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The mussel Mytilus galloprovincialis is one of the most popular species for cultivation
globally and is one of the most abundant mollusc species in the Black Sea. In recent
decades, there have been changes in the sex structures of the Black Sea settlements of
M. galloprovincialis, trending towards an increase in the number of males. However,
data on the effects of male and female mortality on the sex ratio in the population
of M. galloprovincialis are insufficient. Therefore, this study aimed to assess how sex
impacts the mortality of M. galloprovincialis. Mussels with shell lengths of either 30 or
55 mm were selected during the mass spring spawning. A total of 580 specimens were
collected for the study. The separation of molluscs by sex was performed individually
for each specimen via temperature stimulation of spawning. Each mussel was labelled
according to its sex. The mortality of the mussels was studied in natural and laboratory
experiments. In the natural experiment, different-sized females and males were selected
and placed in cages that were hung in polluted harbour water. After 6 months, the
number of dead mussels was recorded. In the laboratory experiment, sex-labelled
mussels were placed in aquariums. The laboratory experiment was terminated after
the death of 50% of the mussels. The mortality of females was found to be significantly
higher than that of males. In the natural experiment, the mortality of females compared
to males in the 55 mm size group was 23% higher and 18% higher in the 30 mm size
group. In the laboratory experiment, the mortality of females in both size groups was
16% higher than that of males. Therefore, it was established that one of the reasons
for the increase in the number of males in the settlements of M. galloprovincialis in the
Black Sea is the higher mortality rate of females compared to males.
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Introduction

The mortality rate is one of the most important population parameters. It is
necessary for assessing the state of various types of hydrobionts, as it largely
determines the features of the size-age structure of a population, the production
properties of organisms, and the lifetime and survival of hydrobionts [1-3]. The
mussel M. galloprovincialis is one of the most important marine resources for
aquaculture in boreal ocean waters [4]. It is one of the most abundant species of
the Black Sea [5-6].

Previous research has primarily focused on the study of the mortality of
molluscs based on age and size, as well as the issues of mollusc survival in various
habitats [1, 7-10]. However, there are limited studies examining the mortality of
M. galloprovincialis depending on sex. The relationship between the sex ratio
of a population and the survival rate of the different sexes is an interesting yet
insufficiently studied phenomenon. Until the 2000s, most researchers observed
a balanced sex ratio equal to 1:1 (9:3) in M. galloprovincialis settlements in the
Black Sea [5, 11-12]. However, over the last decades, the ecosystem of the Black
Sea has undergone considerable natural and anthropogenic changes [13-14]. This
has led to a transformation of the sexual structures in both natural and artificial
settlements of M. galloprovincialis, trending towards an increase in the number
of males [15-16]. In unfavourable environmental conditions, the sex ratio can
reach 1:7 (?:8) [15, 17]. The sex-dependent mortality of mussels can influence
the shift in the sex ratio of M. galloprovincialis populations. This can lead to
negative consequences for populations of M. galloprovincialis in the Black Sea.
In recent years, there has been a decrease in the number of M. galloprovincialis in
the northern Black Sea, as well another species of mussel, Mytilaster lineatus, in
natural settlements [18]. The current study suggests that the unbalanced number
of male individuals in the coastal waters of Crimea may be due to the increased
mortality of M. galloprovincialis females.

Thus, the main aim of the current study was to assess the sex-dependent mor-
tality of M. galloprovincialis in natural and laboratory conditions.

Materials and methods

Material sampling area and research objects

The mortality of M. galloprovincialis was studied in natural and laboratory
experiments in 2017 and 2018, respectively. Mussels with shell sizes of 55.7 =
2.9 and 30 + 1.6 mm were used, as it enabled any variability along the length
of the shell to be excluded. Furthermore, the choice of these sizes is due to mol-
luscs with a shell length of 30 mm being able to reproduce and, therefore, able
to have their sex determined. 55 mm molluscs are of commercial size and have a
practical interest to farmers. For the current study, mussels from a mussel-oyster
farm located at the outer roadstead of Sevastopol were collected from a depth
of 3 — 4 metres. The natural experiment took place at the mussel-oyster farm
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(44°37°13.4”N; 33°30’13.6”E), in a semi-enclosed harbour (44°36’56.4°N;
33°30°10.6”E; Fig. 1).
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Fig. 1. The map of the study area

The waters at the mussel-and-oyster farm are classified as mesotrophic [19].
Feed resources at the marine farm are favourable for the growth and development
of molluscs [20].

