Maciej Karpowicz, Andrzej Górniak, Adam Więcko, Adam Cudowski
Limnol. Rev. (2016) 16, 4: 229–236
DOI 10.1515/limre-2016-0025

The variability of summer phytoplankton in different types of lakes
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Abstract: This study describes summer phytoplankton communities in 27 lakes in the Suwałki Landscape Park (SLP) using in situ fluorescence
methods. Low chlorophyll-a concentrations were noted in most of the studied lakes, particularly in the deepest lakes with highest surface
area. Green algae, diatoms and cryptophyta were dominant components of lake phytoplankton. Higher chlorophyll-a concentrations in
the shallow or more eutrophicated lakes were connected with an increase of cyanobacteria and cryptophyta concentrations as well as with
a decrease in the share of diatoms inphytoplankton structure. Vertical distribution of phytoplankton in stratified lakes revealed the presence
of deep chlorophyll layers just below the thermocline where the maximum concentrations of phytoplankton were up to 15 times higher
than in the epilimnion zone. The deepest maximum concentration of phytoplankton was noted at a depth of 16.5 metres in Lake Jeglówek.
In some lakes two or three significant increases of phytoplankton concentration in the vertical profile were observed, caused by intensive
development of different algae groups.
Key words: in situ fluorescence method, Fluoroprobe, vertical distribution, deep chlorophyll layer

Introduction
Studies of the ecology of lake plankton have provided considerable information about the interactions
between abiotic and biotic factors in different types of
lakes (Cantin et al. 2011). Recent years have seen an
increasing interest in deep chlorophyll layers in oligotrophic and mesotrophic lakes (e.g. Camacho 2006; Harrison and Smith 2011; Gauthier et al. 2014). Epilimnetic
nutrient depletion allows enough light to penetrate the
deeper layer where nutrient availability is often higher.
These conditions would favour the growth of algae in the
upper part of hypolimnion during summer stratification. New data from multi-lake field studies and experiments have supported theoretical predictions respecting
the critical role of thermocline depth for phytoplankton
communities (e.g. Barbiero and Tuchman 2001; Berger
et al. 2007; Longhi and Beisner 2009; Cantin et al. 2011).
Nowadays, in situ methods for measuring phytoplankton are indispensable tools for aquatic scientists. It is
now possible to make fast and simple measurements of
the vertical distribution of phytoplankton communities,
which is especially important in deep lakes.
The main aim of the study was to analyse the
structure of summer phytoplankton in lakes of the

Suwałki Landscape Park (SLP) using in situ fluorescence methods. We especially focused on the vertical
distribution of phytoplankton communities in eight
stratified lakes, but we also analysed phytoplankton
structure in shallower lakes of the SLP. Furthermore,
we compared measures of chlorophyll-a concentration
using in situ methods by the fluorescence probe and
compared standard laboratory procedure using the traditional method with hot ethanol extraction and spectrometric analysis.

Study area
The SLP was created in 1976 as the first landscape
park in Poland. The Park is located in the north-eastern
part of Poland, in the province of Podlasie. The studied area represents a typical landscape formed during
the last Vistulian glaciation. And 27 postglacial lakes
comprise nearly 10% of the SLP area (JekatierynczukRudczyk et al. 2012). The studied lakes are diverse (Table 1) and include typical deep channel lakes such as
Lake Hańcza, which has a maximum depth of 105.6 m
and is the deepest lake in the Central European Lowlands; moraine lakes such as Lake Szurpiły, Lake Jaczno,
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Table 1. Morphometric characteristics of the Suwałki Landscape Park lakes (data according to Borowiak et al. 2016)
Lake

Latitude

Longitude

Hańcza
Szurpiły
Jeglówek
Kopane
Jaczno
Kameduł
Kojle
Perty
Kluczysko
Pogorzałek

54˚15,85’N
54˚13,76’N
54˚14,30’N
54˚14,89’N
54˚16,64’N
54˚15,98’N
54˚16,54’N
54˚16,44’N
54˚13,99’N
54˚16,43’N

22˚48,69’E
22˚53,59’E
22˚53,32’E
22˚54,30’E
22˚52,32’E
22˚51,95’E
22˚53,52’E
22˚53,86’E
22˚52,85’E
22˚50,32’E

Boczniel
Łuśnin
Purwin
Okrągłe
Snouda
Wodziłki
Linówek
Staw Turtul
Purwinek
Ślepe
Postawelek
Udziejek
Gulbin
Błędne
Jeglóweczek
Przechodnie
Krejwelek

