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Abstract. The article highlights physiological and biochemical parameters of atherina (Atherina boyeri caspia Risso, 

1810) in the Middle Caspian Sea at various stages of the annual cycle. The state of the fish organism was studied in 

the period from February to October 2022, which characterized the pre-spawning, spawning and feeding periods. The 

size-weight and age parameters of atherina were determined. The concentration of the main reserve substances of the 

fish body - total lipids and water-soluble protein – was analyzed in the muscles of the atherina. In the pre-spawning 

period and at the beginning of spawning of females, the level of morphological changes in the gonads was studied. 

There were no found significant differences in the content of total lipids and water-soluble protein in the muscles  

of males and females. Patterns of changes in the amount of muscle water-soluble proteins and total lipids were record-

ed in the entire sample of the Caspian atherina during the pre-spawning period and at the beginning of spawning. This 

is typical for portioned spawning fish, in which the energy expenditure of the body is directed to the formation, matu-

ration of gonads, the removal of sexual products and the maturation of the next portions during the spawning period. 

In September-October, that is, already at the stage of feeding, a multidirectional character in lipid and protein metabo-

lism was noted in the body of atherina. According to the results of histological examination, the beginning of spawn-

ing in atherina was noted in April. Mature oocytes with resorption at an average level of 30-31% were recorded in the 

ovaries of portioned spawning atherina in February-April, which characterized the adaptive mechanisms of the organ-

ism in the conditions of this habitat. In September, there was a significantly positive (p < 0.05) statistical correlation 

between the concentration of total muscle lipids and the mass of fish (r = +0.47), which characterized a positive ener-

gy balance in the body, so necessary for the next stages of life. 
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Научная статья 

Морфофизиологические и биохимические исследования  
каспийской атерины (Atherina boyeri caspia Risso, 1810) 
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Аннотация. Исследованы физиолого-биохимические показатели атерины (Atherina boyeri caspia Risso, 1810)  

в Среднем Каспии на различных этапах годового цикла. Состояние организма рыб изучали в период с февраля 

по октябрь 2022 г., что характеризовало преднерестовый, нерестовый и нагульный периоды. Определяли раз-

мерно-весовые и возрастные показатели атерины. В мышцах атерины анализировали концентрацию основных 

резервных веществ организма рыб – общих липидов и водорастворимого белка. В преднерестовый период  

и в начале нереста у самок исследовали уровень морфологических изменений гонад. В мышцах самцов и са-

мок достоверных различий содержания общих липидов и водорастворимого белка не зафиксировано. У всей 

выборки каспийской атерины в преднерестовый период и на начало нереста зарегистрированы закономерности 

изменения количества мышечных водорастворимых белков и общих липидов. Это характерно для порционно 

нерестующих рыб, у которых затраты энергии организма направлены на формирование, созревание гонад, вы-

мет половых продуктов и дозревание очередных порций в период нереста. В сентябре-октябре, т. е. уже на эта-

пе нагула, в организме атерины был отмечен разнонаправленный характер в липидном и белковом обмене. По 

результатам гистологического исследования начало нереста у атерины отмечено в апреле. В яичниках порционно 

нерестующей атерины в феврале-апреле регистрировали зрелые ооциты с резорбцией на среднем уровне  

30–31 %, что характеризовало адаптационные механизмы организма в условиях данной среды обитания.  

В сентябре отмечена достоверно положительная (p < 0,05) статистическая зависимость между концентрацией 

общих мышечных липидов и массой рыб (r = +0,47), что характеризовало положительный энергетический ба-

ланс в организме, так  необходимый для следующих этапов жизнедеятельности.  

Ключевые слова: атерина, мышцы, гонады, общие липиды, водорастворимый белок 

Для цитирования: Таибов П. С., Каниева Н. А., Барабанов В. В., Козлова Н. В. Морфофизиологические  

и биохимические исследования каспийской атерины (Atherina boyeri caspia Risso, 1810) // Вестник Астрахан-

ского государственного технического университета. Серия: Рыбное хозяйство. 2023. № 3. С. 82–89. 

https://doi.org/10.24143/2073-5529-2023-3-82-89. EDN JNTTIT. 

