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Abstract 
 

This study aimed to investigate the spatio-temporal distribution of phytoplankton 
communities and potentially harmful species in the northeastern Sea of Marmara, 
including İzmit Bay, from 2015 to 2018. Seawater samples were collected at six stations 
during the study to assess the species composition and abundance of the 
phytoplankton community, as well as the current environmental variables. A total of 
146 taxa belonging to twelve taxonomic classes were identified in the phytoplankton 
community. Seasonal patterns revealed that diatoms were dominant in winter and 
dinoflagellates were more common in other seasons. Phytoplankton abundance 
decreased from inner part of the İzmit Bay to outer regions and showed strong 
relationships with temperature and inorganic nutrient levels. The diatom Skeletonema 
spp. formed a bloom in the winter of 2018. A total of twenty-one potentially harmful 
taxa were detected, of which fourteen are known to be toxic or ichthyotoxic, two are 
known to cause fish kills, and five are known to cause water discoloration during bloom 
events. These findings reveal pronounced seasonal and spatial changes in 
phytoplankton community structure and their environmental drivers, indicating the 
importance of long-term monitoring for detecting HAB-related risks and assessing 
ecosystem health in eutrophic marine environment.  

 

Introduction 
 

Phytoplankton are the basis of the marine food 
web and play a crucial role in the cycling of material and 
energy flow in marine ecosystems. They also have an 
impact on global biogeochemical processes and help 
slow down climate change (Wang et al., 2022). Although 
phytoplankton represent less than 1% of the total plant 
biomass on Earth, they account for half of the total 
primary production (Field et al., 1998; Sarker et al., 
2023). As a result, phytoplankton are a crucial part of the 
marine food web (Chassot et al., 2010) and influence the 
transfer of energy throughout the food chain (Otero et 
al., 2020). Furthermore, phytoplankton communities 
are responsible for driving the global carbon cycle and 
climate system through their impact on CO₂ absorption 
and O₂ release (Andreae & Crutzen, 1997).  

Phytoplankton have a short life cycle and depend 
on various environmental factors such as light, 
temperature, water currents, salinity, and nutrients. 
These factors make their growth highly sensitive to 
environmental changes (Bergström et al., 2020; Sarker 
et al., 2023). Their rapid response to environmental 
changes has led previous studies to highlight 
phytoplankton as sensitive indicators of ecosystem 
health, particularly in human-impacted coastal areas. 
Moreover, fluctuations in phytoplankton abundance 
and community composition are closely linked to 
changes in trophic dynamics and fisheries productivity, 
highlighting their key role in marine ecosystem 
functioning (Sarker & Wiltshire, 2017). 

The Sea of Marmara is a semi-enclosed sea located 
between the Mediterranean and Black Seas, with a 
surface area of 11,500 km². A permanent halocline exists 
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between 15 and 30 meters deep, showing seasonal and 
regional variations due to two considerably different 
water masses. The upper layer contains less salty water 
(~18 psu) from the Black Sea, which enters through the 
İstanbul Strait, while the lower layer contains more 
saline water (~38 psu) from the Mediterranean, which 
enters through the Çanakkale Strait (Ünlüata et al., 
1990; Beşiktepe et al., 1994). İzmit Bay, located in the 
northeastern part of the Sea of Marmara, is in the center 
of a large metropolitan area in Türkiye, which is also an 
industrial zone. As a result, the bay’s ecosystem is 
exposed to significant anthropogenic inputs and 
industrial discharges (Morkoç et al., 2001; Sozer et al., 
2021). İzmit Bay is also a two-layer stratified water 
system. The upper layer (10–15 m) is dominated by the 
less saline (22–24) water originating from the Black Sea 
and is partially mixed with the lower layer waters of the 
Marmara Sea. More saline Mediterranean-origin waters 
occupy the entire deeper waters of the bay. A sharp 
halocline of about 15 m separates these layers, having 
different physicochemical properties (Oğuz & Sur, 1986; 
Ünlüata et al., 1990; Beşiktepe et al., 1994). The bay is 
divided into 3 regions: western, central, and eastern. 
The smallest and shallowest region is the eastern part 
(15 km in length, with a maximum depth of 35 m), and 
the largest region is the central part (20 km, with a 
maximum depth of 170 m). Coastal areas are dynamic 
regions where the water circulation patterns may vary 
considerably. Terrestrial inputs such as rivers and 
human activities can quickly affect water quality and 
plankton populations.  

