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Introduction 

Lakes are valuable wetlands that play an 

important role in the world hydrological cycle, 

biodiversity support, regulation of carbon cycling 

and climate, and also provide various ecosystem 

services (Zedler et al., 2005; Dudgeon et al., 2006; 

Tranvik et al., 2009). However, due to global 

climate change and human activities, lakes or 

wetlands in many parts of the world face serious 

threats, including eutrophication, pollution, 

lowering of water levels, and even complete 

drying. (Moss et al., 2011; Jeppesen et al., 2014; 

Tussupova et al., 2020). Of these, the drying not 

only disrupts the ecological balance but also 

causes wide-ranging impacts on regional water 

resource management, biodiversity conservation, 
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This study was carried out at 3 different stations in Marmara Lake, in Western 
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nitrite nitrogen (NO2
--N), nitrate nitrogen (NO3

--N), phosphate phosphorus 

(PO4
-3-P), silica (SiO2) and chlorophyll-a (Chl-a) parameters. As a result of this 
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according to its Carlson’s trophic state index (TSI) scores based on the 

phosphate phosphorus values, and in a hypereutrophic status based on the 

chlorophyll-a values. This study presented the latest scientific research 

evaluating the surface water quality parameters and trophic levels of Marmara 

Lake before its complete drying. In this respect, the study has historical 

importance in documenting the lake's final ecological state and will be able to 

create a critical reference point for potential restoration efforts. 
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and the socioeconomic structure of local human 

populations (Čížková et al., 2013; Alaniz et al., 

2019). According to the Global Wetland Outlook 

data published by the Ramsar Secretariat in 2018, 

87% of the world’s wetlands have been lost in the 

last 300 years due to various problems such as 

construction, pollution, drying, and overuse. 

(Gardner & Finlayson, 2018) According to 

WWF’s Living Planet Reports (WWF, 2024), the 

greatest decrease in vertebrate populations 

between 1970 and 2012 occurred in wetland 

species with 81%, and 25% of these are currently 

at risk of extinction. There are 131 wetlands in 

Türkiye, including natural lakes. 14 of them are 

the Ramsar Sites, 59 are Wetlands of National 

Importance and 58 are Wetlands of Local 

Importance, apart from these, there are 6 more 

lakes declared as National Parks, the highest 

environmental conservation status in Türkiye 

(DKMP, 2024). Marmara Lake (Manisa-Türkiye) 

was also included in the wetland category in 2002 

and registered as a Wetland of National 

Importance in 2017. Despite all these protected 

statuses, the lake, once covering an area of almost 

6000 hectares (too variable periodically), is now 

completely dry due to faulty water basin 

management choices and drought caused by 

global climate change (Körbalta, 2019). Before its 

drying or this ecological catastrophe, the lake was 

a biodiversity hotspot, hosting 144 bird species—

56 of which were breeding there (Gül, 2008); at 

least 15 fish species (İlhan & Sarı, 2011), 

emergent or submergent wetland plants (Seçmen 

& Leblebici, 1982), numerous aquatic macro-

microorganisms (Cirik, 1980; Ustaoğlu, 1989) 

making it an ecosystem of remarkable ecological 

value. The lake also supported fisheries activities 

that significantly contributed to the regional 

economy, providing livelihoods for many local 

populations in the past. 

Nowadays, the restoration of Marmara Lake is on 

the agenda through the joint efforts of water-

related environmental activists and also the 

probable contribution of local water management 

authorities (personal communication). These 

kinds of restoration efforts will be able to aim not 

only to save an ecological system that is an 

important water resource and biodiversity center 

for the region and a vibrant ecosystem with 

diverse birds, fishes, and other aquatic species, but 

also to regain fisheries activities that were once 

supported by the lake. Water quality parameters 

are considered important indicators for 

understanding changes occurring in lake 

ecosystems (Wetzel, 2001). This study aims to 

present the latest scientific research evaluating the 

surface water quality parameters and trophic 

levels of Marmara Lake before its complete 

drying. In this respect, it has historical importance 

in documenting the lake's final ecological state 

and will be able to create a critical reference point 

for potential restoration efforts. 

Materials and Methods 

The research area, Marmara Lake, is an alluvial 

dam lake at an altitude of 75 m above sea level. 

