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environmental parameters of Lake Ketence was studied in monthly intervals in

two stations between October 2016 and September 2017. A total of 93 taxa Received  :25.12.2020
belonging to 8 divisions were identified, and 11 taxa belonging to 4 different . .
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the lake had strong impacts on the distribution of phytoplankton assemblages.
Although biomass values varied and indicated very good to bad water quality
during the studied period, especially the prevalence of chlorophytes such as
Tetraedron minimum which prefer high nutrient and euglenoids such as Euglena
clavata, Euglena rubra, Phacus longicauda and Trachelomonas oblonga that
grew extremely well under high organic content has confirmed that Lake Ketence
is eutrophic.
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S1g Ketence Golii’nde (Tiirkiye) Fitoplanktonun Mevsimsel Dagilimina Cevresel Parametrelerin Etkileri

0Oz: Ketence Golii'niin fitoplanktonunun mevsimsel dagilimi ve gevresel parametreleriyle iliskisi Ekim 2016 ve Eyliil 2017 arasinda
iki istasyonda aylik araliklarla c¢aligilmistir. 8 divizyoda toplam 93 takson tespit edilmistir. 4 farkli divizyoda (Chlorophyta,
Bacillariophyta, Euglenozoa, Miozoa) toplam 11 takson ¢alismanin farkli donemlerinde fitoplanktona hakim olmustur. Goliin ana
besin maddeleri (NOs-N, NO2-N, TP, Si), diger baz1 parametreler (Sicaklik, elektriksel iletkenlik, secchi diski derinligi) ve organik
iceriginin fitoplankton topluluklarinin dagilimi {izerinde gii¢lii etkileri olmustur. Her ne kadar biyokiitle degerleri, incelenen donem
boyunca ¢ok iyi ile kotii su kalitesi arasinda degisiklik gostermis olsa da, 6zellikle yiiksek besin tuzu tercih eden Tetraedron
minimum gibi chlorofitlerin varhigi ve yiiksek organik madde varliginda hizla gelisebilen Euglena clavata, Euglena rubra, Phacus
longicauda ve Trachelomona oblonga gibi 6glenoidlerin varligi Ketence Golii’niin 6trofik olduguna isaret etmektedir.

Anahtar kelimeler: Komunite ekolojisi, fitoplankton, s1g gol
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Introduction

Lakes are exposed to various adverse effects
including pollution, depletion of water resources, and
eutrophication. These impacts have caused
deterioration in these ecosystems (Fakioglu and
Demir 2011). The determination of the general
limnological status of an aquatic ecosystem is the
first step in management plans for its protection and
improvement. For this reason, the Water Framework
Directive (WFD) was created to assess the ecological
quality of surface waters through the analysis of
various characteristics of aquatic flora and fauna and
to declare management plans in European countries
(EC 2009). Five biological quality elements

including phytoplankton are currently being
employed by the WFD (EC 2000) for ecological
status assessment. The intraspecific and interspecific
competitions in the community, the different nutrient
intake capacity of each species, and their different
responses to physical (eg., light, mixing events) and
chemical (eg., nutrients, pH, salinity) variables have
caused different changes in the phytoplankton
community structure throughout the year (Mortensen
et al. 1992; Carpenter and Kitchell 1993; Naselli-
Flores 2000; Reynolds 2006). Thus, it is possible to
obtain inferences about the changes in the
physicochemical and biological conditions of the
lake over time through the changes observed in
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phytoplankton (Elser et al. 2000; Nevers and
Whitman 2010).