Numerous studies have documented 
phytoplankton checklists and new records in the Sea of 
Marmara (Balkis, 2004; Balkis & Taş, 2016; Kaleli & 
Akçaalan, 2021; Durmuş et al., 2022; Çolak Sabancı F., 
2024). In addition, the distribution and composition of 
phytoplankton communities in the Sea of Marmara have 
been extensively investigated (Balkıs, 2003; Taş & Okuş, 
2004; Balkis et al., 2004; Aktan et al., 2003, 2005; Okuş 
& Taş, 2007; Deniz & Taş, 2009; Tüfekçi et al., 2010; 
Türkoğlu, 2010; Türkoğlu & Öner, 2010; Türkoğlu & 
Erdoğan, 2010; Küçük & Ergül, 2011; Ergül et al., 2014, 
2015, 2018; Taş et al., 2020), as well as 
picophytoplankton density (Sözer et al., 2021). 
Additionally, several studies have documented the 
occurrence of mucilage in the Sea of Marmara, a 
phenomenon closely associated with certain 
phytoplankton species (Aktan et al., 2008; Tüfekçi et al., 
2010; Balkıs et al., 2011; Taş et al., 2020; Balkis-Ozdelice 
et al., 2021). Furthermore, phytoplankton blooms and 
the presence of various harmful species have been 
widely reported in the region (Taş & Okuş, 2004; Aktan 
et al., 2005; Türkoğlu, 2008, 2010, 2013; Deniz & Taş, 
2009; Tüfekçi et al., 2010; Balkis & Toklu-Alicli, 2014; Taş 
& Okuş, 2011; Taş, 2015; Taş & Yılmaz, 2015; Taş & 
Lundholm, 2016; Ergül et al., 2014, 2015, 2018; Taş et 
al., 2016, 2020). Collectively, previous research indicates 
that phytoplankton assemblages in the region display 
significant spatial and temporal fluctuations, largely 

influenced by factors such as nutrient availability, water 
column stratification, and hydrodynamic conditions. 
Despite this extensive body of work, most studies have 
been based on short-term observations or limited 
spatial coverage, leaving a lack of comprehensive 
understanding of long-term phytoplankton dynamics, 
particularly in the northeastern basin, including İzmit 
Bay. To address this limitation, the present study 
provides a seasonal 4-year dataset, aiming to improve 
our understanding of temporal variability and the 
environmental drivers shaping phytoplankton 
communities in this highly impacted region. 

The main objective of this study is to investigate 
the spatiotemporal dynamics of phytoplankton in the 
northeastern Sea of Marmara, including İzmit Bay, with 
a particular focus on their relationship with 
environmental drivers. Accordingly, it explores changes 
in phytoplankton abundance and diversity, analyzes 
their associations with environmental parameters, and 
investigates the occurrence of blooms formed by 
potentially harmful or toxic species. By integrating these 
aspects, the study provides a more comprehensive 
understanding of ecosystem functioning and establishes 
a robust baseline for future monitoring and 
management efforts. 

 

Materials and Methods 
 

Field surveys were conducted with R/V TUBITAK 
MARMARA, and sampling was performed seasonally in 
February, May, July, and November (four times a year) 
from 2015 to 2018. The study was carried out at stations 
ST1, ST2 (eastern), ST3 (central), and ST4 (western), 
representing all three basins of Izmit Bay, and ST5 and 
ST6, located in the deep basin in the northeast of the 
Marmara Sea (Figure 1). 

The physical parameters (temperature and 
conductivity) were measured in situ using a CTD probe 
(SeaBird SBE25 Sea-Bird Electronics). Seawater samples 
were collected using Niskin bottles. Inorganic nutrient 
analyses (dissolved inorganic nitrogen, phosphate, and 
silicate) were carried out using a two-channel Skalar 
autoanalyzer (Skalar Analytical B.V., The Netherlands), 
following the method described by Hansen et al. (1983). 
The chlorophyll-a concentrations were measured with 
the acetone extraction method (Eaton et al., 2005). 

