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AbstrAct

The study presents differences in the elemental composition between the surface microlayer 
(SML) and the subsurface (SUB) water sampled from a low trophy lobelian lake in the course  
of 48-hour monitoring supplemented with chlorophyll a and microalgae analyses. In this study, 
we examined daily dynamics of such elements as Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, 
Na, Ni, Mg, Mn, Pb, Se, Sr, Zn and chlorophyll a content in the SML and SUB as well as the 
capacity for enrichment of these elements in the SML. Our analysis of metals by mass spectro-
metry showed that concentrations of the mentioned elements, including heavy metals, in the 
SML were statistically significantly higher than in the SUB. The amplitude of changes in  
the metal concentration dynamics observed in the SML for most of the investigated elements 
and chlorophyll a was greater than in the case of the SUB. A circadian dynamics, frequently 
cyclical in character, was found in both analysed layers. Based on cluster analysis, groups of 
chemical elements were selected, showing a similar circadian course of changes in the concen-
trations during the monitoring. Moreover, observations of the taxonomic composition of the 
phytoneuston and phytoplankton showed the occurrence of algal species characteristic of water 
bodies with low trophy levels. The results provide insight into the functioning of interrelation-
ships between physical parameters such as salinity, temperature and biological chlorophyll  
and possible mechanisms causing the accumulation of such chemical components as metals, 
metaloids, in the SML of a lobelia lake.
Keywords: elemental analyses; surface waters, surface microlayer, lobelia lake, chloropyll a, 
microalgae.
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INTRODUCTION

The surface microlayer (SML) of water is a thin layer (max. 1-1000 µm) 
found at the interface of two environments, the hydrosphere and the atmos-
phere (Wurl, Obbard 2004). It is a significant element of the aquatic environ-
ment, as it covers 71% of the Earth’s surface. Because of its vast area, it is 
an important zone for the exchange of matter and heat energy between the 
hydrosphere and atmosphere (TrOjanOWski et al. 2001, kOsTrzeWska- 
-szlakOWska 2003, kOzarec et al. 2003). Chemical substances are transported 
from the SML surface to the atmosphere in bubbles of liquid formin in this 
layer and then lifted by wind into the air, where they form aerosols  
(GrammaTika, zimmerman 2001). Autochthonous and allochthonous matter is 
deposited in the opposite direction, i.e. from the atmosphere to the surface of 
this ecotone, and thus matter, including chemical substances, is transferred 
to bulk water (kOsTrzeWska-szlakOWska 2003). The SML is largely enriched 
with chemical substances from subsurface water (SUB) (kOsTrzeWska- 
-szlakOWska 2003). Wurl, Obbard (2004) reported that boundary layers be-
tween different environmental compartments represent critical interfaces for 
biological, chemical and physical processes (kOsTrzeWska-szlakOWska 2003). 
A distinguishing characteristic of the SML ecotone is the accumulation of 
heavy metals, biogenic and organic compounds, and microbial populations, 
which are frequently much more numerous than those observed in the SUB 
(dOnderski et al. 1999, mudryk et al. 2003, anTOnOWicz et al. 2015). The ca-
pacity to accumulate chemical substances, microalgae and bacteria in the 
SML ecotone results from many processes occurring simultaneously. Reten-
tion of matter in the SML is promoted mainly by physical forces such as 
surface tension, adhesion, cohesion, rotational movements within SML, 
Langmuir circulation (kOsTrzeWska-szlakOWska 2003, anTOnOWicz et al. 2015), 
capacity of organic substances to chelate inorganic substances and bioaccu-
mulation of metals in the neuston. A considerable role in the capacity of 
SML for enrichment with chemical substances is played by neuston microor-
ganisms (mudryk et al. 2003, anTOnOWicz et al. 2015). Enrichment of the 
SML with matter and organisms is not identical in all water bodies.  
The chemical composition of water, including salinity, may affect the capaci-
ty to enrich SML (TrOjanOWski, anTOnOWicz 2011). Additionally, a study con-
ducted by HillbricHT-ilkOWska, kOsTrzeWska-szlakOWska (2004) showed varia-
tion in the SML enrichment capacity in the analysed lakes differing in their 
trophic levels. Lobelia lakes exhibit low trophic levels and they are highly 
sensitive to anthropogenic factors (kraska et al. 2013). Lake Gubisz (Poland), 
selected for this study, is a closed lake located remotely from considerable 
sources of urban/industrial pollution. According to kraska et al. (1996), it is 
a lobelia lake in the state of equilibrium. The lake has no major tributaries 
carrying pollution loads from the adjacent land. As a result, the lake water 
contains low concentrations of trace elements.
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The aim of this study was to investigate the interdependencies between 
circadian variation in heavy metal concentrations in the SML and SUB, and 
the level of chl a in the phytoneuston and phytoplankton of a lobelia lake 
called Lake Gubisz in Poland. At the same time, these layers were analysed 
in terms of their content of metals (macro- and micronutrients), playing  
a significant structural function and participating in the metabolism of  
organisms, e.g. algae that inhabit layers of this lake. It was crucial to show 
the capacity to accumulate metals in the SML and the species composition of 
algae found in the SML and SUB, while the affected physicochemical para-
meters of lake water were monitored. 

