
Introduction

Phytoplankton, as an important element of the structure
of various lake ecosystems, is very flexible in its ability to
adapt to different environmental conditions such as light,
temperature, and concentration of nutrients (mainly nitro-
gen and phosphorus). Moreover, it reacts rapidly to changes
in environmental conditions and, therefore, it is classified in
the group of basic biological indicators of lake status. The
concentration of chlorophyll a (an estimator of phytoplank-
ton biomass), the contents of total nitrogen and total phos-
phorus, and Secchi disk visibility are the basis for evaluat-
ing trophic status [1-3]. In Poland, these parameters are cur-
rently used to assess the quality of water, which is classified
based on, among others, chlorophyll a concentration (the
biological component) in classes I-V, or on physical and
chemical components (which support the biological com-

ponent) in at least class II or lower than class II [4]. In
accordance with the requirements of the Water Framework
Directive [5], the biomass of phytoplankton and the con-
centration of chlorophyll a are the foundation for an assess-
ment of ecological status (from high to bad ecological sta-
tus), and are applied in many countries [6-9]. The species of
fauna typical of mesotrophy, such as marine relict
Limnocalanus macrurus G.O. Sars (zooplankton species)
[10], and Coregonus albula L. (plankton-eating fish
species) [11] were observed in Lake Dejguny. They are sus-
ceptible to deteriorating environmental conditions.

In 2006 the trophic conditions of Lake Dejguny
(according to Pyka et al. [12]) indicated a meso-eutrophic
status with a tendency toward progressive eutrophication,
mainly through internal enrichment [13] as well as a result
of human pressure [14]. The relationship between phyto-
plankton and environmental conditions served as the basis
for studies on the mesotrophic, vendace-type lake undergo-
ing progressive eutrophication.
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Materials and Methods

The analyses of phytoplankton and physical and chem-
ical parameters were carried out in Lake Dejguny, located
in the Great Masurian Lake District (northeastern Poland).
This is a stratified reservoir with an area of 765.3 ha and a
maximum and average depth of 45.0 and 12.0 m, respec-
tively. According to the fishing classification, Lake
Dejguny is a vendace-type lake with a population of plank-
ton-eating species Coregonus albula. 

The samples were collected from April to November
between 2006 and 2008 in one station situated at the deep-
est location (Fig. 1). The integrated water samples (at 1 m
depth intervals) from the 0-10 m zone during spring (April,
May) and autumn (October, November) circulation and
from the epilimnion during summer (June, August) strati-
fication were taken for the evaluation of phytoplankton.
The quantitative analysis of phytoplankton was performed
with an inverted microscope using the Utermöhl method
[15] in accordance with international and European moni-
toring standards [16]. The biomass was calculated with the
cell volume assessment method [17]. The qualitative
analysis of phytoplankton was carried out with a light
microscope [18].

The concentration of chlorophyll a and pheophytins
was determined with the method described by Lorenzen
[19]. The content of total suspension (total seston) was
determined with the weighing method of Hermanowicz et
al. [20] after filtering water samples through glass filters
(45 μm) and drying to a fixed mass at 105ºC. The mineral
seston was left after roasting the samples at 550ºC and the
content of organic seston was calculated as the difference
between two fractions. The temperature and oxygen con-
centration in the vertical profile every meter at the deepest
location were measured with a model 58 YSI oxygen

probe. The water reaction was measured in situ with the
apparatus OAKTON pH/Con model 300. The concentra-
tion of nitrate ions (NO3̄ ) was determined using high-per-
formance liquid ion chromatography on the HPLC set,
Shimadzu-type Prominence (with column SHODEX SI-
524E). Phosphates, total phosphorus (after mineralization)
and ammonium nitrogen were determined by means of
colorimetry on a Shimadzu UV 1601 spectrophotometer.
The physical and chemical analyses of water were per-
formed with standard methods [20, 21].

The trophic status of Lake Dejguny was determined
based on Trophic State Index (TSI) [1, 2] and Trophic
Level Index (TLI) [3]. The calculations of these two para-
meters were based on Secchi disk visibility (SD) and the
concentration of chlorophyll a (Chl), total nitrogen (TN),
and total phosphorus (TP). Originally, the assessment of
trophic status on the basis of TSI was carried out with the
mean value from the summer stagnation period, because of
the highest compatibility and usefulness of the index,
while the TLI with the annual average value. For compa-
rability, TSI and TLI calculations included the whole veg-
etation period.

