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COMPARISON OF POPULATION PARAMETERS
OF THE INDIAN OIL SARDINE SARDINELLA LONGICEPS
FROM THE MUSCAT REGION (SULTANATE OF OMAN) IN 1997 AND 2020-2021
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The Indian oil sardine Sardinella longiceps plays a key role in the coastal ecosystem of Oman and its fish-
eries. Total sardine landings along the Omani coast have increased dramatically: from approximately
17,000 t in 1997 to 440,000 t in 2021. A comparison of S. longiceps size structure, length—weight re-
lationship, maturity, spawning seasons, growth, mortality parameters, and some stock characteristics
in 1997 and in 2020-2021, as well as data obtained during earlier studies in Oman, shows that the biolog-
ical structure of the population has been relatively stable over the time. The exploitation rate was higher
than 0.5, and although the Indian oil sardine can sustain high exploitation rates, its stock in the Omani
waters was overexploited. The biological data acquired during the present study provide a basis for man-
agement of the fishery; however, monitoring of catches should be continued, so that a longer time series
of biological information can be collected and analyzed.

Keywords: Indian oil sardine, Sardinella longiceps, length composition, reproductive characteristics,
growth, mortality, stock, long-term changes, Muscat, Sea of Oman

Fisheries play a vital role in coastal communities contributing significantly to employment, food
security, nutrition, and national economy of the Sultanate of Oman. According to fisheries statistics
of FAO [2024], the total fish catches in Oman rose from about 118,600 metric tons (t) in 1994
to 922,000 t in 2021 (Fig. 1A). This remarkable growth was mainly due to increased catches of sar-
dines by almost 27 times, from 14,100 t in 2008 to 376,000 t in 2021, in two regions, Al Wusta
and Al Sharqiyah [Fisheries Statistics Book, 2013, 2022]. In other regions, the changes of the sar-
dine landings were not as noticeable. For example, in the Muscat region, the mean landing of sar-
dines during 1994-2011 was around 10,000 t and decreased to only 3,200 t during 2012-2022 [Fish-
eries Statistics Book, 2003, 2013, 2022] (Fig. 1B). Overall, sardine landings contributed to about 24%
of total fishery production in Oman in 1994-2011, and their share increased to approximately 50%
in 2018-2021. Recently, the total sardine landing in Oman has dropped significantly, from 440,156 t
in 2021 to 280,623 t in 2022. In the Muscat region, the landing has also decreased, from 5,404 t to 3,906 t
during these years.
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Fig. 1. Total fishery production and sardine landings in Oman (A) and total catches of sardines
in the Muscat region (B) in 1994-2022

Puc. 1. OOnmii BbUIOB pbIObI U BBUIOB capAuH B Bogax OmaHa (A) u OOIIMil BBUJIOB CapIyH B parioHe
Mackarta (B) B 1994-2022 rr.

Five species of sardines (Sardinella albella, S. gibbosa, S. longiceps, S. melanura, and S. sindensis)
are reported from the Omani waters [FishBase, 2024; Randall, 1995]. However, in addition to these
species, the blue stripe herring (Herklotsichthys quadrimaculatus) and gizzard shad (Nematalosa nasus)
have been included in the statistics of sardine landings in Oman in recent years [Fisheries Statistics Book,
2013,2020, 2022]. According to [Al Jufaili, 2021; Al-Abdessalaam, 1995; Zaki et al., 2021], the Indian
oil sardine Sardinella longiceps Valenciennes, 1847 contributes to about 80% of the total sardine catches
in Oman; therefore, this species is of particular interest.

The biology of the Indian oil sardine from different areas of Oman was first studied by M. Al-
Barwani ez al. [1989]. Research by J. Shaklee and M. Shaklee [1990] suggested the presence of a unit
stock of S. longiceps in the Omani waters. Different aspects of the reproduction biology of this species
have been described by M. Siddeek et al. [1994], S. Al Jufaili [2011] S. Al Jufaili et al. [2006], 1. Al-
Anbouri et al. [2013], and S. Zaki et al. [2021]. A comprehensive study on the fishery, biology, and stock
assessment of the Indian oil sardine was undertaken along the Omani coast during 2007-2009 under

Mopckoii 6nonorndeckuii xypHai 2025 Tom 10 Ne 1



Comparison of population parameters of the Indian oil sardine Sardinella longiceps. .. 5

the “Small Pelagic Fisheries Project” [Zaki et al., 2011]. Age, growth, mortality, and some stock pa-
rameters have been investigated in various regions of Oman, including Muscat [Al-Anbouri et al., 2011;
Zakietal.,2011], Salalah [Zaki et al., 2011, 2013a], Sohar [Zaki et al., 2011, 2013b], and Mahout [Jaya-
balan et al., 2014; Zaki et al., 2011]. Several articles were published on S. longiceps fishery in Oman,
inter alia those covering studies on gillnet selectivity [Govender, Al-Oufi, 2020], factors driving seasonal
and interannual fluctuations of sardine catches [Al Jufaili, Piontkovski, 2020; Piontkovski et al., 2014],
and changes in sardine landings along different regions of the Omani coast in 1995-2020 [Al Jufaili,
2021]. Recently, S. Dutta e al. [2021; 2024] estimated some population parameters of S. longiceps
based on samples from the Muscat region in 1997 and between 2004 and 2009. The research of S. Dutta
etal. [2024] showed that the stock of the species was largely overexploited during these years, with the ex-
ception of 2007. Dramatic fluctuations in the Indian oil sardine catches not only lead to changes in income
from its fishery, but also affect other valuable marine species, because the sardine is the primary food
source for a variety of large pelagic fish, marine mammals, and birds.

The main aim of the study was to compare population parameters of Sardinella longiceps in the Mus-
cat region between 1997 and 2020-2021 to determine whether there have been any changes in the bio-
logical structure of its assumed single unit stock due to an increase in its total catch in Oman by almost
27 times, although this rise occurred in other areas.

MATERIAL AND METHODS

S. longiceps was sampled randomly in Seeb fish market (the Muscat region) on a monthly basis Jan-
uary to December 1997 (1,375 specimens) and during the period October 2020 to August 2021, except
July (394 specimens). The fish were caught by traditional artisanal fishermen using gillnets, surround-
ing nets, and cast nets. The fish were transferred to the laboratory of the Sultan Qaboos University
and measured in total length (TL) to the nearest 1 mm. The total weight (W) and gonad weight (GW)
were recorded to the nearest 0.01 g using an electronic balance (Mettler PE 360). Sex and stage of gonad
maturity were identified by visual observation of gonads using the five maturity stages scale based on size
and color appearance of gonads [Al-Anbouri et al., 2011; Fisheries Techniques, 1995].

The length—weight relationship was estimated using the allometric formula [Le Cren, 1951]:

W=a xL", (1)

where W is the total wet weight (g);
L is the total length (cm);
a and b are the constants.
The values of the constants a and b were estimated by the least-square linear regression
from the logarithmic transformation values of length and weight:

logW =loga +blog L, (2)

where b is the slope;
log a is the intercept [Zar, 1999].

The regression analysis was conducted using the Regression Analysis tool in MS Office Excel.
The 95% confidence limits (CL) of parameters a and b and coefficient of determination (Pearson r?)
were estimated. The coefficient of determination was used as an indicator of the linear regression
quality. Regressions were calculated for males, females, and both sexes combined. Analysis of covari-
ance (ANCOVA) was used to find out the significant difference, if any, between relationships of males
and females at the 5% level [Snedecor, Cochran, 1989]. The data on length and weight were log trans-
formed in PAST 4.14 [Hammer et al., 2001], and one-way ANCOVA was used to calculate the p-value.

Marine Biological Journal 2025 Vol. 10 No. 1



6 S. Al Jufaili and M. Chesalin

The length at first capture (L.) at which 50% of fish is vulnerable for the given fishing gear was defined
by calculating cumulative percentage of fish in 1-cm size classes and applying logistic function [King,
2007]:

P=1/1+4 e Ly, (3)

where P is the proportion of fish in 1-cm length classes;
L is the mid-class length;
L. is the length at first capture;
a is the constant.

The non-linear least-squares fitting with MS Office Excel Solver was used to obtain the best fit
of two parameters, L. and a.

The same method was applied to calculate the length at first maturity (L,,). Females with ovaries
and males with testis in stages 3, 4, and 5 were considered sexually mature. The cumulative percentage
occurrence of mature fish of both sexes in 1-cm size groups for the studied years was determined; the lo-
gistic function (formula 3) and the non-linear least-squares fitting with MS Office Excel Solver were
used to obtain L.

The sex ratio was determined as a number of males to number of females (M : F). The monthly
sex ratios were tested for significant deviations from the expected ratio with Pearson’s chi-square (x?)
goodness-of-fit test [Snedecor, Cochran, 1989] using the formula:

X*=) (0-E?/E, )

where O is observed numbers;
E is expected numbers.

The p-value was calculated applying CHISQ.TEST function in MS Office Excel.

To determine the spawning season, percentage occurrence of different maturity stages of gonads
during various months was calculated and plotted separately for males and females together with the go-
nadosomatic index (hereinafter GSI). Stages 1 and 2 were considered immature and inactive; stage 3,
developing/ripening; stage 4, ripe; and stage 5, running/spawning. GSI was established using the formula
of R. Wydoski and E. Cooper [1966]:

GSI = GW /W x 100, (5)

where GW is the gonad weight (g);
W is the total weight (g).

No clear annual growth rings were found in S. longiceps scales and otoliths, or they were highly in-
consistent [Abdussamad et al., 2023; Al-Barwani, Prabhakar, 1989; Zaki et al., 2011]; hence, calculated
length-based method was applied for age and growth estimations in the present study. To determine
growth parameters in von Bertalanffy growth function (hereinafter VBGF), the Electronic Length Fre-
quency Analysis (ELEFAN) with nonseasonal growth was used; this technique is incorporated in Tropical
Fisheries Analysis (TropFishR) package [Mildenberger et al., 2017].

The age at first maturity at which fish of a given population mature for the first time was calculated
from the length at first maturity using the inverse of VBGF [Mackay, Moreau, 1990]:

T,=t,—In(1—0L,,/L,)/K, 6)

where T, is age at first maturity;
t, is the age in VBGF;
L., is the asymptotic length;
L., is the length at first maturity;
K is the growth coefficient.

Mopckoii 6uonornyeckuii xkypHai 2025 Tom 10 Ne 1
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The potential life span (longevity) was determined by the formula of C. Taylor [1958] which is based
on the estimated parameters of VBGF:

Tmam = to + 3/K ’ (7)
where t, is the hypothetical age;
K is instantaneous growth coefficient in VBGF.
The optimal fishing length (L), the length at which the unfished cohort provides the maximum
possible yield, was estimated from the equation given by R. Beverton [1992]:

Lopt:Loo(3/<3+M/K))’ (8)

where L, and K are parameters of VBGF;
M is the natural mortality.
The annual instantaneous rate of natural mortality (M) was estimated in TropFishR by the empirical
equation of A. Then et al. [2015]:

M = 4.118K0-73[,-0.33 )

where L, (cm) is the von Bertalanffy coefficient.

The length converted catch curve method incorporated in TropFishR was employed
for the calculation of total mortality coefficient (Z).

The fishing mortality (F) was determined as follows: F =7 — M.

The exploitation rate (E), or the fraction of deaths caused by fishing [Gulland, 1971; Ricker, 1975;
Sparre, Venema, 1998], was computed as:

E=F/Z. (10)

The exploitation ratio (U), as a fraction of the fish caught during the year, was obtained from the equa-
tion given by W. Ricker [1975]:
U=F/Z(1—e?). (11)
The annual landing (in tons) in the present study was considered as the yield (Y).
The total stock (P) in weight was estimated from the ratio [Amin et al., 2002]:

P=Y/U, (12)

where Y is the annual average yield of the species (t);
U is the exploitation ratio.
The term standing stock biomass (B) refers to the concentration of fish populations in a given area
at a given time. This can be estimated in terms of numbers or weight. In the present study, the standing
stock was determined by weight using the formula [Amin et al., 2002]:

B=Y/F, (13)
where Y is the annual yield (t);
F is the fishing mortality.

The maximum sustainable yield (hereinafter MSY) was calculated by the equation suggested
by E. Cadima [Sparre, Venema, 1998; Troadec, 1977]:

MSY =0.5(Y + M x B), (14)

where Y is the total landing in a year;
M is the natural mortality;
B is the standing stock biomass in that same year.

Marine Biological Journal 2025 Vol. 10 No. 1
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Statistical analysis was performed using MS Office Excel and PAST 4.14 [Hammer et al., 2001].

RESULTS

Size composition. The total length of the Indian oil sardine in the studied samples in 1997
ranged between 10.0 and 21.3 cm [mean was (16.26 £ 2.04) cm], and weight ranged between 8.2
and 91.0 g [mean was (38.66 = 14.91) g]. Females were slightly smaller than males; the mean
length of females was (16.06 = 2.14) cm, and that of males was (16.59 *+ 1.81) cm. Student’s z-test
and Kolmogorov—Smirnov two-sample test showed significant differences between means and length
frequency distributions of females and males (p < 0.001).

In the samples of 2020-2021, the total length of S. longiceps varied between 9.7 and 20.9 cm [mean
was (16.26 £ 2.20) cm], and weight varied between 7.3 and 77.6 g [mean was (39.71 + 14.88) g]. In con-
trast to the case of 1997, females were slightly larger than males; their mean length was (16.45 +2.30) cm,
and that of males was (16.05 £ 2.03) cm. Differences between total length means and length distributions
of males and females were non-significant in this case.

Comparisons between 1997 and 2020-2021 showed no significant differences in the mean length
and length frequency distribution of S. longiceps (t-test, p = 0.978; Kolmogorov—Smirnov test, p = 0.09).
Fish less than 14 cm contributed to about 5-6% of the catch in 1997 and 2021-2022, while the largest
specimens, more than 20 cm, 10-11%. The length frequency distribution indicates three distinct
modes in both cases: 13.5-14.0, 16.5-17.0, and 19.5-20.0 cm for 1997 and 14.5-15, 17.0-17.5,
and 19.5-20.0 cm for 2020-2021 (Fig. 2).
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Fig. 2. Length frequency distribution of Sardinella longiceps from commercial catches in the Muscat region
in 1997 (A) and 2020-2021 (B)

Puc. 2. PasmepHo-uactoTHOe pacmpeneneaue Sardinella longiceps B KoMMepUecKHUxX yjaoBax B paiioHe
Mackara B 1997 r. (A) u 2020-2021 rr. (B)
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Monthly fluctuations of the mean length were very similar during 1997 and in 2020-2021 combined
by months in one year (Fig. 3). Larger specimens were observed in winter time (December to February),
while smaller sardines occurred mostly during summer and autumn (June to October).
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Fig. 3. Monthly fluctuations of the mean total length (TL) of Sardinella longiceps from the Muscat region
in 1997 and 2020-2021

Puc. 3. Usmenenue cpenneit nmunel (TL) o mecsiiam y Sardinella longiceps u3 pationa Mackara B 1997
u 2020-2021 rr.

Length—weight relationship. Parameters a and b in the relationship between somatic weight and to-
tal length of S. longiceps for both sexes combined in 1997 and 2020-2022 (formula 2) were very
similar (Table 1). The value of parameter b was estimated in 3.01 and 3.05, respectively, indicating
a close to isometric growth in weight for the species. The coefficient of determination (r7) was very high
in both cases ranging 0.96-0.97. ANCOVA test showed no significant difference between the slopes
of the length—weight relationship in 1997 and 2020-2021 (p > 0.05).

Table 1. Length—-weight relationship of Sardinella longiceps from the Muscat region in 1997
and 2020-2021 (CL, confidence limits)

Ta6suma 1.  CooTHolleHue JUIMHBI U Macchl Tena Sardinella longiceps w3 pafiona Mackara B 1997
u 2020-2021 rr. (CL — noBepuTenbHbIe UHTEPBAJIBI)

Years n a 95% CL a b 95% CL b r?
1997 1,375 0.0083 0.0077-0.0089 3.0114 2.9871-3.0368 0.970
2020-2021 394 0.0076 0.0064—-0.0090 3.0494 3.9867-3.1127 0.955

Length at first capture. The mean length at which 50% of fish were caught (L.) (formula 3)
was estimated to be 16.20 cm for 1997 and 16.28 cm for 2020-2021 (Fig. 4).

Length and age at first maturity. During 1997, the smallest male with ripening testis (stage 3)
was 13.2 cm, and the smallest female with ripening ovary (stage 3) was 13.5 cm, while in 2020-2021,
the sizes were 13.5 and 13.6 cm, respectively. Maturing testis (stage 3 and above) and matur-
ing ovaries (stage 3 and above) were used for determination of the length at first sexual maturity.
The logistic function (formula 3) showed that the mean size at the first maturity (L;,) during 1997
was 17.06 cm in males and 17.36 cm in females; during 2020-2021, it was 16.59 and 17.21 cm, respec-
tively (Fig. 5). The result indicates that males of the Indian oil sardine mature at a slightly earlier length
than females.
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The age at first maturity (formula 5) was calculated for females at 1.35 years in 1997 and 1.38 years
in 2020-2021.

Fig. 4. Curves of cumulative

100 —» percentages of catches of Sar-
%0 dinella longiceps of different
i sizes in the Muscat region
34 and the length at first capture
. in 1997 and 2020-2021
§ s0 4 — — 1997 Puc. 4. Kpussie cymmap-
E | 2020-2021 HOW jionn ynoBoB Sardinella
O sl longiceps  pasubix  pasmepos
. . B parioHe MaCKaT% U cpen-
o3 HsAsl JUIMHA TIEPBOH TIOMMKH
1 N7 l 50 % capmun (L.) B 1997
0 T T e R W I S — n 2020-2021 rr.
9 10 11 12 13 14 15 16 17 18 19 0 21 22
Total length (cm)
A
100
a0 4
R g
E &
.2 i Fig. 5. Curves of cumulative
I 0 percentage of mature Sardinella
§ %1 longiceps and the length at first
O 20 1 maturity for males and fe-
10 A males from the Muscat region
04 in 1997 (A) and 2020-2021 (B)
B ’ Puc. 5. Kpusble cymmapHoit
55 JIOJ TIOJIOBO3PEJIBIX Sardinella
5 | 2020-2021 longiceps w3 paiiona Mackara
¥ Y CpelHsis JUIMHA, TIPU KOTOPOit
o 50 % caMOK M caMIlOB JIOCTHra-
27 1ot 3pesioctr (L), B 1997 1. (A)
£ B u 2020-2021 rr. (B)
@ s0
Eg 40 - Males
£ 30 4 —— Females
8 20 A
10 -
0 - - = B - . ot . . . ,
9 0 n 12 13 14 15 16 17 18 19 20 21 22

Total length {cm)

Sex ratio. The sex ratio of S. longiceps during both studied periods was in favor of females. In 1997,
females constituted 62% of the analyzed fish, and M : F = 0.60 : 1. In 2020-2021, the percentage
of females was 55%, and M : F=0.83 : 1.

The investigation of the monthly sex ratio indicated the dominance of females over males during
most of the year. Males were absent in the sample from commercial catches in October 1997. The share
of males was found to be larger than that of females only in June 1997, November 2021, and April 2021.
The chi-square test revealed that the monthly sex ratio was significantly different from what was expected
in June, August, and October 1997, while in 2020-2021, only in November. In general, the monthly sex
ratio differed significantly during 1997 (x? = 46.64, p = 0.002) and non-significantly during the studied
months of 2020-2021 (x? = 12.47, p = 0.65).
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Spawning season. The monthly occurrence of fish with immature, ripening, and spawning gonads
during 1997 indicated higher percentages of spawning males and females during November—March,
in June, and during August—September. Higher GSI values were calculated for males in February
and August and for females in March and August (Fig. 6).

A similar picture was observed during 2020-2021: the fish with ripening and spawning gonads dom-
inated from November to April and in August. Higher GSI values were recorded for males during
January—April and in August, and for females, during February—April and in August. Hence, spawn-
ing of the Indian oil sardine in the Muscat region may occur between November and April with a peak
in March—April and again in June to September with a peak in August.
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Fig. 6. Monthly changes of different gonad developmental stages (in percentage) and values of the go-
nadosomatic index (GSI) of Sardinella longiceps in the waters of Muscat: A and B, females and males,
respectively, in 1997; C and D, females and males, respectively, in 2020-2021

Puc. 6. V3MeHeHue pa3HBIX CTavid pa3BUTHSI TOHA/ (B IMPOIEHTAX ) M 3HAUSHUI TOHAJJ0COMATHYECKOTO WH-
nekca (GSI) y Sardinella longiceps o mecsitiam B Bogax Mackata: A u B — camMku 1 camITbl COOTBETCTBEHHO
B 1997 r.; Cu D — camku 1 camipl cootBeTcTBeHHO B 2020-2021 1T,

Age, growth, and life span. Growth parameters of S. longiceps in VBGF estimated based
on the monthly length frequency distributions using ELEFAN technique in TropFishR are provided
in Fig. 7 and Table 2. In 1997 and 2020-2021, the asymptotic length (L. ) and growth coeffi-
cient (K) were similar. Calculated lengths of one-, two-, and three-year-old fish were 15.7, 18.7-19.0,
and 19.6-20.2 cm in 1997 and 2020-2021. Our result showed that S. longiceps grows very rapidly dur-
ing the first year of life; then, its growth slows down, until it becomes almost negligible (after 2.5 years).
From Fig. 7, new generations appeared in February 1997 and February 2021.

According to calculation by empirical formula 7, the maximum life span of the studied species
was 2.36 years in 1997 and 2.60 in 2020-2021. Commercial catches of the sardine during 1997
comprised mainly one- to two-year-old fish, while in 2020-2021, fish younger by one year.
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Fig. 7. Monthly length frequency distribution and growth curves for Sardinella longiceps from the Muscat
region: A, 1997; B, 2020-2021

Puc. 7. PazmepHO-4acTOTHOE pacnpesienieHue 1o MecslaM U KpuBsle pocta Sardinella longiceps 3 paiioHa
Mackara: A — 1997 r.; B— 2020-2021 rr.

Table 2. Growth parameters in von Bertalanffy growth function and calculated length at different age
for Sardinella longiceps from the Muscat region

Tadmmma 2. Ilapametpsl pocta B ypaBHeHMM Bepranandu u pacuérHas aiuHa Sardinella longiceps
pa3HOro Bo3pacra u3 paifona Mackara
Years L, K t, Mean TL, cm
0.5 years 1 year 1.5 years 2 years 2.5 years 3 years
1997 20.1 | 1.11 | -0.37 12.4 15.7 17.6 18.7 19.3 19.6
2020-2021 | 209 | 1.00 | —0.40 12.4 15.7 17.8 19.0 19.8 20.2

Optimal fishing length. The length at which a year class (cohort) provides the maximum biomass
in an unfished population (L) was calculated (formula 8) to be 13.37 cm in 1997 and 13.90 cm
in 2020-2021.

Mortality. The natural mortality (M) estimated in TropFishR package with the empirical Then’s
equation (formula 9) was 1.66 yr™' in 1997 and 1.51 yr™! in 2020-2021.

The total mortality (Z) assessed using the length converted catch curve method in TropFishR
was 4.29 yr'! (SE = 0.23) in 1997 and 4.42 yr™! (SE = 0.19) in 2020-2021.

The fishing mortality (F) was estimated at 2.63 yr™' for 1997 and 2.91 yr™! for 2020-2021.

Exploitation rate, biomass, and maximum sustainable yield. S. longiceps fishery in the Mus-
cat region was assessed applying several simple formulas. The exploitation rates (E) calculated based
on formula 10 were 0.61 in 1997 and 0.66 in 2020-2021, and the exploitation ratios (U) determined
from formula 11 were 0.60 and 0.65, respectively (Table 3). Further calculations were carried out sepa-
rately for total catches of S. longiceps in Oman and catches in the Muscat region alone. It was assumed
that in both cases, the Indian oil sardine accounted for 80% of the total sardine catches. The land-
ings, or yield (Y), of S. longiceps in the Muscat region in 1997 and 2021 were very similar comprising
approximately 4.3 thousand tons, while the total oil sardine landings in Oman differed by more than
26 times: from about 13.5 thousand tons in 1997 to 352 thousand tons in 2020-2021. Annual landings
in Oman and the Muscat region in 1997 were about 123% of calculated MSY, and in 2021, approxi-
mately 132% of MSY. So, the effort for S. longiceps fishery in these years was higher than MSY indicating
overfishing of the stock.
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Table 3. Assessment of stock parameters of Sardinella longiceps based on annual landings in the Muscat
region and total landings in the waters of Oman in 1997 and 2021 (t, tons)

Taoauua 3.

Ornenka nmapameTpoB 3amaca Sardinella longiceps Ha OCHOBE BEJMYMH YJIOBOB B pailloHe
Mackara u 061X yjaoBoB B Bogax Omana B 1997 u 2021 rr. (t — TOHHBI)

Year Region E U Y, t P, t B,t MSY, t
Oman 13,412 22,353 5,100 10,939
1997 Muscat 0.61 0.60 4,356 7,260 1,656 3,552
Oman 352,125 541,731 121,005 267,421
2021 . . . d : :
0 Muscat 066 065 4,324 6,652 1,486 3,284
DISCUSSION

The Indian oil sardine is a small pelagic fish playing a key role in the coastal ecosystem and fish-
eries of Oman. The sardine landings in Oman have increased almost 27 times in the compared years:
from 16,765 t in 1997 to 440,156 t in 2021. However, in the Muscat region, the sardine landings re-
mained relatively stable: 5,445 and 5,405 t, respectively. This sharp gain in catches raises questions
about possible overfishing and its effect on the population structure and the sardine stock. It also causes
concerns about the future of fishing in Oman and the potential effects on other species in the ecosystem.
Therefore, the population parameters of S. longiceps in 1997 were compared with those in 2020-2021,
as well as with the results of other studies conducted in other years and areas of Oman.

According to our data, the maximum total length of S. longiceps was 21.3 cm in 1997 and 20.9 cm
in 2020-2021. The mean length of the fish in the compared years was exactly the same (16.26 cm),
and the average weight did not differ significantly: 38.66 vs. 39.71 g (Table 4). According to literature
data, the maximum total length of S. longiceps in the Omani waters has reached 23.0 cm, and the maxi-
mum weight, 152.0 g, was recorded in Mahut in 2007-2009 [Zaki et al., 2021]. The mean length of this
species in commercial catches in various regions of Oman in 2007-2009 ranged 16.05 to 18.42 cm,
and the average weight ranged 37.96 to 57.47 g [Zaki et al., 2011].

The length—weight relationship of S. longiceps was similar in 1997 and 2021-2021 (a = 0.008;
b = 3.01...3.05) that evidences for isometric growth of the species. However, as we know, the body
shape and the coefficients a and b depend on many factors, in particular, the fat content and gonad con-
dition, and can vary significantly between seasons and between different years. S. Dutta et al. [2021]
found that the parameter b for S. longiceps from the Muscat region was < 3 in some years suggesting
negative allometric growth, but in other years, it was > 3 indicating positive allometric growth for this
species.

We calculated the length at first capture of S. longiceps from the Muscat region in 1997 to be 16.20 cm,
and in 2020-2021, 16.28 cm. It is quite similar and comparable to the results of S. Zaki et al. [2011;
2013b] but slightly smaller than the length calculated for Mahout region by N. Jayabalan et al. [2014].

The length at first maturity (L) for S. longiceps males and females ranged 16.6 to 17.4 cm. It has
also been found that the fish attain the first maturity at the end or just after the first year of life. Most
other studies have also shown that the Indian oil sardine from the Omani coast reaches maturity at about
16—18 cm and at the age of about 1 year [Al Jufaili, 2011; Siddeek et al., 1994; Zaki et al., 2011, 2012].
However, as reported in some papers, this species can mature at a smaller length (12.5-13.5 cm) [Dorr II1,
1990] or larger one (18—19 cm) [Al-Anbouri et al., 2013; Zaki et al., 2021]. The age of maturation or rate
of sexual maturity of a particular fish species depends on some external factors, and the most important
of them are food, temperature, photoperiod, and water currents [Bhukaswan, 1980]. Notably, in most
studies, when assessing the size at the first maturity of S. longiceps in Oman, it was found that males
reach maturity at a slightly smaller length than females.

Marine Biological Journal 2025 Vol. 10 No. 1
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Our analysis of monthly fluctuations in occurrence of various gonad stages of males and females
showed that there were ripening and spawning sardines in almost all the studied months, except for May
and October 1997. This indicates that the Indian oil sardine spawns, as a rule, all year round; how-
ever, the spawning activity varies greatly throughout the year. The higher percentage of ripe and spawn-
ing fish (stages 4 and 5) was observed in January—April, August, and November—December both dur-
ing 1997 and in 2020-2021. Higher GSI values were obtained in February—March and August 1997,
as well as in April and August 2021. Thus, two peaks of spawning activity were detected: the first one,
in February—April, and the second one, in August. This result is consistent with other investigations
that also reported two spawning seasons of S. longiceps in the Omani waters (see Table 4). In particu-
lar, in the Muscat region, the first spawning season was observed December to April, and the second,
June to October [Al Jufaili, 2011; Al Jufaili et al., 2006; Al-Anbouri et al., 2013; Siddeek et al., 1994;
Zaki et al., 2011]. The spawning season of S. longiceps depends on environmental conditions in the sea
and might vary from year to year and from region to region in Oman [Al Jufaili et al., 2006; Siddeek
et al., 1994].

The sex ratio of S. longiceps was in favor of females — 0.60 : 1 (38% males and 62% females)
in 1997 and 0.83 : 1 (45% males and 55% females) in 2020-2021 — demonstrating a significant deviation
from the expected ratio of 1 : 1 (p < 0.01). This is consistent with the studies of S. Al Jufaili ez al. [2011]
and S. Zaki ef al. [2011; 2012; 2021] which also showed the dominance of S. longiceps females over
males in all analyzed regions — Muscat, Mahout, Salalah, and Sohar — in 1997-1998 and 2007-2009.
Combining our material with literature data [Zaki et al., 2011] on abundance of males and females,
we concluded that the Indian oil sardine has an overall female-biased sex ratio 0.64 : 1 (39% males
and 61% females) in the Omani waters. This pattern means increasing egg production per population
biomass for the species. The sex ratio provides basic information for assessing the reproductive potential
and estimating stock size of fish populations. There is a wide variation in sex determination systems in fish,
where sex can be determined by environmental factors (mainly temperature) and genetic ones [Baroiller
et al., 2009; Conover, Heins, 1987]. In this case with S. longiceps, the sex ratio seems to be determined
primarily by genetic factors.

S. longiceps age and growth are difficult to establish by studying otoliths and other hard parts (scales
and vertebrae), as there are no clear annual rings [Al-Barwani, Prabhakar, 1989; Zaki et al., 2011].
However, some attempts were made in early works to analyze the age of sardines [Balan, 1964; Hor-
nell, Naidu, 1924; Nair, 1949, 1952]. These investigations have shown that the Indian oil sardine has
a rapid growth rate and a life span of about three years, and the fish reach sexual maturity at about
15 cm in length at the age of one year [Hornell, Naidu, 1924] or two years [Nair, 1952]. Recently,
age and growth of S. longiceps from Indian waters were assessed by three approaches: interpretation
of microstructures on hard parts (mainly otoliths), modal progression analysis of length frequency data
of fish caught in commercial fishing, and direct measurement of sardines reared in open sea cages on nat-
ural food during 11 months [Abdussamad et al., 2023]. The authors reported a much faster growth
rate (K of 1.57 and 1.76 yr™") for this species compared to values in previous investigations. However,
they also found a significant difference in the sardine growth rate between different years, when, accord-
ing to their results, one-year-old fish reached 20.4 cm in 2011-2013 and only 15.6 cm in 2014-2017.

Studies on S. longiceps age and growth in the Omani waters are largely based on length frequency ana-
lysis [Al-Anbouri et al., 2011; Dutta et al., 2024; Jayabalan et al., 2014; Zaki et al., 2011, 2013a, b, 2021]
which was also used in the present research. Overall, our data showed similar growth parameters
for the sardine in 1997 and 2020-2021. When comparing our results with those of other investigations,
it can be noted that we obtained lower L, values, except for values in the work of M. Siddeek et al. [1994],
but K values are similar to those in most previous works (Table 5). Some differences in growth param-
eters with the results of other authors may be related to calculation procedures, as we used ELEFAN
from TropFishR package, while S. Zaki et al. [2011;2013a;2013b; 2021] and N. Jayabalan et al. [2014]
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applied ELEFAN routine incorporated in LFDAS of Fish Stock Assessment Software (FMSP) devel-
oped by MRAG Litd [Kirkwood et al., 2003], and S. Dutta ez al. [2024] calculated L, and K values using
ELEFAN I from FiSAT II [Gayanilo et al., 2005]. However, in general, all the results on S. longiceps
growth and life span presented in Table 5 are comparable, and the observed differences may be due
to variations in growth rate in different years and regions which depend on environmental conditions
and food availability, but have no clear relationship with fishing intensity.

Table 5. Summary of Sardinella longiceps growth parameters, mortality, and exploitation rate in the waters
of Oman

Tadémmma 5. CBopHble JaHHBIE O MapaMeTpax pocTa, CMEPTHOCTH W CTENEeHHW SKCIUTyaTaly 3araca
Sardinella longiceps B Bogax Omana

Years Region Lo, K_’l Lo- Tinax: Z_’l N{’l F_’l E Reference
cm yr yr yr yr yr yr
- Muscat | 19.72 | 0.986 - 3.75 - - - - Siddeek et al., 1994
2008-2009 | Muscat | 22.02 | 1.21 | -0.01 | 2.5 411 | 221 191 | 0.46 | Al-Anbourietal., 2011
2007-2009 | Muscat | 23.18 | 1.21 | -0.21 | 2.0 417 | 222 | 199 | 047 Zakietal., 2011

2007-2009 | Mahout | 23.00 | 1.33 | -0.09 | 2.5 3.66 | 2.21 1.45 | 0.40 | Jayabalan et al., 2014
2007-2009 | Salalah | 23.02 | 1.57 | =049 | 2.0 4.65 | 245 | 220 | 047 Zaki et al., 2013a
2007-2009 | Sohar | 23.00 | 1.40 | -0.15| 2.5 397 | 228 | 1.69 | 043 Zakietal., 2013b
1997 Muscat | 22.80 | 1.10 | -0.08 | 2.64 | 4.69 | 1.08 | 3.61 | 0.77
2004 Muscat | 23.63 | 1.20 | -0.07 | 243 | 450 | 1.13 | 3.37 | 0.75
2007 Muscat | 2342 | 1.0 | -0.09 | 291 1.89 | 1.01 | 0.88 | 047
2009 Muscat | 2342 | 094 | -0.10 | 3.10 | 6.30 | 097 | 533 | 0.85
1997 Muscat | 20.1 1.11 | -0.37 | 236 | 4.29 1.65 | 2.63 | 0.61 present study
2020-2021 | Muscat | 209 | 1.10 | -0.40 | 2.60 | 4.42 | 1.51 291 0.66 present study

Dutta et al., 2024

The Indian oil sardine has a high rate of natural mortality (M) previously estimated based on the em-
pirical equation of D. Pauly [1980]: 2.21 to 2.45 yr_1 [Al-Anbouri et al., 2011; Jayabalan et al., 2014;
Zakietal., 2011, 2013a, b, 2021]. However, according to S. Dutta et al. [2024], it ranged between 0.97
and 1.13 yr'! (see Table 5). In fact, natural mortality is very difficult to determine, but this parameter
is pretty important in most stock assessments. Many methods have been developed to predict natural
mortality, and one of the most popular is Pauly’s empirical formula based on growth parameters and wa-
ter temperature [Pauly, 1980]. Recently A. Then et al. [2015] proposed new formulas for estimating
natural mortality using data from 200 fish species; those are based on maximum age (tp,x) Or asymp-
totic length (L_,). This method is included in TropFishR package; therefore, we used it and calculated
S. longiceps natural mortality at 1.65 yr™! for 1997 and 1.51 yr! for 2020-2021. In the case of applying
Pauly’s formula, the coefficient M was estimated at 2.15 and 2.11 yr~!, respectively.

Our estimates of the total mortality (Z) were similar to those for the years studied and to results
of most other authors [Al-Anbouri et al., 2011; Jayabalan et al., 2014; Zaki et al., 2011, 2013a, b, 2021].
It can be noted that Z estimates of S. Dutta ef al. [2024] varied greatly, and for 2007 and 2009, they
differed significantly from other results. With the chosen approach, values of natural and total mortalities
determine further calculations of fish population parameters, such as fishing mortality, exploitation rate,
and, together with catch data, also total stock, standing stock, and MSY. So, the exploitation rate (E)
was > 0.5 in the case of using estimates of M according to Then’s formula and close to 0.5 if we applied
the Pauly’s formula.

Previous studies have shown that S. longiceps landings in different regions of Oman in some years
within 1997-2009 were either lower or close to the optimal level [Al-Anbouri et al., 2011; Jayabalan
etal., 2014; Zaki et al., 2011, 2013a, b]. On the other hand, S. Dutta et al. [2024] reported that the stock
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of the species was largely overexploited in this time. From our results, S. longiceps stock was over-
exploited in 1997, as well as in 2020-2021. J. Gulland [1983] recommends 0.5 as a suitable exploitation
rate for fish stocks in temperate water. However, fish forming stocks in tropical and subtropical areas
are characterized by short life cycles and rapid growth, and they can sustain high exploitation rates [Wang
et al., 2012].

Conclusion. Our results on biological and population parameters of Sardinella longiceps for 1997
and 2020-2021, as well as their comparison with results of similar investigations in other years, indi-
cate that its life-history and population parameters have not changed significantly because of a sharp
increase in the sardine fishing along the Omani coast in recent years. The present study is based on data
from the Muscat region of the Sea of Oman, where sardine catches were almost identical in compared
years, while a sharp rise in the sardine catches occurred in the southern regions of the country, Al Wusta
and Al Sharqiyah, located in the Arabian Sea. Many investigations have shown that population param-
eters of S. longiceps vary noticeably in different areas and in different years. It is necessary to ana-
lyze the structure of stocks of the Indian oil sardine along the Omani coast applying modern genetic
techniques.

It would be more appropriate to use otoliths for determining S. longiceps age. Data generated
from otolith study would aid in better eco-biological understanding of the species, in establishing pre-
cise time of birth, and in identifying cohorts that support the fishery and possible interregional migration
of this fish. The sardine stock biomass and landings have been highly variable in the long-time series.
The present approximate estimations based on growth, mortality, and landing data do not provide true
dynamics of the sardine stock; so, it is necessary to apply integrated analytical models that include catch-
at-age data, catch-per-unit effort, and stock-recruitment model together with direct assessment meth-
ods, such as acoustic, trawling, and aerial survey, as well as egg and larvae surveys. The use of direct
and indirect methods can help to improve the accuracy and reliability of the sardine stock assessments,
and it is essential for the fishery management and development of the fishery sector.

This work is part of the Sultan Qaboos University funded project (IG/AGR/FISH/20/01) and IBSS state research
assignment “Functional, metabolic, and molecular genetic mechanisms of marine organism adaptation to conditions
of extreme ecotopes of the Black Sea, the Sea of Azov, and other areas of the World Ocean” (No. 124030100137-6).
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CPABHEHME IONYJ/IAIIMOHHBIX IAPAMETPOB
JKHPHOM MHINMCKOM CAPJIVHBI SARDINELLA LONGICEPS
N3 PAMIOHA MACKATA (CYJITAHAT OMAH) B 1997 11 2020-2021 I'T.

C. M. Aub Ixydaiian', M. B. Yecanun>

' dakybTeT MOPCKHUX HayK U PHIGOTOBCTBA, KOMTEIk CebCKOX03ARCTBEHHBIX M MOPCKMX HayK,
Vuusepcurer Cynrana KaGyca, Mackar, Cynaranat OmaH
2OI'BYH ®ULL «MHCTUTYT GHONOrHMHK 10KHBIX Mopeil umenn A. O. Kosanesckoro PAH»,
Cesacronoss, Poccuiickas ®enepanys
E-mail: chesalin@ibss.su

JKupnas waawiickasi capauna Sardinella longiceps urpaet KI04eBYO pojib B IPHOPEKHON SKOCUCTeE-
Me 1 B poidosioBctBe Omana. OO6muii 06bEM BBUIOBA capfivH BIOJb MoOepexkbss OMaHa pe3ko BO3-
poc — npumepHo ¢ 17000 T B 1997 r. go 440000 T B 2021 r. CpaBHEHHE pa3MEPHON CTPYKTYpHI,
COOTHOIIIEHU S JITMHB M MAacChl Tejla, IMHAMUKU 3PEJIOCTH, TIEPUOJIOB HEPecTa, MoKa3aTesiel pocTa,
CMEPTHOCTH M HEKOTOPHIX MOMYJISIIIMOHHBIX XapakTepucTuk S. longiceps w3 paiioHa Mackara B 1997
1 20202021 rr., a TaK*kKe COMOCTABIeHUE JaHHBIX, MMOJyYEHHbIX B X0/Ie O0Jiee PaHHUX UCCIIeIOBAHUI
B OMaHe, JeMOHCTPUPYET, YTO OUOJIOTUYECKasl CTPYKTypa MOMYJISIIUKA B UCCIIeyeMble TOJIbl ObLIa
OTHOCHTENILHO CTaOMIbHOW. YPOBEHb SKCILTyaTaliy 3araca B To Bpems rpebiman 0,5, To ecTh 3amac
S. longiceps B Bomax OMaHa nojiBeprajicst Ype3mMepHOI SKCILTyaTanuu (TIpy 3TOM U3BECTHO, UTO Cap/u-
Ha CII0OCOOHA BBIIEPKUBATh BHICOKKE YPOBHM). Brosiornueckue JaHHbIE, TOJyYeHHbIe B XOjie HACTOSsI-
1ei paboThl, MOTYT CJIY)KUTb OCHOBOI JIJIs yIIPABJICHUSI IIPOMBICJIOM TOTO BU/Ia, OJJHAKO HEOOXOIUMO
IPOJIOJIKATh MOHUTOPUHT YJIOBOB, YTOOBI COOMPATh U aHAJIM3UPOBATHL OOJiee JIUTEIbHbIe BpeMEHHBIE
PAAb OMOJIOrnYeCKOr MH(POPMAIIUH.

