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Abstract 
 
Vertical and horizontal gradient of temperature, salinity, density, chlorophyll-a, dissolved 
oxygen and pH were monitored seasonally between summer 2008 and spring 2010 in the 
eastern, central and western basins of Izmit Bay (Marmara Sea). Surface seawater 
temperature ranged from 7.5 to 26 °C during the study period. Thermal stratification was 
found to be significant in winter and summer.  Surface water salinity ranged from 20.9   to 
24.0 ‰ in summer 2008 and 2009 and reached up to 36.1 ‰ below halocline layer. 
Permanent pycnocline and a two-layered stratification were observed throughout the study. 
Sigma-t seasonally varied between 13.5 and 18.4 in the upper layer and increased up to 
27.2 by increasing depth below the intermediate layer. Average seasonal Chl-a 
concentrations ranged from 1.5 in summer 2008 to 9.6 µg L-1 in spring 2010. The highest 
average Chl-a concentrations was found in the eastern basin during the study, whereas the 
maximum Chl-a level was measured as 18 µg L-1 in the central basin in spring 2010. Higher 
DO concentrations were measured in the western basin while the lowest (i.e., 0.2 mg L-1) 
was measured in the eastern basin located near the densely populated city center of the 
Kocaeli Province. Hypoxic conditions occurred in the intermediate layer in summer 
seasons while it was routinely present in the lower layer. Meteorological conditions impact 
the oceanography of the bay. In summer 2009, warm air temperature, weak wind speed, 
accordingly weak vertical water mixing accompanied with warm surface water resulted 
near surface hypoxia (i.e., below 4 m from the surface) in the eastern basin of Izmit Bay.  
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Introduction 
 
Monitoring of physicochemical parameters (e.g., temperature, salinity, density, 
chlorophyll-a (Chl-a), dissolved oxygen (DO), and pH) and meteorological 
factors (e.g., air temperature, precipitations, wind speed, and wind directions) 
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may provide valuable data for understanding the principal physicochemical 
characteristics and evaluating matter cycles in coastal marine ecosystems.  
 
Izmit Bay, which is one of the most polluted marine areas of Turkey, is located 
northeast of the Marmara Sea (Morkoc et al. 1997; Tolun et al. 2006). More than 
1.5 million inhabitants live in Kocaeli Province surrounding Izmit Bay. Industrial 
activities have been increasing rapidly since the 1980s around Kocaeli Province, 
thus Izmit Bay receives a considerable amount of domestic and industrial 
discharges (i.e., 90 million m3 annually) from its drainage basin and contains wide 
range of pollutants including organic and inorganic chemicals (Tolun et al. 2006; 
Balkis et al. 2007; Ergül et al. 2013; Karademir et al. 2013).  

Oceanographically, Izmit Bay is known to have stratified water bodies. The saltier 
water which comes from the Aegean Sea enters the Marmara Sea via the 
Çanakkale Strait, sinks to the bottom and reaches Izmit Bay. Unlike other layered 
water bodies and estuaries, Izmit Bay receives its less saline upper layer from the 
Black Sea which flows into the Marmara Sea via the Istanbul Strait (Besiktepe et 
al. 1994). Wind induced vertical mixing between the upper and lower layer occurs 
only at shallow depths (Algan et al. 1999) and movement of water bodies of Izmit 
Bay is affected from meteorological conditions (Oguz and Sur 1986). 
Metrological factors dependent oceanic stress was also reported from the 
Çanakkale Strait (Gündüz and Özsoy 2015). Unknown fish mortalities which 
were reported from Izmit Bay other important issue regarding the bay ecosystem 
(Anatolian-Agency 2001; Mol and Doğruyol 2012). A huge earthquake, epicenter 
in Izmit Bay, with a magnitude of 7.4 occurred in 1999 and dramatically affected 
the bay’s ecosystem. Some studies about the physicochemical conditions of Izmit 
Bay were done regarding the effects of the incident (Okay et al. 2001; Balkis 
2003). However, since the earthquake, there has been hardly any study in 
literature regarding the impact of meteorological and physicochemical conditions 
on the oceanography of the bay. Therefore, in the present study I aim to 
investigate the impact of meteorological factors and determine the temporal and 
spatial physicochemical factor variations in Izmit Bay ecosystem.  