 

Introduction 

The Caspian form of atherina (Atherina boyeri cas-

pia Risso, 1810) is widespread throughout the Caspian 

Sea. It is a marine euryhaline fish species [1] that lives 

in desalinated pre-estuarine areas, in river mouths [2], as 

well as in its most saline areas. Recently, atherina in the 

Caspian Sea, in terms of its mass, occupies one of the 

second place after the Caspian sprat. 

Atherina is the main object of by-catch in fishing 

Caspian sprat with fixed nets. In recent years, an in-

crease in by-catch of atherina has been recorded in 

catches of Caspian sprat [3]. 

There is information in the literature about the size, 

weight and age characteristics of the spawning part  

of the atherina population in the modern ecological con-

ditions of the Caspian Sea. The issues of atherina nutri-

tion and variability of its morphometric features have 

been studied [4-6]. 

However, in the literature there are only fragmen-

tary data on morphological and biochemical parame-

ters of Caspian atherina and there is no data on its 

physiological capabilities, especially on the metabolic 

processes of the body that change during the period  

of individual development. 

The purpose of the work is to undertake physiologi-

cal and biochemical studies of atherina at various stages 

of the annual cycle in the Caspian Sea. 

 

Research materials and methods 

The work was carried out in the West Caspian De-

partment of the Volga-Caspian Branch of the Federal 

State Budgetary Institution “VNIRO” (CaspNIRKH) 

in the period of 2014-2021. The research was carried 
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out in the waters of the Kizlyar Bay and the adjacent 

area between the Bryansk and Suyutkino spit, on the 

Krainovsky coast from the Suyutkino spit in the south 

to the northern tip of Chechen Island. 

Sampling was carried out in accordance with the 

instructions [7] in February, March, April, July, Sep-

tember, and October. The mass, length and gender 

were determined according to the generally accepted 

method [8]. The total lipid content in the muscles was 

determined by a modified method with phosphorus-

vanillin reagent according to Zollner–Kirsch [9], the 

Warburg and Christian spectrophotometric method 

was used to determine the concentration of water-

soluble protein [10, 11]. The determination of the stag-

es of maturity of the gonads (NWG) of females was 

carried out by standard histological methods [12]. The 

results of the obtained data are presented in the form  

of average values and their errors (M ± m). Statistical 

processing was carried out, according to the modern 

data processing rules [13, 14]. 

 

Research results and their discussion 

The average linear-weight parameters of atherina 

(8.4 cm and 5.5 g) in 2021 were close to the average 

long-term indicators for the last 5 years (2016-2020). 

The average Fulton’s stomach fullness index was 

0.944, which indicates a high feeding intensity of fish. 

During the study period, the predominance of females 

in the gender composition of the atherina population 

was noted – from 56 to 59% (Table 1). 

Table 1 

Biostatistical indexes of atherina in 2016-2021 

Years Total catch, t 
Сatch on  

fishing effort, t 

Average 

length, cm 

Average 

weight, g 

Proportion 

of females, 

% 

Fulton’s 

stomach  

fullness index 

2016 48.4 6.0 8.2 5.2 58 0.943 

2017 34.6 3.5 8.3 5.4 57 0.944 

2018 60.6 5.9 8.1 5.2 59 0.978 

2019 57.6 5.3 8.4 5.5 55 0.928 

2020 66.1 3.7 8.3 5.4 56 0.944 

2021 70.7 2.7 8.4 5.5 58 0.927 

Average  
of 2016-2021 

56.3 4.5 8.3 5.4 57.2 0.944 

 

In the course of the research the size and weight 
characteristics of atherina caught in different seasons  

of 2022 in the Middle Caspian region were determined 
(Table 2). 

Table 2 

Mass and length of the studied individuals of atherina in the Caspian Sea in 2022 

Indexes 
Months 

February March April July September October 

Mass, g 4.2 ± 0.2 4.2 ± 0.6 4.6 ± 0.4 6.5 ± 0.3 6.2 ± 0.2 6.5 ± 0.3 

Length, cm 8.2 ± 0.1 9.3 ± 0.4 9.8 ± 0.3 9.8 ± 0.2 10.1 ± 0.1 10.1 ± 0.2 

 
In a living organism there take part constant metabol-

ic processes characterized by the synthesis and decom-
position of various biochemical compounds. To obtain 
information about synthesis and decomposition it is nec-
essary to study the content of biochemical substrates  
of the organism aimed at the vital activity of cells and 
tissues in different periods of the annual cycle [15, 16]. 