MATERIAL AND METHODS

Studied site and sampling
The investigated lobelia Lake Gubisz is situated in the north of Poland 

at 54°09.0′ and 17°35.2′. Morphometric parameters according to Jańczak 
(1997) are presented in Table 1. Lake Gubisz contains boreal Atlantic relicts 
such as the evergreen herbaceous perennial water Lobelia dortmanna L. 
Other species such as Isoëtes lacustris L., Littorella uniflora (L.) Asch. and 
Myriophyllum alterniflorum DC. were also noted in this lake (kraska et al. 
1996). jarOsieWicz, Fryda (2011) classified Lake Gubisz as a mesotrophic lake 
based on the multimetric Trophic State Index (TSI); however, these values 

Table 1
Morphometric characteristics of Lake Gubisz according to Jańczak (1997)

Parameter Value

Latitude 54°09.0′

Longitude 17°35.2′

Altitude a.s.l. (m) 187.2

Area surface of water level (ha) 14.3

Maximum depth (m) 17.6

Average depth (m) 7.3

Maximum length (m) 500

Maximum width (m) 460

Average capacity (103 m3) 1043.9

Length of shore line 1570

Expansion of shore line 1.17

Indicator unveiling 2.0
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are close to ones reported for oligotrophic lakes and some indices (PSItot) 
even indicate the oligotrophic character. Samples of water from Lake Gubisz 
were collected over a period of 48 hours in August 2007; they were drawn 
from the littoral zone at 4-hour intervals (Figure 1). Water samples from the 

surface microlayer (SML) were collected with a Garrett net, which is used to 
collect samples from an SML with a thickness of 242 µm ± 40 (GarreTT 
1965). Subsurface water (SUB) was collected by immersing a container to a 
depth of about 15 cm from the water surface.

Chemical and biological analysis
Water samples from Lake Gubisz were mineralised in Tracepur® HNO3 

(v/v 1/20) (Merck, Germany). The concentrations of Ag, Al, As, Ba, Cd, Co, 
Cr, Cu, Fe, Li, Na, Ni, Mn, Pb, Se, Sr were measured using a Perkin Elmer 
Elan DRC-e mass spectrometer (USA). Analyses were conducted applying 
multielement standards by Perkin Elmer. In the case of such elements as 
Ca, K, Mg and Zn, a Perkin Elmer Analyst 300 atomic absorption spectro-
photometer (USA) was used. The accuracy of the method was verified using 
TM-24.3 Certified Reference Water for Trace Elements, Environment Canada 
(elements: Al, As, Ba, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Ni, Se, Sr, Zn) (recove-
ry 94 - 106%) and the recovery of medium standards digested in the same 
procedure was recorded for that sample.