This study presents the results of a two years monitoring performed in Izmit Bay 
that describes 1) the time dependent vertical and horizontal temperature, salinity, 
density, Chl-a, DO, and pH level variations, 2) impacts of meteorological 
conditions on layered formations and 3) water stratification roles on the seasonal 
physicochemical conditions of the eastern, central, and western basins in Izmit 
Bay. 
 
Material and methods 
 
Study Area 
Izmit Bay is a semi-enclosed coastal ecosystem located in the most industrialized 
area of the Marmara region (Turkey). The 49-km long bay with an area of 300 
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km2 has three basins connected by shallow and narrow passages. The eastern 
basin, the smallest component of the system, is approximately 5 km wide, 13.4 
km long, 47 km2 in surface area and relatively shallow with a maximum depth of 
40 m. The central basin, which is the largest component of the system, is 
approximately 9.5 km wide, 22 km long, 165 km2 in surface area and the depth 
increases up to 208 m (Kuscu et al. 2002) in the southern section. A narrow and 
shallow area (i.e., 55 m depth) at Dil Creek shore separates the central and western 
basins which are approximately 8.5 km in wide, 14 km in long and 47 km2 in 
surface area. The bottom topography of the western basin slopes downward 
toward the Marmara Sea and increases to a depth of approximately 100 m near its 
mouth (Figure 1). Stratification in the water column occurs throughout the year 
because of salinity differences. Saltier water originates in the Mediterranean Sea 
in the lower layer, whereas less saline water originates from the Black Sea in the 
upper layer (Morkoc et al. 1997). Vertical mixing between the two layers is 
restricted over the Marmara basin and plays a key role in the principal 
physicochemical characteristics of the bay (Algan et al. 1999). 
 
Measurements in the Water Column 
Measurements were done eight times seasonally between summer 2008 to spring 
2010 (i.e., on August 6, 2008, on October 27, 2008, on January 30, 2009, on April 
17, 2009, on July 24, 2009, on November 6, 2009, on February 9, 2010 and on 
May 6, 2010) in three sampling stations in the basins of Izmit Bay (Figure 1 - 
upper panel). Measurement depths were 30 m, 100 m and 80 m in the eastern, 
central and western basins, respectively (Figure 1 - lower panel). Data logger 
(Hydrolab DS-5) was used to measure temperature, salinity, Chl-a, DO, and pH 
along the water columns of the eastern, central and western basins (Figure 1). The 
data logger was calibrated before each deployment, waiting at least two minutes 
for warming up and then submerged at a constant speed (i.e., 0.2 m s-1) in the 
water column via a crane. The device was adjusted for one measurement per 
second; hence, at least four data were obtained for all parameters in each meter. 
The Chl-a and DO data were tested using a classical acetone extraction method 
with reference to Strickland and Parsons (1988) and the classical Winkler method, 
respectively. Because the differences between the concentrations in both methods 
were less than 5%, data logger records were used in this study.  
 
Seawater density is usually computed by using an empirical equation from 
salinity temperature and pressure (depth) data as potential density (σt = sigma-t). 
Therefore, sigma-t were computed according to Fofonoff and Millard (1983)’s 
algorithm by using salinity, water temperature (oC), and depth (10 kPa = 1 dbar 
is close to the pressure increase that corresponds to a depth increase of 1 m) data.  
 
The equation,  ∆ρ / ρ ≈ 0.01 (1) was used to determine the intermediate layer 
borders, considering density values, where ∆ρ is the difference between 
consecutive vertical seawater densities per meter (Besiktepe et al. 1994).  
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Figure 1. Three sampling stations (filled circles) in the eastern, central and western 
basins of Izmit Bay, locations of wastewater treatment plants (squared “w”), and the 

districts of Kocaeli Province (upper panel). Lower panel represents the cross-section of 
Izmit Bay and vertical sampling ranges in the western, central and eastern basins. 

 
To provide statistical sufficiency, standard deviations were calculated for all 
parameters. Pearson correlation (two-tailed) was used to evaluate correlations 
between some parameters where necessary. 
 
Meteorological records (i.e., daily precipitation, air temperature, wind speed, and 
wind direction), were obtained from the Turkish State Meteorological Service 
reports, using data from Kocaeli station located on the northern coast of the 
central basin.  
 