Small and shallow lakes are ecosystems that have
roles in controlling regional climate as well as being
important in global carbon and nutrient cycles (Cole
et al. 2007; Harrison et al. 2009). Moreover, many
shallow lakes exhibit a large habitat diversity
(Padisak et al. 2003) and have rich algal flora (Borics
etal. 2003). However, as a consequence of their small
water volume, shallow lakes are more affected by
human impact and drought events (Padisak et al.
2003; da Costa et al. 2016). Several studies have been
done on the composition, abundance, and species
diversity of phytoplankton of shallow lakes (Borics
et al. 2003; Padisak et al. 2003; da Costa et al. 2016;
Borics et al. 2012). In recent years, the seasonal
distribution of phytoplankton community of shallow
lakes was also studied in Turkey (Celik and Ongun
2006; Tas and Goniilol 2007; Yerli et al. 2012;
Sevindik and Celik 2014; Demir et al. 2014; Sevindik
et al. 2017). However, the phytoplankton
composition or abundance of Lake Ketence in the
Marmara Basin, which is a shallow lake, has not been
studied yet. In this study, we described the seasonal
patterns of the phytoplankton composition and
biomass concerning physical and chemical factors to
determine the phytoplankton community structure in
Lake Ketence, Turkey. Thus, this study aims (i) to
assess the general trophic state of the lake using
phytoplankton biomass and composition, and (ii) to
define the most important environmental factor(s)
driving the distribution of phytoplankton
assemblages.

Materials and Methods

Lake Ketence, which is in the Kartepe District of
Kocaeli, is located 17 km east of 1zmit city center (X:
40763593, Y: 30115950) (Figure 1). Lake Ketence is
an artificial set lake built-in 1980 for irrigation of
agricultural lands in Kirazoglu and Ketence villages.
The altitude of the lake is 55 m. The length and width
of the lake are 1.5 km, and 0.3 km, respectively, and
its average depth is 2 m.

Phytoplankton samplings were conducted with
monthly intervals at two monitoring stations of the
lake between October 2016 and September 2017. The
distance between the sampling stations was 1 km.
One of the selected stations was determined at the
deepest point (3 m) of the lake. Samples were
collected from 50 cm below the surface. In the field,
samples were placed in 250 mL bottles and fixed with
Lugol’s solution. Counting of cells was performed
according to Utermdhl (1958) with an Olympus [X81
inverted microscope. The algal species were
identified according to mostly used identification
books in phytoplankton. Algal species were

identified according to Huber-Pestalozzi (1941,
1950, 1961, 1962, 1969, 1972, 1975, 1982, 1983),
Round et al. (1990), Kramer and Lange-Bertalot
(1986, 19914, 1991b, 1999), Krammer (2003), Sims
(1996), John et al. (2003), Komarek and
Anagnostidis (2008). The taxonomy of algae was
checked according to Guiry and Guiry (2020).
Phytoplankton biovolume was calculated from the
number of cells and cell size measurements using
appropriate geometric formulas (Sun and Liu 2003).
Cell size measurements were performed for all taxa
in all samples by measuring at least 20 individuals
(Brierley et al. 2007).

Sampling for chemical analyses and the
measurement of physical variables were carried out
in conjunction with phytoplankton collection.
Specific conductance (EC), pH, dissolved oxygen
(DO), and water temperature (T) were measured at 50
cm below the surface at two stations using the YSI
Proplus water quality instrument. Water transparency
was measured using a secchi disk. For the analysis of
chemical variables, samples were collected 50 cm
below the surface. Concentrations of total
phosphorus (TP), orthophosphate (PO4-P), nitrate-
nitrogen (NOs-N), nitrite-nitrogen (NO»-N), and
soluble silica (Si) were determined
spectrophotometrically according to Strickland and
Parsons (1972) and Technicon Industrial Methods
(19774, 1977b).

A total of 24 samples for phytoplankton and
environmental variables were used to maintain the
statistical analyses. An analysis of variance (one-way
ANOVA) test was applied to data for determining the
statistical differences in environmental variables,
phytoplankton biomass, and species richness among
two stations using SPSS 20.0 software. Physical and
chemical variables were logarithmically transformed
for correlation analyses. Spearman correlations
between the environmental parameters,
phytoplankton biomass, and species richness were
also determined using the SPSS 20.0 software.
Phytoplankton species occurring more than once with
biomass larger than 20% were used in the statistical
analyses. To check the suitability of canonical
correspondence analysis (CCA), gradient length was
measured at first by detrended correspondence
analysis (DCA). Since the gradient was 2.37 SD units
long, the linear method (RDA) was carried out using
CANOCO software (Ter Braak and Smilauer 2002).
To determine the relationship between the relative
biomass of dominant phytoplankton, sampling
stations, and environmental variables, RDA was
carried out on the log-normal transformed abundance
data. Statistical significance of the environmental
predictor variables was assessed by 999 restricted
Monte Carlo permutations. To analyze the
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relationship  between the relative biomass  was performed, initially on the whole
of phytoplankton and 10 environmental variables  environmental and  phytoplankton  datasets.
(T, pH, EC, DO, NOs-N, NO2-N, TP, PO4sP, Forward selection indicated that 7 of the 10
Si, secchi disk depth), we performed RDA  environmental variables made a significant
using relative biomass values of the 11  contribution to the variance in the phytoplankton

dominant phytoplankton taxa in the lake. RDA

data.
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Figure 1. Lake Ketence and location of sampling stations

