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Abstract: In this study, some physico-chemical parameters of seven selected sampling sites (SSs) along the northern coastal 

line of Gökova Bay were investigated monthly. Then collected data were evaluated through the multivariate statistical 

analyses. Monthly distribution of water quality parameters was created using box plot across the SSs. When the parameters 

were examined with Spearman's rho correlation, the highest positive correlations were found to be between DO (Dissolved 

oxygen)‒SO (Saturated oxygen), EC (Electrical conductivity)‒Salt (Salinity), DO‒BOD5 (Biological oxygen demand), SO‒BOD5, 

TP (Total phosphorus)‒PO4 (Ortho-phosphate), while the highest negative correlations were found to be between WT (Water 

temperature)‒DO, EC‒NO3 (Nitrate nitrogen), Salt‒NO3, WT‒SO. When Kruskal Wallis Test was applied to water quality 

parameters, WT, DO, SO, SUS (Suspended solids), TP, NO2, PO4, NH4, NO3, BOD5 differed significantly in terms of sampling 

months (p<0.05), while pH, SO, EC, Salt, NO2, NH4, NO3, Chl-a and BOD5 differed significantly in terms of SSs (p<0.05). Principal 

component analysis (PCA) was applied to better express the relationship between measured surface water parameters and 

to identify sources that influence variables. PCA analysis was identified as PC 1 =28.7 %, PC 2 =21.03 % and PC 3 =11.04 %. 

The result of the study indicates that water quality degradation increases due to environmental pollution caused by intense 

tourism, overuse of coastal lines, maintenance of ships and daily ship trips. 

Keywords: Gökova Bay, physical-chemical parameters, multivariate statistical analyses, coastal line, 

environmental impacts  

Gökova Körfezi Kıyı Hattında (Muğla, Türkiye) Çok Değişkenli İstatistiksel Analizler Kullanılarak Yüzey Suyu Kalite Parametrelerinin 

Değerlendirilmesi 

Öz: Bu çalışmada, Gökova Körfezi kuzey kıyı şeridi boyunca seçilen yedi istasyonun bazı fiziko-kimyasal parametreleri aylık olarak incelenmiştir. 

Daha sonra toplanan veriler çok değişkenli istatistiksel analizlerle değerlendirilmiştir. Su kalitesi parametrelerinin  dağılımı box plot 

kullanılarak aylık ve istasyonlar olacak şekilde dağılım grafikleri oluşturulmuştur. Parametreler Spearman's rho korelasyonu ile incelendiğinde  

en yüksek pozitif korelasyonlar DO (Çözünmüş oksijen)‒SO (Doymuş oksijen), EC (Elektriksel iletkenlik)‒Salt (Tuzluluk), DO‒BOD5 (Biyolojik 

oksijen ihtiyacı), SO‒BOD5, TP (Toplam fosfor)‒PO4 (Orto-fosfat) arasında iken en yüksek negatif korelasyonlar WT (Su sıcaklığı)‒DO, EC‒NO-

3 (Nitrat azotu), Salt‒NO3, WT‒SO olarak tespit edilmiştir. Su kalitesi parametrelerine Kruskal Wallis Test uygulandığında örnekleme ayları 

açısından WT, DO, SO, SUS (askıda katılar), TP, NO2, PO4, NH4, NO3, BOD5 anlamlı farklılık gösterirken (p<0.05) örnekleme noktaları açısından 

ise pH, SO, EC, Salt, NO2, NH4, NO3, Chl-a ve BOD5 anlamlı farklılık göstermiştir (p<0.05). Ölçülen yüzey suyu parametreleri arasındaki ilişkiyi 

daha iyi ifade etmek ve değişkenlere etki eden kaynakları belirlemek için Temel Bileşen Analizi (TBA) uygulanmıştır. TBA analizinde PC 1 = 

%28.7, PC 2 = %21.03 ve PC 3 = %11.04 olarak tespit edilmiştir. Çalışmanın sonucu, yoğun turizm, kıyı hatlarının aşırı kullanımı, gemilerin 

bakımı ve günübirlik gemi seferlerinin neden olduğu çevre kirliliği nedeniyle su kalitesindeki bozulmanın arttığını göstermiştir. 

Anahtar kelimeler: Gökova Körfezi, fiziksel-kimyasal parametreler, çok değişkenli istatistiksel analizler, kıyı hattı, çevresel etkiler  

INTRODUCTION   

Water is a valuable natural resource for all living organisms 

(Priscoli, 1998; Yang et al., 2007; Lu et al., 2010; Mandal et 

al., 2010; Kolawole et al., 2011; Rashid and Romshoo, 2013; 

Sutadian et al., 2016; Misaghi et al., 2017). However, this 

resource is in great danger due to the increase in human 

population and the different demands on water in recent 

years (Bora and Goswami, 2017). Surface water is the part 

that is most affected by the pollution in terrestrial areas 

(Samarghandi et al., 2007). Surface waters are more 

susceptible to contamination as they are accessible for 

disposal of wastewater (Ren et al., 2003; Kolawole et al., 

2008; Antisari et al., 2010). Recently, awareness and concern 

about water pollution and scarcity are increasing worldwide. 

Coastal areas have significant environmental potential 

(Hernandez-Romero et al., 2004; Barroso et al., 2007). 