Results  
 
The temperature, salinity, sigma-t, Chl-a, DO, and pH variations along the water 
columns of the eastern, central and western basins of Izmit Bay (i.e., up to 30 m, 
100 m, and 80 m, respectively) were measured seasonally between August 2008 
and May 2010 (Figure 1).   
 
The temperature of the surface water reached a minimum in winter 2010 (i.e., 7.5 
°C in the western basin) and a maximum in summer 2008 (i.e., 26.0 °C in the 
eastern basin) in Izmit Bay. Although there were no remarkable variations, the 
highest surface water temperatures were generally observed in the eastern basin 
and tended to decrease from east to west (Figure 2a). Minimum temperature 
differences between the surface and deep waters were observed in autumn 2008 
(i.e., 2.8°C) in the central basin and maximum in summer 2009 (i.e., 11.5°C) when 
the thermocline layer was significant. Layered formations regarding temperature 
were also observed in winter seasons while surface water gradually colder than 
the lover layer. Considering the seasons, the temperature reached a level of 
approximately 15.2°C in the central and 15.1°C in the western basins between 25 
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and 35 m depths. Below these depths the temperature very slightly decreased 
along the water column during the study (Figure 2a). 
 
Minimum surface water salinity was measured in summer 2009 (i.e., 20.9) in the 
western basin, whereas maximum in summer 2008 (i.e., 24.0) in the eastern basin. 
Except for winter 2010, the surface water salinity gradually increased from west 
to east. Halocline layer observed during the study. Lowermost border of halocline 
measured at the depth of 21 m as the shallowest in summer 2009 and at the depth 
of 35 m as the deepest in spring 2009 and (Figure 2b). Like temperature, salinity 
concentrations reached stagnation above 35 m and limited increasing occurred 
(i.e., up to 36.1) below this depth in the central basin.  
 
In the upper layer of the central basin, negative significant correlations were 
determined between salinity and temperature during summer and autumn seasons 
(i.e., r = -0.95, -0.93, -0.78, and -0.54, p < 0.01 in summer 2008, autumn 2008, 
summer 2009, and autumn 2009 respectively) whereas significant correlations 
were positive during winter and spring seasons (i.e., r =  0.99,  0.91,  0.99, and 
0.75,  p < 0.01 in winter 2009, spring 2009, winter 2010, and spring 2010 
respectively). 
 
The upper, lower and intermediate layer borders in Izmit Bay were determined by 
using Formula (1) seasonally. Sigma-t levels, accordingly seawater densities, 
varied between 13.5 (i.e., in summer 2009) and 18.4 (i.e., in winter 2010) in Izmit 
Bay upper layer. Corresponding to increased depth, an abrupt sigma-t alteration, 
therefore, a pycnocline (i.e., intermediate) layer occurred throughout the study. 
This layer separated the upper and the lower layers from each other. Intermediate 
layers were permanent and significant in summer and winter seasons (Figure 3). 
Seasonal thicknesses of the layers varied between 8 and 26 m (i.e., in summer 
2009 and winter 2010, respectively) for the upper layer whereas between 7 and 
22 m (i.e., in spring 2010 and winter 2010, respectively) for intermediate layer. 
Initial depths of the lower layer ranged from 20 to 37 m (i.e., in summer 2009 and 
summer 2008, respectively). Below the intermediate layer, sigma-t values varied 
between 25.7 and 26.1 seasonally and increased up to ~27.2 by increasing depth 
in the central basin during the study (Figure 3).  
 
Average seasonal Chl-a concentrations ranged from 1.53 µg L-1 (i.e., in summer 
2008 in western basin) to 9.63 µg L-1 (i.e., in spring 2010 in the eastern basin) 
above the lower layer during the study. The highest average Chl-a concentration 
was measured in the eastern basin in almost all seasons but winter 2010. However, 
maximum Chl-a concentration was determined as 18 µg L-1, at a depth in 15 m 
in spring 2010 in the central basin (Figure 2c).  
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Figure 2. Contour plots of depth profile of a) temperature, b) salinity, c) Chl-a d) DO 

and e) pH along the western, central and eastern basins of Izmit Bay. Graphs were plotted 
using Sigma Plot 10.0, based on seasonal measurement between August 2008 and May 

