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Abstract: Aquatic macrophytes are one of the key components of freshwater ecosystems and contribute to ecosystem functioning and
environmental sustainability. They are assumed to be an ideal biomonitoring tool in long-term monitoring programs implemented by
the EU Water Framework Directive due to their sensitivity to environmental factors. Therefore, this study focuses on the evaluation of
the ecological status in Lake Sapanca using macrophyte composition and abundance in order to make future predictions on the health of
aquatic ecosystems and to form effective management. Submerged macrophyte assemblages related to environmental parameters were
investigated from February to November of 2017. A total of 12 submerged macrophyte species were recorded in the littoral zone of the
lake. The main findings on the most dominant 7 species of this community indicated significant differences among stations and seasons.
They also revealed that submerged macrophyte density was shaped in relation to environmental variables, particularly temperature and
nutrients. Submerged macrophyte assemblages reached their highest species number and biomass value (5312 gm™) in summer, while
no species was recorded in winter. High biomass values of these species corresponded with lower macrophyte diversity. The macrophyte
index results demonstrated that Lake Sapanca is at a critical level in terms of nutrient enrichment. More frequent observation of species
such as Ceratophyllum demersum and Elodea canadensis, which indicated “massive” nutrient enrichment, revealed that the ecological
status of the lake varies from meso- to eutrophic at the local level.
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1. Introduction

Aquatic macrophytes are one of the key components of
freshwater littoral ecosystems (Wetzel, 1983; Jeppesen et
al., 1998), contributing to ecosystem functioning and to
environmental sustainability (Jones et al., 1983; Takamura
et al., 2003; Mulderij et al, 2007; Hilt et al., 2010).
Associated with water quality and freshwater ecosystems,
both directly and indirectly, macrophytes stabilize the
trophic level (Scheffer, 2001; Wetzel, 1983) as a food
source and contribute to primary production (Schneider,
2012; Gecheva et al., 2013; Golob et al., 2015). In addition,
they prevent coastal erosion with their developed roots
and decrease water turbidity, acting as a natural barrier
against water movements (Scheffer, 2001; Mulderij
et al., 2007; Hilt et al,, 2010; Schneider et al., 2012).
Moreover, they are considered as a source of biodiversity
and constitute ideal habitats for various freshwater
communities (Heegaard, 2004). Macrophytes, in terms
of water quality, lake ecosystems, and metabolism (Jones
et al., 1983; Takamura et al., 2003; Mulderij et al., 2007;
Hilt et al., 2010), also contribute to regional public welfare
and regional economy by providing the various ecosystem
functions and services mentioned above. However, as a
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consequence of human pressures on aquatic ecosystems,
macrophyte habitats are also faced with degradation
in water quality. These pressures might transform the
composition of macrophytes and stimulate the growth
of opportunistic species since they are attached to the
substratum and exposed to high levels of nutrients and
organic compounds.

The European Union Water Framework Directive
(WFD, 2000/60/EC) concentrates on the evaluation of
the ecological status of freshwater ecosystems through
macrophyte classification methods. Macrophytes are
assumed to be an ideal biomonitoring tool in long-term
monitoring programs implemented by the WFD due
to their long life span (Golob et al., 2015), sensitivity to
environmental factors, and rapid response to fluctuations
in water quality (Melzer, 1999; Mulderij et al., 2007).
Studies conducted on aquatic macrophytes in Turkey
mainly focus on their importance at the biodiversity level
(Oztiirk et al., 1996; Secmen and Leblebici, 1997; Ozen and
Korkmaz, 2005; Turna et al., 2010; Kirkagag et al., 2011;
Altinsachi et al., 2013; Beishenbekova, 2013; Ozgelik et al.,
2014). However, studies on submerged plants and their
ecological evaluation (Susamli, 1998; Demir and Kose,

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0002-1081-5719
https://orcid.org/0000-0001-9919-1545
https://orcid.org/0000-0001-7920-8979

ERSOY et al. / Turk ] Bot

2004; Beklioglu et al., 2006; Kirim et al., 2014; Sanal et al.,
2015) are limited.

Lake Sapanca, which is located in the eastern part
of the Marmara region and used as a source of drinking
water, is a deep and temperate lake. Previous studies on the
biotic components of the lake have focused on plankton
ecology and fisheries (Temel, 1992; Aykulu et al., 2006;
Okgerman, 2008). However, to date, no study exists that
makes an ecological assessment of macrophytes, which
occupy an important place in the lake ecosystem.

