the TN:TP ratios were 28:1 and
40:1 (molar ratio) for each respective lake, indicating an
alternation of the limiting nutrient, or neither N or P
limitation.

Phosphorus limitation was also confirmed by the
significant increase in chlorophyll a in both lakes SS2
and SS4 as a response to phosphate addition. Chloro-
phyll a in the lakes at the time of the initial sampling was
0.1 lg l–1 in both SS2 and SS4 (Figs. 2b, 3b), repre-
senting the chlorophyll a values typically found in arctic
lakes (Guildford and Hecky 2000). Jeppesen et al. (2003)
found equally low chlorophyll (from 0.2 lg l–1) in some
Greenlandic lakes. The volumetric phytoplankton bio-
mass as calculated from microscopic measurements fol-
lowed the same patterns as chlorophyll a in lake SS2. In
SS4, however, the volumetric biomass and control were
relatively higher than the chlorophyll measurements. A
partial explanation is that some of the diatom frustules
counted may have lacked, or contained only low
amounts of chlorophyll a. Moreover, the biovolume of
small Ochromonads may not necessarily correlate per-
fectly with chlorophyll a, since many of them are
mixotrophic and may thereby vary considerably in
chlorophyll a content (Pålsson and Daniel 2004).

Initial values of specific community APA, i.e. the
ratio between APA and chlorophyll a, was 100-fold
higher (38 in SS2 and 27 in SS4) than for extremely
deficient phytoplankton communities (Istvánovics et al.
1992), suggesting that the phytoplankton communities
were severely P stressed. In the nutrient addition
experiment, as expected, APA was lower in the P
treatments compared to the control and N treatments in
both lakes. These results showed that P addition allevi-
ated the P stress, although some AP was still produced.
These results agree with Rengefors et al. (2003) that AP
cannot be completely turned off in 5 days. APA in-
creased in the N treatments, as expected, indicating that
phosphorus deficiency was enhanced. The equivalent
increase of APA in the control treatments add further
evidence that the lake communities were severely P
stressed at the start of the experiment.

In both lakes the phytoplankton composition was
dominated both initially and throughout the nutrient
incubation experiment by Ochromonas spp. Flagellates,

such as Ochromonas spp., dominates phytoplankton
communities frequently when DOC is high (Drakare
et al. 2003). The dominance of Ochromonas spp. is
probably due to its mixotrophic nutrition mode
(Andersson et al. 1989; Sanders et al. 2001), which
provides additional nutrient by phagotrophy (bacteri-
vory) (e.g. Caron et al. 1990; Rothhaupt 1996). This is
particularly true for P-limitation, as bacteria tend to be
rich in P due to their higher P assimliation efficiency at
low P concentrations (Currie and Kalff 1984; Jansson
et al. 1996). We did not test whether Ochromonas spp.
utilized the phosphate directly or indirectly via bacteria,
i.e. if they grew phototrophically or by mixotrophy.
Nonetheless, the biomass of Ochromonas spp. increased
in the P treatments in both lakes by �100% (SS2) and
by �270% (SS4), compared to day 1. Given the
extremely high DOC concentrations in these lakes
(Table 1) the microbial loop is probably important and
hence bacterivory and mixotrophy might be a very
successful strategy (Jansson et al. 1999).

In our study, the biomass of picophytoplankton
(<2 lm) contributed initially only 0.4% of total bio-
mass in lake SS2, and 4% of total biomass in lake SS4.
Two major classes of phytoplankton contribute to the
picophytoplankton, i.e. cyanobacteria and chlorophyta
(Stockner and Antia 1986) and might be favoured rela-
tive to large autotrophic phytoplankton in nutrient poor
systems (Stockner 1991). We did not separate hetero-
trophic picoplankton from photosynthetic picoplank-
ton, hence the possibility of bacterial growth cannot be
neglected. Nevertheless the nutrient additions in this
study favoured the growth of picophytoplankton (and
possibly bacterial growth). In SS2, the picophytoplank-
ton biomass increased in all treatments compared to
initial, by 50x in the control, 28x in the N treatment and
150x in the P treatment. The biomass increase in the
control also suggests that there was an increase in pic-
ophytoplankton in the lake during the experimental
period. Nevertheless, the 150-fold increase in biomass in
the P treatment, suggests that the picophytoplankton
were initially phosphorus limited. In lake SS4, the re-
sponse of picophytoplankton was minimal, but as the
samples were combined we cannot tell whether the dif-
ferences were significant. The different response between
the lakes may in part be explained by the presence of
diatoms in SS4, which are also known to have high
nutrient uptake rates. An alternative explanation is that
the high DOC inhibited the response of picophyto-
plankton, as was observed by Drakare et al. (2003).
Drakare et al. (2003) concluded that being small does
not give a general advantage neither in brown-water or
clear-water lakes, and picophytoplankton are not nec-
essarily better competitors for nutrients than bacterio-
plankton (Rhee 1972) or larger phytoplankton.

The biomass of the third most common taxa in lake
SS2, Dinobryon spp., was very low in all treatments
(<0.5% of total biomass). Like Ochromonas spp.,
Dinobryon spp. is also mixotrophic (Bird and Kalff
1987), hence, they can utilize bacteria to satisfy their
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nutrient demand. Laybourn-Parry and Marshall (2003)
found that a low temperature (3�C) was preferred for
Dinobryon spp. growth in the Arctic. Furthermore, they
found that Dinobryon spp. grew mixotrophically during
the ice covered period. There are abundant resting cysts
of Dinobryon spp. in the sediments of SS4 (Pla and
Anderson 2005), suggesting, that it has been common in
the phytoplankton in the lake for hundreds of years
(McGowan et al. 2003). D. elongatum the co-dominant
taxa in lake SS4, seemed to contribute substantially to
the biomass in the control treatment (Fig. 3a). However,
no major response could be observed when phosphate or
nitrate was added, suggesting that Diatoma elongatum is
limited by other factors.

To conclude, our main findings were that the phy-
toplankton communities in both an oligosaline and a
freshwater Greenlandic lake were severely phosphorus
limited during early summer. The total phosphorus to
total nitrogen ratios were extremely high and so was
alkaline phosphatase activity, furthermore the phyto-
plankton biomass responded to P but not N addition.
Mixotrophic phytoplankton dominated the phyto-
plankton community in these lakes, suggesting that these
lakes are based on a heterotrophic food chain (Jansson
et al. 2000). Given the high DOC concentrations in lakes
in this area (Table 1), the potential importance of
mixotrophic/hetereotrophic flagellates in general and
chrysophytes in particular, further studies on the
microbial loop are probably warranted.
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