The water area of the adjacent semi-enclosed harbour is occasionally polluted
by household wastewater, resulting in increases in water trophicity. The maximum
nitrate concentration was recorded as 250 pg-L", the phosphate concentration as
400 pg L, the coliform index as 1000 L', and the total bacterial count (TBC)
as 910 mL'[21]. The concentration of the nutrients was 8 times higher than in
the conditionally clear coastal areas of the sea, and organic pollution indicators
exceeded the threshold limit values by 9 — 10 times [22]. The concentration of the
nutrients was determined by standard hydrochemical methods [23].

Experimental work

The M. galloprovincialis population was sampled during the mass spring
spawning period. Artificial spawning was carried out to determine the sex of the
mussels. The spawning was temperature—stimulated in laboratory conditions for
each individual mussel to discriminate their sex [6]. To stimulate spawning, each
mollusc was placed in a separate 250 mL container. The water in the container
was heated up to between 20°C — 24°C with the temperature measured using a
meteorological thermometer TM-10 (Termopribor, Klin, Russia). The sex of each
mollusc was determined after spawning using a Jenaval microscope (Carl Zeiss
Jena, Germany). Hermaphrodites were discarded [24].
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For individual identification of molluscs, the marking method was used.
A marking denoting whether a mollusc was female or male was engraved on each
mollusc shell using a Sturm GM2316 handheld electric engraver. This method
reduced the laboriousness of the labelling process and increased the reliability of
the research, as mollusc identification is not affected by prolonged exposure in the
marine environment.

In the natural experiment, 100 individual females and 100 individual males
of each size (30 mm or 55 mm) were put in four separate Ostriga-5 cages (Isti-
tuto Delta Ecologia Applicata, Italy) and placed in a semi-closed polluted harbour
(Fig. 1). At the same time, the same number of cages and mussels were placed
in relatively clean water on the mussel-oyster farm. The duration of sea exposure
was six months for each cage of mussels (from April to October). After 6 months,
the number of dead mussels was counted.

The laboratory experiments examining the mortality of mussels were carried
out in triplicate. The experiment was conducted in six aquariums, with each aquar-
ium considered an individual experiment. Three aquariums contained 30 mm
mussels, and three aquariums contained 55 mm mussels. Oxygen content in the
aquariums was measured monthly using the Winkler method [23]. The oxygen
content for the studied period was in the range of 4 — 4.5 pg-L!. In each aquarium,
there were 15 males and 15 females, labelled according to their sex. The molluscs
were placed in separate 20 L aquariums filled with seawater. The water was taken
from the mussel-oyster farm. Water in the aquarium was replaced after the death
of any individual mollusc, and there was no feeding or aeration. Each experiment
lasted until 50% of the molluscs in the aquarium died. The duration of the experi-
ments ranged from 1 — 6 months. The aquariums were in a semi-basement un-
heated laboratory room in order to prevent rapid death of the mussels due to any
rise in temperature, and the water temperature was measured daily. The mortality
of mussels was calculated as the fraction of dead molluscs compared to the total
number of molluscs. The individual age of the mussels was determined using the
method of sclerochronology [25]. This method is based on the calculation of the
seasonal growth layers in a shell when it is cut. The cut shows alternating light and
dark layers of calcium carbonate. Summer layers are dark, and winter layers are
light. A pair of stripes (dark and light) is formed in one year. This method makes
it possible to determine age with accuracy within six months. The age of mussels
with a shell size of 30 mm was in the range of 6 months, whereas the age range of
the 55 mm mussels was 1 — 1.5 years.