Results

Environmental variables

The mean and standard deviations of
environmental parameters measured in two stations
of Lake Ketence were listed in Table 1. The
minimum temperature was recorded at both stations
in December 2016. The EC values ranged from 288.1
uS cm? to 523 uS cm 1, respectively and higher
values were recorded in spring and summer months
at both stations. pH values were measured higher at
the 1st station (f = 4.42, p < 0.05) during the studied

period. Higher pH and DO values were recorded
during the winter months, while secchi disk depth
values were high during spring at both stations. TP
and NO>-N values were high during summer, while
NOs-N values were high during fall, and Si values
were high during fall and winter in the stations. The
measured environmental parameters were not
significantly different among stations except for pH.
According to Spearman correlations, T, EC, TP, and
NO.-N were positively correlated with each other
(p < 0.01), while all of them were negatively
correlated with pH, DO, NOs-N, and Si (p < 0.05).



Tunca et al. 2021 - LimnoFish 7(3): 250-259

253

Table 1. The mean and standard deviation (SD) of environmental variables measured in two stations of Lake

Ketence *

. 1st station 2nd station

Variable
Mean+SD Mean+SD

T(°C) 17.38+8.44 18.60+8.42
pH 8.67+0.18 8.51+0.17
EC (uScm?) 398.25+85.20 411.06+77.15
DO (mgL™) 6.60+3.84 6.37+3.89
Secchi disk (cm) 84.16+33.69 72.50+23.40
NOs—N (mgL™) 0.43+0.44 0.39+0.43
NOz-N (mgL™?) 0.01+0.01 0.01+0.01
PO4-P (mgL™?) 0.02+0.02 0.02+0.01
TP (mgL™) 0.060.05 0.06+0.06
Si (mgL™) 0.010.01 0.01+0.01

*T: water temperature, EC: specific conductance, DO: dissolved oxygen, NOs-N: nitrate-nitrogen, NO2-N: nitrite-nitrogen,
PQO4-P: orthophosphate, TP: total phosphorus, Si: soluble silica.

Phytoplankton

A total of 93 taxa in 8 divisions were described in
Lake Ketence. As shown in Figure 2, Bacillariophyta,
Euglenozoa, Miozoa, and Chlorophyta dominated at
least once during the sampling period in both of the
stations. Species richness ranged between 10 and 37
in the lake during the studied periods. Phytoplankton
biomass was recorded minimum of 0.0002 g L* and
a maximum of 0.02 g L. These values indicated that
the ecological quality of the lake varies between very
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good and bad water quality in different periods
according to Sondergaard et al. (2005). Species
richness and phytoplankton biomass values did not
differ among the stations (p > 0.05). Species richness
was negatively correlated with secchi disk depth
(r=-0.52, p<0.01) and NOs-N (r =-0.43, p < 0.05).
Phytoplankton biomass was negatively correlated
with NOs-N (r = -0.67, p < 0.01) and Si (r = -0.55,
p < 0.01), while positively correlated with TP
(r=0.46, p < 0.05).
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Figure 2. Relative frequency (%) of each phytoplankton taxonomical group according to biomass values*

*a) in 1st station, b) in 2nd station of Lake Ketence.

