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Abstract – Cryptic diatom species, despite their subtle morphological traits, play a pivotal role in harmful algal blooms 
(HABs) and mucilage formation, making their identification a critical challenge. This study combines molecular and 
morphological approaches to characterize diatom species associated with the extensive mucilage observed in Turkish 
coastal waters between 2020 and 2021. Among the findings, Minutocellus polymorphus (Hargraves & Guillard) Hasle, 
Stosch & Syvertsen and Fistulifera saprophila (Lange-Bertalot & Bonik) Lange-Bertalot whose molecular phylogenetic 
analysis was carried out by sequencing small subunit ribosomal DNA (SSU rDNA) and internal transcribed spacer (ITS), 
are reported for the first time in Turkish waters, expanding our understanding of local biodiversity. Additionally, 
Pseudo-nitzschia pungens (Grunow ex Cleve) G.R.Hasle was molecularly characterized for the first time in the Sea of 
Marmara using large subunit ribosomal DNA (LSU rDNA) and ITS sequences. These results underscore the indispensable 
role of molecular techniques in uncovering the hidden diversity of diatoms and their potential contribution to HABs and 
mucilage events. By linking these findings to the ongoing mucilage phenomenon, this study offers significant insights into 
the ecological dynamics of the Sea of Marmara and highlights the need for integrative approaches in future research.
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Introduction
Mucilage is a natural phenomenon characterized by 

gelatinous extracellular secretions of microalgae and bacteria 
(Danovaro et al. 2009, Balkis-Ozdelice et al. 2021). It can 
take various forms, including small flocs, strings, strips, and 
clouds, and has been reported in different seas over the 
centuries such as the Adriatic Sea and the Tyrrhenian Sea 
(Bianchi 1746, Gotsis-Skretas 1995). In the Sea of Marmara, 
large-scale mucilage events were observed for the first time 
in 2007 and more recently between 2020 and 2021 (Balkis 
et al. 2011, Balkis-Ozdelice et al. 2021). Possible causes for 
these events include increased nutrient input, climate 
change, and other anthropogenic factors, which create 
favorable conditions for its formation (Svetličić et al. 2011). 
This phenomenon has significant ecological and economic 
impacts, making it a critical issue for marine ecosystems. 

Diatoms are among the main components of phyto-
plankton and play a crucial role in mucilage formation 

(Svetličić et al. 2011). They secrete adhesive mucilage, a 
type of extracellular polymeric substance (EPS), which 
contributes to cell stickiness and aggregation (Thornton 
2002, Svetličić et al. 2011). Among these, species such as 
Pseudo-nitzschia pungens and Cylindrotheca closterium 
(Ehrenberg) Reimann & J.C.Lewin have been identified as 
key contributors during previous mucilage events in the 
Sea of Marmara (Balkis et al. 2011, Balkis-Ozdelice et al. 
2021). However, the cryptic nature of some diatom species 
makes it challenging to identify them based solely on 
morphology. This necessitates the use of molecular tools 
to accurately characterize and understand their role in 
mucilage formation.

Advances in molecular techniques, such as DNA 
sequencing and phylogenetic analysis, have significantly 
enhanced our ability to identify cryptic diatom species and 
elucidate their taxonomic relationships, making them 
particularly useful for detecting species that are morpho-
logically indistinguishable or rare in natural samples 
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(Alverson 2008). By combining molecular and morpho-
logical approaches, it is possible to gain deeper insights 
into the biodiversity and ecological roles of the diatoms 
associated with mucilage events.

The objective of this study is to investigate the molecu-
lar and morphological characteristics of diatom species 
linked to the recent mucilage phenomenon in the Sea of 
Marmara and the Aegean Sea. Specifically, we aim to iden-
tify cryptic species, understand their genetic relationships, 
and explore their potential contributions to mucilage for-
mation. By doing so, we hope to provide a comprehensive 
understanding of the ecological dynamics driving these 
events and inform future management strategies.

Material and methods
Sampling

Mucilaginous seawater samples were collected once 
from five stations, including Keşan in the North Aegean Sea 
(September 2021, Station 5) and Burgazada (October 2021, 
Station 3), Heybeliada (November 2021, Station 2), Kadıköy 
(November 2021, Station 1), and Erdek (January 2022, Sta-
tion 4) in the Sea of Marmara (Fig. 1).