2010 and all measurements combined in the Figure for each basin on the cross section of 
Izmit Bay. Wind rose diagram was plotted using Grapher 7 on Figure 2d and represent 
wind speed and directions according to the Kocaeli state meteorological observation 

station during summer 2009. 
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Figure 3. Depth profile of density (left panel) and layer borders of Izmit Bay (right 
panel). The uppermost (triangles) and lowermost (upturned triangles) border of the 
intermediate layer which is determined based on seawater density using the formula     
∆ρ / ρ ≈ 0.01, is seen in this figure. The circles represent the Chl-a maximum, and 

squares represent the lowermost detectable Chl-a concentrations seasonally in the central 
basin of Izmit Bay between August 2008 and May 2010. The solid arrow indicates Chl-a 

presence below intermediate layer in autumn 2009. 

 
Chl-a maxima were closer to the surface during autumn and distant during spring 
seasons in all basins. Although Chl-a were detected below the upper layer, its 
maxima were always above the intermediate layer throughout the study (Figure 
3). Chl-a concentrations gradually decreased by depth in the intermediate layer 
and were not detected in the lower layer except autumn 2009 (Figures 2c, 3). 
Correlations between Chl-a concentrations and water temperature were 
negatively significant in summer seasons (i.e., r = -0.87, n = 20, p < 0.01 and r = 
-0.82, n = 7, p < 0.05 in 2008 and 2009, respectively) whereas positively 
significant in winter 2010 (i.e., r = 0.89, p <0.05, n = 8) in the upper layer of the 
central basin. 
 
Chlorophyll-a concentrations tend to increase due to increasing salinity in the 
upper layer. When comparing the data between salinity and Chl-a from the sea 
surface to the highest concentration of Chl-a measured depth in the upper layer, 
positive significant correlations ranged from 0.82 to 0.99 (p < 0.01). At these 
depths, salinity levels ranged from 22 to 25. However, below the upper layer, 
increasing salinity did not positively affect Chl-a levels in the water column. 
  
Surface water DO concentrations ranged from 7.1 mg L-1 (i.e., in summer 2008) 
to 10.8 mg L-1 (i.e., in spring 2009) in Izmit Bay. The highest and the lowest DO 
levels were recorded in the eastern basin. However, higher concentrations were 
usually observed in the western basin (i.e., 8.2, 9.4, 10.0, 7.8, and 10.4 mg L-1 in 



208 
 

summer 2008, autumn 2008, winter 2009, summer 2009, and winter 2010, 
respectively) except spring seasons (Figure 2d). In spring seasons the DO 
concentrations were higher in the eastern basin (i.e.10.8 mg L-1 and 10.5 mg L-1 
in 2009 and 2010, respectively). The DO levels slightly decreased within ~20 m 
depth in the upper layer and sharply decreased below this depth (i.e., in the 
intermediate layer). However, extreme conditions were observed during summer 
2009. In this season the DO concentrations sharply decreased below 2 m, 6 m, 
and 7 m from surface in the eastern, central and western basins, respectively 
(Figure 2d).  The DO concentrations reached hypoxic level (i.e., < 2 mg L-1) in 
the lower layer except summer seasons throughout the study in the western and 
central basins. In summer seasons hypoxic levels were measured in the 
intermediate layer. On the other hand, hypoxia was not observed in the eastern 
basin except in summer 2009. In this season, the lowest DO concentration (i.e., 
0.16 mg L-1), the shallowest Chl-a end point (i.e., at 18 m) and the highest salinity 
level (i.e., 35.8) were observed through the eastern basin water column.  
 
Along Izmit Bay surface waters, the highest pH concentration was measured in 
spring 2010 as 8.6, whereas the lowest concentration recorded in summer 2008 
as 8.2 in the eastern basin. In the lower layer, the pH level decreased 7.7 in 
summer seasons. However, the lowest pH level was observed as 7.5 in the 
intermediate layer in the central basin in summer 2009 simultaneously with a 
sharp DO decrease (Figure 2e).  
 
