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Abstract 
 
This study examines the temporal and vertical distribution of phytoplankton marker 
pigments in coastal marine ecosystem for one year. Chl-a had high masses in the upper 
layer, except in June 2021. Chl c1+c2 peaked at 0.75 µg L-1 in April 2021 above 20 m. 
Frequent pigment, fucoxanthin, reached its highest mass of 0.66 µg L-1 in April 2021 
within upper 20 m. Peridinin's peak values were 0.28 µg L-1 in January 2021. Temperature 
had a negative correlation with pigments, particularly with fucoxanthin (r= -0.5). 
Fucoxanthin exhibited strong positive correlations with chl-a and chl-c1+c2 (r = ~0.75), 
and peridinin correlated with ß-carotene (r=0.67). Median pigment values within the first 
10 m were slightly lower than the first 20 m. Pigment mass within 20-38 m was notably 
lower than 10-38 m. An increasing chl-a pattern from November 2020 to March 2021, with 
fluctuations thereafter was detected. Permutational multivariate variance analysis showed 
significant differences (p<0.05) in marker pigment masses between sampling months. This 
study illuminates the intricate temporal and vertical dynamics of phytoplankton marker 
pigments, providing insights into the phytoplankton activity in the central İzmit Bay during 
a mucilage ongoing period.  
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Introduction 
 
Phytoplankton marker pigments have been identified as useful indicators in 
understanding the composition, abundance, and biodiversity of phytoplankton 
communities in coastal marine areas (Riley and Wilson 1967; Pan et al. 2010). 
These pigments serve as biomarkers for different phytoplankton taxa and can be 
used to monitor algal blooms, assess the impacts of climate change and pollution 
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on ocean ecosystems, and model marine ecosystem changes (Wright and Jeffrey 
2006; Pan et al. 2010; Serive et al. 2017; Joint et al. 2002; Juin et al. 2015). 
 
One of the main advantages of studying phytoplankton marker pigments is their 
ability to provide valuable information about the taxonomic composition of 
phytoplankton communities (Pan et al. 2010). Different pigments are specific to 
certain phytoplankton groups, such as fucoxanthin for diatoms, peridinin for 
peridinin-containing dinoflagellates, and zeaxanthin for cyanobacteria (Pan et al. 
2010). By analysing the distribution and abundance of these pigments, it is 
possible to gain insights into the presence and dynamics of different 
phytoplankton taxa in coastal waters (Pan et al. 2010; Serive et al. 2017; Joint et 
al. 2002). 
 
The use of phytoplankton pigments has been instrumental in identifying and 
quantifying different phytoplankton groups in the Mediterranean Sea (Schlüter et 
al. 2000; Bianchi et al. 2002; Lagaria et al. 2017). Relationships between marker 
pigments and phytoplankton carbon biomass have been investigated in the 
Mediterranean Sea (Konucu et al. 2019 PREPRINT) as well as in the Black Sea 
(Ağırbaş et al. 2015). Ediger et al. (2006) demonstrated the dominance of 
dinoflagellates, diatoms, and coccolithophores with using High Performance 
Liquid Chromatography (HPLC) method. Dursun et al. (2020, 2021) highlighted 
the fucoxanthin to be the dominant marker pigment indicating diatoms in the 
surface waters of the Sea of Marmara and its eutrophic estuary Golden Horn and 
they discussed the usage of both microscopy and HPLC methods in identifying 
the phytoplankton groups.  
 