Sampling was performed with a plankton net (20 μm 
mesh size) deployed horizontally in the coastal area. At all 
stations except Erdek, the net was thrown as far from the 
shore as possible and retrieved to collect samples from sur-
face waters, with this process repeated 10 times. At Erdek, 
the sample was collected from a depth of 8 m using SCUBA 
diving. During the dive, no specific transect was followed; 
instead, the net was moved freely while maintaining a con-
stant depth. The concentrated samples were transferred to 
50 mL centrifuge tubes during the fieldwork, kept in the 
dark to preserve their integrity, and immediately brought 
to the laboratory for isolation.

Monoalgal cell isolations and cultures

The field samples were serially diluted on 24-well plates 
(1:1 ratio) with enriched F/2 medium at 24 salinity (Guillard 
1975). They were kept at 150 μmol photons m-2 s-1 (Nakamura 
and Umemori 1991) under a 12:12 light-dark cycle at 20 ± 2 °C 
until isolation (3–4 days) in the culture room. These samples 
were examined with an inverted microscope (Olympus 
CKX31), and single-cell isolations were made using a Pasteur 
pipette with a narrowed tip to a drop on the micro-floccula
tion plates. Each algal cell was transferred from one drop of 
filtered and autoclaved seawater to another drop of filtered 
and autoclaved seawater supplemented with F/2 medium 
until it was free from bacteria and other cells. Finally, the 
single cells were transferred to 96-well plates containing 
enriched F/2 medium and incubated in the culture room. 
The cells were photographed using an Olympus BX51 model 
transmitted LM with a Touptek XF1080B-S model digital 
camera attachment, and cell measurements for each species 
were also performed on 30 cells using this microscope. 
Dense cell cultures in the late-exponential phase were 
harvested by centrifugation (3500 g for 15 min) for subsequent 
DNA analysis. 

For the morphological investigation of strains using 
scanning electron microscopy (SEM), the Cylindrotheca 
strain was transferred to a cryotube, subjected to cleaning 
with a 20% sulfuric acid (H2SO4) solution, and the sample 
was sedimented and washed with deionised water (DI) sev-
eral times. Subsequently, the sample was boiled in a 50% 
hydrogen peroxide (H2O2) solution at 100 °C for half an 
hour and washed again with DI a few times. In contrast, in 
the Fistulifera strain, only a 20% sulfuric acid solution was 
employed to eliminate organic matter. For Pseudo-nitzschia, 
samples were digested in a 10% hydrochloric acid (HCl) 
solution overnight and washed with distilled water. Sub
sequently, the samples were boiled with 50% hydrogen 

Fig. 1. Location of stations: Kadiköy (Station 1), Heybeliada (Station 2), Burgazada (Station 3), Erdek (Station 4), Keşan (Station 5) 
(QGIS, 2022).
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peroxide for 4–5 hours, and the acid was removed by wash-
ing several times with distilled water. The acid-digested and 
acid-free samples were filtered through polycarbonate 
membrane filters (0.2 µm mesh size) and placed onto 
carbon-coated stubs. These samples were allowed to dry at 
room temperature and stored in a desiccator until analysis. 
Before analysis, they were coated with gold and examined 
using the FEI Versa 3D model SEM. The length and valve 
measurements of the species were conducted using Scanning 
SEM imaging analyses on 30 cells per species.