Data analysis

580 samples of mussels were investigated in total. In the natural experiment,
the results were processed by a pseudo-random number sampling method [26].
Up to 33 molluscs were randomly sampled from each cage, and each sample was
analysed individually. The results are presented as mean (M), standard deviation
(S), and confidence interval (Ax). An unpaired Student’s 7-test was used for statis-
tical evaluation (P < 0.05).
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Results of the research

Mortality of mussels in a natural experiment

High mortality of M. galloprovincialis was observed in the natural experi-
ment in both harbour cages, regardless of mussel size. The mortality of females
compared to males was 23% higher in the 55 mm size group, while in the 30 mm
size group, it was 18% higher. There was no significant difference in mortality of
mussels based on the size of the mussels (Fig. 2).
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Fig. 2. Mortality of M. galloprovincialis depending
on sex and size in the natural experiment, 2017.
Data are presented as means (M)

In the clear water area at the mussel-oyster farm, mussel mortality was low.
In the 55 mm size group, 4 females died. In the 30 mm size group, 2 males and 4
females died.

Mortality of mussels in the laboratory experiment

In the laboratory experiment, the mortality rate of females of both sizes was
16% higher than males (P < 0.01). Additionally, females began to die first. There
was no significant difference in the mortality of mussels depending on size (Fig. 3).

The mortality of mussels in each aquarium varied. The onset of death depend-
ed on the viability of the molluscs and the water temperature. Molluscs lived up
to 6 months under laboratory conditions. However, weakened mussels that died in
the aquariums poisoned the water with the decay products from their dead tissues
after 14 days [27]. Mussels in the experimental aquariums began to die gradu-
ally (within two to three weeks). The mortality of mussels increased sharply if the
water temperature in the aquariums exceeded 22°C. Figure 4 shows the mortality
of mussels with a shell size of 55 mm in the longest experiment.
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Fig. 3. Mortality of the mussel M. galloprovincialis depending
on sex and size in the laboratory experiment, 2018
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Fig. 4. Monthly mortality of M. galloprovincialis with a shell
size of 55 mm in the laboratory experiment, 2018.

Discussion of the research

The survival of molluscs is influenced by such factors such as age, size, the
density of aggregations, temperature, salinity, and water pollution [8, 9, 28-30].

The high mortality of mussels (35%) in the harbour during the natural experi-
ment was associated with the unfavourable conditions in this area, such as limited
water exchange and wastewater discharge. High mortality under the influence of
untreated municipal wastewater was also observed in freshwater mussels Am-
blema plicata (Say, 1817) and Corbicula fluminea (Muller, 1774) of the Colo-
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rado River located in eastern Travis County, Texas [9]. In the clear waters of the
mussel-oyster farm, the mortality of mussels was 4% — 6%. The conditions for
growing mussels at a mussel-oyster farm were favourable for the development of
suspended conchioculture.

In the laboratory experiment, environmental conditions influenced the mortal-
ity of mussels. The oxygen content in the aquariums was at the lower limit of the
total limit value [31] and had no effect on mussel mortality. Therefore, the big-
gest impact may have been a lack of nutrition. During the experiment, mussels
lived off their internal body resources for an extended period of time. It is known,
with prolonged exposure to unfavourable factors, the mechanisms of anaerobic
resynthesis of adenosine triphosphate, using carbohydrate and protein substrates,
is activated in mussels [32]. Over time, the body’s resources, therefore, become
depleted. In the last two months of the experiment, molluscs that were still alive
were not attached to the walls of the aquarium or to each other by a byssus. Some
mussel shells were opened slightly. After the death of a mussel, their tissue was
observed to be thin and had a cadaverous smell. It is well-known that as molluscs
increase in age (size), so too does their individual mortality [8]. This phenomenon
has been described in populations of Mytilus edulis (Linnaeus, 1758) off the coast
of Canada [33] and in Macoma balthica (Linnaeus, 1758) in the northern Baltic Sea
and Hudson Bay [34]. A significant difference in the mortality of M. galloprovin-
cialis depending on age (size) was not observed in the laboratory experiment (p >
0.01). In the current study, a slight increase in the rate of elimination in larger
mussels was observed. This could be due to a small difference in the age of the
mussels studied. The influence that the density of mussel aggregations and water
salinity has on mortality has been noted in previous literature. However, these fac-
tors can be disregarded in the current study, as the experiments were conducted in
aquariums and cages, where mussels did not experience dense aggregations. The
salinity of water in the experiments also did not affect mortality, as the salinity of
the mussel-oyster farm from 2001 — 2018 was in the range of 17.25% —18.40%
[35]. The optimal salinity range for M. galloprovincialis is 12% — 25% [5].

