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Abstract: 	 The seasonal variations in molluscan diversity, density and biomass (Gastropoda and Bivalvia) in Pomo-
rie Lake (Black Sea), were examined. The research was conducted over an eight-month period (April–
November 2022), covering six distinct sampling sites. A total of 12 molluscan species were identified. 
The average molluscan density was 26,746 ind/m². The dominant species in terms of density throughout 
all seasons and sites was Ecrobia maritima, demonstrating extreme seasonal variability. Other abundant 
species included Mytilaster lineatus, Bittium reticulatum and Cerastoderma glaucum, which exhibited 
distinct seasonal density peaks. Densities of M. lineatus, Pusillina lineolata and C. glaucum peaked in 
spring, while B. reticulatum had maximum abundance in summer. Cerastoderma glaucum was the domi-
nant species in terms of biomass (43% of total biomass), followed by M. lineatus (40%). The study 
highlighted the influence of environmental parameters (salinity, temperature, substrate composition and 
anthropogenic impacts) on the molluscan community structure. The observed fluctuations suggest that the 
ecosystem of the Pomorie Lake is undergoing shifts due to hydrological and climatic changes. The find-
ings contribute to the long-term monitoring of the biodiversity in this protected wetland and offer insights 
into the ecological dynamics of hypersaline lagoons.
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Introduction
Community structure characteristics, including spe-
cies composition, diversity, abundance and biomass, 
have become an increasingly important component 
in macrobenthic studies; they are used to reveal 
changes in the marine environment and ecological 
adaptation and to evaluate community health (Rao 
et al. 2020, Wang et al. 2021). Population density 

is a key parameter in ecology and conservation and 
estimates of population density are required for a 
wide variety of applications in fundamental and ap-
plied ecology.

Hubenov (2007, 2015) collated the most up-
to-date information on the distribution and zoogeo-
graphic characteristics of the Bulgarian Black Sea 
molluscs. However, detailed data on the abundance 
and biomass of the mollusc species in Lake Pomorie 
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are absent, as these are reported for the entire group 
of molluscs. Moreover, in recent years, the hydro-
logical regime of the lake has been compromised, as 
a result of floods in 2014 and 2015. This has led to 
a decrease in the salinity of the water. The average 
salinity of the water in the lagoon was 30.98‰ in 
December 2010 (Hibaum 2010), while in May 2019 
it was 12.58‰ (Popov & Meshkova 2021). Such a 
decrease would likely trigger a change in the com-
position and abundance of molluscan species.

Given that this study covers a single year (April 
to November 2022), the observed changes should be 
interpreted as a snapshot of the current structure of 
molluscan community rather than definitive long-
term trends. Future multi-year studies are required 
to account for stochastic factors influencing species 
abundance and biomass.

Materials and Methods
Sampling area
Lake Pomorie is a lagoon situated along the Bulgar-
ian Black Sea coast north of Pomorie. It is one of the 
three most significant wetland complexes for con-
gregations of waterfowl along the Bulgarian Black 
Sea coast. Today, the lake is separated from the sea 

by the northern sand strip, which is about 5 km long 
and 50 m wide. Lake Pomorie is an ornithologically 
important site. It is protected under multiple national 
and international regulations, including the EU Hab-
itats Directive (92/43/EEC), the Ramsar Conven-
tion on Wetlands of International Importance and is 
part of the Natura 2000 network (BG0000152 and 
BG0000620 protected areas). These legal frame-
works aim to preserve the ecological integrity and 
biodiversity of the lagoon ecosystem.

For the current study, six different sampling ar-
eas were selected on the territory of the lagoon (Fig. 
1). There was obvious environmental heterogeneity, 
but as we could make no assumption about its likely 
effects, we adopted a simple random sampling rou-
tine. Each site was characterised by different geo-
graphic location, degree of urbanisation, pollution 
and hydrochemical conditions. The bottom sediment 
was of mixed particle size consisting of mud, gravel 
and pebbles. The maximum depth of the lagoon was 
1.4 m. Littoral samples from the bottom of 0.5 m x 
0.5 m were taken at a depth of 10 cm from April to 
November 2022, using a frame and a hand grab. A 
total of 96 samples were collected and the number 
of molluscs in each of them was counted. From each 
sampling site, four samples were collected during 

Fig. 1. Map of the Pomorie Lake with sampling points. 
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each season, resulting in a total of 16 samples per 
sampling point over the year. The collected material 
was sieved through a 0.5 mm sieve, washed clean 
of mud in the lake and preserved in 70% alcohol. In 
the laboratory, the samples were sorted and washed 
again in order to remove the adhering organisms and 
other debris.