Molecular and phylogenetic analyses 

Molecular identification of the isolated cells was per-
formed using primers D1R (Scholin et al. 1994) and D3B 
(Nunn et al. 1996) for the large subunit ribosomal DNA gene 
(LSU rDNA), EukA (Medlin et al. 1988) and 18ScomR1 
(Zhang et al. 2005) for the small subunit ribosomal DNA 
(SSU rDNA), and LSU1R (Bowers et al. 2006) for the internal 
transcribed spacer (ITS). Specifically, the following genes 
were sequenced for the different species: Cylindrotheca 
closterium (SSU and LSU rDNA), Fistulifera saprophila (SSU 
rDNA), Minutocellus polymorphus (SSU rDNA and ITS 
region), and Pseudo-nitzschia pungens (LSU rDNA and ITS 
region). ITS phylogenies were drawn from one-way 
sequencing. Template DNA of the samples was obtained 
with the High Purity PCR Template Preparation Kit (Roche) 
using the manufacturer’s protocol. Briefly, 25 μL MyTaq Red 
Mix 2x, 2 μL bovine serum albumin (BSA), 14 μL ddH2O, 5 
μL template DNA, and 2 μL of each primer was pipetted 
into a PCR reaction tube. LSU PCR (Borchhardt et al. 2021) 
amplification involved an initial denaturation for 4 min at 
95 °C and final extension for 10 min at 72 °C, and thirty-five 
cycles of 30 s at 95 °C and 2 min 60 °C. SSU PCR (Borchhardt 
et al. 2021) amplification involved an initial denaturation 
for 2 min at 95 °C and final extension for 5 min at 72 °C, and 
thirty-five cycles of 30 s at 95 °C, 30 s at 55 °C, and 1 min at 
72 °C. For ITS PCR (Quijano-Scheggia et al. 2020) amplifica
tion, initial denaturation for 2 min at 94 °C and final extension 
step for 5 min at 72 °C followed by thirty-five cycles, each 
cycle comprising 35 s at 94 °C, 35 s at 60 °C, and 1 min at 
72  °C. PCR products of all genes were verified on 1.5% 
agarose gel. The PCR products were sequenced using the 
Sanger method by BM Yazılım Danis. ve Lab. Sis. Ltd. Şti 
(Ankara, Türkiye).

The obtained forward and reverse gene sequences were 
checked in BioEdit software (Hall 1999), and the 5' and 3' 
ends, found to have poor reading quality, were trimmed, 
and made suitable for phylogenetic analysis. Similar refer-
ence sequences (only published ones) for phylogenetic anal-
yses were determined using the NCBI BLAST database 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi), and multiple 
alignments were made in the Bioedit software. Phylogenies 
were created using the Mega 11 (Tamura et al. 2021) mul-
tiple aligned gene sequences program. Alignments and phy-
logeny inferences were performed using maximum likeli-
hood (ML) and neighbor-joining (NJ) methods. For 

molecular phylogenetic analyses, publicly available LSU, 
SSU and ITS rDNA diatom species sequences were retrieved 
from GenBank. The best models were selected based on the 
lowest Akaike information criterion corrected (AICc) value. 
The current nomenclature of the species is based on Algae-
Base (Guiry and Guiry 2024).

Results
In the study, samples were collected from the Aegean 

Sea and the Sea of Marmara during the mucilage event cov-
ering the Sea of Marmara, and diatom species were investi-
gated by establishing monoalgal cell cultures. The phyloge-
netic and molecular analyses revealed that three strains 
(HIB112101, HIB112102 and HIB112103) belonged to 
Cylindrotheca closterium, Fistulifera saprophila and 
Minutocellus polymorphus, respectively, and two strains to 
Pseudo-nitzschia pungens (HIB112104 and HIB112261).

Cylindrotheca closterium (Ehrenberg) Reimnann & 
J.C.Lewin

Cylindrotheca closterium strain HIB112101 cells have 
curved, long, needle-shaped edges and two chloroplasts. 
They have longitudinal symmetry along the valves that were 
generally linear/oval-shaped. The apical axis of the 
HIB112101 strain ranged from 23.3 to 27.2 μm, with a trans-
apical axis of 3.1 to 5.7 μm (Figs. 2A, 3A). HIB112101 strain 
was isolated from the surface waters (0.5 m) of the coastal 
area of Heybeliada/Istanbul. 

