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Abstract-The mesotrophic Ikizcetepeler Reservoir was sampled 
monthly from February 2007 to June 2008 at three stations. 
Thermal stratification occurred in the reservoir from May to 
September. The results revealed high bands of chlorophyll in the 
epilimnion and metalimnion of the reservoir during summer and 
winter. Results suggest that high chlorophyll accumulation was a 
result of the increase in available light levels in spring and deep 
mixing, providing phytoplankton with the nutrients needed for 
grow in summer. Correlation analyses were used to determine 
the relationships between chlorophyll (µg/L), water temperature 
(oC), total nitrogen (mg/L), total phosphorus (mg/L) and Secchi 
disk depth (m). Differences in chlorophyll, total phosphorus, 
total nitrogen and in Secchi disk transparency were not 
significant among sampling stations (p>0.01), but they were 
significant among seasons (p<0.01). Successful control of 
eutrophication requires an understanding of how nutrients, 
physical conditions and biological processes interact to affect 
algal growth and since the utility of chlorophyll in estimating 
algal biomass world-wide, this study was conducted to determine 
how variations in water temperature, total nitrogen, total 
phosphorus and water transparency affected the the vertical and 
seasonal distribution of chlorophyll in Ikizcetepeler Reservoir. 
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I. INTRODUCTION 

One of the well-known effects of anthropogenic nutrient 
enrichment of lakes and reservoirs is the increase of 
phytoplankton biomass (Chlorophyll) [1] and [2]. Studies 
have shown that chlorophyll in lakes and reservoirs can be 
limited by nitrogen, phosphorus or by physical factors such as 
temperature or light [3], [4] and [5].  

Nutrient concentrations can be used to determine which 
nutrient may be limiting to algal growth [6]. However, it is 
difficult to interpret the results when different taxa have 
different cellular N:P ratios and require different optimal 
environmental conditions [7]. Therefore, using N:P ratios 
might be a better way of interpreting nutrient limitation on 
algal growth [8]. 

Jappesen et al. [9] state that at low N: P ratios, 
phytoplankton community composition shiftes towards a 
dominance of N-fixing Cyanobacteria. Low N:P could create 
conditions that greatly benefit N-fixing cyanobacteria, which 
are able to outcompete other phytoplankton by importing 
considerable amounts of N from the atmosphere [10]. Thus, 
without a commensurate decrease in other nutrients, 
especially P, programmes that seek to improve water quality 
by reducing N loading may actually deteriorate water quality 
in freshwater ecosystems.  

Wang et al. [11]  argue that the TN:TP ratio is not 
inappropriate to be used as an index to discriminate lakes as N 
or P-limited because for a multi-species community, optimal 
N:P ratios vary greatly among phytoplankton species. Also, 
the effects of grazing by zooplankton could significantlty 
affect the dynamics of phytoplankton biomass over time and 
space.  

Successful control of eutrophication requires an 
understanding of how nutrients, physical conditions and 
biological processes interact to affect algal growth. Because 
of the utility of chlorophyll in estimating algal biomass, it is 
important to know the spatial and temporal factors controlling 
its distribution. Correlations between environmental variables 
and algal biomass are useful for identifying the factors 
controlling algal growth on spatial and temporal scales [12], 
[13] and [14]. The purpose of this study was to gain an 
understanding of the environmental factors controlling the 
vertical, longitudinal and temporal distribution of algal 
biomass (chlorophyll) in the mesetrophic Ikizcetepeler 
Reservoir in northwest of Turkey. 

II. STUDY SİTE 

Ikizcetepeler Reservoir is located at 39º 29' N; 27º 56' E, 
15 kilometers southwest of Balıkesir, Turkey (Fig. 1) and  lies 
at 175 m above sea level.  The reservoir is a mesotrophic 
man-made lake with an annual mean chlorophyll 
concentration of 5.5 μg L-1 and a Secchi disk depth of 1.75 m. 
It has a maximum depth of 25 m, a surface area of 10 km2 and 
a length of 6.34 km. The reservoir is fed by Kile Stream and 
the maximum inflow (5000 m3 sec-1) occurred in spring and 
the minimum (25 m3 sec-1) occurred in fall (Fig. 2). It was 
built in 1992 and used for irrigation and drinking water [15].  