In this study, phytoplankton marker pigments were monthly investigated in a 
coastal area with eutrophic characteristics in which phytoplankton abundance is 
generally high and bloom events frequently occur (Aktan et al. 2005; Tüfekçi et 
al. 2010; Küçük and Ergül 2011; Ergül et al. 2018). The aim of the study design 
was to understand i) how the distribution of marker pigments changes through 
water column in a permanently two-layered system, ii) if there is a significant 
change in the attributes of marker pigments throughout an annual cycle. Within 
the study period of 2020-2021, the study area (İzmit Bay) was affected from an 
outbreak of a commonly known marine snot (mucilage) (Aktan et al. 2008; Balkıs 
et al. 2011), thick and slimy aggregation of organic compounds (Giani et al. 
2005), reported to be the largest in the environmental history of the Sea of 
Marmara (Savun-Hekimoğlu and Gazioğlu 2021; Balkıs et al. 2021). The outputs 
of this study present additional knowledge to the literature in terms of the 
planktonic attributes of the area, for being reported within this mucilage period.  
 
Materials and Methods 
 
Sampling location and strategy 
İzmit Bay is located in the eastern part of the Sea of Marmara known as Turkish 
Straits System (TSS) connecting the Black and Mediterranean Seas with a 
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permanently stratified water body. The bay is exposed to many anthropogenic and 
industrial activities along with its strategic position between the most populated 
city of Türkiye, Istanbul and İzmit (Morkoç et al. 2001; Tolun et al. 2012). 
Frequent algal blooms, particularly during spring (Ergül et al. 2018), are 
attributed to eutrophic conditions occurring due to various sources of nutrients 
(Pekey 2006). The increasing number of potentially harmful and bloom-forming 
species in the bay indicates risks for the coastal ecosystem health in the future. It 
is, therefore, significant to contribute the knowledge on the bay’s planktonic 
attributes, with up-to-date methodologies.  
 
The sampling point (Figure 1) located along the southern coast of the central bay, 
features a bottom depth of 40 meters and was monitored monthly between 
September 2020 and September 2021. This location remains unaffected by direct 
freshwater runoff and boasts a relatively extensive continental shelf, rendering it 
an ideal site for a comprehensive assessment of water column characteristics 
within a eutrophicated coastal area.  
 
Physical properties of the water body were measured via using RBR Concerto 
CTD probe. Niskin bottles (5 L) attached to a 12-bottle rosette system were used 
to collect of water samples from chosen depths representing the water body. 
Collected water samples were sieved on board from 0.25 mm GF/F filters and 
kept frozen until further laboratory analysis.  
 

 
Figure 1. The sampling location (Station: St.KM) 
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Pigment Analysis 
The analyses were conducted by following the procedure by Dursun et al. (2020) 
which was modified based on the methodology given by Mantoura and Llewellyn 
(1983). Extraction of phytoplankton marker pigments from filters were carried 
out by using 10 ml of 90% acetone as solvent under laboratory conditions. Solvent 
containing glass tubes were exposed to ultrasonic homogenization and 
centrifuged at 3500 rpm for 10 minutes. Extractions were filtered and injected 
into the HPLC system. A Hewlett-Packard (HP) Model 1100, comprising an 
inline degasser, quaternary pump, autosampler, and diode-array detector was used 
for chromatography analysis. In the separation stage, a C8 column (150 mm x 4.6 
mm) was used as the solid phase. The mixture of methanol and 1M ammonium 
acetate (70:30%), and methanol (100%) were selected as mobile phases and 
named as A and B, respectively. Gradient stages of the mobile phase were set as 
A:75%, B:25% in 0 min (initial) and maintained within the first minute. In the 
following, the ratio was eluted as A:50%, B:50% till the second minute and 
maintained until the 20th minute. In the next 5 minutes, the mobile phase was 
gradually eluted to A:0%, B:100%. Finally, the elution was set as initial ratios of 
A:75%, B:25% in within 7 minutes and maintained for another 7 minutes until 
the end of the analysis. The flow rate was set as 1.0 mL/min in all gradient phases.  
 