The base pairs (bp) of the C. closterium strain used in 
the LSU phylogeny were 828, and in the SSU phylogeny 1676 
bp. According to the LSU and SSU sequences in the NCBI 
GenBank, the DNA sequence of strain HIB112101, which 

Fig. 2. Light microscope image of strains: A – Cylindrotheca 
closterium, B – Fistulifera saprophila, C – Minutocellus 
polymorphus, D, E – Pseudo-nitzschia pungens (D: cell of 
HIB112104 strain, E: cell of HIB112261 strain). Scale bars: A, C, 
D, E = 20 μm, B = 10 μm.
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was determined to be C. closterium with high bootstrap 
support, was given for the first time from the Sea of Marmara. 
It was found to be C. closterium with 100% in the LSU 

phylogeny (GenBank number: OR948504, Fig. 4A, On-line 
Suppl. Fig. 1A) and 98% in the SSU phylogeny (GenBank 
number: PP892172, On-line Suppl. Fig. 3A). The TN93+G 
model was identified as the most suitable for the SSU analysis, 
while the GTR+G+I model was selected for the LSU analysis. 
In these analyses, Nitzschia palea and N. microcephala were 
used as outgroups.

Fistulifera saprophila (Lange-Bertalot & Bonik) Lange-
Bertalot

This species, which forms a chain colony, has two pari-
etal chloroplasts, extending along the lateral sides of the cell. 
The valves were elliptical and bluntly rounded at each apex 
(Fig. 2B). The apical axis of F. saprophila strain HIB112102 
ranged from 2.6 to 6.5 μm, with a transapical axis of 3.2 to 
4.5 μm. The number of striae in 10 µm was 32, however, since 
the culture was lost, striae were counted on a single cell (Fig. 
3B). The strain was isolated from the surface waters (0.5 m) 
of the coastal area of Keşan/Edirne (North Aegean Sea).

When the SSU sequences in the NCBI GenBank were 
analysed, HIB112102 (GenBank number: OR940683), which 
was determined to be 100% F. saprophila, was 1663 bp long, 
and its DNA sequence was given for the first time from the 
Aegean Sea (Fig. 4B, On-line Suppl. Fig. 1B). GTR+G+I was 
identified as the best model for SSU, with Skeletonema 
costatum used as an outgroup in the phylogenetic analysis.

Fig. 3. Scanning electron microscope images of strains: A – 
Cylindrotheca closterium, B – Fistulifera saprophila, C – Minutocellus 
polymorphus, D-F – Pseudo-nitzschia pungens. Scale bars: A, B, 
C, E, F = 5 μm; D = 20 μm.

Fig. 4. Molecular phylogeny of Cylindrotheca closterium based on the large subunit ribosomal DNA (LSU rDNA) (A), Fistulifera saprophila 
based on the small subunit ribosomal DNA (SSU rDNA) (B) sequences using maximum likelihood (ML) analysis. 
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Minutocellus polymorphus (Hargraves & Guillard) 
Hasle, Stosch & Syvertsen

The valves were elliptical or lanceolate and the valve sur-
faces had many apical pores. The nucleus of this cryptic di-
atom was large relative to the cell size and was located in the 
centre of the cell. The cells form a chain colony. The apical 
axis of M. polymorphus strain HIB112103 ranged from 4.3 
to 6.1 μm, with a transapical axis of 2.9 to 4.0 μm (Figs. 2C, 
3C). HIB112103 strain was isolated from the surface waters 
(0.5 m) of the coastal area of Kadıköy/Istanbul from the Sea 
of Marmara.

The strain of M. polymorphus used in SSU phylogeny 
has 1661 bp, while the ITS phylogeny sequence has 730 bp. 

When the SSU phylogeny of Minutocellus was analysed, 
strain HIB112103 (GenBank number: OR940695) showed 
99% similarity with other M. polymorphus strains in the 
SSU phylogeny (On-line Suppl. Fig. 3B) and also showed 
99% similarity in the ITS phylogeny (GenBank number: 
PP892174, Fig. 5A, On-line Suppl. Fig. 2A). Brockmanniella 
brockmanni for ITS and Skeletonema costatum for SSU were 
used as outgroups, with TN93+G as the best model for SSU 
and TN93+G+I for ITS.