KuaroueBble ciaoBa: xupHas uHauiickas capauHa, Sardinella longiceps, pa3MepHBIi cOCTaB, pe-
IIPOAYKTUBHBIE XapAKTEPUCTUKU, POCT, CMEPTHOCTD, 3aIlaC, MHOTOJIETHSAS] U3MEHUMBOCTh, Mackar,
OMaHCKUH 3a/11B
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[MpencraBiaeHsl  pe3ysbTaThl  SKCHEPUMEHTATIBHOTO  MCCJIEAOBAHMSI HAKONMUTENBHBIX  KYJIBTYD
Arthrospira (Spirulina) platensis B yCIOBUSX KPUTUYECKOH WHTEHCUBHOCTH 3aKPYUYEHHBIX IIO-
TOKOB NPH Ppa3lMuHON BeJIWuMHE padodero cios (ontuueckoro mytH). [lokazaHo: HecMOTps
Ha TMOBBIILIEHNE UHTEHCUBHOCTH BUXPEBOTrO nepemelimBanus B 10 pa3, npu yBeJuueHUH padovero
cyos B 3 pa3a MpOAYKTUBHOCTh KyJIbTYphl yMEHbIIAIach B 2 pa3a. OTMeueHo, uTo i (poToCUHTe-
3UPYOIIMX MUKPOOPTraHW3MOB BeLYIIMM (DaKTOPOM, OMPEAENSIONUM MPOAYKTUBHOCTD KYJIBTYPBI,
SIBJISIETCSI TIPOCTPAHCTBEHHAS OOJYUYEHHOCTh BHYTPH CYCIIEH3HHU KJIETOK (paboyuii cJioit), HO ¢ YUETOM
MHTEHCUBHOCTH IEpEMEILMBAHUS CYCHIEH3UH. DKCIIEPUMEHTAIBHO IPOAEMOHCTPUPOBAHbl YCIIOBUS
KyJIbTUBUPOBaHUsI (POTOCUHTE3UPYIOILUX KJIETOK, IIPU KOTOPHIX padovMil CJI0i OTIMyaeTcs B 2 pasa,
HO MPOAYKTUBHOCTD KYJIbTYPhI IIPH STOM OCTa€TCSI HEU3MEHHOM.

KiroueBble cJi0Ba: BUXPEBOE MepeIBaHUe, CIUPYJINHA, (POTOOMOPEAKTOP

Ha npoayKTMBHOCTb KyJIbTYpP (POTOCUHTE3UPYIOIIMX MUKPOOPIaHU3MOB BJIMSET MHOKECTBO (PAKTO-
POB, OJJHAKO MPU MPOESKTUPOBAHUH MTPOMBIIIIJICHHBIX (poToOMOpeakTopoB (nanee — PBP) kioueBbIMU
napaMeTpamu SIBJISIOTCS ONTUYECKUNA MyTh (pabovuil CJIO) M MHTEHCUBHOCTH TIEPEMEITUBAHUS CYC-
NeH3un KJ1eToK. IMEHHO 3TH Ba mapaMeTpa OKa3bIBalOT CYIIECTBEHHOE BIIMSHUE HA IMPOU3BOIUTEIIb-
HOCTb CUCTEMBI KYJIbTUBHPOBAHUSI, & TAKKE OMPEACIISIOT KOHCTPYKTUBHBIE 0coOeHHOCTH PBP 1 pesku-
MBI €ro paboThl. DKCIIEPUMEHTATBHO JOKA3aHO, YTO OJHUM U3 HauOoJjee MepCrneKTUBHBIX METO/IOB Tie-
peMelBaHusI CYCTIIeH3UU KJIETOK B TPOMBIIILJIEHHOW MUKPOOUOJIOTHH SIBJISIETCS TeHEpaIisl BUXPEBOTO
JOBUKEHUS CYCIIEH3MHM 10 TUITy «TOPHAJ0», TO €CTh CO3/IaHUE 3AMKHYTHIX 3aKPYUYEHHBIX KBa3UCTalMO-
HapHBIX IIOTOKOB BHYTpH padodero oobseéma ®BP [['eBoprus u ap., 2021; Meptsenios u ap., 2002; I1a-
teHT 1779690 A1 SU, 1992; ITatent 2099413 C1, 1992; Naumov et al., 2023a; Patent EP 1120460 B1,
1998; Patent EP 27446382 Al, 2011]. BuxpeBoil cnoco0 no3sossieT 3(ppeKTUBHO NepeMelIrBaTh
KYJIbTYpy, OOecreurBasi OQHOBPEMEHHO TPEXMEPHOE IUPKYIISAIUOHHOE U MEPUIMOHAILHOE ABUKEHUE
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KyJIbTYPaJIbHOM CPeJibl, HO TIPY STOM JJOCTATOYHO MSTKO — 0€3 THIPOYAapoB, TYpOYJIEeHTHOCTH, KaBHUTA-
1M, TIOBBIIICHHBIX CIBUTOBBIX HAIIPSKEHUH U MEXaHUYECKOTO BO3JEWCTBUS Ha KieTKU. Hanbosbimas
3(pPeKTUBHOCTD MepeMelBaHus c(POPMUPOBAHHOTO B CYCHEH3UM BUXPSI IOCTUraeTcsi, KOraa paiau-
yc BuxpeBoro ®BP u padouwmii cnoit paBabl [Naumov et al., 2023b]. TIpu Takux ycnoBusx odecredn-
BaeTcs TOJIHAs MEepPHUIUOHAIbHAS [TUPKYJISIUS CPeibl TI0 BceMy padodeMy oOBEMY, TIpU ITOM TOTe-
pU Ha BSI3KOE TPEHHE O HETOJBMKHBIE CTEHKHM peakTopa Mayibl. Mexay TeM (oToTpodsl, B OTIMYUE
OT TeTepoTPOPHBIX MUKPOOPTraHU3MOB, HEOOXOAUMO OOECHeUnTh IHEPTrUeil CBETa BO BCEX CIIOSIX pa-
6ouero o06bvEMa, MoaToMy MpomsiiieHHsie PBP Bcerga mpoekTUPYIOT ¢ MaJIO BEJIMYMHON padovyero
cnost [[Tons u 1p., 1976]. HecmoTpst Ha TO, UTO ke OmyOIMKOBAHO MHOKECTBO PadOT, MOCBSIIEHHBIX
W3YYEHUIO BIUSHUS O0Jy4EHHOCT U MHTEHCUBHOCTH MepeMelINBaHUsI Ha POAYKTUBHOCTh (DOTOCHH-
Te3UPYIOIIUX KJIETOK [Bitog et al., 2014; Wang, You, 2013; Ye et al., 2018a, b; Xu et al., 2020], Bonipoc
O TIOBBIIIEHUH YPOXKasi B ONTUYECKH TUIOTHBIX KYJIbTYpax MyTEM YBEIMYEHUsI MHTEHCUBHOCTH 3aKPYTKU
U, KaK CJI/ICTBHE, CKOPOCTH 3aKPYyUEHHOTO MOTOKA OCTAETCS OTKPBITHIM.

Llesns maHHOW pabOTBI — WCCJIEIOBATh HAKOMUTEIbHBIE KYJIbTYphl HU3IMIMX (hOTOTPOGOB B yCIIO-
BUSIX KPUTHUYECKOM WHTEHCMBHOCTU 3aKpPYYEHHBIX TOTOKOB MpPU PA3JIMYHON BEJIMYMHE pabouero
c710s1 (ONTUYECKOH TOJIIMHE KYJIbTYPBI).

MATEPHUAJI 1 METO/1bI

HccnenoBanust mpoBOAWIM Ha 6a3e 1adopaToOpuu NEePCIIeKTUBHBIX SHEProd((PeKTUBHBIX TEXHOJIO-
ruit HoBocuOupckoro rocyaapctBeHHoro yausepcutera (HoBocubupcek). M3yvanm aaproiorndecky um-
CTYIO KYJIbTYpY LIMaHOOaKTepuil Arthrospira (Spirulina) platensis (Nordstedt) Gomont (tutamm IBSS-
31), nony4eHHyI0 U3 KOJUIEKIIUM KyJIbTyp MUKpoBogopociei u nuaHoOakrepuii B LIKIT «Konnekus
ruapoduonToB Muposoro okeana» ®UILL MHBIOM (Cepactonosb). [Ijisi MHTEHCUBHOTO KYJIbTHBHPO-
BaHUs IMAaHOOAKTEPUIl UCIIOJIL30BAJIM MTUTATENIBHYIO cpeqy 3appyka [Zarrouk, 1966] cinenyromero co-
craBa (r-1!): NaHCO; — 16,8; NaNO; — 2,5; KH,PO, x 2H,0 — 0,66; K,SO, — 1,0; NaCl —
1,0; Na,EDTA — 0,08; FeSO, x 7TH,0 — 0,01; CaCl, — 0,04; MgSO, x 7H,O0 — 0,2; H;BO; —
2,86 x 1073; MnCl, x 4H,0 — 1,81 x 10~%; ZnSO, x 7H,0 — 0,222 x 1073; CuSO, x 5H,0 —
0,079 x 1073; MoO; — 0,015 x 107; NH,VO; — 0,02296 x 1073; Co(NO;), x 6H,0 —
0,04398 x 107%; K,Cr,(SO,), x 24H,0 — 0,0960 x 107*; NiSO, x 7H,0 — 0,04785 x 1073,
Na,WO, x 2H,0 — 0,01794 x 1073; Ti,(SO,); — 0,0960 x 107>, [utatensHyl0 cpeay roTOBUIA
Ha JUCTWUTMPOBaHHOM Bojie. i1 moaaepxanus moctostHHoro ypoBHs pH (8,4) B KyJIbTypy JOOABIISIH
CO, u3 6aona nocpeactsoM pH-koHTpoOILIEpa.

Bce paGoThl MPOBOAMIIM C aJaNITUPOBAHHOM K YCJIOBHSM SKCHEpHMEHTa KylbTypoil B AByXx ®BP
BuxpeBoro tuna. Korcrpykiuss ®BP-1 npejacrapisia coboi MATMHAPUIECKUI KOHTEHHED C TMOrpy-
’KEHHBIM BpallalolMMcsl AUCKOM paauyca R; = 145 mM. Bpamarommiicss TUcKk reHepupoBaji BHYT-
pU CYCHEH3UH 3aKpy4YeHHbIe NMOTOKH, KOTOpPbIE MO3BOJISIM MCKJIOUMTh 3aCTOMHBIE 30HBI B padodyeM
oO0béme. [l1s1 reHepanu BUxpeBoro jaBukeHus1 y ®BP-2 Hax cycnensumeil co3naBacsl 3aKpydYeHHbIN
MOTOK BO3/yXa IMyTEM BpalleHus JOMAaTOYHOrO Kojeca (akTuBaTtopa). B pesymbraTe 0Opasyommuii-
Csl HaJl CyCIIeH3Mel BHXPb 3a CUET TPEHUSA BO3/yXa O MOBEPXHOCTh pasjesa a3 U pa3sHULbI JaBiie-
HUS Mexay nepudepueil U LEHTPOM Ta30BO3YIIHOIO BUXPsS BOBJEKaJ CYCIIEH3MIO0 KJIETOK Ha Ipa-
HMLIE pa3jesia B TaHI€HIMAJIbHOE [BIKEHHE W T€HEpUpOBal BO BCEM paboyeM OObEME 3aKpyueH-
Hble MEpHIMOHAJbHBIE TMOTOKH, BOCXOJSIIME BOIM3M OCH M HHUCXOJsIIME Ha mepudepuu peaxto-
pa [Naumov et al., 2023b]. Ins cradwimmzanuu noBepxHocTy pasaena ¢a3 B OPBP-2 ucnons3oBa-
M cBOOOJHO TUIaBaomlyio maidy (puc. 1). Pamuyc maiiosr R, = 76 MM, paaumyc oTBepCcTHs B IIaid-
oe 1, = 16 mm. Ckropocts BpamieHus maiiosl y ®B5P-1 u aktuatopa y PBP-2 Ha mpoTsikeHUH Ha-
KOIUTEJIBHOTO KYJbTUBUPOBAHMS OblIa MOCTOSIHHOM U ONpejesila UHTEHCUBHOCTh NepeMeIMBaHuUs
KYJIbTYPHI.

Mopckoii 6uonornyeckuii xkypHai 2025 Tom 10 Ne 1



KpI/ITI/ILICCKaH HWHTCHCUBHOCTD 3dKPYUYCHHBLIX [IOTOKOB CYCIIEH3UHN U IIPOAYKTUBHOCTG. .. 23

Puc. 1. Cxema razoBuxpeBoro 6uopeaktopa (A); mockas maiida (B). Ha cxeme: 1 — nosioxxeHue naTuuka
pH; 2 — Touka Beoza CO, B CycneH3uIo; 3 — UCTOYHUK U3JLy4YeHMUs]

Fig. 1. Schematic diagram of gas-vortex bioreactor (A); flat washer (B). In the diagram: 1, pH sensor position;
2, point of CO, injection into the suspension; 3, radiation source

HccnenoBanusi mpoOBOAUIM TIPU TOCTOSTHHOM TeMIepaType U MOCTOSTHHOM KPYIJIOCYyTOYHOM OCBe-
meHny. B KauecTBe MCTOUHMKA OCBelleHHs ucrosb3oBain Oesbie ceetoguoasl CRI90 3000K, koto-
pble BO BCeX IKCIIepUMeHTax Ha padouert nmopepxHoctd PBP co3naBaim oanHAKOBYIO 00y4EHHOCTh —
20 Br-m~2. O61yuEéHHOCTb PACCUMTBIBAIIH, MCIIONB3ys MOKa3aHus mokcmerpa FO-116, crektp oTHO-
CUTEJIbHOW BUIHOCTH M CHEKTPaJIbHbIE XapaKTEPUCTUKU CBETOAUOJIOB, MPEIOCTABIEHHbIE POU3BOIM-
teneM [['eBopruz, Manaxos, 2018]. B skcnepumente Ne 1 B ®BP-1 paGouwnii cnoii h; cocrapiusn
150 mm (06bEM cycniensuu V, = 39,6 1), a yactoTta BpaieHus aucka — 3,4 ' (o, = 204 06.-muH" ).
MakcumanbHast (KpUTU4ecKasi) CKOPOCTb JIBUKEHUS CYCIICH3UM B 3aKPyUYeHHBIX MOTOKAX ObUIA IOJI0-
OpaHa TakuM 0Opa3oM, YTOOBI I'paHMIIA pa3zeia a3 He Kojiebanach M He J1e(pOpMHPOBAJIACh, TO €CTh
9YToOBl padOUMii CJIOW MO BCEM HAIPABJICHUSM OCTABAJICS HEU3MEHHBIM. B yCIIOBHSX IKCIepUMeH-
Ta Ne 1 3HayeHHMe OKDYXKHOW CKOPOCTH JBMXKeHHA vV, cocTapsno 3,10 m-c™!. Vcmosus skcnepu-
MeHTa Ne 2 ObUTM aHAJIOTHUYHBI, 32 UCKJIIOUEHHEM TOTo, YTo pabouuii clioi ObLT yMEHbIIeH B 3 pasa,
10 h, =50 mm (V, = 13,2 1), a yacrora Bpamenus aucka — B 10 pa3, 10 0,34 I'y (o, = 20,4 06.-MuH"1),
TIPM 3TOM OKPY’KHast CKOPOCTh v, cocTaniisna 0,31 M-c™!. B skcniepumente Ne 3 B ®BP-2 pa6ouwii ciioit
h; cocrasisan 105 mm (V5 = 2,7 1), yacrora Bpamenus akrusatopa — 1200 00.-MHMH "', yacToTa Bpa-
meHus manosr — 0,88 I' (w5 = 52,8 00.-MuH"!). MakcuMaibHOE 3HAYeHHE OKPYKHOU CKOPOCTH V3
npu Takom pexume — 0,42 m-c!. VenoBus skcriepumenta Ne 4 ObUIM aHAIOTHYHBI YCJOBUAM KCIIe-
pumenTa Ne 3, 3a UCKJIIOUEHHEM TOro, uTo padouwnii cioit h, coctansn 50 mm (V, = 1,27 1), a yacrora
BpallleHs aKTUBaTopa OblIa yMeHbineHa 10 15 I (900 06.-mMun™!); Kak cecTBIe, YacTOTa BpaIleHus
maitosl cHrsmnack 10 0,7 I'm (w, = 42 06.-MuH"!). MakcumasibHOE 3HAYeHUE OKPY’KHOU CKOPOCTH V4
TIpM TaKOM pexuMe coctaBuio 0,33 m-c™!.

B TeueHue Bcero akcriepuMeHTa B KyJIbType €KeTHEBHO OMpeIesii OMoMaccy mMyTéM U3MepeHHs
ocabNeHusl CBETOBOTO MOTOKA Ha JUTMHE BOJMHBI 750 HM CJI0eM CYCIIEH3MH KJIETOK C IMOMOIIbI0 KOH-
neHTpauroHHoro gorokonopumerpa KOK-2 (T,5y, %; KioBeTa 5 MM) ¢ NMOCIELYIOIUM IEPEXOI0M
K ONTHYECKON mioTHOCTH Dysy = —Ig (T;5,/100) u k Guomacce B = Djsy % 0,85 (re.m-mt) [Te-
Bopru3z u ap., 2005]. CpenHekBagpaTHUECKOE OTKJIOHEHHWE W3MEPEHUH IUIOTHOCTH KYJBTYpbI
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BO BCeX 3KcrepuMmeHTax He mnpepbiuano 0,02 rc.m.n!. MakcHMajibHYIO MPOIYKTHBHOCTb KYJIb-
TYpbl PACCUUTHIBAIM [UIs1 JIMHEMHOTO YYacTKa HAKOIMUTEJIbHOW KPHUBOM, HCIOJb3Ys Cleayloliee
BbIpaKEHUE:

B(t)y=P, x(t—t;,)+ By,

rie B — Guomacca, re. M.

P, — MakcuMasbHas IIPOAYKTUBHOCTD, I C. M. ! -cyT_l);

t — BpeMs, CyT;

t; — HavaJbHBIII MOMEHT BPEMEHHU JIMHEMHOIO y4acTKa HaKOIUTEJIbHON KPUBOH, CYT;
B; — 6uomacca B MOMEHT BPEMEHH t; .

PE3VIJIbTATHI 1 OBCYKJIEHNE

B ontuuecky MIOTHBIX KyJIbTypax KM3-3a TEMHOBOTO JIBIXaHUSI M PACXOAOB HA MOJAEPKAHUE CTPYK-
TYpbI Bceria HaOJTioJaeTcsl CHUKeHUe MPOAyKTUBHOCTU [ ABcusiH, Jlenekos, 2020; Torzillo et al., 1991].
BBuny nByxcraguiiHOCTH ripotiecca (hOTOCMHTE3a MOKHO MPEIIOJIOKUTD, UTO yBEJIMUeHNEe UHTEHCUBHO-
CTH TIepeMEIIMBaHKS YMEHBIIMT BpeMsl HaXOKICHUS KJIETOK B CJIOSIX ¢ 00 TyYEHHOCTBIO HUKE KOMITCH-
CalIMOHHOTO IMyHKTa (POTOCHMHTE3a, YTO MPUBEAET K POCTY MPOAYKTUBHOCTH. DTO MO3BOJUT NOBBICUTh
ypoxkaii B mpoMblluieHHbIX PBP ¢ 60bImM pabourm cioem.

Bo MHOrux 3KCHepUMEHTAJIbHBIX KCCIIEIOBAaHUSX TMOKA3aHO, YTO CBETOBbIE YCJOBUS KYJIbTUBU-
POBaHUS SABJISIOTCSA BEOYIIMM (PAKTOPOM, ONPEIEIISIONIMM NPOAYKTUBHOCTh KYJbTYpbl [ABcusH, Jle-
nekoB, 2020; JlenexkoB u ap., 2020; Tpenkenury u ap., 1981], npuyéM BakHa HE TOJBKO MOBEPX-
HOCTHasi OOJTy4E€HHOCTh, HO U pacrpe/ie/ieHue SHepruu M3MydeHUsl BHYTPU CyCIieH3uM KJeTok [Ho-
BuKOBa, 2017; Qiang et al., 1998], 4ro B 3HAYUTEILHOUN CTENEHU OIpeAesseTCs TeKylleld IUIOTHO-
cthio KyJbTYphl [Richmond, 2000]. [Ins CBETOIMMUTUPOBAHHBIX KYJbTYP BEJIWYMHA MPOTYKTUBHO-
CTH, KaK MPaBUJIO, 3aBUCUT OT OOMYYEHHOCTH JIMHEWHO; HarpuMep, Uisi A. platensis TUHEWHOCTb OT-
MeueHa npu 5-30 Br-M~2 [JlesekoB u ap., 2020]. Mexnay Tem A UHTEHCUBHO I€peMelIBaIOLIUX-
cs KYJIbTYp 9Ta 3aKOHOMEPHOCTh HabmogaeTcs He Beeraa. Tak, mo pe3ysibTaTaM HaIIMX SKCIePUMEH-
TOB (pUC. 2, 3) MOKHO BUJIETh, YTO MHTEHCUBHOCTD IEPEMENIUBAHUS IECTBUTENILHO YBEJIUUMBAET MIPO-
IOYKTUBHOCTB KYJIBTYP, HO He JInHelHO. ClieJoBaTeIbHO, B KICCIIEJOBAHUSIX BIIUSIHUS CBETOBBIX YCIIOBUI
Ha MPOJYKTUBHOCTb HEOOXOJUMO YUUTHIBATh U MHTEHCUBHOCTD NIEpPEMEIIMBAHUS KYJIbTYPBbI.

oo Puc. 2. [luHamMuKa MIOTHOCTH HAKOMMUTETHHON

KYyJIbTYpHl  Arthrospira (Spirulina) platensis
i o © NPy Pa3jiMYHON BEJIMYMHE pPabodero clios
o W WHTEHCHBHOCTH BHXPEBOTO IepeMellnBa-
Hus.  CpefHEeKBaJpaTU4ecKoe  OTKJIOHEHHUe

usMepenuit He Oomee 0,02. 1 — sKcmepu-

ment Ne 1: hy = 150 MM; w; = 204 06.-Mun~';

vy =3,10m-c7!; B, = 0,08 x t — 0,04. 2 — sKcrie-
pumeHT Ne 2: hy = 50 MM; 0, = 20,4 00.-muH"!;

v, =0,31 mc™'; B, = 0,15 x t + 0,05

Fig. 2. Density dynamics of Arthrospira
(Spirulina) platensis batch culture with various
working layer size and vortex mixing inten-
sity. The standard deviation of measurements
does not exceed 0.02. 1, experiment No. 1:
h; = 150 mm; w; = 204 rpm; v; = 3.10 m-s;
B; = 0.08 x t — 0.04. 2, experiment No. 2:
e e s s e B I By B B By B h2=50mm;002=20.4rpm;v2:0.31m-s_l;
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Puc. 3. lnnaMuka naoTHOCTH HAKOIIMTENBHOM KYIbTYpBl Arthrospira (Spirulina) platensis npy pa3amaHOR
BEJIMYMHE pabovero cJosl 1 MHTEHCUBHOCTH BUXPEBOTO NepeMennBanus. CpeiHeKBaIpaTHIecKoe OTKIIOHE-

Hue usmepenuii He 6osee 0,02. 3 — skcriepument Ne 3: hy = 105 MM; w5 = 52,8 06.-Mun~'; v; = 0,42 Mmc™!;

B; = 0,16 x t — 0,01. 4 — skcrepument Ne 4: h, = 50 mm; w, = 42,8 06..Mun~'; v, = 0,33 mc;
B, = 0,15 x t + 0,1. IIpogykTuBHOCTb Ky/IBTYp (Yroi HakyoHa) A. (S.) platensis onMHaKoOBa B yCJIOBHUSIX
Pa3IIMYHOTrO CBETOBOrO O0eCrieyeH sl

Fig. 3. Density dynamics of Arthrospira (Spirulina) platensis batch culture with various working layer size
and vortex mixing intensity. The standard deviation of measurements does not exceed 0.02. 3, experiment

No. 3: h3 =105 mm; w3 = 52.8 rpm; v3 = 0.42 m-s'; B3 =0.08 x t—0.04. 4, experiment No. 4: hy = 50 mm;

4 = 42.8 rpm; v4 = 0.33 m-s™!; By = 0.15 x t + 0.05. The productivity of A. (S.) platensis culture (angle
of inclination) is similar under different light conditions

WHTEeHCHMBHOCTD NEpEeMENIMBAHKSI CYCIIEH3UH KJIETOK BCer/ia orpaHnyeHa Jinoo KoHcTpykimei PBP,
MO0 BUOCTIEIM(PIUECKIMU OCOOEHHOCTSIMHU KYJIbTUBMPYEMBIX KJIeTOK. B wactHocTH, B @BP 1uocko-
NapaJuIeJbHOTO THIA IIPY HEKOTOPOW KPUTHYECKOH BeIWdrHe OapOoTaka BO3Iyxa oOpa3yeTcsi OOMIIb-
Has IeHa, NMpenATCTByIoUas npoueccy Kyjastusuposanus [Ilrosns u ap., 1976; Kubar et al., 2022].
B ®BP tuna «0acceiiH» Mpy HEKOTOPON KPUTHUECKOW CKOPOCTH JABUKEHUSI MEXaHUIECKON MellaKu
U3-32 JIOKAJIbHBIX NEPENajoB JaBJIeHUs U MOBBIIIEHUS TEMIIEPATypbl KyJIbTUBHPYEMbIE KJIETKU MOruda-
10T [Mazzuca Sobczuk et al., 2006]. Knetku MukpoBogopocieil pa3pyluaioTcs pyU UCTIOJIb30BaHUN Ha-
cocos [Jaouen et al., 1999], dpursTpos [Vandanjon et al., 1999] u pazoperusateneii [Garcia Camacho
et al., 2000]. Kpome Toro, oHu MOTyT OBITh MOBPEXIEHBI My3bIPbKAMU Ta3a U BHICOKOW TypOYJIEHTHO-
CTBIO KyJbTypasibHOU cpenpl [Silva et al., 1987]. Ilostomy Ha nmpakTuke UIsl KyJbTUBUPOBAaHUSA (POTO-
CUHTE3UPYIOLIUX MUKPOOPTaHU3MOB NIEPEMELIMBAHUE KYJIbTYPbl OCYIIECTBIISIOT HEAOCTATOYHO AKTUB-
HO, 11pu 3ToM B PBP Gosbiioro o6bpéMa Begymum (hakTopoM, onpeaessionuM MpoayKTUBHOCTD, MTPaK-
THYECKH BCETJa SIBJISIETCS MPOCTPAHCTBEHHAs OONYYEHHOCTh (paboumii croii). 1o HammM JaHHBIM,
HECMOTps1 Ha NPe/Ie/IbHYI0 MHTEHCHBHOCTh BUXPEBOTO MepeMelBaHus cycrnensuu (v, = 3,097 m-c™!)
B cioe h; = 150 MM, NpOAYKTUBHOCTh B HAKOIUTEJILHOM KyJbType Obl1a B 2 pa3 HUXke (CM. puc. 2)
B CPaBHEHMU C TaKOBOH /1l MeHblIero padodero cios (h, = 50 mm, 3h, = h;) u Manoil HHTEHCUBHO-
cti niepemerBanus (v, = 0,3097 m-c™!, 10v, = v,). 3aMeTuM, 4TO MpPU yBEIMUYEHHH PabOYEro CIIos
B 3 pa3za mpoAyKTUBHOCThH BO3pOCia He B 3 pasa, Kak MOKHO OKHJIATh JJIsI CBETOJTMMUTAPOBAHHOM KYJIb-
Typhl, a B 2 paza (P; = 0,08 rc.m.-m-cyr™!, P, = 0,15 re. M- -cyr™!). O6ycnosneHo 310 MMeHHO
yBEJIMYEHUEM MHTEHCUBHOCTH IIEpeMEIIMBaHus cycnieH3uu B 10 pas.

[Ipu MOBBIIEHNN UHTEHCUBHOCTH TIEpEMEIMBAHUS KYJIbTYpbl M U3MEHEHUH Pabodvero ciost MOX-
HO YCTaHOBUTb TaKOW PEXUM KyJIbTUBHPOBAHUS, MPU KOTOPOM yBeJIW4eHHe pabodero ciost B 2 pa-
32 HE U3MEHWT NPOSYKTUBHOCTb KyJbTypbl. Ha puc. 3 mpencrasieHsl JBe HaKOIMUTEJIbHBIE KPUBBIE,
KOTOpBIE XapaKTepU3yIOTCS MPAKTUYECKU OJIMHAKOBOM MPOIyKTMBHOCTBIO (P3 = 0,16 Tc. M. -cyT™!,
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P,=0,15rc.m.-r ' -cy1™!), x0T paGounii cnioit kybTyp oTmuaetcs B 2 pasa (hy = 105 mm, h, = 50 mm,
h; = 2h,). CnenoBateibHO, IpU KyJIbTUBUPOBAaHUM MUKPOBOIOPOC/IEH U LIMAaHOOAKTEPHIA B IIPOMBIII-
JeHHbIX PBP 1714 nonyyeHnss MakCMMabHOTO ypoXkas ¢ y4ETOM 3aTpaT Ha NEPEMEIMBAHUE €MHULIBI
00BEMa CyCrieH3UU He0OXOIMMO YCTaHABIMBATh MAKCUMAJIBHO JOMYCTUMYI0 MHTEHCUBHOCTD TepeMe-
IIMBAHUS KYJIbTYPhl  YBEJIMIMBATH PA0OOUMIA CJIOH 10 HEKOTOPOTO MPeIeIbHOTO 3HAYSHUSI, IIPH KOTO-
POM MPOAYKTUBHOCTb KYJIbTYPbl HE CHUKAaeTCsl. Takoi MoJX0[l OHO3HAYHO MO3BOJIUT MOBBICUTh ypO-
*kai, 0COOEHHO TPH MTPOMBIIICHHOM BBIPAIIMBAHUY (DOTOCUHTE3NPYIOIINX MUKPOOPTaHU3MOB B yCJIO-
BUSIX €CTECTBEHHOI'O OCBEIIEHHUS (B YACTHOCTH, B pallOHaX C HU3KUM MPUTOKOM COJTHEUHOU pagualiin),
a Tak’Ke MPU BBIPALIMBAHNUN B OCEHHE-3UMHMI nepuo [Yekymkun u gp., 2022].

3akmouenne. Hapsity co CBeTOBBIMM YCTIOBUSIMU, BaXKHBIM (DAKTOPOM, OIPEEIISIIONTIM MTPOIYK-
THBHOCTH KYJIbTYPbl MHKPOBOIOPOCIIEH U IMaHOOAKTEepHH, SIBIISIETCS e€ MepeMenInBanue. DToT (ak-
TOp OCOOEHHO MpOsIBIsieT ceOsl PU yBeIMYeHUuH padbodero oobéMa u pabodero cjosi CyCreH3uu KJiie-
TOK B MPOMBIIUIEHHBIX (poToOMOpeakTopax. [ToBbillleHne NHTEHCUBHOCTH TIepEeMENIMBAHUS KYJIbTYPbI
J0 HEKOTOPBIX KPUTUUECKUX 3HAUEHUI MTO3BOJIUT JOCTUYb MAKCUMaJIbHOU BEJIMUMHBI ypOsKast IpU (PUK-
CHUPOBAHHBIX 3HAYEHUSX 00Ny4dEHHOCTU. Ha ceromHsAHnA JeHb TeopeTUIecKre MpeCcTaBIeHus O Tie-
peMermuBaHuM (DOTOCHHTE3UPYIOIINX KJIETOK B KYJIbTYpe Pa3BUTHI C1a00, MOITOMY ISl YIIPaBJICHUS
MpoIlecCaMK POCTa W UIsL TIOMCKA ONTUMAJIbHBIX pEIleHUH HEOOXOAUMO TOCTPOeHUE Mojesel cyo-
CTPaT3aBUCUMOIO POCTa B YCJIOBUSIX BO3AEWUCTBUSA JBYX (PAKTOPOB — MEepeMENIMBaHUsA U CBETOBOIO
obecredyeHust KJIeTOK. DTO JOCTATOYHO CIIOKHAS MEXIUCHUIUIMHAPHAS 3a/1a4a, KOTopasi TpeOyeT BBe-
JeHUsI HOBBIX KOJIMYECTBEHHBIX KPUTEPHEB, MO3BOJISIIOIINX CPABHUBATH Pa3HBIE CIIOCOOBI IepeMelInBa-
HUS B pa3/IMYHBIX KOHCTPYKIMAX (hOTOOMOPEAKTOPOB, a Takke (POPMaIbHO OIIEHUBATh MHTCHCUBHOCTD
riepeMelIMBaHusl CYCIIeH3UH KJIETOK B padodeM oObEMe.

Paboma evinoanena 6 pamxax zocyoapcmeennoeo 3adarus PUL] UnBIOM no meme «Komnaexcroe uccae-
008aHUe MEXAHUBMO8 PYHKUUOHUPOBAHUS MOPCKUX OUOMEXHON0ZUMECKUX KOMNAEKCO8 C UeAbl0 NOAYUeHUs: OUO-
N02UMeCKU AKMUBHBIX euyecmas U3 2udpoouonmos» (Ne zoc. pezucmpayuu 124022400152-1), a makoice npu noo-
Oepoicke PH®D, eparnm Ne 24-19-00233 «HUnmencugurxayust nepememusaniisi 8 8UXpesbix peaxmopax ons ouo-,
XUMUUECKUX U dHepeemuueckux mexnonozuil» (hitps://rscf.ru/project/24-19-00233/).
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CRITICAL INTENSITY OF SWIRLING FLOWS OF A SUSPENSION
AND PRODUCTIVITY IN BATCH CULTURE
OF ARTHROSPIRA (SPIRULINA) PLATENSIS
UNDER DIFFERENT LIGHT CONDITIONS

R. Gevorgiz!?, B. Sharifullin®?,
I. Naumov??, and S. Zheleznova'*

'A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
ZNovosibirsk State University, Novosibirsk, Russian Federation
3Kutateladze Institute of Thermophysics of the Siberian Branch of RAS, Novosibirsk, Russian Federation
E-mail: r.gevorgiz@yandex.ru

The paper provides results of the experimental study of batch cultures of Arthrospira (Spirulina) platen-
sis under conditions of critical intensity of swirling flows at different size of the working layer (the op-
tical path). As shown, despite a 10-fold increase in the intensity of vortex mixing, the productivity
of the culture decreased by 2 times, when the working layer rose by 3 times. Notably, for photosynthetic
microorganisms, the key factor determining the productivity in the culture is the spatial irradiation in-
side cell suspension (the working layer) but with the intensity of suspension stirring taken into account.
The conditions of cultivation of photosynthetic cells under which the working layer differs by 2 times,
but the productivity in the culture remains the same, are experimentally demonstrated.

Keywords: vortex mixing, spirulina, photobioreactor
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Bo BcéM Mupe perucTpupyioT HOBbIE NMPOSIBJACHUS CHHAHTPOIHBIX TEHIEHLIMI Y pa3HbIX BUJIOB ITHII.
B maHHOI paboTe ormycaHo MOsIBJIeHHEe MOEBOK B ropoige Mypmancke. [IpoBeneHo HaOmoaeHue
3a BriepBole cchopmupoBaHHbEIM B 2020 T. MapIIpyToM JIeTHEW CYTOYHON Murpartiu Rissa tridactyla
yepe3 neHTp MypMaHcCKa, Iie 9TOT BUJL paHee He Bcrpevanu. OnpeiesieHbl HEKOTOpBle 0COOEHHOCTH
npoJjéra B nepsbii (2020 r.) u BTopoil rox (2021 r.) cyliecTBOBaHUsI MapUIpyTa. YCTaHOBJIEHA HpU-
OJM3UTENbHAS YMCIIEHHOCTD MposeTaoiux ntul — a0 1500 ocobeii B cytku. [osiBneHue sToro Buaa
AKTMBHOCTH MTHIl MOKHO CUMTaTh NEPBBIM 3TAIlOM B OCBOEHUY MOEBKOM JKMJION YacTH ropofa.

KuaroueBnble ciioBa: MoeBka, Rissa tridactyla, ropon, o3epo

['opojckue sKocucTeMbl BpeMs OT BpEMEHH MOJIBEPraloTcsi BO3AEUCTBUIO (DaKTOPOB, 00YCIOBIIMBA-
IOLMX U3MEHEHM S KaK BUI0BOTI'O COCTaBa KMBOTHBIX, TaK U IeMOrpapUuecKuX Moka3aTesien OTAEIbHbIX
BU10B. KoJuecTBo BUIOB B ropojiax U3MEHSIETCs, IPUYEM B TIOC/IEIHEE BPEMsI 4acTO B CTOPOHY yBe-
ymaenns [Kpacrobaes, Koncrantunos, 2008; ITogonsckuii, Jlodades, 2016]. Bo3aMoXHO, B HEKOTOPOM
CTETEeHU ITO MPOUCXOAUT MO MPUYMHE CTAPEHUs TOPOJCKUX IKOCHCTEM, TaK KaK «B JIOOOM OUOIIEHO-
3e OTMeYaeTcsl TeHACHIUS K MOCTENIEHHOMY YBEIMYEHUI0 OOraTCTBa BUAAMU» M «CTapble OMOIIEHO3HI,
KaK mpaBuio, Oborade Mosiosix» [Ilaxo, 1975]. BenenctBue pa3HbIX OOCTOATENLCTB O/THU BUJIBI MOTYT
BIIEpBbIE TIOSIBIIATHCS B OMOIEHO3€e, a ApYIrve, paHee B HEM MPHCYTCTBOBABIIME, MOTYT MEHSATh CBOU
cratyc npeObiBanusl. CHHYpOW3aysi BUJIOB — IPOIIECC OCBOCHUsI KMBOTHBIMH TOPOJIOB — JUTUTCS
yxe 6osee 100 set, v oTneIbHbIE BUIbI UMEIOT CBOIO UCTOPUIO TIOCTENIEHHOU a1l Tallii K TOPOJCKOMY
JangmadTy B reorpapuueckoM npocTpaHcTBe U BO BpeMeHnH [Luniak, 2004].

JlaHHOE COOOIIeHNe OMKCHIBAET IMOSIBJICHUE MapIIpyTa MepeMeleHrs] MOPCKOW MTHIIbI, MOEBKU
Rissa tridactyla (Linnaeus, 1758), Hax &wisiMy KBapTajgamu ropojga MypmaHcka. MapiipyT exenHeB-
HOT'O JIETHETO TPOJIETa NITHUI], KOTOPHIX TssHETCs1 0T KosbcKoro 3amBa (€CTECTBEHHOM CTAIl OOUTAHUS
BHU/Ia) 10 IPECHOBOIHOTO 03epa bosbIioe u mpoxoaut yepe3 LeHTp MypMaHCKa, XapaKTepu3YIOLIHics
TMOBBIIIIEHHOW MHTEHCUBHOCTBHIO TPAHCIIOPTHOTO U MENIEXOAHOTO MOTOKA, ObUT BIiepBble chOpMUPOBAH
B 2020 r. 1 COXpaHWIICA B NIOCJIEAYIOIINE TOMbI.

AKTYaJIbHOCTh JaHHOH pa0OThl COCTOMT B TOM, YTO OHAa Ja&€T MH(OPMALMIO O MEPBOM MOsIBIIe-
HUU R. tridactyla B xunbx paiioHax MypMaHCKa, 9TO MOXET ObITh HAUaIbHOH CTaJuell CHHY pOu3aIu
3TOro BU/A.

Llenpio paboTHl OBUIO OMHUCATh BIEPBble CHOPMUPOBAHHBIA MAapIIPYT €XKEIHEBHOW JIeTHEN
murpauuu Rissa tridactyla yepe3 neHtp ropoga Mypmascka.
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MATEPUAJI 1 METO/IbI

HaOmonenuss 3a mposi€ToM MNPOBOAWIM C MNEIMX JIMHEMHBIX MapLIPyTOB U C TOCTOSIHHO-
ro CTallMOHAPHOTO HAOMIOJATEbHOrO MyHKTa (puic. 1); WCMOJBb30BaIM OWHOKIL C 12-KpaTHBIM
YBEJIMYEHUEM.
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Puc. 1. Cxema MapipyToB HaOMOJEHUI U TPAeKTOpUs PoeTa Rissa tridactyla Hap ropogoM MypMaHCKOM:
1, 2 — KpaiiHUe TOUKU MapIIPYTHBIX YUYETOB; 3 — MapIIpPyThl y4€Ta; 4 — CTAMOHAPHBIN HAOIIOATebHBINA
MYHKT; 5 — y4aCTKM MapIIpyTa, Ha KOTOPbIX HAOTI0aIMCh MOEBKH, Oe3 (PUKCAIIMH IITUPUHBI TIOJIOCHI ITPOJIE-
Ta; 6, 7 — y4acTKy MaplIpyTa, Ha KOTOPBIX HAOJIIOAAIMCH MOEBKH, C (PHKCALIMEH IIMPUHBI OJIOCH IPOJIETA;
8 — KpyTOii 00pBIB; 9 — MPUMEPHBIE IPAHMIIBI ITOJIOCH TPOJIETA

Fig. 1. Scheme of observation routes and trajectory of Rissa tridactyla flight over Murmansk: 1, 2, extreme
points of the observation routes; 3, the observation routes; 4, stationary observation point; 5, route areas
where the kittiwake was observed, with no fixing of the flyway width; 6, 7, route areas where the kittiwake
was observed, with fixing of the flyway width; 8, steep clift; 9, approximate borders of the flyway
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Ha mapupyrax ¢pukcupoBaay MecTa nepemMeleHus NTHLL [0 TOpoLy WK ux oTcyTcrBre. OTaes-
Hble MapuIpyThl (OTpe3KkH Mexay Toukamu 1-28 Ha puc. 1) umenn aauny ot 200 o 2000 M, a koJu-
YeCTBO YUETOB B I'0OJl COCTABJIAIO0 OT 2 10 440. Ob11as AJIMHa MapIIPYTHBIX YUETOB 3a ABa roja Halo-
nennii — okoJio 2300 kM. Co cTalMoOHapHOTO HAOMIONATEILHOTO IMyHKTA YYET YUCIEHHOCTH MPOJIETa
MOEBOK HaJl TOpoJIOM ITPoBOAWIHN B Tiepuos ¢ 16 uons no 8 aBrycra 2020 r. u ¢ 14 wutons no 6 apry-
cta 2021 r. BuzyasibHO Y4ETOM OXBaThIBAIM BCIO IIMPHUHY MOJIOCH IIepeMEIeH s TUll. Bbut mpoBeiéH
pAn 30-MUHYTHBIX YYETOB B pa3Hoe BpeMs cyTok (B nepuon ¢ 7:00 no 21:00). Onpenensinu konuye-
CTBO NTHULl B IPOJIETAIOIIUX I'PYMIaxX, HAPABJICHUE U BBICOTY MX MOJIETA. BbicoTy mosi€ra oneHUBaIm
I71a30MEPHO OTHOCHUTEJILHO M3BECTHOM BBICOTHI PACIOJIOKEHHBIX psAAoM 3aaHuid. IlorogHsie yciaoBus
CYIIECTBEHHO HE pa3nYajvCh: B JHM HAOJIOACHWI CpeJjHee 3HAaUeHHe TeMIIEpaTyphl BO3/1yXa COCTaB-
ns110 B 2021 11 2022 1. +16 1 +17 °C cOOTBETCTBEHHO, CPeIHSISI CKOPOCTh BeTpa B 00a roga — 4 m-c,

OcazkoB He OBUIO.