Electric conductivity (EC), pH and temperature were recorded with an 
Elmetron apparatus (Poland), chloride ions were assayed with a Methrom 
ion chromatograph (Switzerland), while dissolved oxygen was determined 
according to the Winkler method (aPHa, 2005). Illumination intensity was 
measured using a CM3 pyranometer by Kipp & Zonen (USA).

Concentration of chlorophyll a was determined using the method propo-

Fig. 1. Location and map of the lobelia Lake Gubisz
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sed by jeFFrey, HumPHrey (1975). Water samples were filtered through What-
man (UK) filter paper with pore diameter of 0.45 µm using a Merck Millipore 
(Germany) filtration set for water samples equipped with an Aga Labor va-
cuum pump (Poland), and next the filters were extracted. Absorption was 
measured using a UV-VIS Shimadzu spectrophotometer (Japan).

Taxonomic composition of the analysed phytoneuston and phytoplankton 
was examined under an inverted microscope manufactured by Nikon (Japan).

Statistical analysis
In order to compare both investigated media, i.e. water from the SML 

and SUB, enrichment factors (EF) according to anTOnOWicz et al. (2010) were 
applied:

where: successive unit indices calculated according to individual partial values, 
e.g. CSML1 – concentrations in the first hour of monitoring in the SML,  
CSUB1 – concentrations of a component at the same hour and at the same 
sampling station in the SUB and by analogy the 2nd result up to the i-th result. 

The statistical analyses such as the Shapiro-Wilk normality test, t-test 
(which confirmed the normal distribution), the Mann-Whitney U test  
(no normal distribution found) were performed using a Statistica package.  
In order to group the analysed parameters according to their specific proper-
ties, cluster analysis (Ward method, Euclidean distance) was applied.

RESULTS AND DISCUSSION

Mean concentrations of the analysed metals, except for Ca, Mg, K,  
and Na, in the SML of Lake Gubisz ranged from 0.04 µg dm-3 for Ag  
to 436.99 µg dm-3 for Al (Table 2). Mean concentrations of chemical elements 
found in the SML of Lake Gubisz are presented in the decreasing order: 
Ca>Na>K>Mg>Al>Fe>Mn>Zn>Sr>Ba>Pb>Ni>Cu>Co>Cr>As>Li>Cd>Se>Ag. 
In turn, in the SUB of the investigated water body the lowest concentration 
was recorded for Ag (0.03 µg dm-3), while the highest was found for Al 
(239.58 µg dm-3). The greatest differences in concentrations of the analysed 
heavy metals between the SML and SUB were observed for Co and Mn, as 
indicated by the greatest values of their enrichment factors (EF = 6.52 and 
5.98). The lowest EF values were found for Sr, Pb, Ni, Fe and Cr (at 1.32, 
1.42, 1.50, 1.58 and 1.60, respectively). Also, the respective enrichment fac-
tors for macronutrients such as Ca, Mg, K and Na were low and ranged from 
1.03 to 1.41. Values of EF representing the capacity to enrich the SML with 
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the studied components appeared in the following order: Co>Mn>Li>Cd>Zn> 
>Al>Ba>Se>Ag>Cu>As>Cr>Fe>Ni>Pb>Ca>Sr>Mg>K>Na. Analyses of the bio- 
logical and chemical parameters revealed that concentrations of the analyzed 
elements in the SML were statistically significantly higher than in the SUB 
for Chl a, Li, Cr, Mn, Cu, As, Se, Sr, Ba, Zn, Mg, Al and Ca (Table 2).