People especially prefer to build industrial and urban centers 

on the geographic locations where rivers meet seas and 

oceans. These areas constitute a competitive environment 

and are used extensively by many sectors. Field competition 
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arising from activities such as uncontrolled urbanization, 

agriculture, industry and tourism (Ferreira et al., 2011) leads 

to degradation of the environment (Madrid, 2003). In these 

areas, anthropogenic sources affect adversely the use of the 

environment by disrupting water quality (Carpenter et al., 

1998; Hornberger et al., 1999; Balkis et al., 2010; Şener et al., 

2017). The marine environment has a large amount of 

pollution burden from various sources due to the increase of 

the population and the commercial industry. Seawater 

quality has become a serious concern for ecology due to its 

effects on human health, marine life and water ecosystem 

(Zhou et al., 2007). The examination on the negative affects 

of the major activities on water quality is critically important 

(Russ, 2017). 

Humans strongly influence almost the entire large water 

ecosystem. Increases and deteriorations in nutrient salts 

within water occur with the activities performed. These 

inputs have profound and negative impacts on water quality 

(Smith, 2003). Aquatic organisms (fish) intensively take 

nitrogen and phosphorus derivatives and people benefit 

from these organisms. Industrial and domestic waters reach 

the seas and directly affect the people who live there. On the 

other hand, water coming from agricultural areas creates 

eutrophication risk with its high phosphorus, nitrite and 

nitrate content (Evans et al., 2019). The prevention and 

control of surface water pollution is based on the 

identification of contaminant sources  (Simeonov et al., 

2003; Shrestha and Kazama, 2007). Waters coming from 

terrestrial areas are a serious factor affecting human health 

and ecological systems in urban areas because these waters 

carry a large number of pollutants coming from domestic, 

industrial, waste water and agricultural areas to the marine 

zone until they come to coastal area (Zhang et al., 2009).  

The Bay of Gökova is capable of harboring many endemic or 

rare endangered species which are both rich in biological 

diversity and endangered in the Mediterranean basin and on 

Earth.  The remarkable species in the Bay of Gökova are; 

sand shark (Carcharinus plumbeus), island gull (Larus 

audouinii), fish eagle (Pandion haliaetus), the otter (Lutra 

lutra) (Kıraç et al., 2010). Due to its rich biodiversity, the 

sustainability of water quality in the study area for future 

generations is very important. Biodiversity, known as plants, 

birds, animals and other living beings, has recently been 

endangered worldwide. Some species have become extinct, 

some are in danger of extinction. Certain regions have been 

selected in many countries for the purpose of leaving 

unspoiled rich biological heritage, a healthy and clean 

environment for future generations, getting sufficient share 

from world tourism and ensuring sustainable  

development. In terms of obligation of agreement for 

protection of Mediterranean against pollution for signatory 

countries, areas which have economic importance in Turkey 

and world but are in the risk of extinction due to industry, 

tourism and structuring have been named with the decision 

of the board 'special environmental protection area’ (Taşlıgil, 

2008). Gökova Bay, which is located in the study area, is one 

of these areas (special environmental protection area). 

Gökova Bay which located in the connection zone of the 

Aegean Sea and the Mediterranean Sea, has been declared 

as “The Private Environment Protection Zone-PEPZ” since 

1989. It is one of the eight marine protected areas in Turkey 

(Akyol et al., 2007). In this bay particularly in summer period, 

water pollution arises due to tourism. On the north coast of 

the bay, there are agricultural enterprises, marine activities 

(yacht and tour boat activities) and the areas where ships are 

maintained (boatyard). To identify and comprehend 

pollution loads, water quality parameters should be 

sampled, analyzed and assessed in each season according to 

the water quality criteria. This study was conducted to 

investigate the potential effects of anthropogenic pollution 

on the surface water quality of the northern coastal coastline 

of Gökova Bay. In order to determine possible 

environmental sources affecting the field of study, 

multivariate statistical analyses were applied and 

evaluations were made. The results are highly important for 

decision-makers in order to conduct a sustainable 

management plan. 

MATERIALS AND METHODS 

This study was carried out in Gökova Bay located between 

36.90o ‒ 37.09o North latitudes and 28.07o ‒ 28.43o East 

longitudes (Figure 1). The length of the bay in the east-west 

direction is 90 km, and in the north-south direction, its 

western end is 30 km and the eastern end is 5 km. Gökova 

Bay, with 24.500 ha land part, has a total area of 52.000 ha 

(Uluğ et al., 2005; Tarkan et al., 2009). The most important 

streams that flow to the Gökova Bay are Kadın Azmağı and 

Akçapınar Azmağı Creeks and Çamlı Stream. The Kadın 

Azmağı Creek is about 1700 m and 6 m deep in places (Döndü 

and Özdemir, 2019), the Akçapınar Azmağı Creek is about 

7000 m and in a generally slow flow (Tarkan et al., 2009), 

while Çamlı Stream is about 8000 m and flows throughout 

the year to the Bay of Gökova (Tuna and Çelik, 2009). 