The significance of the changes in total biomass of phy-
toplankton in water was tested with post hoc tests: Tukey’s
HSD (honestly significant difference) test and Fisher’s LSD
(least significant difference) test for comparing groups with
uneven lot sizes [22]. It was assumed that the significance
level was 0.05. Pearson’s correlation was used to determine
the relationship between TSI and TLI and their compo-
nents, as well as between the characteristics of phytoplank-
ton and environmental parameters. The principal compo-
nent analysis (PCA) with a correlation matrix was used to
correlate the biological parameters with physical and chem-
ical parameters [22].

Results and Discussion

Environmental Variables

In 2006-08 the average seasonal values of Secchi disk
visibility ranged from 3.36 to 4.15 m. Statistically higher
significant values were recorded in 2006 and 2008 (Tukey’s
HSD test, p=0.039) (Table 1). The mean temperature and
concentration of dissolved oxygen in 0-10 m layers (spring,
autumn) and in the epilimnion (summer) did not differ sig-
nificantly in the examined period. Any significant changes
in water reaction, content of seston (total, mineral, and
organic seston) and mineral forms of nitrogen and phos-
phorus were not detected. The concentration of chlorophyll
was significantly and statistically different (Fisher’s LSD
test, p=0.041; 2006 vs 2008), and TP (Fisher’s LSD test,
p=0.022; 2006 vs 2007).

The content of chlorophyll (given as a sum of chloro-
phyll a and pheophytins) recorded during three vegetation
periods changed on average from 4.50 to 8.05 μg·dm-3

(Table 1). The proportion of active form of chlorophyll con-
stituted from 13 to 79%. The mean concentration of chloro-
phyll a was 1.36, 1.30, and 2.12 μg·dm-3 in 2006, 2007, and
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Fig. 1. Location of the sampling site 1 in Lake Dejguny (the
deepest point of the lake).



2008, respectively, which indicated the first water quality
class (high ecological status) [4]. The transparency of water
was relatively high and the average visibility of the Secchi
disk in all years of the study did not exceed the boundary
value for classes I-II as in 2004-05 [13]. The concentrations
of total nitrogen and total phosphorus were relatively low and
classified the lake to at least second class (at least good eco-
logical status). The low content of total seston, including
mainly the organic component, was comparable with the val-
ues measured in clean oligotrophic lakes [23, 24].

Trophic State Index 
versus Trophic Level Index

The partial values of Trophic State Index were diversi-
fied. The lowest values were recorded for TSISD (38-47; on
average 41.4) then for TSIChl (42-55; 48.3), and TSITN (50-
55; 53.3), while the highest for TSITP (55-73; 65.2) (Fig. 2).
The mean TSI value (51) in the summer stagnation period
in 2006-08 indicated a state of meso-eutrophy [1, 25], and
according to Håkanson and Boulion [26] even eutrophy. The
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Table 1. Mean values of physicochemical parameters over the growth season (April-November) in 2006-08 in Lake Dejguny.