The diversity of molluscan communities was 
quantified using the Simpson’s Diversity Index (D) 
and Shannon-Weaver Index (H’). These indices re-
flect species richness and the evenness of individual 
distribution among species. The biomass of each 
species was measured using an electronic precision 
scale (Capacity: 300 g x 0.01 g). The resulting data 
were calculated for g per 1 m².

Results
A total of 12 species were identified in the lake 
(Table 1). We believe that eight species were per-
manently present in the benthos of Lake Pomorie. 
Other four species had low occurrence or only their 
shells were recorded, so their population character-
istics were not determined. 

Class Gastropoda was represented by five fam-
ilies, six genera and seven species. Class Bivalvia 
included three families, four genera and four spe-
cies. Dominant in the lake were the mussels Abra 
segmentum and C. glaucum, as well as the gastropod 
E. maritima. The average number of Mollusca was 
26,746 ind/m2, with the highest values registered for 

E. maritima (Table 2). Subdominants, in terms of 
average density, were M. lineatus (868.5 ind/m²), 
followed by B. reticulatum (729.75 ind/m²). The 
densities varied during the seasons. High densities 
of M. lineatus, P. lineolata and C. glaucum were 
registered in spring.

Species Composition and Abundance (Density)
The average density of C. glaucum reached 

387 ind/m2; its highest density was in spring (752 
ind/m²), remaining high in summer (669 ind/m²), 
while in autumn and winter a rapid drop to 116 ind/
m² and 11 ind/m², correspondingly, was observed. 
During spring, A. segmentum formed a density of 
413.5 ind/m². Bittium reticulatum reached its maxi-
mum in summer (2871 ind/m²), followed by M. lin-
eatus (943 ind/m²). Only the gastropods E. maritima 
(3345 ind/m²) and P. lineolata (291 ind/m²) main-
tained relatively high densities in winter.

The highest standard deviation (SD) in the num-
ber of individuals was recorded for E. maritima. It 
indicated greater seasonal fluctuations in population 
density. This may be attributed to seasonal shifts in 
salinity and temperature or anthropogenic disturbanc-
es. In contrast, A. segmentum had a much lower SD in 
population density (111.8 ind/m²), indicating relative-
ly stable population dynamics throughout the year.

Species like B. reticulatum (169.4%) and M. 
lineatus (115.8%) exhibited the highest coefficient 
of variation (CV%) in population density, reveal-
ing substantial seasonal population variability. Con-

Table 1. Species composition of the malacofauna in Lake Pomorie (2022). Legend: + alive specimens, * found only 
as shells

Taxa Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
 Bivalvia

Abra segmentum (Récluz, 1843) + + + + + +
Cerastoderma glaucum (Bruguière,1789) + + + + + +
Mytilaster lineatus (Gmelin, 1791) + + + +
Gastropoda
Rissoa membranacea (J. Adams, 1800) + + + + +
Pusillina lineolata (Michaud, 1830) + + + + +
Ecrobia maritima (Milaschewitsch, 1916) + + + + + +
Tritia reticulata (Linnaeus, 1758) + + + + +
Bittium reticulatum (da Costa, 1778) + + + +
Mytilus galloprovincialis (Lamarck, 1819) * *
Rissoa splendida (Eichwald, 1830) * * *
Rapana venosa (Valenciennes, 1846) * *
Chamelea gallina (Linnaeus, 1758) *
Total species 4 8 8 8 7 6
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versely, A. segmentum (45.9%) and T. reticulata 
(64.4%) had lower CV%, indicating more consistent 
population densities, reflecting ecological stability 
and possible niche specialisation.

Biomass Dynamics of Molluscan Communities
The total biomass of molluscs during the study 
period was 413.33 g/m². In terms of biomass, C. 
glaucum (149.6 g/m²) was the dominant species, 
followed closely by M. lineatus (141.5 g/m²). The 
recorded biomass also exhibited seasonal differenc-
es. Mytilaster lineatus (459.13 g/m²) and C. glau-
cum (232.36 g/m²) played a major role in biomass 

formation in spring. In summer and autumn, again 
the largest biomass was recorded for C. glaucum 
(268.53 g/m² and 91.31 g/m²). During the warm 
summer, B. reticulatum, despite its small size, had 
relatively high biomass (74.51 g/m²). In winter, the 
dominant species in terms of biomass was A. seg-
mentum with 26.7 g/m² (Table 3). 