Touristic and agricultural activities are particularly intensive 

during the summer months in the areas where first, fourth 

and seventh SSs are located. The second SS is located on the 

pier. The third SS is located in the boat yard. The fifth  (SS-5) 

and sixth (SS-6) SSs are located in main beach area. Between 

November 2014 and October 2015, the sea surface water 

samples monthly collected (2.5-3.5 m) from seven selected 

SSs were analyzed. 
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Figure 1. Study area and SSs 

Water samples from the designated SSs were filled into 

polyethylene bottles of 2 L. Samples taken into the bottles 

were kept in the freezer until they were brought to the 

laboratory to avoid exposure to microbiological and 

physchemical disturbances that may be affected by external 

environmental conditions. Samples that could not be 

analyzed within an hour were stored in cold chains between 

0 and +4 °C under laboratory conditions. All of the reagents 

and chemicals used in the current study were of analytical 

reagent grade. EC ( mS cm-1), Salt (%0), pH, WT (oC), DO (mg 

L-1), and SO (%) were measured on site by the YSI 566 

multiprop device. Nitrite nitrogen (NO-
2-N, mg L-1), NO-

3-N 

(mg L-1), Ammonium nitrogen (NH4
+-N, mg L-1), PO4

3- (mg L-

1), TP (mg L-1), Suspended solids (SUS, mg L-1), Chlorophyll-a 

(Chl-a, mg L-1) and BOD5 (mg L-1)  analyses were performed 

according to the APHA (American Public Health Association-

American Water Works Association-Water Environment 

Federation, Standard Methods For the Examination of Water 

and Wastewater, 22nd edition, 2012) methods in Mugla Sıtkı 

Kocman University, Environmental Problems Research and 

Application Center, Water Analysis Laboratory (Döndü et al., 

2022).  

Macro feature of excel package program and IBM SPSS 
Statistic 22 program were used in data analysis (Coakes, 
2009). In the first step of statistical analyses, descriptive 
statistics of obtained data were completed. Then, the 
normality (Kolmogorov-Smirnov) test was applied to the 
variables to determine whether they were normally 
distributed. Box plot was used to show the distribution of 
data. Spearman's rho test was used to examine the 
relationships between data and Kruskal-Wallis test (non-
parametric ANOVA) was used to determine the significance 
of possible water quality values differences between SSs and 
months. In addition, PCA was used to identify contamination 
sources.  
RESULTS AND DISCUSSIONS 
The study area is affected by many different sources. In 
summer, especially tourism activities are effective in the sea 
and terrestrial area. At the same time, the materials brought 
by the streams from terrestrial areas are directly mixed into 
the Gökova Bay.  

Table 1. Descritive statistics of overall data 

 Min Max Mean Sd 

WT (oC) 14.9 28.8 21.4 3.94 

pH 7.6 9.2 8.0 0.25 

DO (mg L-1) 4.1 7.0 5.7 0.85 

SO (%) 51.2 91.3 73.9 8.45 

EC (mS cm-1) 23.9 53.9 42.1 9.1 

Salt (‰) 13.1 35.7 27.0 6.38 

SUS (mg L-1) 1.0 143 21.74 27.1 

TP (mg L-1) ND 0.026 0.010 0.01 

NO2-N (mg L-1) ND 0.013 0.010 0.01 

PO4 (mg L-1) ND 0.11 0.01 0.02 

NH4-N (mg L-1) 0.01 0.15 0.03 0.02 

NO3-N (mg L-1) ND 1.39 0.35 0.27 

Chl-a (mg L-1) ND 10.5 2.08 2.46 

BOD5 (mg L-1) 0.49 2.99 1.92 0.62 
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In addition to all this, agricultural activities in the terrestrial 

area continue throughout the season. Descriptive statistics 

of water variables are given in Table 1. The data obtained 

were evaluated according to the Turkish Water Pollution 

Control Regulation (TWPCR, 2008), Inland Water Resources 

Classes. According to TWPCR, all the studied parameters (as 

mean) were determined to be of 1st class water quality 

except DO, SO and Chl-a. DO and SO values were determined 

to be of 2nd water quality. Chl-a was found to be above the 

limit (0.008 mg L-1) value used for recreational purposes 

which is indicating the risk of eutrophication. Box plot 

distributions of the data obtained in the study were given in 

Figure 2. Lines in the middle of the boxes represent the 

median, round diamonds indicate the arithmetic mean, and 

circles indicate outliers in Figure 2. In Figure 2a SO, in Figure 

2b pH and in Figure 2c NO3-N values were found to be higher 

in sampling sites compared to other parameters. Figure 2d‒

2e‒2f displays the distribution of parameters in months (1st 

month January). There are parallels between air 

temperature and water temperature data (Figure 2d). 

Especially in the summer months, the increased 

anthropogenic activities and the deterioration in some 

parameters are similar (Figure 2d‒2e‒2f). 
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Figure 2. Distribution of water quality parameters 

Table 2. Spearman's rho correlation results 
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**Correlation is significant at the 0.01 level (2-tailed),*Correlation is significant at the 0.05 level (2-tailed). 

Table 3. Kruskal-Wallis test results 
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a. Kruskal Wallis Test 

 b. Grouping Variable: Months 
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a. Kruskal Wallis Test 

b. Grouping Variable: Sampling Sites 

PCA analysis is often used to assess the relationships and 

similarities of possible sources of pollutants. Kaiser-Meyer-

Olkin (KMO) ‒ Bartlett’s test and Varimax with Kaiser 

normalization (Rotation Method) were applied to determine 

whether the data set was suitable for PCA. KMO ‒ Bartlett 

test was p<0.001, which illustrated that PCA could be used in 

dimensionality decompositions. Three main components (3 

components extracted), whose eigenvalue was greater than 

1 and constituted 60.77 % of the total variance, were 

identified (Figure 3). While DO, SO, Chl‒a and BOD5 are 

positively loaded on PC 1, WT is negatively loaded. NO3 

negatively is loaded while pH, EC and Salt are loaded 
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positively on PC 2. In PC 3, SUS, TP and PO4 are loaded 

positively (Figure 4).  