III. MATERİAL AND METHODS 

 Three sampling stations were set in the reservoir. The first 
station was set near the main inlet (riverine zone), the second 
station was set between the first station and the dam 
(transitional zone) and the third station was set near the dam 
at the deepest part of the reservoir (lacustrine zone). Monthly 
sampling was initiated in February 2007 and ended in June 
2008.  

Total phosphorus (TP) concentrations were determined 
from non-filtered water as orthophosphate after persulphatic-
acid hydrolysis at 135 ◦C for 2 hours. Total nitrogen (TN) 
concentrations were determined after digestion by the 
Kjeldahl method [16]. Routine measurements of chlorophyll 
and water temperature were taken at one meter intervals from 
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the surface to the bottom at each station using a 6600 model 
YSI water quality multi-probe. Chlorophyll was measured 
periodically according to the trichromatic method from the 
acetone-extracted samples to calibrate the probe. Chlorophyll 
values obtained from the acetone-extracted samples were not 

significantly different from those of measured by the YSI 
probe. Therefore, any corrections to the YSI probe data was 
not necessary. Secchi disk depth was measured on each 
sampling date. 

Figure 1. The map of Ikizcetepeler Reservoir and the location of sampling stations. 

Figure 2. Monthly average of water flow from Kile Stream to Ikizcetepeler Reservoir from January 2007 to December 2008.

 Data was log-transformed prior to statistical analysis to 
meet the requirements of normality for parametric tests. The 
Pearson’s correlation test was applied to data for determining 
chlorophyll-nutrient relationships at each sampling station. An 
analysis of variance (ANOVA) test was applied to data for 
determining the statistical differences in chlorophyll and 

nutrient concentrations among sampling stations and seasons. 
Statistical analyses were performed using SAS program [17]. 

IV. RESULTS 

Ikizcetepeler Reservoir is a mesotrophic reservoir (annual 
mean chlorophyll: 5.5 μg/L and Secchi disk depth 175 cm) 
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[18]. Water temperature ranged from 4.4 oC to 26.7 oC. 
Maximum surface temperature was observed in June and 
minimum in February. Thermal stratification occurred from 

May to September (Fig. 3). The largest temperature difference 
(10 °C) between the surface and the bottom was observed in 
June 2007 at the third station. 

 

 

Figure 3. The vertical and seasonal distribution of water temperature (oC) in Ikizcetepeler Reservoir. a) at the first station, b ) at the second station and c) at the 
third station. 

Chlorophyll concentrations ranged from 0.8 μg/L to 14 
μg/L at the first station, from 1.2 μg/L to 12 μg/L at the second 
station and from 0.6 μg/L to 15 μg/L at the third station (Fig. 
4). There were epilimnetic and metalimnetic chlorophyll 
peaks during the thermal stratification. The chlorophyll peaks 
occurred at 1 and 5 meters at the first station, at 1, 3 and 5 

meters at the second station and at 3, 5 and 13 meters at the 
third station. The magnitude of peaks were significantly 
different between seasons (p<0.01), but not between stations 
(p>0.01). Winter peaks were about 8 μg/L and summer peaks 
were about 13 μg/L at all stations (Fig. 4).  
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Figure 4. The vertical and seasonal distribution of chlorophyll (Chl; μg/L) in Ikizcetepeler Reservoir. a) at the first station, b ) at the second station and c) at 
the third station.