54˚15,58’N
54˚16,67’N
54˚16,83’N
54˚16,01’N
54˚15,12’N
54˚14,51’N
54˚13,44’N
54˚13,44’N
54˚16,87’N
54˚17,12’N
54˚16,99’N
54˚15,24’N
54˚15,60’N
54˚14,94’N
54˚14,20’N
54˚16,73’N
54˚16,31’N

22˚49,27’E
22˚53,00’E
22˚53,48’E
22˚54,36’E
22˚53,69’E
22˚50,87’E
22˚50,44’E
22˚48,50’E
22˚53,92’E
22˚55,67’E
22˚56,62’E
22˚53,29’E
22˚53,99’E
22˚52,24’E
22˚52,78’E
22˚55,50’E
22˚55,12’E

Surface area [ha]
Deep lakes
303.56
84.35
20.12
16.15
40.64
25.26
17.26
19.51
3.67
5.79
Shallow lakes
19.17
0.47
1.41
15.03
0.49
3.73
2.85
–
0.44
–
3.35
7.01
7.38
2.74
1.81
23.89
5.50

Lake Perty and Lake Kojle, which have varied coastlines
formed by the melting of dead ice blocks (Jekatierynczuk-Rudczyk et al. 2014); and shallow polymicitc lakes.

Fig. 1. Location of studied lakes in Suwałki Landscape Park. Description as in Table 1

Maximum depth [m]

Mean depth [m]

105.6
47.1
27.7
18.8
25.7
26.2
32.3
32.6
13.8
17.6

39.1
11.2
9.3
5.7
9.8
7.0
9.7
7.4
5.4
5.9

3.9
3.0
4.3
7.4
4.5
5.4
5.9
–
3.3
–
4.0
6.9
9.1
4.8
8.3
5.4
8.8

1.3
1.5
2.8
4.3
2.0
3.1
2.4
–
1.5
–
2.0
3.3
3.5
1.9
3.1
3.1
2.8

Methods
Measurements of phytoplankton communities
and temperature of water of different types of lakes in
the Suwałki Landscape Park (SLP) were made close to
the deepest point of the lakes during summer stagnation
(July 2015) using a FluoroProbe (bbe-Moldaenke, Kiel,
Germany). Continuous fluorometric measurements of
chlorophyll in the profile of stratified lakes were made
every few centimeters from the lake surface down to
30 m. The FluoroProbe spectrofluorometer provides in
situ measurements of total chlorophyll-a and also determines algae classes on the basis of identifying differences among fluorescence excitation spectra. The FluoroProbe uses five light-emitting diodes (LED; operating
at 470, 525, 570, 590, and 610 nm) to excite the accessory pigments associated with photosystem II antenna
system (Kring et al. 2014). Changes in the resulting
chlorophyll-a emission allows for fluorometric estimation of algal classes based on differences in species and
class-dependent peripheral antenna pigments (Beutler
et al. 2002). The FluoroProbe identifies the phytoplankton class based on precalibrated excitation and emission
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spectra “fingerprints” programmed into the instrument,
viz. (1) Green algae: Chlorophyta and Euglenophyta; (2)
Cyanobacteria: phycocyanin (PC)-rich cyanobacteria;
(3) Diatoms: Heterokontophyta, Haptophyta, and Dinophyta; and (4) Cryptophytes: Cryptophyta and the phycoerythrin (PE)-rich cyanobacteria. The fingerprints
that characterize the separate groups are derived from
the fluorometric analysis of laboratory cultures of phytoplankton groups of interest (Beutler et al. 2002). Measurements are corrected for background chromophoric
dissolved organic matter (CDOM) present in natural
waters that can interfere with excitation and emission
spectra (Twiss 2011). The CDOM correction is referred
to as a yellow substance correction and is characterized by a sixth LED operating at 370 nm in addition to
the other LEDs (Kring et al. 2014). Constant measurements in the profile of stratified lakes were made every
few centimeters depth. Vertical distribution of phytoplankton communities was analysed in eight thermally
stratified lakes. Figures 3 and 4 show the averaged values of parameters for each metre depth. Phytoplankton

communities in shallow lakes were measured at a depth
of 1 metre. Finally, the studied lakes were divided into
groups based on the phytoplankton structure as well as
trophic conditions and hydrology.
Additionally, chlorophyll-a concentration was
determined by the laboratory spectrophotometric
method with ethanol extraction. Samples were filtered
on GF/C filters and extracted with boiling 90% ethanol
(Lorenzen 1965; Nusch 1980).