 

 

Figure 3. PCA graph for parameters 

 

Figure 4. Rotated component matrix 

In the northern coastal line of Gökova Bay, the number of 

studies in which water quality is evaluated by statistical 

analysis is low. In this regard, it is thought that our work will 

contribute to sustainable use by funding scientific studies. 

WT is a very important criterion in water quality because 

most quality parameters (physical, chemical and 

biochemical) are temperature dependent (Cluis, 1972; Zhu 

and Piotrowski, 2020). WT values are depended on weather 

temperature values. During the summer, water temperature 

values increase, while in winter they reduce. The highest 

water temperature was 28.8 oC at the third SS in August 

(Figure 2a‒2d). The most fluctuation was observed at 6th 

and 7th SSs, which are directly linked to the streams (Kadın 

and Akçapınar Creeks). WT is particularly negatively 

correlated with DO, SO and BOD5 (Table 2).  

DO, SO and BOD5 parameters decrease during the months 

when temperature increases. Kruskal-Wallis test found that 

WT differed significantly across the months (p<0.05), but did 

not differ across the SSs (p>0.05) (Table 3).  

The pH values indicate seasonal and even daily changes in 

seawater as a result of temperature and biological activities 

(Demirak, 2003; Ustaoğlu et al., 2020). The pH values were 
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detected as the highest at the sampling site 3 which is 

located on the boat yard. pH was found to differ significantly, 

especially across the SSs (p<0.001). This indicates that each 

SS is affected by different levels of environmental resources. 

It is deduced that the use of chemical materials (painting, 

polishing, sanding, etc.) on the boat yard is the main cause 

of this increase. 

Adequate DO in the water column is essential for 

aquaculture processes and is routinely monitored (Price et 

al., 2015; Heddam and Kisi, 2018). The highest DO value was 

7.0 mg L-1 at the second SS in December. DO is particularly 

highly correlated with SO and BOD5 (Table 2), and DO 

distributions differ significantly across the months (p<0.05). 

The lowest annual average values were also found in the 

boatyard zone and annual average of DO was 5.7 mg L-1. This 

value is under the criteria required for the waters used for 

recreation purposes (TWPCR, 2008). This situation may pose 

potential ecological and health risks to aquatic creatures 

living in the region in the coming years. SO values are 

generally in parallel with the dissolved oxygen values (r=0.9). 

The water quality parameter (SO) used for recreation 

purposes remained below the limit value (TWPCR, 2008). 

The highest SO value was determined in December at the 

second SS, as was the DO value. The precipitation in these 

months and fresh water from the terrestrial area cause an 

increase in these parameters (DO and SO). SO values differ 

significantly in terms of both months and sampling points 

(p<0.05). 

Salinity is an important factor that controls the distribution 

of biota in water systems (Bayly, 1972; Ueda et al., 2000; 

Venâncio et al., 2019). Most multicellular organisms in the 

water have been adapted to live in either saltwater or 

freshwater conditions (Herlemann et al., 2011). Salinity in 

water is under the influence of various factors such as rocks, 

rains, and evaporation in the aquatic environment. The 

annual average of salinity was 27 %0 and the annual average 

of electrical conductivity was 42.1 mS cm-1. Salinity and EC 

values are in parallel with each other (Figure 2a and 2d) 

(r=0.9). Both salinity and EC values differ significantly across 

SSs (p<0.05).  

The tendency to increase nitrogen levels due to 

anthropogenic sources is a worldwide problem because it 

can contribute to algae bloom and eutrophication. Nitrite 

nitrogen is intermediate in nitrification, denitrification and 

reduction of nitrate to ammonium (Philips et al., 2002). 

Nitrite nitrogen was not detected at some SSs, while the 

highest value (0.013 mg L-1) was detected at the seventh SS 

in December. The reason why nitrite nitrogen was 

fluctuating throughout the study is that nitrite is a by-

product. Atmospheric events in winter, the potential for 

freshwater to carry nitrite to the Bay and nitrite fertilizers 

used for agricultural purposes in the region may be the 

reasons for the increases (Anderson et al., 2006). Nitrite 

nitrogen differs significantly across both months and 

sampling points (p<0.05). 

In the study area, ammonium nitrogen was 0.03 mg L-1 and 

nitrate nitrogen was 0.35 mg L-1. Nitrate nitrogen values 

increase in the mid seasons and summer months (Figure 2d). 

Nitrate nitrogen differs significantly across both months and 

SSs (p<0.05). Ammonium in the water can be originated from 

humans and animals (Demirak, 2003; Demirak et al. 2012). 

Ammonium nitrogen differs significantly across both months 

and SSs (p<0.05), while it also has a positive relationship with 

nitrite nitrogen (r=0.05). This is thought to be due to 

nitrification and denitrification relations. Ammonium 

nitrogen values increase in the coastal part of Akyaka where 

tourism and agricultural activities (the use of nitrogen-

containing fertilizers) are concentrated. The reason for 

higher nitrogen values can be explained with the amount of 

environmental waste from freshwater sources flowing to the 

Gökova Bay, the seasonal activities of the boatyard, the 

discharge of bilge waters to sea, and especially in summer 

months the intensive use of beaches for touristic purposes.  