Located in the Gediz River basin, the second 

largest river flowing into the Aegean Sea, the lake 

covers an area of approximately 70 km2, 6 km 

from north to south and 12 km from east to west. 

Originally a seasonal, slightly salty lake in a 

closed basin, fed by small streams and 

groundwater, it was converted into an irrigation 

reservoir in 1953 (Bulkan, 2009). With the 

arrangements made, streams such as Kum Stream 

and Gediz River were added to the sources feeding 

the lake. The excess water of the lake was released 

to the Gediz River again through a canal (Arı & 

Derinöz, 2011). 

This study was carried out monthly at 3 different 

stations in Marmara Lake between January and 

December 2016 (Figure 1). A Hach Lange DR 

6000 brand spectrophotometer was used for 

measurements. Total suspended solids (TSS), 

volatile suspended solids (VSS) and fixed 

suspended solids (FSS) were analyzed with 

gravimetric methods (Stirling, 1985). Analyses of 

ammonium nitrogen (NH4
+-N), nitrite nitrogen 

(NO2
--N), nitrate nitrogen (NO3

--N), phosphate 

phosphorus (PO4
-3-P), silica (SiO2) and 

chlorophyll-a (Chl-a) have been performed using 

a spectrophotometer (Strickland & Parsons, 1972; 

Wood, 1975; Parsons et al., 1984; Egemen & 

Sunlu, 2003). Alkalinity (CaCO3) was analyzed 

with the titrimetric method (APHA, AWWA, 

WPCF, 2005). Water quality of the Marmara Lake 

has been determined referring to the Inland Water 

Quality Standards (SWQMR, 2015).  

The Carlson’s Trophic State Index (TSI) was 

calculated using chlorophyll-a (Chl-a) and total 
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phosphorus (TP/PO4
-3-P) concentrations in µg/L, 

with the formulas TSI (Chl-a) = 9.81 ln(Chl-a) + 

30.6 for chlorophyll-a and TSI(TP) = 14.42 ln(TP) 

+ 4.15 for total phosphorus, respectively (Carlson 

& Simpson, 1996). Based on the calculated TSI 

scores, the trophic state of the lake was evaluated 

as oligotroph (TSI < 40), mesotroph (40 ≤ TSI < 

50), eutroph (50 ≤ TSI < 70), or hypertroph (TSI 

≥ 70). 

 

Figure 1. The study area and Marmara Lake's total drying 

chronology (*: stations) 

In the study, the data were classified according to 

months and stations, checked in terms of their 

normality and homogeneity and then their average 

values and standard errors (± se) were calculated. 

Instead of focusing on stations, the study focused 

variations in water quality parameters based on 

months. Statistical analyses were all performed 

using Past v5.1 software program. Non-

parametric several samples variance test 

(ANOVA followed by Kruskal-Wallis) was used 

to determine significant differences among 

months (Hammer et al., 2001). 

Results and Discussion 

Figure 2 shows the fluctuations in the water 

quality parameters detected in the monthly study 

in the surface water of Marmara Lake during a 

one-year study period. The differences between 

months were found statistically significant in all 

parameters (p < 0.001). The overall average 

values of water quality parameters were calculated 

as 161.5± 10.03 mg/L for alkalinity (CaCO3), 

22.53±4.71 mg/L for TSS, 6.52± 1.47 mg/L for 

VSS, 16.01± 3.81 mg/L for FSS, 3.65±0.602 

mg/L for SiO2, 0.044± 0.008 mg/L for NH4
+-N, 

0.009± 0.001 mg/L for NO2
--N, 0.011± 0.006 

mg/L for NO3
--N, 0.036± 0.008 mg/L for PO4

-3-P, 

26.69± 6.76 μg/L for chlorophyll-a . Additionally, 

a comparison of Marmara Lake with several lakes 

and reservoirs in Türkiye according to water 

quality parameters is presented in Table 1. 