For phytoplankton analysis, surface water samples 
(1 liter) were taken from Niskin bottles and fixed with an 
acidic Lugol’s solution (2%) (Throndsen, 1978) and 
stored in a dark place until analysis. The seawater 
samples were left to settle at least one week in the 
laboratory in accordance with the Utermöhl 
sedimentation technique (Utermöhl, 1958). Then, the 
upper water was removed after the sedimentation. The 
samples were concentrated up to 10 mL (Sukhanova, 
1978) and the homogenized subsample of 1 mL was 
examined using a Sedgewick Rafter Counting Cell under 
an inverted microscope equipped with phase-contrast 
(NIKON TE 2000).  
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Phytoplankton biodiversity was assessed using the 
following indices: 

Shannon diversity index (H’) is a comprehensive 
index of species richness and measure of uniformity of 
the distribution of individuals. It reflects the complexity 
and stability of community structure. It is described by 
the following formula (Shannon&Wiener, 1949): 

 
H′= -∑(ni/N) × ln(ni/N) 

 
Margalef species richness index (D) quantifies 

species richness and the number of individuals. It is 
described by the formula (Margalef,1958):  

 
D= (S - 1)/ln N 

 
Pielou's evenness index (J) reflects the evenness of 

individuals' distribution among species. This index is 
described by the following formula (Pielou, 1966): 

 
J= H/ln S 

 
Where ni is the density of the ith species at one site, 

N is the total density and S is the total number of species. 
The Principal Component Analysis (PCA) using 

PRIMER software package (ver. 6.1) was implemented to 
summarize the relationships among environmental 
variables and the similarities among observations within 
a multivariate dataset, including total diatom and total 
dinoflagellate abundance. 

The current nomenclature of phytoplankton was 
checked and updated with the databases of AlgaeBase 
(https://www.algaebase.org) and WoRMS (http://www. 
marinespecies.org). The definition of potentially toxic 
species was made according to the IOC Taxonomic 
Reference List of Harmful Micro Algae (Lundholm et al., 
2009). All values are reported as the mean±SD in the 
tables and the main document. 

Results  
 

Environmental Parameters 
 

The seasonal dynamics of surface environmental 
parameters (salinity, temperature, chlorophyll-a, 
phosphate, silicate, and dissolved inorganic nitrogen) 
demonstrated seasonal and interannual variability in 
the study area throughout the sampling period (Table 1).  

Salinity showed seasonal and interannual 
variability, ranging from a minimum of 22.64±0.98 psu 
in spring 2015 to a maximum of 28.07±0.68 psu in winter 
2015. Seasonal fluctuations are pronounced; lower 
values are generally observed in spring and summer, 
while higher values in winter indicate an increased 
vertical mixing. Temperature exhibited a well-defined 
seasonal pattern, consistently showing the lowest 
values in winter (~7–10°C) and the highest values in 
summer (~23–25°C) across all years (Table 1). 

Chlorophyll-a, an indicator of phytoplankton 
biomass, exhibited high variability both seasonally and 
interannually. Highest values were observed in the 
autumn of 2018 (11.06±12.3 µg L⁻¹) and the spring of 
2015 (6.23±4.85 µg L⁻¹), suggesting that episodic high 
phytoplankton biomass occurred due to the availability 
of nutrients. Conversely, very low concentrations 
observed (1.39±1.30 µg L⁻¹) in spring 2016 and summer 
2017 (0.81±0.63 µg L⁻¹) may indicate nutrient depletion 
(Table 1). 

Phosphate concentrations remained generally low 
throughout the years, with values ranging from ~0.02 to 
0.27 µM (Table 1). Slightly elevated levels in winter 2017 
(e.g., 0.27±0.19 µM) likely reflect vertical mixing and 
remineralization processes. Silicate showed significant 
variability between seasons and years. Higher values in 
winter 2015 (e.g., 5.37±3.82 µM) are typical due to 
mixing and river input. In contrast, lower values in spring 
and summer 2016 (e.g., 0.24±0.31 µM) indicate 

 

Figure 1. The study area and sampling stations. 
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utilization by phytoplankton. Dissolved inorganic 
nitrogen concentrations exhibited strong variability, 
ranging from 0.19±0.09 µM (autumn 2015) to 9.21±5.33 
µM (winter 2017). The peak values were observed in 
winter, and low concentrations were observed in 
summer and spring (Table 1). Overall, the data reveals 
strong seasonal cycles. It has been observed that higher 
nutrient levels and salinity are generally recorded during 
the winter months, a phenomenon attributed to vertical 
mixing processes. In contrast, higher temperatures and 
a depletion of nutrients have been observed during the 
summer months. 