Phosphorus is generally lesser in marine waters, but it can 

lead to an increase in eutrophication through anthropogenic 

effects (Cloern, 2001; Nordvarg and Hakanson, 2002; Ngatia 

et al., 2019). In this study, the annual total phosphorus value 

was 0.010 mg L-1, and the orthophosphate value was 

determined as 0.01 mg L-1 on average. Positive correlation 

was detected between total phosphorus and 

orthophosphate values (r=0.6), and both parameters 

differed significantly between the months (p<0.05). 

Anthropogenic activities in the region, especially in summer 

months (especially domestic waste mixing with water and 

agricultural studies) are the sources that have eliminated 

phosphorus increase. Total phosphorus concentration in 

Güllük Bay was 0.03‒0.07 mg L-1. Demirak (2003), in the 

same study area, determined the orthophosphate 

concentration as 0.06‒0.36 mg L-1.  

SUS, which has organic or inorganic origin and transported 

by streams, reduces the light permeability to water by 

increasing the blur. SUS values were most at SS 7 (June, 143 

mg L-1). The reason for this is the substances carried with 

Akçapınar Creek and the samplings in mid seasons. In 

addition, SUS shows significant distribution difference 

between months (p<0.05). SUS values were identified as 

21.74 mg L-1 on average.  

BOD5 is the amount of oxygen that bacteria need to break 

down organic matter in oxygenated conditions. The annual 

average of BOD5 values was determined as 1.92 mg L-1. BOD5 

shows a positive correlation with DO and SO (r=0.7, r=0.6), 

while it correlates negatively with WT (r=‒0.5). In aquatic 

environment, low BOD5 is good quality water and high BOD5 

is an indicator of polluted water (Effendi and Wardiatno, 

2015). The concentration of DO is generally thought to 

decrease when the BOD5 rises (Basatnia et al., 2018). 
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However, when BOD5 increased in the study, the DO level 

(r=0.7) also increased. This may be because the sampling 

sites in the study area are at shallow water level (as well as 

calm water close to land) and surface water samples are 

used regardless of depth. For these reasons, it is thought that 

a positive correlation occurs between BOD5 and DO. The DO-

BOD5 correlation we obtained in our study is parallel to the 

study by Basatnia et al. (2018). BOD5 differs significantly 

across both months and SSs (p<0.05). The maximum increase 

found on the sixth sampling site. The beach has a small area 

and is an intensely used point, so the lack of infrastructure 

system and mixing of the residual wastes directly to the 

water affect the beach negatively.  

Chl-a is the most important photosynthesis pigment and 

available as the main pigment in all plants. Pigment analyses 

are also used to determine the trophic structure of 

phytoplankton communities (Barlow et al., 1997). Also 

Chlorophyll-a is an important index that shows the eutrophic 

level in the waters and is used to express the biomass of 

ambient (Demirak, 2003; Mamun et al., 2019). Chl-a values 

are especially intense in the spring months when 

temperatures first start to rise (Figure 2e). This indicates 

increased eutrophic conditions with temperature increase, 

dissolved oxygen decrease and nutrient increase. In recent 

studies, researchers discussed the relationship between Chl-

a and the increase of nutrients and the formation of 

mucilage, which is one of the important problems of today 

(Ergul et al., 2021). Chl-a distributions differ significantly 

between sampling points (p<0.001). In the study, the annual 

average of Chlorophyll-a was determined as 2.08 mg L-1. The 

average Chl-a value is above the limit value used for 

recreational purposes which is indicating the risk of 

eutrophication. 

The results obtained by PCA analysis are given in Figure 3 and 

Figure 4. Factors are classified as "strong" (>0.75) "medium" 

(0.75‒0.50) and "weak" (0.50‒0.30) according to their 

impact size (Li et al., 2011). PC 1 is 28.7%, with DO and SO 

strong, BOD5 medium, Chl-a weak load and WT negative 

strong load (Figure 4). This indicates that WT acts inversely 

proportional to other parameters within the same factor 

during periods of increase or decrease. In particular, the 

results in correlation analyses support this situation (Table 

2). PC 2 accounts for 21.03%, EC and Salt are strong, pH is 

weak positive loading, nitrate nitrogen is medium, 

ammonium nitrogen and BOD5 are weak. The inclusion of 

BOD5 in both components is considered an indication that it 

is affected by similar sources. Wastes caused by agricultural 

and tourism activities in the field of study may have affected 

nitrogen and its derivatives, causing an increase in the 

factors that are strong in this variance. PC 3 accounts for 

11.04%, orthophosphate is strong, SUS, TP and nitrate 

nitrogen show moderate load. Strong correlations of organic 

matter and phosphorous compounds support this condition 

(Table 2). Large increases in organic matter from agricultural 

areas and domestic (household wastewater, sewage, 

detergent waste, etc.) areas may have led to an increase in 

the factors affecting this variance. 

CONCLUSION 

Evaluation of water quality parameters by statistical 

analyses is very important for the ecosystem. In this respect, 

our study is the first study conducted with the use of 

statistical analysis on the northern coastal coast of the Bay 

of Gökova. In the statistical analyzes, it is seen that PCA is 

very effective and rivers have significant effects on the study 

area. According to TWPCR (2008); DO, SO and chl-a were 

detected in second class water quality. In addition, some 

parameters deteriorated especially towards the spring and 

summer months. There was an increase in chl-a during the 

spring months when biological activity was high, and 

increases in NO3-N concentrations at the fourth, sixth, and 

seventh sampling points where agricultural areas were 

concentrated. 