11 phytoplankton taxa constituted > 20% of the
total biomass in at least one sample. The relative
frequency of dominant taxa obtained at two stations
of Lake Ketence for each month was given in Figure
3. At the 1st station, Tetraédron minimum (Braun)

Hansgirg was abundant between March and
September 2017 and prevailed among the
phytoplankton especially in the summer months.
Pantocsekiella ocellata (Pantocsek) Kiss & Acs were
abundant in October and November 2016, and June
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2017, while Apocalathium aciculiferum
(Lemmermann) Craveiro, Daugbjerg, Moestrup &
Calado was dominant in December 2016. On the
other hand, Naiadinium polonicum (Woloszynska)
Carty was an important component of phytoplankton
in November 2016, January, April, and July 2017,
while Euglena rubra Hardy dominated in
phytoplankton during January and February 2017.
Moreover, Trachelomonas volvocina (Ehrenberg)
Ehrenberg, Trachelomonas oblonga Lemmermann,
Euglenaria clavata (Skuja) Karnkowska & Linton,
and Ulnaria acus (Kiitzing) Aboal were an important
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component of phytoplankton in the 1st station. At the
2nd station, T. minimum dominated during May and
July 2017. Phacus longicauda (Ehrenberg) Dujardin
was abundant in September, January, and March
2017, while E. rubra dominated in phytoplankton
between January and March 2017, and August 2017.
T. volvocina and Cryptomonas erosa Ehrenberg
prevailed among the phytoplankton from October to
December 2016, while A. aciculiferum was dominant
in December 2016, and N. polonicum was dominant
in April 2017. Moreover, P. ocellata was abundant in
the spring months.
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Figure 3. Relative frequency (%) of each dominant phytoplankton taxa according to biomass values*

a) in 1st station, b) in 2nd station of Lake Ketence (Tmin: Tetraédron minimum, Pocel: Pantocsekiella ocellata, Apaci:
Apocalathium aciculiferum, Npol: Naiadinium polonicum, Erub: Euglena rubra, Tvol: Trachelomonas volvocina, Tobl:
Trachelomonas oblonga, Eclav: Euglenaria clavata, Uacu: Ulnaria acus, Plong: Phacus longicauda, Cers:

Cryptomonas erosa)

Environmental and
phytoplankton

The results of RDA using only 7 variables are
illustrated in Figure 4. The eigen values of RDA axis
1 (0.20) and axis 2 (0.17), account for 37.2% of the
cumulative variance in the hytoplankton data. The
phytoplankton - environmental correlations of RDA
axis 1 and 2 are high and the first two axes account
for 75.2% of the variance in the phytoplankton -
environmental relationships. The ordination of the
RDA  indicated that predictor  variables
(environmental factors) affect the distribution of
phytoplankton assemblages in the stations of the

parameters

Lake Ketence. As shown in Figure 4, the fall
and winter months  (October, November,
December, January) were distributed in the
positive part of the first axis. On the other hand,
other months were located in the opposite part.
Species such as A. aciculiferum, C. erosa,
N. polonicum, U. acus, and T. volvocina were related
to high Si and NOs:-N, while P. ocellata was
correlated with secchi disk depth. On the other hand,
T. minimum was related to high TP, EC, and
T. E. clavata was correlated with NO,-N, while
T. oblonga, E. rubra, and P. longicauda were
correlated with low nutrients.
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Figure 4. Ordination of the samples corresponding to the different sampling periods and stations, scores of
phytoplankton species biomass and environmental variables, along the redundancy analysis axes*

*Environmental variables: T: Temperature, EC: specific conductance, Secchi: Secchi disk depth, TP: total
phosphorus, NOs-N: nitrate-nitrogen, NO2-N: nitrite-nitrogen, Si: soluble silica) (dark dot: 1st station, grey dot: 2nd
station) (Abbreviations of species names were given in Figure 3).

Discussion

In shallow lakes, as a consequence of intense
sediment-water interaction (Scheffer 1998), nutrient
cycling is faster and may support much higher
productivity (Schindler and Scheuerell 2002; Mehner
et al. 2005). Although the biomass values varied in
different periods of the year in Lake Ketence, it was
observed that they were generally high especially in
summer months where TP values were high.
Similarly, several studies have confirmed the effect
of TP on phytoplankton biomass (Phillips et al. 2008;
Jeppesen et al. 2002; Cooke et al. 2016).

In the studied lake, two diatoms (Bacillariophyta)
species; P. ocellata during fall and spring, and U.
acus in winter, were dominant. Their dominancy
between fall and spring months were reported in
many other shallow lakes studied in Turkey (eg., Tas
et al. 2002; Tas and Goniilol 2007; Atici et al. 2010;
Yilmaz and Giilegal 2012). Members of this group
are unable to regulate their buoyancy and prefer well-
mixed water columns (Reynolds 2006). Hence, the
development of small, fast-growing, planktonic
Pantocsekiella, which are C-strategy species
(Reynolds 1993; Seip and Reynolds 1995), was
favored under mixing conditions of fall and spring.