It is necessary to monitor water quality by testing
the spatio-temporal variations in the composition of
macrophytes in order to make future predictions about
the health of aquatic ecosystems and to plan effective
management (Beck et al., 2010; Sendergaard, 2010).

Therefore, this study focuses on the evaluation of the
ecological status of Lake Sapanca by using macrophyte
species composition and abundance as important
indicators of limnologic ecosystem quality.

2. Material and methods

2.1. Study area

Lake Sapanca (40°43’0.38"N,30°15’37.417E) is a deep
tectonic lake located in the northwestern part of Turkey
(Figure 1). It is fed by several creeks/streams and partly
by groundwater. The lake has a surface area of 47 km? and
a maximum depth of 55 m. Initial observations on the
limnological properties of the lake show that its shallow
shores are covered by a broad vegetation belt and that it
is a typical warm-monomictic lake mixed thoroughly
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from top to bottom in February to March, which
provides nutrient enrichment in surface waters, as well
as ventilation of bottom waters (Aykulu et al., 2006). As
an important local drinking water source, Lake Sapanca
contains low concentrations of dissolved inorganic ions.
Therefore, its water is adequate for drinking, industrial
usage, and irrigation. However, the lake is negatively
affected by urbanization, which causes habitat loss on
the shores due to the increase in the human population.
Although there is no direct discharge of waste, chemical
pollutants of both domestic and agricultural origin find
their way into the lake through surface run off (Morkog et
al. 1998). Commercial and artisanal fishing and touristic
and recreational activities can also be assumed to cause
considerable damage to the lake. Signs of deterioration
in Lake Sapanca were first observed towards the end
of the 1990s with some colour changes indicating water
blooms due to Planktotrix rubescens (De Candolle ex
Gomont) Anagnostidis & Komarek (Aykulu et al. 2006).
The frequency and quantity of cyanobacterial blooms has
continued to increase since then.

2.2. Sampling and data analyses

Samples for physico-chemical parameters and quantitative
macrophytes analyses were taken seasonally from
February to November 2017 at 5 stations which were
exposed to different environmental factors (Saski, Esme,
Seka, Kurtkdy, and Goélpark) (Figure 1). At each station,
submerged macrophytes were collected using a rake
and grouped in triplicate from the bounded areas of
standardized depths (up to 3 m) (Schloesser and Manny,

Figure 1. Location of Lake Sapanca and sampling stations.
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1984; Johnson and Newman, 2011; Wetzel and Likens,
1991). Furthermore, an additional field study was also
conducted during the July-August period, which is known
to have the highest biomass. This was carried out along the
coastal area of the lake in order to determine macrophyte
species composition.

Physico-chemical =~ water  quality  parameters
(temperature, dissolved oxygen, pH, and conductivity)
were also measured in situ with a WTW multiparameter
probe at all stations. In addition, water samples for
determining nutrient concentrations and chlorophyll
a were collected from the surface water of all stations
in 100-mL polyethylene bottles and kept in deep freeze
(-20°C) until analysis was initiated in the laboratory. In
the laboratory, nutrient concentrations (nitrate, NO,-N;
nitrite, NO,-N; ortho-phosphate, and PO,-P) were
measured according to the methods described by APHA-
AWWA-WEEF (2012), while chlorophyll a was measured
according to Goltermans method (1978). Macrophyte
samples were washed to remove epiphytes and sediments,
identified in terms of their species and dried at 105 °C for
24 h (Westlake, 1986; Wetzel and Likens, 1991). They were
then weighted to determine macrophyte biomass.

In terms of data management, hierarchical clustering
of Bray-Curtis and nonparametrical, multidimensional
scaling were used to detect the similarities in macrophyte
abundances of the 7 species among seasons and
stations. Statistical analyses were applied to quantitative
macrophytes data obtained from 5 sampling stations. The
Bray-Curtis similarity coeflicient (produced with square
root-transformed data in order to balance the contributions
of very abundant species and rare species) created a matrix
for the analysis of similarity, which was used to identify the
differences in abundance and for the analysis of similarity
of percentages (SIMPER), which was used to detect
the species responsible for dissimilarities. Considering
macrophyte composition, the Shannon-Weaver (H’)

diversity index was calculated (Odum, 1971; Clarke and
Warwick, 1994). An analysis of variance (ANOVA with
Tukey’s HSD) was performed in order to reveal spatial
and temporal variations in macrophyte biomass and
environmental parameters. Significant levels were tested at
P <0.05and P <0.01.In addition, the relationships between
macrophyte metrics and environmental parameters were
evaluated with Spearman’s correlation analysis.