ACKNOWLEDGEMENTS 

This research was financially supported by Scientific 

Research Project Office in Muğla Sıtkı Koçman University 

(Project no: 14/088). We sincerely thank them for funding 

the Project. Some physical and chemical water quality data 

included in this study were presented as a summary text at 

the The 3rd International Symposium on EuroAsian 

Biodiversity, 05-08 July 2017, Minsk - Belarus. 

AUTHOR CONTRIBUTION 

Nedim Özdemir: Data collection, writing original draft, 

reviewing, and editing. Mesut Perktaş: Collection of data, 

laboratory studies, original drafting, reviewing, and editing. 

Mustafa Döndü: Collection of data, laboratory work, 

validation, writing original draft.  

REFERENCES 

Akyol O, Kınacıgil HT, Şevik R (2007) Longline Fishery and 

Length-Weight Relationships for Selected Fish Species 

in Gökova Bay (Aegean Sea, Turkey). Int. J. Nat. Eng. 

Sci, 1(1): 1-4. 

Anderson KA, Downing JA (2006) Dry and wet atmospheric 

deposition of nitrogen, phosphorus and silicon in an 

agricultural region. Water, Air, and Soil 

Pollution 176(1): 351-374. 

Antisari LV, Trivisano C, Gessa C, Gherardi M, Simoni A, 

Vianello G, Zamboni N (2010) Quality of Municipal 

Wastewater Compared To Surface Waters of the River 

and Crtificial Canal Network In Different Areas of The 

Eastern Po Valley (Italy). Water Qual Expo Health 2:1-

13.



ÖZDEMİR N, PERKTAŞ M, DÖNDÜ M 

89 

APHA (2012) Standart Methods for the Examination of Water 

and Wastewater, 22st. Edition. American Public Health 

Association, Washington pp 4-103:4-169. 

Balkis N, Aksu A, Okuş E, Apak  R (2010) Heavy Metal 

Concentrations in Water, Suspended Matter, and 

Sediment From Gökova Bay, Turkey. Environ Monit 

Assess 167(1-4):359-370.  

Barlow RG, Mantoura RFC, Cummings DG, Fileman TW 

(1997) Pigment Chemotaxonomic Distributions of 

Phytoplankton During Summer in the Western 

Mediterranean. Deep Sea Res.II 44(3-4):833-850.    

Barroso GF, Poersch LHS, Cavalli RO (2007) Sistemas De 

Cultivos Aquícolas Na Zona Costeira Do Brasil: 

Recursos, Tecnologias, Aspectos Ambientais E 

Sócioeconômicos. Museu Nacional, Rio de Janeiro. p 

326. 

Basatnia N, Hossein S.A, Rodrigo-Comino J, Khaledian Y, 

Brevik EC, Aitkenhead-Peterson J, Natesan U (2018) 

Assessment of temporal and spatial water quality in 

international Gomishan Lagoon, Iran, using 

multivariate analysis. Environmental Monitoring and 

Assessment 190(5): 1-17. 

Bayly IAE (1972) Salinity tolerance and osmotic behavior of 

animals in athalassic saline and marine hypersaline 

waters. Annual review of ecology and systematics 233-

268. 

Bora M, Goswami D (2017) Water Quality Assessment in 

Terms of Water Quality Index (WQI): Case Study of The 

Kolong River, Assam. India. Appl Water Sci 7:3125-

3135. 

Carpenter SR, Caraco NF, Correll DL, Howarth RW, Sharpley 

AN, Smith VH (1998) Nonpoint Pollution of Surface 

Waters With Phosphorus and Nitrogen. Ecol Appl 

8(3):559-568.  

Coakes SJ (2009) SPSS: Analysis Without Anguish Using SPSS 

Version 16.0 for Windows (1st Edition). Wiley: New 

York p 296. 

Cloern JE (2001) Our Evolving Conceptual Model of the 

Coastal Eutrophication Problem. Mar Ecol Prog Ser 

210:223-253.  

Cluis DA (1972) Relationship Between Stream Water 

Temperature and Ambient Air Temperaturea Simple 

Autoregressive Model for Mean Daily Stream Water 

Temperature Fluctuations. Hydrology Research 

3(2):65-71.  

Demirak A (2003) Muğla İli Güllük Körfezindeki Kirliliğin 

Araştırılması, Doktora Tezi, Karadeniz Teknik 

Üniversitesi, Trabzon (In Turkish). 

Demirak A, Yılmaz HA, Keskin F, Şahin Y, Akpolat O (2012) 

Investigation of Heavy Metal Content in The 

Suspended Particulate Matter and Sediments of Inner 

Gokova Bay and Creeks, Environ Monit Assess 

184(12):7113-7124.  

Döndü M, Özdemir N (2019) Kadın Azmağı’nın (Gökova 

Körfezi-Muğla) Su Kalitesi Yönünden Mevsimsel 

İncelenmesi. Adnan Menderes Üniversitesi Ziraat 

Fakültesi Dergisi 16(2):169-178 (in Turkish). 

Döndü M, Özdemir N, Demirak A, Doğan HM, Dincer NG, 

Keskin F (2022) Seasonal assessment of the impact of 

fresh waters feeding the Bay of Gökova with water 

quality index (WQI) and comprehensive pollution 

index (CPI). Environmental Forensics 1-13. 