Abra segmentum had the lowest CV, suggesting 
relatively stable biomass across seasons. Cerasto-
derma glaucum and T. reticulata exhibited moderate 
variability, while R. membranacea and P. lineolata 
showed greater seasonal fluctuations despite their 
low absolute biomass values. 

Table 2. Average density (ind/m2) and Simpson and Shannon indexes of molluscs (Bivalvia and Gastropoda) in Lake 
Pomorie, divided by seasons and for the entire study period, with.

Taxa/ season spring summer autumn winter Аverage 
2022

Range 
(ind/m²)

SD  
(ind/m²) CV%

Abra segmentum 413.5 248 211 102 243.62 311.5 111.8 45.9
Cerastoderma glaucum 752 669 116 11 387 741 326.9 84.5
Mytilaster lineatus 2484 943 39 8 868.5 2476 1005.5 115.8
Rissoa membranacea 4 24 4 4 9 20 8.7 96.2
Pusillina lineolata 1010 223 15 291 384.75 995 375.0 97.5
Ecrobia maritima 53001 30269 9797 3345 24103 49656 19420.8 80.6
Tritia reticulata 29 12 14 3 14.5 26 9.3 64.4
Bittium reticulatum 26 2871 7 15 729.75 2864 1236.6 169.4
Simpson  (D) 0.42 0.37 0.46 0.39 -
Shannon H’ 0.08 0.12 0.05 0.1 -

Table 3. Average biomass (g/m2) and Simpson and Shannon indexes of molluscs in Lake Pomorie according to seasons 
and for the entire study period.3

Taxa spring summer autumn winter Average
2022

Range
 (g/m2)

SD
(g/m2) CV%

Abra segmentum 49.39 23.78 21.38 26.7 30.3 28.01 11.2 36.9

Cerastoderma glaucum 232.36 268.53 91.31 6 149.6 262.53 106.1 70.9

Mytilaster lineatus 459.13 103.12 3.44 0.22 141.5 458.91 188.0 132.9

Rissoa membranacea 0.1 0.15 0,02 0.12 0.1 0.13 0.05 49.4

Pusillina lineolata 4.47 2.33 0.05 1.3 2.0 4.42 1.6 79.5

Ecrobia maritima 185.46 47.96 10.62 3.6 61.9 181.86 73.3 118.3

Tritia reticulata 8.27 0.72 15.75 11.06 9.0 15.03 5.5 60.9

Bittium reticulatum 1.38 74.51 0.12 0.03 19.0 74.48 32.0 168.6

Simpsons Diversity (D) 0.17 0.16 0.11 0.09 -

Shannon H’ 0.27 0.29 0.25 0.27 -
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Simpson Index (D):
Values ranged between 0.37 in summer and 0.46 in 
autumn, suggesting moderate species dominance. 
Higher autumn values indicated greater species 
evenness, potentially due to the decline of dominant 
species (E. maritima, M. lineatus) and the persis-
tence of rarer taxa.

Shannon Index (H’):
Consistently low values (0.05–0.12) indicated low 
overall diversity, likely due to dominance by a few 
opportunistic species. 

Discussion
Although early reports have provided some infor-
mation on the abundance and biomass of benthic 
communities in Pomorie Lake (Tsvetkov 1958, 
Stoykov 1981), the malacofauna of the lake has not 
been the subject of systematic studies. These earlier 
works focused mainly on general benthic produc-
tivity and did not involve structured, long-term or 
species-specific surveys. A more recent investiga-
tion on zoobenthic communities in 2007 (Radev et 
al. 2009) confirmed that molluscs dominated the 
central part of the lake, accounting for 91–99% of 
the total density. However, this work also lacked 
a focused taxonomic assessment or an analysis of 
the seasonal dynamics of molluscan assemblages. 
Preliminary observations by Uzunov et al. (2015) 
further highlighted the absence of targeted, compre-
hensive research on the lake’s malacofauna.

Cerastoderma glaucum is a common species 
along the Bulgarian Black Sea coast (Radev et al. 
2009) and in coastal lagoons in general (Nikula & 
Väinölä 2003, Sromek et al. 2019, Shcherban et 
al. 2022). It was also the most frequently recorded 
mussel species during the study period in Pomo-
rie Lake. The dominance of E. maritima across all 
seasons can be attributed to its euryhaline nature 
and rapid reproductive cycle (Carare & Surugiu 
2020), which allows it to maintain stable popula-
tions in the face of fluctuating environmental con-
ditions.