The macrophyte index was used to estimate the
ecological quality of the lake. Macrophyte species at the
stations were evaluated according to Kohler ‘s scale (1978),
ranging from 1-5. Macrophyte abundance values were
cubed to convert them to metric values since the scale was
not linear. The macrophyte index was calculated according
to Melzer (1999).

3. Results

3.1. Water quality parameters

The results of the main physico-chemical and biological
parameters in the surface water of sampling stations are
shown in Table 1. Their correlation with macrophytes
variables is summarised in Table 3. While the temperature
values did not show a significant difference among stations,
the temporal difference was statistically significant (P <
0.01). The mean value of water temperature was recorded
as 17.5 £ 0.4 °C and their dynamics were typically seasonal.
While the lowest water temperature (5.8 °C) was recorded
in Kurtkoy in winter, it started to increase in spring and the
highest value (28 °C) was measured in Kurtkdy in summer.
pH exhibited a noticeable variation among sampling
periods and stations (ANOVA, P < 0.01). The lowest
value (6.86 °C) was recorded in Seka in summer, while
the highest value (8.23 °C) in autumn in Golpark. The
maximum concentrations of dissolved oxygen (10.42 mg
L'at the surface) were measured in summer in the middle
of the lake, which was selected as a reference station. An
intense cyanobacterial increase during this period was

Table 1. Physical, chemical and biological characteristics (mean + standard deviation) of Lake Sapanca in the study

period.
Winter 2017 Spring 2017 Summer 2017 Autumn 2017

Temperature (°C) 6.2+0.2 209+0.9 274 +0.5 158+ 0.3
Dis. oxygen (mgL 1) 9.60 +0.33 7.84+0.33 9.51+0.51 7.30 + 0.67
Conductivity (pScm_l) 274+6 264 %9 251 +4 2737
pH 7.4+0.1 7.5+0.1 7.1+£0.2 8.0+£0.2
(NO, +NO,)-N(ugL™1) 10.62 + 0.98 2.88 +0.50 223 +0.07 2.42 +0.08
PO4—P( p.gL_l) 2.29 £ 0.02 2.26 £ 0.01 2.32+£0.01 2.53 +0.40
N/P 4604 1.3£0.2 1.0+ 0.0 2.0£0.1
Chlorophyll a (ugL~1) 15.17 + 4.66 7.34 £ 457 6.94 +5.81 6.04 +2.84
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also recorded (personal observation, unpublished data). In
the littoral stations of the lake, significant differences were
found among the stations and sampling periods (P < 0.01).
The lowest value was recorded in autumn in Esme (6.58
mg L), while the highest (10.19 mg L) was recorded in
winter in Kurtkdy. Conductivity values associated with
anion, cation, and temperature values varied between
248-286 us cm', with an average of 266 + 5 ps cm™.
Significant differences were observed among the stations
and sampling periods (P < 0.01). During the study period,
nitrite + nitrate and orthophosphate concentrations
did not show differences among the stations (P < 0.01).
While the mean nitrite + nitrate concentration was 4.57
+0.17 pg L7, it reached the highest value (10.62 + 0.98 pg
L) in winter. In the orthophosphate concentrations, no
significant difference was observed seasonally (P < 0.01).
The annual average was recorded as 2.35 + 0.10 pg L™". N/P
ratios showed a similar trend in relation to these values.
Based on the Redfield’s ratio, the results indicated that N/P
ratios were low. Chlorophyll a as an indicator of primary
productivity in aquatic environments varied between 1.6
pug L (in autumn) and 22.7 pg L™ (in winter) with an
average of 8.87 + 3.43 pg L. Significant differences were
found among the stations (P < 0.05) and sampling periods
(P < 0.01). Higher values were recorded during the winter
period due to an unexpected cyanobacterial increase.
Negative significant correlations (P < 0.05) were found
between chlorophyll a and macrophytes biomass and
diversity (Table 3).