Sex ratios of mollusc populations are often presented as the proportion of
males and females among adult individuals. Typically, these ratios do not account
for mortality, size, or other features that could potentially affect the ratio. There-
fore, disregarded differential sex-dependent mortality can cause misrepresenta-
tion of the sex ratio in adult molluscs [36].

In the current study, significant differences in the mortality of mussels depend-
ing on sex were observed, with the mortality of females found to be higher. The
uneven death and survival between sexes are common among animals. However,
females are usually more viable. One of the popular explanations for the differ-
ence in life expectancy between the sexes is that the heterogametic sex lives less
than the homogametic one due to the recessive X—linked deleterious mutations
negatively affecting the lifetime of the heterogametic sex [37]. However, the sex
of mussels is not genetically determined [38]. Thus, the differences in the sur-
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vival rates of male and female mussels is thought to be associated with the high
energy expenditures needing for oogenesis [30, 39]. Myrand et al. [40] noted that
after spawning, the mussel M. edulis, which is found in the southern bay of the
Magdalena Islands, had low post-spawning glycogen content, which weakened
their vitality. Similar results were obtained experimentally in the freshwater bi-
valve mollusc of the genus Unio [41]. In the current study, it was demonstrated
that female mussels are more sensitive to unfavourable environmental conditions,
with the mortality of M. galloprovincialis females from natural Black Sea settle-
ments being higher than that of males during prolonged anoxia [1]. Furthermore,
a lower female survival rate was previously noted in the White Sea Hydrobia
ulvae mollusc populations (Pennant 1777) due to a decrease in water salinity and
temperature [30]. A shift in the sexual structure, trending towards an increase in
the number of males, has also been observed in Macoma calcarea populations
(Gmelin, 1790) from the Barents and Pechora seas due to the high mortality rate
of females [42].

Conclusion

In the natural experiment of the current study, the mortality of females
compared to males in the polluted harbour was 23% higher in the 55 mm group and
18% higher in the 30 mm group. However, both males and females experienced
high mortality rates of up to 35% in the harbour, which was associated with the
unfavourable conditions of the area. In the conditionally clear water area of the
mussel-oyster farm, the mussel mortality was comparable lower, at 4% — 6%. In
the laboratory experiment, the mortality of females of both sizes was 16% higher
than that of males. It was also observed that females began to die first in the
laboratory experiment. Therefore, in both the natural and laboratory experiments,
the mortality of females was significantly higher than that of males.

Differential mortality is important for studying the state of dynamic equilibrium
in the population of M. galloprovincialis. These studies can be useful and
applicable to other species of bivalve molluscs. One of the reasons for the increase
in the number of males in the settlement of the mussel M. galloprovincialis of the
Black Sea is the high mortality of females compared to males. However, the study
of sex-dependent mortality requires further, more detailed research.

References

1. Shurova NM. Strukturno-funktsional'naya organizatsiya populyatsii midiy Mytilus
galloprovincialis Chérnogo morya [Structural and functional organization of the population
of mussels Mytilus galloprovincialis of the Black Sea]. Kiev: Naukova dumka Publ.; 2013.
208. In Russian

2. Stadnichenko SV. Kosvennyye otsenki smertnosti i vyzhivayemosti midiy v severo-
zapadnoy chasti Chernogo morya. [Indirect estimates of mortality and survival of mussels
in the northwestern part of the Black Sea]. Visnik Odesskogo natsional’'nogo universitetu.
2010;15(17):82-87. In Russian



174 Natalya S. Chelyadina, Mark A. Popov

10.

11.

12.

13.

14.

15.

16.