Parameters 2006 2007 2008 Mean±standard deviation

Chlorophyll* (Chl, μg·dm-3) 8.05*** 7.19 4.50*** 6.69±2.94

Total seston (TS, mg·dm-3) 3.11 3.17 2.55 2.95±0.71

Mineral seston (MS, mg·dm-3) 1.91 1.90 1.42 1.75±0.56

Organic seston (OS, mg·dm-3) 1.20 1.27 1.12 1.19±0.39

Secchi disk visibility (SD, m) 3.36*** 3.98 4.15*** 3.81±0.61

pH 8.37 8.33 8.29 8.33±0.33

Temperature** (T, ºC) 12.4 14.8 14.1 13.7±5.19

Dissolved oxygen** (O2, mg·dm-3) 10.1 8.8 10.1 9.7±3.32

Oxygenation (%) 93.7 77.4 96.9 89.0±28.81

Total nitrogen (TN, mg·dm-3) 0.944 0.843 0.988 0.926±0.11

NH4-N (mg·dm-3) 0.067 0.058 0.062 0.063±0.04

NO3-N (mg·dm-3) 0.027 0.031 0.134 0.061±0.15

Total phosphorus (TP, mg·dm-3) 0.088*** 0.055*** 0.069 0.072±0.22

PO4-P (mg·dm-3) 0.022 0.019 0.022 0.021±0.01

TN:TP 11 17 14 14±5.62

*Chlorophyll – given as a sum of chlorophyll a and pheophytins
**mean values from water layers 0-10 m during spring and autumn circulation, and from epilimnion during summer stratification
***statistically significant difference, p<0.05
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values of Trophic Level Index, calculated on the basis of
individual parameters, ranged between 3.5 and 6.3 (Fig. 2).
The mean TLI value in the vegetation season was 4.7 which,
according to Burns et al. [27], confirmed eutrophic status,
and, according to Parparov et al. [28], the meso-eutrophic
status of the lake. The values of each component revealed
the following relationship: TLISD<TLIChl<TLITN<TLITP,
which was similar to the components of TSI. The evalua-
tion of trophy status based exclusively on TP (TLITP and
TSITP) and TN (TLITN) indicated an advanced degree of
eutrophication. A significantly high correlation was
observed between the values of TSI and TLI and their com-
ponents (Table 2). It may be thus concluded that both
indices may be successfully used interchangeably for eval-
uating the trophic status of lakes. As opposed to TSI, the
application of TLI to assess trophy status is less common,
but it comprises the annual variations of tested parameters.
According to Parparov et al. [28], TLI is suitable for evalu-
ating the quality of natural water resources, particularly
when eutrophication becomes a serious problem.

Phytoplankton Dynamics

The average total biomass of phytoplankton in the vege-
tation season in 2006-08 ranged from 1.60 to 3.85 mg·dm-3

(Table 3). The value of total biomass (below 6.00 mg·dm-3)
remained within the range typical of lowland, mesotrophic

harmonic-type lakes in moderate climate and for
mesotrophic alpine lakes [29-31]. The phytoplankton
assemblages were composed of the members of six divi-
sions: Cyanoprokaryota, Heterokontophyta, Euglenophyta,
Dinophyta, Cryptophyta, and Chlorophyta. The diatoms
constituted the largest biomass, ranging on average from
0.65 to 2.92 mg·dm-3 (Table 3). These values differed sig-
nificantly (Fisher’s LSD test, p = 0.047; 2007 vs 2008). The
blue-green algae co-dominated in the phytoplankton (on
average from 0.39-1.40 mg·dm-3). The average proportion
of other groups did not exceed 10% of total biomass. The
typical species Planktothrix agardhii (Gom.) Anagn. &
Kom., Planktolyngbya limnetica (Lemm.) Kom-
Legn.&Cronb., and Tabellaria flocculosa (Roth) Kütz.
occur in more or less eutrophicated waters [32-34], and
Cyclotella spp., often found in alpine lakes [35], were pre-
dominant in the phytoplankton. The analogous structure of
domination (diatoms and blue-green algae) was observed in
spring in surface water [36] or in summer and autumn in
Lake Hańcza [37] or with a similar trophic status. However,
other species were predominant in the phytoplankton.

In 2006-08 the tendency towards two peaks of total bio-
mass (in spring and autumn) and the minimum in summer
was observed (Fig. 3). The tendency of phytoplankton bio-
mass to change was compatible with the changes in chloro-
phyll concentration and the correlation between them was
very high (r=0.743) (Table 4). This close relationship enables
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Table 2. The relationship (the Pearson correlation coefficient) between Trophic State Index (TSI) and Trophic Level Index (TLI) and
their component indices.

Indices TLI TLISD TLIChl TLITP TLITN

TSI 0.993* 0.754* 0.617* 0.491 0.327

TSISD 0.729* 0.999* 0.490 0.122 0.151

TSIChl 0.703* 0.491 0.999* -0.267 0.107

TSITP 0.413 0.123 -0.267 0.999* -0.026

TSITN 0.320 0.150 0.107 -0.026 0.999*

*statistically significant correlation, p<0.05

*statistically significant correlation, p<0.05

Table 3. Mean values of total biomass and the biomass of phytoplankton groups (mg·dm-3) over the growth season (April-November)
in 2006-08 in Lake Dejguny.