Results
Total chlorophyll-a concentration in shallow
lakes ranged from 4.28 to 27.0 µg dm–3 (Table 2). The
highest total concentration of chlorophyll a was found
in the epilimnion of Lake Kluczysko (43.9 µg dm–3).
Green algae, bluegreen algae, diatoms and cryptophyta
were present in all lakes. The most important component
of phytoplankton in shallow lakes was green algae (4.56
±2.8 µg dm–3). Green algae were the dominant group of
phytoplankton in lakes: Łuświn, Purwin, Snouda, Pur-

Table 2. Average composition of phytoplankton (total concentration, green algae, bluegreen, diatom and cryptophyta) and yellow substance
concentration in epilimnion zone of ten stratified lakes and in the seventeen shallow lakes of the Suwałki Landscape Park
green algae
[µg dm–3]

bluegreen
[µg dm–3]

Hańcza
Szurpiły
Jeglówek
Kopane
Jaczno
Kameduł
Kojle
Perty
Kluczysko
Pogorzałek

2.48
2.80
0.90
5.40
1.27
1.21
0.73
1.33
5.71
4.94

0.27
0.75
0.38
2.10
0.10
0.38
0.22
0.07
23.83
6.44

Boczniel
Łuśnin
Purwin
Okrągłe
Snouda
Wodziłki
Linówek
Staw Turtul
Purwinek
Ślepe
Postawelek
Udziejek
Gulbin
Błędne
Jeglóweczek
Przechodnie
Krejwelek

1.33
6.54
5.10
2.62
6.03
2.82
4.02
2.84
8.17
1.58
5.14
12.92
3.33
3.82
3.09
5.22
2.90

0.76
0.15
1.11
1.83
0.32
1.33
4.24
0.23
0.27
0.50
0.88
4.58
0.91
1.43
0.67
1.33
4.51

Lake

diatoms
cryptophyta
[µg dm–3]
[µg dm–3]
Stratified lakes
0.35
0.92
1.06
1.52
1.32
0.30
2.86
1.17
1.51
0.12
0.88
0.27
0.80
0.59
0.90
1.01
4.21
10.21
4.49
1.15
Shallow lakes
1.44
0.76
0.77
3.24
2.47
0.01
3.53
1.08
1.06
0.24
3.24
2.45
6.21
1.25
2.89
1.30
5.29
1.02
1.86
0.77
3.13
1.99
6.23
3.28
1.65
1.68
0.92
0.43
0.49
1.07
0.13
2.36
2.93
2.53

Total
[µg dm–3]

yellow substances
[µg dm–3]

4.02
6.13
2.90
11.53
3,00
2.74
2.34
3.31
43.96
17.02

0.58
0.33
0.38
0.41
0.14
0.36
0.35
0.53
0.66
0.96

4.29
10.7
8.69
9.06
7.65
9.84
15.72
7.26
14.75
4.71
11.14
27.01
7.57
6.60
5.32
9.05
12.87

1.25
0.81
1.02
0.75
0.71
1.28
4.13
1.16
0.66
0.37
0.98
0.28
1.06
1.54
1.24
0.52
0.79
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Table. 3. The average and standard deviation (s.d.) of summer chlorophyll-a concentrations (µg dm–3) in epilimnion of separated groups of
lakes in the Suwalki Landscape Park
Group

Lakes

I

Hańcza, Kojle, Perty

II

Jaczno, Jeglówek, Kameduł, Szurpiły

III

Kluczysko, Kopane, Pogorzałek, Udziejek

IV

Gulbin, Krejwelek, Okrągłe, Postawelek, Przechodnie

V

Boczniel, Błędne, Jeglóweczek, Ślepe, Linówek, Łuśnin,
Purwin, Purwinek, Snołda, Wodziłki, Staw Turtul

winek, Postawelek, Udziejek, Gulbin, Błędne, Jeglóweczek and Przechodnie (Table 2). Bluegreen algae strongly
dominated only in Lake Kluczysko (23.8 µg dm–3), but
they constituted an important group of phytoplankton
in lakes: Krejwelek, Pogorzałek, Linówek and Udziejek
(Table 2). Diatoms were the dominant group of phytoplankton in Lake Linówek and Lake Boczniel (Table 2).

avg.
s.d.
avg.
s.d.
avg.
s.d.
avg.
s.d.
avg.
s.d.