Zolotarev VN, ShurovaNM. Rodolzhitel'nost' zhizni gidrobiontov kak pokazatel' okruzhayushche;j
sredy [Life expectancy of hydrobionts as an environmental indicator]. Scientific Notes of the
Ternopil Sovereign Pedagogical University. 2001;3(14):52-53. In Russian

Atasaral SS, Romero MR, Cueto R, Gonzalez—Lavin N, Marcos MP. Subtle tissue and
sex-dependent proteome variation in mussel (Mytilus galloprovincialis) populations of the
Galician coast (NW Spain) raised in a common environment. Proteomics. 2015;15(23-
24):3993-4006. doi: 10.1002/pmic.201500241

Ivanov VN, Kholodov VI, Senicheva MI, Pirkova AV, Bulatov KV. Biologiya
kul'tiviruemykh midiy [Biology of cultivated mussels]. Kiev: Naukova dumka Publ.; 1989.
100 p. In Russian

Kholodov VI, Pirkova AV, Ladygina LV. Vyrashchivaniye midiy i ustrits v Chernom more
[Cultivation of mussels and oysters in the Black Sea]. Voronezh: Publishing House LLC
Izdat-Print Publ.; 2017. 508 p. In Russian

Davis CJ, Ruhmann EK, Acharya K, Chandra S, Jerde CL. Successful survival, growth, and
reproductive potential of quagga mussels in low calcium lake water: is there uncertainty of
establishment risk? [Electronic resource]. Available at: https://peerj.com/articles/1276.pdf
(accessed: 03.11.2015).

Guerasimova AV, Maksimovich NV. On regularities of bivalvia population organization in
the White Sea. Vestnik Sankt-Peterburgskogo Universiteta. Seriya 3. Biologiya = Biological
Communications. 2009;3(3):82-97. In Russian

Nobles T, Zhang Y. Survival, growth and condition of freshwater mussels: effects of
municipal wastewater effluent [Electronic resource]. Available at: https://doi.org/10.1371/
journal.pone.0128488 (accessed: 04.06.2015).

Toptikov VA, Totsky VN, Alekseeva TG, Kovtun OA. Sravnitel'nyy analiz adaptivnogo
potentsiala osobey rapany (Rapana venosa Valenciennes, 1846) 1 midii (Mytilus
galloprovincialis Lamark, 1819) iz odnogo biotopa [Comparative analysis of adaptive
potential of rapa (Rapana venosavallenciennes, 1846) and mussels (Mytilus galloprovincialis
lamark, 1819) populations from one biotope]. Visnik Odes'kogo natsional'nogo universitetu.
Biologiya = Odesa National University Herald. 2014;19(35):61-65. doi: 10.18524/2077-
1746.2014.2(35).43640 In Russian

Kudinsky OYu, Shurova NM. Realizatsiya pola u midii Mytilus galloprovincialis severo-
zapadnoy chasti Chernogo morya. [Realization of sex in the Mytilus galloprovincialis
mussel of the northwestern part of the Black Sea]. Biologiya Morya. 1990;5:43-48. In
Russian

Zaika VE, Valovaya NA, Povchun AS, Revkov NK. Mitilidy Chernogo morya [Mytilids of
the Black Sea]. Kiev: Naukova Dumka Publ.; 1990. 208 p. In Russian

State of the Environment of the Black Sea (2009-2014/5). Krutov A, editor. Istanbul:
Commission on the Protection of the Black Sea Against Pollution (BSC) Publ.; 2019. 811 p.
Chernomorskiye mollyuski: elementy sravnitel'noy i ekologicheskoy biokhimii [Black Sea
mollusks: elements of comparative and environmental biochemistry]. Shulman GE and
Soldatov AA, editors. Sevastopol: ECOSI-Hydrophysika Publ.; 2014. 323 p. In Russian
Chelyadina NS. Analysis of phenotypic, sex structure and stage of gonad maturity cultivated
mussels Mytilus galloprovincialis on the Crimean coast. In: Current issues in aquaculture.
Proceedings of the Int. Sci. Conf. (Rostov-on-Don, Russia, September 28-October 2,
2015). Bugaev LA, Tkacheva IV and Voikina AV, editorial board. Rostov-on-Don: FGBNU
“AzNIIRKH” Publ.; 2015. pp. 190-193. In Russian