Discussion 
 
Seawater density is a function of temperature, salinity and pressure; hence, 
variations of these parameters affected sigma-t levels along the water column 
thereby, the upper, lower and intermediate layer thicknesses in Izmit Bay. 
Densities accordingly layered formations in the water can be affected by 
excessive water exchanges (i.e., ~600 km3 annually) due to inflows from the 
Black Sea through the Istanbul Strait as an upper layer and from the Aegean Sea 
through the Çanakkale Strait as a lower layer throughout the year (Tugrul and 
Polat 1995). Beside meteorological factors, mentioned water exchanges 
influenced layered formations; therefore, different seasonal upper and lower layer 
thicknesses in Izmit Bay (Figure 3). As expected, the upper layer thicknesses 
increased in spring seasons due to rainfall in the catchment area of the bay and 
land-based freshwater input via the Black Sea. Consequently, the upper layer 
relatively tended to be thin in winter seasons in Izmit Bay. However, the thinnest 
upper layer in second order, and the shallowest lower layer was recorded in 
summer 2009 (Figure 3). In this season, air and surface seawater temperature were 
high whereas wind speed was low and there were almost no precipitation during 
July (Figure 4). Due to the lack of these factors, there were almost no mixing 
along the water column, and the upper layer remained thin in summer 2009. In 
this season, an abrupt DO and pH levels decreasing regarding the stratification, 
were recorded. Also Chl-a, accordingly living organism (i.e., phytoplankton) 
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distributions along the water column seems to be affected by layered formations 
in Izmit Bay as discussed in detail below.  
 
Consistency between air and surface seawater temperature indicates that solar 
radiation flux affects the water temperature in the upper layer of Izmit Bay 
(Figures 2a, 4a). On the other hand, in comparison with other seasons, it was 
revealed that wind speed significantly affected vertical water mixing; therefore, 
temperature was more uniformly dispersed in the water column in autumn and 
spring seasons.  
 
Corresponding to vertical and horizontal temperature distributions, autumn was 
the most homogenous season in Izmit Bay. On the other hand, in summer 2009, 
owing to relatively warm air temperature (i.e., 28 °C) and lack of powerful winds 
(i.e., < 1.5 m s-1), vertical water mixing did not occur (Figures 2a, 4) and very 
limited part of the upmost upper layer stayed relatively warm (i.e., between 22.0 
°C and 24.6 °C) while the water beneath gradually got colder up to the lower layer 
in all basins in Izmit Bay. In summer 2009, sharp DO concentration decreases 
were also recorded in the upper layer. This was the shallowest and narrowest DO 
concentration decrease during the study and the shallowest hypoxia (i.e., DO < 2 
mg L-1) was observed (i.e., below 4 m, 13 m, and 14 m, in the eastern, central and 
western basins, respectively) in this season in Izmit Bay (Figure 2d). It is 
noteworthy that, unlike previous summer season, light east-southerly winds blew 
during July and August, 2009 (Figure 2d-wind rose diagram). Therefore, weak 
wind speed was not enough to provide sufficient mixing to renewal processes of 
the eastern basin in summer 2009.  
 
In addition to other factors (e.g., inefficient water exchange from the adjacent seas 
and local discharges around the eastern basin) plausibly oxygen-consuming 
reactions could have caused very low DO levels in the upper layer during summer 
2009. Hence, in the upper layer, pH levels rapidly decreased similar with the DO 
concentrations, possibly due to occurrence of CO2 which induced pH decreases 
because of carbonic acid formation in the water column in this season (Figure 2e). 
Following to rapid pH decrease in the intermediate layer, pH levels continued to 
increase in the lower layer due to increased salinity. The minimum surface water 
salinity (i.e., 20.9) was also recorded in summer 2009. Therefore, it is plausible 
that low wind speed accordingly insufficient mixing along the water column 
caused less saline and warm water and eventually the thin upper layers in summer 
2009 throughout Izmit Bay (Figures 2a, 2b, 4c). Consequently, it is possible that 
wind speed and directions are important factors to prevent occurrence of very thin 
upper layer and near surface hypoxia in Izmit Bay. Furthermore, it is suspected 
that meteorological conditions could be the reason of unexplained massive fish 
mortalities which were reported on occasion from the region (Anatolian-Agency 
2001; Mol and Doğruyol 2012). 
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General temperature patterns were similar with previous studies reported from 
Izmit Bay (Ünlüata et al. 1990; Morkoc et al. 1997; Algan et al. 1999; Balkis 
2003). In spring and summer seasons, a temperature minimum (cold intermediate 
layer) occurred above the lower layer and then temperature increased up to 
constant level in the lower layer in the central and western basins. This minimum 
was previously recorded in the bay by Ünlüata et al. (1990) for winter months, by 
Algan et al. (1999) for summer season and by Balkis (2003) for all seasons except 
early autumn. In the present study, cold intermediate layer was determined in 
spring and summer seasons and winter 2009 (Figure 2a).  
 