AmNIpoKkcuMalysi CyTOYHOW IUIOTHOCTU ToToKa R. ftridactyla HOpManbHBIM pacripejie/ieHueM
1 OIIeHKa 0OIIell YUCTIEHHOCTH MOEBOK, JIETSAIIUX Ha 03€PO, BBHITOJIHEHHI 10 (popMyJie:

2 = 1 ox —(ac—a)2
f(x) = o p 52 :

rJe X — rnepeMeHHas (Bpems, 4);
a — cpeiHee, WM MaTeMaTUYeCKOe OXKUJaHNe, AJIA X;
0 — CTaHAAPTHOE OTKJIOHEHHUE IJIS X.

[Tpenmnonaras, 4To 3TU JBE KPUBBIE JOCTATOYHO OJIM3KH, OMpPEesid OOIIYI0 YUCISHHOCTh MTHII,
JeTSImuyX Ha o3epo bobinoe; ajist pacuéroB ucnosb3oaiu nporpammy MS Office Excel. Mensist napa-
METPBI a ¥ ¢, MOJKHO MAaKCUMAJIbHO OJIM3KO alllPOKCHMUPOBATH Pe3y/IbTaThl HAOMIOICHWIA KPUBOW HOP-
MAaJIbHOTO pacripeiesieHHs], Torjia 3HaueHre UHTerpaibHO (PyHKIMU pacnpesaenenus F(X) s x = oo
AacT oOLIyI0 YiCIeHHOCTh N.

PE3VJIbTATDBI

Mapuipyt nepemenienus R. tridactyla nHag MypMaHCKOM B HallpaBJieHUU OT akBatopuu Kosibckoro
3a/MBa JI0 03epa U 0OpaTHO HpoJieray Haj LEeHTPAIBbHON YacTblo TOPO/ia, Ile aKTUBHOCTh TPAHCHOPTA
MakcrMasbHa. [llupunaa noroka nrun cocrasisuia okoso 300 M (eM. puc. 1). [Ipu 3T0M NTHLIBL JIETETN
He I10 IPSMOIA: Ha BTOPOM MOJIOBUHE MapIIpyTa OHM OTMOAJIN COIIKY C BBICOTHBIMH JOMAaMU.

Koneunas niesis nepeniéra — o3epo bosblioe, pacnionoxenHoe B 3,7 KM oT 3ayiiBa U B 0,8 KM OT Ku-
JIoro paiiona ropona. Bommsu BoctouHoro OGepera ozepa npoxoaut Boctouno-O6be3aHas qopora, xa-
PaKTepU3yIIAsCs MOCTOSIHHBIM IIOTOKOM aBTOTpaHCIOpTa. B mHeBHOE BpeMs B Mepuo]] HaOJI0AeHHI
Ha MOBEpXHOCTH 03epa bosboe otmedanu okosio 200-300 moeBok. [1pu 3TOM NTUIBI TPOUTHOPUPOBA-
JI1 MEeHblIlee 1Mo pazMepy o3epo [IuTbeBoe, KoTopoe HAXOAUTCS MO TPAEKTOPUEH UX MPOJIETA U PaCIio-
naraetcst Ha paccrosiuuu 0,2 km ot o3epa bosbioe. Kpome toro, B utonie 2020 u 2021 rr. HeoagHo-
KpaTHO ObutM 0OCeioBaHbl 03¢pa CeMEHOBCKOe U JlegoBoe, HaXoAsIIUecs: B 4epTe ropoja, U Tam
He ObLIO 3aperucTpUpOBaHO HU OHOW R. tridactyla, Kak, BIpoYeM, U B JIETHUE CE30HBI MPEIbIIYIINX
set (¢ 2000 o 2019 r.). B cBsA3M ¢ 9TUM MOKHO KOHCTaTUPOBATh, YTO B MEPUO]] HAOMIOJEHUI UMEHHO
03epo Bombiioe mpuBiIek/io BHUMaHUE MOEBOK B OKPECTHOCTSIX MypMaHCKa.

JlMHAMMKa YMCIIEHHOCTH TPOJICTAIONIUX TITHIl B TeUEHHE JTHS MMeJIa BUJI KOJOKOJ000pa3HOW Kpu-
Bo# (puc. 2). IlepBeix nTHll (pUKCUPOBAIM Ha MposieTe B 9 4, mocnenHux — B 18 4; MUK 4uCleH-
HOCTH TIpuxoAusics Ha mepuofa ¢ 12 no 14 4 u 6bu1 O61M30K K monyaHio 11t Mypmancka (12:56).
[Tuiiel TepemMenaimch o MapuIpyTy IposiETa B 00e CTOPOHBI OTHOBPEMEHHO.
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B 006a roga B HarpaB/ieHHH Ha 03epo BoJibIioe 0TMeYeHO OOJIbIIIE MITHII, YeM B 00paTHOM — Ha KoJ1b-
CKWHii 3aJ11B. BeposATHO, 3TO CBSI3aHO C TEM, YTO MTHUIIbI OPraHU30BAHHO (B CTasIX) HAMPABJISIIOTCS Ha 03¢~
PO, a BO3BPAIAIOTCS B OOJIBIIEN CTENEHH OJMHOYHO W M30MPAIOT [UIA STOrO WHAWBUIYyaJbHBIE MyTH.
ITpu 3TOM (PPOHT MPOJIETA MOKET CTAHOBUTHCS IIMPE, & IUIOTHOCTh MOTOKA MOXKET, COOTBETCTBEHHO,
yMeHbINaThcs. Tak, M0JI OAMHOYHBIX IITHI], BO3BPANIAINIMXCA C 03epa, Obula Oosbine B 2-3 pa3sa,
YeM JI0JIs1 JIETSIIMX Ha 03epo, B 00a roaa.

O TOYKH pC'i},IbIéllL)B
HaOo1eHui

lf\., e TOYKH KPUBOI
\\ HOPMaJIbHOTO
250 R\ \

/| \ pacnpe/esneHus

‘ Puc. 2. Pe3ynbraThl HAOMOEHUIT 32 KOJU-
1/ W\ yectBoM mituil (2020 r.), JeTAIMX HA 03e-

£ 150 1/ b\ po (BepXHss AMarpaMMa) u Ha 3aJIMB (HUX-
; /‘,‘ “ Hsis AMarpaMma), ¥ anrpoKcumarus JIaH-
“ 100 /”,f 1\ HBIX HaOMIONEHWH KPUBON HOPMAIHLHOTO
S 1/ | A® pacnpezesnenvs. TOUKM Ha IITPUXOBOM JIU-
S 50 I/ o\ 8 Hn (O) — pe3yabTaThl HAOMIOAEHUI; TOY-
o ¥ N \\ KM Ha cIuiomHoi ywHun (@) — pac-
2 ot e, MEPEPRRIR R li ~ =  S YETHBIE 3HAYCHUS] KPUBOU HOPMATBHOTO
2 pacripeneeHus
¥ . YK C3YJIbTA
g T Gmonenit Fig. 2. The results of count observations
£ 80 of birds (2020) flying to the lake (upper
é — a— TOUKH KPHBOJi diagram) and to the bay (lower diagram);
o \ B the normal approximation of the observa-
60 / \ 2 tion data. The dots on the dashed line (O)
/] l are results of the observations; the dots
// 1\ on the solid line (@) are calculated values
40 M, LAY of the normal distribution curve
/ | [ h“ \
/] TR \\
20 // 4 \\
/4"" .b
/ \
0 ~,-,-:"1.-’-;‘ . . . - \G’ﬁ‘,»r- +-——© - -
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Bpewmst nHaGmonenus (cpeanee 1 30-MUH. MHTEpBaa), yac

[TyTéM anmpokcuManyy CyTOYHOU TUIOTHOCTH MIOTOKA HOPMAJIbHBIM PacIipeie/IeHUeM JIsl TITHII, Jie-
TAIIMX Ha 03epo, noiydeHo 3HayeHue N = 1005 npu a = 12,50 (coorBerctBYyeT 12:30 McK) u 6 = 1,4.
s ntun, JeTamyx Ha 3auuB, noiaydeHo N = 290 npu a = 13,10 (13:06 mck) u 6 =~ 1,6.

C y4étoMm TOrO, YTO JJIsI BCErO MPOMEXKYTKA BPEMEHU 4acTh NTHII, JETAIUX Ha o3epo bosbiioe,
PErUCTPUPYIOT OJJHOBPEMEHHO C BO3BPAIIAIOIIUMHUCS C HETO, MOKHO TOBOPHTH, UTO OOIIAst YMCTIEHHOCTh
MITHILI, MUTPUPYIOIIMX HA 03epO U 0OPATHO, COCTABIISIET, BEPOATHO, okosio 1200-1500 ocobeii.

Beicota nonéra nuil Haj1 moBepXHOCThIO 3eMI — 10—115 m. CpeaHsisi BIcOTa MOJIETA IOCTOBEPHO
pasnuyanach s AByx jet. Tak, oHa cocraBuna (52,5 £ 2,64) m 8 2020 1. u (40,12 = 1,65) m B 2021 1.,
TO €CTh YMEHbIIIIACh 3a roj B cpeaneM Ha 10 m (P < 0,001). B miepBblil 1o NpsMOJIMHEWHBIA TTPO-
JET K 03epy bouibllioe HEOJHOKPATHO CMEHSLICS Ha KOPOTKOE BpeMsi KpyKeHHeM Ha HeOOJIbIION BbICO-
Te (y 21 % Bcex MTHII, YYTEHHBIX CO CTAIIMOHAPHOTO MyHKTa HaOmoaeHus1). Ha BTopoit ron nogooHoe
MoBe/IeHue oTMeyvanu ropasno pexe (y 1,5 % nrun).

Marine Biological Journal 2025 Vol. 10 No. 1
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OBCYKIEHUE

Hns R. tridactyla cytouHble niepeMelleHns Ha TMPEeCHOBOJHbIE BOJOEMBI B MEPUO] THE3I0BAHUS,
MO-BUMIMOMY, OOBIYHOE SIBJICHHE, XOTS B JIUTepaType OHU IMOYTH He onvcanbl. B 1996 r. B uione —
asrycte A. A. TopsieBa, poBoist T0JIeBbIe padOTHl OT KaHJamaKIIcKoro rocy 1apcTBEHHOTO IPUPOIHO-
ro 3aMoBeJJHUKA B palioHe MTHYbero 0a3zapa Ha Meice KpyTuk (ceBepHoe nodepexbe Koabckoro mosmy-
OCTpOBa), €KeTHEBHO HaboAama ux nepeiaersl Ha HebosbInoe (280 x 140 m) o3epo (69.0849° c. .,
35.5693° B. 1.), HaxoxsIeecs Ha pacctosHuA 1 kKM oT 6a3apa KpyTtuk. Torma MOeBKY exeTHEBHO CO-
BepIIaJv epesIETH ¢ 6a3apa Ha 3TO 03ePO U 0OOPATHO, UTHOPUPYS APYTHE 03€pa, HAXOIAIIHECS PATOM.
[Togo6HbIe MUTpalIii MOEBOK Ha 03€pa ObUii OTMeueHsl U Ha apxunenare [nunodepren. OHu ocyiecTs-
JISJTUCh B JHEBHOE BpeMsl U MPEACTABISLIN COOOM HEMPephIBHBINM MPOJIET HA 03€Pa, HA KOTOPBIX MOEBKH
ckaruBauch crassmu 10 200 ocobeii [MIBanenko, 2012]. TTo muenwio FO. B. Kpacnosa u H. I'. Hukona-
eBoil [ 1998], perysipHOe MoceleHne CTasiMi MOEBOK YCThsl peKM XapJIOoBKa U MPECHBIX 03E€P Ha OCTPO-
Be XapsoB (Bocrounsiii MypmaH) SIBJISI€TCSI BAKHBIM JIEMEHTOM TOBEJIEHUS MTUIL B TIEPUO]T JIMHBKU,
HO HE CBSI3aHO C UX TPO(UYECKON aKTUBHOCTDIO. IIpy 3TOM K YCTBIO pEeKM MOEBKM JBUraloTCs CTaeH,
HAIOMUHAIOIIEH 110 CBOeH (popMe M3BUIIMCTYIO JIGHTY U JOCTUTAIOIIEH MOpol [TMHbI 6oJiee 1 kM. Mexk-
ay Tem B. M. MonecTtoB Ha3bBasl yCThe peku XapJoBKa, IJe HAOII0Jall CKOIJIGHUs 3TUX MTHII, W3-
JIOOJICHHBIM MECTOM UX KOPMJICHHUSI; TaM e OH OOHAPYKUJI IK3EMILISIp MeKou dopenu Salmo trutta
B JKeJlyJKke oiHON MoeBku [MogectoB, 1967]. HecMoTpst Ha TO, YTO MOEBKa LEJIMKOM 3aBUCUT OT KOp-
MOB, JI0OBIBaeMbIX B Mope (pbida, pakooOpa3Hbie U MOJLTIOCKHM) [Benomnonbckuii, 1957], Ha MaTepuko-
BOM NOOEpekbe B COCTAB KOPMOBBIX TEPPUTOPHUI ITUX MTHUI] TAKKE BXOAST YUACTKHU CYIIU, BKIIOYAIO-
mye TyHapoBble 03€pa u peku [Kykimn, 2013]. TIpu nocemmenuu takux 6uorornos R. tridactyla 3apa-
JKAIOTCsI TPECHOBOIHBIMU TEIbMUHTAMHU, UYTO CBUJIETEILCTBYET 00 MX KOPMJICHUU U HA 3TUX BOJIOEMAX
[Kykiun, 2013].

HanpaBneHHblli NONET YaWKOBHIX MTHIl B JUTEpaType OCBEIIEH He oueHb Impoko. H. Tunbep-
red [1974] paznudaet a5 cepeOpUCTON YalKu ClIeIyIOIIMe TUITBl TAKOTO TMOJIETA: MOJET K MECTY HOU-
Jiera, BO3BPAILIEHUE C MOPsI B THE3JIOBYIO KOJIOHUIO, TIOJIET K MecTaM KOpMExKHU. Kak mumer H. Tun-
OepreH, cepeOpUCThIe YalKKM KakI0e YTPO YJIETAl0T ¢ MeCT OOINero Howiera U K Beuepy BO3Bpallia-
1orcd. [1o ero MHEHMI0, MUTpaLysi — 3TO TOJIbKO KPaWHUKM Cy4yail HAallPaBJIEHHOI'O MOJIETA, JIIIb KO-
JIMYECTBEHHO OTIMYAIOLIMICSA OT TaKUX SIBJIEHHI, KaK MOJIET K MECTYy HOYJIera, BO3BpALEHUE C MOPs
B I'HE3/I0BYI0 KOJIOHUIO WM MOJET K MectaM KopMEXKHU. B. P. JlonbHUK B (pyHAAMEHTAIbHOM TpyJe
«MurpanuoHHoe cocTosiHie NTull» [ 1975] BbiIeseT caeaylouye TUTIB IEPeMEeIlieHUI NITHLL: CYTOUHbIE
MUTPAINA MEKLy MECTaMU KOPMEKKH M OT/IbIXa, CMEHA OMOTOIIOB B CBSI3W C M3MEHEHHEM KOJINJIeCTBa
MWW WA TUIOTHOCTH TIOMYJISIIINH, AUCTIEPCHS C LIEJIbI0 PaccesieHHs], THBa3UH KaK cOpOC MOMyJIsIuen
n30bITKa 0coOel 3a Mpefesbl apeaa, peryisipHble ce30HHbIe MUrpauuu. Vicxons u3 kiaccuguKanm
nepesi€roB B. P. JlojbHMKA, MOKHO 3aKJII0OYUTh, YTO B JAHHOM CJIy4Yae Mbl, CKOPEE BCETO, UIMEEM [IEJI0
C «CYTOYHOI MHUTpalMeN MEk/1y MECTaMU KOPMEKKU U OTIbIXax».

MoeBka rHe3uTcsl IUIOTHBIMU KOJIOHHSIMU Ha OTBECHBIX YYaCTKaX cKaJl MOPCKUX OeperoB, 0opaszysi
TaK Ha3bIBaeMble NTUYBK Oazapsl [benononsckuii, 1957].

BriepBbie akt pasmHoxkeHus R. tridactyla B Konbckom 3anuBe ycraHosineH B 1999 r. C tex nop
HeOoJIblIast rHe370Bast KoJoHUs (okousio S0 map B 1999 r.) cymecTBoBajia Ha I1aBy4eM JIOKE Y I0KHBIX
npuyasioB Toprosoro nopra. B 2004 r. e€ uucnenHocts gocturia npumepHo 200 map. B 2000-e rr.
HeOoJIbIIast KOJIOHHUS MOeBOK (50—60 pa3sMHOKaBILIMXCS Map) CyIIECTBOBAIA HA CTEHKAX JI0OKAa BO BHYT-
peHHel raBanu nocénka PociisakoBo (cpeanee kosieHo Kosbekoro 3amuBa). B 2009 r. 10k ObLT PUTOIT-
JIeH, MOEBKH Iepe0paiich Ha MaTePUKOBOE MOOEPekbe raBaHH, Ijie OCHOBaM KosloHmo. Jlerom 2010 .
B Hell pa3MHoO)amuch 75—80 map nTull. MOeBKM pa3MHOXKAIOTCS Takke B HEOOJBIIMX KOJIOHUSX B Ce-
BepHOH yactu Kosbckoro 3anuBa; camas kpynHas (He meHee 100-200 nap) v nocTosiHHasA KOJIOHUS
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HaxoauTcsi Ha BocTouHOM Oepery Ilana-ryObl. JleToM NTHIBI NMEPHOJMYECKU TOSIBIISIOTCS B CEBEp-
Holl yactu Kozbckoro 3anuBa B OOJBIIMX KOJMYECTBaX, Hpeciiefysl KOCSKHA MEJKOH NeJarnyeckou
pbiobl [KpacHos, ['opsies, 2013].

B oTimume ot KpynHBIX Yaek, cepeOpHCTOi 1 MOPCKOW, MHOTO JIET THE3/ASIIMXCS B KUJIbIX KBapTa-
nax ropoga Mypmancka [[opsieBa, 2007, 2013], MOEBKY He PETHCTPHPOBAIIM B CAMOM TFOPOJE M Ha 03€-
pax B ero okpectHoctsix ¢ 1998 r. [Xapnamosa, HoBukos, 2019]. Tlo ganubim A. A. I'opsieBoi,
R. tridactyla vy pa3y He oTMedeHa Ipy nposeeHnu yueToB il B Mypmancke ¢ 2000 no 2019 r. (oko-
70 300 KM MapHIpYTHBIX YYETOB B IO IO KWJIbIM palioHaMm ropoga). Kpome toro, HenmocpeacTBeH-
HO Ha MecTe, rae MOeBKM Obuid oOHapyxkeHbl B 2020 r. (MapumipyT mepeMelleHus MTHLl HaJ LeH-
TpoMm ropoaa), A. A. Tl'opsieBoii exeromHo ¢ 2005 r. B JieTHHE MeCsIbl MPOBOAWIVCH HAOJIOJCHUS
3a THe3[AIIMMUCS CepeOpUCTHIMU YalikaMHM; 371eCh MOEBOK paHee He perucTpupoBaiu. BeposTHo, pas-
MHOxeHue R. tridactyla ¢ xonna 1990-x rr. Ha Geperax KosibcKoro 3ajiMBa, UCHBITHIBAIOIIETO 3HAYM-
TEJIbHYI0 QHTPOIIOTEHHYI0 Harpy3Ky, K 2020 r. mpuBejo K TOMY, YTO NTHULbI CMOIJIM NIEPEMEIAThCS
Hag MypMaHCKOM.

CuHaHTpOIHbIE TEHJEHIMY B MIOBEICHUH MOEBKM OTMEYEHBI JaJeKo He Be3je. B nmureparype Het
YIOMUHAHUS O IPUCYTCTBUM 9TOTO BU/IA B KMJIBIX PAlOHAX POCCUICKUX rOpoI0B. B 3apyOeskHbIX IMyOJIH-
KalMsax cooOIIaeTcs O Cllyvasix THe310BaHusI MOEBOK B ropojax BenmkoOpurtanuu u Hoperuu [Nilsen,
2020; Turner, 2010].

CoueraHue HUCMOJIL30BAHUSA MOEBKAMU TEXHUYECKUX COOPYKEHUH C LIeJIbl0 THE3/10BaHUSA (CUHAH-
TpONU3alMsi) U OJHOBPEMEHHOIO MPHUCYTCTBUSA 3TUX NTHUI] HAa MPECHOBOJHBIX BOJOEMAx OIMCAHO
niia okpectHocter peku TaiH (Cesepo-Bocrounaa Anrus) [Coulson, MacDonald, 1962; Temperley,
1951; Turner, 2010]. MoeBku He BcTpevaauch Ha peke TaiiH 1o 1951 r., a B TOT rog Tam Obl1a OTMEUeHa
onuHoyHas ntuua [Temperley, 1951]. 3a nocneayiomue 10 et cutyarys 3HaYUMTEIbHO U3MEHUJIACH,
u K 1961 r. R. tridactyla MOXHO OBIJIO 3aMETHTh MOYTH €XKEJTHEBHO ¢ (peBpasisi IO MIOHb B Tpejiesax
BUJIMMOCTU MOcTa yepe3 peky TaitH. B 3ToT nepuo G0IbIIMHCTBO MOEBOK, KOTOPBIX BUAEH B PEKE,
MCKaJIM TaM MUIIy ¥ coOMpasy e€ ¢ moBepXHOCTH BoAbl Ha miaBy [Coulson, MacDonald, 1962]. Kpome
TOT'0, NTUILIBI CKAIUIMBAJINCH JUIs1 KOPMJIEHUS y KaHAIM3ALMOHHBIX CTOKOB. B Te e roisl Ha MpecHo-
BojiHOM peke JlepyaHT (17 KM OT MOPCKOTo IoOepesxbst AHIJIMU BIITyOb MaTepUKa), Briajamomiei B TaiiH,
MOEBKY ITUTAJIMCh TIOYTH UCKTIOYUTENILHO PHIOOM, KOTOpasi JOCTUTaIa ITUHBI 6 TroiMoB (15 cM) (e€ Bua
omnpenenéH ue 6bu1). [To [Coulson, MacDonald, 1962], MmoeBKH 0OBIYHO U30€TaloT MOJIETOB HAJl CyIIeH,
32 UCKJIIDYEHUEM TeX CITyYaeB, KOorja cCoOMpaloTCsl UCKYNaThCs B IPECHOW BOJIE MJIM — B YCJIOBHAX Bbico-
KOI APKTHUKM — KOI/Ia IyTEIIECTBYIOT K BHYyTPEHHUM 'HE3JJ0BBIM yTécaM 1 00paTHo. K 1961 1. MoeBkU
CTaJIM Tocenarh MpecHoBoaHoe 03epo B napke Cayr-Illunaca (ropox Ha mpaBom Oepery peku TaiiH).
IlepBoHauaIbHO OHU MPUJIETATN HA 03€PO UCKITIOUUTENILHO KYIIaThCsl, HO Yepes S JIeT Hayail KOPMHUTb-
¢ TaM XJ1e00M, OpOIIIEHHBIM APYTMM MTUIIAM — O3E6pHOM varike Larus ridibundus v ne0eTo-1mITyHy
Cygnus olor. K 1961 r. MoeBKU yike peryJiapHo Jjietaau ¥ Haj neHtpom Hopr-Iuiaca (ropon Ha ieBoM
Oepery peku TaifH) K HEOOIBIIOMY BOJOXPAHWIHILYY, PACHONIOKEHHOMY B LIEHTpE TOpoAa, IPUMEPHO
B [IOJIyTOpa MIJISIX OT modepesxbs. [locie nmocemmenrst o3epa NTHLB OTIBIXAIM Ha napanete Oivkaiien
uepksu. B 1962 r. J. C. Coulson otmerui, uto R. tridactyla, BeposiTHO, BIIEPBbIE PETYJISIPHO MIUTAETCS
PBIOOIA, BBITOBJIEHHOW B ITPECHOW BOJIE, a TAKJKE Yallle MUTAETCS XJIEOOM, M MPEINOJIOKII, UTO B Te-
YeHue CJeAyIuX JeT Ta NTUla OyJeT yalle BCTpevyaTbcs B IPECHOW BOJIE B NEPUO, PA3MHOXKEHHUS.
K 1962 r. MOeBKY CTa/IM OTAbIXaTh HA 3JaHUsIX 110 Oeperam peku TaiiH, B CBSI3U C YeM UCCIIe0BATEIb Bbl-
CKa3aJl IpeAroJIOKEeHUE, YTO B JaJIbHEHUIIIEM TaM MOSIBATCS THE3J0BbIE KOJIOHMU. Ero ojxunaHus Ha 3T0T
CYET OmpaBAAHCH B TIocieayolre rojabl. [To 6eperam peku TaiiH Ha CTeHAX 3IaHHIA CTaJIU MTOSIBIIATHCS
THE3/I0Bble KOJIOHWH MOEBOK, KOTOpble B niepuon ¢ 1995 mo 2005 r. yxe HacuuthiBam 450-550 nap,
a B 2007 r. — 755 map [Turner, 2010]. Takum oOpa3oM, B OTHOILIEHUH STOTO PErMOHA 3apErUCTPUPO-
BaHbl TaKWe MPOSIBJICHUs] CUHYpOU3aLUM, KaK MOsIBJIEHUE MTHLl B IIPOCTPAHCTBE rOpojia U MOCeleHne
VMU TIPECHOBOJHBIX BOJAOEMOB B aHTPOIIOIT€HHOM JIaHAIIadTe.
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[IpennosoKuTeNbHO, 1)1 MOEBOK, OTMEUEHHBIX HaJ MypMaHCKOM, CHUKEHHE BBICOTHI MOJETa
HaJl TOPOIOM Ha BTOPOW T'0Jl CYIIECTBOBAHUS MAapUIPyTa MOKHO PACCMATPUBATh KaK MX MPUBBIKAHUE
K ropojckoit cpeae. O6 3TOM ke MOKET CBUAETENILCTBOBATh YMEHbIIICHUE KPYKEHUsI MTHUI] HA MeCTe
B MOJIETE HA BTOPOM TO/I.

Hekotopsle Bompochl BbI3bIBaeT M30MpatenbHOCTh R. tridactyla B oTHomeHun o3epa Bosbimoe,
TaK KaK MOEBKM OTMEUeHHI TOJILKO Ha 3TOM 03epe B npenesax MypMaHCKa 1 ero OJIMKalImX OKpecT-
Hocted. CornacHo MarepuasiaM ApYrux MypMaHCKMX HcciienoBartesnel [Xapnamosa, Hoeukos, 2019],
npu HaOMIOIGHUSIX 32 MITULIAMHU, MTOCEMIAIIIUME 03epo Bosbiioe, MoeBKy Tam B niepuog 1998-2019 rr.
He BcTpevanu. [1o JaHHBIM MXTHOJOTMYECKUX M3bICKaHWid [3yooBa u ap., 2021], B 2020 1. B 03epe
Bonbioe Berpevanucs kymaka S. trutta nonont 149-233 mwm (Bua, Kotopblid paHee Hawen B. M. Mo-
nectoB [1967] B xenyake MOEBKU B pailOHE OCTpOBa XapJiioB), a Takxke psmymka Coregonus albula
u Tpéxurias komomka Gasterosteus aculeatus. [1ns cpaBHeHus: B o3epe CeMEHOBCKOE OOHAPYKEHBI
JIMIIb /1B BUAA pelO — peuHoll okyHb Perca fluviatillis n myka Esox lucius; B o3epe JlenoBoe B ceT-
HBIX OPYJMSX JIOBA pbi0a oTCyTCTBOBaA [3yO0Ba U p., 2021], 4T0 00BACHAETCS, BEPOATHO, CUIIBHBIM
3arpsi3HeHreM Bojoéma. Takum oOpa3om, uxtrodayHa o3epa bosbioe BojHe COOTBETCTBYET TpeOo-
BaHMSIM MOEBKH K TOTpedsisieMoii ppide. XOTs MOUCK NUIIY HEe SIBJISETCS TJIABHOW LIEJIbIO MOCEIeHU ST
MPECHOBOJIHBIX BOJOEMOB MoeBKou [KpacHoB, Hukosaera, 1998], ero BO3MOXHOCTb, CKOpPEe BCETO,
MMeeT OIpe/iesisiiolee 3HaUeHue Py BEIOOpe 03€DP.

BriBoabI:

* B 2020 r. BuepBbie OblT cpOPMUPOBAH MAPUIPYT CYTOYHOM MUTPALMM MOPCKOHM MTHIIBI MOEBKU

HaJ| )KAJIBIMUA KBapTajiaMu ropoaa MypmaHcka.

e CyroyHas JMHAaMUKA YMCIIEHHOCTH NPOJETAa MMENA BUJ KPUBOM HOPMAJIBHOIO pacHpeiesieHus,

pacrnionararplieincsi B uatepsaie ¢ 9 1o 18 4, ¢ nukom B 13-14 y.

* YucnenHocts Rissa tridactyla, nponeraomux uepe3 LeHTp MypmaHcKa, B HI0Je — aBrycTe

B 2020-2021 rr. coctaBnsa a0 1500 ocobeit 3a CyTKU MpH MIUPUHE MOJIOCH MPoJieéTa okoso 300 m.

* [loBeneHue NTULL B NIEPBBIM T0J1 (POPMUPOBAHUSI MAPILLIPyTa CYTOYHON MUTPALIUY U HA CIIEAYIOLIMNA

IO/l HECKOJIBKO OTJIMYAJIOCH IO XaPAKTEPY U BBICOTE IMOJIETA.

* [locemenne mMoeBkamu o3epa bBojbllioe MoOKeT ObITh CBSI3aHO C KYMaHHWEM B IPECHOW BoOje

U ¢ nutaHueM R. tridactyla Ha JaHHOM BOJIOEME B MEPUOJ] THE3JOBAHUS.

Paboma evinonnena ¢ pamxax eocyoapcmeerntoeo 3adaruss MMBU PAH Ne 0228-2019-0004 u Ne FVEE-
2021-9.

BJIaI'O,[IapHOCTb. ABTOpI)I IMPU3HATEJIbHBI 3a LICHHBIC 3aMCYaHUA COTPYOAHUKaAM MpraHCKOFO MOPCKOIro
ouonornyeckoro uHctutyta PAH H. B. JleGenesoii, FO. B. KpacHogy, 10. U. T'opsesy u I1. C. Barmienko.
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THE FIRST LOCAL MOVEMENTS OF THE KITTIWAKE
RISSA TRIDACTYLA (LINNAEUS, 1758)
ABOVE THE CITY BLOCKS OF MURMANSK

A. Goryaeva, A. Shavykin, and A. Karnatov

Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
E-mail: nastya.goryaeva. 12@mail.ru

All over the world, new manifestations of synanthropic tendencies for various bird species are constantly
observed. This paper provides data on Rissa tridactyla occurrence in Murmansk. Observations were
carried out on the route of the summer daily migration of the kittiwake, formed for the first time in 2020,
through the center of Murmansk, where this species has not been encountered before. Some features
of the flight during the first (2020) and the second year (2021) of the route existence are determined.
The approximate abundance of flying birds has been established: 1,500 ind. per day. The occurrence
of this type of bird activity can be considered as the first stage of the kittiwake adaptation to environment

of the residential part of the city.
Keywords: kittiwake, Rissa tridactyla, city, lake
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AHOMAJIBHOE COKPAIIEHUE YNCJIEHHOCTHU U BUOMACCDBI
nonvJsan KONENOAbI CALANUS EUXINUS
B I'TYBOKOBO/IHBIX PAMOHAX YEPHOI'O MOPS OCEHBIO 2019 T.:
4TO MPOUCXOIUT B MOPCKOM SKOCUCTEME?

©2025r. E.C.TIybapesa, b. E. Auannckuii

®I'BYH UL «MHcTuTyT GUonioruu xHbIx Mopeit umenu A. O. KoBaniesckoro PAH»,
Cesacromnosb, Poccuiickas ®enepanys
E-mail: ehubareva@ibss.su

Mocrynuna B pepakimio 15.02.2024;  nocne nopadotku 05.08.2024;
NIpUHSATA K Myosmkanmu 25.12.2024.

B Xozie TIIaHKTOHHBIX paboT, MPOBEIEHHBIX B ITyOOKOBOJHBIX paiioHax YEPHOTro MOps M Ha €ro IIesb-
e y Kprimckoro nomyoctposa B okTsiope 2019 r. (110-i1 peitc HUC «IIpodeccop Bopssauukuii»), uc-
ClleJOBaJIM KOJIMYECTBEHHOE paclpelesieHre, YUCIeHHOCTb, OMOMaccy, pa3MEepPHO-BO3PACTHYIO CTPYK-
TYpY ¥ JKMPOBbIE Pe3epBbI MOMyIsILuK Korenoapl Calanus euxinus Hulsemann, 1991. ITpo6sl 300m1aHK-
TOHa oTOMpanu ceThio BoropoBa — Pacca (tutoniaaps BxogHoro oteepetus 0,5 M2, staest 300 MKM) METO-
JIOM TOTaJIbHBIX BEPTUKAJIBHBIX JIOBOB OT IHA MJIM OT HWKHEH I'PaHMIIbl KUCJIOPOJHOM 30HHI IO TIOBEPX-
HocTu Mopsl. Pasmeps! u Bo3pact C. euxinus onpeaensan noa MUkpockonom. CozepkaHue 3aacHbIX
JIMIIAJOB B IOMYJISILMY OLIEHUBAIH MO YIEIbHOMY OOBEMY KMPOBBIX MEIIIKOB Y PAUYKOB CTAapIINX BO3-
pacTHBIX CTaUi. YCTAaHOBJIEHO, YTO MPOJOIKaloIIeecs NoTeruieHre B A30B0-YepHOMOPCKOM perroHe
npuBesio B 2019 1. k cokpaieHmio YUciIeHHOCTH U Ouomacchl C. euxinus B TTyOOKOBOJHBIX palioHax
10 (5,3 £0,5) ThIC. 9K3.-M 2 1 (3,7 £ 0,3) r-M~2 COOTBETCTBEHHO, a TAKXKE K N3MEHEHHSIM B CTPYKTYype
nonysauuy. OT4acT STOMy CIOCOOCTBOBAJIO OC/IadIeHe 3MMHETO KOHBEKTHBHOTO TIepeMEIIBaHNU S
BOIHBIX Macc. BeposiTHO, erné Gonee cymiectBeHHbIM uisi C. euxinus ObUIO TO, YTO W3-3a CHIIBHON
3acyxu 2018-2019 rr. npon3onuIo pe3koe CHIUKEHNE TAaBOIKOBOIO CTOKa peK, OrpaHUYMBILEE O MU-
HUMYMa MOCTYIJIeHHe OMOTEeHHBIX 3JIEMEHTOB B Mope. BenesictBre ciaboro BHIHOCA C peUHBIM CTOKOM
HHUTPATOB, (pocdaToB U 0COOEHHO CHIMKATOB MAaCCOBBIN (PUTOILIAHKTOH (TIpeXk[e BCEro Hy:KIAOIIu-
€cs B CWJIMKaTax JUaTOMOBBIE BOJOpOCin) He umen B 2019 r. MUHepanbHBIX PeCypcoB /Jisi CBOETO
Pa3BUTHS U, COOTBETCTBEHHO, He 00ECIIeYMBA Ha YPOBHE MPEKHUX JIET TPOHUIECKHe TOTpeOHOCTH
C. euxinus. HekoTopoe NOBBIIIEHHe KUPHOCTH V KOnenoanToB oceHblo 2019 r. 00bsICHUMO aHOMAJTb-
HOH pa3pexeHHOCTbI0 nonysiuuu C. euxinis B STOM rofy, 00yCJIOBJICHHOH, BO3MOXXHO, OecrpeLieIeHT-
HO BBICOKOM OMOMacCcO sKkeJeTeNbIX INIaHKTO(aroB 1 0coOeHHO Mey3bl Aurelia aurita Linnaeus, 1757
B 3UMHe-BeceHHul nmepuoa 2017-2018 rr.

KitoueBnle cioBa: Calanus euxinus, YACIEHHOCTb, OMOMAcca, 3allaCHbIC JIMITUIBI, MEKIOHOBasI
JuHamuKa, YepHoe Mmope

Konenona Calanus euxinus Hulsemann, 1991 — kimoueBoil BU Me30300IUIaHKTOHa YEPHOTrO MO-
ps, ¢opmupyOIMiA B TITyOOKOBOAHBIX paiioHax oT 60 mo 75 % Bcell ero 6uomacchl, uim ot 76
10 85 % OuoMacchl TUIAHKTOHHBIX pakooOpasHbiX [AHHUHCKUE, Tumodre, 2009; 3aropoaHss u ap.,
2023; Arashkevich et al., 2014]. DToT BHJ OTHOCHTCS K HauOoJjiee KPYNHBIM YEPHOMOPCKUM
BECJIOHOTMIM: JIJIMHA TeJla caMOK MoseT jgocturath 4,5 mm, camnoB — 3,4 MM [Caxwuna, 1987].
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[MpumevarenbHON ocoOeHHOCThIO C. euxinus sIBISETCS BBICOKOE cojepxkaHue BockoB (1o 40 %
oT oObéma Tena) [Yuneva et al., 1999], akkyMyarpyembIX MPEUMYILIECTBEHHO CTApIIMMU KOIENOIH-
TaMU U B3POCIBIMHU payKaMH B )KUPOBOM Melllke. 13-3a )KUPOBBIX BKIIOYEHUN HEKOTOPbIe 0COOU UHO-
ra IpuoOpeTaT KPacCHOBATYIO OKPAcKy. biarogaps cBoei 3aMeTHOCTH, BBICOKOU MUIIEBOW IIEHHOCTH
Y CKJIOHHOCTH K 0Opa30BaHUIO JIOKIBHBIX CKOIUICHUH, C. euxinus UCKIIOUUTENLHO BaXKeH ISl paruo-
Ha MEJIKMX TIeJIarnIecKuX phi0, 0COOEHHO XOJIOI0MIOOMBOTO Y€PHOMOPCKOTO IINPOTA Sprattus sprattus
phalericus (Risso, 1827), B nuIiie KOTOpOro rnpeodiaaaeT KPYMHbIA X0JI0JHOBOHBIN 300TUIAaHKTOH [Jla-
TyH, 2014; Bayhan, Sever, 2015; Yuneva et al., 2016].

B Tteuenue ropa C. euxinus MOXET UMeTh A0 BocbMM reHepauuii [Caxuna, 1987], uro coxpans-
eT o0IIyI0 6rmomaccy ocoOel MoYTH Ha OJJHOM YPOBHE, OOBIYHO C HEOOJIBIINM IOBHIIICHUEM BECHOM
Y COKpalleHrueM B 3uMHUe Mecsipl [ Vinogradov et al., 1999]. B 1970-1980-x rr. cpeansis 6Guomacca
BUJA B OTKPBITHIX paifoHax Mopsi Konebanach B npeaenax 5—10 r-M ™2, 0HaKo MOJ BAUSHUEM MPOHUK-
mero B YépHoe mope rpedueBrka Mnemiopsis leidyi (A. Agassiz, 1860) B 1991-1992 rr. oHa cokpa-
THack 3aeck 10 1-3 r-m~? [Kosanes, 1996; Vinogradov et al., 1999]. K oktsa6pio 2005 r. 6uomacca
C. euxinus B TTlyODOKOBO/IHOM 3aIaIHOM YacTU MOPSI BHOBB JIoCTUIIIA 6,2 r-M~> [ AHHUHCKWI, Tumodre,
2009], a ocennio 2016 1 2017 rr. oxHee Kpsima coctaBuna 7,1 u 7,3 M2 COOTBETCTBEHHO [['ybapesa,
AnnuHckuH, 2022; Hubareva, Anninsky, 2024].