 
Phytoplankton Composition 

 
One hundred forty-six (146) taxa of phytoplankton 

representing 68 genera were identified in surface water 
samples during the study period. These phytoplankton 
taxa comprised 12 algal taxonomical classes (i.e., 

Cyanophyceae, Bacillariophyceae, Coscinodiscophycea, 
Mediophyceae, Dinophyceae, Cryptophyceae, 
Raphidophyceae, Dictyochophyceae, Euglenophyceae, 
Chlorophyceae, Zygnematophyceae, and 
Coccolithophyceae). Dinoflagellates and diatoms were 
the dominant groups in the phytoplankton community 
in terms of species richness, with 46% and 43%, 
respectively. The remaining 11% also constituted the 
other algal groups (Figure 2). 

Species richness based on the number of species at 
the sampling stations showed a seasonal variation 
(Figure 3). Across all stations, species richness was 
particularly high during the winter of 2017. Throughout 
the study period, certain dinoflagellates—Tripos furca, 
Prorocentrum micans, P. scutellum, Dinophysis acuta, 
and Noctiluca scintillans—and diatoms such as 
Cylindrotheca closterium, Leptocylindrus spp., and 
Skeletonema spp. were consistently observed across all 
sampling sites.  

Table 1 Seasonal and interannual variability of surface environmental parameters (mean ± SD) in the study area  

Year Season Salinity (psu) Temp. (℃) Chl-a (µgL-1) PO4 (µM) Si (µM) DIN (µM) 

2015 

Winter 28.07±0.68 9.34±0.67 5.35±2.34 0.21±0.17 5.37±3.82 2.72±2.49 
Spring 22.64±0.98 19.14±1.82 6.23±4.85 0.15±0.18 2.45±0.61 4.31±2.71 

Summer 24.18±1.08 23.87±0.91 2.16±0.83 0.04±0.03 1.75±1.42 0.70±1.19 

Autumn 25.9±0.91 15.34±0.18 5.86±8.53 0.04±0.03 2.29±1.62 0.19±0.09 

2016 

Winter 25.04±0.90 8.61±0.23 5.11±3.69 0.11±0.12 4.98±6.70 3.03±3.89 
Spring 23.72±0.59 18.5±0.53 1.39±1.30 0.02±0.01 0.31±0.34 0.27±0.20 

Summer 23.37±1.21 23.73±0.36 2.11±1.89 0.05±0.03 0.24±0.31 0.43±0.32 

Autumn 25.29±1.16 13.98±0.23 1.47±1.27 0.09±0.07 0.73±0.62 0.81±0.93 

2017 

Winter 27.54±2.13 7.62±0.39 4.20±1.35 0.27±0.19 3.94±1.57 9.21±5.33 
Spring 24.22±1.05 15.6±0.83 1.74±1.48 0.09±0.10 1.45±0.37 1.19±1.74 

Summer 23.71±0.81 25.07±0.80 0.81±0.63 0.16±0.15 3.61±5.51 0.42±0.25 

Autumn 25.88±0.60 15.95±0.11 3.80±2.86 0.12±0.06 0.13±0.06 1.07±1.31 

2018 

Winter 26.55±1.56 10.97±0.34 5.76±6.23 0.11±0.06 0.46±0.68 2.13±1.59 
Spring 24.49±1.77 15.05±1.61 4.01±1.56 0.04±0.02 2.24±3.12 0.56±1.03 

Summer 23.84±0.87 23.50±0.73 1.39±1.33 0.08±0.08 0.95±0.48 0.87±0.54 

Autumn 26.80±2.37 13.66±1.93 11.06±12.3 0.16±0.12 2.74±1.77 3.74±3.17 
 
 
 

 

Figure 2. Percentage distribution of phytoplankton taxa identified according to taxonomic classes. 
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Phytoplankton Abundance 
 
Phytoplankton abundance exhibited clear seasonal 

variations throughout the study period, decreasing 
generally from the inner part of the Izmit Bay toward the 
outer regions (Figure 4). Total abundance values ranged 
from 3.4×10⁴ to 1.68×10⁶ cells L⁻¹ during the study 
period. The highest total phytoplankton abundance 
(1.68×10⁶ cells L⁻¹) was recorded at ST4 in the winter of 
2018. Overall, higher abundances were found in 2018, 
particularly during the winter, when the diatom 
Skeletonema spp. formed a bloom across the study area. 
In addition, a dinoflagellate species, Noctiluca 

scintillans, was primarily detected during the late spring 
and summer in all sampling periods. The abundance of 
N. scintillans ranged from 1.8×10⁴ to 6.5×104 cells L⁻¹ in 
spring, 1.2×10⁴ to 2.5×104 cells L⁻¹ in summer, and 
2.4×10⁴ to 5.3×104 cells L⁻¹ in autumn. 