Detection was carried out with diode array detector at 440 nm wavelength with 
10 nm bandwidth. The mass calculations were accomplished in HP Chemstation 
software. Commercial pigment standards used for the analysis are; chlorophyll-a 
(chl-a), chlorophyll-c1+c2, peridinin, 19’-butanoyloxyfucoxanthin (19'-but), 
fucoxanthin, 19’-hexanoyloxyfucoxanthin (19'-hex), diadinoxanthin, alloxanthin, 
zeaxanthin, lutein, chlorophyll-b 25.115, divinyl chlorophyll-a, and ß-carotene.  
 
Statistical analysis and data visualization 
Maps were created by Ocean Data View (ODV) (Schlitzer 2022). R programming 
language ver. 4.2.2 (R Core Team, 2022) was used for data visualization and 
statistical analysis. Functions from the packages “Hmisc”, “ggplot2”, “vegan” 
and “corrplot” were applied for basic statistics, correlation and permutational 
analysis of variance (PERMANOVA), and their graphical outputs.  
 
Results 
 
Physical parameters 
Monthly measurements were carried out in the sampling location from September 
2020 to September 2021. The resulting density profile (Figure 2a) indicates 
distinct features of the upper and lower layers of the water column. The upper 
layer density changes between 14.6 and 23.9 kg m-3 (SD =2.66) while values of 
the lower layer are within the range of 28.0 – 28.9 kg m-3 (SD = 0.16). The more 
varying surface layer temperature had minimum 9.9°C and maximum 26.0°C 
coinciding a stable lower layer in terms of temperature (mean = 16.0°C, SD = 0.4) 
and salinity (mean = 38.6 psu, SD= 0.17) (Figure 2b).  
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Figure 2. Density profiles (a) and the T-S diagram (b) of the water column in the 
sampling location 

 
Temporal and vertical distribution of phytoplankton marker pigments 
The analysis of the vertical distribution of eight marker pigments over the ten-
month sampling period revealed compelling temporal dynamics within the water 
column (Figure 3). All marker pigments displayed a consistent vertical pattern 
where their masses coincide with either zero or <0.5 µg L-1 below 30 m depth. 
Chl-a was recorded to have the highest mass values in the upper layer excepting 
the sampling in June 2021. Chl-a mass values within the first 20 meters were 
recorded to be at the highest 3.46 µg L-1 in March 2021 and indicated absolute 
zero values as minimum in June 2021 (Figure 3). Notable values for chl-a, notable 
yet not exceeding 0.5 µg L-1, belonging to the depths below 20 meters were 
observable in February, March and May 2021. Chl-c1+c2 is the second marker 
having high values following the chl-a, presenting an increase from January 2021 
to June 2021, with the highest mass of 0.75 µg L-1 in April 2021, above 20 m.  
 
The one and only recorded value of chl- c1+c2 being greater than zero (~0.5g L-1) 
below 20 m, belongs to the 30 m in April 2021. Fucoxanthin, on the third order, 
is a frequently detected marker with the highest mass value of 0.66 µg L-1 in April 
2021 within the contour of first 20 meters. This marker pigment was present 
below 20 m in February and April 2021 (38 and 30 meters, respectively). The 
fourth most frequently observed marker pigment is peridinin, which had the 
highest values, however lower than the first three pigments, in January 2021 (0.28 
µg L-1). Peridinin was never detected below 20-meter depths. Other marker 
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pigments, 19-but, ß-carotene, diadinoxanthin, and zeaxanthin were detected very 
occasionally. ß-carotene is more frequent than zeaxanthin, nevertheless both their 
mass values are not greater than 0.1 µg L-1. 19-but was surprisingly present 
(maximum 0.16 µg L-1) between 20 and 30 meters in June 2021. Diadinoxanthin 
was detected in November 2020 and January 2021 within first five meters, in a 
mass range of maximum 0.1 (January 2021) and minimum 0.01 µg L-1. These 
four marker pigments were not detectable below 20 m, excepting 19-but in June 
2021. 