3.2. Aquatic vegetation and submerged macrophytes
community structure

During the study period, a total of 12 different species
of submerged aquatic macrophytes were recorded in the
coastal areas of Lake Sapanca. Quantitative analysis of 7
species recorded seasonally at the stations was performed
among these species. In addition to the submerged
macrophytes, information on the aquatic vegetation
recorded during the study period in the coastal area of the
lake is given in Table 2.

During the study period, submerged macrophyte
species composition and their biomass showed
differences among the seasons and stations (P < 0.05).
No submerged macrophyte species was encountered
during the winter period (Figure 2). Macrophyte variables
correlated positively with temperature (P < 0.01) (Table
3). Potamogeton lucens, Chara sp., and Ceratophyllum
demersumwererecorded as constantly present macrophytes
during the spring, summer, and autumn periods (Figure
4). In summer, Elodea canadensis, P. perfoliatus, Najas
minor, and Myriophyllum spicatum were added to the
macrophyte flora represented by these 3 species in spring.
N. minor, recorded only in Kurtkdy, dominated in terms
of abundance, comprising up to 83% and also constituting

Table 2. List of macrophytes recorded in Lake Sapanca (the species
indicated with an asterisk are those evaluated quantitatively at
the intralake stations).

Family Species
Haloragaceae Myriophyllum spicatum*
Ceratophyllaceae Ceratophyllum demersum*
Hydrocharitaceae Elodea canadensis*
Najadaceae Najas minor*
Chara sp.*
Characeae -
2 Nitella sp.
E‘ Potamogeton lucens*
=9
8 Potamogeton perfoliatus*
<
g Potamogeton pectinatus
] Potamogetonaceae -
& Potamogeton crispus
QE) Potamogeton natans
0
3 Vallisneria spiralis
Lemnaceae Lemna minor
P o Salvinia sp
£ | Salviniaceae
oo 2 Azolla sp.
o
g & Nuphar lutea
S & |Nymphaeaceae
m g Nymphea alba
Butomaceae Butomus umbellatus
® Sparganium erectum
£ | Typhaceae —
= Typha angustifolia
g e
%D g Cyperaceae Schoenoplectus lacustris
<
qu g | Poaceae Phragmites australis

13% of the total submerged macrophytes biomass of the
lake during this period. In autumn, 6 of the species, except
for N. minor, existed. N. minor was recorded in the shallow
areas of the Kurtkoy station (Figure 4).

The mean total submerged macrophyte biomass was
582 + 622 gm™ in the lake. Total macrophyte biomass
reached 3568 gm™ in spring, and the highest biomass value
(5335 gm™) was recorded in summer. Total macrophyte
biomass began to decrease again (2733 gm™) in autumn.
Significant differences in macrophytes biomass were
observed among the stations. The highest value (1940 gm~
%) was recorded in Golpark in summer, and P. lucens was
the most dominant species with a biomass of 1851 gm™
While no macrophytes were recorded in winter, the lowest
biomass value (39 gm™) was recorded in Egme in autumn.

Submerged macrophyte species diversity (H') in the
lake was recorded at low values (<1) with an average of
0.40 * 0.34 (Figure 3). There was no significant difference
among the stations, but the seasonal change was significant
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Table 3. Correlation between environmental parameters, chlorophyll a (Chl.a) measured in the water column and macrophytes
community structure of Lake Sapanca (r: Spearman correlation coeficient, **: P < 0.01, *: P < 0.05, -: Not significant, Myr spi:
Myriophyllum spicatum, Cer dem: Ceratophyllum demersum, Elo can: Elodea canadensis, Naj min: Najas minor, Cha sp: Chara sp., Pot
luc: Potmaogeton lucens, Pot per: Potamogeton perfoliatus).

g z
3 i
§ = j? §
=9 & 9]
E ] £ T I
z a & S 2 g 5
Macrophyte species diversity 0.63** -0.48* - -0.47* -0.60** - -0.54*
Macrophyte species number 0.72** - - -0.54* -0.82%* 0.55% -0.55%
Total macrophytes biomass 0.74%* - - -0.52* -0.62** |- -0.48*
Myr spi - - - - - - -
Cer dem - - - - - - -
Elo can - - - - - - _
Macrophytespecies biomass Naj min - - - - - -
Cha sp. 0.74** - - -0.51* -0.54* - -
Pot luc 0.56* - - - -0.49* - -0.60**
Pot per 0.46* - - - -0.49%
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Figure 2. Temporal variations in the total submerged macrophyte biomass at the sampling stations of Lake Sapanca.
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Figure 3. Temporal variations in submerged macrophyte species richness, biomass, and diversity (H') in Lake Sapanca