Similarly to our observations, Hardy et al. (1985) recorded the accumu-
lation of such heavy metals as Pb, Zn, Cu, Cd and Fe in the sea-surface mi-
crolayer (SML) and subsurface water from an urban and rural bay. In turn, 
zHanG et al. (2003) also stated greater accumulation of Cu, Zn, Cd and Pb in 
the SML rather than in the SUB in Daya Bay. Additionally, the accumula-
tion of heavy metals, i.e. Pb, Cd and Mn, was determined in the SML of eu-
trophic lakes such as an inland Lake Jasień in northern Poland (anTOnOWicz, 
TrOjanOWski 2010), while Mn, Zn, Pb, Cu, Ni, Cr, Co, Cd and Ag were found 
to accumulate in a lagoon Lake Dołgie Wielkie (anTOnOWicz et al. 2015), and 
Cu, Pb and Zn were determined to accumulate in the estuary of Lake Gardno 
(TrOjanOWski, anTOnOWicz 2011). The SML enrichment with heavy metals 
has been confirmed in many studies (rumbOld, snedaker 1999, Wurl, Obbard 
2004, cOunG et al. 2008), while few results concern the lake’s SML (anTOnOWicz, 
TrOjanOWski 2010, anTOnOWicz et al. 2015). It was documented that the  
presence of heavy metals in the SML may be toxic to neustonic organisms 
(Wurl, Obbard 2004). To a certain degree, toxicity of free metals, including 
heavy metals, may be reduced by phytoplankton, which releases into the 
environment organic ligands capable of complexing metals (GOnzález-dávila 
1995).

In Lake Gubisz, the concentrations of the analysed metals fluctuated 
dynamically both in the SML and SUB. Values of enrichment factors were 
also changing. Generally for most metals such as Ag, Cd, Co, Cu, Li, Ni, Pb 
and Zn, elevated EF levels were frequently observed during the night (most 
typically in the period from 12 a.m. to 4 a.m.), while well as in the afternoon 
(primarily between 12 p.m. and 8 p.m.) elevated EF levels were frequently 
reported for such elements as Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mg, Na, Ni, Se, 
Sr and Zn (Figures 2, 3a,b). During the same period the lowest chlorophyll 
concentrations were also recorded (Figure 4) in SML, but it was only until  
4 a.m. Subsequently chlorophyll concentration increased rapidly. At 12 p.m., 
when the highest solar radiation was observed, the chl a concentration in 
SML decreased and the phytoplankton was observed to escape from the high 
radiation zone to lower water layers at a simultaneous increase in the amo-
unt of oxygen (Figure 5) in SUB, which was probably connected with an in-
crease in the photosynthetic activity. 

Circadian changes in concentrations of the analysed metals in the SML 
showed a much greater dynamics than in the SUB (Figure 2, 3a,b). This was 
evident for such metals as Mn, Zn, Co, Cd, Ba and Cr. The mean amplitude 
of fluctuations in Sr concentrations in the SUB is approximately 3 µg dm-3, 
while in the SML it is 3-fold greater. An even greater difference was ob-
served in the case of Cr and Mn. This is probably associated with the dyna-
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Fig. 2. Circadian dynamics of concentrations of metals exhibiting toxic properties towards 
microalgae (Pb, Cd, Co, Cr, Ag, and Al) alkaline earth metals (Sr, Ba) and metalloid As  

in the SML and SUB
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mics of changes in chlorophyll concentrations (Figure 4) in both analysed 
water layers of Lake Gubisz.