At all stations, total phosphorus concentrations were 
higher in 2007 than in 2008. In 2007, the average 
concentration of TN was about 0.35 mg/L, except a peak of 
0.45 mg/L in May at the first and third stations. In 2008, TP 

concentrations increased from 0.2  mg/L in December to 3 

mg/L in April then decreased to about 0.1 mg/L  and then 
increased to about 0.35 mg/L at all stations (Fig. 5). 
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Figure 5. The vertical and seasonal distribution of total nitrogen (TN; mg/L) in Ikizcetepeler Reservoir. a) at the first station, b ) at the second station and c) at 
the third station.
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Total phosphorus concentrations were similar at the first 
and second stations, being higher (about 0.04 mg/L) in 
summer and lower (about 0.02 mg/L) in the other seasons. At 
the third station, total phosphorus concentrations fluctuated 

between 0.02 mg/L and 0.065 mg/L seasonally. Two distinct 
peaks of (0.09 mg/L) were observed in July 2007 and January 
2008 (Fig. 6).  

Figure 6. The vertical and seasonal distribution of total phosphorus (TP; mg/L) in Ikizcetepeler Reservoir. a) at the first station, b ) at the second station and c) 
at the third station.

The TN: TP ratios ranged from 7 in summer to 8 in winter 
with an annual mean of 6 at the first station. They ranged 
from 7 in summer to 9 in winter with an annual mean of 7 at 
the second station.  The TN: TP ratios ranged from 5 in 

summer to 7 in winter with an annual mean of 5 at the third 
station.  

The highest Secchi disk depth (400 cm) was measured at 
the third station in May 2007 and the lowest (41 cm) in 
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October 2007 at the first station. The Secchi disk transparency was higher at the third station than the others (Fig. 7).  

Figure 7. The seasonal distribution of Secchi disk depth (cm) in Ikizcetepeler Reservoir. a) at the first station, b ) at the second station and c) at the third 
station.

Seasonal differences in concentrations of chlorophyll 
(F=25, p<0.01) and in Secchi disk transparency (F=27, p<0.01) 
were significant, but the differences in total phosphorus (F=23, 
p>0.01) and in total nitrogen (F=22, p>0.01) concentrations 
were not significant. Differences in concentrations of 
chlorophyll (F=37, p>0.01), total phosphorus (F=33, p>0.01), 
total nitrogen (F=23, p>0.01) and for Secchi disk depth (F=37, 
p>0.01) were not significant among sampling stations. 
Pearson’s correlation coefficients between chlorophyll, water 
temperature and Secchi disk depth were significant (p<0.01; 
Table), whereas the correlations between chlorophyll, total 
phosphorus and total nitrogen were not significant (p>0.01; 
Table).  

TABLE : 

 Pearson correlations coefficents between chlorophyll (Chl) and water 
temperature (Tmp.), total nitrogen (TN), total phosphorus (TP) and Secchi 

disk depth (Secchi) at the first, second and third stataions. 

 TN   TP    Tmp. Secchi 
Pooled Data 0.33 0.29 0.32 0.31 
Station 1 0.01 0.45 0.001 0.22 
Station 2 0.21 0.13 0.09 0.48 
Station 3 0.34 0.48 0.54* 0.49* 
*statistically significant  at p= 0.01 
 

V. DISCUSSION 

In the Ikizcetepeler Reservoir, chlorophyll concentrations 
differed significantly from season to season and from station 
to station. The variable nature of chlorophyll in lakes and 
reservoirs is a common phenomenon due to the dynamics of 
environmental parameters affecting phytoplankton growth [2]. 
High chlorophyll bands observed in the upper depths of the 
reservoir were probably as a result of springtime increase in 
available light levels. It is also likely, that summer peaks were 
driven by deep mixing and an influx of water from below the 
thermocline providing phytoplankton with the nutrients 
needed for growth [5]. Light intensity is an important factor 
contributing to seasonal differences in chlorophyll 
concentrations. Given that nutrient concentrations are usually 
non-limiting in the reservoir, differences in the timing of 
phytoplankton bloom might be primarily related to variations 
in irradiance [19].  