 

Figure 3. Phytoplankton pigment concentration in the water column: chlorophyll-a 
(chla), chlorophyll-c1+c2, (chlc1c2), peridinin (per), 19’-butanoyloxyfucoxanthin (19'-

but), fucoxanthin (fuc), diadinoxanthin (diadin), zeaxanthin (zea), and ß-carotene (bcar). 
 
A Pearson correlation matrix were created for all the marker pigments with 
temperature and density variables. Significant (p<0.05) negative correlations with 
temperature were noticeable for the first four marker pigments (Figure 4). 
However, it is noteworthy to highlight that moderate correlation with temperature 
can only be attributed to Fucoxanthin mass values (r = - 0.5). Relations within the 
marker pigments, on the contrary were in positive direction. Remarkably, 
fucoxanthin singularly displayed strong correlations with chl-a and chl- c1+c2 (r 
= ~0.75). Weaker relations with chl-a and chl- c1+c2 (r = 0.61 and 0.56) belong 
to peridinin mass values which were also correlated with ß-carotene (r=0.67).  
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Figure 4. Correlation matrix between marker pigments and physical variables: 

chlorophyll-a (chla), chlorophyll-c1+c2, (chlc1c2), peridinin (per),  
19’-butanoyloxyfucoxanthin (19'-but), fucoxanthin (fuc), diadinoxanthin (diadin), 

zeaxanthin (zea), and ß-carotene (bcar), sea water temperature °C (temp), sea water 
density kg/m3 (density). 

 
The mass ranges of marker pigments within the first 10 m had slightly changed 
from those within the first 20 meter. The median value for chl-a within first 10 m 
of water column is 0.56 when it decreases to 0.50 when we consider the values 
for the first 20 m (Figure 5). Similar slight alterations in the median values of chl-
c1+c2, fucoxanthin, and peridinin are observable; lower median value in a deeper 
water column. It is quite significant to state that the values within 20-38 meters 
are lower, slightly yet evidently than those of the 10-38 meters. 
 
Focusing on the frequently observed marker pigment mass range through the 
sampling period within the first 10-m column, reveals an increasing pattern of 
chl-a from November 2020 to March 2021, decreasing until July 2021 when 
another slight increase until September 2021 was observed (Figure 6). The 
median value for chl-a is in the highest in February 2021. Mass value distribution 
in March 2021, nevertheless indicated 50% of the data is in the range between 2.0 
µg L-1 and the maximum detected value of 3.46 µg L-1. It is not possible to 
mention such pattern for three other marker pigments through time. Additionally, 
according to the permutational multivariate variance analysis test results, marker 
pigment mass was significantly different (p<0.05) between sampling months 
(Table 1).  
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Figure 5. Mass range of marker pigments within depth ranges: Figure on top indicates 
above 10 m (<=10) and below 10 m (>10), figure on the bottom indicates above 20 m 

(<=20) and below 20 m (>20): chlorophyll-a (chla), chlorophyll-c1+c2, (chlc1c2), 
peridinin (per), 19’-butanoyloxyfucoxanthin (19'-but), fucoxanthin (fuc), diadinoxanthin 

(diadin), zeaxanthin (zea), and ß-carotene (bcar). 
 

Table 1. PERMANOVA test results for marker pigment mass of first 10 m 
 (significant in 95% confidence interval, permutations = 999). 

  df SSs R2 F Pr(>F) 

Pigment Mass*Month 9 18.471 0.457 2.623 0.023* 

Residual 28 21.910 0.543   

Total 27 40.380 1.000   

df: degrees of freedom, SSs: sum of squares, R2: coefficient of determination, F: F-value, 
Pr(>F): probability of the model. 
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Figure 6. Mass range of four frequent marker pigments during the sampling period: 
chlorophyll-a (chla), chlorophyll-c1+c2, (chlc1c2), peridinin (per),  

fucoxanthin (fuc). (0-10 m). 
 
