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Abstract 
 

The distribution, ecology, and morphology of the relatively new harmful algal bloom 
(HAB) inducer in the Black Sea, Blixaea quinquecornis (Abé) Gottschling, were studied. 
The highest abundances of the species were recorded in Mamaia Bay (Romania) at 
1.02×106 cells L-1 and Varna Bay (Bulgaria) at 3.49×105 cells L-1. Regional statistical 
analysis revealed that while water temperature was the primary driver of blooms in 
the western Black Sea (Bulgaria and Romania), nutrient enrichment, particularly total 
phosphorus, played a more critical role in the eutrophic Odesa Bay. Morphological and 
molecular studies of the Black Sea specimens were conducted for the first time utilizing 
light microscopy, scanning electron microscopy (SEM), and metabarcoding based on 
the V7–V9 variable region of the 18S rDNA. Two distinct morphotypes were identified: 
one with angular, compressed cells bearing four antapical spines, and another with 
relatively oval cells featuring two, three, or occasionally five widely spaced antapical 
spines. Comparison of the Black Sea B. quinquecornis specimens with those from other 
regions of the world’s oceans revealed geographical variability. Additionally, a new 
intraspecific combination, Blixaea quinquecornis var. trispinifera, is proposed.  
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Introduction 
 

The monotypic genus Blixaea Gottschling belongs 
to the family Kryptoperidiniaceae. It represents a small 
but well-distinguished group of dinoflagellates that host 
endosymbionts derived from diatoms (Tomas et al. 
1973; Horiguchi & Pienaar 1991). Apart from the 
presence of a diatom endosymbiont, their distinctive 
features include a unique type of stigma originating 
from the chloroplast (Moestrup & Daugbjerg 2007; 
Gottschling et al. 2017). 

The study of B. quinquecornis has a long history, 
which dates back to the nineteenth century. The species 
was originally described incompletely as Heterocapsa 
quadridentata Stein, a thecate dinoflagellate featuring 
four antapical spines, from the southern Pacific Ocean 
(Stein 1883: 13, pl. 4, Figure 3). In 1927, a similar taxon 
with four antapical spines was described by Abé as 
Peridinium quinquecorne (Abé 1927: 410–412, 
Figure 30). The description was based on the two 
specimens (one of which lacked the epitheca) found in 
the plankton of Mutsu Bay (Japan). The following 
summer, several additional live specimens of P. 
quinquecorne were studied, including cells at different 
developmental stages (Abé 1981). The author 
established that the species exhibits a wide range of cell 
shape variations. Young specimens have an angular 
polygonal shape. The epitheca is triangular, with a 
weakly pronounced, slightly elongated apical horn. The 
hypotheca is hexagonal, tapering towards the antapex. 
Less angular specimens, with almost oval bodies and 
wider sutures, were also frequently observed. 
Intermediate forms between these two variants were 
found, which, according to Abé, indicates their 
conspecificity.  

Based primarily on the number of cingular plates 
and habitat, Balech (1974) segregated Peridinium into 
freshwater Peridinium (thecal formula: 4c+t) and marine 
Protoperidinium (3c+t). As a result, Peridinium 
quinquecorne was transferred to Protoperidinium 
quinquecorne (Abé) Balech (Balech 1974: 59); however, 
the number of cingular plates in this species was 
unknown at the time. Later, Abé redescribed the 
organism in more detail (Abé 1981: 294–298, 
Figure 40a), although he was unable to analyze the 
features of the cingulum and sulcus. Cytological 
characteristics of the original material were also lacking 
in Abé’s description, except for a brief mention of 
yellowish-brown drops.  

In 1991, a study on the micromorphology and 
ultrastructure of Peridinium quinquecorne specimens 
from South Africa was published (Horiguchi & Pienaar 
1991). In addition to thecal plates, a detailed 
examination of the sulcus and cingulum were carried 
out. It was found that the cingulum of P. quinquecorne 
is composed of five cingular plates (4c+t), distinguishing 
it from members of the genus Protoperidinium Bergh, 
which have only four cingular plates (3c+t). 

In 1995, Hansen proposed the synonymy of 
Heterocapsa quadridentata and Peridinium 
quinquecorne, introducing a new combination – 
Peridinium quadridentatum (Stein) Hansen (basionym: 
Heterocapsa quadridentata Stein 1883). The author also 
expressed doubts regarding the affiliation of this taxon 
with the genus Peridinium Ehr. (Hansen 1995: 169). 
Steidinger & Tangen (1996) suggested that the species 
might belong to the genus Pentapharsodinium 
Indelicato et Loeblich III, based on the presence of five 
cingular and four sulcal plates, with the posterior sulcal 
plate (sp) not touching the cingulum. 

To recover phylogenetic position of both 
Peridinium quinquecorne and its endosymbiont, 
Horiguchi & Takano (2006) analyzed separate gene 
datasets, derived from the host (SSU rDNA) and the 
endosymbiont (rbcL and SSU rDNA). It was established 
that P. quinquecorne groups in a moderately supported 
clade with dinoflagellates containing diatom 
endosymbionts, namely: Kryptoperidinium triquetrum 
(Ehrenberg) Tillmann, Gottschling, Elbrächter, Kusber & 
Hoppenrath, Durinskia baltica (Levander) Carty et Cox, 
and Galeidinium rugatum Tamura et Horiguchi. 
Phylogenetic analysis of the SSU rDNA dataset, 
comprising various diatom taxa, together with three 
dinoflagellate endosymbionts, demonstrated that the 
endosymbiont of P. quinquecorne is closely related to 
Chaetoceros sp. The authors pointed out the 
discrepancy between the host and the endosymbiont 
phylogenies (Horiguchi & Takano 2006). 

In 2017, a new monotypic genus, Blixaea 
Gottschling, was proposed, along with a new 
combination, Blixaea quinquecornis (Abé) Gottschling, 
based on molecular phylogenetic data, the presence of 
a diatom endosymbiont, and predominantly four 
distinctive hypothecal spines. Kofoidian plate formula: 
3ʹ, 2a, 7ʹʹ, 5c, 5ʹʹʹ, 2ʹʹʹʹ, apical pore complex present 
(Gottschling et al. 2017). The synonymy of Peridinium 
quinquecorne with Heterocapsa quadridentata was also 
addressed. Regarding taxonomic priority, the authors 
exercised caution in designating the older name as type 
species, due to the lack of verified data on its diatom 
endosymbiont (Gottschling et al. 2017). 