During spring, secchi disk values were high and, in
the RDA diagram, P. ocellata as a matter of course
correlated well with secchi disk values. Besides, both
species are sensitive to nutrient depletion (Reynolds
et al. 2002; Padisék et al. 2009) and preferred the Si
and NOs-N rich conditions of these months.
Moreover, C. erosa (Cryptophyta) increased its
biomass in phytoplankton during the late fall and
early winter. In the RDA diagram, this species
occurred near the NOs-N and Si values which
increased in fall and winter. The seasonality of
cryptophytes was mainly affected by temperature and
light intensity (Barone and Naselli-Flores 2003).
Moreover, these algae can migrate vertically (Clegg
et al. 2007) to avoid the high light intensity (Graham
and Wilcox 2000) and to stay at optimal nutrient
conditions (Giroldo and Vieira 1999; Longhi and
Beisner 2009) and low zooplankton grazing pressure
(Padisak 2004). In Lake Ketence, it seems that low
light requirement and possibly low zooplankton
feeding pressure during late fall and early winter
were the key factors in the success of this species
during that period. Dinoflagellate (Miozoa) species
such as A. aciculiferum and N. polonicum were also
found in fall and winter months where TP values
were low, however, Si and NO3-N values were high,
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as confirmed by RDA. Because of their capacity for
luxury consumption of phosphorus (Pollingher 1988)
and the ability to migrate vertically through the whole
water column in search of nutrients (Lindenschmidt
and Chorus 1998), dinoflagellates endured low
phosphorus levels during those months in this lake.
Moreover, with their active locomotion, they can
select the layer which is optimal for their
photosynthesis (Whittington et al. 2000; Grigorszky
et al. 2003).

As shown in the RDA, the prevalence of
Euglenozoa members (E. clavata, E. rubra,
P. longicauda, and T. oblonga) during early spring
where nutrient levels were low, can be explained by
the higher organic contents of the lake during that
period. Members of this group were known as
heterotrophic feeders and grew extremely well under
high organic content (Stevenson et al. 1996; Borics et
al. 2003). It is thought that the fertilization activities
carried out in the agricultural areas around the lake in
this period, may affect the organic matter content of
the lake. The second increase in biomass of this group
was observed in the stable late summer period where
the NO.-N level increased. High NO-N values have
also indicated organic pollution (Effler et al. 1996).
The increase in their biomass during the late summer
period was also reported in some other studies
(Naselli-Flores and Barone 2000; Borics et al. 2016).
Moreover, due to its small volume and surface area,
the ratio of benthic habitats is high in Lake Ketence.
As a matter of fact, species of this group migrating
between the epipelon and the water column prefer
small volume basins like temporary ponds, small
lakes, etc. (Padisak 1993; Poulickova et al. 2008).

The Chlorophyta division reached its maximum
abundance in summer, mostly owing to the excessive
growth of T. minimum. High TP and EC levels
coupled with high temperature probably contributed
to the high abundance of this species during summer
(Temponeras et al. 2000; Calijuri et al. 2002) as also
confirmed in the RDA. In many studies, it has been
found that the small unicellular or colonial un-
flagellated life forms of Chlorophytes were typical
representatives of shallow and nutrient-rich systems
(Stoyneva 1998; Borics et al. 2000).

In conclusion, like other shallow lakes in flat
lowlands, where land-use activities are high (Leone
et al. 2009), Lake Ketence is also more exposed to
human influence due to agricultural activities around
the lake. Therefore, high nutrient levels and the
organic content of the lake have affected the biomass
and dominant phytoplankton composition. Although
biomass values varied and indicated very good to bad
water quality during the studied period, especially the
prevalence of chlorophytes such as T. minimum
which prefer high nutrient and euglenoids such as

E. clavata, E. rubra, P. longicauda, and T. oblonga
that grew extremely well under high organic content
has confirmed that Lake Ketence is eutrophic and
under intense anthropogenic disturbance.
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