Effendi H, Wardiatno Y (2015) Water quality status of 

Ciambulawung River, Banten Province, based on 

pollution index and NSF-WQI. Procedia Environmental 

Sciences 24: 228-237. 

Ergul HA, Balkis-Ozdelice N, Koral M, Aksan S, Durmus T, 

Kaya M., ... Canli O (2021) The Early Stage of Mucilage 

Formation in the Marmara Sea During Spring 

2021. Journal of the Black Sea/Mediterranean 

Environment 27(2). 

Evans AE, Mateo-Sagasta J, Qadir M, Boelee E, Ippolito A 

(2019) Agricultural Water Pollution: Key Knowledge 

Gaps and Research Needs. Current Opinion in 

Environmental Sustainability 36:20-27. 

Ferreira NC, Bonetti C, Seiffert WQ (2011) Hydrological and 

Water Quality Indices As Management Tools in Marine 

Shrimp Culture. Aquaculture 318(3-4):425-433.  

Heddam S, Kisi O (2018) Modelling Daily Dissolved Oxygen 

Concentration Using Least Square Support Vector 

Machine, Multivariate Adaptive Regression Splines 

and M5 Model Tree. Journal of Hydrology 559:499-

509. 

Herlemann DPR, Labrenz M, Jürgens K, Bertilsson S, Waniek 

JJ, Andersson AF (2011) Transitions in Bacterial 

Communities Along the 2000 Km Salinity Gradient of 

The Baltic Sea. The ISME Journal 5(10):1571.  

Hernandez-Romero AH, Tovilla-Hernandez C, Malo EA, Bello-

Mendoza R (2004) Water Quality and Presence of 

Pesticides in A Tropical Coastal Wetland in Southern 

Mexico. Mar Pollut Bull 48 (11-12):1130-1141.  

Hornberger MI, Luoma SN, Van Geen A, Fuller C, Anima R 

(1999) Historical Trends of Metals in the Sediments of 

San Fransisco Bay, California. Mar Chem 64(1-2):39-55. 

Kıraç CO, Orkun C, Toprak A, Veryeri NO, Galli-Orsi U, Ünal V, 

Erdem M, Çalca A, Ergün G, Suseven B, Yalçıner AC, 

Manap E, Kızılkaya Z, Battal MK, Savaş Y, Dessane D, 

Yıldırım ZD, Veryeri NG, Kaboğlu G, Çağlayan S, Özden 

E, Güçlüsoy H (2010) Management Planning of Coastal 

and Marine Area of Gökova Marine Protected Area (



Evaluation of Surface Water Quality Parameters by Multivariate Statistical 
Analyses in Northern Coastal Line of Gökova Bay (Muğla, Turkey) 

 

90 

in Turkish). In: VIII. Türkiye Kıyıları Ulusal Konferansı, Trabzon 

pp 1-10. 

Kolawole OM, Ajibola TB, Osuolale OO (2008) Bacteriological 

Investigation of A Wastewater Discharge Run-Off 

Stream in Ilorin, Nigeria. J. Appl. Environ. Sci 4:33-37. 

Kolawole OM, Ajayi KT, Olayemi AB, Okoh AI (2011) 

Assessment of Water Quality in Asa River (Nigeria) and 

Its Indigenous Clarias Gariepinus Fish. Int. J. Environ. 

Res. Public Health 8:4332-4352. 

Li S, Li J, Zhang Q (2011) Water Quality Assessment in the 

Rivers Along The Water Conveyance System of The 

Middle Route of The South To North Water Transfer 

Project (China) Using Multivariate Statistical 

Techniques and Receptor Modeling. Journal of 

Hazardous Materials 195:306-317. 

Lu X, Li LY, Lei K, Wang L, Zhai Y, Zhai M (2010) Water Quality 

Assessment of Wei River, China Using Fuzzy Synthetic 

Evaluation. Environ Earth Sci 60:1693-1699. 

Madrid RMM (2003) Planning and Regulation: Industry and 

Government Perspectives. In: Jory, D.E. (Ed.), World 

Aquaculture 2003. The World Aquaculture Society, 

Baton Rouge, Louisiana, pp 31-45. 

Mamun M, Kim JJ, Alam MA, An KG (2019) Prediction of Algal 

Chlorophyll-A and Water Clarity in Monsoon-Region 

Reservoir Using Machine Learning 

Approaches. Water 12(1):30. 

Mandal P, Upadhyay R, Hasan A (2010) Seasonal and Spatial 

Variation of Yamuna River Water Quality In Delhi, 

India. Environ Monit Assess 170:661-670. 

Misaghi F, Delgosha F, Razzaghmanesh M, Myers B (2017) 

Introducing A Water Quality Index for Assessing Water 

for Irrigation Purposes: A Case Study of the Ghezel 

Ozan River. Science of the Total Environment 589:107-

116. 

Nordvarg L, Hakanson L (2002) Predicting the Environmental 

Response of Fish Farming in Coastal Areas of the Åland 

Archipelago (Baltic Sea) Using Management Models 

for Coastal Water Planning. Aquaculture 206(3-4):217-

243.  

Ngatia L, Grace III JM, Moriasi D, Taylor R (2019) Nitrogen 

and Phosphorus Eutrophication in Marine 

Ecosystems. Monitoring of marine pollution 1-17. 

Priscoli JD (1998) Water and Civilization: Using History To 

Reframe Water Policy Debates and To Build A New 

Ecological Realism. Water Policy 1:623-636. 