Bmecrte ¢ TeM cyliiecTBeHHbIE MEKTOI0BbIE (DIYKTYAIMK YUCIEHHOCTH M OMOMACChl Me30300IIaHK-
TOHa Ha 1enbpe YepHoro mops [AnHuHCKUE U Ap., 2020; Gubanova et al., 2022] cBuaerensCcTBy-
0T O TOM, YTO MOIMYJISIUMA KOTEMNOJ HE TOJbKO BOCIPUUMYMBBI K SKCIAHCUU KEJIETENbIX TJIaHK-
ToharoB, HO M 3aBUCHUMBI OT MU3MEHEHHMI TMIPOJIOrHueckoro pexuma YépHoro mops. Cpeanerono-
Bas TEMIIEpaTypa ero MOBEPXHOCTH MOBBIIIAJIACH B MOCeIHUE necATuieTus B cpenHeM Ha 0,052 °C
B roa [[mH30ypr u np., 2021]. I'myOuHa NpPOHMKHOBEHHWS KHUcIopona B UYEpHOM Mope COKpaTH-
nmack ¢ 140 m B 1955 1. 10 90 m B 2015 r., a ero obumii 3anac ymenoimwics Ha 44 % [Capet
et al.,, 2016]. B mope pa3BuBatorcsi 3actoivinbie siBieHus [[losmonckuii, Bamie, 2020; Vidnichuk,
Konovalov, 2021], Bo3neilcTByolie Ha BEpTHKaJIbHbIE MHUIpPAlUMM M Ha (POPMHUPOBAHUE JIMIIHIOB
y XOJIOMHOBOJHBIX PaKOOOpa3HBIX, Mpexae Bcero Korernonasl C. euxinus, 3HAYATETbHAS YaCTh TIOITY-
JISIAXA KOTOPOW MOCTOSIHHO HAXOJMTCSI B COCTOSIHUM JTMAriay3bl BOJIM3W HYKHEW I'PaHUIbl OKCUKJIMHA
[Vinogradov et al., 1992].

OceHHUE UCCIeI0BAHUS YMCIEHHOCTH, OMOMACChl, pacrpeesieHus, pa3MepHO-BO3PACTHOM CTPYK-
TYpbl U KMPOBbIX pe3epBOB Homyasamu konenonasl Calanus euxinus B YépHom mope B 2019 r. mpo-
JOJDKWIN ceprio aHaormuHbeix pador 2016 m 2017 rr. [['ybapeBa, Annunckuii, 2022; Hubareva,
Anninsky, 2024], HanipaBJ€HHbIX HAa U3yYEHUE PEAKLIMM ITOrO BUJa Ha MOTEIJICHUE KIMMATa B PETUOHE
Y Ha BbI3BAHHBIE 3TUM MU3MEHEHUsI TUPOJIOTHUECKOTO PeKUMa MOPS B TIOCJIEIHUE TO/IBL.

MATEPHUAJI 1 METO/IbI

Ocenpio 2019 r. B Yépnom mope (110-i1 peiic HUC «IIpodeccop Bopsuuiikuii», 7-21 ok-
TS0ps1) 300IUIAHKTOH MCCleJOBaIM Ha 69 CTaHIMAX, HAXOIAIIMXCS B IIIYOOKOBOAHBIX M IIENb(O-
BBIX pallOHaxX K I0ro-3amajy, Iry i ro-Boctoky ot KpeiMa B cekTope ¢ KoopauHatamu ot 43°02’
1o 44°59” c. ur. u ot 32°10” mo 38°40” B. . (puc. 1). Tpu CTaHIUM PACHOIATAINCh B 30HE BHYTPEH-
Hero mmenbda (yonHsl < 50 M), AecsATh CTaHIMA — B 30He BHemHero (rmyouHsl 50-200 m). [my-
OOKOBO/IHBIE CTAHIIMM MO CBOEMY T'MPOJIOTMYECKOMY PEXHMY OBbUIM YCJIOBHO pasjiesieHbl Ha OTHO-
csIIMecs: K paiioHaM sipa HUKJIOHMYECKMX KPYrOBOPOTOB C TIIYOWHOM 3ajeraHusi M30MMKHIMYECKOTO
ciost (0, = 16,2) menee 125 M (18 craHumil), HLMKJIOHUYECKOH Neprdepun — ¢ ITyOMHOM 3TOro CJIos
B npegenax 126—150 m (31 craHmms), a Takke aHTUIIUKJIOHUYECKUX BUXPE — C ero 3ariyOJieHueM,
npesbimammM 150 m (7 crannuin) (puc. 2).
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Puc. 1. Kapra-cxema cranuuii oT00pa IVIAHKTOHHBIX P00 B CEBEPO-3allafHbIX, IEHTPAIbHBIX M CEBEPO-
BOCTOYHBIX paiioHax Yé€pHoro mops B oktsiope 2019 r. (110-i1 peiic HUC «IIpoeccop Bopsaumkmii»).
Jlunwueit nokazana 200-m uzodara. Llngposele 0003HaUeHNT — HOMepa CTaHLIUH

Fig. 1. The map of sampling survey (with station numbers identified) in the northwestern, central,

and northeastern Black Sea during the 110™ cruise of the RV “Professor Vodyanitsky” in October 2019.
The line shows the 200-m isobath
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Puc. 2. TuppopuHamuueckas akTMBHOCTh B U€pHOM Mope Ha rnyouHe 30 M B mepuop c 15 oktsaodps
no 15 Hosopsa 2019 r. (https://dekosim.ims.metu.edu.tr/BlackSeaModels/BlackSeaModels.shtml). RC —
OcHoBHoe yepHOMOpcKoe Teuenne; WCG — 3anaaHblii nukiIoHnYeckuil KpyroopoT; ECG — BocTounslit
IUKJIOHTYecKuit KpyroBopoT; SAE — CeBacromnonbckuil aHTUIMKIIOH; CAE — KpBIMCKUT aHTUTIMIKIIOH

Fig. 2. Hydrodynamic activity in the Black Sea at a 30-m depth from 15 October to 15 Novem-
ber, 2019 (https://dekosim.ims.metu.edu.tr/BlackSeaModels/BlackSeaModels.shtml). RC, the Rim Current;
WCG, the Western Cyclonic Gyre; ECG, the Eastern Cyclonic Gyre; SAE, the Sevastopol Anticyclonic Eddy;
CAE, the Crimea Anticyclonic Eddy
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[Nepen mIaHKTOHHBIMU paOOTaMU Ha CTAHIIUSIX TIPOBOJIAIIN TUAPOJIOTHYECKIE U3MEPEHHS C UCTIOb-
3oBaHueM 3o0HAa Sea-Bird 911plus CTD (CIIIA), oueHuBas BEpTUKaIbHBIE IPOMUIA TEMIIEPATYPHI,
COJIEHOCTU U yJEJIbHOI IUNIOTHOCTU MOPCKOHM BOJBI (0,). 300IUIAHKTOH KOJMYECTBEHHO OTOMpAN Ce-
ThI0 Boropoa — Pacca (mtormazs Bxogsoro orsepetus 0,5 M2, sdes 300 MKM) METOJIOM TOTaIbHBIX
BEPTUKAJIBHBIX JIOBOB OT JHA UM OT HUKHEH I'PaHULIbl KUCIOPOJHOM 30HHI (0, = 16,2) 10 NOBEPXHO-
ctu Mopst. [TpoGwl ¢ C. euxinus, BKIIOYAIOINIHE KOTICTIOAUTHBIE ¥ B3POCIIbIE CTAIMN PAa3BUTHS, (PUKCUPO-
BaM 4%-HBIM paCTBOPOM HEHWTpaM30BaHHOTO Oopatamu opmanmna. [locnenyrornyio ux oOpaboTKy
MPOBOJWIIM B TaOOpaTOpUu: MPOoObI TPOCMATPUBAIIM B KaMepe boroposa noji cTepeoMUKpOCKOIIOM, U3-
Mepsis U uaeHTuumpys BospactHeie ctaguu C. euxinus. OOBIYHO O CTPYKTYpe MOMYJISAIUN CYAUIHA
0 TOTATLHOMY ITPOCMOTPY BCel MPOOBI, HO TIPY BBICOKOM YMCJICHHOCTH CTapIIIMX BO3PACTHBIX CTa UM
MX KOJIMYECTBO omnpenessuiv no aaukBoraM [Alexandrov et al., 2020]. CoaepskaHue pe3epBHOIO Kupa
y C. euxinus OUEHUBAIM MO 00BEMY KUPOBBIX MEIIKOB Y V KOMENOAUTOB, CAMOK M CaMIIOB Ha OCHO-
B€ COOTBETCTBYIOIIMX M3MEpPEHUN, BHIOTHEHHBIX A1 20 ocobeit onpenenéHHON CTauu Ha Kakaou
CTaHIIUU.

WHauBUAYya bHBIA CBIPOM BEC KOMEMOIUTOB M MoJjoBo3penbix ocobeit C. euxinus (WW, wr)

paccuuThIBaIU 10 hopMmyJie:
WW =0,58 xIxd*xp,

rae | u d — qyiMHa U MMPUHA TIPOCOMBI COOTBETCTBEHHO, MM;
0 — CpeAHss IUIOTHOCTD TeJa, r-cM~> [CBeT/IMYHBIH, I'y6apesa, 2014].
OGDBEM Tesa KONEMONTHBIX CTA/IHIA, caMIOB ¥ caMoK (V,, MM°) orpeesiiu 1o gpopmyJie:
b
_ 2
Ve=kXx L, xXd.,
rae L, u dpr — JUTMHA ¥ [IAPUHA IPOCOMBI COOTBETCTBEHHO, MM;
k — smnupuueckuil ko3 duuuent, pasupiii 0,64 y camuoB u 0,58 y KOINENOAWTOB M CaMOK
[Svetlichny et al., 2009].

O0BEM xupoBoro Memka (V,.) paCCUUTBIBAIN B COOTBETCTBHHU C (pOPMYJION:

sac

Ve =T X lgye X d2,./6

sac sac

rae l,. u d,, — JUIMHA U MMpUHA KMPOBOIO MEIIKa COOTBETCTBEHHO, MM [CBeTnunblii, ['yOapesa,
2011].

Hannble oOpadortanbl ¢ wcnojib3oBaHueMm mporpamm MS Office Excel 2010, Grapher 7,
PAST 4.05 [Hammer et al., 2001] u Surfer 8. Bo Bcex ciy4asx mpuBeJeHb CpeHUE BETUIAHBI U CO-
OTBETCTBYIOIIME 3HAUCHU I CTAHAAPTHOW OMMOKY (1 SE). Pa3nmuuuns Mexy conocTaBisieMbIMU PsiIaMU

JAHHBIX OLICHEHBHI T10 /-KPUTEPUIO CTLIO,I[CHTa U IO HENApaMETPUICCKOMY KPUTEPHUIO ManHa — YUTHHU.

PE3VJIbTATHI

I'maposiornyeckue ycjioBusi B pailoHe ucciaeqoBanmuil. TemmnepaTypa MOBEPXHOCTH MOPSI W3-
MEHSJIach B aHAIM3UpYyeMbIi niepuo oT +15,6 no +20,4 °C, cocrapnss B cpennem (+18,4 = 0,1) °C,
u ObUla HECKOJIbKO HIXE B LEHTPAIbHBIX TITyOOKOBOAHBIX padioHax K Iory oT KpbMckoro
noJryoctposa (puc. 3).

[Tone TemmepaTypsl B 3TOM paliOHE YKa3blBaeT HAa 3HAYUTESIBHOE MOCTYIUIEHHE TTyOWHHBIX
XOJIOMHBIX BOJ K TMOBEPXHOCTH, YTO MOIJIO OBITh CBSI3aHO C THAPOJMHAMHYECKON HeCTaOMIIbHO-
cThio Tepudepur BoCTOYHOro IMKJIOHMYECKOro KpyroBopota. OO0 3TOM Xe CBUAETEJbCTBYET TO-
norpapuyecku OMM3KUIA K U3MEHEHUIO TeMIepaTypbl POCT COJEHOCTH MOBEPXHOCTHBIX BoA. B 3a-
MaJHOM 4YacTH CEeKTopa MCCIeJOBaHW COJIEHOCTh BapbHupoBaia B mpeaenax 18,28-18,62 PSU,
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B cpemHem coctaBiss (18,4 £ 0,02) PSU. Ha BocToke nmama3oH e€ W3MEHEHWi ObLT Impe —
or 17,37 no 19,36 PSU, B cpegnem (18,6 = 0,1) PSU, npu MUHMMaJIbHBIX 3HAYEHUSIX HA CT. 72
u 73 (17,37-18,27 PSU). CHuxeHHe COJEHOCTH Ha ITUX CTAHIUAX OBUIO BBI3BAHO BBIHOCOM
B MpeAnpouBHbIIA KepueHckuil palioH paclpeCHEHHBIX BOJI A30BCKOTO MOPSI.

o
Temneparypa nosepxnocru mopsi,~C Coaenocrs Ha noBepxHocTH Mopsi, PSU

46 L
40
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Puc. 3. IIpoctpancteennoe pacrpenenenue temmeparypsl (°C) u conénoctu (PSU) B BepxHeM ciioe Mops,
a TakKe ITyOUHBI 3asieraHusl (M) BEpXHEH rpaHUIIbl TEPMOKJIMHA M HUKHEH TPaHUIIBI KUCTIOPOHON 30HBI
Yeéproro mops B iepuo ¢ 7 1o 21 oktssopst 2019 .

Fig. 3. Spatial distribution of temperature (°C) and salinity (psu) in the sea upper layer, as well as depths (m)
of the upper boundary of the thermocline and the lower boundary of the oxygen zone in the Black Sea
on 7-21 October, 2019

HuxHsis rpaHUIa BEPXHEro KBa3HOAHOPOIHOTO CJI0sI, COOTBETCTBYIOIAsI BEPXHEW TPaHULIE TEPMO-
KJIMHA, Ha 3arajie ¥ BOCTOKe NTyOOKOBOJHOM YaCTU MOPsI HAXOJWIACh TPUOIM3UTEILHO Ha OJTHOM TJTy-
ounHoM ropu3oHTe — 11-36 M [B cpemnem (21,0 = 1,0) m] u 14-34 ™ [B cpenrem (20,0 £ 1,4) m].
B o6oux cinyvasx rimyOorHa 3ajeraHusi TEepMOKJIMHA B OCHOBHOM PETYJIMPOBaIaCh Me30MacIITaOHOM IHp-
KyJISLIMEN BOJHBIX Macc: TEPMOKJIMH MOJAHUMAETCsl B palloHaX IMKJIOHUYECKON LUPKYJISIUU (I0KHEe
MbIca XepcoHec, CT. 23) 1 OMmycKaeTcs B siipaxX aHTULIMKJIOHUYECKUX BUXPel, CPeAr KOTOPBIX OCOOEHHO
3ameTHbI CeBacTonobcKuid M KpbIMCKUIA aHTUIVKIIOHBL.

KosmuecrBennoe pacnpenenenue Calanus euxinus. MakcuMasbHble BEJUYMHBI YMCIIEHHO-
ctu (21,2 Thic. 9K3.-M~2) u 6uomaccsl (15,3 r-m~2) C. euxinus B oktsa6pe 2019 r. (puc. 4) GbUIM OTMEUYEHbI
B 00J1aCTH IIUKJIOHUYECKOTro MeaHgpa OCHOBHOTO YepHOMOPCKOTO TeUEHUSsI, PETUCTPUPYEMOTO 0 OTHO-
CUTEJIbHO HEeOOJIBIION TITyOuHe HaXO0XJICHUSI TEPMOKJIMHA U 110 JIOKAJTLHOMY CHUKEHHIO TeMITEPaTyPhI
MOBEPXHOCTH MOPsI B 3TOM paiioHe (cT. 23) (cm. puc. 3). BMecte ¢ Tem B 11€10M JIOCTOBEPHOH 3aBU-
CHMOCTH OMOMAcCHl BHJa OT XapaKTepa THIpOJIUHAMUYECKUX SIBJICHUI B TIIyOOKOBOJHOM 4acT MOpSI
BBISIBJIEHO HEe OBUIO, XOTS 00IIast YUCIICHHOCTb 0COOeH BCE ke MOCTENeHHO Bo3pacTalia 1o Mepe 3ariyo-
JICHUsI HYDKHEW rpaHullbl KucnopoaHou 30Hb! (1anee — HI'K3) (r = 0,32; p < 0,05). Cpennsis buomacca
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C. euxinus HEMHOTO TIOBBIIIIATIACH B HATTPABJIEHUH OT IIEHTPAJIbHBIX PAHOHOB ITUKJIOHUYECKHUX KPYTOBO-
poros [(3,2 £ 0,3) -M~2] K ux nepudepuu [(4,2 +0,5) r-M~2], HO nipu onyckanuu HI'K3 no 150-160 m
cHmxanack [(2,9 + 0,4) r-Mm2]. AHaJIOTMYHBIM 00pa3oM U3MEHsIACh YUCIEHHOCTh 9TOTO BUAA, COCTAB-
asBmas (3,7 +0,4), (6,2 +0,7) u (5,8 = 1,1) Thic. 3k3.-M ™ (B TOii %e nocieaoBarenbHocTy). He6ob-
I1I0€ TOBHIIIEHNE YHCIEHHOCTH 10 Mepe 3artyonenuss HI'K3 o0ycioBieHo yBeInyeHneM KolInJyecTBa
MJIAJIIIX KOTICTIOAUTHBIX CTaIWid, KOTOpbIe pa3BUBAIOTCS B OOJiee MPOTPETHIX BOJAX, BHITECHSIEMBIX
K nepudepun HUKJIOHUMYECKUX KPYTOBOPOTOB IIEHTPOOEKHBIMU TEUEHHUSIMU.

YHCIEHHOCTD, 9K3./ M2
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Puc. 4. Yucnennocts u 6uomacca komnenoas! Calanus euxinus B CeBepo-3aIaJHbIX, IEHTPAJIbHBIX U CEBEPO-
BOCTOUHBIX pafioHax Y€pHoro Mops B okTsi0pe 2019 r.

Fig. 4. Abundance and biomass of a copepod Calanus euxinus in the northwestern, central, and northeastern
Black Sea in October 2019

YucreHHocTs 1 6uomacca C. euxinis B ITyGOKOBOIHBIX pailoHax cocTaBiin (5,3 +0,5) Thic. 3K3.-M 2
1 (3,7 £ 0,3) r-M 2 COOTBETCTBEHHO, TOI/Ia KAK HA BHEIIIHEM mieJibpe 3TU NOnyJISIMOHHbIE TTOKa3aTeNn
yMeHbIMInCh 710 (4,8 * 1,1) Toic. 3k3.-M~2 1 (1,5 + 0,5) r-M~2. 3HaunTensHoe (B 2,5 pasa; p < 0,001)
CHIJKeHUEe OMOMACChl padka CBA3aHO C TEM, YTO BUJ B MEJKOBOJHOW 30HE MPEJCTABJICH MpeuMylie-
CTBEHHO MJIAIIIMMK BO3PACTHBIMU cTaausIMU. Ha BHyTpeHHeM Iiielib(e YUCIeHHOCTh U OroMacca Tou
Korero/p! ObumH emmé MeHbine — (2,2 + 1,5) thic. 3k3.-M~2 1 (0,3 + 0,3) r-M™2 COOTBETCTBEHHO.

Bospacrnas crpykrypa nonyiasiuun Calanus euxinus. CTpyKTypa MOMYJISIUN KOTENOAbI 3aBU-
cesia OT OCOOGHHOCTEN MMIPOJMHAMMUYECKOTO pexkuMa (puc. 5). B 1leHTpasibHBIX pailoHaX LUMKJIOHUYE-
CKHX KPYroBopoToB o V KorienoauTos [(49,5 £ 4,1) %] u camok [(33,1 £ 3,2) %] 6putu B 1,5-2 paza
BBIIIIE, YEM B aHTULIMKJIOHWYECKUX BUXpsX [(31,4 £2,4) u (15,9 £4,5) % coorBerctBeHHO]. Jomu -1
u IV xorenoauToB Bo3pactain B oOpaTHOM HarpasieHud — ot (6,2 £ 1,3) u (2,2 £ 0,4) % cooTBeT-
ctBeHHO npu HI'K3 100-125 m 10 (35,3 £5,0) u (10,5 £ 2.,4) % npu HI'K3 150-160 m. OTHOCHUTEIbHAS
YHUCJIEHHOCTh CAMIIOB B CPEIHEM BapbupoBaja B npeaenax 6,7—-10,5 %.
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Puc. 5. VI3MeHeHHe 4HCIeHHOCTH (THIC. 9K3.-M™2), GHOMAccHI (I-M ™) ¥ BO3PACTHOM CTPYKTYpHI (% obuieit
YKCIIeHHOCTH) ionyJisiiu Calanus euxinus B 3aBUCUMOCTH OT OCOOSHHOCTEN THIPOJIOTHYECKOTO PEKMMA —
BEPTUKAJIbHOIO PAacCIpe/e/ieHNs TeMIIepPaTyphbl (t, °C) ¥ yCJIOBHOU TIJIOTHOCTH (ot) MOPCKOM BOJIbl B IITy-
OOKOBOAHBIX parioHax Y€pHoro mops. I'ryOMHA HMKHEHN IpaHHLBl KMCIOPOAHOH 30HBI Mops (0, = 16,2):
100-125 m (A); 126150 m (B); 151-160 m (B)

Fig. 5. Total abundance (thousand ind.-m™?), biomass (gom_z), and age structure (% of total abundance)
in Calanus euxinus population in relation to vertical profiles of seawater temperature (t, °C) and density (o,)
in deep-sea areas of the Black Sea. The depth of the lower boundary of the oxygen zone (o, = 16.2):
100-125 m (A); 126-150 m (B); 151-160 m (B)

Ha Baemnem mesnbge noss I-111 konenonutos nosbicuiack 110 (64,8 +7,8) %, a noau V konenoau-
TOB, CAMOK U CaMI1I0B cokpaTuiiuch 10 (13,2 +3,1), (9,3 £4,0) u (2,8 £ 0,9) % cootBercTBeHHO. YuceH-
HOE JIOMUHUPOBaHKE paHHUX BO3PACTHBIX cTaauil B momyssiiuu C. euxinus cTajo emnie 6oJiee 3aMeTHBIM
Ha BHyTpeHHeM Ienbde, rae nos -1 konenoguros Bo3pocna a0 (89,0 £ 2,1) %, a V Konenoautsl
Y B3pOCJIble 0COOU TIPUCYTCTBOBAIM OCEHBIO, KaK TPaBHJIO, €IMHIYHO.

7Kupossbie pesepssbl nonyisinnu Calanus euxinus. CopepxaHue 3anacHbIX JAMUIOB B TeNE CTap-
[IMX KOTIETIOJUTHBIX CTAAWN OBUIO BBIIIE B TTyOOKOBOJHBIX pallOHaX, IJe YAeIbHbIA OOBEM KUPOBBIX
MEIIKOB y V KOIMENOJUTOB, CAMOK U caMIioB focturai (24,0 £0,7), (7,0 £ 1,1) u (11,5 £ 0,5) % o6bpema
Tena cooTBeTCTBEHHO. OCOOEHHO MHOIO JIMITMIOB ObUIO HaKoIuIeHo V konenoautamu [(25,7 £1,2) %],
camkamu [(9,7 £ 1,2) %] u cammamu [(13,1 £ 0,8) %] B LIeHTpajbHOM YacTH IMKJIOHUYECKHUX
KPYroBOpOTOB (TI0 CpaBHEHUI0 C Mepu(pepUUEcCKUMH Yy4yacTKaMH), OJHAKO 3TH pa3nyMsl OKasa-
mick HepoctoBepHbIME (p > 0,05). Ha BHemHeM mmenbde V KOMEmoauThl UMENUd BABOE MEHBIIINE,
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9YeM B OTKPHITOM Mope, 3amnachl xkupoB [(11,9 + 1,7) %; p < 0,001]. [Tpu 3TOM cpeaHuit 00bEM KUPOBO-
ro Memka y caMok 1 camios [(6,3 £ 0,8) u (8,0 + 1,4) % coOTBETCTBEHHO] CYILIECTBEHHO HE U3MEHUJICS
(p > 0,05).

OBCYKIEHUNE

B ry6okoBoaHbIX paiioHax Ouomacca C. euxinus B okrssOpe 2019 r. okazanach NMpPaKTUYECKU
BaBoe Huke (p < 0,001), yem B ocennue mepuojsl 2016 u 2017 rr. [['yGapeBa, AHHUHCKMI, 2022;
Hubareva, Anninsky, 2024]. Bonee toro, oHa cymectBeHHO ycrynana (p < 0,05) 6rmomacce 3Toro Bu-
na B 2005 r. [Anaunckuii, Tumodte, 2009], koraa Me30300IIAHKTOHHOE COOOIIECTBO, MO-BUANMOMY,
eé TOJILKO BOCCTAHABIIMBAJIOCH NOCIIE yilepOa, HAHECEHHOTO €My MPOHUKIIMM B MOpe TPeOHEBUKOM
M. leidyi. CunpHee Bcero Guomacca KOMemnoabl COKPATUIach B IIEHTPAIBHBIX PaiOHaX IUKJIOHMYECKOH
mupkyJsun (p < 0,001) u Ha ux nepudepun (p < 0,001 B 2016 1.; p < 0,05 B 2017 r.). Mexay Tem
U B pafioHax 3ariyOJieHusl IOBEPXHOCTHBIX BOJI OMOMacca payka B cpeqHeM Oblia B 2—2,5 pa3a HU-
xe, yeM B 2016 u 2017 rr., XOTs U3-32a CyILIECTBEHHON BapuaOebHOCTH JaHHBIX B MIEPBOM CJIydae 3TO
HE HalUIO CTAaTUCTUYECKOro noarsepxaeHus (p > 0,05). Ha BHenHeM miesnbge AByKpaTHOE CHUKEHUE
ouomaccel C. euxinus Takxke ObUIO HEIOCTATOUHO 3HAYMMBbIM (p > 0,05).

MekrooBble M3MEHEHHSI B YHMCJICHHOCTH padyka B IIEJIOM 10 CBOEMY XapakTepy ObUIM CXOXKHU
C CHHXPOHHOW JIMHAMMKOM ero 6uomacchl. OHako 3amedeHo, uto B 2019 r., mo cpaBHenuo ¢ 2016
u 2017 rr., Ha nepudepun TUKJIOHMYECKUX KPYTOBOPOTOB CHUKEHHUE YUCIeHHOCTH C. euxinus okasa-
noch Ha 10-20 % meHee UHTEHCUBHBIM, Y€M yMEHbIIIeHre OMOMACCHI, a B aHTULIMKJIOHUYECKOU Iy0o-
KOBOJIHOH YacTu Mopsi pasHuiia gocturaia yxe 30—40 %. 1o o3HayaeT, 4To HeraTuBHbIE U3MEHEeHUsI
B ITOMyJIsInK Korero sl B 2019 r. B 6osibIleld Mepe 3aTpOHYJIN CTapIiie BO3PACTHBIE CTANH, Yl BKJIA/I
B (hopMHpoBaHUE OO0IIEeH OMOMACCH SIBJISIETCS ONpeesionM. PaHHMe KomenomuTsl, 6osiee 3HAUM-
MBbIE TP OLICHKE OOINEeH YMCICHHOCTH, B OCHOBHOM COXPaHWJIM CBOE KOJMYECTBEHHOE TPHUCYTCTBHE
B TUIAHKTOHE.

JleficTBUTENIHHO, aHAJIU3 U3MEHEHUH B CTpyKType nonyisuuu C. euxinus nokaszain, uyto noJjs [-I11 ko-
TMIETIOJJUTOB B INTyOOKOBOIHOM YaCTU MOPsI B Cpe/IHEM MOCTETIEHHO YBeJnunBasiack — o1 5,7 % B 2016 .
no 17,6 % B 2017 1. u 1o 21,0 % B 2019 1. B 0CHOBHOM 3TO OBUIO OOYCJIOBIEHO POCTOM HMX OTHO-
CUTEJIbHOTO KOJIMYECTBA B 30HE AHTUIIMKJIOHUYECKOW LUPKYJISILUY, IJI€ B T€ K€ TOAbl HA 3TU CTaJUU
npuxoauioch 12,2, 16,1 u 35,3 % Bceil uncaeHHOCTH 0co0eil COOTBETCTBEHHO. B To ke Bpems 10
V konenoauToB 371ech MOCJe0BaTeNIbHO cokpainaiack ot 48,2 u 35,7 % B 2016 u 2017 rr. no 31,4 %
B 2019 r. Anasiornunslie usmeHenus (ot 27,7 u 25,3 1o 15,9 %) npocnexuBaaich U B OTHOCUTEILHOM
KOJINYECTBE CAMOK.

CoKpalleHUI0 YMCJIEHHOCTH 1 OMoMacchl V KOTIETTOIMTOB B IITyOOKOBOIHOM YacT Mopsi B 2019 T. co-
MYTCTBOBAJIO MOBBIIIIEHUE UX KUPHOCTH (pHC. 6). OOBEM KMPOBOTO MEIIKA ITUX KOMenoanuToB B 2019 .
YBEJIMUWIICA 110 CPaBHEHMIO € TakKOBbIM B 2016 1 2017 rT. B yCJIOBUAX C pa3HBIM IMIPOJIOTMYECKAM pe-
KMMOM — B IIEHTPJIbHBIX palOHAX ITUKJIOHUYECKOU LIMPKYJIsiiyu (0T 16,6 u 17,2 no 23,7 %), Ha ux mie-
pudepuu (ot 16,6 u 18,7 1o 24,4 %) v B 30He aHTUIIMKJIOHNYeCKUX BUxpeit (ot 17,4 u 18,6 no 23,7 %).
B TO xe Bpems 3HaUMTEJIbHBIX MEKTOIOBBHIX M3MEHEHHI 00BEMa JKMPOBBIX MEIIKOB CAMOK M CAMIIOB
C. euxinus He OOHapY)XEHO, YTO YKa3blBaeT HA HEOJAHOPOIHOCTb MX COCTaBa MO FTOTOBHOCTH K Pa3MHO-
JKEHUIO, TOT/Ia Kak OOJIbIIIKeE 3arachl TUNUIOB Y V KonernoauToB B 2019 r. cBUAETENLCTBYIOT O OJIM30CTH
3aBeplIaoIIel cTaqul MeTaMopdo3a 3TUX PavyKOB, a TaKke 00 X BBICOKOM PENpPOAYKTUBHOM MOTEH-
1mase npu co3peBanuu. Cyjisi o BO3POCHIMM XHPOBbIM 3aracam, B 2019 r. V xorenoauts! ObLIH JTy4-
e obecriedeHsl numei, veM B 2016 u 2017 rr. [['ybapeBa, AnauHckui, 2022; Hubareva, Anninsky,
2024]. Bo3mMOxHO, 3TO MPOMU30NUIO M3-3a Toro, yro nomyssimsa C. euxinus B 2019 r. okazanach
BBOE OoJsiee paspexeHHOW, yeM B 2016-2019 rr., u BHYyTpPUIOMYJISILIMOHHAST KOHKYPEHLIUS 3a ULy
ObLIa OCNIa0IeHHON.
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Puc. 6. O6bém xupoBbIx MenkoB (% oObéma Tena) y V korenoanTos (V), camok (F) u camiios (M) Calanus
euxinus N3 paioHoB YEPHOTrO MOPSI C pa3HOW IITyOMHOM 3aJleraHusi HUKHEH TPaHUILIBI KUCIOPOIHOTO CIIOSI
(o, = 16,2) B okta6pe 2019 r.: 100-125 m (A); 126-150 m (B); 151-160 m (B)

Fig. 6. Specific oil sac volume (% of body volume) in V copepodites (V), females (F), and males (M)
of Calanus euxinus from the Black Sea areas with different depths of the lower boundary of the oxygen zone
(0, =16.2) in October 2019: 100-125 m (A); 126150 m (B); 151-160 m (B)

Takum oOpa3oM, K HamOosee XapakTepHbIM ocoOeHHocTsM momyisiun C. euxinus B 2019 T.
MO3KHO OTHECTH:

1) 3HaYMTETBHOE COKpAIEHUE YUCIEHHOCTH U OMOMACChl 0COOEH;

2) CTPYKTYpHBIE TIONYJALMOHHBIE W3MEHEHWs, B OCHOBHOM  OOYCJIOBJIEHHBIE  OOJIBIIAM
NPe/ICTABUTEILCTBOM MOJIOJIM M CHU3MBINICHCS YMCICHHOCTBIO CTAPIIMX BO3PACTHBIX CTA/INN;

3) yBeiMuMBIIEeCs KOJMYECTBO PE3ePBHBIX JIMIUIOB y V KOIEIOUTOB.

KoHkpeTHble NpUUYMHBI YKa3aHHBIX U3MEHEHUI, KaK U BpEMEHHbIE paMKH, B KOTOpbIE 9TH U3MEHE-
HUA IMPOU30LLTIM, TOYHO HE U3BECTHBI. OJIHaKO MOXHO OTMETHUTDH Pl BaAXKHBIX O6CTOHTeHbCTB, HECO-
MHEHHO MMeBIMX 3HadeHue B 2017-2019 rr. u 11 YepHOMOPCKOW TeJIaTidecKOil OMOTHI B IIeJIOM,
u i nonynsauuu C. euxinus B 4aCTHOCTH.

3a 2017-2019 rr. cpenHerogoBas Temmneparypa B 6acceitne Y€pHoro Mopst nossicuiach Ha ~ 2 °C,
npuuém 3uma 2017/2018 r. 6puta H6osiee TEMION, YeM 0ObIuHO, a 3uMa 2018/2019 r. — skcTpeManbHO
TEIUION, ¢ TeMneparypoit Bozayxa Ha 2,7 °C Beiie HopmbI [[mH30ypr u 1p., 2021]. Takoe noternseHue
HE TOJIbKO 3aMeJINJIO CE30HHOE OCThIBAHME TIOBEPXHOCTU MOPSI, HO U COXPAHWJIO 10 MEHbIIEH Mepe
Ha 1 °C OoJiee BBICOKYIO TEMIIEPATyPy B sIpe XOJIOJHOTO MepeMEIaHHOIO CJIOSl U B 30HE OCHOBHOTO
MUKHOK/IMHA. KOHBEKTHBHOE MepeMenIBaHre BOJ B 3UMHHI MEPUOJ CUJIbHO OCnadiio, 4To, HapsLy
C TIOBBIIIIEHHEM TeMIIEPATYPbI, CIIOCOOCTBOBAJIO PA3BUTHUIO 3aCTOMHBIX SIBJICHUN BOJM3U HUXKHEW rpa-
HULBI KUCTopoaHou 30HbI [[Tononckuii, Bame, 2020]. BaBoe cokpaTuiach KOHIIEHTPALIUST KUCIOPO-
Ja B clloe OKcUKInHaA (0, = 15,4), 3ameyiwiics nepexo/i HUTPATOB U3 CJIOsl OCHOBHOI'O NMKHOKJIMHA
B BEPXHUE CJIOM, CHU3WJIACh MHTEHCUBHOCTb BeCEHHEro 1iBeTeHus Bogopocien [ Vidnichuk, Konovalov,
2021]. 3uMHe-BeCEHHUII MAaKCUMyM (DUTOIUIAHKTOHA, MPUXOJMBLIMICA Ha (peBpasib, B MOCIECTHHUE
roasl He oOHapyxuBaics BooOwe [Stelmakh et al., 2023] wamn HaOmogancs auib B NPUOPERHON
3oHe Mops [BoctokoB u nip., 2019].

ITH U3MEHEHUsI B TUAPOJIOTUIECKOM peKUMe, IPOepyeMble Ha BCIO MeJIariuecKyio OUOTY, He MOT-
JIM HE OTPa3uThcs U Ha monyJisiiun C. euxinus yke MOTOMY, 4TO CY3WJIM TPAHUIIBI KHUCIOPOJHOTO OHO-
TOMa W OcNaOWIM MOCTYIUIEeHHe OMOTeHOB B 30HY aKTUBHOTO (poTocuHTe3a. OJHAKO BIMSIHUE BECEH-
Hero uBeteHus1 Ha nonyasiiuio C. euxinus, NO-BUAMMOMY, BTOPOCTENIEHHO U3-3a KPATKOBPEMEHHOCTH
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9TOrO TpOlIEcca WM U3-3a MAJIbIX Pa3MepoB KJETOK BOJOPOCJIEH, pa3BUBAIOIIMXCS B JaHHBIM Mepu-
o [CuiikuH u zip., 2022] u He uMeronHX OOJIBIION MUITIEBOM IEHHOCTH /151 KPYIHBIX Konernos [Amelina
etal., 2017].

[Monoxurensras cBsa3b (r=0,81; p <0,01) mexay Gnomaccori pauka Ha BHelIHeM Iesibge CeBacTo-
MoJIbcKOM OyXxThl B 2003-2021 1T. ¥ TeMIiepaTypoi MOBEPXHOCTH MOPsI B arpesie — Mae [ AHHUHCKUH
u 1p., 2020] yka3sBaeT Ha CUJIbHYIO 3aBUCUMOCTB nonyJiauuu C. euxinus oT crieqUpUKA KJIMMara B pe-
T'MOHE MPEeMMYIIECTBEHHO B 3MMHe-BECEeHHUI Nepro. [JJoMUHUpOBaHKE IIMKJIOHMUYECKOM aTMOCchepHOn
LMPKYJIALMY, COIPOBOXKJABILEECS PAHHUM IOTEIUIEHUEM, A TaKXkKe YBEIMUEHUEM KOJMYECTBA OCAKOB
1 00bEMa peuHoro croka B Yéproe mope [Oguz et al., 2006], crtocodcTBOBAIO OOJIBINEH TTPOTYKTHUB-
HOCTHU HOMYJISILIMYU 3TOTrO BUJA. BEpOsATHO, B OCHOBHOM 3TO IIPOUCXOJMT 32 CUET 3HAUMTEJILHO BO3PaC-
TAIOLLIETO B TaKHMe rojibl IABOJIKOBOIO CTOKA peK, npexae Bcero JlyHas u [IHerpa, Ha 1010 KOTOPBIX
npuxoaurcs 6osee 70 % Bcero peyHoro ctoka B YEpHoe Mope ¢ MaKCUMyMOM B arnpesie — Mae [MBa-
HOB, bestokonbiToB, 201 1]. CuibHBIN IaBOJOK MHTEHCU(UIIMPYET OOOTaIlleHUE MeIaruaiyr OMOTeHHbIMU
3JIEMEHTaMH | co31a€T OoJiee OIaronpusATHbIE TPOPUUIECKUE YCTOBHS 17151 KONIETIO bl BCIIEICTBUE JTyd-
IIET0 JIETHEe-OCEHHETO Pa3BUTHSI KPYITHbIX AMATOMOBBIX BOAOPOCIIEH 1 (PUTOIUIAHKTOHA B 11eJIoM [ Y unev
etal., 2021]. Bosiee Toro, aHOMaJIMK KOHIIEHTPALIUU XJIOPO(UIIIA @ B BEPXHEM KBA3UOJIHOPOJHOM CJIO€
JOCTOBEPHO KOPPEIUPYIOT co cTokoM JlyHas Bo Bcex peruoHax Yepnoro mops [Nezlin, 2006].

B Gacceiine lyHas u B A30Bo-UepHomopckom pervone 2018 r. ObLT OTHUM U3 CaMBIX 3aCYIIUTU-
BBIX 3a crojietrie [[mH30ypr u ap., 2021; Hinsel et al., 2022]; pedyHO# CTOK B IMOYTH TAKOM K€ MaJo-
BojgHOM 2019 T., IO-BUIMMOMY, TaKke OcTaBaJics KpaiHe cadbbiM [YacoBHuKoB, Boponyimmhna, 2022].
Bcenencrue ociabaeHHOro BbIHOCA OMOT€HOB C PEUHBIM CTOKOM, KOHIIEHTPALlMU B MOPCKOW BOJIE HUT-
patoB, (pocaToB 1 0cOOeHHO cUMKATOB B 2019 1. ObUIM PEKOPIHO HU3KMMU 32 MHOTOJIETHUI TIEPHO]L,
o kpaiHeit mepe ¢ 2009 r. [Opexoga, 2021; Yacosuukos, bopoaynuna, 2022]. Ito 03Ha4aeT, 4To Mac-
COBBII (PUTOIUIAHKTOH (TIPEXAe BCEro HYXJAIOIIMECS B CUJIMKATaX JAMaTOMOBBIE BOJIOPOC/IH) HE UME
B 2019 r. MUHEpAIBHBIX PECYPCOB JJIs1 CBOETO Pa3BUTHSI M, COOTBETCTBEHHO, He 0OeCTIeurBall Ha ypOBHE
NPeXHUX JieT Tpopuueckue notpedHoct C. euxinus U korenos B LesioM [Hanpik u ap., 2020].