Chl a detected in waters originates from phytoplankton. Parallel to the 
higher content of chl a in the SML in waters of lobelia Lake Gubisz (Figure 4), 
Mg, a chemical element being a component of chl a, was also more abundant 
in this water layer than in the SUB (Figure 3a). For instance, at 8 p.m. on 
day 2 of the monitoring it was observed that the Mg level was 21% higher  
in the SML than in SUB water. Macro- and micronutrients are elements  
significant for phytoneuston. Elements such as C, H, O, N, P, S, K, Mg, Ca, 
Na, Fe, Mn, Cu, Zn, Mo, V, B, Cl, Co and Si are required for phytoplankton 
growth (raHaman et al. 2014). Among the analysed microelements, changes 
in the level of Mn in the SML layer are worth noting. The concentration of 
this chemical element was over 4-fold greater in the SML than in the SUB, 
which is confirmed by the EF value of 5.98. The enrichment capacity was 
shown by regular maxima and minima resembling a sinusoid variation, with 
the highest EF (14.02) observed at 8 a.m. on day 2. This micronutrient par-
ticipates in the water degradation reactions and release of oxygen in the 
process of photosynthesis. Moreover, Mn activates many enzymes involved in 
metabolism. Moreover, other microelements such as Cu and Fe also partici-
pate in many redox reactions and they may also play a significant role in the 
process of photosynthesis (HOssain et al. 2012, raveT, PilOn 2013). lis et al. 
(2015) demonstrated that cyanobacteria take up iron. Moreover, Xue et al. 
(1988) reported that the surfaces of algal cells have a high affinity to Cu+ 

Fig. 3a. Circadian dynamics of metal concentrations of macronutrients of a potential metabolic 
importance for organisms and other and enrichment factors (EF)
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and Cd; their functional group ligands can compete with soluble complex 
formers typically present in natural waters.

It was observed that changes in the levels of such metals as Cd, Co, Ag, 
Mn, Zn and Ni in the SML are similar at certain time periods in the circa-
dian cycle. These changes were characterised by higher concentrations  
of these metals around 12 a.m. and 4 p.m. of day 2 and around 12 a.m. and 

Fig. 3b. Circadian dynamics of metal concentrations, micronutrients of a potential metabolic 
importance for organisms and enrichment factors (EF)
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12 p.m. of day 3. Figures 2, 3a,b clearly show the maxima at these time points. 
In turn, the dynamics of changes in concentrations of these metals in the 
SUB varied and no similarities were observed between the metals. This  
means that other regularities are probably found in both analysed layers, 
which may result from the fact that the SML is influenced by the atmo- 
sphere and subsurface water as well as the bioaccumulation of microorga-
nisms migrating between the SML and SUB. Metals in the SML are bound 
by particles (Wurl, Obbard 2004), which, together with the bound metals, 
may settle down to deeper water layers, to the bottom deposits, where they 
can be accumulated. In closed water bodies such as Lake Gubisz, more of the 
metals accumulated in the lower water layers and in the sediments probably 
originate from the atmosphere than in water bodies fed with inflowing  
waters.

Most analysed metals (Al, Ba, Ca, Co, Cr, Cu, Fe, Mg, Na, Ni, Se, Sr, Zn 
and metalloid As) in the SML showed repeated fluctuations in the circadian 
cycle (Figures. 2, 3a,b), i.e. an increase in their concentrations in the period 
from 12 p.m. to 8 a.m. Typically, in this time period, concentrations of these 
metals decreased in the SUB, with the exception of Al and Fe. This shows a 
close relationship between these layers. The above observations suggest that 

Fig. 4. Daily dynamics of chl a concentration in the SML (a) and SUB (b).  
The dotted line in the left figure presents dynamics of EF (anTOnOWicz 2014, modified)

Fig. 5. Physicochemical parameters: solar radiation, temperature, pH, electric conductivity  
and dissolved oxygen, chloride ions in Lake Gubisz
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both animate and inanimate matter containing the analysed metals migrate 
from the SUB to SML at those time points.

Apart from monitoring the level of heavy metals in both layers (SML 
and SUB) in lobelia Lake Gubisz, we also observed circadian changes in me-
tals belonging to the groups of macro- and micronutrients (including such 
heavy metals as Cu, Zn, Fe, Ni) with potential structural and physiological 
roles for organisms found in the two layers (Figures 3a,b). Values of the EF 
calculated for macronutrients, i.e. Ca, Mg, K and Na (Figure 3a), were much 
lower than for heavy metals. Similar EF values for these macronutrients 
were also reported in Lake Skjervatjern in Norway, e.g. Ca 0.9 - 2.1, Mg 0.8 - 1.7 
and Na 1.0 - 1.5 (knulsT et al. 1997).