green algae
1.51
0.88
1.54
0.85
7.24
3.79
3.84
1.24
4.12
2.13

bluegreen
0.19
0.1
0.4
0.26
9.23
9.88
1.89
1.51
1,00
1.16

diatoms
0.68
0.29
1.19
0.27
4.44
1.38
2.27
1.38
2.42
1.87

cryptophyta Total
0.84
3.22
0.22
0.84
0.55
3.69
0.64
1.62
3.95
24.88
4.28
14.24
1.92
9.93
0.57
2.07
1.14
8.68
0.95
3.81

In the shallow lakes cryptophyta had the the lowest
share in shaping phytoplankton communities.
The studied lakes were divided into 5 groups (Table 3) based on the phytoplankton structure and trophic conditions. The first group were deep, mesotrophic
lakes with low phytoplankton biomass in the epilimnion (Hańcza, Kojle, Perty). The second group represents

Fig. 2. Vertical profiles of temperature (solid line, °C) and total phytoplankton (chlorophyll-a, µg dm–3) (dotted line) in eight stratified lakes
of the Suwałki Landscape Park. Horizontal dotted lines show the thermocline zone
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deep meso-eutrophic lakes with an increased share of
green algae in phytoplankton structure (Table 3). The
third group were eutrophic lakes with the highest chlorophyll-a concentration with increased bluegreen algae
in the phytoplankton structure. The fourth group were
eutrophic lakes located along the course of the River
Szeszupa. The final group were small and shallow eutrophic lakes with a higher share of green algae in their
phytoplankton structure (Table 3).
Total chlorophyll-a concentration in the epilimnion zone of the eight stratified lakes ranged between
1.46–12.2 µg dm–3. The lowest values of chlorophyll-a in
the epilimnion zone were observed in Lake Hańcza and
Lake Kojle (Fig. 2). However, in all thermally stratified
lakes a deep-water algal maximum was observed in the
upper part of the hypolimnion and in the thermocline
zone (Fig. 2), where the concentration of phytoplankton was much higher than in the epilimnion zone. The
deepest maximum concentration of phytoplankton was
noted in Lake Jeglówek a at depth of 16.5 metres (Fig.
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2). The maximum concentration of phytoplankton in
the hypolimnion zone was up to 15 times higher than
in the epilimnion zone of the stratified lakes (i.e. Lake
Perty, Lake Kojle).
In some lakes two or three significant increases of
phytoplankton concentration were observed in the vertical profile (Fig. 2) caused by different groups of algae
(Fig. 3). In Lake Jaczno the first significant increase of
phytoplankton in the upper metalimnion was caused by
diatoms. A second large increase of phytoplankton in the
upper hypolimnion was caused by cryptophytes (Fig. 3).
In Lake Szurpiły the first increase of phytoplankton concentration was observed in the lower epilimnion zone,
due to a greater abundance of green algae and diatoms.
The maximum concentration of phytoplankton in the
upper hypolimnion zone of Lake Szurpiły resulted from
an increased presence of cryptophyta and diatoms (Fig.
3), while in Lake Jeglówek three significant increases in
phytoplankton biomass were observed, where the maximum density of diatoms was recorded at a depth of 7

Fig. 3. Vertical profiles of algae (green algae, bluegreen, diatoms, cryptophyta) distribution in eight stratified lakes of the Suwałki Landscape
Park. Horizontal dotted lines show the thermocline zone
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Fig. 4. Comparison of in situ measures of total chlorophyll-a concentration using the bbe- FluoroProbe with the standard laboratory procedure with ethanol extraction in shallow lakes (A) and deep lakes (B) in the Suwałki Landscape Park

and 16.5 m, while the maximum density cryptophytes
was found at a depth of 14 m (Fig. 3). To summarize,
different groups of algae reached maximum density at
different depths in most stratified lakes. The exception
is Lake Kopane where the maximum density of cryptophyta, diatoms, green algae and bluegreen algae was
recorded in the thermocline zone (Fig. 3).
The dominant groups of phytoplankton in stratified lakes were diatoms and cryptophyta, reaching the
highest density in the deeper zones. They frequently
reached maximum densities at various depths, especially
in Lake Jeglówek and Lake Jaczno (Fig. 3). Green algae
were found in the highest density in the epilimnion zone
of stratified lakes. Bluegreen algae formed a minor component of phytoplankton in most stratified lakes (Fig. 3).
Rapid in situ measurements of total chlorophylla concentration using the bbe FluoroProbe were compared with the standard laboratory procedure with
ethanol extraction. The results obtained by the both
methods in the deep lakes were similar (Fig. 4B). However, in the shallow lakes the values of chlorophylla concentration obtained by the standard procedure
were generally twice as high as the results obtained with
the in situ measurements (Fig. 4A).