In most waters, alkalinity (CaCO3) is much more 

important than total hardness. Waters with total 

hardness greater than 20 mg/L CaCO3 are 

considered safe for pond production. Such waters 

can be useful in protecting fish against the harmful 

effects of metal ions and pH changes. CaCO3 

corresponds to the acid-accepting capacity of 

water and the concentration of basic compounds 

in the structure of water. Low-alkalinity waters 

have low buffering capacity, and as a result, these 

waters are sensitive to changes in pH. Such 

changes can directly harm fish populations. Low-

alkalinity ponds are less productive than high-

alkalinity ponds. Lakes with high alkalinity (< 300 

mg/L CaCO3) are unproductive because they 

contain high levels of CO2. The ideal range for 

alkalinity is 20-300 mg/L CaCO3 (Egemen & 

Sunlu, 2003). The average total alkalinity value 

determined in the study was determined as 161.5 

mg/L± 10.03. This result is among the ideal 

alkalinity values stated by Egemen & Sunlu 

(2003). The average alkalinity value determined 

by Mutlu et al., (2013), Turan & Aldemir (2023) 

is that value is higher than the alkalinity value we 

determined. 

TSS is a parameter that, if higher than a certain 

threshold concentration, usually causes physically 

negative effects in water column, turbidity, 

condensation, and toxicity, as well as threats 

aquatic organisms health by decreasing the water 

transparency and dissolved oxygen concentration 

(Uslu & Türkman, 1987). The determined TSS 

ranged from 2.2 (April) to 45.1 (June), VSS 

ranged from 17.5 (November) to 1.6 (April) and 
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Table1. Comparison of water quality parameter values (mg/L) of Marmara Lake with different lakes or reservoirs 

Reference: 1. Alpaslan et al., 2015; 2. Küçükyılmaz et al., 2014; 3. Buhan et al., 2010; 4. Çevik & Elibol, 2009; 5. Varol, 2015; 

6. Turan & Aldemir, 2023; 7. Taş, 2006; 8. Ayvaz et al., 2011; 9. Ozdemir, et al., 2024; 10. Bulut et al., 2011; 11. Iscen et. al., 

2008; 12. Mutlu et al., 2013; 13. Sömek & Balık, 2009; 14. Türk Çulha & Erdoğuş, 2018; 15. Saadoun et al., 2010; 16. This 

study. 

FSS ranged from 40.1 (June) to 0.5 (April) mg/L. 

According to SWQMR (2015), the required TSS 

value for the eutrophication limit of lakes is 5 

mg/l. The average values of water quality 

parameters were detected in Marmara Lake as; 

22.53±4.71 mg/L for TSS, 6.52± 1.47 mg/L for 

VSS, 16.01± 3.81 mg/L for FSS (Figure 2). It is 

evaluated that the TSS and FSS values are high 

due to the increase of phytoplankton biomass and 

the terrestrial inputs transferred by rainwater and 

snowmelt. This result is considerably higher than 

the Demirköprü Dam Lake (5.41 mg/L) and Dicle 

Dam Lake (3.15 mg/L) TSS values (Türk Çulha & 

Erdoğuş, 2018; Varol, 2015). The TSS result in 

Marmara Lake shows that the lake is in the 

polluted water category. 

The average SiO2 value determined in Marmara 

Lake was determined as 3.65±0.602 mg/L. 

Similar to these values, Sömek & Balık (2009) 

reported the SiO2 values from the Karagöl Lake, 

Saadoun et al., (2010) reported the SiO2 value to 

be between 2.33-7.60 mg/L in the Wadi Al-Arab 

Dam in Bulgaria, and Türk Çulha & Erdoğuş 

(2018) reported it to be 3.29-9.69 mg/L in the 

Demirköprü Dam Lake. Egemen & Sunlu (1996) 

assessed that the SiO2 concentrations were very 

low in the spring season when the growth of 

diatoms was rising and high in the winter season 

when phytoplankton activity was poor. However, 

in this study, the main source of SiO2, which is at 

its maximum level in the autumn months, is 

thought to be from terrestrial inputs due to 

precipitation. 

In this study, The NH4
+-N ranged from 0.121 

(January) to 0.019 (May). It is thought that the 

reason for the relatively low NH4
+-N values in the 

spring season in Marmara Lake is the 

consumption of increased phytoplankton biomass 

as food and the conversion of ammonium to 

ammonia with increasing pH during this period. 