Yem ke B TaKOM ClIydae MOXHO OOBSICHUTH BBICOKOE COAEpKaHUE JIMNHUIOB y V KOMENOAWTOB
B 2019 r.? Ogaum U3 (akTOpoB, CIOCOOCTBOBABIIMX (POPMHUPOBAHHIO 3HAUYMTETbHBIX KHUPOBBIX 3aria-
COB y 3TOH KOIEMOIbl, MOKET ObITh pa3pekeHHOCTh e€ MOMyJISLUY (M, COOTBETCTBEHHO, OCJIa0JIeHHAs
KOHKYPEHIIUs1 0co0ei 9TOro BU/ia 3a MUIILY) B YCIOBUSAX OrPAHUYEHHOTO KOJIMYECTBA MEJIKUX AUATOMO-
BBIX BOJIOpOCiei B Mope. He HCKITIoueHO, U4To K 9TOMY IPUYACTHBI JKeJleTelble U Apyrue TIaHKTodary.
B 2019 r. 6uomacca M. leidyi mosicunack 10 (144 + 21) r-m~2, a C. euxinus VHOTAa IpeodIagaI cpeiy
KepTB rpeOHEeBUKa B TIIyOOKOBOIHBIX paiioHax [Anninsky et al., 2024]. Ho em¢ Gonpimmii ymepo mo-
MYJISIIAU padKa MOT ObITh HAHECEH BCIIE/ICTBUE OeCIIpelieIeHTHO BBICOKOW OMoMacchl Mety3bl Aurelia
aurita Linnaeus, 1757 ocenbio 2017 r. — (514 + 159) u (634 * 87) r-M~2 Ha BHEIIHEM Iieabde U B ry-
OOKOBOAHBIX pallOHaX COOTBETCTBEHHO, YTO HE MEHEee YeM BTPOE BHIIIE CPETHEMHOTOJIETHETO YPOBHS
3a 2005-2019 rr. [Anninsky et al., 2022]. To, uto B niepuo oceHHux uccnegoBanuii 2017 r. Guomacca
C. euxinus cOXpaHsuIachb JOBOJIBHO BBICOKOI, HE O3HAYaeT, OUYEBUIHO, YTO OHA HE MOIJIA CYILIECTBEHHO
CHU3UTBCS YK€ B KOHIIE 3Toro rofga uiam B Havaie 2018 r. Tak, mocie maccoBoro passutust M. leidyi
B 1988-1989 rT. cokpareHre 6GruoMacchl payka cTajlo 3aMeTHbIM Jiuiib B 1991-1992 rr. [Vinogradov
et al., 1999]. Ilpu pacripeneneHry MO BEPTUKAIM MOMYJIALMSA Meay3bl A. aurita B OOJbLIEH CTENEHU
niepecekaercs ¢ nomyJisuuent C. euxinus, 4eM 3T0 ObUTO XapakTepHo as M. leidyi. YucaeHHOCTh pauka
MOTJIa CHU3UTBCS 32 CYET MHTEHCUBHOTO BbIEJAHU S MEy301 SIMI M PAHHUX BO3PACTHBIX CTAANUI KOMEIIO-
JIbl, & TAK)KE — B OTAEJBHBIX CITyYassX — MUTPUPYIOIIUX V KOMEMOANUTOB M B3POCIIBIX 0cOOei. AKTHBHAS
AKKYMYJISIMS pe3epBHBIX JIUNUIOB B Tesie C. euxinus OKazaaach BO3MOKHOM, MO-BUAUMOMY, U Oiaroaa-
Ps1 €ro CIOCOOHOCTH MUTAThCS KPYMHOKJIETOUHBIMU AUATOMOBBIMU BOJIOPOCTISIMU, aIlalTUPOBAHHBIMU
K OOUTaHUIO B 00e THEHHBIX OMOTreHHBIMU 2JIeMeHTaMH Bogax [Stelmakh et al., 2023].
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3akmouenne. [lpogomxkaroonieecs mnortersieHue B A30BO-UepHOMOPCKOM pPErvoHe IPHUBEJIO
B 2019 r. k MacmTaOHBIM TpaHcOpMaLMAM B NeJaruyeckoil 30He YEpHOro Mopsi, BbI3BABIIMM Pe3-
KO€ COKpallleHHe YMCJIEHHOCTH U OMOMAcChl, a TaKKe U3MEHEHHE CTPYKTYphl MOMYJISLUU KIIIOYEBOrO
BHJIa ME30300ILIAHKTOHA — Korenofibl Calanus euxinus. BeieactBue Toro, uto 60JIbINast 4acTh TO0BO-
o IMKJIa 3TOTO payka MPOTEKaeT MPH HEBBICOKOW TeMIepaType BOJIN3M HUKHEW TPAaHHIIBI KHCIOPO-
HOW 30HBI, HEMIOCPEACTBEHHOE TEIIOBOE BO3JEHUCTBUE Ha MOIYJIALMIO KOMEMO/b! 3a MOC/IeIHUE OBl
M3MEHWIOCH €100, OJJHAKO Aaxke HeOOJbIIOe OTKJIOHEHHE TEMIIEPATYPHOTO PeXKMMa MOps1 OT paHee Ha-
OJTI0/1aBILIETrOCsl B 3MMHUI NEPUOJ] KAYECTBEHHO YXYIIIWIIO YCIOBUs OOMTaHUs JaHHoro Bujaa B 2019 r.
OcnabneHre 3MMHEr0 KOHBEKTMBHOTO MEPEMENIMBAaHUs BOAHBIX MACC CIOCOOCTBOBAJIO PAa3BUTHIO 3a-
CTOWHBIX SIBJICHUI BOJIM3M HUKHEW I'PaHUIbl KUCJIOPOIHOM 30HBL. BIBOe coKpaTuiach KOHIIEHTpALus
KHCJIOPO/Ia B CJIOE OKCUKJIMHA, 3aMEJTIIICS NIEPEX0 HUTPATOB U3 CJ1051 OCHOBHOTO MMKHOKJIMHA B BEPX-
HME CJIOM, CHU3WJIaCh MHTEHCUBHOCTb BECEHHETO 1BeTeHus1 (puToriankToHa. Ho, BeposTHoO, e Gosee
cytiectBeHHbIM [Utst C. euxinus ObUIO TO, YTO U3-3a CHIIbHOM 3acyxu 2018-2019 rr. mpou3oIuio pe3koe
CHIKEHUE MAaBOJKOBOTO CTOKA PeK, OrpaHMUMBIIEE 10 MUHMMYMa aJUIOXTOHHOE TOCTYIUIeHUe OMOTeH-
HBIX 9JIeMEHTOB B Mope. KOHIIeHTpaIy B MOPCKO# BOJie HUTPATOB, (hocaToB M OCOOEHHO CUIIMKATOB
B 2019 r. 6bUIM peKOPAHO HU3KUMHM 32 MHOTOJIETHUH nieproz (HaunHas ¢ 2009 r.) BcaeacTBre caaboro
BBIHOCA C PEUHBIM CTOKOM. DTO 03HAYAET, YTO MACCOBBIN (PUTOIUIAHKTOH (IIPEXKAE BCEro Hy K JAIOIHecs
B CWJIMKAaTax AMaTOMOBBIE BOJOPOC/IN) He UMe B 2019 r. MUHEpaJIbHBIX PECYPCOB /11 Pa3BUTHS U, COOT-
BETCTBEHHO, He 00ecreurBall Ha YpOBHE PEKHUX JIeT Tpopuueckue norpedHoctu C. euxinus, Kak U KO-
niernof1 B 1iesioM. Hekotopoe noBbiiiieHre XupHOCTH V KonernoauToB B 2019 r. 00bsCHIMO aHOMAaTbHOM
paspexeHHOCThIo nonysisiun C. euxinus B 3TOM Toly, 0OyCIOBJICHHON, BOZMOXKHO, OecrpereieHTHO
BBICOKOI OMOMAacCOM KeJieTeIbIX ITAaHKTOharoB 1 0COOEHHO Meny3bl Aurelia aurita B 3MMHe-BECEHHUH
nepuop 2017-2018 rr.

Paboma evinonnena 6 pamxax zocyoapcmeernnozo 3adanuss PUL] UnBIOM no meme «@yukuuonanvHule, me-
MadouUuecKue U MONEKYASIPHO-2eHEMUUECKUE MEXAHUIMbL AOANMAWUU MOPCKUX OP2AHUMO8 K YCAOBUSM dKCMpe-
ManvHulX 3Kkomonose 4Yéprozo u Azoeckoeo mopeii u opyeux axeamoputi Muposoeo oxeana» (Ne 2oc. pezucmpayuu
124030100137-6).
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ABNORMAL DECREASE IN ABUNDANCE AND BIOMASS
OF POPULATION OF CALANUS EUXINUS (COPEPODA)
IN THE DEEP-SEA AREAS OF THE BLACK SEA IN AUTUMN 2019:
WHAT IS HAPPENING WITH THE ECOSYSTEM?

E. Hubareva and B. Anninsky

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: ehubareva@ibss.su

During plankton sampling in deep and shelf areas of the Black Sea off the Crimea in October 2019
(the 110" cruise of the RV “Professor Vodyanitsky”), the quantitative distribution, abundance, biomass,
size and age structures, and lipid reserves of Calanus euxinus Hulsemann, 1991 population were studied.
Zooplankton was sampled with the Bogorov—Rass net (inlet area of 0.5 m?, and mesh size of 300 pm)
by vertical net hauls from the bottom or the lower boundary of the oxygen zone to the sea surface.
Size and age of C. euxinus were determined under a stereomicroscope in a laboratory. Lipid reserves
in the population were estimated based on the specific oil sac volume at the late copepodite stages.
As shown, in 2019, ongoing warming in the Sea of Azov—Black Sea region led to a decrease in C. euxinus
abundance and biomass in deep-sea areas down to (5.3 * 0.5) thousand ind.-m™2 and (3.7 £ 0.3) g-m,
respectively, and also to changes in the population structure. Partly, these phenomena could be related
to a weakening of winter convective mixing in the sea. Probably, a drop in river inflow after severe
drought in 2018-2019 was even more important for C. euxinus, as it dramatically reduced the supply
of nutrients to the sea. Due to a weak transfer of nitrates, phosphates, and especially silicates with
the river flow, abundant phytoplankton (first of all, diatoms critically needing silicates) had insuffi-
cient mineral sources for its development in 2019 and, correspondingly, could not satisfy C. euxinus
trophic requirements at the level of previous years. An increase in lipid content of V copepodites in au-
tumn 2019 is explicable by an abnormally low density of C. euxinus population that year driven, ap-
parently, by an extremely high biomass of planktivorous jellyfish, especially the medusa Aurelia aurita
Linnaeus, 1757, in winter—spring 2017-2018.

Keywords: Calanus euxinus, abundance, biomass, lipid reserves, interannual dynamics, Black Sea
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EFFECT OF GABA MIMETIC PHENIBUT ON OXIDOREDUCTASE ACTIVITY
IN THE BRAIN COMPARTMENTS OF ADULT AND JUVENILE SCORPIONFISH
SCORPAENA PORCUS LINNAEUS, 1758

©2025 E.Kolesnikova and I. Golovina

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: dr-kolesnikova@mail.ru

Received by the Editor 23.05.2024;  after reviewing 16.12.2024;
accepted for publication 25.12.2024.

An increase in GABA levels serves to the survival of neurons during hypoxia/anoxia. During ontogene-
sis, GABA is capable of transforming its mediator function from excitatory to inhibitory. The oxidore-
ductase activity (MDH, 1.1.1.37; LDH, 1.1.1.27; and catalase, 1.11.1.6) was studied in the brain com-
partments — the medulla oblongata (MB) and the forebrain, diencephalon, and midbrain (AB) — in juve-
nile and adult black scorpionfish Scorpaena porcus against the backdrop of injection of GABA mimetic
phenibut (400 mg-kg™, i. p.). AB structures of juvenile scorpionfish were characterized by an intensity
of aerobic metabolism comparable to that of adults. At the same time, an elevated LDH activity in ju-
venile MB and AB was observed which may serve to increased survivorship at low environmental PO,.
Catalase activity in both age groups was somewhat higher in MB which may be related both to the in-
tensity of oxidative phosphorylation and MB tolerance to injuries during hypoxia. Moreover, catalase
activity in the brain of juveniles (especially in AB) was slightly lower than that of adults. Phenibut si-
multaneously increased MDH and LDH activity in the brain compartments of adult scorpionfish which
may be associated with the activation of the malate-aspartate shuttle, with an opposite trend towards
the restriction of anaerobic glycolysis in the juvenile brain being mostly pronounced in AB (p < 0.05).
Simultaneously, phenibut contributed to a rise in catalase activity in all brain compartments, regard-
less of the age of scorpionfish (p < 0.05). Catalase activity was the highest in MB of adult individu-
als (p < 0.05). Apparently, catalase-controlled H,O, level translates the changes in cellular metabolism
into a meaningful physiological response by influencing H,O,-sensitive ion channels that determine
neuronal excitability and modulates GABAergic transmission. Such a mechanism may be involved
in the brain maturation, maintain brain resistance to hypoxia, and ensure adaptive processes in juvenile
and adult scorpionfish.

Keywords: teleost fish, brain, phenibut, GABA receptors, oxidoreductases

Freshwater and marine aquatic ecosystems are subjected to episodes of hypoxia (dissolved oxygen
deficiency) of varying severity, periodicity, and duration. Animals appeal to various ways of adaptation
to hypoxia, including physiological and molecular mechanisms, metabolic depression, or intensification
of anaerobic glycolysis [Hochachka, Somero, 2002]. In any case, fish survival under hypoxia requires
a well-coordinated response to either obtain more O, from the hypoxic aquatic environment or limit
the metabolic consequences of O, deficiency.

The brain is the most actively functioning organ of vertebrates requiring O, to produce energy.
A significant part of energy consumed by the brain (50-60%) is spent on maintaining ionic gradients
and restoring them after depolarization of cell membranes. Under hypoxia, the primary and universal
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cause of fish death is a violation of ATP homeostasis in the brain, regardless of the general hypoxic
tolerance of a particular species [Nilsson, Ostlund-Nilsson, 2008].

Hypoxia- and anoxia-tolerant vertebrates can serve as model organisms in the studies of mechanisms
of neuronal cell survival under conditions of O, starvation [Little et al., 2021]. A common feature for all
groups of hypoxia/anoxia-tolerant animals, as O, decreases, is the release of the inhibitory neurotrans-
mitter y-aminobutyric acid (GABA) [Hylland, Nilsson, 1999; Nilsson et al., 1991] against the backdrop
of a relative decrease in the level of excitatory mediator glutamate [Nilsson et al., 1991]. At the same
time, GABA is the only inhibitory amino acid in anoxia-sensitive species the level of which increases
during hypoxia, while concentrations of glutamate and glutamine, as its precursor, remain unchanged
or even rise [Nilsson et al., 1991]. It is assumed that one of the main ways of neuronal survival during
hypoxia/anoxia is an increase in GABA level, in particular, providing the suppression of electrical ac-
tivity and limiting energy consumption [Nilsson et al., 1991]. A feature of GABA is the transformation
of its mediator function from excitatory to inhibitory during ontogenesis [Ben-Ari, 2014].

The adaptive capabilities of inhabitants of an aquatic environment with constantly varying lev-
els of O, and periodic episodes of hypoxia/anoxia largely depend on the effectiveness of the inter-
action of aerobic and anaerobic pathways of energy metabolism. Oxidoreductases, malate dehydro-
genase (MDH, L-malate: NAD-oxidoreductase, 1.1.1.37) and lactate dehydrogenase (LDH, L-lactate:
NAD-oxidoreductase, 1.1.1.27), are directly involved in energy production, regulate the redox potential
of cells, and serve as markers of the oxidative and glycolytic capacity of energy metabolism. About 90%
of MDH activity is localized in the cytoplasm, and only 10%, in mitochondria. The involvement of cytoso-
lic MDH in the transport of NADH equivalents across the mitochondrial membrane allows it to control
the format of the tricarbonic acids (TCA) cycle pool size. LDH takes part in the anaerobic fermenta-
tion of the end product of glycolysis, i. e., in the reversible pyruvate-to-lactate conversion in cytosol
in the absence of O,, being the terminal enzyme of anaerobic glycolysis. Any change in O, intake causes
shifts between aerobic and anaerobic pathways of energy metabolic processes oxidoreductases are in-
volved in. The reactions of glycolysis provided by oxidoreductases are an integral part of the mechanism
of adaptation to hypoxia.

Disturbances in normal O, metabolism in cells lead to enhanced generation of reactive oxygen
species (hereinafter ROS) the excess of which forms conditions for oxidative stress. For a whole host
of reasons, the brain is very vulnerable to oxidative stress: its tissues are adapted to intensive O, con-
sumption, contain more oxidizable substrates, and have a less active antioxidant defense system. Cata-
lase (H,O,-oxidoreductase, 1.11.1.6) is one of the key enzymes of the antioxidant system. Catalase
provides transformation of peroxide (H,0O,), a product of side reactions in the mitochondrial respiratory
chain, into water and O,. A peculiarity of brain tissues is a very low catalase activity in comparison with
that of other organs [Galkina, 2013]. The different activity of antioxidant enzymes and the intensity
of spreading of thiobarbituric acid (TBA) reaction products in the brain compartments [Mizuno, Ohta,
1986] may be indicative of different degrees of their vulnerability to ROS.

In contrast to mammals, hypoxia-tolerant animals provide an opportunity, under experimental con-
ditions, to activate or block selectively single parts of the whole mechanism of survival in order to as-
sess their functions. A 90-fold increase of extracellular [GABA] leading to a coma-like state is ob-
served under anoxia in the brain of a turtle Chrysemys picta belli tolerant to O, deficiency [Nilsson
et al., 1991]. [GABA] increases only 2-fold in the hypoxic brain of crucian carp, while motion activity
is maintained [Hylland, Nilsson, 1999]. It is known that the effect of excitatory and inhibitory neu-
rotransmitters appears only upon the release from intracellular stores. The administration of a GABA
mimetic (phenibut, y-amino-f3-phenylbutyric acid hydrochloride) makes it possible to recreate features
of the GABAergic link activation and evaluate GABA influence on the oxidoreductase functioning
similar to that during acute hypoxia/anoxia.
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Teleosts are a convenient experimental neurobiological object that allows the data obtained
to be extrapolated to higher vertebrates and humans. A zebrafish Danio rerio, the most fa-
mous Teleostei representative among model organisms, has a high homology with the human
genome (about 70%) in view of a certain physiological similarity of the main organ systems and tissues
[Lim et al., 2022].

The Black Sea scorpionfish (ruff) Scorpaena porcus Linnaeus, 1758 is a hypoxia-tolerant teleost.
The scorpionfish is able to survive under severe hypoxia conditions (0.35 mg O,-L™" for 4 h) [Solda-
tov et al., 2021] and can recover after 20-30 min of asphyxia resulting from air exposure [Lushchak
et al., 1998]. Establishing features of the GABA function implementation, which allow such vertebrates,
as the scorpionfish, to survive with little O, or being deprived of it, offers a new look at the problems
associated with hypoxia and possible ways of counteracting hypoxic brain damage.

The objective of this study was to investigate the effect of phenibut on oxidoreductase activity
in the brain compartments of adult and juvenile scorpionfish.

MATERIAL AND METHODS

Scorpionfish S. porcus used for the present study were captured in July 2023 in the Sevastopol Bay
using a seine net and were transferred to a laboratory in aerated 60-L plastic tanks within 2-3 h after
capture. After transportation, the fish were placed into a flow-through aquarium for one week. The ani-
mals were fed on minced fish flesh, and only robust, actively feeding fish specimens were used for further
experiments.

The study was carried out using a specially designed stand that made it possible to stabilize
the required temperature and oxygen concentration for an unlimited period. The water tempera-
ture in the experimental chamber was maintained at the seawater temperature level in the summer
season (+21...422 °C). All fish were kept at oxygen concentration of 5.6-6.7 mgO, L™ in wa-
ter (normoxia). The oxygen level in water was monitored potentiometrically with an oxygen sensor
ELWRO PRL T N5221 (Poland).

Experiments were carried out on adult (n = 16; body length 12—-18 cm; weight 70-250 g; gonadal ma-
turity stage IV-V) and juvenile scorpionfish (n = 16; body length 8.5-12.0 cm; weight 35-63 g; gonadal
maturity stage I) divided into the control and experimental groups (8 specimens in each group). In the ex-
perimental groups, a GABA mimetic, phenibut, was injected intraperitoneally (400 mg-kg ™!, i. p.); after
that, the animals were returned to the darkened experimental chamber for 60 min. The scorpionfish
did not manifest any signs of intoxication or movement disorders after phenibut administration and till
the removal of tissue samples.

Fish in the control and experimental groups were killed by transspinal dissection. Brain tissues were
sampled on an ice table, (0 £ 4) °C, immediately after fish decapitation and were divided into two parts:
medulla oblongata (MB) and forebrain, midbrain, and diencephalon (AB). The weighed brain samples
were instantly frozen on dry ice and stored at —80 °C until analysis (Forma 900 Series, Thermo Sci-
entific, USA). The supernatant was obtained by centrifuging the homogenates in an Eppendorf 5424 F
centrifuge (refrigerated) at 10,000 rpm for 15 min.

The activities of cytoplasmic oxidoreductases, malate dehydrogenase and lactate dehydro-
genase (MDH and LDH, respectively), were evaluated using spectrophotometric measurements
of the speed of NADH oxidation in 0.2 M Tris-HCI buffer (pH 7.5) in a 3-mL quartz cuvette with
10-mm pathlength at a wavelength A = 340 nm and +25 °C. The reaction was initiated by adding
0.025-0.05 mL of extract, and the measurements were taken every 30 s during 2-3 min. Pyruvate
was used as a substrate to measure LDH activity, and oxaloacetate was used to measure MDH ac-
tivity. Each measurement was repeated 2-3 times, and the values of the corresponding measure-
ments were averaged. Specific activity of oxidoreductases was expressed as umol NADH-min™"-mg™
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of supernatant protein. The ratio of the cytosolic MDH/LDH was defined as MDH activity
divided by LDH activity, and this allowed evaluating a potential capacity to conduct aerobic
metabolism.

Catalase activity (H,O,: HyO;-oxidoreductase; 1.11.1.6) was assessed by the change in extinction
at A = 410 nm by a method based on the ability of hydrogen peroxide to form a colored complex
with ammonium molybdate. The measurements were repeated two times, and the results were aver-
aged. The tubes were filled with 1 mL of 0.03% hydrogen peroxide solution, 0.25 mL of 0.05 M phos-
phate buffer, pH 8.0, and 0.05 mL of supernatant. The control sample contained 0.25 mL of 12 mM
sodium azide solution. After samples incubation for 10 min at +25 °C, the reaction was stopped
by adding 2 mL of 4% ammonium molybdate solution. The specific activity of catalase was expressed
in uM H,0,-min"!-mg™! of supernatant protein.

Protein content was estimated using the micro-biuret method. The colorimetric reaction was carried
out at +25 °C for 15 min, and the optical density was measured at A = 330 nm. Crystalline serum albumin
was used as a standard for creating a calibration curve.

The MDH/catalase and LDH/catalase indices were calculated based on the oxidoreductase activity,
in relation to which the ratio of the intensity of functioning of energy metabolism pathways to metabolic
tension was assessed.

Data are presented as mean * SD. The normality of data distribution was checked by the Pearson’s
test. Statistical comparisons were made using the two-sided Student’s #-test. The differences were consid-
ered statistically significant at p < 0.05. The two-sided correlation coefficient (r) between MDH, LDH,
and catalase activity in the brain compartments was calculated applying the Spearman’s rank correlation
coefficient. Statistical analysis and graphic representation of the obtained data were carried out using
the standard software package of MS Office Excel.

RESULTS

Oxidoreductase activity in the brain compartments of adult and juvenile scorpionfish. In MB
and AB of adult scorpionfish, MDH activity was almost identical, while in AB of juvenile individuals, this
index was slightly increased (Fig. 1a). In its turn, LDH activity in the brain samples of adult and juvenile
fish was lower than that of MDH (Fig. 1b).

Similar rates of catalase activity for the brain compartments in adult individuals contrasted with
the lower activity of this enzyme in juvenile fish (Fig. 1d). The lowest catalase activity was registered
in juvenile AB (p < 0.05).

A trend towards higher values of MDH/LDH index in the mature brain of scorpionfish was ob-
served (Fig. 1d). The lowest ratio of MDH/LDH was recorded in MB of juveniles (p < 0.05) (Fig. 1d).
At the same time, the values of MDH/catalase and LDH/catalase indices in the brain regions of juveniles
exceeded those in adults (p < 0.05) (Fig. 2).

MDH and LDH activities in MB of adult scorpionfish positively correlated with body weight (r = 0.65
and r = 0.80, respectively; p < 0.05) and body length (r = 0.67 and r = 0.80, respectively; p < 0.05).
Alongside with that, a close relationship was established between MDH and LDH activity in their AB
and body weight (r = 0.62 and r = 0.60, respectively; p < 0.05), as well as that of LDH activity and body
length (r = 0.66; p < 0.05).

Oxidoreductase activity in the brain compartments of adult and juvenile scorpionfish
under the effect of phenibut. After phenibut administration, MDH activity increased signifi-
cantly — 2.1-fold and 1.5-fold in MB and AB of adult individuals, respectively (p < 0.05) — reaching
4.60 M NADH-min"!-mg™! of protein in MB and 3.26 uM NADH-min!-mg! of protein in AB (Fig. 1a).
At the same time, LDH activity rose 1.8-fold in MB and 1.6-fold in AB (p < 0.05) acquiring a maximum
value in MB: 2.64 uyM NADH-min"!-mg™! of protein.
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After phenibut administration to juveniles, MDH and LDH activity in their brain compartments de-
creased insignificantly, with the exception of AB (Fig. 1a), where LDH activity decreased from 1.63
to 1.22 uM NADH-min""-mg™" of protein (p < 0.05). Compared to the adult group, in juvenile fish,
MDH activity was lower in MB and AB, and LDH activity was lower in AB (p < 0.05). Differences be-
tween the brain regions of juveniles were established only in LDH activity under experimental conditions
(p <0.05).

It should be noted that after phenibut administration, LDH activity in the fish brain structures
remained significantly lower than MDH activity (p < 0.05).

At the same time, catalase activity increased in all brain compartments of scorpionfish in both
age groups treated with phenibut (p < 0.05) (Fig. 1c). The most prominent shifts were ob-
served in MB of mature scorpionfish: the enzyme activity was almost doubled (p < 0.05)
and amounted to 2.51 uMH,O,-min"-mg™! of protein. Catalase activity increased from 0.54
to 0.83 uM H,0,-min"!-mg™! of protein in AB of juveniles (Fig. 1b). At the same time, catalase activity
in immature fish remained significantly lower compared to that of adults (p < 0.05).
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Fig. 1. Effect of phenibut on the activity of MDH (a), LDH (b), and catalase (c) and MDH/LDH in-
dex (d) in the brain compartments of Scorpaena porcus. White bars, control; dark bars, experiment. I, adults;
IL, juveniles. MB, medulla oblongata; AB, anterior brain compartments. Significant difference, p < 0.05:
* vs. control; A, vs. the same brain compartment of another age group; A, between brain compartments
of adults; #, between brain compartments of juveniles

Puc. 1. Bmusnne ¢enndyra na aktuBHOocTh M/ (2), JIAI (b) u karanass (c), uagexc MIAT/JIAL (d)
B oTaesnax mosra Scorpaena porcus. CBET/Ible CTOJOUKU — KOHTPOJIb; TEMHBIE — OMBIT. | — B3pocIibie
ocodu; Il — mosions. MB — nipoposiroBathiii Mmo3r; AB — niepeHue otessl Mo3ra. JloctoBepHo, p < 0,05:
* — 110 CPaBHEHMIO C KOHTPOJIEM; A — TI0 CPABHEHUIO C AHAJIOTUYHBIM OT/IEJIOM MO3Ta IPYTOi BO3pacTHOM
IPYIIIbL; A — MEKIy OTAeIaMU MO3ra B3POCIbIX 0CO0eH; # — Mexk 1y OTaeJaMy MO3ra MOJIOIU
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A close relationship was found between MDH and LDH activities in MB (r = 0.93; p < 0.05)
and AB (r =0.91; p < 0.05) in juveniles, as well as in adult fish (Table 1).

Table 1. Correlation coefficient () between MDH and LDH activities in the brain compartments of adult
and juvenile Scorpaena porcus after phenibut administration

Taoimna 1. Koadpdunment koppensiuu (r) mMexnay aktupHocteio M u JIAI' B oTaenax mosra
TOJIOBO3PEJIBIX PHIO U MOJIOU Scorpaena porcus TIociie BBeJieHus1 (peHno0yTa
. Adults Juveniles
Tissues - -
Control Phenibut Control Phenibut
Medulla oblongata 0.92%* 0.63* 0.93%* 0.77*
Anterior brain compartments 0.92%%* 0.80%* 0.91%%* 0.60*

Note: *, p < 0.05; **, p < 0.01.

IIpumeuanue: * — p < 0,05; ** — p < 0,01.

MDH/LDH ratio in the brain of adult scorpionfish did not change significantly under the ef-
fect of phenibut (Fig. 1d), and a weak trend towards its decrease was observed only in AB.
MDH/catalase and LDH/catalase indices also showed some stability (Fig. 2). Alongside with that, a de-
cline of the above-mentioned indices was registered practically in all brain compartments of immature

scorpionfish (Fig. 2).

Previously noted high values of the correlation coefficient between MDH and LDH activity
in the brain compartments of different age groups of scorpionfish slightly decreased under the effect
of phenibut (Table 1). Moreover, phenibut administration canceled the initially established correlation
dependence of oxidoreductase activity on the weight and length of adult fish.
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Fig. 2. Effect of phenibut on the ratio of oxidoreductase activity in the brain compartments of Scorpaena
porcus. White bars, control; dark bars, experiment. A, MDH/catalase; b, LDH/catalase. I, adults; II, juve-
niles. MB, medulla oblongata; AB, anterior brain compartments. Significant difference, p < 0.05: *, vs. con-
trol; A, vs. the same brain compartment of another age group; #, between brain compartments of juveniles

Puc. 2. Brusare ¢eHnOyTa Ha COOTHOIIIEHHE aKTMBHOCTH OKCHJIOPENYKTa3 B OTHeNax Mo3ra Scorpaena
porcus. CBeTiible CTONOMKM — KOHTPOJIb; TéMHBle — omblT. A — M/II/karanaza; b — JIII /kaTanasa.
I — B3pocibie ocodu; II — monoas. MB — mpopmosnroBatheiii Mo3r; AB — mepelHuie OTAe b MO3ra.
HoctoBepHo, p < 0,05: * — 1Mo CpaBHEHUIO C KOHTPOJIEM; A — TI0 CPABHEHHUIO C aHAJIOTHYHBIM OTIEJIOM
MO3ra APYrof BO3PACTHOM IPYIIILL, # — MeXy OTIeIaMy MO3Ta MOJIOAU
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DISCUSSION

Age-related features of MDH and LDH activity in the brain compartments of scorpionfish.
The brain regions of adult and juvenile scorpionfish were characterized by comparable values of MDH
activity, although this parameter was slightly higher in juveniles.

A weak trend to an increase in MDH activity in the brain of juveniles (especially in AB) may serve
as an age-related feature of the maturing brain that consumes energy on plastic processes, synaptogenesis,
and myelination. In particular, brain development in rats, reaching sexual maturity by two months of age,
is completely terminated only on the 90" day after birth, when myelination is completed in the cerebral
cortex [Bon, 2021]. Alongside with that, the intensity of energy metabolism in the brain can be indirectly
related to the lifestyle and nutrition. Juvenile scorpionfish live mainly on small crustaceans, molluscs,
and worms hiding in the thickets of aquatic plants, while adult individuals prefer fish. AB structures
can be relatively more active in juveniles compared to adult ambush predators due to differences in for-
aging behavior. In addition, AB includes the centers of regulation of muscle tone and body balance
coordination, as well as smell and vision centers that are necessary for defensive behavior, since juvenile
fish are a relatively easy prey for large predators.

LDH activity in the brain of juvenile scorpionfish noticeably exceeded that of adult fish. As shown,
the LDH activity level in the fish brain is a significant part of the mechanism of resistance to hypoxia
making it possible to endure O, starvation and adapt to low PO, [Mandic et al., 2013]. Obviously, in-
creased LDH activity in the brain of juvenile scorpionfish (MB and AB) is a part of an adaptive ap-
paratus that enhances the survivorship of young individuals under conditions of varying O, in aquatic
environments.

There is a close correlation between MDH and LDH activities in the brain compartments of scor-
pionfish which reflects the features of the regulation of metabolic pathways during energy production.
The mixed aerobic and anaerobic functions of MDH occupying an intermediate position between gly-
colytic enzymes and citrate synthase should be taken into account. Moreover, the activity of above-
mentioned oxidoreductases in both brain compartments of adult fish and in MB of immature individuals
was positively correlated with body weight. At the same time, an identical positive relationship between
oxidoreductase activity and body length was observed in adult fish, and it was completely absent in im-
mature scorpionfish. The changes in energy metabolism during growth have been reported in many
fish species and may reflect the way organisms deal with environmental constraints [ Almeida-Val et al.,
2000]. Such a positive correlation of MDH and LDH with the body size of juvenile Astronotus ocellatus
allows them to increase their anaerobic potential with growth [Almeida-Val et al., 2000]. It is obvious
that survivorship under hypoxia will rise due to a combination of effects of metabolic rate suppression
and an increase in anaerobic capacity as the fish grow. At the same time, the constancy of LDH and pyru-
vate kinase activity in the brain tissues of adult individuals of bathybenthic species (the barred sand
bass Paralabrax nebulifer and kelp bass Paralabrax clathratus) was observed over a wide range of body
sizes [Somero, Childress, 1980] which probably reflects the reaching of a certain plateau in the adaptive
capability of the mature brain.

Thus, apparently, the degree of MDH and LDH activity in the brain structures in different age
groups of scorpionfish is closely intertwined with the lifestyle, including foraging and defensive behavior
and the features of biochemical mechanisms of adaptation.

Age-related features of MDH and LDH activity in the brain compartments of scorpionfish
under the effect of phenibut. During hypoxia, the amount of released GABA is determined by species
differences and the brain’s need for metabolic depression which, in turn, depends on the ability for anaer-
obic ATP production. The extracellular level of neurotransmitters is approximately 1/1000 of intracel-
lular stores in the brain cells. The administration of GABA or its agonists makes it possible to recon-
struct the “manners” of metabolic pathways under acute hypoxia in vivo. Since hypoxic GABA release
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is subjected to significant individual variations [Hylland, Nilsson, 1999], the injection of a GABA
mimetic when converted to the body weight of model organisms allows to standardize and detail the in-
fluence of GABA on the mechanisms providing the tolerance to O, starvation. One of such agents,
phenibut, is a nonselective GABA agonist and GABA mimetic affecting both ionotropic GABA(A)
and metabotropic GABA(B) receptors.

In the brain compartments of adult scorpionfish, phenibut administration led to a simultaneous in-
crease in MDH and LDH activity, with an opposite trend towards a notable decrease in LDH activity,
i. e., limitation of anaerobic glycolysis in the juvenile brain.

The importance of cytoplasmic MDH rises, when there is a need to enhance glycolytic capac-
ity. MDH may support glycolysis in the absence of O,, since it delivers NAD* as a key cofactor re-
quired for functioning of glyceraldehyde-3-phosphate dehydrogenase (GAPDH). In its turn, the function
of GAPDH as a catalyst is meant to accelerate the reversible oxidative phosphorylation of glyceraldehyde-
3-phosphate to 1,3-diphosphoglycerate with NADH formation. During cerebral ischemia, a simultane-
ous increase in the activity of mitochondrial and cytosolic MDH forms accompanied by an increase
in malate is associated with the activation of the malate-aspartate shuttle mechanism for transporting
reduced equivalents from cytoplasm into mitochondria [Belenichev et al., 2012].

Simultaneously with an increase in MDH activity, LDH activity under the effect of phenibut also
enhanced in the brain of adult scorpionfish. During hypoxia, such a rise in LDH activity fulfils the im-
mediate energy demand for overcoming possible consequences of insufficient O, intake. In particular,
such an increase in LDH activity during hypoxia is observed in muscles of a catfish Clarias batrachus
tolerant to O, deficiency [Tripathi et al., 2013]. As a dietary supplement, GABA also caused a gain
in LDH activity in liver tissues of a hypoxia-tolerant Indian major carp, mrigal Cirrhinus mrigala, dur-
ing O, starvation [Varghese et al., 2020]. At the same time, LDH activity in mrigals under the effect
of GABA was somewhat lower than that when exposed to hypoxia. The term “pseudohypoxia” is often
used to indicate the activation of the pathway to a decrease in O, availability under non-hypoxic condi-
tions. Obviously, an increase in LDH activity in the brain compartments of adult scorpionfish subjected
to phenibut administration and in the presence of a sufficient amount of O, may correspond to the above
notion, L. e., it gives evidence of the reaction of this enzyme according to the “pseudohypoxic” type.

The simultaneous increase in MDH and LDH activity against the backdrop of phenibut reflects
an enhanced intensity of glycolytic processes in scorpionfish. The occurring discrepancy in the degree
of shifts in the oxidoreductase activity in different brain structures may be a consequence of significant
differences in the rate of GABA metabolism and specificity of GABA effect on energy metabolism
in the separate brain regions.

Noteworthy, phenibut administration contributed to a decrease in LDH activity (especially in AB)
in the absence of a noticeable MDH reaction in juvenile scorpionfish vs. mature individuals. It is possible
to explain LDH “behavior” in the age-related aspect only using a number of certain assumptions.

Hence, a decrease in LDH activity in juvenile scorpionfish (during catalase activation associated with
a probable increase in H,O, production) can be conditioned by oxidation of cysteine residues by ROS
in the enzyme molecule determining the formation of its spatial configuration [Ledo et al., 2022].

In addition, variations in the response of oxidoreductases to phenibut in scorpionfish individuals
of different age may be indirectly related to the phenomenon of transit of GABA mediator function.
It is known that GABA excitatory action is observed in higher vertebrates only at the early stages
of development (embryogenesis and early postnatal period) [Ben-Ari, 2014]. In the perinatal period,
GABA effect shifts from excitation to inhibition and, accordingly, from depolarization to hyperpolar-
ization of the cell membrane [Ben-Ari, 2014]. Transit of GABA function is mediated through the de-
velopmentally regulated expression of cation-Cl-cotransporters NKCC1 (Na*-K*-CI” cotransporter 1)
and KCC2 (K*-CI” cotransporter 2). It is assumed that the ratio between NKCC1 and KCC2 activities
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providing incoming and outgoing CI” fluxes, respectively, plays a key role in functioning of GABA(A) re-
ceptors [Virtanen et al., 2021]. A decrease in NKCCI activity with an increase in KCC2 activ-
ity is the cause for a sharp change in the properties of GABA(A) receptors during mammalian
ontogenesis.

After the final formation of interneuronal connections and the establishment of constant network
activity, time-averaged Cl™ loading, KCC2 expression level, and hyperpolarizing effect of GABAergic
currents reach their peak values [Virtanen et al., 2021]. Alongside with that, ion transport and energy
metabolism of neurons tend to their maximum values. In its turn, the neuronal damage leads to KCC2 loss
and to a “reversal” of the polarity of GABAergic currents which may be a part of a larger pattern of de-
differentiation that is necessary for the neuronal survival in adverse conditions [Virtanen et al., 2021]
and is manifested by a return to immature high [CI™] and the excitatory effect of GABA [Ben-Ari, 2014].

The excitatory/inhibitory sequence of GABA function is just one of many aspects of the matura-
tion of brain activity. Since the shift from one to a diametrically opposite functional role of GABA
occurs in higher vertebrates at the prenatal and postnatal developmental stages, the oxidoreductase re-
action is likely to be observed in the brain of juvenile scorpionfish against the backdrop of a slowed
transit of the mediator function (transitional stage of the GABA function) to the classical inhibition
of neuronal activity. In case of a possible prolonged transit of the GABA function, the difference and di-
rection of the change in LDH activity in MB and AB of juveniles vs. mature scorpionfish correlates
directly with the unfolding of KCC expression in the caudal-to-rostral direction in the process of brain
maturation [Watanabe, Fukuda, 2015]. At the same time, phenibut makes it possible to maintain the in-
terdependence (observed in the control) between MDH and LDH activity in different brain compart-
ments of juvenile and adult scorpionfish which is indicative of a rather physiological, but not toxic effect
of this agent.

Age-related features of catalase activity in the brain compartments of scorpionfish. Energy
metabolism is both a source and a target for various oxidants which determines the close coordination
of enzymes of metabolic pathways and the antioxidant system. Brain tissue is notable for a particular
intensity of oxidative phosphorylation (hereinafter OXPHOS) which makes this tissue more susceptible
to oxidative stress. The main source of ROS is the leakage of electrons from the mitochondrial elec-
tron transport chain. Approximately 2—5% of the electron flow in the respiratory chain of isolated brain
mitochondria produce superoxide anion (O,) and H,O,. The high dependence of the brain on ATP
production via intensive OXPHOS determines the necessity for effective methods of O,  and H,0O,
detoxification. O, is inactivated by superoxide dismutase (SOD). H,O, formed in this process is de-
composed by catalase and glutathione peroxidase (hereinafter GPx). While catalase serves as the main
H,0, detoxification enzyme, GPx is more efficient in H,O, decomposition [Bagnyukova et al., 2005].
Moreover, GPx has a much higher affinity for H,O, which suggests the importance of GPx at low H,O,
concentrations, while the role of catalase increases under severe oxidative stress.

The brain antioxidant system is characterized by a low or moderate activity of catalase and GPx
against the backdrop of the predominant SOD activity [Bagnyukova et al., 2005]. The low catalase ac-
tivity may be associated with the production of H,O, as a transmitter which acquires a specificity in me-
diating signaling effects [Sies, Jones, 2020] and has the ability to modulate synaptic transmission [Lee
et al., 2015]. The level of antioxidant enzyme activity in fish has features that are characteristic and in-
herent to certain species, and this makes it difficult to compare the antioxidant system parameters [Radi
et al., 1985]. Moreover, the discrepancies in the activity of antioxidant enzymes in relation to the brain
structures manifest morphological and functional heterogeneity of the brain [Brannan et al., 1981].

Catalase activity in MB was slightly higher than that in AB in both age groups of scorpionfish.
The brainstem neurons in the mammalian brain (including MB) have a relatively high degree of catalase
immunoreactivity compared to those of the forebrain [Moreno et al., 1995]. However, within the brain
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structures themselves, there are regions with different catalase staining intensity [Moreno et al., 1995].
In many cases, densely stained cells appear to be more resistant to ischemia/reperfusion injury, whereas
weakly stained cells are more susceptible to ischemic injury.

The manifestation of catalase activity in the brain compartments of scorpionfish can be regarded
in two ways. On the one hand, high activity of antioxidant enzymes (catalase in particular) may be of cer-
tain importance for scorpionfish MB that contains cardiorespiratory reflexogenic centers and ensures
its viability. On the other hand, AB in a resting ambush predator should be less active functionally
at the appropriate OXPHOS intensity and at a lower rate of ROS/H,0O, production.