Diatom abundance, which was high in winter 
periods, decreased from spring to summer, and the 
annual cycle was completed with the increase in autumn 
and winter (Figure 5). A total of 64 diatom taxa 
belonging to 31 genera were identified during the study 
period. Among these, Chaetoceros was the most diverse 
genus with 9 species: C. affinis, C. constrictus, C. 
curvisetus, C. danicus, C. decipiens, C. diadema, C. 

 

Figure 3. Changes in species richness among sampling stations according to annual means 

 

 

Figure 4. Seasonal variations in phytoplankton abundance at sampling stations during the study period. 
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didymus, C. laciniosus, and C. peruvianus. This was 
followed by the genus Coscinodiscus, represented by 
four species (C. concinnus, C. granii, C. perforatus, and C. 
radiatus), and the genus Rhizosolenia was also 
represented by four species (R. hebetata, R. robusta, R. 
setigera, and R. styliformis). An increase in diatom 
abundance was particularly evident in the winter during 
the study period. In the winter of 2018, high diatom 
concentrations were recorded at all sampling stations 
depending on the bloom of Skeletonema spp. and their 
abundance reached approximately 1.4×10⁶ cells L⁻¹ at 
ST1 and 1.2×10⁶ cells L⁻¹ at ST3. Although Cylindrotheca 
closterium was present throughout the study, its 
abundance was lower in comparison.  

Dinoflagellate abundance varied among the years 
and seasons, as seen in Figure 6. During the study, a total 

of 68 dinoflagellate taxa belonging to 25 genera were 
identified during the study period. Among the 
dinoflagellate genera, Protoperidinium was the most 
diverse genus with 15 species: P. brevipes, P. bipes, P. 
claudicans, P. conicum, P. crassipes, P. depressum, P. 
divergens, P. grande, P. oblongum, P. obtusum, P. 
pentagonum, P. pallidum, P. pellucidum, P. pyriforme, 
and P. steinii. This was followed by the genus Tripos with 
8 species: T. furca, T. fusus, T. horridum, T. lineatus, T. 
longipes, T. macroceros, T. trichoceros and T. muelleri. 
The genus Prorocentrum also included 6 species: P. 
compressum, P. cordatum, P. gracile, P. micans, P. 
scutellum, and P. triestinum. Additionally, 4 species from 
the genus Dinophysis were recorded: D. acuminata, D. 
acuta, D. caudata, and D. sacculus. 

 

Figure 5. Temporal variations of diatom abundance during the study period.  

 

 

Figure 6. Temporal variations of dinoflagellate abundance during the study period.  
 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS28976 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of phytoplankton groups based on 
their seasonal mean abundance over the years, diatoms 
dominated during winter, while dinoflagellates were 
more prevalent in the other seasons (Figure 7). The most 
dominant species were Skeletonema spp. and 
Leptocylindrus minimus from diatoms, and 
Prorocentrum micans, P. scutellum, and Tripos fusus 
from dinoflagellates. 
 
Ecological Index  

 
The Shannon diversity index (H’) values ranged 

from 0.364 to 4.037 throughout the study period. The 
lowest H’ value was recorded at ST6 in the winter of 
2018, and the maximum value was also recorded at ST6 
in the summer of 2015 (Figure 8a). The H’ indicated that 
phytoplankton diversity is generally low during the 
winter months and higher during the summer and 
autumn months. A significant decrease in H’ was 
observed at all stations, particularly in the winter of 
2018, due to the dominant bloom of Skeletonema spp. 
The H’ values demonstrated fluctuations at both the 
temporal and spatial scales in the study area, indicating 
changes in species diversity. 

Following the evaluation of the Margalef species 
richness index (D), it was determined that the index 
values ranged from 1.117 to 4.444. The minimum D 
value was recorded in ST6 in the winter of 2015, while 
the maximum value was recorded in ST3 in the winter of 
2017 (Figure 8b). The D values have demonstrated that 
the summer and autumn months generally exhibited 
higher species richness in comparison to winter periods. 

The Pielou’s Evenness index (J’) demonstrated a 
range from 0.079 to 0.937 throughout the study. The 
minimum J’ value was measured at ST6 in the winter of 
2018, while the maximum value was recorded at ST6 in 
the summer of 2017 (Figure 8c). This finding suggests 
that station ST6 displayed notable periodic structural 
variation. The low J’ value in winter 2018 indicated that 
the distribution of individuals within the community was 
disrupted by the dominance of Skeletonema spp., 

significantly decreasing interspecies equality. However, 
station ST6 is distinguished by its elevated J’ values 
during other periods of the study, indicating a more 
balanced distribution of species.  