The average NH4
+-N value determined in the 

study was found to be lower than the value 

determined for the Yamula Dam Lake by Çevik & 

Elibol (2009) (0.46 mg/L), while it was found to 

be higher than the data of other lentic water bodies 

listed in Table 1. The overall average value of 

NH4
+-N is in the Class I category according to 

SWQMR (2015). Sarıyıldız et al. (2008) reported 

that the NH4
+-N value in their study conducted 

with samples taken from the region where the 

Gediz River enters the same lake fell into the 

Class IV category according to SWQMR (2015). 

Lakes (NH+
4-N) (NO-

2-N) (NO-
3-N) (PO3-

4-P) (SiO2) Chl-a (μg/l) Alkalinity Ref. 

Kalecik 0.23 - 0.27 0.1 - - - 1 

Çip 0.03 - 1.25 0.05 - - - 1 

Işıktepe 0.002-0.14 - 0.929 0.06 - - 98-148 2 

Almus 0.29 0.011 0.18 0.03 - - - 3 

Yamula 0.46 0.083 0.69 0.04 - - - 4 

Dicle - - - - - - - 5 

Van 0.04-2.62 0.04-17.56 16.79-64.63 7.38-9.13 - - 7630-7879 6 

Derbent 0.18 0.05 0.96 0.05 - - 163.8 7 

Afşar 0.13-1.35 0-0.025 0-1.8 0-1.16 - 0.2-49.5 - 8 

Mogan 1.8-2.3 0.1-0.23 - <50 - 9 

Selevir 0.063 0.02 0.006 0.17 - - - 10 

Uluabat 0.19 0.043 0.99 0.42 - - - 11 

Karagöl 0.01-0.51 0.00-0.02 0.48-5.96 0.12-0.36 - - 224.6-304.3 12 

Karagöl 0.002-0.64 0.0006-0.154 (Ʃ) 0.003-0.112 0.80-10.90 0.9-9.3 - 13 

Demirköprü 0.08-1.736 0.002-0.074 0-0.154 0.018-0.262 3.29-9.69 1-162 26.8 14 

Wadi Al- Arab - - 0.7-30.4 0.73-1.02 2.33-1.46 - - 15 

Marmara 

Lake 

0.019-0.121 

0.044±0.008 

0.004-0.019 

0.009±0.001 

0-0.06 

0.011±0.006 

0.003-0.089 

0.036±0.008 

0.2-6.5 

3.65±0.602 

2.5-79.2 

26.69±6.76 

101-197 

161.5±10.0 
16 
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NO2
--N is an unstable nitrogen form that occurs as 

a result of the oxidation of ammonia or the 

reduction reaction of ammonia to nitrate and 

rarely accumulates in the water column (at the 

anoxia); additionally, it was able to originate from 

the decomposition of various organic proteins 

(Boyd & Tucker, 1998). The mean NO2
--N value 

in this study is 0.009±0.001 mg/L. Buhan et al., 

(2010) reported no pollution due to NO2
--N (0.011 

mg/L) values in the Almus Dam Lake. Türk Çulha 

& Erdoğuş (2018) stated that nitrite in 

Demirköprü dam lake was higher in summer than 

in other months. According to the SWQMR 

(2015) water quality parameters, the values of 

NO2
--N are in the Class II water category. In 

Marmara Lake, the highest nitrite value was 

determined in the months representing the autumn 

period. This result was assumed to be due to the 

high temperature and low oxygen conditions 

occurring in the summer and autumn months in 

Lake Marmara, which was quite shallow and 

under the influence of possible fertilization due to 

intensive agricultural activities in its surroundings 

before it dried out completely, causing disruptions 

in the nitrogen cycle processes in both the water 

column and the sediment. Previous research has 

shown that this cycle in lakes can be impacted by 

environmental factors like temperature, N 

availability, dissolved oxygen, and microbial 

diversity and abundance (Yoshinaga et al., 2011; 

Xu et al., 2012; Wu et al., 2012; Zhu et al., 2015). 

The average NO3
--N value determined in the study 

is 0.011±0.006 mg/L. These data are considerably 

lower than the other nitrate values given in Table 

1. When the monthly distribution of nitrate is 

examined, the value is determined only in January 

and March. When the average NO3--N values 

determined in Marmara Lake are compared with 

the water quality parameter values specified by 

SWQMR (2015), it is determined that they fall 

into the Class I category. Again, the NO3--N 

values determined in Selevir and Demirköprü dam 

lakes fall into the Class I category (Bulut et al., 

2011; Türk Çulha & Erdoğuş, 2018). 