H,0, is considered a dynamic reporter of neuronal activity and a “translational substance” blur-
ing the boundary between energy and information [Lee et al., 2015]. O, consumption is believed
to be proportional to the activity of brain structures which are characterized by the greatest demand
for macroergs in order to support ATP-dependent signaling, i. e., information processes. H;O, produced
during OXPHOS rapidly retranslates dynamic shifts in cellular metabolism, especially in the mitochon-
drial O, consumption, into a meaningful physiological signal [Lee et al., 2015]. H,O,-sensitive ion chan-
nels are the target of such a physiological signal and can affect the excitability of neurons directly produc-
ing H,O,. H,O, can modulate GABAergic neurotransmission. Cellular transient receptor potential (TRP)
ion channels, subclass TRPM2 (transient receptor potential melastatin 2, non-selective cation channel),
are uniquely sensitive to the action of H,O,, and this leads to the activation of GABAergic neurons.
At the same time, such activation of KATP channels (ATP-dependent potassium channels) by H,O,
reduces neuronal excitability [Lee et al., 2015]. There are certain differences in the H,O,-dependent
activation of KATP and TRPM2 channels for different animal species which is indicative of special
functions of this regulatory process. Apparently, the resulting effect of H,O, will reflect the balance
of activity of the expressed H,O,-sensitive target channels (KATP and TRPM?2) and thus ensure cellular
type-specific modulation patterns.

It should be noted that catalase activity in different brain compartments of juvenile scorpionfish (es-
pecially AB) was lower compared to that of adult individuals, and this is consistent with the data on a gain
in catalase activity in the mammalian brain in the process of its maturation from the postnatal period
to full maturity [Mavelli et al., 1982] and on a further age-dependent increase in the enzyme activ-
ity [Vertechy et al., 1993]. On the other hand, under normal conditions, low catalase activity is partially
compensated by GPx function [Bagnyukova et al., 2005]. In addition, total glutathione level is quite high
in the brain of goldfish highly tolerant to hypoxia (670 nmol per g wet weight) which indicates the im-
portance of this antioxidant tripeptide in H,O, neutralization. In its turn, low GPx activity can be com-
pensated by high catalase activity. The activity of the mentioned enzymes is negatively correlated in dif-
ferent mammalian species [Godin, Garnett, 1992]. Thus, GPx is likely to maintain cellular function
and adapt to the normal cellular metabolic activity, while catalase will be a part of the stress response
mechanism regardless of low metabolic rate or O, concentration in the aquatic environment. Moreover,
catalase does not require cofactors or energy expenditure for its activity, while GPx oxidizes glutathione
to GSSG that must then be processed by NADPH-dependent glutathione reductase. The preference
for an enzyme with minimal energy consumption in the environment with limited availability of resources
may be an effective survival strategy, especially for immature animals.

Relatively low catalase activity may suggest an increase in H,O; level in the brain regions of juvenile
scorpionfish. As mentioned above, H,O, is assigned the function of a volume neurotransmitter [Ledo
etal.,2022] and of a second messenger as well [Gonzélez et al., 2020]. O,-dependent production of H,O,
is a regulator of the erythropoietin (Epo) gene expression [Fandrey et al., 1994], a “multi-purpose” factor
of general oxygen homeostasis. In particular, Epo exerts protective functions in different organs, includ-
ing brain, in case of ischemic injury [Grasso et al., 2004]. Epo gene and Epo receptor (EpoR) expression
has been identified in teleost species [Chu et al., 2007].
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A decrease in catalase activity is likely to ensure functioning of H,O, as a second messenger
in juvenile scorpionfish which provides their adaptive potential and survivorship in hypoxia.

As mentioned above, calculated MDH/catalase and LDH/catalase indices reflect the ratio of energy
metabolism intensity to physiological tension (eustress). Adult scorpionfish, as well as juvenile ones,
were similarly characterized by slightly higher MDH/catalase and LDH/catalase indices in AB. More-
over, MDH/catalase and LLDH/catalase in juvenile individuals were noticeably higher (“their own” age
norm), since less intense functioning of “energy-saving” catalase may be associated with an increased
“need” for H,O, as a second messenger in the processes of brain maturation and adaptation. Aerobic
and anaerobic pathways of energy metabolism in the brain of juvenile scorpionfish that supply ATP
for the protein synthesis, the development, and maintenance of synaptic transmission of neural networks
acquire special significance. At the same time, a sufficient amount of H,O, ensures the transcription
of genetic factors.

Age-related features of catalase activity in the brain compartments of scorpionfish under
the effect of phenibut. Increased catalase activity under the effect of phenibut in the scorpionfish brain
may serve as an indirect sign of large-scale H,O, production. Any stress response of the organism is ac-
companied by a short-term burst in ROS production and the development of oxidative stress. A puta-
tive increase in H,O, production in the scorpionfish brain under phenibut administration is associated
with the ability of GABA derivatives to stimulate OXPHOS [Mokrousov et al., 2019]. In MB of adult
scorpionfish, catalase activity reached the highest value among the studied brain samples which may
indirectly evidence for the dominant functional activity of this part of the brain of the ambush predator,
as mentioned above.

For successful survival in hypoxia, an organism must not only maintain its viability amidst O, short-
age, but also have an effective mechanism to minimize or prevent oxidative stress during the transi-
tion from hypoxia back to aerobic conditions. Some animal species consistently demonstrate high levels
of the activity of antioxidant system, while the others increase the antioxidant defense directly on expo-
sure to hypoxia in an anticipatory process coined “preparation for oxidative stress” [Hermes-Lima et al.,
1998]. The latter mechanism occurs in stress-tolerant species that are regularly exposed to significant
fluctuations in O, availability in their habitat [Vig, Nemcsok, 1989]. The enhancement of antioxidant
defense during physiological states requiring decreased ROS production is a preparative mechanism that
minimizes potential damage due to oxidative stress, including reoxygenation. It is obvious that phenibut
has the properties of an agent quickly increasing the antioxidant status of the scorpionfish brain.

The ability of exogenous GABA to enhance H,O, production [Jin et al., 2019] which provides modu-
lation of the currents mediated by GABA(A) receptors constitutes a reversible redox-sensitive signaling
mechanism [Hogg et al., 2015]. H,O, can limit GABAergic neurotransmission not only through the ef-
fect on presynaptic sites [Sah, Schwartz-Bloom, 1999], but also on postsynaptic sites [Sah et al., 2002].
ROS-induced plasticity of different GABA(A) receptor subtypes suggests oxidation of cysteine residues
by ROS in receptor subunits, and this is critical for ion channel activation [Gonzalez et al., 2020]. In ad-
dition, it was shown that the activation of a special type of GABA(A) receptors by ROS, including
a3 subunit, may enhance GABAergic synaptic transmission [Accardi et al., 2014]. Obviously, ROS,
as a putative homeostatic signaling unit, couple the cellular metabolism with the “strength” of inhibitory
neurotransmission [Accardi et al., 2014].

Anyway, the effect of ROS on GABAergic signaling and the resulting effect is likely to depend entirely
on the cell type and the region of the central nervous system [Gonzdlez et al., 2020]. The sensitivity
of GABA(A) receptors to ROS/H,0, remains an important factor in the development of neuronal injury
during ischemia and neurodegenerative processes [Accardi et al., 2014].

The MDH/catalase and LDH/catalase indices, before and after phenibut administration in the dif-
ferent brain compartments of adult scorpionfish, remained comparable which is indicative of the stabil-
ity of functioning of energy metabolism pathways without signs of oxidative stress. At the same time,
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a sharp reduction in similar indices, especially in AB, was observed in juvenile scorpionfish which was
determined by a decrease in the activity of energy metabolism-related oxidoreductases and by the in-
creased catalase activity. As MDH/LDG index in MB of adult and juvenile scorpionfish turned out
to be quite stable, it is possible to assume greater stability and protection of this part of the brain. How-
ever, a simultaneous decrease in MDH/catalase and LDH/catalase in the brain compartments of juveniles
indicates pronounced physiological tension. A decline in the mentioned ratios of oxidoreductase/catalase
activity occurred mainly due to catalase activation which can be regarded as an indirect sign of a rise
in the production of substrate (H,O,) for this enzyme. Given that H,O, actually acts as a second mes-
senger [Gonzdlez et al., 2020], the physiological meaning of increased H,O, production is to trigger
a regulatory cascade providing increased antioxidant protection through ROS-sensitive transcription
factors [Bagnyukova et al., 2005] as a protective mechanism in the maturing brain.

Conclusions. The brain of juvenile scorpionfish is characterized by a trend toward a higher intensity
of energy metabolism which may be determined by the completion of growth processes, with a notice-
ably lower catalase activity. In the mature fish brain, GABA mimetic phenibut causes activation of oxi-
doreductases according to a “pseudohypoxic” scenario. At the same time, activation of the GABAergic
mechanism can suppress LDH activity in the anterior brain compartments of juvenile fish that are more
vulnerable to O, starvation. A concomitant increase in catalase activity in the brain tissues of both
age groups is probably indirect evidence of an increase in H,O, production due to OXPHOS intensi-
fication. Deviations in catalase activity are likely to contribute to the implementation of the function
of H,O, as a second messenger and a modulator of GABAergic signaling. Such a mechanism involving
H,0, may be especially significant for the maturing brain that completes the adjustment of neural
networks and also ensures and maintains brain resistance to hypoxia in juvenile and adult scorpionfish.

This work was carried out within the framework of IBSS state research assignment “Functional, metabolic,
and molecular genetic mechanisms of marine organism adaptation to conditions of extreme ecotopes of the Black
Sea, the Sea of Azov, and other areas of the World Ocean” (No. 124030100137-6).

REFERENCES

1. Accardi M. V., Daniels B. A., Brown P. M., 4. Belenichev I. F., Kolesnik Yu. M., Pavlov S. V.,

Fritschy J. M., Tyagarajan S. K., Bowie D.
Mitochondrial reactive oxygen species regulate
the strength of inhibitory GABA-mediated
synaptic  transmission. Nature = Communica-
tions, 2014, vol. 5, art. no. 3168 (12 p.).
https://doi.org/10.1038/ncomms4 168

. Almeida-Val V. M. F., Val A. L., Duncan W. P.,
Souza F. C., Paula-Silva M. N., Land S. Scal-
ing effects on hypoxia tolerance in the Amazon
fish Astronotus ocellatus (Perciformes: Cichlidae):
Contribution of tissue enzyme levels. Comparative
Biochemistry Physiology B, Biochemistry Molecu-
lar Biology, 2000, vol. 125, iss. 2, pp. 219-226.
https://doi.org/10.1016/S0305-0491(99)00172-8

. Bagnyukova T. V., Vasylkiv O. Yu., Storey K. B.,
Lushchak V. I. Catalase inhibition by amino
triazole induces oxidative stress in gold-
fish brain. Brain Research, 2005, vol. 1052,
iss. 2, pp. 180-186. https://doi.org/10.1016/
j.brainres.2005.06.002

Marine Biological Journal 2025 Vol. 10 No. 1

Sokolik E. P., Bukhtiyarova N. V. Malate-
aspartate shunt in neuronal adaptation to is-
chemic conditions: Molecular-biochemical mech-
anisms of activation and regulation. Neurochem-
ical Journal, 2012, vol. 6, iss. 1, pp. 22-28.
https://doi.org/10.1134/S1819712412010023

. Ben-Ari Y. The GABA excitatory/inhibitory de-

velopmental sequence: A personal journey. Neu-
roscience, 2014, vol. 279, pp. 187-219. https://
doi.org/10.1016/j.neuroscience.2014.08.001

. Bon E. I. Development of the rat isocortex

in antenatal and postnatal ontogenesis. Journal
of Chronomedicine, 2021, vol. 23, pp. 31-34.
https://doi.org/10.36361/2307-4698-2020-23-1-
31-34

. Brannan T. S., Maker H. S., Raes 1. P. Regional

distribution of catalase in the adult rat brain.
Journal of Neurochemistry, 1981, vol. 36, iss. 1,
pp- 307-309. https://doi.org/10.1111/j.1471-
4159.1981.tb02411.x


https://doi.org/10.1038/ncomms4168
https://doi.org/10.1016/S0305-0491(99)00172-8
ttps://doi.org/10.1016/j.brainres.2005.06.002
ttps://doi.org/10.1016/j.brainres.2005.06.002
https://doi.org/10.1134/S1819712412010023
https://doi.org/10.1016/j.neuroscience.2014.08.001
https://doi.org/10.1016/j.neuroscience.2014.08.001
https://doi.org/10.36361/2307-4698-2020-23-1-31-34
https://doi.org/10.36361/2307-4698-2020-23-1-31-34
https://doi.org/10.1111/j.1471-4159.1981.tb02411.x
https://doi.org/10.1111/j.1471-4159.1981.tb02411.x

66

E. Kolesnikova and I. Golovina

Nel

10.

11.

12.

13.

14.

15.

16.

. ChuC.Y., Cheng C. H., Chen G. D., Chen Y. C.,
Hung C. C., Huang K. Y., Huang C. J. The ze-
brafish erythropoietin: Functional identification
and biochemical characterization. FEBS Let-
ters, 2007, vol. 581, iss. 22, pp. 4265-4271.
https://doi.org/10.1016/j.febslet.2007.07.073

. Fandrey J., Frede S., Jelkmann W. Role of hy-

drogen peroxide in hypoxia-induced erythro-

poietin production. Biochemical Journal, 1994,

vol. 303, iss. 2, pp. 507-510. https://doi.org/

10.1042/6;3030507

Galkina O. V. The specific features of free-

radical processes and the antioxidant defense

in the adult brain. Neurochemical Journal,

2013, vol. 7, iss. 2, pp. 89-97. https://doi.org/

10.1134/S1819712413020025

Godin D. V., Garnett M. E. Species-related vari-

ations in tissue antioxidant status—I. Differences

in antioxidant enzyme profiles. Comparative Bio-
chemistry and Physiology Part B: Comparative Bio-

chemistry, 1992, vol. 103, iss. 3, pp. 737-742.

https://doi.org/10.1016/0305-0491(92)90399-c

Gonzalez A. N. B., Pazos M. 1. L., Calvo D. J.

Reactive oxygen species in the regulation

of the GABA mediated inhibitory neurotransmis-

sion. Neuroscience, 2020, vol. 439, pp. 137-145.

https://doi.org/10.1016/j.neuroscience.2019.05.064

Grasso G., Sfacteria A., Cerami A., Brines M. Ery-

thropoietin as a tissue-protective cytokine in brain

injury: What do we know and where do we go?

The Neuroscientist, 2004, vol. 10, iss. 2, pp. 93-98.

https://doi.org/10.1177/1073858403259187

Hermes-Lima M., Storey J. M., Storey K. B.

Antioxidant defenses and metabolic depression.

The hypothesis of preparation for oxidative stress

in land snails. Comparative Biochemistry and Phys-

iology Part B: Biochemistry and Molecular Bi-

ology, 1998, vol. 120, iss. 3, pp. 437-448.

https://doi.org/10.1016/S0305-0491(98)10053-6

Hochachka P. W., Somero G. N. Biochemical

Adaptation: Mechanism and Process in Physiolog-

ical Evolution. Oxford : Oxford University Press,

2002, 466 p.

Hogg D. W., Pamenter M. E., Dukoff D. J,

Buck L. T. Decreases in mitochondrial
reactive oxygen species initiate GABA,
receptor-mediated electrical suppression

in anoxia-tolerant turtle neurons. Journal of Phys-
iology, 2015, vol. 593, iss. 10, pp. 2311-2326.
https://doi.org/10.1113/1P270474

17

18.

19.

20.

21.

22.

23.

24,

25.

. Hylland P., Nilsson G. E. Extracellular levels
of amino acid neurotransmitters during anoxia
and forced energy deficiency in crucian carp brain.
Brain Research, 1999, vol. 823, iss. 1-2, pp. 49-58.
https://doi.org/10.1016/S0006-8993(99)01096-3
Jin X, Liu T.,, Xu J.,, Gao Z., Hu X. Ex-
ogenous GABA enhances muskmelon tolerance
to salinity-alkalinity stress by regulating redox bal-
ance and chlorophyll biosynthesis. BMC Plant Bi-
ology, 2019, vol. 19, iss. 1, art. no. 48 (15 p.).
https://doi.org/10.1186/s12870-019-1660-y

Ledo A., Fernandes E., Salvador A., Laran-
jinha J., Barbosa R. M. In vivo hydrogen
peroxide diffusivity in brain tissue sup-
ports volume signaling activity. Redox Biol-
ogy, 2022, vol. 50, art. no. 102250 (9 p.).
https://doi.org/10.1016/j.redox.2022.102250

Lee C. R., Patel J. C., O’Neill B., Rice M. E.
Inhibitory and excitatory neuromodulation by hy-
drogen peroxide: Translating energetics to infor-
mation. Journal of Physiology, 2015, vol. 593,
iss. 16, pp. 3431-3446. https://doi.org/10.1113/
jphysiol.2014.273839

Lim S., Kang H., Kwon B., Lee J. P., Lee J.,
Choi K. Zebrafish (Danio rerio) as a model organ-
ism for screening nephrotoxic chemicals and re-
lated mechanisms. Ecotoxicology and Environmen-
tal Safety, 2022, vol. 242, art. no. 113842 (12 p.).
https://doi.org/10.1016/j.ecoenv.2022.113842
Little A. G., Pamenter M. E., Sitaraman D., Tem-
pleman N. M., Willmore W. G., Hedrick M. S.,
Moyes C. D. Utilizing comparative models
in biomedical research. Comparative Biochemistry
and Physiology Part B, Biochemistry and Molecular
Biology, 2021, vol. 255, art. no. 110593 (12 p.).
https://doi.org/10.1016/j.cbpb.2021.110593
Lushchak V. I., Bahnjukova T. V., Storey K. B.
Effect of hypoxia on the activity and bind-
ing of glycolytic and associated enzymes in sea
scorpion tissues. Brazilian Journal of Medical
and Biological Research, 1998, vol. 31, iss. 8,
pp. 1059-1067. https://doi.org/10.1590/S0100-
879X1998000800005

Mandic M., Speers-Roesch B., Richards J. G.
Hypoxia tolerance in sculpins is associated with
high anaerobic enzyme activity in brain but not
in liver or muscle. Physiological and Biochemi-
cal Zoology, 2013, vol. 86, no. 1, pp. 92-105.
https://doi.org/10.1086/667938

Mavelli 1., Rigo A., Federico R., Ciriolo M. R.,

Mopckoii 6uonornyeckuii xkypHai 2025 Tom 10 Ne 1


https://doi.org/10.1016/j.febslet.2007.07.073
https://doi.org/10.1042/bj3030507
https://doi.org/10.1042/bj3030507
https://doi.org/10.1134/S1819712413020025
https://doi.org/10.1134/S1819712413020025
https://doi.org/10.1016/0305-0491(92)90399-c
https://doi.org/10.1016/j.neuroscience.2019.05.064
https://doi.org/10.1177/1073858403259187
https://doi.org/10.1016/S0305-0491(98)10053-6
https://doi.org/10.1113/JP270474
https://doi.org/10.1016/S0006-8993(99)01096-3
https://doi.org/10.1186/s12870-019-1660-y
https://doi.org/10.1016/j.redox.2022.102250
https://doi.org/10.1113/jphysiol.2014.273839
https://doi.org/10.1113/jphysiol.2014.273839
https://doi.org/10.1016/j.ecoenv.2022.113842
https://doi.org/10.1016/j.cbpb.2021.110593
https://doi.org/10.1590/S0100-879X1998000800005
https://doi.org/10.1590/S0100-879X1998000800005
https://doi.org/10.1086/667938

Effect of GABA mimetic phenibut on oxidoreductase activity in the brain compartments. ..

67

26.

27.

28.

29.

30.

31.

32.

Rotilio G. Superoxide dismutase, glutathione per-
oxidase and catalase in developing rat brain.
Biochemical Journal, 1982, vol. 204, iss. 2,
pp- 535-540. https://doi.org/10.1042/bj2040535
Mizuno Y., Ohta K. Regional distributions
of thiobarbituric acid-reactive products, ac-
tivities of enzymes regulating the metabolism
of oxygen free radicals, and some of the related
enzymes in adult and aged rat brains. Jour-
nal of Neurochemistry, 1986, vol. 46, iss. 5,
pp. 1344-1352. https://doi.org/10.1111/j.1471-
4159.1986.tb01745.x

Mokrousov I. S., Perfilova V. N., Prokofiev I. 1.,
Popova T. A., Vodopyanova E. G., Vasil’eva O. S.,
Tyurenkov 1. N. Effect of a new cyclic deriva-
tive of GABA, RGPU-207, on the functions
of cardiac and cerebral mitochondria of stressed
animals. Journal of Pharmacy and Pharmacol-
ogy, 2019, vol. 71, iss. 7, pp. 1055-1064.
https://doi.org/10.1111/jphp.13086

Moreno S., Mugnaini E., Cert M. P. Im-
munocytochemical localization of catalase
in the central nervous system of the rat.
Journal of Histochemistry and Cytochem-
istry, 1995, vol. 43, iss. 12, pp. 1253-1267.
https://doi.org/10.1177/43.12.8537642

Nilsson G. E., Lutz P. L., Jackson T. L. Neu-
rotransmitters and anoxic survival of the brain:
A comparison of anoxia-tolerant and anoxia-
intolerant  vertebrates.  Physiological =~ Zo-
ology, 1991, vol. 64, iss. 3, pp. 638-652.
https://doi.org/10.1086/physzool.64.3.30158198
Nilsson G. E., Ostlund-Nilsson S. Does
size matter for hypoxia tolerance in fish?
Biological Reviews, 2008, vol. 83, iss. 2,
pp. 173-189. https://doi.org/10.1111/j.1469-
185X.2008.00038.x

Radi A. R., Matkovics B., Gabrielak T. Com-
parative antioxidant enzyme study in freshwa-
ter fish with different types of feeding be-
haviour. Comparative Biochemistry and Physiology
Part C: Comparative Pharmacology, 1985, vol. 81,
iss. 2, pp. 395-399. https://doi.org/10.1016/0742-
8413(85)90026-x

Sah R., Schwartz-Bloom R. D. Optical imag-
ing reveals elevated intracellular chloride
in hippocampal pyramidal neurons after ox-
idative stress. Journal of Neuroscience, 1999,
vol. 19, iss. 21, pp. 9209-9217. https://doi.org/
10.1523/JNEUROSCI.19-21-09209.1999

Marine Biological Journal 2025 Vol. 10 No. 1

33

34

35

36.

37.

38.

39.

40.

Sah R., Galefi F., Ahrens R., Jor-
dan G., Schwartz-Bloom R. D. Modula-
tion of the GABA,-gated chloride chan-
nel by reactive oxygen species. Journal
of Neurochemistry, 2002, vol. 80, iss. 3,
pp-  383-391. https://doi.org/10.1046/j.0022-

3042.2001.00706.x
Sies H., Jones D. P. Reactive oxygen species

(ROS) as pleiotropic physiological signal-
ing agents. Nature Reviews Molecular Cell
Biology, 2020, vol. 21, iss. 7, pp. 363-383.

https://doi.org/10.1038/s41580-020-0230-3
Soldatov A. A., Andreenko T. I., Kukhareva T. A.,
Andreeva A. Yu., Kladchenko E. S. Catalase
and superoxide dismutase activity in erythro-
cytes and the methemoglobin level in blood
of the black scorpionfish (Scorpaena porcus,
Linnaeus, 1758) exposed to acute hypoxia. Rus-
sian Journal of Marine Biology, 2021, vol. 47,
iss. 4, pp. 283-289. https://doi.org/10.1134/
S106307402104012X

Somero G. N., Childress J. J. A violation
of the metabolism-size scaling paradigm:
Activities of glycolytic enzymes in muscle
increase in larger-size fish. Physiological Zo-
ology, 1980, vol. 53, no. 3, pp. 322-337.
https://doi.org/10.1086/physzool.53.3.30155794
Tripathi R. K., Mohindra V., Singh A., Kumar R.,
Mishra R. M., Jena J. K. Physiological responses
to acute experimental hypoxia in the air-breathing
Indian catfish, Clarias batrachus (Linnaeus, 1758).
Journal of Bioscience, 2013, vol. 38, iss. 2,
pp- 373-383. https://doi.org/10.1007/s12038-013-
9304-0

Varghese T., Rejish Kumar V. J., Anand G., Das-
gupta S., Pal A. K. Dietary GABA enhances hy-
poxia tolerance of a bottom-dwelling carp, Cir-
rhinus mrigala by modulating HIF-1a, thyroid
hormones and metabolic responses. Fish Physi-
ology and Biochemistry, 2020, vol. 46, iss. 1,
pp- 199-212. https://doi.org/10.1007/s10695-019-
00708-4

Vertechy M., Cooper M. B., Ghirardi O., Ra-
macci M. T. The effect of age on the activ-
ity of enzymes of peroxide metabolism in rat
brain. Experimental Gerontology, 1993, vol. 28,
iss. 1, pp. 77-85. https://doi.org/10.1016/0531-
5565(93)90022-6

Vig E., Nemcsdk J. The effects of hypoxia
and paraquat on the superoxide dismutase


https://doi.org/10.1042/bj2040535
https://doi.org/10.1111/j.1471-4159.1986.tb01745.x
https://doi.org/10.1111/j.1471-4159.1986.tb01745.x
https://doi.org/10.1111/jphp.13086
https://doi.org/10.1177/43.12.8537642
https://doi.org/10.1086/physzool.64.3.30158198
https://doi.org/10.1111/j.1469-185X.2008.00038.x
https://doi.org/10.1111/j.1469-185X.2008.00038.x
https://doi.org/10.1016/0742-8413(85)90026-x
https://doi.org/10.1016/0742-8413(85)90026-x
https://doi.org/10.1523/JNEUROSCI.19-21-09209.1999
https://doi.org/10.1523/JNEUROSCI.19-21-09209.1999
https://doi.org/10.1046/j.0022-3042.2001.00706.x
https://doi.org/10.1046/j.0022-3042.2001.00706.x
https://doi.org/10.1038/s41580-020-0230-3
https://doi.org/10.1134/S106307402104012X
https://doi.org/10.1134/S106307402104012X
https://doi.org/10.1086/physzool.53.3.30155794
https://doi.org/10.1007/s12038-013-9304-0
https://doi.org/10.1007/s12038-013-9304-0
https://doi.org/10.1007/s10695-019-00708-4
https://doi.org/10.1007/s10695-019-00708-4
https://doi.org/10.1016/0531-5565(93)90022-6
https://doi.org/10.1016/0531-5565(93)90022-6

68

E. Kolesnikova and I. Golovina

41.

activity in different organs of carp, Cyprinus
carpio L. Journal of Fish Biology, 1989, vol. 35,
iss. 1, pp. 23-25. https://doi.org/10.1111/j.1095-
8649.1989.tb03389.x

Virtanen M. A., Uvarov P., Mavrovic M.,
Poncer J. C., Kaila K. The multifaceted roles

42.

of Neuroscience, 2021, vol. 44, iss. 5, pp. 378-392.
https://doi.org/10.1016/].tins.2021.01.004

Watanabe M., Fukuda A. Development and reg-
ulation of chloride homeostasis in the cen-
tral nervous system. Frontiers of Cellular Neu-
roscience, 2015, vol. 9, art. no. 371 (14 p.).

of KCC2 in cortical development. Trends https://doi.org/10.3389/fncel.2015.00371

BJIMAHUE MUMETUKA 'AMK ®EHUBYTA
HA AKTUBHOCTDb OKCUJOPEAYKTA3 B KOMITAPTMEHTAX MO3I'A
B3POCJIBIX X HEITOJIOBO3PEJIBIX OCOBEI CKOPITEHBI
SCORPAENA PORCUS LINNAEUS, 1758

E. 9. Koaecuukosa, . B. 'osioBuna

®I'BYH PUIL «MucTuTyT GHooruu 10xHbX Mopei uvmenn A. O. Koanesckoro PAH»,
Cesacromnosb, Poccuiickas $enepanus
E-mail: dr-kolesnikova@mail.ru

[Nosbimenne ypoBHss AMK ciykuT BIKMBaHMIO HEWPOHOB IpPHU TMITOKCHMU/aHOKCHUU. B mporecce
onroreHe3za 'AMK cnocobHa TpaHcOpMUPOBATh CBOIO MEIMATOPHYIO (DYHKIIMIO OT BO30YkKIaio-
el K TopMo3HOH. M3ydanu aktuBHOCTh OKcuaopenykraz (ML, 1.1.1.37; JIAT, 1.1.1.27; katanassl,
1.11.1.6) B otaenax mo3ra — mnpogoiroBatoM Mosre (MB) u nepenHeMm, NpoMexkKyTOUHOM U Cpell-
HeM Mosre (AB) — HenosoBo3pebIX U B3pOCbIX 0c00el MOPCKOTo epiua Scorpaena porcus Ha (poHe
BBejenna Mumetnka TAMK denubyta (400 mr-kr—!, i. p.). CTpykTypsl AB HemnosoBo3pensx 0co-
Oell CKOPIIeHBI XapaKTepPU30BAINCh MHTEHCUBHOCTBIO a9pOOHOr0 MeTadoIM3Ma, COMOCTABIMON C Ta-
KOBOM B3pOCybIX 0coOel; B To ke BpeMss B MB u AB mosoan Obuta oTMeueHa Oosiee BBICOKAs aK-
tuBHOCTS JIJII, ciryXkamas, no-BUIUMOMY, HOBBIIIEHUIO BEIKMBAeMOCTH 1pu HU3KoM PO,. B obenx
BO3PACTHBIX TPYIIAX MOKa3aTesll akTUBHOCTH KaTanasbl ObUTM HECKOJILKO Bbillie B MB, 4to Mo)eT
OBITb CBf3aHO KAaK C MHTEHCHUBHOCTBIO OKHUCIUTENIbHOrO (hochopUIMpOBaHus, TaK U C YCTOMYMBO-
CTBIO K NoBpesxaeHnI0 MB npu runokcuu. IIpn 3ToM akTUBHOCTB KaTajlasbl B MO3re MoJIogH (Oco-
O6eHHO AB) OblTa HECKOJIBKO HIKE TIOKa3aTesield B3pocibix ocodeid. PeHndyT MoBbIai akTUBHOCTD
MAT u JIAT' B KOMOAapTMEHTaxX MO3ra B3pOCJIbIX 0COOEl CKOPIIEHBI, YTO, BEPOSITHO, CBSA3aHO C aKTH-
BallMell MalaT-acnapTaTHOrO IYyHTA, IPU MMPOTUBOIOIOKHOM TPEHJE K OrpaHUYEHHIO aHA3POOHOTO
[JIMKOJIM3a B HE3peJIoM Mo3re, 0co00 BhipaxkeHHOM B AB (p < 0,05). OnHoBpeMeHHO (heHUOYT Criocoo-
CTBOBAJI YBEJIMUEHHIO aKTHBHOCTH KaTasia3bl BO BCEX KOMITAPTMEHTAaX MO3ra BHE 3aBUCHMOCTH OT BO3-
pacra crkoprens! (p < 0,05); HanOobIIeH BeTMIMHBI AKTUBHOCTh KaTasia3bl joctrraia B MB B3pocibix
ocobeit (p < 0,05). IIpeanonaraercs, 4To KOHTpoJaMpyeMas KaTtanazon npoaykuus H,O, nepeBoaut
W3MEHEHUsI B KJIETOYHOM MeTa0oInM3Me B 3HAYMMBIA (PU3MOTIOTMYECKUII OTBET IMyTEM BO3AEHCTBUS
Ha H,O,-4yBCTBUTENIbHBIE HOHHBIE KAHAJIBI, KOTOPBIE OMPEAESIOT BO30YJMMOCTh HEHPOHOB, U MOAY-
mupyetr TAMKeprudeckyio repenauy CUrHanoB. Takoi MeXaHU3M MOKET ObITh 3a[IeHiCTBOBAH MPH CO-
3peBaHNU MO3ra, MOAJIEPKUBATh YCTOWIMBOCTh MO3Ta K TUIIOKCHH U 00eCIieYrBaTh a/1alTalluOHHbIe
IIPOLIECCHI HETIOJIOBO3PEJBIX M B3POCIIbIX OCOOEH CKOPIIEHBI.

KiioueBblie ciioBa: KOCTUCTBIE pbIObI, MO3T, (heHnodyT, TAMK-penenTtopsl, OKCHIOpeLyKTa3bl
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BPIOXOHOI'MA MOJLJTIOCK PATELLA ULYSSIPONENSIS GMELIN, 1791
(GASTROPODA: PATELLIDAE)
HA KABKA3CKOM HIEJb®E YEPHOI'O MOPA:
BUOJIOITNYECKAA NHBA3UA
WJIA BOCCTAHOBJIEHUE HATUBHOM NONYJIAIINN?
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NpUHATA K Myosmkanuu 25.12.2024.

Becnoii 2023 r. B paiione COYMHCKOTo NopTa 0OHApyKeHa MHOTOUYMCIIEHHASI TOMYJISIIUSI, COCTOSIIIAS
13 B3pOCIIbIX 0co0eit OproxoHororo moJjutiocka Patella ulyssiponensis Gmelin, 1791. P. ulyssiponensis,
TaK Ha3bIBAEMOE MOPCKOE OJII0AEYKO, — KOHTYPOOUOHT, MOJI3AINUN CheI0OHBIA OPIOXOHOTHI MOJI-
JIOCK; OH 3aHecéH B KpacHylo kaury Y€pHoro mopsi, Kpeima 11 CeBacTonosist v 10 CHX TIOP OTCYTCTBYET
Ha wenbpe Kpoima, Ykpaunsl, Pymeinun, Bonrapun u Typuuu. Ha kaBka3ckoM 1enbge MoJUTIocKa
HE HaXOJIWJIU MPUMEPHO ¢ cepeinHbl XX B. B paboTe npuBeIeHbl IaHHBIE O PaCIPOCTPaHEHUH, MOP-
(onornueckoit CTpyKType U TUIOTHOCTH TIOCEJIeHUsI MOJUTIOCKOB P. ulyssiponensis, COOpaHHBIX B paii-
oHe CoumHckoro nopra B uioHe 2023 r. [To BbIpakeHHOCTH paJUalIbHBIX pEOEp U UX O0bEANHEHHIO
B ITyYKH, TIOJIOKEHMIO MaKyIIIKHA, MOP(OMETpHY caMOl PaKOBHHBI, IIBETY BHYTPEHHEN MOBEPXHOCTH
PAKOBUHBI, & TAKXe HEeJbHOCTH WM 3y0UaTOCTH MEPUCTOMBI OOHAPYKEHHBI HAMH BUJ ObLT OTHECEH
K P. ulyssiponensis, koTopblil u3BecTeH B YEpHOM Mope Kak Patella tarentina Salis Marschlins, 1793,
P. caerulea var. tenuistriata Weinkauff, 1880 u P. pontica Milaschewitsch, 1914 (syn.). B 6onee pan-
HUX padoTax o YeépHomy Mopio ero oowenunsuu ¢ P. caerulea Linnaeus, 1758 — sunemukom Cpeau-
3emuoro Mops. ITnotHocTs P. ulyssiponensis B paiione Counsckoro nopra gocturana 240320 sk3.-m~2
1 ObUIa BBIIIIE HA CTAHIMM, PACIIOJIOKEHHON HA BHEIIHEW CTOPOHE I0)KHOTO MOJIa, YeM B parioHe IUis-
ke, Vi3yueHHble HaMU 0cOOM ObLIM HECKOJIbKO MeJibue paHee OTMeUeHHbIX B YépHOoM Mope. Makcu-
MaJlbHas JIJTMHA PAKOBHUHBI B palioHe MccienoBaHus nocturana 43,0 mm, mmpuaa — 17,3 MM, BBICO-
Tta — 20 Mm. Ocobu u3 pariona Coun uMesn 0ojiee BHICOKYI0 paKOBUHY, YeM 0COOM Y€pPHOMOPCKON
TIOITYJISIIIMY U TIOITYJISIINK U3 CEBEPHOU YacT Drefickoro Mopsl, 4TO XapakTepHO IJIsl oOUTaTelielt ype-
3a Bojibl. 11 IepBOro U BTOPOTO KCCIIEOBAHHOTO MECTOOOMTAHUSI OTHOIIEHUE BBICOTHI PAKOBUHBI
K e€ amuHe coctaBisuio (0,43 + 0,05) u (0,45 £+ 0,07) coorBerctBenHo. PeunBasus P. ulyssiponensis
B CEBEPO-BOCTOUYHYIO YaCTh KABKA3CKOTO IeJib(ha MOIJIa ObITh CBSI3aHA C AHTPONIOTCHHBIM TIEPEHOCOM
Cy/IaMH Y C €CTECTBEHHBIM paccesieHreM. DTO OTKPHITHE, HapsiAy C APYTMMH aclIeKTaMH, OTMEYEHHBI-
MU B ITOCJIEAHUE TOBI B 9KOcUcTeMe YEPHOTO MOpSI, MILTIOCTPUPYET IO3UTHBHBIE U3MEHEHU B (payHe
OPIOXOHOTMX MOJUTIOCKOB KaBKa3CKOTO MIelbda.

KnioueBbie ciaoBa: Patella ulyssiponensis, pacnpocTpaneHue, MOp¢OMeTpus, IIOTHOCTb,
CoumnHCKuUM opT

C xonua 1990-x IT. B pasHbIX paiioHax YEpHOro Mops BCE 4yallle CTalIX MOSBIATHCA PEAKUE
BU/Ibl 300IJTAHKTOHA M 3000€HTOCA, MCYE3HYBIIME BO BPEMsl CHJIBHOTO 3arpsi3HEHUs M 3BTPO(pUKa-
1uK Boj OacceliHa, a Takke TOJ MPEeCccoM XUIIHOTrO rpeOHeBuka Mnemiopsis leidyi A. Agassiz, 1865.

69


https://marine-biology.ru/
https://pk.aumsu.ru/
https://pk.aumsu.ru/
https://npsochi.ru/
https://sev-in.ru/
mailto:selifa@mail.ru

70 K. II. Cemu¢ponosa, M. A. Penesa, O. I1. Ilonrapyxa, A. JI. Bopan-Kemmbsax

TenneHIMs K BOCCTAHOBJIEHUIO MOPCKUX 3KocucTeM Ha 1iesibax Kpbiva n KaBkasa B mepBoe necsatuie-
trie XXI B. coBnagaia c aHaJJOrMYHBIM TPEHIOM Ha CeBEepO-3ariaJIHOM odepexbe YKpauHbl, PyMbiHuY,
Bosrapuu u Ha yepHOMOpckoM nodepexbe Typuun [Apamkesud u ap., 2015; Kyuepyk u ap., 2002;
PeBkoB, bonrauesa, 2022; Peskos u np., 2019; Cenuconona, 2012; Aydin et al., 2021; Filimon, 2020;
Todorova et al., 2022 u ap.]. Takoe siBieHNE CBA3BIBAIOT CO CMEHOU (pa3bl IBTPOUKALINN IKOCUCTEMBI
Yépuoro mops azoit 1e3BTPOPUKAIIIN U C TIOCTETIEHHOW TEHACHITMEN K BOCCTAHOBJICHHIO TJIAHKTOH-
HBIX 1 OGHTOCHBIX cooOtiecTB [3anka, 2011; Oguz et al., 2008; Yunev et al., 2007]. C 2000-x rr. oT™Meue-
HO HE TOJIbKO TOBBIIIIEHHE OOWINSI OTAEIbHBIX MOMYJISIIUNA paHee PeAKuX, KPACHOKHUKHBIX HATUBHBIX
BUJIOB, HO ¥ MacCOBOE BCEJIeHHe WHBA3UBHBIX, UyKEPOIHBIX BUIOB, 3aHOCUMBIX C OATACTHBIMU BOJA-
MU CyJ0B TOoproBoro ¢uiora [Anekcanapos, 2004; [lluranosa u ap., 2012; Cinar et al., 2021; Seebens
et al., 2019; Selifonova, 2018; Selifonova et al., 2021 u np.].

OIHMM M3 YEPHOMOPCKMX BUAOB, UCUE3HYBILIMX UM PE3KO COKPATUBLIMX CBOIO YHUCJIEHHOCTD B Ile-
PHOJ SKOJIOTMYECKOTO KPHU3KCa SKOCUCTEMBI, sIBJISETCS OPIOXOHOrMA MoJutiock Patella ulyssiponensis
Gmelin, 1791, Tak Ha3bIBaeMoe MOpcKoe Oioaedko. PakT ero OTCyTCTBUSA B ONYOJIMKOBAHHBIX MaTEpHU-
ajax ¥ B KOJUIEKIIMU MOJUTIOCKOB COYMHCKOTO reorpadgpudeckoro oomiectsa, coopanHoi B 1960-e rr.,
CBUJIETEJIbCTBYET O BEPOSTHOM HCYe3HOBEeHUM P. ulyssiponensis Ha KaBKa3ckoM Iuesbpe YepHo-
ro mMopsi B cepeame XX B. Bug cumtancs HaxonsdmmMcs Ha T'paHd BBIMHPAaHUS M ObLT 3aHECEH
B Kpachyio knury Yépnoro mops, Kpeima m ropoma Cepacronons [Peskos, 2011, 2015; Black
Sea Red Data Book, 1999]. [lo umeomumMcs: JaHHBIM, 3TOT MOJUIIOCK JO CHUX IOP OTCYTCTBYET
Ha menbge Ykpaussl, Pymbiuun, Bonrapum u Typuwun. IMocnenuuit pasz P. ulyssiponensis oOHa-
pyxwm B Kpeimy B 2007 1., omHako Buj He Obu1 BKIIOUEH B KpacHyo kaury KpacHopmapckoro
kpas [2017]. C 2012-2014 rr. ot JlazapeBckoro a0 Amjiepa coTpyaHuku COYMHCKOro reorpadu-
geckoro oomectBa Conmuena JI. B. u Antonosa M. M. nmeproandecky HaxOIWIM €IMHUYHbIE K-
seMiuisApsl Patella spp. [PeneBa, 2024]. B 2019-2020 rr. aBTOpHl HAOMIOJAIM pa3BUTHE MOJLTIOC-
Ka B 3aMETHBIX KOJMYECTBaX He TOIbKO B paitoHe Coud, HO M B AOxa3uu, Ha nodepexbe [IuiyH-
el 1 [ymaytel. B 2017 r. mosiBUIIoch MHTEpPHET-cOOOIeHe o peructpauuu Patella spp. y mobepe-
Kbs1 ['py3un, 10xkuee ropona barymu [Kypakun, 2023]. HaiinenHsie ocodu ObUM OIpesesieHbl aBTO-
poM nyOnmkanum Kak Patella tarentina Salis Marschlins, 1793, HO 3To Ha3BaHMe SIBJIAETCS MJIAJI-
MM CUHOHUMOM P. ulyssiponensis. HanomHuM, 4To B pa3HbIX pailoHaX Typerkoro noodepexbs YEp-
HOTO MOPsI OTMEYAIOT IPYroi, cpeau3eMHOMOpckuil BUug — Patella caerulea Linnaeus, 1758 [Aydin
et al.,, 2021; Culha et al., 2007; Giingor, Turan, 2019]. B ampene 2023 r. Mbl OOHApYXUIH B paii-
oHe COYMHCKOro MOpTa MHOTOYMCIIEHHYIO HOMYJISALMIO0 MOJUTIOCKOB, MIPEIBAPUTENIBHO OIpPeJe/IEHHBIX
Kak P. ulyssiponensis. B 3TOl CBSI3M BO3HMKAET BOMPOC: MPOM30IIIIA OMOJIOTMUYecKast MHBA3Ms CpeIu-
3eMHOMOPCKOIO BU/Ia WJIM UAET MPOLIECC BOCCTAHOBJIEHUSI PaHEE HCUE3HYBILEH Ha KaBKa3CKOM Iebgpe
nonyasiu P. ulyssiponensis?