Pseudo-nitzschia pungens (Grunow ex Cleve) G.R.Hasle

Morphologically, the cells of Pseudo-nitzschia had nar-
row widths and needle-shaped cells were characterized by 

Fig. 5. Molecular phylogeny of Minutocellus polymorphus (A), Pseudo-nitzschia pungens (B) based on the internal transcribed spacer 
(ITS) sequences using maximum likelihood (ML) analysis.
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their form. The central nodule was absent, and the striae 
were biseriate with two rows of poroids. The apical axis of 
P. pungens strain HIB112104 ranged from 76.0 to 84.4 μm, 
with a transapical axis of 4.9 to 6.8 μm (Fig. 2D). The num-
ber of fibulae in 10 µm was 9–11, and the number of striae 
in 10 µm was 10–12. Additionally, the apical axis of the 
HIB112261 strain varied between 68.9 and 80.2 μm, with 
a transapical axis of 2.9 to 6.0 μm (Fig. 2E). The number 
of fibulae in 10 µm was 10–12, and the number of striae in 
10 µm was 11–13 (Fig. 3D–F). Also, colony-forming cells 
were connected to each other up to 1/5–1/6 of the cell 
length in the HIB112104 strain and 1/4–1/5 in the 
HIB112261 strain. Their chloroplasts were on two plates 
along the girdle. HIB112104 strain was isolated from the 
surface waters (0.5 m) of the coastal area of Burgazada/ 
Istanbul (Sea of Marmara), while the HIB112262 strain was 
isolated from a depth of 13 m from Erdek/Balıkesir (Sea 
of Marmara).

Among the P. pungens strains used in the LSU phylog-
eny, the HIB112104 strain (GenBank number: OR948505) 
has 869 bp, while the HIB112261 strain (GenBank number: 
OR948506) has 872 bp (Fig. 6, On-line Suppl. Fig. 4). For the 
ITS phylogeny, the HIB112261 strain (GenBank number: 
PP892176) has 710 bp (Fig. 5B, On-line Suppl. Fig. 2B), with 
GTR+G+I identified as the best model for LSU and 
TN93+G+I for ITS, and Cylindrotheca closterium used as an 
outgroup in each phylogenetic analysis.

Discussion
Molecular and phylogenetic analyses were conducted on 

monoalgal cell cultures of cryptic diatom species, which 
were abundant in the examined samples and may be linked 
to the mucilage phenomenon in Turkish coastal waters 
(Balkis-Ozdelice et al. 2021).

Cylindrotheca closterium, strain HIB112101, from 
Heybeliada/Istanbul showed high similarity with MH704537 
and MH704538 (Stock et al. 2019) strains from Australia, 
MH704528 and MH704529 (Stock et al. 2019) strains from 
Antarctica, and AF289049 (Ben Ali et al. 2001) strain in the 
LSU phylogeny. However, no comparison could be made 
with these strains because no morphological description 
was given in the paper. The closely related strains in the 
other phylogeny (SSU) with the strain HIB112101 are 
MH166733 (Khaw et al. 2020) from Port Dickson (Malaysia), 
KY045848 (Rial et al. 2018) from Vigo Ria estuary (Spain). 
However, the paucity of uploaded sequences belonging to 
the LSU gene region of this genus in the NCBI database 
indicate that studies are rare. Molecular phylogenetic analyses 
show that species diversity in the genus is underrated (Li et 
al. 2007). Typically, the more comprehensive the sequence 
analysed, the more accurate the phylogeny reconstruction 
is considered to be (Martin et al. 1995). Therefore, the SSU 
phylogeny given in this study was drawn on 1520 bp and the 
ON942237 strain reported from the Sea of Marmara by 

Fig. 6. Molecular phylogeny of Pseudo-nitzschia pungens based on the large subunit ribosomal DNA (LSU rDNA) sequences using 
maximum likelihood (ML) analysis. 
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Tekdal et al. (2024) was excluded from the phylogenetic 
analysis due to insufficient data at 382 bp. Cylindrotheca 
closterium is a cosmopolitan species widely distributed from 
marine to brackish waters (Najdek et al. 2005). This may 
explain the high similarity of the species isolated from such 
different locations in the SSU phylogeny. This taxon is 
mostly found in the neritic zone and can also be benthic 
(Underwood and Smith 1998, Balkis-Ozdelice et al. 2021). 
In the water column, C. closterium has 2– or 3–fold smaller 
cell size than other diatom species, which might allow them 
to survive without significant biophysical damage and with 
certain physiological circumstances, this species can 
produce mucilage (Alcoverro et al. 2000, Najdek et al. 2005). 
Cylindrotheca closterium, one of the most abundant species 
in the Sea of Marmara and also observed in this study, has 
been reported to be associated with both previous (Balkis 
et al., 2011, Tas et al. 2020) and the most recent mucilage 
events (Balkis-Ozdelice et al. 2021).