Price C, Black KD, Hargrave BT, Morris Jr JA (2015)  Marine 

Cage Culture and the Environment: Effects on Water 

Quality and Primary Production. Aquaculture 

Envıronment Interactıons 6:151-174.  

Philips S, Laanbroek HJ, Verstraete W (2002) Origin, Causes 

and Effects of Increased Nitrite Concentrations in 

Aquatic Environments. Reviews in environmental 

science and biotechnology 1(2):115-141. 

Rashid I, Romshoo SA (2013) Impact of Anthropogenic 

Activities on Water Quality of Lidder River in Kashmir 

Himalayas. Environ Monit Assess 185:4705-4719. 

Ren W, Zhong Y, Meligrana J, Anderson B, Watt WE, Chen J, 

Leung H (2003) Urbanization, Land Use, and Water 

Quality in Shanghai 1947-1996. Environment 

International 29:649-659. 

Russ M (2017) Handbook of Knowledge Management for 

Sustainable Water Systems (challenges in water 

management series) 1st Edition. Wiley: Hoboken NJ, p 

307. 

Samarghandi M, Nouri J, Mesdaghinia AR, Mahvi AH, Nasseri 

S, Vaezi F (2007) Efficiency Removal of Phenol, Lead 

and Cadmium by Means of UV/TiO2/H2O2 processes. 

International Journal of Environmental Science and 

Technology 4:19-25. 

Simeonov V, Stratis JA, Samara C, Zachariadis G, Voutsa D, 

Anthemidis A, Sofoniou M, Kouimtzis T (2003) 

Assessment of the Surface Water Quality in Northern 

Greece. Water Research 37:4119-4124.  

Sutadian AD, Muttil N, Yılmaz AG, Perera BJC (2016) 

Development of River Water Quality Indices-A Review. 

Environ Monit Assess 188:58. 

Shrestha S, Kazama F (2007) Assessment of Surface Water 

Quality Using Multivariate Statistical Techniques: A 

Case Study of The Fuji River Basin. Japan. Environ 

Model Softw 22:464-475. 

Smith VH (2003) Eutrophication of Freshwater and Coastal 

Marine Ecosystems A Global Problem. Environmental 

Science and Pollution Research 10:126-139. 

Şener Ş, Şener E, Davraz A (2017) Evaluation of Water Quality 

Usingwater Quality Index (WQI) Method and GIS in 

Aksu River (SW-Turkey). Science of the Total 

Environment 584-585:131-144.  

Tarkan AN, Özdemir N, Demirak A, Filiz H, Tarkan AS, Bilge G, 

Gülşahin N, Yavuz E, Boran R, Özel İ, Yılmaz H, Erdinç 

ÖS (2009) Gökova İç Körfezi’nde Su Kalitesi ve Denizel 

Biyoçeşitlilik. Muğla Üniversitesi Baskısı. Smap III 

Gökova Projesi. Muğla/Turkey pp 6-12. (In Turkish). 

Taşlıgil N (2008) Tourism and Special Environmental 

Protected Areas:Case of Datça-Bozburun. Aegean 

Geographical Journal 17:73-83. 

 



  

     

91 

Tuna AL, Çelik V (2009) Agricultural and Domestic Pollution 

in the Inner Gulf of Gökova, Smap III Gökova Project 

Muğla Sıtkı Koçman University. Muğla, Turkey. 

TWPCR (2008) Turkish Water Pollution Control Regulation 

Official Gazette. no:25687. Turkey (in Turkish). 

Ueda S, Kawabata H, Hasegawa H, Kondo K (2000) 

Characteristics of Fluctuations in Salinity and Water 

Quality in Brackish Lake Obuchi. Limnology 1(1):57-62. 

Uluğ A, Duman M, Ersoy Ş, Özel E, Avcı M (2005) Late 

Quaternary Sea-Level Change, Sedimentation and 

Neotectonics of The Gulf of Gökova: Southeastern 

Aegean Sea. Marine Geology 221:381-395.  

Ustaoğlu F, Tepe Y, Taş B (2020) Assessment of Stream 

Quality and Health Risk in A Subtropical Turkey River 

System: A Combined Approach Using Statistical 

Analysis and Water Quality Index. Ecological 

indicators 113:105815. 

Venâncio C, Castro BB, Ribeiro R, Antunes SC, Abrantes N, 

Soares AMVM, Lopes I (2019) Sensitivity of freshwater 

species under single and multigenerational exposure 

to seawater intrusion. Philosophical Transactions of 

the Royal Society B 374(1764):20180252. 

Yang HJ, Shen ZM, Zhang JP, Wang WH (2007) Water Quality 

Characteristics Along the Course of the Huangpu River 

(China). J Environ Sci 19:1193-1198. 

Zhang Y, Guo F, Meng W, Wang XQ (2009) Water Quality 

Assessment and Source Identification of Daliao River 

Basin Using Multivariate Statistical Methods. Environ. 

Monit. Assess 152:105-121. 

Zhou F, Guo H, Liu Y, Jiang Y (2007) Chemometrics Data 

Analysis of Marine Water Quality and Source 

Identification in Southern Hong Kong. Mar Pollut Bull 

54:745-756.  

Zhu S, Piotrowski AP (2020). River/Stream Water 

Temperature Forecasting Using Artificial Intelligence 

Models: A Systematic Review. Acta 

Geophysica 68(5):1433-1442

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