Species distribution across the six sampling 
sites showed clear spatial patterns. Ecrobia mar-
itima exhibited the highest densities at all locations, 
likely due to its adaptability to variable salinity lev-
els. Abra segmentum and C. glaucum were more 
abundant in zones with finer sediments, suggesting 
specific substrate preference. The sites closest to ur-
banised areas showed the lowest densities, possibly 
reflecting the impact of anthropogenic pollution on 
benthic organisms.

Seasonal variations in molluscan density and 
biomass were evident. Peaks in C. glaucum bio-
mass during spring and summer coincided with 
optimal reproductive conditions and increased food 
availability. Conversely, the observed decline dur-
ing winter may be due to reduced metabolic ac-
tivity and higher mortality associated with lower 
temperatures. Notably, M. lineatus exhibited a bio-
mass peak in spring, potentially linked to recruit-
ment events or reproductive activity. The statistical 
analyses confirmed significant seasonal variation 
in both density and biomass, pointing to a strong 
influence of environmental factors. Species with 
high standard deviation (SD) in population density 
are generally more responsive to short-term envi-
ronmental stressors, such as fluctuations in tem-
perature and salinity. Conversely, lower SD values 
indicate population stability and resilience, sug-
gesting that these species are better buffered against 
environmental fluctuations. This trend suggests 
adaptation of dominant species to the lake’s salin-
ity. High CV% values of population density further 
support this interpretation, as they are often associ-
ated with opportunistic species that take advantage 
of favorable seasonal conditions, such as nutrient 
enrichment or habitat modification. These taxa 
may exhibit boom-and-bust population dynamics, 
driven by episodic environmental events. Patterns 
in community diversity metrics further reflect this 
seasonal instability. Simpson (D) and Shannon (H‘) 
indices revealed moderate but consistent temporal 
variation in species diversity, suggesting dynamic 
shifts in community composition driven by envi-
ronmental factors and opportunistic taxa. That trend 
may reflect the impact of environmental stressors 
(e.g., eutrophication, temperature fluctuations) that 
favour r-strategists – species that reproduce rapidly 
under favourable conditions but decline during en-
vironmental stress.

The analysis of standard deviation (SD) and 
coefficient of variation (CV%) in biomass re-
vealed distinct interspecific patterns of stabil-
ity among molluscan taxa. Species such as A. 
segmentum showed low variability, indicating sta-
ble biomass across seasons, while others like M. 
lineatus and E. maritima exhibited high seasonal 
fluctuations. Overall, species-specific differences 
in SD and CV highlight varying degrees of eco-
logical plasticity and responsiveness to seasonal 
or anthropogenic drivers in the lagoon ecosystem. 
Although experimental data on its salinity tolerance 
are lacking, distributional evidence clearly identi-
fies E. maritima as a euryhaline species. It is capa-
ble of thriving in a wide salinity range, including 
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hypersaline environments such as Pomorie Lake 
and other lagoons in the Black Sea and Eastern 
Mediterranean (Arconada et al. 2007, Osikowski et 
al. 2016). Conversely, lower mean population den-
sities for species such as R. membranacea suggest 
greater sensitivity to salinity fluctuations or a more 
restricted microhabitat distribution. 

Fluctuations in mollusc populations in Pom-
orie Lake appear to result from a combination of 
biotic and abiotic environmental factors. A general 
decline in salinity over recent years may favour eu-
ryhaline species like E. maritima, while limiting 
stenohaline taxa. Urbanisation and related pollution 
may also disrupt sensitive species, contributing to 
the spatial heterogeneity of mollusc populations. 
Temperature also plays a key role (Artigaud et al. 
2015, Song et al. 2024, Sánchez-Fernández et al. 
2025). Elevated summer temperatures can acceler-
ate metabolic activity, reproductive cycles and lar-
val development, as seen in population increases 
of B. reticulatum (Rasmussen 1973). Winter con-
ditions generally suppress growth and reproduc-
tion, explaining the lower densities recorded during 
colder months. Oxygen availability, which corre-
lates with both temperature and salinity, also affects 
molluscan survival (Zettler et al. 2009, Kuk-Dzul & 
Díaz-Castañeda 2016, Sowa et al. 2019). Further-
more, hypoxic events during warm periods, often 
resulting from decomposition of organic matter and 
reduced water exchange, can cause sharp popula-
tion declines in sensitive species.

Sediment characteristics and organic content 
further influence species distributions (Mishra & 
Farooq 2023, Hope et al. 2024). The dynamic sedi-
mentary regime of Pomorie Lake, subject to season-
al changes in water flow and sediment deposition, 
determines habitat suitability. Species like A. seg-
mentum, which favour fine, organic-rich sediments, 
maintained relatively stable populations (CV%), 
while those requiring coarser substrates experi-
enced fragmentation and reproductive limitations.