In previous studies, the minimum surface water salinity was measured in summer 
season in the western basin (Morkoc et al. 1997; Algan et al. 1999) (i.e., 23.5 and 
22.3, respectively) like in the present study. However, in another study, salinity 
minimum was reported in autumn season as  21.5 in the western basin after an 
earthquake in 1999 (i.e., magnitude of 7.4) in Izmit Bay (Balkis 2003). All the 
studies above reported that salinity levels gradually increased from west to east 
same as the present study. In the meantime, in winter 2010, a few days before the 
measurement (i.e., in early February, 2010), the eastern basin and surrounding 
land received excessive precipitation during two days (i.e., an average of 44.6 mm 
day-1; Figure 4b). Therefore, unlike other seasons, the salinity concentration 
gradually decreased from western to the shallowest basin, the eastern, highly-
likely dilution effect of the rainfall in winter 2010 (Figure 2b). On the other hand, 
in the lower layer, higher salinities were measured in the western basin throughout 
the study since saltier water inflow originating from the Mediterranean is 
restricted by the sill between the western and central basins (Figure 2b).  
 
In the upper layer, negative significant correlations between salinity and 
temperature in summer and autumn seasons and positive significant correlations 
in winter and spring seasons indicates that salinity levels increase by increasing 
depth, whereas temperature levels decrease in summer and autumn seasons and 
increase in winter and spring seasons by increasing depth in Izmit Bay.  
 
A high abundance of nutrients was reported in the eastern basin due to domestic 
wastewater inputs of 1.5 million inhabitants (Morkoç et al. 2007) and it is well 
known that nutrients were used by phytoplankton for reproduction (Fisher and 
Reinfelder 1995). Since, Chl-a presence is related to phytoplankton abundance 
and/or indicates photosynthetic activity, a relatively higher Chl-a concentration 
is expected because of phytoplankton reproductivity. 
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Figure 4. The daily alterations of a) air temperature b) rainfall and c) vector wind speed 
in a state meteorological observation station at Kocaeli Province (The data are provided 
from State Meteorological Institute of Turkey). In the middle panel, the arrow indicates 

heavy rainy days in February 2009. 
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In fact, despite decreased diversity (Aktan et al. 2005), a considerable amount of 
phytoplankton was previously reported in the eastern basin (Küçük and Ergül 
2011). Because some of the largest processing facilities of Turkey (i.e., cement, 
fertilizer, petrochemical, smelting factories, etc.) and their ports are located 
around the central basin, they might be assumed as potential nutrient (i.e., 
nitrogen, phosphorus, silica, iron and their components) sources. Because 
discharges from these factories include abovementioned nutrients and they were 
reported as contamination sources from the region (Morkoç et al. 2007; Aksu et 
al. 2011; Ergül et al. 2013; Ergül and Aksan 2013). Moreover, organisms 
activities (e.g., zooplankton feeding processes) in the lower layer (Morkoc et al. 
1997) and surface sediment can be considered as potential nutrient sources and 
westward currents (Algan et al. 1999) are able to carry some nutrients from the 
eastern to the central basin in autumn and winter. Therefore, nutrient inputs from 
the eastern to the central basin via currents may explain relatively higher Chl-a 
concentrations in the central basin. 
  