Proteins and lipids are the main material substrate 
in animal tissues, the change of which characterizes 
plastic and energy metabolism [16]. 

Caspian atherina caught in February-March 2022 
was characterized by a pre-spawning condition in 
April fish spawned. 

In the pre-spawning period of February-March the 
results of studies of the amount of total lipids and water-
soluble protein in the muscles of male and female fish 
did not reveal statistically significant differences. At the 
same time, the lipid content in females averaged 3.05%, 
in males – 3.08%, the concentration of water-soluble 
protein was 55.49 and 54.76 mg/g respectively (Table 3). 

Table 3 

Content of biochemical parameters in the muscles of atherina in the pre-spawning period 

Gender Total lipids, % Water-soluble protein, mg/g 

Females 3.05 ± 0.24 55.49 ± 4.42 

Males 3.08 ± 0.20 54.76 ± 2.16 
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In the absence of significant differences in the con-

tent of lipids and water-soluble protein in the muscles 

of females and males the analysis of physiological and 

biochemical parameters in individuals without sexual 

division is further presented in the work. 

The lipid content in fish muscles is highly variable 

during the annual cycle [17-19]. The results of the 

study of total lipids and water-soluble protein in 

atherina muscle tissue from February to October are 

shown in Fig. 1. 
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Fig. 1. Dynamics of the amount of muscle protein and total lipids  

in the body of atherina from February to October 2022 

 

In April there were noted fish that had already swept 

out the first portion of sexual products. The content  

of total lipids in the muscles of atherina was registered 

in the amount of 3.11%. Thus, in the period from March 

to April an increase in total lipids in the muscles was 

noted, since the main forming processes in the gonads 

had already ended, and during the transition of the gon-

ads from stage IV to stage V of gonad maturation 

(SGM), mainly only their watering occurs [17]. During 

the spawning period the mobilization of lipids of atheri-

na occurs, i. e. their accumulation. According to the lit-

erature data [4], the sexually mature atherina living in the 

Middle Caspian Sea does not have empty intestines in the 

spring and summer periods, i. e., a stable energy balance 

is established. Obviously, this is due to the process  

of shedding of roe and milt, which require significant 

energy consumption, as well as an increase in the mobili-

ty of fish [17]. In the Middle Caspian Sea atherina spawn-

ing begins in spring and lasts almost all summer [4]. In 

July the total lipid content in the muscles of atherina was 

at the level of April parameters – 3.11%. 

In September-October the accumulation of lipid re-

serves occurs in the muscle tissue of atherina after 

spawning. During the feeding period a positive energy 

balance was registered, an increase in total lipids was 

noted to 3.87% in September and to 4.63% in October, 

which is associated with intensive food consumption. 

According to the literature data, large-size atherina in 

the Middle Caspian Sea do not have empty intestines 

in the spring-summer period, i.e. an increase in total 

muscle lipids in the autumn period is the result of fish 

nourishment earlier [4]. 

The statistical analysis revealed significant differ-

ences (p < 0.05) in the increase in the content of total 

lipids in the muscles of atherina in September, October 

in the feeding period relative to March by 29% and 

41%, respectively, because in the spring period energy 

consumption for the formation and maturation of sexual 

products is carried out in the organism of atherina. In 

the autumn feeding period (October) there was a signifi-

cant accumulation (p < 0.05) of total lipids compared to 

the pre-spawning and spawning stages (February-July), 

which is ensured by intensive food consumption. 

With reference to total lipids, the amount of muscle 

water-soluble protein in atherina had a multidirectional 

character in different periods of the study. 

In March in the pre-spawning period there was  

a slight increase in muscle protein to 58.40 mg/g com-

pared to February (51.77 mg/g), which is explained by 

the predominance of protein synthesis over its decompo-

sition. In April, with the beginning of spawning, the 

amount of water-soluble protein almost did not change 

and amounted to 58.17 mg/g. In July a decrease  

in protein in the muscle tissue of fish was revealed  

to 53.38 mg/g, due to its use as an energy substrate and 

removal from the body of atherina as part of sexual 

products. Similar metabolic mechanisms were noted in 

other fish with portioned spawning [17-19], which is 
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explained by the redistribution of protein from the gon-

ads to the muscles during the shedding of a repeated 

portion of the atherina roe. In September and October the 

amount of water-soluble protein does not increase, it 

slightly decreased to 49.51 and 46.94 mg/g, respectively, 

despite the consumption of food by atherina at these 

stages [4]. During the feeding period part of the protein 

in atherina is transformed into lipids, which accumulate 

intensively. During the studied periods of annual cycles 

there were no significant differences in the content  

of water-soluble protein in the muscle tissue of fish. 