When analysing changes in Cu levels in the SML of Lake Gubisz, we 
observed accumulation of this chemical element at approximately 16-hour 
intervals. The mean EF value for Cu was 1.91 with the peak of 6.75. In turn, 
repeated accumulation of Fe was observed in the period of 4 p.m. - 8 p.m. 
hours during the monitoring of the SML layer. From 4 a.m. to 4 p.m. hours 
on day 2 and from 8 a.m. to 8 p.m. hours on day 3, we observed Fe transport 
from the SUB layer to SML. The Fe content was higher in the SUB than 
SML only at 8 a.m. on day 3. Moreover, we need to focus also on three peaks 
in the concentration of another micronutrient, i.e. Ni, in the SML during 
days 2 and 3 of monitoring. It is known that Ni may influence the uptake of 
Fe by plants (cHen et al. 2009).

The results of the analysis shown as a hierarchical dendrogram for me-
tal concentrations revealed two clusters in the SML and three clusters in the 
SUB (Figures 6). These clusters group chemical elements according to the 
comparable dynamics of their concentrations in the course of the 3-day mo-
nitoring in the surface microlayer and the subsurface layer: 
SML:  A (Ag, Cd, Co, K, Ni, Mn, Se, Zn), B (Al, As, Ba, Ca, Cr, Cu, Fe, Li, 

Mg, Na, Pb, Sr);
SUB:  A (Ag, Ba, Na, Ni, Pb), B: (Ca, Cd, Co, Cr, Cu, K, Mg, Mn, Se, Sr, Zn), 

C (Al, As, Fe, Li).
Within each cluster, the dynamics of concentrations exhibit certain simi-

larities. The formation of two clusters grouping metals in the SML and three 
clusters in the SUB may be due to the capacity of the SML to accumulate 
these chemical elements.

Analyses of phytoneuston and phytoplankton in the SML and SUB  
waters of Lake Gubisz showed the occurrence of algal species characteristic 
of water bodies with a low trophic state according to breTTum, andersen 
(2005). Thus, the taxonomic composition included such taxa of algae as  
Merismopedia sp., Cosmarium sp., Dinobryon sp., Peridinium bipes (Table 3), 
typical of ultraoligotrophic/oligotrophic/mesotrophic water bodies. According 
to jarOsieWicz, Fryda (2011), Lake Gubisz may be classified as a mesotrophic 
lake based on chemical parameters (TSI). The sequence according to the 
abundance of phytoneuston taxa in (the SML) waters was as follows: Conju-
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gatophyceae (70.4%), Bacillariophyceae (14.1%), Cyanophyceae (8.3%), Chry-
sophyceae (3.5%), Chlorophyceae (3.2%) and Dinophyceae (0.4%). The most 
numerous (>10%) algal species were Zygnema stellinum, Spirogyra sp. The total 
count of algae in the SML waters was 2.71-fold higher than in the SUB, whi-
le the biomass was 4.82-fold greater. An analysis of the taxonomic compo-

Fig. 6. The hierarchical dendrogram for classification of chemical variables for the SML (a)  
and SUB (b)
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Table 3 
Species abundance and biomass of phytoneuston in SML and phytoplankton in SUB  

(data from 2012)

Taxa
Phytoneuston Phytoplankton

abundance biomass abundance biomass
n 103 dm-3 (mg dm-3) n 103 dm-3 (mg dm-3)