Discussion 
 
Studying phytoplankton pigments in marine coastal waters is a useful approach 
in monitoring the phytoplankton group characteristics and environmental changes 
(Ediger et al. 2006; Seoane et al. 2011). Generally, diagnostic pigments are 
group-specific (Paerl et al. 2003), therefore phytoplankton functional groups are 
able to be determined by photopigment content (Jeffrey et al. 1997). Marine food 
web structure is linked to the shifts in functional group dominance which can alter 
the availability of food resources for higher trophic levels (Flombaum et al. 2013). 
Identifying such long-term or short-term alterations in marine coastal areas, such 
as the Sea of Marmara in which a massive mucilage formation occurred in spring 
2021, is essential. Here in this study we used phytoplankton marker pigments as 
a tool for indicating the phytoplankton groups during the mucilage phenomenon 
in a eutrophicated coastal area.  
 
Chl-a, fucoxanthin, peridinin, and chlorophyll- c1+c2 were found to be the most 
frequent among 13 marker pigments in the present study. Chl-a was at its 
maximum value in March 2021 (3.46 µg L-1) when none of the accessory 
pigments were at their highest mass. Central İzmit Bay in August and in May 
between 2016-2018 was recorded to have the highest chl-a in May 2018, when 
the phytoplankton abundance was approximately 2.5 x 105 cells L-1, with ~1.4 µg 
L-1 mass value by Dursun et al. (2020) which coincides with our results in May 
2021. On the contrary, when the phytoplankton cell abundance was over a million 
per liter in August 2018, their chl-a value was ~1 µg L-1. Dursun et al. (2020) 
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presented that fucoxanthin was the dominant marker and diadinoxanthin, 19'-but, 
and 19'-hex were too had considerable contribution (max.= ~1.4, 1.8, and 0.25 µg 
L-1, respectively) to the pigment concentrations in addition to those four pigments 
in the Sea of Marmara. It is not contradictory with our results in terms of 
fucoxanthin being the dominant accessory pigment. However, Dursun et al. 
(2020) presented that peridinin concentrations were higher than that of 
fucoxanthin in central İzmit Bay in May 2017 and May 2018, representing spring 
conditions. On the contrary, peridinin concentrations never exceeded fucoxanthin 
mass during our sampling period. Similar findings to our results were reported for 
the surface waters of central İzmit Bay by Bayram (2022) who revealed higher 
fucoxanthin levels in winter 2017 and 2018, nevertheless increased 
concentrations of peridinin in summer 2017 was highlighted. The Black Sea 
coastal waters had almost same pigment composition with again notable 
contribution of 19'-hex, fucoxanthin and peridinin having maximum values of ~ 
1.8, 3.2 and 2.5 µg L-1, respectively in May (Ağırbaş et al. 2015) being greater 
than the maximum values in this study. Their maximum chl-a mass value was 
~3.8 µg L-1. Number and the type of the notably detected markers in a 
eutrophicated Golden Horn estuary (Taş 2015) in the north-eastern Sea of 
Marmara in 2018-2019 period presents a slightly different composition with the 
contribution of the markers alloxanthin and diadinoxanthin (Dursun et al. 2021). 
Maximum chl-a mass was detected to be 19.49 µg L-1 in July 2019, although 
phytoplankton abundance was not at its maximum, remained below 1.5 µg L-1 
from October 2018 to June 2019 (Dursun et al. 2021).  
 
It is significant to mention that İzmit Bay has a distinct and a complex 
hydrodynamic structure compared to the Golden Horn estuary but in terms of 
excessive (often harmful) algal blooms and eutrophication characteristics (Taş 
and Yılmaz 2015; Dursun et al. 2020; Ergül et al. 2018), these two coastal systems 
are examples of a disturbed ecosystem (Ediger et al. 2016). During a late spring 
bloom in the generally oligotrophic Mediterranean Sea, chl-a mass reached 3 µg 
L-1 (Vidussi et al. 2000) and such mass coincides with our highest chl-a levels in 
the sampling location. Comparison of our results with those of both eutrophic and 
oligotrophic waters from an increased or low phytoplankton abundance or carbon 
content point of view is not very simple since the pigment levels did not alter in 
a clear pattern with phytoplankton abundance or mass. Nonetheless, acceptance 
of correlations between pigment mass values and phytoplankton abundance, 
winter-spring period in the sampling location may indicate a higher 
phytoplankton activity until when the massive mucilage formation became 
visible.  
 