In his original description, Abé (1927) identified 
Peridinium quinquecorne as having four antapical 
spines. Most subsequent studies also confirm this 
characteristic (Horiguchi & Pienaar 1991; Horiguchi & 
Sotto 1994; Faust et al. 2005; Pertola et al. 2006; Gárate-
Lizárraga & Muñetón-Gómez 2008; Okolodkov et al. 
2016; Hoppenrath et al. 2023). However, cells of B. 
quinquecornis with five spines have also been found 
(Horstmann 1980). Later, Abé noted that cells with three 
spines occur as frequently as those with four (Abé 1981: 
294–295). According to his observations, young 
specimens have a more angular shape, while older 
larger cells become less angular, with wide sutures 
between thecal plates (presumably corresponding to 
growth bands). The idea that larger cells are more oval 
and less angular was supported by studies of samples 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS29993 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

from the Gulf of Mexico (Barón-Campis et al. 2005: 
Figure 2g-i; Okolodkov et al. 2016: Figure 5B). Recently, 
Gárate-Lizárraga & Okolodkov (2024) reported 
morphological peculiarities not previously described in 
the literature, such as the presence of crater-like 
trichocyst pores irregularly distributed across all thecal 
plates. In addition, the authors determined that the 
short antapical spine is formed by the plate 3ʹ. 

In 2011, a new variety, Peridinium quinquecorne 
var. trispiniferum Aké-Castillo & Vázquez, possessing 
three antapical spines, was described from the brackish 
Sontecomapan Lagoon in the southwestern part of the 
Gulf of Mexico (Aké-Castillo & Vázquez 2011).  In 2016, 
based on the samples from the port of Veracruz (Gulf of 
Mexico), a new combination was proposed – Peridinium 
quadridentatum var. trispiniferum (Aké-Castillo et 
Vázquez) Okolodkov (Okolodkov et al. 2016). 
Gottschling et al. (2017) noted that the monotypic 
Blixaea could potentially include more taxa such as 
Peridinium quinquecorne var. trispiniferum from 
Mexico. 

The question of whether populations of B. 
quinquecornis consist of different morphotypes of a 
single species or a species complex remained 
unresolved and required further morpho-molecular 
studies (Gárate-Lizárraga & Okolodkov 2024). 

Blixaea quinquecornis is one of the few known 
dinoflagellate species that are considered both 
planktonic and benthic (Horstmann 1980; Okolodkov et 
al. 2007, 2016, 2025; Hoppenrath et al. 2023). According 
to the literature, it occurs over a wide range of salinities 
(16.5–33.0‰) and temperatures (21.0–32.3°C), 
demonstrating a preference for salinities below 25.0 ‰ 
and temperatures above 29.0°C (Gardiner & Dawes 
1987). The species has been recorded in various regions 
of the world’s oceans, mostly in coastal waters subject 
to anthropogenic pollution, often as a bloom-inducing 

agent. It has a neritic tropical-boreal distribution, with a 
tendency to spread towards the poles in the Northern 
and Southern hemispheres, inhabiting both marine and 
estuarine brackish waters (Okolodkov et al. 2016). 

Below, the distribution map of B. quinquecornis is 
presented (Figure 1). The map was created using global 
distribution data from the GBIF resource 
(https://www.gbif.org) and the tmap package (ver. 3.3-
4) in the R computational environment. 

Blixaea quinquecornis can cause harmful algal 
blooms (HABs), especially during the rainy seasons. This 
is related to the influx of excess biogenic substances into 
coastal waters. During such blooms, cell counts can 
reach numbers that alter the color of the water. The 
mass development of B. quinquecornis leads to 
decreased oxygen levels in the water, deterioration of 
marine environmental quality, and even mortalities of 
marine animals (Rodríguez-Gómez et al. 2019a, 2019b; 
Gárate-Lizárraga & Okolodkov 2024). 

Since its first appearance in the southwestern part 
of the sea in 2000 (D. Klisarova, V. Velikova – 
unpublished observations), B. quinquecornis has been 
actively spreading throughout the Black Sea: it was 
subsequently observed in the northeastern region 
(Vershinin et al. 2005; Yasakova 2011) and later, it was 
mentioned by Moncheva (2010, Bulgarian waters), 
Krakhmalnyi et al. (2018), and Selifonova et al. (2019, 
Sukhumi Bay, Georgia). In Odesa Bay, the first 
occurrence of B. quinquecornis was reported on 18 July 
2018 (Terenko & Krakhmalnyi 2019). By July 2021, the 
species had also been detected in the Sukhyi (salinity: 
10.9–12.3 ‰) and Tylihul (salinity: 30.0–35.0 ‰) 
estuaries (Odesa region), indicating a further expansion 
of its range. 

Despite numerous reports of blooms caused by this 
species, its morphology and intraspecific variability 
remain insufficiently studied. The stability of 

 

Figure 1. Global distribution of Blixaea quinquecornis. GBIF.org (25 December 2024) GBIF Occurrence Download 
https://doi.org/10.15468/dl.4djznp.  
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morphological characteristics of B. quinquecornis in 
remote populations, as well as its dependence on 
physicochemical factors across different habitats, has 
yet to be assessed. 

Although B. quinquecornis has so far been 
considered a non-toxic species, its potential ecological 
impact warrants monitoring. The first toxin screening 
(paralytic shellfish toxins, palytoxins and brevetoxins) 
yielded negative results; however, the presence of a 
putative new palytoxin analogue cannot be excluded 
(Guennes et al. 2026).  

Studying B. quinquecornis and its relationship with 
environmental factors is essential for understanding its 
ecology in the Black Sea. Comparative studies of 
morphological and molecular characteristics may also 
provide insights into the possible pathways by which this 
species was introduced into the Black Sea. 

 

Materials and Methods 
 

Studies of B. quinquecornis in the Black Sea 
 
The study of B. quinquecornis in the Black Sea was 

a collaborative effort between the scientists from 
Ukraine, Romania, Bulgaria, Turkey, and France. 

In Odesa Bay, Ukraine, samples were collected 
with a 1.5–2 L plastic container from the surface layer of 
water in 2018–2022 (Figure 2). For the concentration of 
samples, the reverse filtration method with a porosity of 
1.5 µm was applied (Fedorov 1979; Sorokin 1979). The 
samples were concentrated to 40–45 mL, fixed with a 
37% solution of neutralized formaldehyde (final 
concentration 4%), and then re-concentrated to 20 mL. 