Discussion
The structure of phytoplankton of most lakes indicated a good ecological status with low phytoplankton
biomass and a low share of cyanobacteria. A distinctive
feature of Lake Linówek is the high CDOM concentration which is typical of humic waters. A previous study

revealed high bacteria concentration and high primary
production in Lake Linówek (Jekatierynczuk-Rudczyk
et al. 2014). This may be evidence of humo-eutrophication processes (Górniak 1996; Górniak and Karpowicz
2014) in Lake Linówek.
Vertical distribution of phytoplankton in stratified lakes revealed the presence of deep chlorophyll
layers in the upper part of hypolimnion and in the
thermocline zone. The maximal concentration of phytoplankton in the hypolimnion zone was up to 15 times
higher than in the epilimnion zone. Deep chlorophyll
layers are a common phenomenon in oligotrophic
and mesotrophic lakes (Camacho 2006). Low trophic
conditions associated with vertical stratification and
promoting epilimnetic summer nutrient depletion allow enough light to penetrate to the metalimnion and
upper hypolimnion (Reynolds 1992), where nutrient
availability is often higher. These conditions would favour the growth of certain algae in the upper part of hypolimnion (St. Amand and Carpenter 1993). Increased
algal densities below the thermocline have been related
not only to nutrient availability (Fee et al. 1977; Fasham
et al. 1985), but also to zooplankton grazing (Richerson
et al. 1978) and grazing-related increased vertical particle flux (Sarnelle 1999).
Deep chlorophyll layers in the stratified lakes of
the Suwałki Landscape Park were caused by the maximum concentrations of diatoms and cryptophytes.
Deep chlorophyll layers formed by diatoms and cryptophytes have been reported for many temperate lakes
of North America, Central and Northern Europe (e.g.
Jackson et al. 1990; Camacho et al. 2001; Stoermer
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2005). Some authors have reported the formation of
such deep chlorophyll layers by cyanobacteria (e.g.
Padisák et al. 1998; Kasprzak et al. 2000) as well as other
algae (e.g. Vincent et al. 1980; Zvikas 2005). Cyanobacteria in our study were an important component of the
deep chlorophyll layer only in Lake Kopane. The results
of our study indicated that different groups of algae frequently reached maximum density at different depths
using different niches in the vertical profiles of lakes.
It is possible that the hypolimnion maxima of phytoplankton can be affected by the direct inflow of ground
water with a specific chemical composition that can
stimulate the growth of selected species of algae. The
probability that direct groundwater inflow to SLP lakes
can affect several layers is very high in situations where
craton structures of postglacial sediments exist, such as
in the Lithuanian Lakeland (Mitręga et al. 1983).
To date, the phytoplankton of Lake Hańcza and
Lake Szurpiły has been the most intensively studied
(Spodniewska 1978; Hutorowicz and NapiórkowskaKrzebietke 2008; Grabowska et al. 2006; JekatierynczukRudczyk et al. 2012). Phytoplankton biomass indicates
the mesotrophic and oligotrophic character of these two
lakes (Hutorowicz and Napiórkowska-Krzebietke 2008;
Jekatierynczuk-Rudczyk et al. 2012). In the years 1973–
2009, the main components of phytoplankton biomass
were dinoflagellates, cyanoprokaryotes or diatoms (Jekatierynczuk-Rudczyk et al. 2012). The dominant species
in 1999–2001 was the cyanophyte Aphanocapsa incerta
(Hutorowicz and Napiórkowska-Krzebietke 2008), after
which the diatoms of the genus Cyclotella were the most
important group with a domination of Cyclotella radiosa
(Grunow) Lemmerm. (Jekatierynczuk-Rudczyk et al.
2012). The results of our study confirm a low biomass of
phytoplankton in Lake Hańcza and Lake Szurpiły with
a domination of diatoms and cryptophytes.

Conclusion
In situ methods for measuring phytoplankton are
indispensable tools for aquatic scientists and lake monitoring. Besides the total concentration of chlorophylla, it is also possible to discover the relationship between
different groups of phytoplankton in the whole water
column. The structure of phytoplankton in most of the
lakes in the Suwałki Landscape Park indicated a good
ecological status with low chlorophyll-a concentration
and a low share of cyanobacteria. In all thermally stratified lakes a deep-water algal maximum was observed
where the concentration of phytoplankton was much
higher than in the epilimnion zone. Generally, different groups of algae reached maximum density at different depths using various vertical niches in the thermal
stratified lakes.
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