Phytoplankton group composition by microscopic analysis was not available for 
this study. Nonetheless, with the knowledge of pigments being useful biomarkers 
of the taxonomic composition of phytoplankton (Bianchi et al. 2002), it is 
possible to confidently discuss the probable phytoplankton functional groups 
based on our results. Fucoxanthin and peridinin were frequently found to be 
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strongly correlated with the abundance of diatoms and dinoflagellates, 
respectively (Ediger et al. 2001, 2006; Dursun et al. 2020, 2021; Wong and Wong 
2004). Fucoxanthin was the most frequent and dominant accessory pigment 
during our sampling period except for the sampling in June 2021. It is likely for 
diatoms to be present and dominant for almost entire year. Additionally, 
chlorophyll- c1+c2 having significant strong correlation with fucoxanthin in our 
results can indicate the diatom presence and dominancy based on the findings by 
Dursun et al. (2020) that presented chlorophyll- c1+c2 to have consistent increase 
with diatom abundance.  
 
There is a contradictive suggestion which restrained a definite deduction for that 
Haptophytes can also produce high amounts of fucoxanthin (Nadushan and 
Hosseinzade 2020; Kanamoto et al. 2021) although this phytoplankton group is 
linked to 19'-hex (Marty et al. 2002; Ağırbaş et al. 2015) which was not detected 
in our study. However, the considerable abundance of a Haptophyte species along 
with high diatom abundance was recorded in the Sea of Marmara when in May 
2021, the mucilage formation was enormous (Balkıs et al. 2021). Previously, 
during the mucilage formation in the Adriatic Sea in 1997, fucoxanthin and 19'hex 
were detected in the upper layers along with the contribution of zeaxanthin and 
lutein (Flander-Putrle et al. 2000). The concentration of 19'hex was very low 
during this term although the percentage of Haptophytes (Prymnesiophytes) had 
been reported to be enhanced in the abundance in the same study (Flander-Putrle 
et al. 2000). Haptophyte associated 19' hex reported afterwards to be significantly 
higher concentrations during “mucilaginous years of 1997 and 2000” (Flander-
Putrle and Malej 2008). Although the presence of Haptophytes was proven during 
the mucilage outbreak in the Sea of Marmara, associated marker pigments remain 
below the detection limits during our study period. Fucoxanthin exhibited a 
stronger correlation with the carbon mass of diatoms in the offshore areas of the 
Black Sea than that of the coastal waters when peridinin with dinoflagellate mass 
had an exact opposite pattern (Ağırbaş et al. 2015). The interpretation of sole 
phytoplankton pigment composition appears to be an insufficient method in 
understanding the phytoplankton functional groups in marine environments. 
Conducting microscopic and chromatographic analysis simultaneously, stands 
out to be essential for determining the functioning of ecosystem in terms of 
phytoplankton (Dursun et al. 2021). 
 