Machkevsky VK, Popov MA, Kovrigina NP, Lozovsky VL, Kozintsev AF. Izmenchivost’
parametrov populyatsiy midii Mytilus galloprovincialis Lam. i1 yeye endosimbiontov v
rayone Balaklavskoy bukhty [Variability of Mytilus galloprovincialis Lam. population
parameters and its endosymbionts in the region of Balaklava Bay]. Ecological Safety of
Coastal and Shelf Zones. 2011;25(1):417-428. In Russian


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Romero%2C+M%C3%B3nica+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cueto%2C+Rosa
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gonz%C3%A1lez-Lav%C3%ADn%2C+Nerea
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Marcos%2C+Manuel
https://pubmed.ncbi.nlm.nih.gov/?term=Diz+AP&cauthor_id=26449374
file:///C:\Users\Верстальщик\Downloads\Subtle%20tissue%20and%20sex–dependent%20proteome%20variation%20in%20mussel%20(Mytilus%20galloprovincialis)%20populations%20of%20the%20Galician%20coast%20(NW%20Spain)%20raised%20in%20a%20common%20environment
file:///C:\Users\Верстальщик\Downloads\Subtle%20tissue%20and%20sex–dependent%20proteome%20variation%20in%20mussel%20(Mytilus%20galloprovincialis)%20populations%20of%20the%20Galician%20coast%20(NW%20Spain)%20raised%20in%20a%20common%20environment
file:///C:\Users\Верстальщик\Downloads\Subtle%20tissue%20and%20sex–dependent%20proteome%20variation%20in%20mussel%20(Mytilus%20galloprovincialis)%20populations%20of%20the%20Galician%20coast%20(NW%20Spain)%20raised%20in%20a%20common%20environment
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/pmic.201500241
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=26557422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruhmann%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=26557422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acharya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26557422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26557422
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jerde%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=26557422
https://peerj.com/articles/1276.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nobles%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26042840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26042840
https://dx.doi.org/10.1371%2Fjournal.pone.0128488
https://dx.doi.org/10.1371%2Fjournal.pone.0128488
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.18524%2F2077-1746.2014.2(35).43640
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.18524%2F2077-1746.2014.2(35).43640

Mortality of the mussel Mytilus galloprovincialis 175

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Chelyadina NS. Phenotypic and sexual structure of Mytilus galloprovincialis Lam.,
cultivated on the mussel-oyster farm in the outer harbor of Sevastopol city (Crimea, Black
Sea). Marine Biological Journal. 2018;3(3):86-93. doi: 10.21072/mbj.2018.03.3.09 In
Russian

Kazankova II. Definition of the potential recruitment of mussel, mitilaster and anadara
settlements in the coastal waters of the Black and Adriatic seas by experimental substrates.
Environmental Control Systems. 2019;3(37):112-119. doi: 10.33075/2220-5861-2019-3-
112-119 In Russian

Kuftarkova EA, Gubanov VI, Kovrigina NP, Eremin IYu, Senicheva MI. Ecological
assessment of modern state of waters in the region of interaction of the Sevastopol bay
and part of the sea contiguous to it. Morskoy Ekologicheskiy Zhurnal. 2006;5(1):72-91. In
Russian

Ryabushko LI, Pospelova NV, Balycheva DS, Kovrigina NP, Troshchenko OA,
Kapranov SV. Epizoon microalgae of the cultivated mollusk Mytilus galloprovincialis Lam.
1819, phytoplankton, hydrological and hydrochemical characteristics in the mussel-and-
oyster farm area (Sevastopol, Black Sea). Marine Biological Journal. 2017;2(4):67-83. doi:
10.21072/mbj.2017.02.4.07 In Russian

Kuzminova NS, Skuratovskaya EN, Vakhtina TB, Omelchenko SO. Ispol"zovanie
khimiko-biologicheskikh parametrov pri monitoringe morskikh akvatoriy [Use of chemical
and biological parameters in monitoring marine aquatories]. In: Sistemy kontrolya
okruzhayushchey sredy: sredstva i monitoring [Environmental control systems: tools and
monitoring. Proceedings]. Eremeev VN, editor. Sevastopol: Marine Hydrophysical Institute
of the National Academy of Sciences of Ukraine; 2004. pp. 263-269. In Russian