Fistulifera saprophila, strain HIB112102, from Keşan/
Edirne in the Gulf of Saros (the North Aegean Sea), was sup-
ported with 100% bootstrap on the SSU phylogeny. The 
closely related species strain KF959658 was reported from 
Lake Geneva (Larras et al. 2014), and strains HM805032 and 
HM805033 were reported from the Baltic Sea (Pniewski et 
al. 2010). As a result of ML and NJ analyses, it was deter-
mined that the pairwise distances between F. saprophila 
strains were below 0.05, which indicates that the strains are 
closely related. Since morphological descriptions of the 
strains were not given in previous phylogenetic studies, no 
comparison could be made with the findings of the current 
study. These strains, which are close to each other in phy-
logeny and reported from different habitats, may have high 
tolerance to environmental variables and a high probability 
of survival in many different environments. To reach accu-
rate and definitive conclusions, the whole genome of the 
species would have to be studied. Its phylogeny could not be 
analyzed due to the lack of data within the publicly avail-
able NCBI nucleotide database. Fistulifera is a genus that 
includes tiny raphid diatoms that require different morpho-
logical description techniques (Berthold et al. 2020). Their 
frustules are not well silicified. Thus, the valve outlines are 
unclear, and nearly no ornamentation is visible in light mi-
croscopy, with the major difficulties in identifying this ge-
nus arising from its very small cells and easily damaged 
frustules (Zgrundo et al. 2013). Fistulifera saprophila is 
known as a cosmopolitan opportunistic species that thrives 
in eutrophic and heavily degraded environments, often pol-
luted with industrial wastewater (Zgrundo et al. 2013, 
Gastineau et al. 2021). The HIB112102 strain was isolated 
from surface waters (0.5 m) at the Keşan/Edirne station 
(North Aegean Sea) and is reported here as the first record 
of F. saprophila in Türkiye’s coastal seawaters. While Solak 
et al. (2020) previously identified this species in the Sakarya 
River, this study highlights its adaptability and presence in 
marine environments.

Another diatom strain, HIB112103, from Sea of Marmara 
(Kadıköy/Istanbul) was seen in the SSU phylogeny analysis 

to be 99% of Minutocellus polymorphus, and the pairwise 
distance between strains was found to be below 0.05. 
However, due to the lack of cell size information in previous 
phylogenetic studies on closely related strains, it was not 
possible to compare them with the strains obtained in this 
study. The phylogeny based on ITS gene sequences revealed 
a close relationship of strain HIB112103 with MH129017, 
MH129018 and FJ864292, which were obtained from the 
culture collection whose location and morphologic descrip-
tion is not provided. Minutocellus polymorphus is a nano-
sized, cosmopolitan planktonic centric marine diatom 
species reported to be found as short chains or as single cells 
in estuaries and the oceans (Hasle et al. 1983). This species 
was first described as Bellerochea polymorpha Hargraves & 
Guillard, but this nomenclature has been recognized as a syn-
onym over the years (Guiry and Guiry 2024). Although M. 
polymorphus has been previously reported from different 
regions in the Mediterranean Sea (Schmidt et al. 2018, 
Zingone et al. 2023), it was recorded from the coastal waters 
of Türkiye for the first time in this study. Schmidt et al. 
(2018) reported that this species is an endosymbiont of the 
foraminifera Pararotalia calcariformata McCulloch, which 
means that the distribution range of the species can be 
expanded with its symbionts. The HIB112103 strain was 
isolated and cultured from Kadıköy/Istanbul station during 
the intense mucilage phenomenon in the Sea of Marmara. 
In the previous study (Cruz and Neuer 2022) it was reported 
that the nano-diatom M. polymorphus species can form 
microaggregates in axenic cultures, produce transparent 
exopolymeric particles (TEP), and that the concentration of 
TEP production varies depending on the bacterial species 
added. However, no information was provided about its 
abundance in the environment, as species identification 
could not be performed using bright-field microscopy due 
to its small size in the present study. 