B nanHo# paoTe yTouHsieTCs BUIOBasl MPUHAMJIEKHOCTh M OOCY:K/AeTCsl paclipocTpaHeHue Opio-
XOHOroro MoJjutiocka Patella ulyssiponensis, oOHapyxeHHOro B paiione CounHckoro nopta. [IpuBeieHbI
naHHbIe 0 MOP(OJIOTUIECKON CTPYKTYpe U IJIOTHOCTH TIOCEJIEHUS 3TOTO BU/IA.

MATEPUAJI 1 METO/IbI

J1s1 naGopaTtopHOro aHaaM3a oOpasLibl MOJLTIOCKOB P. ulyssiponensis Obli coOpaHbl 22 1 26 UIoHSA
2023 r. B ICEBAOJIUTOPAIHN Ha OYHAaX U MPUYAIbHBIX COOPYKEHHSIX C BHEITHEN CTOPOHBI I0KHOTO MOJIA
CouunHckoro nopra (cranuus 1) 1 Ha BoJtHOpe3e y 1iisika kusioro komruiekca (KK) «Anekcanapuiickuii
Masik» (cTaHius 2). Kapra-cxema paiiona cOopa matesuisl pejicTaBiieHa Ha puc. 1. MoJumiocku coOpaHbl
BPYYHYIO Ha IITyOMHe MeHee | M ¢ TTOMOIIBIO IIEPOYMHHOTO HOXA M paMKHU 25 X 25 ¢cM (B TPEXKpATHOM
MOBTOPHOCTH); KonuecTBO — 144 3k3. CoOpaHHble 00pa3iibl B )KMBOM COCTOSIHUM W3MEPEHBI, B3Be-
meHsl 1 3apukcrpoBanbl B 70%-HoM criupre. BupoBas npuHaaie:;KHOCTh OPIOXOHOTHX MOJUTIOCKOB
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orpejiesieHa Ha OCHOBe MCClieioBaHus X Mopdosorun no padoram [[‘ommkos, CrapodoraToB, 1972;

Christiaens, 1973]. Ha3BaHus TakCOHOB NpPHBEIEHbl B COOTBETCTBUM C COBPEMEHHOW pelaKLUen
WoRMS Editorial Board [2023].

A - Patella caerulea VkpanHa / = N
@ - P. ulyssiponensis ==
O - P ospp. 7
7 w = p. Couu
= e
v
Poccust S
Pymbiaus
o ©
.2 3 4 Kpyusnast

raBaHb

[ J
1 Jlazapenckoe
6 ‘@ Coun
5 Annep

Bosnrapus Yeproe mope 7 Xa3
- O, yHa
8 <>l'y yTa
9

Al2 I'py3us
100 Barymn

A3 Cunon All /\
[nne Typuust VHbe A

CegepHblil Mon

Puc. 1. A — kapra-cxema oOHapykeHUsI OPIOXOHOTHX MOJUTIOCKOB pona Patella 8 Yéprom mope. Patella
ulyssiponensis (@): 1-4 — [PeBkoB, 2015]; 5 — Cenudonoa u ap. (Hamm ganuseie). Patella spp. (©): 6,
7 — Connuesa JI. B. (CounHckoe reorpaduueckoe o0ecTBo, ycTHoe coodineHue); 8, 9 — Anronosa U. M.
(CouumHckoe reorpacguueckoe o01ecTBo, yctHoe coodinenue); 10 — [Kypakun, 2023]. Patella caerulea (A):
11 — [Aydin et al., 2021]; 12 — [Culha et al., 2007]; 13 [Giing6r, Turan, 2019]. b — crannum o6Ha-
pyxenus mosutiocka (1-3) u ordopa mpod: 1 — BHemHss CTOpOHA 10KHOTO Mosia COYMHCKOTO MopTa; 2 —
BosHOpe3 Mstka KK «AjlekcaHApUIICKUT MasiK»

Fig. 1. A, schematic map of records of gastropods of the genus Patella in the Black Sea. Patella ulyssiponen-
sis (@): 1-4, [Revkov, 2015]; 5, Selifonova et al. (our data). Patella spp. (* ): 6, 7, Sonicheva L. V. (Sochi
Geographical Society, oral report); 8, 9, Antonova I. M. (Sochi Geographical Society, oral report); 10, [Ku-
rakin, 2023]. Patella caerulea (A): 11, [Aydin et al., 2021]; 12 — [Culha et al., 2007]; 13 — [Giingor, Turan,
2019]. b, stations of the mollusc records (1-3) and sampling: 1, outer side of the southern pier of the Sochi
port; 2, breakwater near the beach of the “Alexandriisky Mayak” apartment complex

PE3VJIbTATbBI

Takconomuueckasi, Mopojioruueckasi H SK0JOTHIECKasA XapaKTePHCTHKA MOJLIIOCKOB.
Knacc Gastropoda Cuvier, 1795

[Monknacc Patellogastropoda Lindberg, 1986

IMoncemeiictBo Patelloidea Rafinesque, 1815

Cewmeiicto Patellidae Rafinesque, 1815

Pon Patella Linnaeus, 1758

Patella ulyssiponensis Gmelin, 1791 (puc. 2, 3).

Marepuau. Cr. 1 — 80 k3., ymHa pakoBuHbl 21,4-43,0 mm. Y€pHoe mMope, OyHa, BHEIIHSSA

cTopoHa 1oskHoro mosna CouumHckoro nopta (43.578912° c. mr., 39.717003° B. a.), maakass OeTOH-
Has noBepxHocTb. OOpactanue — Bogopocau popos Ulva, Cladophora (Chlorophyta), Ceramium,
Polysiphonia (Rhodophyta) u Cystoseira (Phaeophyta); runpounst (Hydrozoa); cenenraphsie op-
MBI niouxeT popaa Spirorbis (Polychaeta); yconorue paku Amphibalanus improvisus (Darwin, 1854)
(Cirripedia); mmanku (Bryozoa); nByctBopuatsie Mmosumocku Mytilus galloprovincialis Lamarck, 1819
u Magallana gigas (Thunberg, 1793) (Bivalvia). Munuu B paiiloHe TpenuH U BIaguH cyocTparta (op-
MHUPOBAJIM PY3bl U3 HEKPYMHBIX ocobeit (aymHa He 6onee 20-30 mm). COopmmku — Penea M. A.
u bopan-Kenmmbsn A. JI. (22.06.2023).
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Puc. 2. Tlocesenue 6proxonororo Mojutiocka Patella ulyssiponensis Ha OyHax COUMHCKOTO MopTa

Fig. 2. Settlement of a gastropod Patella ulyssiponensis on the buoys of the Sochi port

a 6 8

_10mm

Puc. 3. Patella ulyssiponensis: Buj cBepxy (a), cOoky (0), cHu3y (B)
Fig. 3. Patella ulyssiponensis: view from above (a); side view (6); view from below (B)

Cr. 2 — 64 3k3., anuHa pakoBuHbl 19,1-35,1 MmMm. Y€pHoe mope, BosHOpe3 misika KK «Asek-
CaHIPUNCKUU Mask» (43.575430° c. m., 39.723044° B. n.), miagkas OeTOHHAs TMOBEPXHOCTb.
Oo6pacranne — Bopopocim U. rigida (Chlorophyta), Cystoseira (Phaeophyta), u3BecTKOBbIE BO-
nopociu  Phymatolithon calcareum (Pallas) W. H. Adey & D. L. McKibbin ex Woelkering
& L. M. Irvine, 1986 (Rhodophyta); runpounsl (Hydrozoa); ceneHtapHble MHOTOIIIETUHKOBBIE YEPBU
pona Spirorbis (Polychaeta); yconorue paku A. improvisus (Cirripedia); mmanku (Bryozoa); Munumn
M. galloprovincialis (Bivalvia); paku-ormensauku Clibanarius erythropus (Latreille, 1818) (Decapoda).
Coopmuku — Penea M. A. u Bopan-Kemmmbsia A. J1. (26.06.2023).

CoOpanHble 00pasIbl MOJUTIOCKOB XPAHSATCS B KOJUIEKIUAX JJA0OPaTOPUM MOPCKOM OMOJIOTUH 1 KO-
Joruu ['ocy japcTBEHHOro MOpCKOro yHuBepcurera uMenn aamupaina ®. @. Ymakona, PULL «AHCTUTYT
ouoJiornu 1xHbIX Mopel umern A. O. Koanesckoro PAH» (otnen akosioruu 6enroca) 1 COYMHCKOTO
reorpauveckoro ooIecTsa.

['onoBa u roJyioBHBIe TIynanbla P. ulyssiponensis NOTynpo3payHble, OKpAIIeHb B Ol 1BET, OyK-
KaJIbHBIA JUCK KENTHIM. Hora oBabHO-TrpymeBUIHON (POPMBI, OPAHKEBOTO IBETa, y 0ojiee MEJKUX
oco0Oeii 00bIYHO OKparlnieHa Oneqaee. Kpailt MaHTUM MOTyHpO3pavHbli, 0OBIYHO TEMHEE Tejla, OKpalleH
B XKEJITOBATO-OEJIbIi I[BET.

[To Kparo MaHTUH pacIoJiaraJiuch Yepeaysach OeJIoro WK KeJITOBATOrO IBeTa JUIMHHBIE U KOPOTKHE
nrynasbia. [Ipy 3ToM y KMBOrO MOJUTIOCKA Kpail MAHTUM MOT HEMHOT'O BBICTYINATh 3a MPeesibl pAKOBU-
HbL. YacTo nepeqHuii KOHell pAKOBUHBI MCCIIEIOBAaHHBIX MATeJU1 ObUT HECKOJIBKO Yike 3aqHero. Bepxyiika
PAKOBUHBI UMeJIa IIEHTPAJIbHOE MOJIOKEHUE MK ObLIa HECKOJIBKO CMelleHa BIepE.

Mopckoii 6uonornyeckuii xkypHai 2025 Tom 10 Ne 1
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C BHeIIHeW CTOPOHBI paKOBHHA cilerka peOpucrtas. Kpail pakoBUHBI HEPOBHBIM, 4acTo 3yOua-
Thiil. C BHYTpEHHE! CTOPOHBI PaKOBMHA OKpallleHa B MOJOYHO-OEJNbI 1BET, MHOI/AA C TOJyOOBaThIM
OTTEHKOM, a TaKXKe C KPYIHBIMU MSITHAMU KENTO-OPaHKEBOTO IIBETA.

s uneHTgUKanum 0OHaPYKEHHBIX MOJUTIOCKOB MBI MCIOJIb30BTH KJIACCUYECKYI0 padoTy, MO-
CBAMEHHYIO peBu3un pona Patella [Christiaens, 1973]. OTMedeHHble B HEW AMArHOCTHYECKHE TTPU3HA-
KM HAlIM MOATBEPKICHUE U B TIOCJIEAYIOIIMX UCCIeoBaHUsIX. Tak, 1 9K3eMIUISIPOB U3 MpUOpex-
HbIX BoJ Aspkupa [Beldi et al., 2012] rnaBuble ommuns Mmexay P. caerulea v P. ulyssiponensis Oblu
CBSI3aHBI CO CTPOEHUEM PaKOBUHBI, OKPACKOW MOJOIIBBI HOTY U JUIMHOU panyiisl. Y P. caerulea pako-
BUHA OoJiee TOHKasi, 0oJiee OKpyriias, XapaKTepu3yeTcss HATMYMEM HECKOJIbKO SKCHEHTPUYECKON Bep-
IIIMHBI ¥ U3HYTPHU OKpaIIeHa B MepeJIMBYATHIN TOJTyOOBaTO-cephlid BeT. Y P. ulyssiponensis pakoBUHA
Oosee ToscTasi, 6oJiee BHITSHYTas1, €€ BepIlIMHA UMeeT IEHTPAJIbHOE PACIONIOKEeHUE, U3HYTPY OKpallleHa
B (papopoBo-Oenbiii 1IBET co cabo BbIpakeHHbIMU rofyObiMu oTOneckamu. Takxke P. caerulea xapak-
TEpU3yEeTCs CEPOU MOIOIIBONM HOTH M JJIMHHOM pajyJiol, COCTABJIAIOIIEN OKOJIO 1,5 UIMHBI paKOBUHBI.
st P. ulyssiponensis XxapakTepHbl OKpacKa MOJOIIBBl HOTU B KEITO-OPAHKEBbIN 1[BET U HAJIMYUE KO-
POTKOM padyJibl, TpUMEpPHO paBHOU pakoBuHe 1o anuHe [Beldi et al., 2012]. Bripouewm, kak yKa3bBaoT
npyrue uccienoparenu [Christiaens, 1973; Fischer-Piette, 1935; Oztiirk, Ergen, 1999], paznuuus B oT-
HOCHUTEJIbHOM JUIMHE paj1yJibl MKy IBYMsI 00CYykKIaeMbIMU BUAAMU HE CTOJIb BeJMKU. JJaHHBII MPU3HAK
HACTOJILKO BapuaOesieH, UTo UCIIOJIb30BaTh €ro B KauecTBe UICHTU(MDHUKAIIMOHHOTO HEBO3MOXKHO.

DTU JaHHBIE XOPOIIO COMIACYIOTCS C pe3yJbTaTaMu MCCIeOBaHUs NpeacTtaButenel poaa Patella
u3 pudpeskHbix Boj Tupperckoro mops [Cretella et al., 1994], B koTopoM 00s1bIIIOe BHUIMaHKE yAeJIeHO
CTpOeHUI0 MITKUX yacted Tesa. CornacHo 3Tou padote, P. caerulea XxapakTepu3yeTcs HATMYHEM I'OJIOBbI
Ceporo 1BeTa C TEMHO-CEPHIMU T'OJIOBHBIMU IIyHaJIblIaMU U OYKKJIBHBIM IMCKOM KpeMOoBoro 1BeTa. [1o-
JI0IIIBa HOTH 10 KPalo OKpallieHa B TEMHO-CEPBIi IIBET, MHOT/IA C TOTyOOBATHIM OTTEHKOM; IIEHTpaJIbHAS
YacTh UMeeT KpeMoBbIi oTTeHOK. Illynanpia mo 6okam tena y P. caerulea ObIBalOT AJTMHHBIMU, KOPOT-
KUMHU U CPeHe! JUIMHBI, IPUYEM MeX1y 2 JUIMHHBIMU pacriojlaraeTcs rpymnmna u3 5—8 yepeayomuxcs
CpeIHUX M KOpOTKUX Imynasneil. st P. ulyssiponensis xapakTepHa Oesasi OKpacka roJIoBbI, OeJloBaThie
TOJIOBHBIE LITyNAJTbIIA U KENTHIM OyKKaIbHBIN AucK. [Too1Ba HOrM paBHOMEPHO OKpallieHa B aOpUKOCO-
BBIM, KENTHIA UM KPeMOBbIH 11BeT. [1o 6GokaM Tesa UMEeI0TCsl TOJIbKO JJTMHHBIE M KOPOTKHE HIyNasblia,
KOTOpBIE pacriojiaraloTcs Yepeaysicb. Pe3ybraTel MpoBeIEHHOTO B paMKax 3TOM, a Tak:ke 0oJiee paHHe!
pab6otsi [Sella et al., 1989] cpaBauTEIBHOTO HICCIIeNOBAHUSI OETKOB METOJIOM Tellb-3JIeKTpodope3a Toxke
HE TMO3BOJISIIOT COMHEBATLCS B TOM, UTO P. caerulea v P. ulyssiponensis npencTaBisiioT coOoi Ou3Kue,
HO OT/IEJIbHBIE BU[IBI.

W3y4deHHbIe 0COOM TI0 BHIPAKEHHOCTH PAUATIbHBIX PEOEep U MX 00BETUHEHUIO B ITYYKH, TTOJIOKEHHIO
MaKyIK{A paKOBHMHBI, €€ MOP(OMETPHH | I[BETY BHYTPEHHEH MOBEPXHOCTH, IEJTbHOCTH UM 3y04aTo-
CTHU TIEPUCTOMBI, OKpacKke MITKUX TKaHEH, a TakXke CTPOSHHIO OOKOBBIX NIyNasel] HaMU ObLTH OTHece-
Hbl K BUay P. ulyssiponensis. ' maBable ero ominuus ot P. caerulea cBsi3aHbl CO CTPOEHUEM PAKOBUHbBI
M C OKpacKoil mojomBH Horu. Kak yxke oTmeueHo Bblie, y P. caerulea pakoBuHa Oojee TOHKasi, 00-
Jiee OKpyryiasi, XapakTepu3yeTcsl HATMYUEM HECKOJIbKO SKCLIEHTPUUYECKOW BEPIIMHbI U U3HYTPU OKpa-
IIIeHa B TIepe/IMBYATHIN roryOoBaTo-cepblii IBeT. Y P. ulyssiponensis pakoBuHa OoJjiee ToJicTas1, OoJiee
BBITSIHYTas, €€ BepIIMHA UMeeT LIEHTPAJIbHOE PACIoNIOKeH e, U3HYTPH OKpalieHa B (haphopoBO-OeJblii
I[BET CO cJIa00 BBIPaXXEHHBIMU roTyObIMU OTOJIecKkamu. [loyiommBa Horu P. caerulea okpaiiieHa B cepblii
usert. [liis P. ulyssiponensis XapakTepHa OKpacKa MOAOIIBbI HOTH B KENTO-OpaHkeBbli 11BeT [Beldi et al.,
2012]. Yro kacaetcs apyrux BujoB pona Patella, o Patella rustica Linnaeus, 1758 xapakrtepusyeT-
Csl TEMHOM OKPACKOW BHYTPEHHEW YaCTH PAKOBHMHBI, a TaKe KOPUYHEBBIM IIBETOM MOJOIIBBI HOTH,
410 omMYaeT e€ ot odcyxkmaemoro Bujaa [Beldi et al., 2012]. Patella vulgata Linnaeus, 1758 moxoxa
Ha P. ulyssiponensis €NTbIM LIBETOM IMOJIOIIBbI HOTH (BIPOYEM, IIBET y HEE MOKET ObITh M CEPbIM), HO OT-
JIMYAETCs CEPOU HApYKHOU U JKENTO-OpPaHKEBOW BHYTPEHHEN OKpackoi pakoBuHbl [Beldi et al., 2012].
Patella ferruginea Gmelin, 1791 Takxe cxoana ¢ P. ulyssiponensis ;€nTo-0paHkeBbIM LIBETOM MOIOIIBbI
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HOTH, HO Y He€ 0OBIYHO UMEeTCsI cepasi OKaHTOBKa I0 Kpatw mojomsel. Kpome Toro, y P. ferruginea
0 Kpal0 MaHTHH PacIiofiaraloTcs IIynaiblia TPEX BUIOB — [UIMHHbBIE, CPeJHUE U KOPOTKUe. [[iHHbIe
Iynajblia PacroIOKEHbl Kak Obl B MPOAOIKEHUH paAuaibHBIX pedep. Mex 1y IIMHHBIMHU IIyNaTblaMU
pacrofniaraercs rpymmna u3 9—13 cpeTHIX 1 KOPOTKUX HIyMajiell, KOTopbie 00bdHO YepeayioTes [Cretella
et al., 1994]. Haniomuum, uro y P. ulyssiponensis o KpasiM MaHTUU PACIIOAraloTcsl YepeayoImecs
JUTMHHBIE U KOPOTKUe mynanbla. Patella depressa Pennant, 1777 otmiyaercs ot P. ulyssiponensis cepo-
YEPHBIM [[BETOM MOJIOIIBbI HOTH, 4 TAaK:Ke OPAHKEBOU WJIM KOPUYHEBOM OKPACKON BHYTPEHHEH 4acTu
paxoBuHblI [Beldi et al., 2012].

Mopdomerpudeckasi cTpykrypa nomyiasinun. Pakosuna P. ulyssiponensis u3 paitona CouuH-
CKOTO TMOpTa KOJMAa4YKOBUIHAS, TIOBOJIBHO TOJICTasl, C 3A0CTPEHHON BEPXYIIKOU, OBaJIbHASI, PEXE OKPYT-
nas. PakoBuHa MMesna 4€TKO BBIpaKEHHbIE KOJIbIa pocTa. ECiv cyquTh 1Mo HUM, MOXHO 3aKJIIOUUTh,
YTO BO3PACT MOJUTIOCKOB KoJjieOasicst ot 1 1o 5 et. E€ nymna BappupoBana B quanazoHe 19,1-43,0 mw,
mmpuHa — 15,2-43,0 MM, Beicota — 7,0-20,0 MM. OTHOI1IEHKE BHICOTHI PAKOBUHBI K €€ JIJTMHE COCTaB-
JIAJIO IS TIEPBOTO U BTOPOTO mcciieaoBanHoro Mecroooutanus (0,43 £ 0,05) u (0,45 £ 0,07) cootseT-
CTBeHHO. B cpegHeM ocodu P. ulyssiponensis ObTM HECKOJILKO KpyITHee B paiioHe COYMHCKOTO MOpTa.
Bosee nmoppoOHbIe cBelieHHs 0 MOP(OMETPUH U3YIEHHBIX OCOOEH MTpUBEICHBI B TaOI. 1.

Taosuma 1. Mopdomerpuueckast crpykrypa nonynasiuuu Patella ulyssiponensis (n = 144) B paiione
nopta Coun

Table 1. Morphometric structure of Patella ulyssiponensis population (n = 144) in the Sochi port area

Mapaver Cranuus 1, BHEIIHASA CTOPOHA Cranims 2, BOIHOpE3 ¢ IaTdhopMoi
P P 10’Horo Mosia nopra Coun y sixa KK «Anekcanipuilckuil Masik»
InuHa, Mv* 344+1,1 26,9 £ 0,5
Min 21,4 19,1
Max 43,0 35,1
Mupuna, Mmm* 279+1,2 21,7+£0,5
Min 15,2 17,3
Max 43,0 29,1
Bricota, Mm* 14,5+ 0,6 12,2 £ 0,3
Min 7,0 8,1
Max 18,1 20,0
BricoTta/mimna* 0,43 £ 0,05 0,45 + 0,07
Min 0,33 0,35
Max 0,53 0,62
Bec, r* 5,99 £0,5 3,68 £ 0,28
Min 0,9 1,1
Max 10,06 6,67

HpﬂMeanne: *— YKa3aHO CpeAHEC 3HAYECHHUEC + CTaHAAPTHOE OTKJIOHCHHUE.

Note: *, mean * standard deviation is indicated.

ILl1oTHOCTH MOCeTeHUs MOMYJISIIUM U BeCOBble XapaKTepUCTUKU BUAA. [ioTHOCTh mocesie-
Hus P. ulyssiponensis konedanack ot 240 1o 320 9K3.-M 2, B cpenHem coctaiss (260 £ 75,7) IK3.-M 2,
BeC MOJLTIOCKa — OT 3,68 110 5,99 M2, B cpeanem (4,8 £0,3) r-M 2. TIIOTHOCTB MOCEeHHsT MOJLTIOCKA

Obl1a BBILLIE HA CT. 1, paCHOJIO)KCHHOfI Ha BHEIIHEN CTOPOHC I0KHOI'O MOJIa CoYnHCKOro rnopra.

OBCY XJIEHUE

CHCI[yCT JIX CYUTATb, YTO IMPOU30MIJIa OHOJIOTHYECKAs MHBA3US CPECAN3EMHOMOPCKOIO BUaa HUJIN
peYb UIET O npouecce BOCCTAaHOBJICHUSA HaTUBHOU I‘ICPHOMOII)CI(OI'/JI HOH}UIHLII/II/I? HJ'I}I OTBE€TA Ha 3TOT
BOIIPOC pacCCMOTpUM TaKCOHOMMYECKHI CTaTyC MOPCKOIo 6.]110)16‘11(3. n3 qépHOl" O H CpeILI/BeMHOFO
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Mopeil. B smtepaType CyIIecTBYIOT pa3Hble TOUYKM 3peHHs Ha TpoucxoxneHue Buma. O030p
UMEIOIINXCSI CBEJCHUH, NOTMOJHEHHBI JTUTEPaTypHbBIMU AAHHBIMU 10 Ouonoruunt P. ulyssiponensis,
MPUBOJIUM HUKE.

Mounmock Patella ulyssiponensis (P. tarentina Salis Marschlins, 1793; P. caerulea var. tenuistriata
Weinkauff, 1880 [OctpoymoB, 1983]; P. pontica Milaschewitsch, 1914; P. caerulea pontica
Milaschewitsch, 1916 [Mnbuna, 1966]) otHOcuTCs K Kiaccy Gastropoda, cemerictBy Patellidae (mop-
ckue Omoneukn) [[omikos, Crapodorartos, 1972; Kantop, Ceicoes, 2006; Munamesud, 1916; WoRMS,
2023] (cwm. puc. 3).

CornacHo kJlaccuveckoi cBojke o payne YépHoro u AzoBckoro mopeit [['onmmkoB, CtapodoraTos,
1972], B YépHoM Mope oduTanu nBa Buna pona Patella — P. ferruginea n P. tarentina. TlocnenHuii
BUJI, IO MHEHHUIO aBTOPOB CBOJKHU, OJIM30K K P. caerulea v npoHuKan, noMmuMo Y€pHoro mopsi, B A30B-
ckoe. [Ipu 3TOM, MO YTBEpP:KACHUIO UccenoBaresen, P. caerulea He BcTpedascs B YeépHOM Mope, Jaxe
B nprdocdopckoM paiione, Toraa kak B Cpein3eMHOM MOpe, a TaKke BIOJIb ATIAHTUYECKOTo mobdepe-
*bsi EBporibl Ha ceBep 10 AHMKM o0UTaIOT U P. farentina, n P. caerulea. Kpome Toro, ectsb mosicHe-
Hue, uTo P. ferruginea He 6pUT OTMeUYeH B UEpHOM MOpe Ha npoTspkeHun nocienaux S50 jer. Cregyer
MOJYEPKHYTh, UTO B MOHOTpa(uu, NOCBAIEHHONW MOJITIOCKAM A30BCKOrO MOPs [ AHUCTPATEHKO U Jp.,
2011], pon Patella ne yxa3aH.

CoBepIIIeHHO T0-IPYTOMY pacCMOTPEHO OMOJIOTMYECKOe pa3sHOoO0Opa3re YepHOMOPCKHX IpeJICcTa-
BuTeneil poaa Patella B 6onee nozaHelr MOHOrpaduu, MOCBAIEHHON OPIOXOHOTUM MOJUTIOCKaM YEp-
Horo mops [UYyxumH, 1984]. CoracHO MHEHHMIO 3TOro aBTopa, B UEpHOM Mope OOMTasl €AUHCTBEH-
HBI (NIpUYEM KpailHe W3MEHYMBBHINA) BUI — P. caerulea, SABISIOMMNACA K TOMY K€ SHAEMHUKOM
CpennsemMHOro mops.

CornacHo karanory MoJutiockoB Poccun u conpeienbabix crpat [KanTtop, Ceicoes, 2006], B YeépHoM
MOpe M3BeCTHO TpH Buaa poaa Patella — P. caerulea, P. ferruginea w P. ulyssiponensis. Ilpu aTOM
MOCJIEIHUY BUJ, PACCMOTPEH B KAUYECTBE CUHOHUMA P. farentina U yKa3aH Takxe 11 A30BCKOrO MOpS.
Kpowme toro, ectb nosicienue, uto P. ferruginea B Y€pHoM MOpe, BEpOSATHO, BBIMEP.

Oowuranue P. ulyssiponensis B YpHOM MOpe OTMEUEHO He TOJIbKO OTeUeCTBEHHBIMH, HO M 3a-
pyoexnbiMu aBTopamu [Katsanevakis et al., 2008]. B omHoit u3 HegaBHux mnyoOnukarmii [Gomes
et al., 2021] Ha ocHOBe TeHeTUYeCKUX U Ouoreorpapuuyeckux UCCIe0BaHUN JJOKa3aHo, uto P. aspera
Roding, 1798 — cunonum P. ulyssiponensis, XOTs1 B MeXIyHapoaHou Oa3e maHHBIX WORMS 311 BU-
Il paccMoTpeHsl Kak otaenbHble. CormacHo WoRMS [2023], P. tarentina, P. caerulea var. tenuistriata
u P. pontica sBnsorcsa cunoHumamu P. ulyssiponensis. Tlocnenuwii Bua, Hapsny c P. caerulea
u P. ferruginea, paccMaTpyBaeTCsl Kak CaMOCTOSITEJIbHBIN U BAJIMIHBIA. MexXy TeM, Kak YKa3aHO BbI-
uie, panee P. ulyssiponensis 0ObeqUHSUIA C KpaillHe U3MEHUYMBBIM BUIOM P. caerulea — sHpEeMUKOM
Cpenuzemuoro mopst [Uyxuun, 1984]. Takum oOpa3oM, B HacTosiiee BpeMs MPearookeHne O ca-
MOCTOSITeTIbHOCTU P. ulyssiponensis u 06 oOUTaHUM AaHHOTO BUA B YEPHOM MOpe MOXKET CUUTATHCS
JOKAa3aHHBIM.

Anam3 MOphOMETPUIECKON CTPYKTY Pl MOJUTIOCKOB UMEEeT OOJIbIIIOE 3HAYEHHE [IISl UX CUCTEMATH-
ku. VccnenoBanHble HaMu 0coOU OBUTH B TIEJIOM HECKOJIBKO MeJlbue, HO UMeITH 00Jiee BHICOKYIO PaKo-
BUHY, YeM T'UAPOOMOHTHI YePHOMOPCKOM MOMYJISIIIAN U TIOMYJISIIIAN U3 CEBEPHOMN YacTH DTelicCKoro Mo-
ps (3a;mB Capoc), rae cpeiHsas JJIMHA pakoBUHEL P. ulyssiponensis coctasisna 36,4 MM (MakcMMaJsIbHas
nocturana 48,6 MM) Npu cpeiHeil IMIpuHe pakoBUHBI 28,9 MM u eé cpenneii Bricote 9,5 mm [Oztiirk,
Ergen, 1999]. CornacHo padote [['onmukoB, CtapoboraToB, 1972], miMHa 4epHOMOPCKHMX MOJLTIOCKOB
Moxet gocturath 45,0 MM, mmpuHa — 30,0 mm, BeicoTa — 14,0 mM. Bosiee cubHast PUILUTIOCHYTOCTb
PAKOBHH y CpeIM3eMHOMOPCKHUX TpejicTaButeieil poaa Patella, yeM y ocoOeli Y4epHOMOPCKUX TIOMYJIs-
U TeX ke BUIOB, M3BECTHA JIABHO U XapaKTepHA JJIs MaTeijl, OOMTAIIIUX Y ype3a Boabl [YyxuuH,
1984]. Takum ob6pa3zom, yepHOMOpPCKUE 0coOu P. ulyssiponensis iMEIOT HEKOTOpbIe MOP(OIornyecKre
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OTIIMYMsA OT MpeacTaBuTeser 3toro Buga u3 CpeauseMHOro mMopsi. IIpu 3TOM OCTaércsi OTKPBITHIM
BOIIPOC, CJIE/IyeT JI PAcCCMATPUBATh TU Pa3jIMuUsl Kak MPOsBJICHUE BHYTPUBUIOBOW M3MEHUHUBOCTH
WM 11eJ1ecO00pa3HO BBIJIEIUTh YEPHOMOPCKHUE TOMYJAmu P. ulyssiponensis B OTICIbHBIA TO/IBU]L
00 Jaxke BUI.

Ham He yaanoch HailTu B JuTepaType JaHHbIE [0 Pa3MHOXKEHUIO U pa3BUTHIO P. ulyssiponensis,
HO Ha OCHOBAaHWM TOTO, 4YTO MU3BECTHO PO P. caerulea [Uyxuun, 1984; Aydin et al., 2021; Ferranti
etal., 2018; Wanninger et al., 1999a, b], MoxxHO npeAnonoxuth, uto P. ulyssiponensis Takxe siBIsieTCS
MHOTOJIETHUM IMOJULMKJINYHBIM BUJOM C IPOTEPAHAPUYECKUM IrepMadpOAUTU3MOM U UMEET KOPOTKYIO
IUIAHKTOHHYIO JIMYMHOYHYIO CTaauio. Y 3TOro BUAA, Kak u 'y P. caerulea, pa3MHOXeHUE NMPOUCXOAMT,
BEPOSITHO, OCEHBIO (B OKTAOpE U HOSIOpeE).

Kak u npyrue mpeacraButenu 3Toro pona, P. ulyssiponensis MOXeT THUTaTbhCs, COCKaOIMBast
OaKTepraIbHO-BOJAOPOCIEBbIE TNIEHKH CO cKal. Takxke, Kak oTMe4eHo B auteparype [Ayas, 2010; Silva
et al., 2008], 3T¥ KUBOTHBIE UCMOJB3YIOT B MUIIy MHOTOKJIETOUHBIE 3€JIEHBIE BOJIOPOCIIM, B YACTHO-
ctu Ulva lactuca Linnaeus, 1753. Cauraercs, 4To oCHOBY niutanus P. ulyssiponensis COCTaBJISIOT Kpac-
Hbl€ M3BECTKOBBIE BOJOPOCIHU, B OCHOBHOM Ellisolandia elongata (J. Ellis et Solander) K. R. Hind
et G. W. Saunders, 2013, koTopas 4aie yoOMUHAETCA B JIMTEpAType MO CBOMM CTapblM Ha3BaHUEM,
Corallina elongata J. Ellis et Solander, 1786. IMeHHO NMIMEHTBI KPAaCHBIX U3BECTKOBBIX BOJOPOCIEN
MOTYT NpUIaBaTh BHYTPEHHUM CJIOSIM PaKOBUHBI P. ulyssiponensis opaHeBblii OTTEHOK. B nuteparype
orMmeueHo [Branch, 1981; Katsanevakis et al., 2008], uto P. ulyssiponensis sBISIETCS TEPPUTOPHAIID-
HBIM BUOM. B3pociibie 0coOu mocsie KOPMOBBIX 9KCKYPCHUIl BCeria CTPEMSITCSl BEpHYTbCs Ha MPUBBIY-
HOE€ MeCTO, B KOTOPOM MOXeET 00pa30BaThcs ITyOOKHUH pyoOell h3-3a JIOKAIbHOTO pa3pyIleH s MOKpPbIBa-
IOIMX CyOCTpaT MATKMX M3BECTKOBBIX Bojopocieid. OnHako ucciepoBanus, nposeaéHHble M. Seabra
et al. [2019], He moaTBepAUIM TUTIOTE3Yy 00 YCUJIEHHOM 3aceIeHUu JTMUUHOK P. ulyssiponensis Ha cy0-
CTpaT U3 KPacHbIX U3BECTKOBBIX BOjIopociell. THTEeHCMBHOCTD 3acesIeHrs] TMUYMHOK, BHIPAIIEHHbIX B Jia-
OOpaTOPHBIX YCIIOBHSIX, ObUIA CXOJHOM C MHTEHCUBHOCTBIO 3acelieHUs] Ha OETOHHbIE U KaMEHHBIE T10-
BEPXHOCTH. YKa3aHHbIe OCOOEHHOCTH OMOJIOTMU MO3BOJISAIOT CUATATH MTPAKTUYECKH HEBO3MOKHBIM TIe-
peceneHue B3pOCibIX ocodeit P. ulyssiponensis ¢ MTOBEPXHOCTU CKal HA OOpTa WM JHUINA CYIOB U TO-
CJIeYIOIIMI UX MepeHoC B ipyrue pailoHbl. C Ipyroil CTOPOHBI, HEJIb351 UCKJIIOUUTh OCEAAHUE JIMYMHOK
JAHHOTO BUJIA HA MOJBOJHbBIE YaCTHU CYJIOB, IJJe OHU MOTYT BBIPACTH, IOCTUYb MOJIOBOW 3PEIOCTH U BbI-
OpOCHTH OTUTOJOTBOPEHHBIE SIilIa B BO/Y, YTO MOXET MPUBECTHU K 3acesieHHIo P. ulyssiponensis HOBBIX
AKBaTOPHIA.

Yrto KacaeTcs IKOJOTUM TepenHekadepHbIX MOJUIIOCKOB C KOPOTKMM MeJarnyecKuM CyIIEeCTBO-
BaHUEM, TaKUX Kak P. ulyssiponensis, TO CleayeT OTMETHUTb: INpeacTaButean popaa Patella — KoH-
TYpOOHOHTHI, MOJI3aloIIMe OPIOXOHOTHE MOJUTIOCKHM, OOMTATeNIM COOOIIECTB C TBEPABIM CyOCTpaToM
B CPEAMHHO-JTUTOPAILHOM, BepXHEH NH(MPATUTOPATIBHON U OTYACTH CYNPATUTOPATBHON 30HAX BOCTOY-
HOATJIAHTUYECKOTO U CPEeAU3EMHOMOPCKOro nodepexuil B ymepeHHslx mupotax [Vafidis et al., 2020].
P. ulyssiponensis obutaeT Ha CKaJIMCTBIX Oeperax ¢ ypoBHeM BoOJIHEHHs Mo Imkaie Bodopra ot 1
no 4-5 [Ballantine, 1961], rne MyTHOCTb BOJIbI HE MPENATCTBYET pOCTy Bojopociel. Bun pacnpocrpa-
HEH Ha OTKPBITHIX WM MOJYOTKPHITHIX TIOOEPEXKBSX; B 3aKPHITBIX OYXTaX ero YMCIeHHOCTD magaeT. Oc-
HOBHOW OTPaHUYMBAIOIINI (PaKTOP ISl MOJUTIOCKOB — 3arpsi3HeHUe MPUOPEKHBIX BOJI, OCOOEHHO TOK-
CUYHBIMH NTOBEPXHOCTHO-aKTUBHBIMU BelllecTBamMu, BKovast HedTh [Black Sea Red Data Book, 1999].
AHTPONOreHHOe JaBJIeHUE PACTET U BCE CHIIbHEE BO3/ICHCTBYET Ha MPUOPEKHYIO Cpey, U3MEHsIsI Me-
CTa OOUTAHUS U CTPYKTYpY TMOMYJISIIUA MOJUTIOCKOB poaa Patella. B paitoHe COYMHCKOTO MOpTa Io-
cenenue P. ulyssiponensis pacrioyiarajoch Ha IJIaJKHX OSTOHHBIX IMOBEPXHOCTSX (Ha OyHE W TeTparo-
1ax), TJIaBHBIM 00pa3oM 0OpOCHIMX 3eJIEHBIMU, KPACHBIMU M OYPHIMU BOJOPOCIISIMH, & TAKXKe YCTpHUIIa-
MU 1 MuausaMu. KpacHast u3BecTKoBasi BOAOPOCTb, C KOTOPOH CBA3BIBAIOT OCHOBHOE MECTOOOUTAHUE
BUJa, Obula OOHApykeHa eAMHUYHO Ha BosHOpese y misika KK «Anekcanapuiickuii Mask» (CT. 2).
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OT™MeTM, YTO BHENIHSISI CTOPOHA I0KHOTO MoJia (CT. 1), T/ie YMCIEHHOCTD TIOMYJISINH OblIa BBIIIIE, Me-
€T XOPOIIUI BOJOOOMEH C OTKPHITON YaCThI0 MOPSI M XapaKTepU3YeTCsl MPO3PAYHOCTHIO BOJIBI JIO JTHA.
DTa CTaHIM 3HAYUTENILHO yaalieHa OT OoJiee 3arpsA3HEHHOM MOTY3aKPhITOM TOPTOBOM aKBATOPUH C HU3-
KOH PO3payHOCThIO BOJBI (IO 1—-2 M) ¥ C UJIMCTHIMU YEPHBIMU JJOHHBIMU OCAKaAMU C CUJIbHBIM 3aI1aXOM
cepoBojopoaa (cM. puc. 1). YiydieHue yclIoBUid MECTOOOUTAHUS HA COYMHCKOM TIOOEpeKbe MPUBEIIO
K pacrnpocTpaHeHuio P. ulyssiponensis B peTUOHE.

[MosiBiieHre MOMYJISIIIAK 3TOTO BHAa Ha KaBKA3CKOM Iesibhe MOXKHO OOBSCHUTH O3I0POBJICHHEM
sKocucTeMbl YEPHOTO MOpsI Mocse Meproja IBTPodUKAINY, CHUKEHUEM Mpecca MJIAHKTOHHBIX (Iped-
HEBUKOB M. leidyi) U JOHHBIX XMIIHUKOB, B YACTHOCTH COKPAIICHUEM U U3MEJIbYEHUEM MOMYJISAIUN
pananbl Rapana venosa (Valenciennes, 1846), a Tak:ke MEHSIONIMMUCS KJIMMATUYECKUMU YCJIOBUSI-
MU [ApaiikeBud u ap., 2015; Ilepenanos, 2013; Caenko, Mapymiko, 2018]. AHanu3 autepaTypHbIX
WCTOYHUKOB TIO3BOJISIET MPEIIIOJIaraTh, 4TO B HACTOSIIIIEE BPeMSsI TaKke HAOJ01aeTCsl TEHICHITHS K BOC-
CTAQHOBJICHHIO TIOMYJISILIMK NIATeJUT B 100KHOM yacti Y€pHoro Mops (Ha TypelkoM nodepexbe) [Aydin
et al., 2021; Giingor, Turan, 2019].