. Marikul'tura midiy v Chernom more [Mariculture of mussels in the Black Sea]. Ivanov VN,

editor. Sevastopol: ECOSI-Hydrophysika Publ.; 2007. 314 p. In Russian

Sapozhnikov VV. Metody gidrohimicheskih issledovaniy osnovnyh biogennyh elementov
[Methods of hydrochemical studies of the main biogenic elements]. Moscow: Russian
federal research institute of fisheries and oceanography Publ.; 1988. 118 p. in Russian
Pirkova AV, Ladygina LV, Schurov SV. Formation of settlements of mussel Mytilus
galloprovincialis (Lamarck, 1819) on collectors of the Laspi Bay farm depending on
environmental factors. Uchenye Zapiski Krymskogo Federal"nogo Universiteta Imeni V.I.
Vernadskogo. Biologiya. Khimiya. 2019;5(71):92-106. In Russian, English Summary
Zolotarev VN. Sklerohronologiya morskih dvustvorchatyh mollyuskov [Sclerochronology
of marine bivalves]. Kiev: Naukova Dumka Publ.; 1989. 107 p. In Russian

Davison, AC, Hinkley DV. Bootstrap methods and their application (10th ed.). Cambridge:
Cambridge University Press Publ.; 2008. 558 p.

Carter DO, Tibbett M. Soil analysis in forensic taphonomy. New York: CRC Press Publ.;
2009. 364 p.

Eertman RHM, Wagenvoort AJ, Hummel H, Smaal AC. “Survival in air” of the blue mussel
Mpytilus edulis L. as a sensitive response to pollution-induced environmental stress. J. Exp.
Mar: Biol. Ecol. 1993;170:179-195.

Hua D, Neves R. Captive Survival and Pearl Culture Potential of the Pink Heelsplitter
Potamilus alatus. North American Journal of Aquaculture. 2007;69:147-158.

LevakinIA. the influence of infections with trematodes Bunocotyle progenetica (Hemiuridae)
and Cryptocotyle cancavum (Heterophyidae) onto mortality of littoral mollusks Hydrobia
ulvae (Gastropoda: Prosobranchia) after freezing. Parasitologiya. 2005;39(5):407-413. In
Russian

Korshenko AN. Zagryazneniye morskoy vody [Marine water pollution]. Moscow:
Yearbook. Science Publ.; 2016. 185 p. In Russian

Gosling E. The mussel Mytilus ecology, physiology, genetics and culture. Amsterdam:
Elsevier Publ.; 1992. 589 p.


https://doi.org/10.21072/mbj.2018.03.3.09
https://search.crossref.org/?q=10.33075%2F2220-5861-2019-3-112-119&from_ui=yes
https://search.crossref.org/?q=10.33075%2F2220-5861-2019-3-112-119&from_ui=yes
https://doi:10.21072/mbj.2017.02.4.07
http://www.vniro.ru/
http://www.vniro.ru/
https://archive.org/details/soilanalysisfore00tibb
https://www.semanticscholar.org/author/D.-Hua/10262822
https://www.semanticscholar.org/author/R.-Neves/88090786

176 Natalya S. Chelyadina, Mark A. Popov

33. Freeman KR, Dickie LM. Growth and mortality of the Blue Mussel (Mytilus edulis) in
relation to environmental indexing. J Fish Res Board Can. 1979;36(10):1238-1249.

34. Green RH. Growth and mortality in an Arctic intertidal population of Macoma balthica
(Pelecypoda, Tellinidae). J Fish Res Board Can. 1973;30(9):1345-1348.

35. Kapranov SV, Kovrigina NP, Troshchenko OA, Rodionova NYu. Long-term variations of
thermohaline and hydrochemical characteristics in the mussel farm area in the coastal waters
off Sevastopol (Black Sea) in 2001-2018. Continental Shelf Research. 2020;206(104185):1-
16. doi: 10.1016/j.csr.2020.104185

36. YusaY, Breton S, Hoeh WR. Population Genetics of Sex Determination in Mytilus Mussels:
Reanalyses and a Model. J. Heredity. 2013;104(3):380-385. doi: 10.1093/jhered/est014

37. Pipoly I, Bokony V, Kirkpatrick M, Donald PF, Székely T, Liker A. The genetic sex—
determination system predicts adult sex ratios in tetrapods. Nature. 2015;527:91-94. doi:
10.1038/nature15380

38. Thiriot-Quievreux C. Les caryotypes de quelques espéces de bivalves et de gastéropodes
marins. Marine Biology. 1982;70:165-172.