During thermal stratification, light penetration reaches 
below the thermocline due to low turbulence and this in turn 
causes higher primary production in upper depths with the 
sufficient light for photosynthesis. Light limitation caused by 
deep mixing is projected to limit the development of algal 
biomass during winter months [20]. Secchi disk depth was 
about 2 m and chlorophyll peaks were observed from 1 to 7 
meters where light was probably limiting to phytoplankton in 
deeper depths. Significant correlations between chlorophyll 
and Secchi disk transparency suggest that light was critical to 
chlorophyll production in the Ikizcetepeler Reservoir.  

Water transparency increased from headwaters to the dam 
in the reservoir. This was probably a result of low turbulence 
and higher rate of particle settling at the third station. More 
mixed riverine and transitional zones with higher suspended 
solids (from the inflow) have lower transparency, while 
lacustrine zone with lower suspended solids (due to higher 
settling rates) has higher water transparency. Scheffer [21] 
states that in the absence turbulence, a large proportion of the 
suspended material settles down, leading to higher water 
transparency.  

Mixing due to water inflow not only serves to homogenize 
the reservoir, it also helps maintaining the particulates in 
suspension, maintaining a state of light limitation. Perkins and 
Underwood [22] state that suspended solids are diluted, 
settled and used by the lake biota farther down from the 
entrance point. Rapid flow to reservoirs can indirectly 
influence algal photosynthesis by augmenting particle content 
and weakening underwater light. 

Although no significant correlations were observed 
between chlorophyll and total nitrogen, low TN: TP ratios 
(<10) during warm seasons suggest that primary productivity 
might has been colimited by nitrogen and light in the reservoir, 
especially during the summer [23] and [6]. Canfield [12] 
states that lakes with TN: TP ratios below 10 are generally 
considered N limited and co-limited by nitrogen and 
phosphorus at ratios between 10 and 17. According to Smith 
et al. [24], lakes with N:P ratios <10 have strong nitrogen-
limiting conditions. However, even if externally available 
nutrient limitation occurred for short periods, algae could still 
grow using internal nutrients absorbed during periods of 
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abundant nutrient supply [25]. Thus, chlorophyll dynamics 
were more likely to be affected by light than nutrients in 
Ikizcetepeler Reservoir.  

The summer chlorophyll peaks (about 15μg/L) were 
higher than winter peaks (about 10μg/L) at all stations. The 
differences observed between individual seasonal peaks were 
probably due to temperature effects on the phytoplankton 
population growth. It is well known that algae have an 
optimal temperature for growth. Below the optimal 
temperature, algal growth rates increase with temperature and 
above the optimal temperature, growth rates decrease due to 
inactivation or denaturation of proteins [26].  

VI. CONCLUSIONS 

The results of this work showed that in the mesotrophic 
Ikizcetepeler Reservoir, chlorophyll dynamics were more 
affected by light than nutrients. Light plays a fundamental role 
in controlling the amount of particulates: whenever more light 
is available, the growth of photoautotrophs is stimulated, 
resulting in the formation of additional particulates, which in 
turn reduce water transparency, completing a feedback loop 
that fine-tunes transparency according to the light input [27]. 
Although light seemed to the primary factor controlling 
chlorophyll concentration in the reservoir, low TP: TN ratios 
(<10) suggests that the importance of nutrients, especially 
nitrogen cannot be totally discarded.  

Peaks in chlorophyll just prior to the onset and at the 
termination of thermal stratification suggest that it is possible 
that the springtime increase in available light levels is the 
primary driver behind the observed phytoplankton bloom. It 
could also be taht the summer peaks were driven by deep 
mixing and an influx of water from below the thermocline 
providing phytoplankton with the nutrients needed for growth. 
Finally, it would be worthwhile to include the effect of 
grazing pressure by zooplankton which could have a major 
influence on phytoplankton biomass dynamics in future 
studies.  
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