Cell counts were carried out in a Nageotte chamber 
using a Mikmed-2 light microscope. Abundance 
calculations were performed using the DCT template in 
Microsoft Excel with Visual Basic macros. 

The morphology of B. quinquecornis cells was 
studied under an Olympus BX51 compound microscope, 
using differential interference contrast (DIC) and 
epifluorescence after Calcofluor White M2R staining 
(Fritz & Triemer 1985). Cell dimensions were calculated 
in AmScope 3.7 program, microphotographs were taken 
with a Canon EOS 5D Mark II digital camera, and 
processed in Adobe Photoshop CS5 Extended. Selected 
samples were additionally examined under a field 
emission scanning electron microscope (FE-SEM) Sigma 
300 (Carl Zeiss, Germany) at the Station de Biologie 
Marine (Concarneau), following the protocol by 
Chomérat & Couté (2008). 

Monitoring data from the coastal waters of 
Romania (2000–2022) were also analyzed (Figure 2). 
Data collected in Mamaia Bay (depths 2–3 m) were used. 
The Mamaia Bay station was selected for the analysis 
due to the influence of both Danube waters and 
anthropogenic factors (urbanization, tourism, and the 
Midia port activity). Samples were collected using a 500 
mL plastic container and immediately fixed with a 37% 
formaldehyde solution to a final concentration of 4%. In 
the laboratory, the samples were processed according 
to the methodology of Moncheva & Parr (2010). A 
volume of 0.1–1.0 mL from each sample was examined 
under an Olympus IX73 inverted microscope in a 
Utermöhl chamber (Utermöhl 1958). Based on the data 
obtained, population density (cells L-1) was calculated.  

 

Figure 2. Map of the study area and sampling stations (black filled circles) in the Black Sea. 
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Research in the Bulgarian coastal waters of the 
Black Sea (Figure 2) was conducted in 2000–2022. 
Scientific expeditions were carried out aboard research 
vessels. Phytoplankton samples were collected at 
standard depths (0, 10, 25, 50, 75, and 100 m) using a 
Niskin bottle (5 L) and in shallow areas (<15 m depth) at 
depths from the surface to the bottom. The samples 
were fixed with a formaldehyde solution aboard the 
vessel to a final concentration of 2% and were further 
concentrated using the sedimentation method 
(Morozova-Vodyanitskaya 1954). Qualitative and 
quantitative analyses of the phytoplankton samples 
were performed using light microscopes (Nikon Eclipse 
400 and Olympus BX41) in Sedgwick-Rafter (1 mL) and 
Palmer-Maloney (0.05 mL) counting chambers applying 
standard methods (Moncheva & Parr 2010). 

Studies along the Black Sea coast of Turkey 
(Figure 2) were carried out as part of the “National 
Integrated Marine Pollution Monitoring Program” and 
covered 20 stations – from the western boundary 
(border with Bulgaria) to the eastern boundary (border 
with Georgia) during 2018–2019. Phytoplankton 
samples were collected using Niskin-type bottles. One-
liter samples were fixed aboard the vessel with an 
alkaline Lugol’s solution (2.5–5 mL per L) and 
concentrated by sedimentation (Moncheva & Parr 
2010). Qualitative and quantitative analyses of the 
samples were carried out using a Nikon Eclipse Ni light 
microscope equipped with a DS-Fi2 camera and NIS 
imaging system, and with a Carl Zeiss Axio Vert.A1 
inverted microscope equipped with an Axiocam 105 
Color camera and ZEN imaging system, in a Sedgwick-
Rafter counting chamber, following standard 
procedures. 

Water samples for nutrient content analysis in the 
Black Sea coastal waters were collected using Niskin 
bottles (5 L volume) from both the surface and bottom 
layers. Concentrations of dissolved inorganic 
substances, including phosphate (PO4), nitrite (NO2), 
nitrate (NO3), and ammonium (NH4), were determined 
using standard methods (APHA 2005). Water 
temperature, salinity, and pH were measured on-site 
using a SBE 19plus CTD (Sea-Bird Scientific, USA) with 
validated calibration. 

 
Comparative Morphological Studies of 
B. quinquecornis from Other Regions 

 
For comparison of B. quinquecornis morphology 

from remote populations, additional data provided by 
specialists in Vietnam and Mexico were also utilized. 

Samples collected in July 2013 in the South China 
Sea (Vietnamese coastal waters, Phu Yen Province, 
South Central Vietnam) were analyzed. Sampling was 
conducted by vertical trawling with a plankton net 
(mesh size – 25 µm, opening diameter – 30 cm). The 
samples were fixed with formaldehyde to a final 
concentration of around 5%, and then stored in dark 
glass bottles (25 mL) at the Institute of Oceanography 

(Nha Trang, Vietnam). For the identification of armored 
dinoflagellates, Calcofluor White M2R was applied (Fritz 
& Triemer 1985), and observations were made using an 
epifluorescence microscope (Leica LDMB, Germany). 
Light and epifluorescence microphotography were 
performed using an Olympus DP71 digital camera. 

Additionally, water bottle and net samples 
(horizontal tows) were sporadically collected from the 
0–30 cm surface layer during blooms of B. quinquecornis 
in the coastal waters of the city of Veracruz (southern 
Gulf of Mexico) in 2007–2019. The samples were first 
washed in distilled water, followed by dehydration in a 
series of ethanol solutions of increasing concentration 
(30, 50, 70, 90, and 100%). Subsequently, they were air-
dried on 0.5-inch aluminum mounts and sputter-coated 
with gold-palladium using a Polaron SC7640 High-
Resolution Sputter Coater (Quorum Technologies, 
Newhaven, SXE, UK). Fixed specimens were examined 
under a scanning electron microscope (SEM) JEOL JSM-
7600F (JEOL, Ltd., Tokyo, Japan) at a working distance of 
15 mm and a voltage of 5.0 kV, using a low secondary 
electron detector (LEI). 

As part of a continuous monitoring program for 
HAB-inducing microalgae in Bahía de La Paz (southern 
Gulf of California), water samples were collected using 
250 mL plastic flasks. The samples were fixed with 
Lugol’s solution for subsequent enumeration. Cell 
counts were performed in 5 mL settling chambers under 
a Carl Zeiss inverted phase-contrast microscope 
(Germany). 