39. Teaniniuraitemoana V, Leprétre M, Levy P, Vanaa V, Parrad S, Gaertner-Mazouni N,
Gueguen Y, Huvet A, Le Moullac G. Effect of temperature, food availability, and estradiol
injection on gametogenesis and gender in the pearl oyster Pinctada margaritifera. J. Exp.
Zool. A. Ecol. Genet. Physiol. 2016;325(1):13-24. doi: 10.1002/jez.1992

40. Myrand B, Guderley H, Himmelman J. Reproduction and summer mortality of blue mussels
Mytilus edulis in the Magdalen. Mar. Ecol. Prog Ser. 2000;197:193-207. doi: 10.3354/
meps197193

41. Kartavykh TN, Podkovkin VG. An effect of a transmission line’s electromagnetic field on
the cholinesterase activity in bivalves. Bulletin of Samara State University. Natural Science
Series. 2003;4(30):189-194. In Russian

42. Noskovich AE, Pavlova LV. Some reproductive parameters of populations of Macoma
calcarea (Bivalvia, Tellinidae) in the Barents and Pechora Seas. Vestnik of MSTU.
2017;20(2):463-471. doi: 10.21443/1560-9278-2017-20-2-463-471 In Russian

Received 26 April, 2021; Revised 05 August 2021;
Accepted 27 August 2021; Published 29 September 2021.

Author info:

Chelyadia Natalya S, Cand. Sci. (Biol.), Senior Researcher, Department of Aquaculture and
Marine Pharmacology, A.O. Kovalevsky Institute of Biology of the Southern Seas, Russian
Academy of Sciences, Nakhimov Ave., Sevastopol 299011, Russian Federation.

ORCID ID: https://orcid.org/0000-0003-2552-4073

E-mail: chelydina2007@mail.com

Popov Mark A, Cand. Sci. (Geogr.), Senior Researcher, Department of Aquaculture and
Marine Pharmacology, A.O. Kovalevsky Institute of Biology of the Southern Seas, Russian
Academy of Sciences, Nakhimov Ave., Sevastopol 299011, Russian Federation.

ORCID ID: https://orcid.org/0000-0003-0220-1298

E-mail: mark.a.popov@mail.ru

For citation: Chelyadina NS, Popov MA. Mortality of the mussel Mytilus galloprovincialis (Lamark, 1819)
depending on sex. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State University
Journal of Biology. 2021;55:166-176. doi: 10.17223/19988591/55/9

Jaa uurupoBanusi: Chelyadina N.S., Popov M.A. Mortality of the mussel Mytilus galloprovincialis
(Lamark, 1819) depending on sex // BectHuk ToMCKOro rocyzapCTBEHHOrO yHHBEpCUTEeTa. buomorms.
2021. Ne. 55. C. 166—-176. doi: 10.17223/19988591/55/9


https://sci-info.marine-research.org/scientist/org_id/200
https://sci-info.marine-research.org/scientist/org_id/216
https://sci-info.marine-research.org/scientist/org_id/521
https://sci-info.marine-research.org/scientist/org_id/429
https://doi.org/10.1016/j.csr.2020.104185
http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature15380.html
http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature15380.html
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1038%2Fnature15380
https://doi.org/10.1002/jez.1992
https://www.int-res.com/abstracts/meps/v197/p193-207/
https://www.int-res.com/abstracts/meps/v197/p193-207/
http://vestnik.mstu.edu.ru/show-eng.shtml?art=1889
https://orcid.org/0000-0003-2552-4073
mailto:chelydina2007@mail.com
https://orcid.org/0000-0003-0220-1298
mailto:mark.a.popov@mail.ru