The Sea of Marmara and its long and narrow İzmit Bay have permanently 
stratified water bodies where stratification is weaker under certain circumstances 
(Ünlüata et al. 1990; Beşiktepe et al. 1994; Altıok et al. 2020). Density profiles 
and T-S diagram suggested that the sampling location had the two-layered system 
throughout the year with weakened interface layer in December 2020 and March 
2021, indicating mixing probably due to atmospheric conditions (Altıok et al. 
2020). The euphotic zone depth in the Sea of Marmara approximately coincides 
with first 20 meters (Öztürk and Ediger 2023). The vertical distribution of 
phytoplankton pigments in our results revealed that pigment activity was limited 
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within this depth. The notable result is that there is only a slight difference within 
the first 0-10 and 0-20 meter-depth, suggesting that during the sampling period, 
first 10-meter depth has great importance in terms of phytoplankton activity for 
the sampling location. The low but detectable concentrations of pigments were 
observed through lower depths in winter-early summer period, however following 
June 2021 pigment activity was not detectable below 10 meter-depth. In the 
Mediterranean Sea on the contrary, pigments were detected even in the depths 
within 60-80-meter contour (Vindussi et al. 2000). Phytoplankton abundance 
decrease dramatically below 20 meters in the Sea of Marmara and such status has 
been related to the limits of euphotic zone coinciding with the halocline (Balcı 
and Balkıs 2017; Balkıs and Toklu-Alıçlı 2014; Uysal and Ünsal 1996). The 
mucilage aggregates in April 2021 were reported in different shapes and sizes in 
the depths above and below halocline (Öztürk et al. 2021) and the both surface 
and suspended aggregates continued to be reported sinking through bottom which 
eventually affected the light penetration (Öztürk and Ediger 2023). The decrease 
in the depth where pigment activity was detected could be related to the optic 
characteristics of the post-mucilage water column.  
 
Consecutively, consideration of the phytoplankton pigment concentrations in the 
coastal area of the central İzmit Bay indicated distinct composition in a vertical 
and temporal scale through mucilage period. Higher pigment concentration 
during winter-spring period was revealed for both chlorophylls and accessory 
pigments. Remarkably, number of the detected pigments was much lower in 
comparison to the previous studies in both the sampling area and other eutrophic 
or oligotrophic marine waters. Consistent and dominant presence of accessory 
pigment fucoxanthin, which is attributed to diatoms, was presented. Decreasing 
pattern of the phytoplankton pigment diversity and concentration with the 
increasing depths lead us to highlight the shallowness of considerable levels of 
pigments which may designate phytoplankton activity to be limited within first 0-
20-meter depths in the central İzmit Bay.  
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Müsilaj olayı döneminde fitoplankton marker 
pigmentlerinin su kolonunda yıllık dağılımı 
 
Öz 
 
Bu çalışmada, ötrofik özelliği ile bilinen İzmit Körfezi’nin kıyı ekosisteminin göstergesi 
olarak seçilen bir istasyonda fitoplankton pigmentleri su kolonunda bir yıl boyunca 
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izlenmiştir. Eylül 2020-Eylül 2021 döneminde Kasım’dan Nisan ayına artış gösteren 
klorofil-a üst tabakada yüksek değerlere sahipken, Chl c1+c2 Nisan 2021’de en yüksek 
0.75 µg L-1 olarak ölçülmüştür. Aksesuar pigmentler fukoksantin ve peridinin yine en 
yüksek değerlerine sırası ile Nisan ve Ocak 2021’de ulaşmıştır (0.66 µg L-1 ve 0.28 µg L-

1). Sıcaklık değerleri fukoksantin başta olmak üzere pigmentler ile negatif bir ilişki 
göstermiştir (r = -0.5). Klorofil-a ve chl-c1+c2 fukoksantin ile kuvvetli bir ilişkiye sahipken 
r = ~0.75), peridinin B-karoten ile ilişkili görülmektedir (r=0.67). Permutasyonel varyans 
analizine göre pigment değerli dönem içinde farklılık göstermektedir (p<0.05). Bu çalışma 
fitoplankton pigmentlerinin su kolonunda zamansal dinamiklerini incelerken, Marmara 
Denizi’nde meydana gelen müsilaj dönemine denk gelmesi nedeniyle de literatür açısından 
önemli bilgiler sunmaktadır.  
 
Anahtar kelimeler: Marmara Denizi, fitoplankton pigmentleri, klorofiller, fukoksantin, 
İzmit Körfezi 
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