 
Mapping and Data Analysis 

 
The global distribution mapping of B. 

quinquecornis was executed using the tmap package 
version 3.3–4 (Tennekes 2018) in the R computational 
environment (https://cran.r-project.org). Data for the 
map construction were obtained from the open 
resource GBIF – the Global Biodiversity Information 
Facility (https://www.gbif.org). 

To characterize the range of B. quinquecornis 
morphological variability, statistical analysis of cell 
dimensions (length and width) from collection sites in 
the Black Sea was performed. A boxplot graph displays 
the median values of length and width (central point) 
and interquartile range (IQR) (boundaries of the shaded 
rectangle), with the “whiskers” of the boxplot 
corresponding to values calculated as Q1−1.5×IQR and 
Q3+1.5×IQR, where Q1 and Q3 are the first and third 
quartiles, respectively, and IQR is the interquartile 
range. Calculations and graph construction were 
executed using the ggplot2 ver. 3.5.1 graphical package 
(Wickham 2016) in the R computational environment. 

To evaluate the relationship between B. 
quinquecornis abundance and environmental 
parameters, Spearman’s rank correlation analysis was 
applied. This non-parametric approach was selected due 
to the non-normal distribution of abundance data and 
the presence of extreme outliers typical of bloom-
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forming dinoflagellates. Correlations were calculated 
both for the entire Black Sea dataset and separately for 
specific geographical regions (Odesa Bay, Romanian 
coast, Bulgarian coast, and Turkish coast) to identify 
regional drivers of the species proliferation and 
ecological plasticity. Statistical significance was set at 
P<0.05. 

 
DNA Metabarcoding 

 
For DNA metabarcoding, seawater samples (n=72) 

were collected between June 2022 and June 2023 from 
three sampling points in Varna Bay (Bulgarian Black Sea 
coast). Samples were taken from the surface water layer 
using a plastic bucket. To trap plankton cells, 500–1500 
mL of seawater (depending on filter clogging) were 
filtered through 1 µm pore-size polycarbonate filters 
(Whatman, USA). Genomic DNA was extracted from the 
filters immediately after filtration using a DNeasy 
PowerWater Kit (Qiagen Inc.), following the 
manufacturer’s protocol. The extracted DNA was 
quantified using a Qubit 4 Fluorometer (Invitrogen). For 
the detection of eukaryotic species, universal primers 
for the 18S rDNA gene V7–V9 variable region (18S-V7F: 
TGGAGYGATHTGTCTGGTTDATTCCG and 18S-V9R: 
TCACCTACGGAWACCTTGTTACG; modified from Tanabe 
et al. (2015)) were used. The construction of paired-end 
libraries and HTS on an Illumina Miseq 300 PE platform 
(Illumina, San Diego, CA, USA) was conducted by 
Macrogen Inc. (Seoul, South Korea). 

Sequence data were processed using a pipeline 
combining Cutadapt v4.0 (Martin 2011) to remove 
primers and DADA2 (Callahan et al. 2016) to determine 
amplicon sequence variants (ASVs). After primer 
removal, sequencing reads were filtered with the 
following parameters: maxN= 0, maxEE= c(2,2), and 
truncQ= 2. Error rate calculation and sample inference 
were performed using the default settings described in 
the DADA2 Pipeline Tutorial (v1.16) 
(https://benjjneb.github.io/dada2/tutorial.html). 
Merging of paired-end reads was completed with a 
minimum overlap of 12 bp, allowing one mismatch in 
the overlapping region. Chimeric sequences were 
removed using the removeBimeraDenovo function 
under the “consensus” method. Taxonomy was assigned 
using BLAST against the Protist Ribosomal Reference 
Database (PR2 version 5.0.0) (Guillou et al. 2013). For 
taxonomic identification at the species level, a reference 
similarity threshold of ≥99% and an e-value cutoff of 
zero were applied. Additionally, ASVs with coverage 
values below 90% were excluded to ensure data quality. 
Rarefaction was performed in R using the vegan package 
(Oksanen et al. 2013), rarefying all samples to the 
minimum sequencing depth (6884 reads per sample). 

An additional taxonomic verification was 
performed by BLASTN-searching ASV sequences 
annotated as B. quinquecornis against the GenBank 
database (NCBI web BLAST: 
https://blast.ncbi.nlm.nih.gov/Blast.cgi). It is 

noteworthy that the reference database (PR2 version 
5.0.0) contains only one sequence of B. quinquecornis, 
which is also the only available 18S rDNA sequence in 
GenBank (accession number AB246744.1, as Peridinium 
quinquecorne). 

 

Results and Discussion 
 

Morphology of B. quinquecornis in the Black Sea 
 
Blixaea quinquecornis (Abé) Gottschling 2017. 

Phytotaxa 306 (4): 296–300. 
Basionym: Peridinium quinquecorne Abé 1927. 

Science Reports of the Tôhoku Imperial University, Ser. 
4, Biology 2: 410–412, Figure 30. 

Synonyms: Heterocapsa quadridentata Stein 1883; 
Peridinium quadridentatum (Stein) Hansen 1995: 169; 
Protoperidinium quinquecorne (Abé) Balech 1974: 59. 

The cells of the B. quinquecornis Black Sea 
population are more or less pentagonal and dorso-
ventrally compressed to a certain degree. The epitheca 
is conical, equal to or slightly larger than the hypotheca, 
with an APC and a small apical spine formed by the plate 
3ʹ (Figure 3G). The epitheca is composed of three apical 
plates (1ʹ–3ʹ) (Figure 3E), two anterior intercalary plates 
(1a and 2a), and seven precingular plates (1ʹʹ–7ʹʹ) 
(Figure 3H). The apical pore plate (Po) is connected to 
the first apical plate 1ʹ through a canal plate (x) 
(Figure 3G). Po is surrounded by an elevation formed by 
the apical plates. The first apical plate 1ʹ is pentagonal, 
slightly asymmetric, with a slight inclination to the right 
side, sharply tapering towards the apex (Figure 3A–B, E). 

The first anterior intercalary plate 1a is pentagonal, 
asymmetrically positioned, and significantly smaller 
than the hexagonal or heptagonal plate 2a. Plate 2a is 
located directly behind the apical pore plate, but they 
are not in contact (Figure 3F, H). 

The plates are bordered and bear low vermiform 
ornamentation, as well as rare trichocyst pores, which 
are crater-like in shape and surrounded by a rim. The 
surface of the hypothecal plates is ornamented with 
microspines, more frequently next to the long antapical 
spines. The plates are separated by relatively wide, 
cross-striated sutures. 