Phytoplankton group 2006 2007 2008 Mean±standard deviation

Cyanoprokaryota (CYAN) 1.40 0.51 0.39 0.81±0.79

Heterokontophyta:

Chrysophyceae (CHRY) 0.26 0.08 0.08 0.15±0.36

Bacillariophyceae (BAC) 0.98 2.92* 0.65* 1.47±1.65

Euglenophyta (EUG) <0.10 <0.10 <0.10 0.001±0.002

Dinophyta (DIN) 0.21 0.09 0.10 0.13±0.13

Cryptophyta (CRY) 0.28 0.15 0.28 0.24±0.28

Chlorophyta (CHLO) 0.07 0.10 0.11 0.09±0.06

Total biomass (TB) 3.21 3.85 1.60 2.91±1.80



the application of chlorophyll concentration as an estimator
of phytoplankton biomass, which was approved by the regu-
lation of the Minister of the Environment of November 9,
2011 [4]. It also is used as a component to assess the trophic
status of lakes [1-3] or to evaluate ecological status [9].

According to Navarro and Thompson [38], the intensive
growth of algae may significantly influence the quantity of
organic seston (OS) in water. The changes in its content in
the vegetation season (summer and autumn peak) were ana-
logical to the changes in phytoplankton abundance (Fig. 3).
The comparison of all curves that depict the seasonal
changes with the models denoted by Oleksowicz [39] clear-
ly indicates that it was typical of lakes with medium abun-
dance in biogenic compounds. The coincidence in time of
peaks of seston and chlorophyll a concentration also was
observed in an oligotrophic lake [24].

Phytoplankton versus Environmental Variables

An analysis of the relationship between phytoplankton
parameters revealed significant and positive correlations
between the abundance of blue-green algae and dinoflagel-
lates, euglenids, and chrysophytes (Table 4). The diatoms had
a significant impact on total biomass (r=0.811) and chloro-
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Table 4. The relationship (the Pearson correlation coefficient) between phytoplankton features and environmental variables.

CYAN CRY DIN CHRY BAC EUG CHLO TB Chl OS

CYAN - 0.408 0.664* -0.056 -0.107 0.181 -0.328 0.432 0.345 0.314

CRY 0.408 - 0.552 0.002 0.047 -0.302 -0.033 0.417 0.280 0.550

DIN 0.664* 0.552 - 0.111 -0.155 0.083 -0.064 0.327 0.374 0.634*

CHRY -0.056 0.002 0.111 - -0.276 0.573* -0.223 -0.078 -0.128 0.419

BAC -0.107 0.047 -0.155 -0.227 - -0.165 0.016 0.811* 0.608* -0.207

EUG 0.181 -0.302 0.083 0.573* -0.165 - -0.416 -0.012 -0.170 0.264

CHLO -0.328 -0.033 -0.064 -0.223 0.016 -0.416 - -0.152 -0.293 0.280

TB 0.432 0.417 0.327 -0.078 0.811* -0.012 -0.152 - 0.743* 0.172

Chl 0.345 0.280 0.374 -0.128 0.608* -0.170 -0.293 0.743* - -0.118

OS 0.314 0.550 0.634* 0.419 -0.207 0.264 0.280 0.172 -0.118 -

T -0.246 -0.464 -0.200 -0.006 -0.554* 0.142 0.346 -0.692* -0.812* 0.138

O2 0.169 0.724* 0.222 0.219 0.248 -0.115 -0.337 0.463 0.456 0.133

SD -0.715* -0.380 -0.867* -0.201 0.220 -0.307 0.325 -0.264 -0.434 -0.490

pH 0.187 0.507 0.275 0.498 -0.544 0.050 0.088 -0.216 -0.441 0.707*

NH4-N 0.217 -0.146 0.626* 0.153 -0.406 0.388 -0.006 -0.224 -0.082 0.340

NO3-N -0.270 0.598* 0.109 0.087 0.089 -0.199 -0.122 0.075 0.216 0.174

TN 0.040 0.361 0.348 0.027 -0.220 -0.396 0.015 -0.196 0.163 -0.057

PO4-P -0.134 -0.391 -0.244 0.153 -0.446 0.243 -0.343 -0.526 -0.070 -0.365

TP 0.323 0.041 0.118 0.660* -0.541 0.312 -0.110 -0.211 -0.186 0.316

TSI 0.698* 0.452 0.735* 0.356 -0.150 0.093 -0.302 0.355 0.586* 0.370

TLI 0.676* 0.460 0.713* 0.323 -0.038 0.055 -0.318 0.438 0.676* 0.321

*statistically significant difference, p<0.05
Identification codes are given in Tables 1 and 3.
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phyll concentration in water (r=0.608), while the dinoflagel-
lates influenced the content of organic seston. A very signifi-
cant correlation was found between TB and Chl, whereas
their relationship with OS was not statistically significant.