1008a
i # Pot per
60% ® Pot luc
40% = Cha sp.
20% - #Naj min
o — = Lz EElo can

= = = = al e
RN
Winter 17 Spring 17 Summer 17 | Autumn 17

Figure 4. Temporal variation in the relative contribution of total submerged macrophyte

biomass in Lake Sapanca.

(P < 0.05). The highest average diversity (0.57 * 0.43)
was recorded in Seka (with a maximum value of 1.02 in
autumn) and the lowest (0.29 + 0.28) in Kurtkoy.

The results of nonparametric multidimensional scaling
analysis based on macrophyte biomass (gm) data in Lake
Sapanca are given in Figure 5, and a Bray—Curtis similarity
dendrogram is presented in Figure 6. According to the
data analysis results, the structure of species communities
differed seasonally and regionally, and seasonal conditions
became more determinative in general. Cluster analyses
identified 2 main groups. Group I was characterized by
data from the winter period, which had no macrophyte
biomass and data from the summer period in Kurtkdy,
which had maximum species number and biomass.

The most frequent species were P. lucens and Chara
sp., and they continued to dominate throughout the year
(Figure 7). P. lucens, Chara sp., and C. demersum emerged
in spring and reached the highest biomass in summer
and decreased in autumn. P. perfoliatus, M. spicatum,
and E. canadensis were recorded initially in summer and
continued to exist in autumn but with low biomass values.
The contribution of these species to total macrophyte

biomass was 4% in summer and 13% in autumn. N.
minor was found only in Kurtkéy in summer and reached
the highest biomass during this season. It presented
its maximum contribution to total biomass with 82%.
The relative contribution of macrophyte species to total
macrophytes biomass is given in Figure 4.

Species contributing to seasonal differences were
analysed with the SIMPER test. Choosing the seasonal
grouping as a factor, the most significant species
contributing to the similarity among the macrophyte
communities was recorded as P. lucens. Its contribution
during spring (intragroup similarity was 88%) and autumn
(intragroup similarity was 71%) was also confirmed with
the SIMPER test. Intragroup similarity was recorded as
52% during the summer season. P. lucens was recorded
as the main species contributing to the similarity, with a
contribution rate of 42%, and was followed by Chara sp.
with a contribution rate of 30%.

The macrophytes index based on abundance data
of 7 species varied between 3.23 and 3.42, with an
annual average of 3.30. Significant differences were
observed among stations but not in the temporal profile.
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Figure 5. Nonparametric, multidimensional scaling analysis clusters based on Bray-
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data.
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Figure 6. Bray-Curtis similarity dendogram, based on submerged macrophyte
biomass data.
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Figure 7. Submerged macrophyte species frequency (a) and relative abundance (b) in Lake Sapanca (Myr
spi: Myriophyllum spicatum; Cer dem: Ceratophyllum demersums; Elo can: Elodea canadensis; Naj min: Najas
minor; Cha sp: Chara sp.; Pot luc: Potmaogeton lucens; Pot per: Potamogeton perfoliatus).
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Macrophytes Index values increased towards the southern
shores of the lake, and the highest value (4.89) were
recorded at Golpark, which attracted attention because of
the presence of E. canadensis and C. demersum.