The cingulum is equatorial, descending, displaced 
by 0.5 its width, and is excavated. The cingular surface is 
smooth or ribbed, with rare small pores. In more angular 
cells, the surface is cross-striated. Cingular lists are 
supported by ribs. The cingulum is composed of five 
plates (C1–C5). Plate C1 corresponds to the transitional 
plate (t) (Figure 3A–B; Figure 4C–D). 

The sulcus occupies the central part of the 
hypotheca, is excavated and expands towards the 
antapex. Only plates Sd and Sp could be clearly 
observed. The left margin of the plate Sd forms the inner 
sulcal list, which covers the flagellar pores. The large 
posterior sulcal plate (Sp) is U-shaped, with its upper 
part bordering the flagellar pores (Figure 3A–B; 
Figure 4C–D). 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS29993 
 

 
  

 

Figure 3. SEM micrographs of Blixaea quinquecornis from the Black Sea. Cells of the first morphotype (A, С); cells of the second 
morphotype (B, D–H). Ventral view (A, B, E); antapical view (C–D); dorsal view (F); apical pore complex APC (G); apical view (H). 
Scale bars = 4 µm (A–F, H); 1 µm (G). 
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The hypotheca is more or less inverse trapeziform 
or semi-spherical in shape. It comprises five post-
equatorial plates (1ʹʹʹ–5ʹʹʹ) and two antapical plates (1ʹʹʹʹ 
and 2ʹʹʹʹ). The plates are robust, covered with 
microspines and crater-like pores (with rims), which are 
more commonly located at the plates edges and 
especially along the cingulum. Cells from the Black Sea 

population of B. quinquecornis possess a hypotheca 
bearing two to five distinct antapical spines. The spines 
are positioned on the lateral and dorsal sides of the 
antapical plates 1ʹʹʹʹ and 2ʹʹʹʹ. Sometimes a third (or fifth, 
in the case of additional lateral spines) spine can be 
observed on the dorsal side of the hypotheca at the 
junction of plates 1ʹʹʹʹ, 2ʹʹʹʹ and 3ʹʹʹ (Figure 3C–D, F). Cells 

 

Figure 4. Micromorphology of Blixaea quinquecornis. Cells of the first morphotype (A, C, E); cells of the second morphotype (B, D, 
F). Specimens from the coastal waters of Vietnam (A–B); specimens from the Black Sea (C–D); specimens from the southwestern 
Gulf of Mexico (E–F). Epifluorescence mode (A–B); SEM (C–F). Scale bars= 5 µm. 
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with four spines were most common in the samples. 
Larger and more oval cells had two or three spines. The 
spines ranged from 2.31 to 6.72 μm in length. 

The chloroplasts are yellow-brown, located at the 
periphery of the cell. The stigma is red, crescent-shaped, 

visible at the top of the sulcus, closer to the ventral side 
of the cell (Figure 5). A large vacuole is positioned at the 
left side of the cell, closer to the center. The nucleus is 
centrally located. The thecal formula is: Po, x, 3ʹ, 2a, 7ʹʹ, 
5c, 5ʹʹʹ, 2ʹʹʹʹ. 

 

Figure 5. LM micrographs of Blixaea quinquecornis from the Black Sea. Ventral view (A–D, I, M–N); dorsal view (K, O); antapical 
view (L); dorsal optical section (E, H, J); ventral optical section (F–G, I). DIC (A–L); bright-field (M); epifluorescence mode (N–O). 
Scale bars = 10 µm (A, C, E, H–K, M–O); 5 µm (B, D, F, G, L). 
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The cell length in the Black Sea population ranged 
from 24.2±1.9 µm (Odesa Bay) to 30.1±0.9 µm (along 
the coast of Turkey), with a width ranging from 21.8±2.1 
µm to 24.2±2.1 µm (n=33 and 39, respectively). The 
slight increase in size of B. quinquecornis towards the 
south could possibly be explained by the higher water 
temperature in the southern regions of the Black Sea. 

Specimens from the Black Sea population of B. 
quinquecornis exhibited a wide range of variations in 
terms of body shape and size. Young cells were angular 
in the ventral projection, with relatively large width. The 
central antapical spines were positioned closer to each 
other and to the sulcus (Figure 3A, C). The plates of 
young cells were more delicate, which made them more 
susceptible to damage during pre-microscopic 
preparation for SEM. Particularly large numbers of 
young cells were observed in the plankton of Varna Bay 
and Odesa Bay in July 2022. A different morphotype, 
characterized by larger and more rounded specimens, 
with relatively smaller width, wider sutures between the 
plates, and a comparatively wider spacing between the 
central antapical spines, was also found in the plankton 
(Figure 3B, D–F, H). Among the larger specimens, cells 
with only three or even two antapical spines were 
detected. The antapical spines at the junctions of plates 
1ʹʹʹʹ, 2ʹʹʹʹ and 1ʹʹʹʹ, 5ʹʹʹ were barely noticeable or 
completely absent in such specimens (Figure 3D). 

We attempted to resolve the question of the 
presence of two morphotypes in the populations of B. 
quinquecornis by applying statistical methods. The 
dimensions of B. quinquecornis specimens were 
analyzed (n>320). It was found that the distribution of 
cell length is almost symmetrical (Figure 6), with a 
median of 27.5 µm and a range from 17.0 µm to 30.2 
µm. The distribution of width is asymmetrical: the 
median is shifted towards larger values, indicating a 
predominance of cells with greater width. The median 
width is 24.0 µm, with a width range from 12.4 µm to 
30.0 µm. Cells with sizes falling outside these boundaries 
are considered atypical. 

The results of the morphometric analysis 
demonstrated the presence of two predominant 
morphotypes of B. quinquecornis in the Black Sea. The 
first morphotype is characterized by smaller, angular 
cells, close to rhomboid in shape, relatively wide, 
considerably dorso-ventrally compressed, with four 
antapical spines directed posteriorly, less robust thecal 
plates, and a most common length of around 25 µm 
(width around 20 µm) (Figure 3A, C; Figure 4C). The 
second morphotype is represented by larger cells (30 
µm in length and 25 µm in width), more oval in shape, 
with relatively smaller width, often possessing two or 
three antapical spines, sometimes with barely 
noticeable lateral spines. The distance between the 
central antapical spines in cells of this morphotype is 
greater compared to the first morphotype (Figure 3B, D–
H; Figure 4D). Over time, the abundance ratio between 
the first and second morphotypes was changing. 
Typically, cells of only one morphotype dominated in the 
plankton. It should be noted that intermediate 
morphological forms are also present in the Black Sea 
population of the species (Figure 5). Apparently, all 
these morphotypes belong to a single species, B. 
quinquecornis, and represent either different 
developmental stages or adaptations to various factors 
of the marine environment. 