Assuming the relationship between phytoplankton and
environmental conditions, TB and Chl were not signifi-
cantly correlated with mineral and total forms of nitrogen
and phosphorus content (Table 4), despite the fact that these
parameters are most often closely correlated [40-42]. This
phenomenon may be associated with the fact that phospho-
rus is found mainly in a form unavailable to phytoplankton
(the mean content of mineral P was 29%) through the
process of phosphorus binding with calcium in the sedi-
ments [43]. The values of TN:TP ratio ranged from 8 to 30
(on average 14, Table 1). Despite this fact, the values from
10 to 17 were most often recorded, indicating that both
nutrients may be uptaken and accumulated in algae cells
[44]. Depending on the content of N and P, these nutrients
stimulate or limit algae development, especially in unpol-
luted, clear lakes [42]. The study of phytoplankton in Lake
Erie confirmed a colimitation by N and P with Fe during a
summer period of thermal stratification, which may be

more widespread [45]. The massive growth of blue-green
algae that fix atmospheric nitrogen often coincides with
low ratio [42]. Although the studies by Dolman et al. [46] do
not support this thesis, they prove that blue-green algae
show various reactions to a different degree of water enrich-
ment in nitrogen and phosphorus. The abundance of blue-
green algae may indicate a more advanced stage of eutroph-
ication of lakes [47]. In the phytoplankton of Lake Dejguny,
the co-dominant blue-green algae, mainly filamentous
forms Planktothrix agardhii and Planktolyngbya limnetica,
are a species that are unable to assimilate atmospheric nitro-
gen dissolved in water and are capable of toxin production
[34, 48]. The maximum of P. agardhii biomass was
observed with a low ratio in each year of the study (ca. 11).
The ratio TN:TP>17 (when phosphorus becomes a growth
limiting factor) coincided with the spring and summer peak
of biomass of diatom Tabellaria flocculosa in 2007.

The results of principal component analysis indicated
that the first two components (PC1 and PC2) explained
68% of variability of data, which included the selected
parameters of phytoplankton as well as the environmental
parameters and indices (Fig. 4a). The analyzed characteris-
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tics of phytoplankton (TB, Chl, OS, and biomass of pre-
dominant group) were negatively correlated with PC1,
which explained 39% of total variability. Analogous, a
close relationship also was observed in the case of TSI and
TLI. The opposite correlation was observed between the
content of TP, PO4-P, temperature, and Secchi disk visibili-
ty. The second component explained 29% of total variabil-
ity. TB, BAC, and Chl (strongly-correlated parameters) and
SD had negative changes in relation to PC2 as opposed to
the other parameters.

PC1 created the possibility to distinguish a specific
group of summer samples from spring-autumn samples,
with the inclusion of active parameters (the characteristics
of phytoplankton) (Fig. 4b). There were two exceptions: the
sample of October 2008 was comparable with the group of
summer samples and the sample of August 2007, with the
group of spring-autumn samples. PC2 indicated also the
cohesion of samples from the summer stagnation period.

Conclusions

The tested biological (chlorophyll a) and physicochem-
ical parameters classified Lake Dejguny as water purity
class I-II, i.e. of at least good ecological status. The total
biomass of phytoplankton was in the value range typical of
lowland, mesotrophic harmonic-type lakes in moderate cli-
mate, and for mesotrophic alpine lakes. Over the 3-year
study period, the lowest total biomass (composed mainly of
diatom biomass) and the concentration of chlorophyll in
water were recorded in 2008. These changes were accom-
panied by the increase in water transparency measured as
Secchi disk visibility. The phytoplankton (total biomass,
biomass of dominant groups, and concentration of chloro-
phyll) did not show a significant correlation with the con-
tent of mineral and total forms of nitrogen and phosphorus.
The reason for this could be the fact that phosphorus was
mainly in a form unavailable to phytoplankton, since the
proportion of phosphates in the total content of phosphorus
averaged 29%. The values of TN:TP ratio (10-17) evi-
denced about the role of nitrogen and phosphorus in colim-
itation of its development. The analysis of PCA indicated a
relatively high cohesion of phytoplankton in relation to the
environmental parameters, only in the summer period. In
spite of many significant features of mesotrophic lake, the
evaluation of trophic status based on TSI and TLI indicated
the meso-eutrophic or slightly eutrophic profile of the lake.
In addition, the partial assessments of TSITP, TLITP, and
TLITN, and the domination of filamentous blue-green algae
suggested a more advanced degree of eutrophication.
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