4. Discussion
A total of 12 submerged macrophytes species were
identified along the littoral area of Lake Sapanca with
low species diversity. The main findings based on
quantitative analysis of 7 species (Myriophyllum spicatum,
Ceratophyllum demersum, Elodea canadensis, Najas minor,
Chara sp., Potamogeton perfoliatus, and Potamogeton
lucens) at the stations revealed that the submerged
macrophytes community of the lake showed spatio-
temporal differences. P. lucens and Chara sp. were the most
important species in terms of frequency and abundance.
The high biomass values of these species corresponded
with lower macrophyte diversity. Macrophyte composition
and the general trends of their dynamics were similar to
those found in other lakes in Turkey (Se¢men and Lebleci,
1997; Turna et al, 2010; Sanal et al. 2015). pH, which
regulates the acidic characteristics of water, is one of the
most significant factors affecting the species composition
of macrophytes (Bornette and Puijalon, 2011). The species
recorded in the submerged macrophyte flora of alkaline
Lake Sapanca have been mentioned in the literature as
the species favouring neutral or alkaline waters (Kadono,
1982). Considering that the findings from other lakes of
Turkey, studied in terms of macrophytes, were alkaline, it
can be inferred that the recorded species shows similarity.
Aquatic macrophytes are highly sensitive to the changes
in physico-chemical parameters, and their dynamics
change depending on the environmental factors (Melzer,
1999; Hopson and Zimba, 1993; Bornette and Puijalon,
2011). While lake morphology and littoral zone width
play a significant role in the distribution of submerged
macrophytes, the physical and chemical properties of water
directly affect the composition and biomass of macrophytes
(Wetzel, 1983, Padial et al., 2008, Silva et al., 2014). The
results from Lake Sapanca show that macrophyte variables
correlated strongly with temperature and nutrients
(especially nitrite + nitrate) (Table 3). Temperature is
a significant factor in determining the rate of metabolic
processes in plants (Feldman, 2012). While the seasonal
biomass of macrophytes increases at the beginning of
spring as a result of sprouting due to the increase in
temperature and the effect of positive environmental
conditions, it decreases as a result of deaths due to the
decrease in water temperature in autumn (Wetzel, 1983;
Hilt et al., 2010). In this study, water temperature changed
in line with seasonal norms and while no macrophyte
was recorded in winter, macrophyte biomass increased in
spring and reached its highest biomass rate in summer.

The highest rates of nitrite + nitrate concentrations were
also reached in winter when no aquatic macrophyte
was recorded. Nitrite + nitrate concentrations showed a
significant negative correlation with macrophyte biomass
(Table 3). Nutrients are important due to their influence
on the structuring of submerged macrophyte communities
in lake ecosystems (Szoszkiewicz et al., 2014). Also, the
presence of macrophytes has an effect on the nutrient cycle.
During the study period, the average N/P ratio was 6:1 and
N was limiting. The N/P ratio reached its lowest value (<2)
during the spring, summer, and autumn periods when
macrophyte biomass was recorded as being high.
Macrophytes compete with phytoplankton for nutrients.
It is known that submerged macrophytes support lower
chlorophyll a concentrations as an indicator of biological
productivity in aquatic environments (Takamura et al.,
2003), and phytoplankton biomass generally tends to be
lower in the littoral zone where macrophytes are densely
populated (Wetzel, 1983). In some studies of shallow lakes,
it was concluded that periods with intensive macrophyte
growth were characterized by low phytoplankton density
(Scheffer, 1998). In the present study, chlorophyll a showed
remarkable statistical differences and negatively correlated
with macrophyte growth. While the values were low in
spring, summer, and autumn, when macrophyte growth
increased, the highest value (22.7 ug L), characterized
by an unexpected cyanobacterial bloom, was recorded in
winter when no macrophyte growth was recorded.
Macrophytes are sensitive to environmental
parameters. The decrease in water quality due to natural
and human pressure causes changes in macrophyte species
composition and dominance of species. Macrophyte flora
varies from sensitive to tolerant species (Melzer, 1999).
When the lake was examined in terms of macrophyte
community structure, low species diversity (<1) was
recorded. The seasonal contribution of species to
intragroup similarity was confirmed with a SIMPER
test, and P. lucens was determined as the main species,
comprising 66% of the total biomass. It was followed by
Chara sp., with a rate of 15%. There are numerous studies
on the dominance of charophytes in lake ecosystems, their
role in indicating clean water status, and their relationship
with the degradation in water quality (Van den Berg et
al., 1998; Schefter et al., 2001; Mulderij et al., 2007; Hilt
et al., 2010). In these studies, lower nutrient and higher
transparency values were associated with charophyte
production and charophytes, together with some sensitive
Potamogeton species, were regarded as the characteristic
species of an aquatic environment with “high ecological
quality” (Melzer, 1999). On the other hand, the presence
of C. demersum and E. canadensis was recorded in low
abundance and frequency on the southern shores of the
lake. These species were reported as indicator species
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in massive nutrient enrichment. It was stated that C.
demersum, which is mentioned as a characteristic type
of highly polluted lakes, also grows well in Europe's
oligomesotrophic lakes (Melzer, 1999).