 
Ecology of B. quinquecornis in the Black Sea 

 
According to the original data, B. quinquecornis 

developed in the Black Sea within a temperature range 
of 18.2–26.0°C, and salinity range of 12.5–18.36‰. 
During the study, the highest population densities of the 
species were recorded in the well-heated eutrophic 
waters of Mamaia Bay (Romania) and Varna Bay 
(Bulgaria), reaching 1.02×106 cells L-1 and 3.49×105 cells 
L-1, respectively. The highest mean density was also 
registered in Mamaia Bay, whereas the lowest was 
observed in the coastal waters of Turkey (Table 1). 

 

Figure 6. Distribution of cell length and width in the Black Sea population of B. quinquecornis. 
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Statistical analysis revealed that the environmental 
drivers of B. quinquecornis abundance vary significantly 
across different regions of the Black Sea, characterizing 
the species as a highly adaptive ecological opportunist 
(Table 2). 

In the western sector of the basin, the species 
exhibited a pronounced thermophilic pattern, typical of 
its subtropical origins. Along the Bulgarian coast, water 
temperature emerged as a primary trigger for mass 
development (P= 0.003, rho= 0.345, see Table 2), 
frequently coinciding with periods of reduced salinity 
(P= 0.0054, rho= -0.325). Similarly, in Romanian coastal 
waters, the correlation with water temperature was 
highly significant (P<0.001, rho = 0.317). The findings 
suggest that in these areas the development of B. 
quinquecornis is closely synchronized with the seasonal 
thermal maximum, where increased temperature acts 
as the main catalyst for metabolic acceleration and rapid 
cell division. 

Furthermore, abundance data from coastal waters 
of Romania showed significant negative relationships 
with pH (P= 0.006, rho= -0.198) and silicate 
concentrations (P= 0.0226, rho= -0.166). The latter is of 
particular ecological interest and may indicate a 

competitive “window of opportunity”. One possible 
explanation is that, as diatoms, the primary consumers 
of silicates, deplete the available resources and their 
populations decline, B. quinquecornis exploits the 
cleared ecological niche, thriving in the post-diatom 
bloom period. 

In contrast, the Odesa Bay region demonstrated a 
clear shift from thermal to nutritional control. While 
temperature did not act as a statistically significant 
limiting factor there, the abundance showed a strong 
positive correlation with total phosphorus (p = 0.0103, 
rho = 0.485). This suggests that in highly eutrophic 
coastal zones, such as those influenced by the Danube 
and Dnieper rivers runoff, anthropogenic nutrient 
loading overrides the regional thermal signal. In Odesa, 
B. quinquecornis acts as a bioindicator of phosphorus 
enrichment rather than being influenced by 
temperature conditions. A similar response to 
eutrophication was observed in Bulgarian waters, where 
abundance correlated significantly with both total 
phosphorus (P= 0.0118, rho= -0.376) and nitrites 
(P= 0.0232, rho= -0.334), highlighting the species' 
affinity for nitrogen-rich coastal environments. 

Table 1. Cell density of Blixaea quinquecornis, along with some physicochemical parameters in the studied areas of the Black Sea 
(2018–2022)  

Variable Odesa Bay, Ukraine Romanian coastal waters Bulgarian coastal waters Turkish coastal waters 

Cell density ×103 cells L-1 0.07<11.06<84.11* 0.20<33.47<1020.00 0.06<20.75<348.59 0.01<1.37<18.65 
Temperature, oC 11.9<21.7<26.0 3.6<21.54<28.0 17.5<24.7<29.8 20.37<25.41<27.5 
Salinity, ‰ 12.5<16.3<19.5 6.16<15.28<19.61 12.77<15.98<17.45 14.25<17.61<18.36 
Dissolved O2, mg L-1 6.13<7.62<11.26 3.84<8.22<19.8 6.66<7.33<7.84 7.44<7.79<9.00 
Chlorophyll-a, mg L-1 – 0.52<2.91<18.37 0.83<4.41<28.02 0.24<0.99<4.48 
pH 8.11<8.44<9.08 7.34<8.40<9.00 8.12<8.39<8.64 8.13<8.34<8.49 
P total, mg L-1 3.14<32.31<105.00 6.82<37.40<330.15 6.23<20.08<93.10 3.12<16.01<94.24 
N(NO2), mg L-1 0.51<8.24<129.00 0.14<6.09<60.62 0.18<2.10<5.13 – 
N(NO3), mg L-1 3.35<88.32<329.00 3.36<68.08<470.26 0.18<8.70<38.12 – 
N(NH4), mg L-1 0.62<78.35<909.51 7.98<86.51<579.04 4.20<22.51<75.88 0.74<5.85<71.73 

Note: min<mean<max. 
 
 
 

Table 2. Regional Spearman rank correlation coefficients (rho) between Blixaea quinquecornis abundance and significant 
environmental parameters (p < 0.05) in the studied areas of the Black Sea (2018–2022)  

Location Variable p-value rho N 

Odesa Bay, Ukraine P total, mg L-1 0.0103 0.485 27 

Romanian coastal waters 

Temperature, oC 0.0001 0.317 191 

O2 % 0.0866 0.124 192 

pH 0.006 -0.198 191 

N(NO2), mg L-1 0.0906 -0.123 190 

Si(SiO4), mg L-1 0.0226 -0.166 189 

Turkish coastal waters 

Salinity, ‰ 0.094 -0.358 23 

O2, mg L-1 0.0853 0.375 22 

O2 % 0.0751 0.387 22 

N(NH4), mg L-1 0.0972 -0.354 23 

Bulgarian coastal waters 

Temperature, oC 0.003 0.345 72 

Salinity, ‰ 0.0054 -0.325 72 

O2, mg L-1 0.0886 -0.26 44 

P total, mg L-1 0.0118 -0.376 44 

N(NO2), mg L-1 0.0232 -0.334 46 
Note: N – Non-empty values. For Turkish coastal waters the most influential parameters with p < 0.1 are shown. 
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In Turkish coastal waters, although no factors 
reached the P<0.05 significance level, likely due to a 
limited sample size, several clear ecological trends were 
observed. The closest influential parameters were 
oxygen saturation (P= 0.075, rho = 0.387) and dissolved 
oxygen (P= 0.085, rho = 0.375). Simultaneously, the 
negative trend with salinity and ammonium (P= 0.097, 
rho= -0.354) suggests that even in the southern Black 
Sea, the species gravitates toward dynamic transition 
zones where nutrient turnover is high. Overall, the 
regional variability in drivers confirms that B. 
quinquecornis possesses a diverse toolkit of survival 
strategies, allowing it to thrive across the varied 
environmental gradients of the Black Sea. 