Bacillariophyceae
Asterionella formosa 176.6 0.132 198.7 0.149
Diatoma elongata 287.0 0.230 176.6 0.141
Gomphonema parvulum 16.6 0.033
Navicula cryptocephala 11.0 0.014
Pinnularia nobilis 110.4 0.144 5.5 0.072
Rhoicosphenia abbreviata 772.8 0.363
Stauroneis anceps 5.5 0.020
Ulnaria ulna 11.0 0.132

Chlorophyceae
Botryococcus braunii 110.4 0.11
Chlorella vulgaris 55.2 0.033
Dictyosphaerium pulchellum 331.2 0.116 22.1 0.077
Elakatothrix genevensis 828.0 0.012 99.40 0.015
Tetraedron minimum 27.6 0.005

Chrysophyceae
Dinobryon sp. 138.0 0.028 88.3 0.018

Conjugatophyceae
Closterium sp. 110.4 0.088 16.6 0.132
Cosmarium sp. 11.0 0.166

Euastrum didelta 110.4 0.199 552.0 0.099
Pleurotaenium ehrenbergii 165.6 2.650
Spirogyra sp. 568.6 31.271 287.0 15.787
Zygnema stellinum 2152.8 86.112 160.1 6.403

Cyanophyceae
Merismopedia sp. 138.0 0.039
Planktothrix agardhii 176.6 0.353 138.0 0.276
Snowella sp. 11.0 0.028 16.6 0.041

Dinophyceae
Ceratium hirundinella 165.6 0.861
Peridinium bipes 22.1 1.325

Euglenophyceae
Trachelomonas sp. 71.8 0.538

Total 3919.2 122.735 1446.2 25.478
EF 2.71 4.82
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sition indicates marked quantitative and qualitative differences in the phy-
toneuston in the SML and in phytoplankton in the SUB, which may promote 
accumulation of heavy metals in both layers. 

Analyses of the taxonomic composition and abundance of phytoplankton 
(the SUB) showed the following sequence of taxa in the decreasing order: 
Conjugatophyceae (33.2%), Bacillariophyceae (29.4%), Chlorophyceae (14.1%), 
Cyanophyceae (10.7%) Chrysophyceae (6.1%), Euglenophyceae (5.0%) and 
Dinophyceae (1.5%). The most numerous algal species found in the SUB  
waters were Spirogyra sp., Asterionella formosa, Diatoma elongata and  
Zygnema stellinum. Algal species which were recorded only in the SML  
waters included Botryococcus braunii, Ceratium hirundinella, Merismopedia sp., 
Pleurotaenium ehrenbergii, Rhoicosphenia abbreviata and these species were 
not detected in SUB. 

Both phytoneuston biomass and chl a concentration were significantly 
higher in the SML than in SUB. Moreover, high values of the EF and chl a 
concentration in the SML may be connected with the low trophic level in 
that lake. This study showed considerable accumulation of chl a in the SML 
in a lobelia lake in comparison to eutrophic lakes located in the same region 
(anTOnOWicz 2008, anTOnOWicz et al. 2015). Thus, a possible reason for the 
accumulation of chl a in the SML could be the search by phytoplankton for 
macro- and micronutrients analysed in our study. Vertical migration of phy-
toplankton is possible in some formations of algae (Harvey, menden-deuer 
2012). 

CONCLUSIONS

In summary, the recorded results provide insight into the functioning of 
interrelationships concerning the accumulation of metals, including heavy 
metals, and chl a in the SML of a lobelia lake. A circadian dynamic of me-
tals, frequently cyclical in character, was found in the SML and SUB. Based 
on cluster analysis, similarities were found in the circadian course of chan-
ges in these concentrations. In our investigation concerning mutual relations 
between concentrations of metals in waters of the given lake, the level of chl 
a and the taxonomic composition of algae, their counts and biomass, it was 
essential to consider the effect of physicochemical parameters of this water 
body. The microalgal taxonomic composition showed the occurrence of species 
characteristic of water bodies with low trophic levels. 
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