In a previous study the highest Chl-a concentration was measured in the eastern 
basin as 22 µg L-1 in spring season (Morkoc et al. 1997). In the present study, 
similarly, higher Chl-a concentrations were measured in the eastern basin. 
However, maximum Chl-a concentration (i.e., 18 µg L-1) was found in the central 
basin in spring season. The highest Chl-a concentrations were recorded within the 
wide temperature, salinity and DO ranges in the water column during the study 
(i.e., between 8 °C and 22 °C for temperature, between 22 and 30 for salinity in 
winter and summer seasons, respectively and between 6 mg L-1 and 10 mg L-1 for 
DO in summer and winter seasons, respectively). Additionally, although, Chl-a 
was not detected below hypoxic level, Chl-a endpoints and initial depth of 
hypoxia were not overlapped during the study except summer 2009. Also, most 
of the seasons, distance between them varied in the range of 8 and 20 m in the 
water column. Therefore, none of the parameters above are enough to explain 
Chl-a dispersion in Izmit Bay alone. However it is noteworthy that Chl-a were 
not detected higher than 26.5 sigma-t level in the water column throughout the 
study (Figure 3). The highest Chl-a concentrations were detected in the upper 
layer during the study except winter seasons. In these seasons lowermost border 
of the upper layer overlapped with the highest Chl-a concentrations. On the other 
hand, the undermost endpoint of Chl-a usually were found in the intermediate 
layer except autumn 2009. Unlike other seasons, Chl-a was detected in the lower 
layer of the central basin in autumn 2009 when its shallowest maxima were 
measured (Figure 3). It is well known that temperature, salinity, light intensity, 
dissolved oxygen and nutrient concentrations are some of important factors on 
Chl-a concentrations. However, the abovementioned data indicates that Chl-a 
concentrations, accordingly phytoplankton distribution are also related to the 
stratification of Izmit Bay (Figure 3).  
 
In contrast with the temperature levels, DO concentrations tend to increase in 
winter and decrease in summer in the upper layer of Izmit Bay, because of the 
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factors affecting solubility of gases (Figures 2d, 3). Morkoc et al. (1997) also 
reported that the least DO level was found in summer season in Izmit Bay. 
Considering the water currents, higher DO levels is expected in the western basin 
which is the closest one to the open Sea. However, contrary to expectations, the 
highest surface DO concentrations were measured in the eastern basin in spring 
seasons. Because the eastern basin receives considerable amount of nutrient from 
treated or untreated wastewater discharges, it is plausible that elevated DO 
concentrations were associated with high level of Chl-a (i.e. 10.1 µg L-1  and 17.6 
µg L-1 in spring 2009 and spring 2010, respectively) accordingly photosynthesis 
activity of phytoplankton which is regarding the presence of nutrient (Figures 2c, 
2d). Also, wind speed dependent vertical mixing along the water column might 
help DO level increases in the eastern basin of Izmit Bay in spring seasons (Figure 
4c). In the central basin, sharp DO decreases occurred in the intermediate layer 
except autumn 2009. In autumn 2009 DO decrease partially continued in the 
lower layer. Simultaneously, Chl-a was also determined below the intermediate 
layer regarding the presence of DO in this season (Figures 2c, 2d, 3).  
 
In a study, Okay et al. (2001) reported slight DO decreases with depths in the 
upper layer, which was compatible with the present results. On the other hand, in 
another study, under the influence of an huge earthquake in 1999 (Balkis 2003), 
rapid DO decreases were reported in the upper layer (i.e., within 20 m) because 
of thick petroleum layer on the surface water after refinery fire. Although there 
was no any coverage on the surface water like petroleum layer, similar rapid 
decreases of DO concentrations were observed in the present study, in summer 
2009. Therefore, beside other factors, (e.g., currents, temperature, coverage layer 
etc.) speed and directions of winds which could trigger the water circulation are 
important factors on the DO concentrations in Izmit Bay. 
 
In a previous study, pH concentrations were determined as 8.9 in surface water 
and 7.1 in the lower layer, two months after the earthquake in 1999 (Balkis 2003). 
Both values are beyond the pH ranges of the present study. In the present study 
while the pH level rapidly decreased in summer 2009, other seasons it slightly 
decreased by depth in the lower layer in all basins (Figure 2d). It is plausible that 
organic matter decomposition processes in the lower layer can cause pH and DO 
decreases highly-likely due to CO2 increases. As mentioned above, increased CO2 
induced pH decreases, owing to the carbonic acid formation in the water column. 
pH increases in the upper parts of the lower layer related with increased salinity 
because of bicarbonate ion formations. Hence, except winter 2010, there were 
remarkable similarities between pH and DO concentrations increase/decrease 
patterns along the water column (Figures 2d, 2e).  
 