The obtained results make it possible to form an 
“ecological portrait” of B. quinquecornis for the Black 
Sea. The main insight is that this species is an ecological 
opportunist: in different parts of the basin it uses 
different “leverages” to achieve massive blooms. 

 
Geographical Peculiarities 

 
Despite the wide distribution of B. quinquecornis 

(for compiled literature, see (Okolodkov et al. 2016), 
there is a lack of data on its morphology from various 
regions of the world’s oceans. To date, only one genetic 
study of specimens from the Sea of Japan population has 
been published (Horiguchi & Takano 2006), and no 
assessment of B. quinquecornis geographical variability 
has been conducted. 

Using both literature data and the results of our 
research, we aimed to reveal the geographical 
peculiarities of B. quinquecornis from the Black Sea, as 
well as from other regions of the world’s oceans (Stein 
1883; Abé 1927, 1981; Horstmann 1980; Horiguchi & 
Pienaar 1991; Horiguchi & Sotto 1994; Trigueros et al. 
2000; Barón-Campis et al. 2005; Faust et al. 2005; 
Gárate-Lizárraga & Muñetón-Gómez 2008; Aké-Castillo 
& Vázquez 2011; Okolodkov et al. 2016; Romero et al. 
2022; Gárate-Lizárraga & Okolodkov 2024). 

As a result of this comparison, we concluded that 
the cells of B. quinquecornis from different regions 
display specific characteristics. Specimens of B. 
quinquecornis from the coastal waters of North, Central, 
and South America are more elongated, with their 
length consistently exceeding the width, plates covered 
with microtubercles, and, based on observations of 
damaged cells during preparation for SEM, they often 
exhibit a less robust theca (Barón-Campis et al. 2005; 
Faust et al. 2005; Gárate-Lizárraga & Muñetón-Gómez 
2008; Seixas 2010; Okolodkov et al. 2016). The first 
apical plate 1ʹ is narrower compared to the description 
by Abé (1927, 1981) and the examined specimens from 
the Black Sea. There is also a difference in the 
ornamentation of the plates (Figure 4C–E, D–F). The size 
ranges from 13.5 µm to 40.0 µm in length, and from 12.2 
µm to 36.0 µm in width. In the B. quinquecornis 
population from the coastal waters of the Americas, two 

morphotypes are also present, which was confirmed by 
the original studies in the Gulf of Mexico (Figure 4E–F). 

Species traits (cells shape and size, thecal plates 
shape and arrangement, direction and number of 
antapical spines) are relatively stable, except for 
Peridinium quinquecorne var. trispiniferum (= 
Peridinium quadridentatum var. trispiniferum (Aké-
Castillo et Vázquez) Gárate-Lizárraga & Okolodkov), 
which has only three antapical spines (Aké-Castillo & 
Vázquez 2011) (Sontecomapan coastal lagoon, Gulf of 
Mexico). We propose a new combination for this 
intraspecific variety–Blixaea quinquecornis var. 
trispinifera comb. nov. (basionym: Peridinium 
quinquecorne var. trispiniferum Aké-Castillo et Vásquez 
(Acta Botanica Mexicana, 2011, 94: 129–130, Figures 
2– 5)). Some cells of this variety were observed in 
samples from the port of Veracruz (Gárate-Lizárraga & 
Okolodkov 2024; Figure 1B, D, E). 

The length of B. quinquecornis cells from the Pacific 
Ocean (Fiji and the Philippines) only slightly exceeds the 
width, or the two may even be equal. The first apical 
plate 1ʹ is small and relatively narrow. Thecal plates are 
thin. These cells have four antapical spines (Horiguchi & 
Sotto 1994). 

Unfortunately, there is insufficient data on cell 
morphology in the B. quinquecornis population from the 
Mediterranean Sea. We came across only one study 
pertaining to dinoflagellate cysts from the western 
Mediterranean Sea (Satta et al. 2010).  The examined 
specimens resembled vegetative cells, with five 
projections on a rounded hypotheca. The length ranged 
from 25 to 35 µm, with a width ranging from 20 to 35 
µm (n=9). The length of the projections was 5–8 µm. The 
cells contents had a granular structure, with an enlarged 
orange inclusion. 

The population of B. quinquecornis from the 
coastal waters of Southeast Asia–Vietnam (Phan-Tan–
unpublished data) is also represented by two 
morphotypes, although they are markedly different 
from those observed in the coastal waters of the 
Americas. In the Vietnamese specimens belonging to the 
first morphotype, the cells are compressed in the 
longitudinal direction, with their width greater than 
their length. The thecal plates are either flat or concave. 
Their first apical plate 1ʹ is relatively large and wide, 
compared to the American and Pacific specimens. The 
cells have four well-developed antapical spines. Cell 
dimensions in the Vietnamese population: from 27.03 
µm to 28.09 µm in length (mean 27.61±0.33 µm), and 
from 27.18 µm to 29.97 µm in width (mean 28.26±0.71 
µm). The length of the antapical spines ranges from 5.13 
µm to 7.72 µm. The cells of the second morphotype are 
morphologically similar to those of the corresponding 
Black Sea specimens (Figure 4A–B). Data from Malaysia 
(Mohammad-Noor et al. 2007) illustrate samples 
belonging to the first morphotype, which closely 
resembles the one from Vietnam. 