In theory, it is known that the shift from submerged
macrophytes (especially charophytes) to floating-leaved
form is caused by light, which is the most significant
factor in the degradation of water quality and bathymetric
distribution of submerged macrophytes, which then
becomes a restricting factor (Moss et al. 2003). In this
study, no data was collected related to the bathymetric
distribution of macrophytes. However, the observations
conducted at the Saski and Esme stations in the north and
northwest regions of the lake, which have relatively lower
biomass, showed that the widespread presence of floating-
leaved species (Nuphar lutea and Nymphea alba) restricted
the growth of submerged macrophytes.

There are studies which show that degradation in water
quality and in the eutrophication process in aquatic areas
affected by human intervention cause changes in aquatic
macrophyte communities (Silva et al., 2014), decrease
species diversity (Thomaz et al, 2003), and lead free-
floating semisubmerged species to replace lake plants
(Hilt et al., 2010). The studies conducted about the main
limnological properties of Lake Sapanca before 1980
showed that the lake had an oligotrophic character and
that its water was suitable for drinking, industrial use, and
irrigation (Morkog et al., 1998). Taking earlier findings
on lake phytoplankton composition into consideration,
the lake is characterized by a flora typical for oligotrophic
lakes (Temel, 1992). However, the lake has developed an
oligomesotrophic character in time (Aykulu et al., 2006)
and has shown frequent and prolonged cyanobacterial
blooms in recent years. As a result, the water quality has
degraded, and the threat of eutrophication has appeared.

The Macrophyte Index, which was calculated on the
basis of the macrophyte abundance values of 7 species
reported at the stations, had a seasonal average of 3.26, and
this demonstrates that Lake Sapanca is at an “immense”
critical level in terms of nutrient enrichment. The results
showed regional differences, and the highest value (4.89)
was at Golpark. More frequent observation of species,
such as C. demersum and E. canadensis, which indicated
“massive” nutrient enrichment, revealed that the ecological
status of the lake varied from meso- to eutrophic at the
local level.

An important finding obtained as a result of this study
is also the presence of Elodea canadensis in the lake. The
presence of nonnative species included in the inland water
ecosystem under natural and anthropogenic influence and
their uncontrolled dispersion due to the change in water
quality has been one of the most salient problems in inland
water ecosystems in recent years. The presence of Elodea

560

canadensis, which is a nonnative and invasive species, in
Lake Sapanca was first reported during the study period
(Ersoy and Aktan, 2019), and it reached its highest biomass
value (56 gm™) in summer. As reported by Ersoy and
Aktan (2019), the first report of the species in Turkey was
in the Thrace region by Davis (1984). The species is known
to have advantages such as easy distribution in inland
waters (Huotari and Korpelainen, 2013), high tolerance
for changing environmental factors (Kolada and Kutila,
2016), and fast vegetative reproduction ability (Koci¢ et
al., 2014). These studies showed that the eutrophication
process and increases in nutrient rates contributed to the
mass growth and distribution of the species (Collins et al.,
1987). Because of its dispersion in European inland waters
and fast colonisation success, it is important to evaluate
the effects of its presence on the ecological status of the
lake.

Resource management is the most significant step in
preserving the biodiversity of aquatic ecosystems, which
is in constant change due to natural and anthropogenic
pressures. Macrophytes contribute to biodiversity
and productivity in the littoral zones of inland waters
and influence ecosystems by taking part in physical,
chemical, and biological processes and, in turn, they
are directly influenced by the changes in the ecosystem.
Since macrophytes have an indicating role in inland
water ecosystems, they have a core role in the studies on
environmental monitoring and water quality estimation
and, thereby, in management and preservation endeavours
(Padial et al., 2008). The WED reported that macrophytes
are the main biological indicator in evaluating the
ecological quality of water (Penning et al, 2008a;
Sondergaard et al.,, 2010). Therefore, intense monitoring
programs are encouraged in order to fill the information
gap on submerged macrophyte flora in inland waters
(Bolpagni, 2013). This study will fill the information gap
on submerged macrophytes in Lake Sapanca, contribute
to the necessary steps needed to be taken for the lake’s
preservation and management, and also lead to a more
comprehensive evaluation of the results provided by the
limnological studies of the lake.
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