 
Potentially Harmful Species 

 
A total of 21 phytoplankton taxa (about 15% of the 

total phytoplankton taxa) that are known to be 
potentially harmful elsewhere were identified in this 
study period (Table 2; Figure 9). Of these, fourteen taxa 
are also known to be toxic or ichthyotoxic, and two taxa 
are known to cause fish kills. The remaining six taxa are 
known to cause water discoloration when they bloom. 
The majority of these potentially harmful species were 
dinoflagellates (17 taxa). Other potentially harmful taxa 
consisted of one cyanobacterium, two diatoms, and one 
raphidophyte (Table 2).  

Anabaena sp., a cyanobacterium, was detected 
during the summer of 2015 with a maximum cell 
abundance of 3.2×104 cells L⁻¹. The potentially toxic 
diatom Pseudo-nitzschia spp. were frequently observed 
in the study area, and its abundance reached 5.6×10⁵ 
cells L-1 in the inner part of Izmit Bay (ST1) in winter 
2017. Skeletonema spp., bloom-forming diatom species, 
were predominantly found between 2015 and 2017, 
particularly in the winter and spring, and they formed a 
winter bloom with a maximum abundance of 1.4×10⁶ 
cells L⁻¹ in winter 2018. The abundance of a 
dinoflagellate, Alexandrium minutum, which is known to 
be toxic, reached 2.1×103 cells L⁻¹ in the inner part of 
Izmit Bay (ST1) in the winter of 2017. A dinoflagellate, 
Akashiwo sanguinea, a red-tide species, reached its 
highest abundance (1.1×103 cells L⁻¹) at ST1 in the 
autumn of 2015. The potentially toxic dinoflagellate 
genus Dinophysis was infrequently detected in low 
abundances (max. 1.1×104 cells L-1), whereas 
Prorocentrum species were widely distributed across 
stations in Izmit Bay and were abundant from spring to 
autumn throughout the sampling period. Prorocentrum 
micans reached up to 2.9×105 cells L-1 at the ST2 in spring 

 

Figure 7. The percentage distribution of phytoplankton groups based on their seasonal mean abundance during the study period.  
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Figure 8. Temporal variations of ecological index values during the study period. 
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of 2018, and P. cordatum reached 3.4×104 cells L-1. One 
of the other dinoflagellate species, Gonyaulax spinifera 
which is known to be toxic, reached 2.4×104 cells L-1 at 
ST4 during the summer of 2018, and the toxic 
dinoflagellate Gymnodinium cf. catenatum (max. 
1.4×104 cells L-1) was also observed at station ST4 during 
the spring of 2018. Furthermore, the highest abundance 
of Phalacroma rotundatum was observed at low 
frequency and abundance (max. 1.1×103 cells L-1) at ST5 
in the winter of 2016. Kriptoperidinium triquetrum 
(formerly Heterocapsa triquetra), a red tide species, was 
rarely observed at the stations, with the maximum 
abundance of 2.0×104 cells L-1 at ST1 in spring 2016. 

Noctiluca scintillans, a red tide species, was frequently 
observed at stations throughout the study, and their 
maximum abundance (6.5×104 cells L-1) was recorded at 
ST1 in the spring of 2015. Scrippsiella acuminata, a red 
tide species, was frequently recorded during the study 
period with the maximum abundance of 9.9×104 cells L-

1 in ST2 in the spring of 2018. Tripos furca and T. fusus 
were mainly observed during winter and autumn in all 
sampling periods, and they reached maximum 
abundance 2.2×104 cells L-1 and 1.4×104 cells L-1, 
respectively. A raphidophyte Heterosigma akashiwo, 
were detected infrequently and in low abundances 
throughout the study period (Table 2). 

 

Table 2. List of phytoplankton taxa known to be potentially harmful and bloom-forming during this study period (The numbers over 
“Harmful effect known” indicate the references used for this purpose as they were given under the Table).  