Similar to other regions of the world’s oceans, the 
B. quinquecornis population from East Asia (Abé 1927, 
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1981; Fukuyo et al. 1990; Horiguchi & Takano 2006) is 
also represented by two main morphotypes, along with 
intermediate forms. Cells of the first morphotype have 
an angular, polygonal shape in ventral view, significantly 
widening in the cingulum area, and are dorso-ventrally 
compressed. The epitheca is triangular. The apical horn 
is poorly developed. The hypotheca is hexagonal. Cells 
belonging to the second morphotype are oval in shape 
and typically have wide sutures. The first apical plate 1ʹ 
is relatively large, wide, slightly inclined to the right, and 
tapers more abruptly towards the apex. Plate 2a is large 
and heptagonal, with a small pentagonal plate 1a 
positioned to its left. Plates 1ʹʹ and 7ʹʹ occupy almost the 
entire ventral part of the epitheca, while the dorsal plate 
4ʹʹ is small. The cingulum is deep, descending by roughly 
half or slightly less of its width. In typical cases, it is 
positioned slightly below the cell’s equator. The cingular 
list bears small marginal denticles, each supported by a 
rib. The hypotheca typically possesses four short spines, 
though three may occasionally occur. Plates 1ʹʹʹ and 5ʹʹʹ 
nearly span the entire ventral surface of the hypotheca. 
The sulcus is wide, excavated, expanding towards the 
antapex. The large plate Sp occupies almost the entire 
sulcus. The plate Sd forms a list covering the flagellar 
pores. The middle two antapical spines are adjacent to 
the sulcus on both sides and are formed by plates 1ʹʹʹʹ 
and 2ʹʹʹʹ. The lateral antapical spines are located on the 
lateral sides of the antapical plates. Occasionally, a small 
fifth spine forms on the dorsal side of the cell at the 
junction of plates 1ʹʹʹʹ, 2ʹʹʹʹ, and 3ʹʹʹ. The surface of the 
thecal plates lacks ornamentation. The cell contents 
appear yellowish-brown. The size ranges from 23.0 µm 
to 40.0 µm in length, and from 20.0 µm to 36.0 µm in 
width. 

Representatives of the B. quinquecornis population 
from the coastal waters of northern Spain exhibit 
morphological characteristics similar to those of 
specimens from Southeast Asia. During a summer bloom 
in the Gernika Estuary, the cells were wider than long 
(Madariaga et al. 1989), and specimens from the nearby 
Urdaibai Estuary (Trigueros et al. 2000) were 
morphologically similar to those from East Asia. 

Based on the comparative analysis, we concluded 
that specimens of B. quinquecornis from the coastal 
waters of Northern Spain (Trigueros et al. 2000), 
Mediterranean Sea (Satta et al. 2010), Malaysia, and 
Vietnam (Mohammad-Noor et al. 2007 and original 
data), as well as from the Black Sea, are morphologically 
closer to specimens from East Asia in general and the 
Sea of Japan in particular (Abé 1927, 1981; Fukuyo et al. 
1990; Horiguchi & Takano 2006). 

 
DNA Metabarcoding 

 
A comparison of B. quinquecornis nucleotide 

sequences from the Black Sea with those available in the 
GenBank database revealed a nearly complete match 
with the specimen from the Sea of Japan, designated as 
Peridinium quinquecorne (GenBank accession number 

AB246744; Horiguchi & Takano 2006). This record 
represents the only 18S rDNA sequence for 
B. quinquecornis currently available in the database, 
highlighting the need to expand reference data. Two 
ASVs (441 bp) were assigned to B. quinquecornis and 
likely represent intraspecific haplotypes. ASV70 
(GenBank accession number PV255961) exhibited 
99.77% identity (1 bp mismatch) with the reference 
sequence – AB246744 (Horiguchi & Takano 2006), while 
ASV41 (GenBank accession number PV255960) showed 
99.55% identity (2 bp mismatch). All other GenBank 
reference sequences showed low percent identity 
(below 93.88%), indicating the absence of close matches 
to any other described species. ASV41 was detected in 
22% of the samples, with sequence numbers (rarefied 
read counts) varying widely between samples (from 1 to 
1478). ASV70 appeared in 15% of the samples, with 
sequence numbers ranging from 5 to 568. The highest 
sequence numbers for both ASVs were recorded 
between July and September 2022, potentially 
indicating a seasonal pattern in the presence or 
abundance of B. quinquecornis. 

 

Conclusions 
 

The appearance of B. quinquecornis in the Black 
Sea represents a significant ecological event. This 
species may act both as an indicator of changes in the 
ecological state and a factor contributing to alterations 
in the plankton dynamics and benthic communities as a 
whole. The potential impact of B. quinquecornis on the 
Black Sea ecosystem, including the possible emergence 
of HABs, highlights the importance of regular monitoring 
and further research aimed at understanding the 
patterns of this invasive species and its effects on the 
marine environment. 

Despite the lack of data on the toxicity of B. 
quinquecornis, its ability to cause HABs, characterized by 
water staining, hypoxia, and subsequent mortality of 
hydrobionts, has been documented in other regions of 
the world’s oceans (Shamsudin et al. 1996; Turki & El 
Abed 2001; Alkawri et al. 2016; Gárate-Lizárraga & 
Okolodkov 2024). Nevertheless, detection of toxins in B. 
quinquecornis cells should not be excluded (Guennes et 
al. 2026). 

This dinoflagellate species should be regarded as 
an example of the aggressive expansion of HAB-inducing 
agents. Since the first detection of B. quinquecornis in 
the southwestern Black Sea in 2000 (D. Klisarova, V. 
Velikova, unpublished data) to its near-ubiquitous 
spread throughout the sea, only five to ten years have 
passed (Vershinin et al. 2005; Yasakova 2011; Moncheva 
2010). 

The study demonstrates that B. quinquecornis has 
become a significant component of the Black Sea 
phytoplankton, exhibiting high ecological adaptability to 
varying regional conditions. While its proliferation in the 
western sector is closely tied to seasonal warming, the 
outbreaks in Odesa Bay are primarily driven by localized 
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nutrient loading, specifically phosphorus 
concentrations. These findings suggest that the species 
functions as both a thermophilic indicator of climate 
change and a bioindicator of anthropogenic 
eutrophication. The negative correlation with silicates 
further indicates its competitive advantage during the 
decline of diatom successions in late summer. 
Consequently, the ongoing warming and continued 
nutrient input into the Black Sea coastal zones provide a 
dual mechanism for the further expansion of this HAB 
inducer. 

To gain a more comprehensive understanding of 
the impact of B. quinquecornis on the Black Sea and 
other marine ecosystems, further research is required. 
This should include not only monitoring population 
dynamics, but also examining the physiological, 
morphological, and genetic characteristics of the 
species, along with its interactions with other 
organisms.   
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