In this study, phylogenetic analyses of two Pseudo-nitzschia 
pungens strains for the LSU region and one strain for the ITS 
region were conducted. Previous records of Pseudo-nitzschia 
species in the Sea of Marmara were based on cell morpho
logy, including P. calliantha, P. delicatissima, P. fraudulenta, 
P. pseudodelicatissima, P. pungens, and P. seriata (Balkis and 
Tas 2016, Kaleli and Akçaalan 2021). This is the first 
molecular genetics study of this genus using monoalgal 
cultures from the Sea of Marmara. Phylogenetic analysis of 
the LSU region grouped the strains into three regions: 
Pacific, Adriatic, and Black Sea. The strain HQ111393 (Lim 
et al. 2012) showed an affinity with HIB112104. The strain 
HIB112261 shared similarities with P. pungens strain 
AF417650 (Lundholm et al. 2002), but no length-to-width 
ratio was provided for comparison. Morphologically, the 
Sea of Marmara strains were closest to P. pungens MK682488 
(Turk-Dermastia et al. 2020). 

Pseudo-nitzschia species have been observed in high 
abundances during mucilage events in the Sea of Marmara, 
particularly in 2007–2008 and 2020–2021 (Balkis et al. 2011, 
Tas et al. 2020, Balkis-Ozdelice et al. 2021). While some spe-
cies within this genus are known for their potential toxicity, 
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no domoic acid (DA) analyses were conducted in these stud-
ies. Similarly, in the present study, toxin analysis was not 
performed, preventing any assessment of DA production 
by  the examined strains. Nonetheless, the presence of 
Pseudo-nitzschia during mucilage events highlights the 
need for further investigations into its ecological role and 
potential toxin production in the region.

In this study, M. polymorphus and F. saprophila, two 
small-sized and morphologically challenging species, were 
reported for the first time in Turkish coastal waters. Detect-
ing such species is particularly difficult without molecular 
studies on monoalgal cultures, meaning they may have pre-
viously remained undetected even if they were native. How-
ever, given the high international shipping traffic in the re-
gion, the introduction of alien species through ballast 
waters remains a strong possibility (Öztürk and Öztürk 
1996). This highlights the need for strict monitoring and 
regulation of ballast water discharges. Beyond taxonomic 
identification, the presence of these species in the region 
raises questions regarding their ecological roles, particu-
larly in relation to mucilage events. The mucilage phenom-
enon observed in the Sea of Marmara and the Aegean Sea 
in recent years has been closely related to the composition 
and dynamics of phytoplankton communities. In particu-
lar, determining the species contributing to mucilage for-
mation is of great importance in understanding its effects 
on the ecosystem. Diatoms stand out as one of the main 
components of mucilage due to their ability to secrete ex-
tracellular polymeric substance (EPS). Pseudo-cryptic spe-
cies, which are difficult to distinguish morphologically, may 
play an overlooked role in mucilage formation, underscor-
ing the importance of molecular analyses in diatom re-
search (Alverson 2008). Determining whether species, es-
pecially M. polymorphus and F. saprophila, have high EPS 
production potential is a critical step in understanding the 
biological basis of mucilage. Providing the aspect ratios of 
molecularly identified strains in this study would facilitate 
future taxonomic comparisons and improve our under-
standing of species morphology. While microscopic obser-
vations remain a cost-effective and rapid approach for pre-
liminary identification, they must be supported by genetic 
validation for accurate species classification. Molecular 
methods not only ensure precise identification but also al-
low for the assessment of how environmental factors influ-
ence morphological variation. Furthermore, molecular phy-
logenetic analyses often reveal higher species diversity than 
suggested by traditional morphological methods, reinforc-
ing the need for an integrated taxonomic approach. In this 
context, future studies should investigate the potential re-
lationship between the species identified in this study and 
mucilage formation through laboratory experiments in 
more detail. In particular, their EPS production levels and 
responses to environmental factors should be evaluated, 
thus clarifying their contribution to mucilage formation. 
The presence of cryptic species could expand our under-
standing of the dynamics behind mucilage formation and 
provide direction for future research. Therefore, long-term 

observations supported by molecular analyses will help us 
gain a more comprehensive understanding of the role these 
species play in the mucilage ecosystem.
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