Biotic interactions, such as competition and 
predation, also shape community structure. Inter-
specific competition for food and habitat may in-
tensify population fluctuations, particularly among 
species with similar ecological niches (Seitz 2001), 
and predation, especially during migration periods, 
and likely contributes to seasonal population shifts 
in some taxa (Underwood 1984).

Among the proposed explanations, the most 
convincing interpretation of the observed popula-
tion variability involves the combined effect of 
salinity and temperature fluctuations, mediated by 
species-specific traits and anthropogenic stressors. 

These findings align with previous research (Popov 
& Meshkova 2024), which suggests that hypersa-
line ecosystems are inherently unstable and that this 
environmental variability is a key driver of benthic 
community structure.

Similarly, studies from Varna Bay (Uzunova 
2013) also document significant seasonal variation 
in molluscan abundance, with 71 taxa recorded dur-
ing spring. This supports our conclusions regarding 
the dominance and seasonal shifts in species like E. 
maritima and C. glaucum. Similarly, findings from 
the offshore zone of the Bulgarian Black Sea coast 
(Uzunova 2016) confirm the role of salinity and 
anthropogenic influences in shaping benthic com-
munities.

During the study period, mussels were main-
ly represented by C. glaucum and A. segmentum. 
While C. glaucum remained the species with the 
highest average biomass, M. lineatus also emerged 
as an important contributor, particularly in spring 
when its biomass exceeded that of C. glaucum.

Historically, A. segmentum was a dominant 
species in Pomorie Lake: its spring density had 
reached 6952 ind/m² (Stoykov 1986). Present re-
sults indicate a decline in density, though biomass 
remained relatively stable, possibly due to the 
species’ late reproductive period, known to occur 
in May and September in the Black Sea (Zernov 
1913). Given its role as a food source for benthic-
feeding fish, the observed decline in A. segmentum 
should be explored further.

Cerastoderma glaucum was previously identi-
fied as C. edule in Pomorie Lake (Radev et al. 2010) 
but its benthic density had not been examined. In 
Atanasovsko Lake, densities of C. glaucum report-
edly varied from 3,234 to 134,376 ind/m² (Tsvetkov 
1958). Our results fall within this range but tend to-
ward the lower end. Such low values are not uncom-
mon and may reflect mass die-offs due to factors 
including disease, predation, pollution, temperature 
shifts, eutrophication or changes in hydrochemistry.

Similar low densities were reported by Petrova 
(2011) in Varna Lake Complex (130 ind/m²) and by 
Cvetkov (1958) in Atanasovsko Lake (134 ind/m²).

Regarding micro-gastropods, this study pro-
vides new insights into their abundance and distri-
bution. Historically overlooked due to their small 
size and identification challenges, these species re-
quire stereomicroscopy, dissection and DNA analy-
sis for accurate classification. Consequently, misi-
dentifications in Pomorie Lake were common until 
recent genetic analyses by Osikowski et al. (2015) 
confirmed the ubiquitous gastropod to be E. mar-
itima.
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Conclusion
During the study period, minor changes in spe-
cies composition were recorded, mostly involving 
euryhaline species. New gastropods, including E. 
maritima, R. membranacea and P. lineolata, were 
observed, while previously reported species like 
Dreissena polymorpha, Mytilus galloprovincialis 
and Mya arenaria were absent. Species density pat-
terns also shifted during the study period. M. linea-
tus exhibited higher average densities compared to 
previous reports, in which C. glaucum had been the 
dominant species.

The high interspecific variability aligns with 
seasonal and anthropogenic impacts on coastal 
ecosystems. Spring and summer peaks reflect in-
creased primary production supporting macrozoo-
benthic activity. Autumn-winter declines are likely 
due to limited food and harsher abiotic factors. The 
dominance and variability of opportunistic species 
suggest possible eutrophication driven by nutrient 
inputs. Increasing environmental variability may 
accelerate species turnover and reduce community 
stability. 

Pomorie Lake, like other lagoons, experiences 
strong salinity and hydrodynamic fluctuations. Sa-
linity shifts following floods (2014–2015) and dam-
aged infrastructure have likely caused recent com-
munity changes.

However, comparisons remain limited due to 
the lack of systematic, seasonal historical sampling 
and uncertain taxonomic identification of gastro-
pods, preventing accurate density and biomass data. 
Long-term monitoring is needed to distinguish natu-
ral fluctuations from climate-related regime shifts.
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