PO4
-3-P is measured in relatively limited 

concentration in uncontaminated natural waters 

by the pollutants and determines the productivity 

of lakes (Tepe & Boyd, 2003). Unlike nitrogen, 

which has many forms in lake systems, the most 

obvious inorganic phosphorus forms are ortho-

phosphate or phosphate phosphorus, and more 

than 90% of the phosphorus detected in freshwater 

is found in the cells of living aquatic organisms as 

organic phosphate (Wetzel, 1983). The basis of all 

organic phosphorus compounds are the ortho-

phosphate anions (Uslu & Türkman 1987). The 

average PO4
-3-P value determined in Marmara 

Lake is 0.036±0.008 mg/L. PO4
-3-P values were 

determined to be higher in the autumn months. 

This increase is thought to be due to, during the 

rainy period, the surface waters coming from 

terrestrial environments mixing with rainwater 

due to the slope of the land where the lake is 

located, nutrients coming from the agricultural 

areas, and the geological structure of the lake. 

Similar results were determined in Demirköprü 

Dam Lake (Türk Çulha & Erdoğuş, 2018). When 

compared with the study data in Table 1, it has a 

lower phosphorus value than Afşar, Uzunçayır, 

Selevir, Hirfanlı, Demirköprü Van, Uluabat and 

Wadi Al-Arab lakes. When compared with the 

water quality parameter values specified by 

SWQMR (2015), the PO4
-3-P values determined 

in Marmara Lake fall into the Class II category. 

Chlorophyll-a is a dominate photosynthetic 

pigment in all phytoplanktonic organisms to 

carried out the primer production of nutrients and 

these organisms constitute the first link of the food 

chain in a freshwater ecosystem, with aquatic 

macrophytes. Therefore, the concentration of 

chlorophyll-a is the most important indicator to 

estimate phytoplankton biomass and trophy levels 

in a lake (Vollenweider & Kerekes, 1982). 

Chlorophyll-a values determined in Marmara 

Lake having 6 m of the deepest point, were 

inversely proportional with nutrient elements, 

reaching high values in autumn months, while 

lower values were determined in spring season 

when production is lower. In this study, the 

average chlorophyll-a amount was measured as 

26.69±6.76 μg/L. This value is higher than the 

values of Borçka and Hirfanlı dam lakes given in 

Table 1, but lower than the values of other lakes. 

The average chlorophyll-a amount determined in 

Lake Marmara is in the hypereutrophic level 

according to SWQMR (2015). Furthermore, the 

excessive developments of macrophytes in 

surface water during the study periods is another 

indicator of eutrophication. 
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Figure 2. Monthly variations of water quality mean values (with ± se) in the Marmara Lake 
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The overall average TSI scores were calculated 

47.9±5.1 for TSI(TP) and 57.8± for TSI(Chl-a). 

The TSI (TP) scores ranged from 19.7 (April) to 

68.6 (September), TSI (Chl-a) scores ranged from 

39.4 (April) to 73.1 (October). Based on the 

calculated TSI scores, the trophic state of the lake 

is classified into one of four categories: 

oligotrophic (TSI < 40), mesotrophic (40 ≤ TSI < 

50), eutrophic (50 ≤ TSI < 70), or hypertrophic 

(TSI ≥ 70). According to these trophy 

classification, Marmara Lake was eutrophic by the 

TSI (TP) and was hypertrophic by TSI (Chl-a) in 

the summer and autumn months (Figure 3).  

Figure 3. Monthly variations of mean Carlson’s TSI scores 

(with ± se) in the Marmara Lake  

A potential wetland restoration will be able to save 

a regional biodiversity center and a living 

ecosystem with diverse birds, fishes, and other 

aquatic species, but also to regain fisheries 

activities that were once supported by the lake. 

Following the restoration project in the future, it 

can be concluded that the lake area, which is 

currently used for agriculture, may have high 

nutritional value as a result of fertilization. The 

authors recommend that eutrophication control 

and ecological quality monitoring strategies 

should be developed, and measures should be 

taken to prevent fertilizers and other nutrients 

from agricultural areas from being carried into the 

lake. Additionally, it is thought that other 

pollution factors (metal, pesticides, etc.) should 

also be examined before restoration is carried out. 
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