Taxa Harmfull effect known Max. abundance (cells L-1) 
Cyanobacteria   
Anabaena sp. Toxic1 3.2×104 
Diatoms   
Pseudo-nitzschia spp. Toxic2 5.6×105 
Skeletonema spp. Discoloration5,10 9.3×105 
Dinoflagellates   
Alexandrium minutum Toxic2 2.1 ×103 
Akashiwo sanguinea Ichthyotoxic3,10 1.1 ×103 
Dinophysis acuminata Toxic2 3.0×103 
Dinophysis acuta Toxic2 5.2×103 
Dinophysis caudata Toxic2 1.1×104 
Dinophysis fortii Toxic2 2.0×103 
Dinophysis sacculus Toxic2 2.2×103 
Gonyaulax spinifera Toxic2 2.4×104 
Gymnodinium cf. catenatum Toxic2 1.4×104 
Kriptoperidinium triquetrum Discoloration5,6 2.0×104 
Noctiluca scintillans Discoloration8,9 5.2×103 
Phalacroma rotundatum Toxic2 1.1×103 
Prorocentrum cordatum Toxic2,3,4 3.2×104 
Prorocentrum micans Discoloration11 2.9×105 
Scrippsiella acuminata Discoloration5 9.9×104 
Tripos fusus Fish kills7 1.4×104 
Tripos furca Fish kills7 2.2×104 
Raphidophyte   
Heterosigma akashiwo Ichthyotoxic2,3,4 1.4×104 

1Hallegraeff et al. 2003; 2Lundholm et al. 2009; 3Hallegraeff 2002; 4Zingone et al. 2006; 5Tas and Yilmaz, 2015; 6Tas, 2015; 7Lu and Hodgkiss 2004; 
8Aytan et al. 2014; 9Turkoglu, 2013, 10Lassus et al.,2016, 11Ergül et al., 2018 

 
 
 

 

Figure 9. Seasonal distribution of potentially harmful and/or toxic taxa in phytoplankton community during the study period. 
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Data Analysis 
 

Figure 10 presents the results of a Principal 
Component Analysis (PCA), which summarizes the 
relationships among variables and the similarities 
among observations within a multivariate dataset. The 
first principal component (PC1) explains 38.0% of the 
total variance, while the second principal component 
(PC2) accounts for 18.4%. Together, these two 
components explain 56.4% of the total variation in the 
dataset. Diatoms (totDIA) are positively associated with 
nutrient variables, such as dissolved inorganic nitrogen 
(DIN), phosphate (PO₄), and silicate (Si), and are 
predominantly present in samples taken in spring and 
autumn. Conversely, dinoflagellates (totDINO) exhibit a 
stronger presence in summer and autumn samples and 
are more closely associated with salinity (sal) and 
chlorophyll-a (Chl-a). Temperature (temp) also aligns 
with summer samples, indicating its influence on 
seasonal phytoplankton dynamics. Overall, the analysis 
emphasizes the significant impact of seasonal 
environmental fluctuations on phytoplankton 
community structure. 
 

Discussion 
 

In this study, a total of 146 phytoplankton taxa 
belonging to twelve taxonomical algal classes were 
identified during seasonal sampling between 2015 and 
2018. Aktan et al. (2005) reported 77 taxa from five 
classes in İzmit Bay between 1999 and 2000, while Deniz 

and Taş (2009) recorded 115 taxa from ten groups in the 
northeastern Sea of Marmara. Similarly, Taş et al. (2020) 
reported 132 taxa belonging to six classes between 2004 
and 2007. The higher number of taxa observed in the 
present study likely reflects increased sampling 
frequency, broader seasonal coverage, and longer study 
duration, indicating that short-term studies may 
underestimate phytoplankton diversity in dynamic 
coastal systems. 

Diatoms and dinoflagellates were the dominant 
groups in terms of both species richness and cell 
abundance, consistent with previous studies. 
Dinoflagellates constituted a slightly larger proportion 
of species composition, whereas diatoms dominated 
during certain periods. These findings agree with earlier 
studies (Balkıs, 2003; Aktan et al., 2005; Deniz & Taş, 
2009; Küçük & Ergül, 2011; Taş et al., 2020), which 
reported seasonal succession patterns characterized by 
diatom dominance in winter and increased 
dinoflagellate abundance in summer. The observed 
increase in diatom abundance during winter, coupled 
with interannual variability in dinoflagellates, suggests 
that shifts in water column stability and nutrient 
availability play a critical role in structuring 
phytoplankton communities. 