Thus, in the post-spawning – feeding period differ-

ent directions of lipid and protein metabolism in the 

muscles were noted in atherina. Similar metabolic pro-

cesses were registered at the feeding stage in Caspian 

sprat [18] and Azov anchovy [17]. 

In September a positive reliable  (p < 0.05)  statisti- 

cal correlation was noted between the concentration  

of total muscle lipids and the mass of fish (r = +0.47), 

which characterized a positive energy balance in the 

organism necessary for the next stages of fish life. 

Caspian atherina refers to fish species with portioned 

spawning, which causes a long duration of spawning and 

provides different possibilities to increase fertility. There 

exists some information in the literature about the fertili-

ty of atherina [20, 21], its high reliable correlation with 

the length and body weight of fish [4]. 

The reproduction of fish is based on the processes  

of development of the reproductive system – gameto-

genesis. The reproductive system of atherina in the Cas-

pian Sea is currently poorly studied. 

The results of the study of fragments of the gonads of 

female atherina in February-March are shown in Fig. 2.  

 

 

 

 

a 

 

b 

 

 

c 

 

Fig. 2. Atherina oocytes at different stages of gonad maturation (SGM): 

a – SGM III-IV; b – SGM IV; c – resorption at SGM IV. Magnification 10 × 4 

 

In February fish with completed SGM IV predom-

inated (46%). Individuals in the amount of 34% had 

SGM III-IV and 20% of fish had SGM III-IV. At the 

same time, resorbing oocytes of the period of tropho-

plasmic growth at an average level of 31% were noted 

in some species of atherina. The proportion of resorb-

ing oocytes varied in the range of 17-47%. 

In April the histological examination of fragments 

of the gonads of female atherina revealed that the larg-

est number of fish (66%) were on SGM IV, individuals 

(20%) with gonads on SGM III-IV were noted. During 

this period atherina females (7%), that have started 

spawning, with gonads on SGM V, as well as individ-

uals with ovaries on SGM VI-III (7%) were registered. 
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Disorders of the development of maturing roe in the 

range from 14 to 44% of oocytes with an average level 

of 30% were determined. 

The individual analysis of female ovaries did not re-

veal mass resorption of oocytes. Thus, scattered ovarian 

resorption was recorded in atherina [22, 23], which was 

an adaptive mechanism of the organism [24, 25] allow-

ing the fish to tolerate unfavorable conditions without 

losing the ability to reproduce. 

According to literature data [26], fish with portioned 

spawning, if roe of the first portion was covered by 

mass resorption, have spawning, but it occurs already 

due to the second portion of roe and the loss of progeny 

can be in the range of 50-60%. In addition, unlike sim-

ultaneously spawning fish species, resorption does not 

have an inhibitory effect on the process of vitellogenesis 

in fish with portion spawning, i. e. two processes can 

simultaneously take place in the ovaries: generation and 

degeneration. 

Therefore, the identified resorption processes in 

atherina are not pathological due to the fact that there 

is no effect on the development of other oocytes [23]. 

Conclusion 

Therefore, morpho-physiological and biochemical 

studies of Caspian atherina were carried out at various 

stages of the annual cycle in the Caspian Sea. 

According to the results of histological analysis, the 

beginning of spawning in atherina was registered in 

April. Mature oocytes with resorption at an average 

level of 30-31% were observed in the ovaries of por-

tioned spawning atherina in February-April, which was 

the adaptive mechanism of the organism in this habitat. 

In the pre-spawning period and at the beginning  

of spawning, changes in the quantitative composition  

of lipids and proteins characteristic of portioned spawn-

ing fish were noted aimed at spending the organism's 

energy for the formation, maturation of gonads, shed-

ding of sexual products and ripening of the next por-

tions of roe. At the stage of feeding (September-

October) the amount of muscle water-soluble proteins 

and total lipids had a multidirectional character in the 

organism of atherina. 
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