In winter 2010, relatively low temperatures and high DO concentrations were 
measured in the surface water because of an increased dissolution rate of oxygen 
in the cold water. However, in this season, the Chl-a concentrations along the 
water column were lower than the previous winter season in the eastern basin. 
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Therefore, in winter 2010, there was not enough photosynthetic activity to remove 
CO2, which was produced by organic degradation. Eventually, the pH levels 
became more acidic than expected in the eastern basin of Izmit Bay. 
Consequently, it is plausible that pH concentration is indirectly affected by 
phytoplankton activity, which alters the DO concentrations in the water column 
of Izmit Bay.  
 
Conclusion 
 
Seasonal vertical and horizontal monitoring of temperature, salinity, density, Chl-
a, DO, and pH levels revealed that permanent layered formation of Izmit Bay is 
affected by numerous internal and external factors. The presence of a considerable 
amount of Chl-a in all seasons throughout the study indicates that Izmit bay is a 
productive water body regarding the proliferation of phytoplankton. Since the 
bay, previously suffered from eutrophication, alterations in Chl-a concentrations 
should be monitored continuously. More importantly, the present study revealed 
that Izmit Bay is a fragile ecosystem in term of hypoxia under wind stress. 
Therefore, warm air conditions and insufficient wind dependent weak water 
circulations may cause near surface hypoxia which might be responsible for fish 
mortalities in coastal marine ecosystems like Izmit Bay. Since there is hardly any 
published study in open literature regarding strong wind effects on the bay, further 
studies are needed to better understand Izmit Bay oceanography and 
phytoplankton behavior, under specific meteorological and physicochemical 
conditions. 
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Marmara Denizi, İzmit Körfezi’nde fizikokimyasal 
şartların ve klorofil-a konsantrasyonlarının mevsimsel 
değerlendirilmesi 
 
Öz 
 
İzmit Körfezi (Marmara Denizi)’nin doğu, merkez ve batı basenlerindeki sıcaklık, 
tuzluluk, yoğunluk, klorofil-a, çözünmüş oksijen ve pH düzeylerinin doğu batı 
doğrultusundaki ve su kolonundaki mevsimsel değişimleri 2008 yaz ve 2010 ilkbahar 
mevsimleri arasında izlendi. Yüzey suyu sıcaklıkları çalışma sürecinde 7,5 ila 26 °C 
arasında değişti. Termal tabakalaşmanın yaz ve kış mevsimlerinde belirgin olduğu 
belirlendi. Tuzluluk yüzey sularında sırasıyla yaz 2008 ve 2009’da 20,9 ila 24,0 arasında 
değerler aldı ve haloklin tabakanın altında 36,1’e kadar yükseldi. Çalışma boyunca sürekli 
piknoklin ve iki katmanlı tabakalaşma gözlendi. Üst tabakada sigma-t 2009 yazında 13,5 
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ve 2010 kışında 18,4 arasında mevsimsel olarak değişen değerler aldı ve ara tabakanın 
altında ~27,2 ye kadar yükseldi. Mevsimsel ortalama Klorofil-a konsantrasyonu yaz 2008 
ve ilkbahar 2010’da sırasıyla 1,5 ila 9,6 µg L-1 arasında değişim gösterdi. Yüksek Klorofil-
a ortalamaları doğu baseninde bulundu ama en yüksek Klorofil-a konsantrasyonu bahar 
2010’da merkez basende 18 µg L-1 olarak ölçüldü. Daha yüksek çözünmüş oksijen 
konsantrasyonları batı baseninde ölçülürken, en düşük miktar 0,2 mg L-1 ile nüfusun yoğun 
olduğu Kocaeli il merkezine yakın olan doğu baseninde ölçüldü. Hipoksik koşullar ara 
tabakada yaz mevsimlerinde oluşurken alt tabakada yıl boyunca görüldü. Meteorolojik 
koşullar körfezin oşinografisini etkilemektedir. İzmit Körfezi’nin doğu baseninde, 2009 
yazında, hava sıcaklığının yüksek olması ve zayıf rüzgârlar nedeniyle yetersiz kalan dikey 
su karışımları ve sıcak yüzey suları yüzeye yakın kesimlerde (4 m derinlikte) hipoksi 
oluşumuna neden oldu. 
 
Anahtar Kelimeler: İzmit Körfezi, Marmara Denizi, Klorofil-a, Hipoksi, Rüzgar hızı 
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