This seasonal succession can be interpreted as a 
shift from nutrient-enriched, well-mixed conditions 
favoring fast-growing diatoms to more stable, stratified 
environments that support dinoflagellates during 
warmer periods. Such transitions reflect the adaptive 
strategies of these groups under contrasting 

 

Figure 10. Principal Component Analysis (PCA) of Environmental Parameters and Phytoplankton Groups. 
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environmental conditions. The PCA results further 
support this pattern, indicating that seasonal variability 
in physical conditions and nutrient availability are key 
drivers of phytoplankton structure in the Sea of 
Marmara. The association of diatoms with nutrient-rich, 
mixed conditions and dinoflagellates with stratified 
waters is consistent with previous findings (Tüfekçi et 
al., 2010), highlighting the ecological sensitivity of this 
semi-enclosed system to environmental variability. 

Certain microalgal species can form dense blooms 
under favorable environmental conditions, potentially 
disrupting ecosystem functioning. High-biomass blooms 
may alter trophic interactions, cause fish mortality, and 
lead to hypoxia following decomposition (Kudela et al., 
2015). In the present study, several dinoflagellates, 
including Prorocentrum micans, P. scutellum, and Tripos 
fusus, were consistently observed across all stations. 
Previous studies have linked dense blooms of 
Prorocentrum species to red tide events in Izmit Bay (Taş 
& Okuş, 2004; Aktan et al., 2005; Ergül et al., 2018). 

The diatom genus Skeletonema, commonly 
associated with eutrophic conditions (Jasprica et al., 
2012), formed a bloom in the inner part of Izmit Bay 
during winter 2018. This bloom likely reflects episodic 
nutrient enrichment under mixing conditions, 
potentially linked to anthropogenic inputs and limited 
water exchange. Although no visible discoloration was 
observed, during the sampling period, such blooms do 
not necessarily result in noticeable changes in water 
color. Therefore, even moderate increases in 
phytoplankton biomass may still indicate early stages of 
eutrophication and may affect oxygen levels and food 
web interactions. 

Some microalgal species produce toxins that pose 
risks to marine organisms and human health (Kudela et 
al., 2015). In this study fourteen potentially toxic or 
ichthyotoxic taxa and two fish-killing taxa were 
identified, most of which were dinoflagellates. Similar 
findings were reported by Taş et al. (2020). Although no 
harmful blooms were recorded, the continued presence 
of these species suggests a potential risk under suitable 
environmental conditions. 

This underlines the importance of not only 
detecting blooms but also identifying the environmental 
conditions that may trigger them. In this context, even 
low-density events, such as the observed Skeletonema 
bloom, can serve as early warning signals of possible 
ecosystem imbalance.  

Overall, the presence and variability of HAB-
forming species in the Sea of Marmara highlight the 
need for regular and long-term monitoring. Such efforts 
are important for early warning, as well as for 
understanding how the ecosystem responds to 
increasing human pressures and climate-related 
changes. This knowledge can support the development 
of effective management strategies under the Water 
Framework Directive (WFD) and the Marine Strategy 
Framework Directive (MSFD). 
 

Conclusion 
 

This study provides a comprehensive assessment 
of seasonal and interannual variability in phytoplankton 
communities and their relationship with environmental 
drivers in the northeastern Sea of Marmara, including 
İzmit Bay, between 2015 and 2018. A clear spatial 
gradient in phytoplankton abundance was observed, 
decreasing from the inner to the outer parts of İzmit 
Bay. This pattern reflects the combined influence of 
hydrographic structure and anthropogenic nutrient 
inputs, emphasizing the role of both natural and human-
induced factors in shaping phytoplankton distribution. 

The results revealed distinct seasonal dynamics, 
with diatoms dominating during winter under nutrient-
rich and well-mixed conditions, while dinoflagellates 
were more prevalent in other seasons, likely associated 
with stratified and warmer waters. Fourteen toxic or 
ichthyotoxic taxa and two fish-killing species were 
detected, suggesting a continuing ecological risk despite 
the absence of harmful blooms during the study period. 
Several bloom-forming taxa were also present, but only 
a Skeletonema spp. bloom occurred in the inner part of 
İzmit Bay, and it did not visibly alter the water color. 

These findings highlight the sensitivity of 
phytoplankton communities to nutrient enrichment and 
seasonal environmental variability in this semi-enclosed 
and highly impacted system. They further suggest that 
even low-intensity bloom events may serve as early 
indicators of ecosystem imbalance and ongoing 
eutrophication processes. 

Overall, this study establishes a robust baseline for 
understanding phytoplankton dynamics in the region. 
By linking community structure to environmental 
drivers, it provides valuable insights for ecosystem-
based management, long-term monitoring, and the 
development of mitigation strategies aimed at 
protecting water quality and marine biodiversity under 
increasing anthropogenic pressure.   
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