Bo3mozkubie myTu paccesienusi Patella ulyssiponensis B Yépaom mope. B Hactosiiee Bpemst
B pasHBIX paliOHaX TyperKoro moodepexbss YEpHOro Mops 3aperucTpupoBaH BUI P. caerulea [Aydin
et al., 2021; Culha et al., 2007; Giing6r, Turan, 2019]. [Is11 Hero ObUT BHITIOJTHEH TeHETUIECKUN U MOP-
(onornyeckuii aHaM3, ObUIM U3YYEeHBI ero pernpoaykThBHble PyHKIMK [Aydin et al., 2021; Giingor,
Turan, 2019]. CpaBuutensublil [JJHK-ananu3 BeisiBUT OIM3KKE ratuloTUIbl y ocodeit P. caerulea, oou-
TAIOIIMX Ha TypelrKoM nodepexbe B paiione nopta Illune u B Mpamopaom mope. [1o gaHHBIM aBTO-
poB [Giing6r, Turan, 2019], HauGonpliast AMBEpreHIMs ONpesesieHa MeXAy NOmyJsuusMu u3 Yeép-
Horo mops u u3 Cpenuzemtoro. B mopsix CpennzeMHOMOpPbsT OTMEYEHO MsTh BUAOB poaa Patella —
P. caerulea, P. rustica, P. ulyssiponensis, P. ferruginea n P. depressa; n3 HUX TOJbKO P. caerulea
SIBJISIETCSL SHAEMUYHBIM BuaoM [Mauro et al., 2003]. WccnepoBaHHbId HaMU OPIOXOHOTMI MOJLTIOCK
P. ulyssiponensis umeer cyiecTBeHHbIe MOP(OJIOTMUECKUE OTIMYKS OT JIPYTMX BUIOB MaTel1, OOuTa-
ommx B Cpen3eMHOM Mope, 0 4éM ObLJIO CKa3aHO Bbilie. MokeM MPernooKUTh C YIETOM BHIIIIe-
M3JIOKEHHOTO, UTO MeX 1y nonyisuusmu P. ulyssiponensis u3z Yeépaoro n Cpeau3eMHOro MOpen Takxke
MOET ObITh 3HAYMTEIbHASI TeHETHUECKasl JUBEPIeHITHS.

Ocraércs 3araikoit, KakiiMm o0pa3zoM P. ulyssiponensis MOT IONIACTb B CEBEPO-BOCTOUYHYIO YACTh KaB-
Ka3CKOro Iesba, eClii Ha TypeLKoM nodepexkbe YEpHOro Mopsi OH He 3apeructpupoBaH. Hanomuum,
41O (PaKT OTCYTCTBUS TOrO BUAA B OMYOJMKOBAHHBIX MaTepuaiax U B KOJUIEKIIMU MOJUTIOCKOB COUMH-
cKoro reorpaduueckoro oomectsa, coopanHoit B 1960-e TIT., CBUIETEIBCTBYET O BEPOSITHOM €TI0 UC-
Ye3HOBEHMH Ha KaBKa3CKoM Inenbde YEpHoro mMopst B cepenune XX B. JleTHHe OEHTOCHBIE CHEMKHU
C WCTIOJIb30BAHUEM JIETKOBOJOJIA3HOW TEXHUKH OBUTM MPOBEAEHBI COTPYAHUKaMH ['0cynapCcTBEHHOTO
MOPCKOTO yHUBEpcuTeTa UMeHH agmupaia ®. ®. Yimakosa B paiione COYMHCKOTO NOPTa, BOJHOPE30B
Xoctsl ¥ Mbica Bugnoro B 2012-2013 rr., a B CyxymckoMm nopty — B 2016-2017 rr. [Selifonova, 2018;
Selifonova, Bartsits, 2018; Selifonova et al., 2019]. Patella ulyssiponensis B 00pacTaHuM IpUIATIOB, BOJ-
HOPE30B, CKaJl ¥ KamHel oTcyTcTBoBaia. Haunnas ¢ 2012—-2014 rr., Kak oTMeueHo Bhiile, oT Jlazapes-
ckoro Jo Ajiepa corpyaHiUky COYMHCKOro reorpacpuyeckoro oOIecTBa perucTpupoBaIi €AMHIYHbIE
sk3eMiuisApsl Patella spp. (Connuesa JI. B. u Autonosa U. M., yctHble coobmenus). B 2019-2020 rr.
aBTOPBI HAOJTIO/1AJIM PA3BUTHE MOJLTIOCKA B 3aMETHBIX KOJIMUECTBAX HE TOJIBKO B paiioHe Coun, HO 1 B AG-
xa3um, Ha nooepexbe y [Tuiynast u I'yaaytel. Ecim cynuts 1o Bospacty P. ulyssiponensis, yCTaHOBJIEH-
HOMY HaMH IO €r0 paKOBHHaM, MOKHO 3aKJIIOUMTh, YTO BUJI PACCENISIICS TIO BCEMY COUMHCKOMY IM00e-
pexbio o Ajiepa o Jlazapesckoro mpumepho ¢ 2017-2018 rr. YV nmodepexbs ['py3un, xkHee ropojaa
Barymu, mommock Patella spp. 3adukcupoBad B 2017 r. [Kypakun, 2023].

PaccmoTpuM BO3MOXkHBIE MyTH paccesieHus] (BEeKTOpbl MHTPOAYKIIMM) BUjA B IIENb(OBON 30HE
KaBKa3CKOro nodepesxkbss YEPHOTo Mopsi.
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OnuH 13 HUX (C YIETOM OOHAPYKEHHS Ha TyperkoM rmodepexkbe YEpHoro Mmops P. caerulea) — 310
peunBasus P. ulyssiponensis n3 CpeauseMHOro Mopsi. BeposiTHO, Takoi mepeHOC MOPCKOro OJofeyd-
Ka MPOUBOIIET aHAJIOTUYHO MEPEeHOCy OPIOXOHOroro Mojutiocka R. venosa. CornacHo oOIIEN3BECTHOM
TUIoTe3e, parnaHa Obl1a 3aBe3eHa B YEpHoe Mope B 1940-X rT. cyTHOM, Ha JHUIIE KOTOPOTO ObLIa MpH-
KperUieHa Ki1aaka e€ smi. OIHaKo MpeAroaraiT U Ipyroi cnocod e€ MHTPOLYKIIUA — B 3aMKHYTOM
00BEMe cyoBHIX OayutacTHBIX BoJ [[Tepenaion, 2013]. Kak u B cirydae ¢ parnaHou, 1ocjie HHTPOIYKITUH
P. ulyssiponensis B Y€pHOe MOpe B HOBBIX YCJIOBHUSIX OOMTAHUSI MOXKHO JOIYCTUTh YBEINYEHHE U3MEH-
YUBOCTU €€ MOP(OJIOTMIECKUX U OUOJOTMUYECKUX XapaKTEPUCTUK B 3aBUCIMOCTU OT IKOJIOTHYECKUX
YCJIOBUI CYIIECTBOBAHUSI.

MB&I He OTBepraem ruroTe3y mepeHoca MOPCKOro OJojieuka B 00pacTaHUU KOPITYCOB TUIACTHKOBBIX
CY/IOB TUIA SIXT U JIOJOK. B3pociyio 0coOb 3TOro ruipoOUoHTa MO TPAHCHOPTUPOBATh MACCAKUP-
CKME cyJia NP YCJIOBUH, YTO MOJUIIOCK MTPUCOCAJICS K MOABOAHOM yacTtu Koprnyca. B Coun pacrnosnara-
eTcsl camblil 0oJbIIoN Ha YEpHOM Mope maccaxupckuid nmopt. Ero crienmanuzaims — naccaxupckue
NepEeBO3KH B YEPHOMOPCKHUE U CPEM3EeMHOMOPCKHIE CTPaHBbI U pecityOnuku: B A6xaszuio, ['pysuio, Typ-
o 1 Erunert (10 HeraBHero Bpemenu Takxke Ha Kunp, B ['perio u Mzpaws). [Topt oObeauHseT MOP-
ckoii mopt B ropose Coun, BoceMb MOpckux TepmuHaioB (Mmeperunka, Amiep, Kyproponok, Xocra,
Marecra, [daromsic, Jloo u JlazapeBckoe) u rpy30Boil pailoH Mopckoro nopra Coun MiMepeTuHCKui
B YCTbe peKu M3biMTa. B suTeparype onucaH TOJIBKO OJUH Cllyyail MHTPOAYKLMH (10 CUX MOP €JUH-
CTBEHHBI), TPOU3OILIEANINI B palioHe ITTyOOKOBOJHOTO OKEAHCKOrO TOProBoro rnopra CHHUII Ha aT-
nanTryeckoM noodepesknbe [opryramuu [Seabra et al., 2008]. B 2005 r. Tam Obuta mpoBepeHa rurore3a
0 Pa3JIMYHBIX MOJIEJISIX PaccesIeHNsI MOJUTIOCKOB poja Patella Ha ecTecTBEeHHbII KAMEHHCTbIN OeperoBoi
cyOcTpar 3a npejenamMu MopTa U B UCKYCCTBEHHbIE MTPUIMBHBIE OACCEHBI BHYTPH MOPTA. DKCIEPUMEH-
TaJILHO BBISIBJICHO, YTO TNIOTHOCTh OCEBIIUX JIMYMHOK ObLIa caMoii BbIicOKOU Ha rtactuke ([1BX-manens).
HekoTtopsle uccenoBaTea ONKMCHBAIOT CyYal MHTPOIYKIIMUM MOPCKOTO OMoJevuKa JajeKo 3a mpeje-
JIbI MOPCKHX OacceiiHOB. OKaTaHHAsI TI0 O3EPHOMY THUITY pakoBHUHA P. ulyssiponensis BO3pactom 4-5 jieT
ObL1a BRIOpOIIIEHa TIOCITe IIITOpMa Ha MyCThIHHBIN Oeper peku Bosru ocenpio 2022 r. (KyiOblmeBckoe
BOAOXpaHWIMLIE, ropoll YibsHOBCK) [ApTembeBa, CemeHoB, 2022]. Kak nojaraioT aBTOpbl, MOJUTIOCK
MOT OBITh 3aHECEH Ha KOpITyce CyJOB CMEIIAHHOTO IJIaBaHUs (peKa — MOpe), KOTOpbie KypCUPYIOT
1o BoAHou cucreme Bonra — Jlon — AzoBckoe mope — YépHoe Mope — CpeanseMHOe MOpe.

CyluecTByeT M Ipyrom BEKTOp pacnpocTpaHeHus Buga P. ulyssiponensis — TNepeHOC JTUYMHOK
C BIOJILOEPErOBbIM TEUCHUEM M ¢ OAJUTACTHBIMU BOJIAMH TOPTOBBHIX CyJOB. OIHAKO M €ro MOKHO TOJ-
BEPrHyTh COMHEHUIO M3-32 HAJTMYMSI Y MOPCKUX OJ0/IedeK JeUTPO(PHON JIMIMHKH C KOPOTKOU (ha3oit
pazButus. Haubosiee BEpoOsSTHO, YTO MOJITIOCK TOMAT HA KaBKAa3CKUH mienbd YEpHOro Mopst BO B3poc-
JIOM COCTOSIHUM B 3aMKHYTOM 0OBEME MOPCKOH OaJIITACTHOW BOJBI C CY/IaMH, NEPEBO3UBIIMMU B TOJIbI
CTPOUTENILCTBA 00beKTOB OIIMMIMICKOTO Mapka 1 mo3zxe (2010—2022 rr.) KOHTEHHEPHI U CHIITyYHe IPy-
3bl Yepe3 rpy30BoM paiioH Mopckoro nopra Coun mepernHckuii. OCHOBHOE YEPHOMOPCKOE TEUEHUE
y 6eperoB KaBkaza u€T ¢ BOCTOKa Ha 3amaj, nodTomy P. ulyssiponensis BIOCIEICTBUN MOT PacCeIUTh-
cs no Bcemy nodepesxbio ropoaa Coun. Mexny Coun u Adxazueit (Cyxym u 'arpa) B JIeTHU# Ce30H
KypCHUPYIOT KaTaMapaHsl, TEIJIOXO/Ibl U IPOTYJIOUHBIE KaTepa. B 9TOM CBSA3M BO3HUKAET BOIIPOC: KAKOBbI
BO3MOXHBIE TTPE/IeTbl JATBHENIIEro pacimpeHnst apeana MopcKoro omoaedka B Yépaom mope?

HecMoTps Ha HanMuue yKa3aHHBIX BBILE JUArHOCTUYECKUX KJouel, uaeHtudukauusa P. ulyssi-
ponensis Ha OCHOBaHUM MOP(OJIOTMYECKUX MPU3HAKOB CUMTAETCS BECbMa 3aTPYAHUTEIbHOM, a caMu
MPU3HAKY HE SABJISIOTCS HAAEKHBIMU IS OTIpe/iesIeHus TIpe/ICTaBuTeliell poaa. 1o ¢akT moodykaaeT
HIMPe UCTIOJIb30BaTh MOJIEKYIIPHO-TEHETUYECKHE MeToIbl [Sanna et al., 2012], npuMeHeHne KOTophIX
MO3BOJIUJIO MOATBEPAUTH CAMOCTOSITEILHOCTh BUAOB P. caerulea n P. ulyssiponensis yTéM CpaBHEHUS
mutoxoHgpuanbHbix JJTHK [Sa-Pinto et al., 2005]. Tak:xe 3tu aBa BUIa pa3nnyaoTcs (pOpMOU U YUCIOM
xpoMocoM: y P. ulyssiponensis B raruiouiHoM HaOope ux 8, a'y P. caerulea — 9 [Petraccioli et al., 2010].
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VYuurtbiBasi BbIpAKEHHYI0 MOP(OJIOrHUECKYI0 U3MEHUUBOCTb P. ulyssiponensis B YépHom u Cpeauzem-
HOM MOPSIX, CJIeJIyeT 3aKJII0UUTh, YTO JIMIIL OoJiee NeTaIbHbIA TeHeTHUeCKuid aHamm3 P. ulyssiponensis
MOMOXET, BEPOSITHO, OTBETUTh Ha BOMPOC O TAKCOHOMUYECKOM CTaTyCe JaHHOTO MOJUTIOCKA U TIOHSTb,
BUJI 3TO, NOJIBUJ, SKOMOpda UM cIydyall UHAUBUIYaJIbHOW U3MEHUYMBOCTH.

BeiBoabl. Ha ocHOBaHWMM uTepaTypHOro aHam3a MOP(QOIOTHUECKIX OCOOEHHOCTE YepHOMOP-
CKMX W CPEeJM3eMHOMOPCKUX TaTesul, X OMOJIOTMH M KOJIOTWH, a TaKKe aHajn3a COOCTBEHHBIX Ma-
TepHrajIoB, cOOpaHHbIX B MiOHe 2023 T., Mbl IPUXOAUM K BBIBOJY, YTO MHOTOYHMCIICHHAS TIOMYJISIIHS,
oOHapy:xeHHas B paitoHe COYMHCKOro nopra, oTHocurcs K Buny Patella ulyssiponensis.

MBsI nonaraem, 4to nosisiaeHue P. ulyssiponensis B C€BepO-BOCTOYHON YaCTH KAaBKA3CKOIoO Iesbpa
OBLIO CBSI32aHO C aHTPOIIOTEHHBIM NIEPEHOCOM CyJaMH U C MOCIIEAYIONIM eCTECTBEHHBIM pacceieHueM
BU/A N0 pervoHy. Tem He MeHee Helb3sl OTBEpraTb ¥ BO3MOKHOCTh €CTECTBEHHOTO BOCCTAHOBJICHUS
€ro MOIYJISAIMY, paHee CYIeCTBOBaBIIEH 3/1ech. iMelompecs: JaHHbIe He TTO3BOJISIOT ClejIaTh 00OOCHO-
BaHHBII BBIOOP MEXKIY IBYMSI STUMU MPEANONOKEHUsMU. TOUHBIN OTBET 00 UCTOYHHMKAX MOSIBICHUS
P. ulyssiponensis MOTYT JaTh TOJILKO CPABHUTEJILHO-TEHETUYECKUE MCCIIEIOBAHKS BUJIOB MaTesul, O0H-
TAIOIMX Ha KaBKAa3CKOM U TypelkoM modepexbsix Y€pHoro mops. [osiBnenue P. ulyssiponensis B 3a-
METHOM KOJIMYECTBE Ha KaBKA3CKOM INesib(e MOKHO OOBSCHUTH O37I0POBJICHUEM SKOCUCTEMBbI YEpHO-
T'0 MOpsI TIOCJIe TIePUo/ia IBTPO(PHKALINK, CHIKSHUEM TPecca TUIAHKTOHHBIX (IpeOHEBUKOB Mnemiopsis
leidyi) n NOHHBIX XUITHUKOB, B YACTHOCTH COKPALLICHUEM U U3MeJIbYeHUEM MONYJISALMU panaHbl Rapana
venosa, a Takke MEHAIOIMMUCA KIMMaTUYECKUMHU yCIIOBUSAMMU.

HecMoTpst Ha HaMeTHBIIYIOCS TEHIEHLIMIO K BOCCTAHOBJIEHUIO ONYJIALMHU P. ulyssiponensis B OqTHOM
perroHe (Ha KaBKa3cKoM rodepexbe YEpHOTro Mops B parione COUMHCKOTO TIOPTa), B IPYTUX YEPHOMOP-
ckux peruoHax (KpeiMm, YkpauHa, bonrapust u PymbiHMS) NPOSBISIIOTCS OTAAJIEHHBIE SKOJIOTUUYECKHE
MOCJIEICTBUS YTHETEHHUs 3TOro Buaa. Tam npeacrasuresnu poaa Patella 1o cux nop CYMTAIOTCSA PEAKAMU,
KPaCHOKHMXXHBIMU BUgamMu. OXpaHHbIl cTatyc P. ulyssiponensis u ero OTCyTCTBHE B psiie TPUOPEKHBIX
akBaTopuil YEpHOTro MOPsI MOKa He MO3BOJISIIOT pACCMaTPUBATh STOT BUJ B KAUECTBE OOBEKTA IIPOMBICIIA.

Bmecte ¢ TeM 3Ta Haxopaka, Hapsly C JPYTMMM aclieKTaMH, OTMEYEHHBIMH B MOCJIEAHUE TOJbl,
WLTIOCTPUPYET TIO3UTHBHBIE W3MEHEeHHs B (payHe OpPIOXOHOTMX MOJUTIOCKOB B KaBKa3CKHMX BOjaX
YepHoro mops.

BuaarogapHoCcTh. ABTOPBI BBIPaXKAIOT UCKPEHHIOI MPU3HATENLHOCTS K. 0. H. PeBkoBy Hukonao KoncranTtu-
HoBuuy (OULL MuBIOM) 3a momoris B oripee/ieHiH BUa 1 aHOHUMHBIM PelieH3eHTaM — 32 KOHCTPYKTUBHYIO
KPUTUKY PYKOIIUCHU.
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A GASTROPOD PATELLA ULYSSIPONENSIS GMELIN, 1791
(GASTROPODA: PATELLIDAE)
FROM THE CAUCASIAN BLACK SEA SHELF:
BIOLOGICAL INVASION OR RECOVERY OF THE NATIVE POPULATION?

Zh. Selifonova!, M. Reneva?, O. Poltarukha®, and A. Boran-Keshishyan'

! Admiral Ushakov Maritime State University, Novorossiysk, Russian Federation
2Sochi National Park, Sochi, Russian Federation
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In spring 2023, an abundant population of adult gastropods Patella ulyssiponensis Gmelin, 1791
was recorded in the Sochi port area. P. ulyssiponensis, also known as a limpet, is an inhabitant of con-
tour biotopes and a crawling edible gastropod. This species is listed in Red Data Books of the Black
Sea, the Crimea, and Sevastopol and still does not occur on shelves of the Crimea, Ukraine, Romania,
Bulgaria, and Turkey. It was not registered on the Caucasian shelf since the middle of the XX century.
The paper provides data on distribution, morphological structure, and settlement density of P. ulyssipo-
nensis sampled in the Sochi port area in June 2023. According to the severity of radial ribs and their
association into bundles, the position of the crown, the morphometry of the shell itself, the color
of the shell inner surface, and the integrity or serration of the peristome, the found species was assigned
to P. ulyssiponensis. In the Black Sea, the limpet is known as Patella tarentina Salis Marschlins, 1793,
P. caerulea var. tenuistriata Weinkauft, 1880, and P. pontica Milaschewitsch, 1914 (syn.). In earlier
works on the Black Sea, it was combined with P. caerulea Linnaeus, 1758 endemic to the Mediterranean
Sea. P. ulyssiponensis abundance reached 240—320 ind.-m™2 and was higher at the station on the outer
side of the southern pier than in the beach area. The limpets we registered were somewhat smaller than
those previously noted for the Black Sea. The maximum length of the shell for molluscs of the Sochi
port area reached 43.0 mm; width, 17.3 mm; and height, 20 mm. However, these individuals had
a higher shell than those of the Black Sea population and the population from the northern Aegean
Sea; this is typical for inhabitants of the water’s edge. The ratios of the shell height to its length were
(0.43 £ 0.05) and (0.45 %= 0.07) for the first and second study areas, respectively. P. ulyssiponensis
reinvasion to the northeastern Caucasian shelf could be governed by anthropogenic transfer by ships
and by natural dispersal. Along with other aspects revealed in recent years in the Black Sea ecosystem,
this finding illustrates positive changes in gastropod fauna from the Caucasian shelf.

Keywords: Patella ulyssiponensis, distribution, morphometry, density, Sochi port
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W3yuyena BcTpeyaeMoCTh MUKcocopuanii poaa Kudoa B pwibax, oOMTAIONMX B BOJAX pasHOU CO-
néHoctn. Pabota ocHOBaHa Ha COOCTBEHHBIX MaTepHaiaX MO MHUKCOCIOPHIUAM PbIO, COOpaHHBIX
B 1987-2021 rr. D10 6051ee ueM 12 000 3K3. okos0 100 BUIOB pBId B GacceiiHaxX ATIAaHTUYECKOTO OKe-
aHa [AzoBckoe (Poccus, Ykpanna), Yeépnoe (Poccus, Ykpauna, Typuus) u CpeauzemHoe (Uranus,
Ucnanus) mops; pernons! LieHTpansHO-BocTouHO#l ATiaHTHKM (Ha TpaBep3e MaBpUTaHUM) U 10XK-
HblE IKPOTH y GeperoB Adpuku (Ha TpaBepse HamuOun); BOabI ceBepHOIl (Hemaneko ot Hopserum)
1 10:KHOM (Ha TpaBep3e ApreHTHHbI) yacTel okeaHa; oro-socrounsie 6epera CIIIA], uauiickoro okea-
Ha [oGepexbe HMemena] u Tuxoro okeana [FOxHo-Kutaiickoe Mope (BretHam)]. Beero Ha opuruHaib-
HOM MaTepHaJie UcciaeJoBaHo 27 npejcraBuTesed Mukcocnopuanii poga Kudoa, n3 kotopsix 19 omnpe-
JesieHsl 10 Buaa. Takke mpoaHaTU3UPOBAHBI BCe TOCTYITHBIE JIUTEPATypHble UCTOUHUKHU U JIEKTPOH-
Hast 6a3a FishBase. YcraHoBieHo, uro u3 291 npexcraButenst peild — xo3seB Kudoa 169 BumoB sis-
JISIIOTCS YMCTO MOPCKUMHU, 76 BUIOB MOTYT OOUTaTh B MOPCKOW M COJIOHOBAaTOBOJIHOM cpene, 42 BUuna
SBPUTAJIMHHBL U MOTYT OBITh BCTPEUCHBI KaK B MOPCKMX M COJIOHOBATHIX, TAK M B MPECHBIX BOJAX,
Y JIUIIb 4 BUJA SIBJISIOTCS YKCTO NpecHOBoAHbIMU. U3 128 BunoB Kudoa 117 (91,4 %) Obumn HalineHbI
B MOPCKO#1 30He MupoBoro okeana, 8 (6,3 %) — B ero acryapusx (7 BUIOB — B MOPCKHX PbIOaXx,
1 BUL — B IIPEeCHOBOAHOM X03siMHE), 3 (2,3 %) — B mpecHOBOAHBIX Bojgoémax. B 2008-2019 rr.
NpoBeJeHbl UcciienoBanusi Kudoa nova Naidenova, 1975 B skocuctemax scTyapHOro Tuma y Oepe-
roB Kprima B ycrbe peku YepHasa u B KapkunurckoM 3ayuse (UY€pHoe mope), a Takke B Boctounom
Cugaitie (A3oBckoe Mope). Beero BekpoiTo 2232 9k3. 11 BUI0B OBIYKOBBIX PhIO. YCTaHOBJIEHO, UTO I1e-
PUOANYECKOE OIPECHEHNE ITUX PAalOHOB BOAAMYU PUCOBBIX YEKOB, a TAKkE MOCTOSIHHOE IIPUCYTCTBUE
MPECHOU BOAbI B IOBEPXHOCTHOM CJIO€ YCTbsl pekr UEpHasi He BhI3bIBAIM CUJIBHOTO M3MEHEHUSs CO-
JIEHOCTH (32 UCKJTIOUEHHEM MEJIKOBOJIHOW ceBepHOl yactu Bocrounoro Cugaina), KOTopoe ObLIo Obl
ryOUTeIbHBIM TSl JAHHOTO BUAA MapasuToB. [Ipu 3ToM K. nova MONHOCTBIO OTCYTCTBOBANA B OBIY-
Kax, BbUJIOBJIEHHBIX B 1998 r. B 3HaUMTENILHO ONPECHEHHOM Bogamu peku JoH Taranporckom 3anuBe
AzoBckoro mops1. He oOHapyskena ona u B 2011 r. B pekax Byr u Bucia npu ucciieoBaHMA MUKPO-
Napa3uToB OBIYKOB, PACITPOCTPAHUBIIMXCS U3 CEBEPO-3anagHON yactu YEPHOro Mopsi Mo HEeHTpallb-
HOMY UHBa3UBHOMY KOpuAopy. IlocTaBieHHbI HaMU OIBIT 3aCBUAETENILCTBOBAT HETATUBHOE BIIUSIHUE
MIPECHO BOABI HA CIIOPHI IAHHOTO Mapa3uTa: 1o e€ BO3AEUCTBIEM OHU 1e(DOPMUPOBAIIUCH U TEMHEIH;
TaKke Hapylaiach (PyHKIIMS BHICTPETUBAHUS TTOJISIPHON HUTH.

KuroueBsble cioBa: Mukcociopuanu, Kudoa, COnéHOCTb BOAbl, MUpoBas (payHa
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OmHUM U3 BOKHBIX 9KOJIOTMYECKUX (haKTOPOB BHEIITHEH Cpeibl (Cpe/ibl BTOPOTO MOPSIAKa), OKa3bIBa-
IOLIUX CYIIECTBEHHOE BIMSIHUE HA 3apaKEHHOCTh PbIO TEMU WJIM UHBIMU BUIAMU MUKCOCTIOPUINH, SIBJIS-
€TCsI COJIEHOCTD BOJIbI, B KOTOPOU OOUTAIOT PHIOBI M IEPUOMUECKH UX TTAPA3UTHI, O YEM CBUJIETEIHCTBYET
(pakT y€TKOro AeseHus BCeX BUIOB MUKCOCHOPHUIMN Ha MOPCKUX U mpecHOBOAHBIX [IIlynbman u ap.,
1997]. B nanHO# MOHOrpaduu 3TOT BOIPOC JOBOJIBHO XOPOLIO PACCMOTPEH Ha IPUMEpPE Kak MPEeCHO-
BOJIHBIX, TAK M MOPCKHX (hOpM, HEe TTpUHAIeRamX K poay Kudoa Meglitsch, 1947, uckmouas K. nova
Naidenova, 1975, 111 KOTOPOTro yKa3aHo, 4YT0O 3TO MOPCKOM BUJ1, HAWEHHBIN B OIIPECHEHHOM A30BCKOM
Mope. [ToguépKHyTh KauecTBEHHOE U KOJIUYecTBeHHOe oOeHeHre (payHbl MUKCOCTIOPUINN MOPCKHUX
BOJIOEMOB B UX OIPECHEHHBIX YUACTKaX U HETaTUBHOE BIIMSIHUE OCOJIOHEHUSI HA BUJJOBOM COCTaB U YUC-
JIEHHOCTb YMCTO MPECHOBOJIHBIX BUJIOB B BOJOEMAaxX C MPECHOUN BOJOM, YTO BIIOJIHE €CTECTBEHHO. AB-
TOpaMu 0cOo00 BbIjIeJIeHa IPYIINA SBPUTAMHHBIX PHIO-X035I€B, MUKCOCTIOPHINH KOTOPBIX, KaK MPABUJIO,
MMEIOT KaK MOPCKOE, TaK M MPECHOBOJHOE MPOUCXOKAEHUE, MOTYT BCTPEYAThCsl B 30HAX PA3JIMYHOU
COJIEHOCTU Y JOJKHBI CUMTAThCS COJIOHOBATOBOAHBIMU. Takue xo3seBa, no mHenuio C. C. Ilynpma-
Ha [1966], npeacTaBisIOT AJis NAPa3UTOB CBOETO POJla «BaroH ¢ UCKYCCTBEHHBIM KJIMMAaTOM», a BO3-
MOKHOCTb CPAaBHUTEJILHO JIETKOT'O MEPeX0/ia OTEIbHBIX BUAOB MUKCOCIIOPUANIA U3 MOPCKUX BOJAOEMOB
B IPECHOBOIHBIE K HA0OOPOT OOBACHACTCS HE TOJIBKO HAIMYMEM IBPUTAJIMHHBIX X0351€B, HO U 3aIUT-
HBIMH CBOWCTBAMHM CTBOPOK cIriop Myxosporea, Ipe0X paHAIOIIMX aMEOOMTHBIA 3aPOIBIII OT BPEHOTO
BO3JIEMICTBUS OKPY:KAIOLLEH CPEJIbL.

Hamu panee Obul paccMOTpeH BONPOC BIUSIHUSL COJEHOCTM Ha 3apaxk€HHOCTh prid YEpHOro
MOpsl MUKCOCHIOpUIMSIMU Apyrux pojos [FOpaxno, 1994]. Kpome Toro, Hamu ObUIO YCTaHOBJIEHO,
YTO MPH MPOABMKEHUM C 3amajia Ha BOCTOK oT Y€pHoro mops k Kacrnwmiickomy HaOM0gal0TCS T0-
CTeTrieHHOe oOeqHeHre (PayHbl MOPCKMX MUKCOCTIOPUIVMIA U 3aMeleHre TTPECHOBOIHBIMU JIEMEHTaAMHU
IIPU CUJIBHOM OO€IHEHMH BHIOBOTO COCTaBa MHUKCOCIIOpUIME pbid A3oBckoro u Kacrmiickoro mopei
B LI€JIOM TI0 CPaBHEHMIO ¢ TakoBbIM Y€pHoro mops [fOpaxno, 1994; IOpaxno, Ozep, 2018; Yurakhno,
Ozer, 2020].

[Mpu anamuze MupoBoil (hayHbl MHKcocmopuauid poaa Kudoa, nanbonee MOTHO OTpaxEHHON
B mnociegHeM cuHorncuce BuaoB [Eiras et al., 2014], mbl HalUM NOATBEPkKAEHUE JAHHOW 3a-
KOHOMEpPHOCTM Ha TIpuUMepe TMpejcTaButesned 3toro poga. Tak, B UépHOM MOpe HU3BECTHO MSTh
BuIoB Kudoa [K. anatolica Ozer, Okkay, Gurkanli, Ciftci & Yurakhno, 2018, K. niluferi
Ozer, Okkay, Gurkanli, Ciftci & Yurakhno, 2018, K. nova, K. stellula V. Yurakhno, 1991
u K. quadratum (Thélohan, 1895)], B A3oBckom mope — suuib aBa (K. nova w K. dicentrarchi
Sitja-Bobadilla & Alvarez-Pellitero, 1992), a B KacnuiickoMm MOope MHKCOCHOPHAUM JAHHOTO poAa
BOOOIIE OTCYTCTBYIOT. Kazasoch Obl, HEraTMBHOE BIIMSIHAE OMPECHEHUs BOJOEMA HAJMIIO, YTO TIOA-
TBEpXkJIaeT OBITOBABIIICE paHee MHEHHWE O TOM, 4YTO Bech oTpsja Multivalvulida, k kotopomy OT-
Hocsitcd M Kudoa, — 310 uncto Mopckue dopmbl [llyneman u np., 1997]. OgHako aaHHBIE TO-
CIe[IHMX JIeT TMOKa3aJd, 4YTO MPEeICTABUTEIM STOr0 poja B PEIKUX CIydasiXx MOTYT BCTpeudaTbCs
U B NPECHOBOJHBIX BHIaX pbl0 He ToybKO B jaryHe [Fomena, Bouix, 1997; Siau, 1971] umum scry-
apun [Sarkar, Chaudhury, 1996], HO u B peke, CBSI3aHHOU C ATJIAHTUYECKUM OKeaHOM [Azevedo
et al., 2016; Casal et al., 2008; Velasco et al., 2015]. Bonpoc o BiusiHMM COJEHOCTH Ha 3a-
PaKEHHOCTh PHIO MUKCOCHIOPHIUSAMU poja Kudoa B juTepaType liejleHaNpaBIeHHO pPacCMOTPEH
He ObL1, 32 WCKJIIOYEHUEM IPOBEJCHHUs OMNbITOB IO BBUKMBAEMOCTH B IMPECHOM M COJIEHOW BOJE
cnop K. nova [FOpaxHo, 2016a; Yurakhno, 2015b, 2018] u Kudoa septempunctata Matsukane, Sato,
Tanaka, Kamata & Sugita-Konishi, 2010 [Yokoyama et al., 2016], a Takxe HaIIMX HCCIEIOBA-
HUN (payHbl MUKCOCHIOPHIMU B 3CTyapHbIX 30HaX KpbIMa, JaHHBIE KOTOPBIX MPEJICTABJIEHBI TOJIb-
KO B Te3ucax U Marepuaiax KoHdepeHuuu [dvutpuea u np., 2015; Kopuuituyk u ap., 2016;
IOpaxno, Tokapes, 2017; FOpaxno, 2012, 2014, 2015a, 2016b; Yurakhno, 2013]. imenno nosto-
My Mbl PEHIMJIM BOCIOJHUTH ITOT Mpodes U AaTh Haubosiee MOJNHYI WHPOPMALMIO TIO YKA3aHHOU
TEeMe.
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MATEPUAJI 1 METO/IbI

Pabota ocHOBaHa Ha COOCTBEHHBIX MaTepHalaX MO MHUKCOCIIOPHIMSIM PbiO, COOpPaHHBIX
B 1987-2021 rr. Bcero Hamu u3ydeHo Oosiee 12000 3k3. okono 100 BumoB peiO B OacceiiHax
Atnantuyeckoro okeaHa [B AsosckoM (Poccus, Ykpauna), Yeépnom (Poccus, Vkpamna, Typuws)
u Cpeguzemnom (Mtamus, Vcnanus) mopsx; B peruonax LlenTpanbHo-BoctouHoi ATinaHTHKY (Ha Tpa-
Bep3e MaBpuTaHuM) U B I0)KHBIX IIMPOTax y 6eperoB Adpuku (Ha TpaBepze HamnOum); B Bogax ceBep-
HOMl (Henaneko ot Hopeerun) u 10:xHOM (Ha TpaBep3e APreHTHHbI) YacTeld OKeaHa; y I0ro-BOCTOUYHBIX
6eperos CIIA], Mnauiickoro okeaHna [rmodepexnbe Nemena] u Tuxoro okeana [FOsxHo-Kuraiickoe Mope
(Bvernam)]. Bcero Ha opurMHajbHOM MaTepuase UCCaeoBaHO 27 MpencTaBuTesieldl MUKCOCIIOPH I
pona Kudoa — 19 onpenenénnnix no Bunga (K. alliaria Kovaleva, Shulman & Yakovlev, 1979,
K. anatolica, K. borimiri Yurakhno, Slynko, Nguyen, Vo & Whipps, 2022, K. clupeidae (Hahn, 1917),
K. dicentrarchi, K. histolytica (Pérard, 1928) Meglitsch, 1947, K. igori Yurakhno, Slynko, Nguyen, Vo
& Whipps, 2022, K. inornata, K. mirabilis Naidenova & Gaevskaya, 1991, K. monodactyli Gunter,
Cribb, Whipps & Adlard, 2006, K. niluferi, K. nova, K. paniformis Kabata & Whitaker, 1981,
K. rosenbuschi (Gelormini, 1943), K. stellula, K. thyrsites (Gilchrist, 1924) Meglitsch, 1947, K. trifolia
Holzer, Blasco-Costa, Sarabeev, Ovcharenko & Balbuena, 2006, K. unicapsula Yurakhno, Ovcharenko,
Holzer, Sarabeev & Balbuena, 2007 u K. whippsi Burger & Adlard, 2010) u 8 Kudoa spp. Takxe
MPOAHAIM3UPOBaHbl onucaHus 128 BuAOB Mukcocnopuauil poaa Kudoa, M3BECTHBIX B MUPOBOM
Hay4yHoOU Jutepatype a0 2021 r. BkmouurtenabHO. [Ipy M3ydyeHuM BCTPEUaEMOCTHM MHUKCOCTIOPHUIUMN
pona Kudoa B pbiOax, OOMTAOIIMX B BOAAX pa3HOW COJIEHOCTH, MbI PYKOBOJACTBOBaHCh FishBase
(https://www.fishbase.se/search.php), yTouHssi maHHBIE B JOCTYITHOW Ham Jmrtepatype [[lebGemmyc,
2009; CeetoBuioB, 1964; ®anees, 2005; The Living Marine Resources, 2016].

[Tpy 3yvyeHnn BIMSIHUSL COJIEHOCTU BOJBI HA 3apak€HHOCTh OBIYKOBBIX phIO K. nova Bcero B 1998
1 2008-2019 rr. Hamu ObLT0 HcceaoBaHo 2232 9k3. puid 11 BUIOB B OMOTOMAaX 3CTyapHOro Trma YEpHo-
ro ¥ A30BCKOI'O MOpEH, a TAKKE B BOAAX LEHTPAJIBbHOTO MHBA3UBHOIO KOPUI0Pa, CBSA3aHHOIO ¢ YEpHBIM
MopeM (B pekax byr, Hapes u Bucia Ha Teppuropuu Ionbimm).

Conénoctb otoOpanHbiXx HamMu B 2014-2016 rr. npo6 Boxs! u3 Kapkunutckoro 3anuBa Obuia omnpe-
AesneHa B jabopaTopun apreHtomerpudeckum metoaoM (P 52.10.243-92 PykoBoacTBO MO XUMMYe-
ckomy aHayim3y mopckux Bog, 01.07.1993) T. A. bormanoBoit (PULL MHBIOM). laHHble 1O coué-
HOCTU BOJ W3 3T0oro permoHa 3a 2008-2013 rr. mpuseseHsl 10 yctHOMY cooOmenuio H. B. Ilag-
puna (®ULl MuBIOM). Conénocts B CuBaille W3BeCTHa MO YCTHOMY cooOmenuio A. P. Boira-
yepa (PULL MuBIOM) (ompenenenue conéHoctr ObLIO BbiMoMHeHO T. A. BorgaHoBoi) W mo pa-
6ore H. B. Ilagpuna [Shadrin et al., 2018]. Ceemenuss o conéHocTr Bojg TaraHporckoro 3ajimBa
B 1998 r. npenocrasnensl corpyanukamu ASHUNPX. o pekam Bucna u Byr B3saTh TuTepatypHble JaH-
Hele [Kasprzak et al., 2016] u marepuainsl u3 Murepuera (https://ru.wikipedia.org/wiki/3anaansiii_byr)
C YTOYHEHHEM HMKHEH TPaHuLIbl COJIEHOCTH BOJl peku Byr 1o cBeaeHusM, moOe3HO Mpei0CTaBIeHHbBIM
H. A. OBuapenko (MHctuTyT napasurosiorny, Bapiasa, Ilospia). laHHbIE O CONEHOCTH BOJ, B YCThE
Huenpa (Juenpo-byrckuii muman) B3ATh U3 Jutepartypsl [['punesenkunii u gp., 2015].

PE3VIJIbTATHBI 1 ObCYKJIEHNE

Ecnu paccMotpeTts Beex xo3sieB Kudoa 1o Mx BO3MOXKHOCTU OOUTaHUS B BOJIAX C pa3jMYHOM CO-
JIEHOCTBIO (Ta0J. 1), TO OKakeTCs, YTO MojAaBJIsIoIee OOJBITUMHCTBO MUKCOCTIOpUAMI pona Kudoa na-
Pa3sUTHPYIOT B MOPCKUX BHUIAX PHIO, OOUTAIOIIMX B MOPAX U okeaHax. 13 294 npencraButenen ppido —
xo3s1eB Kudoa s 291 Buaa yainoch yCTaHOBUTH cpety oouTtanus. M3 Hux 169 BUIOB OKa3aJIMCh YUCTO
MOpcKUMU (hopMamu, 76 BUIOB MOTYT OOUTATH B MOPCKOW 1 COJIOHOBATOBOJTHOM cpejie, 42 BUia 9BpHra-
JIMHHBI ¥ MOTYT OBITh BCTPEYEHBI KaK B MOPCKUX U COJIOHOBATBIX, TAK U B TIPECHBIX BOJIAX, U JIUIIIb 4 BH-
Ja SBJISIIOTCS] YUCTO MPECHOBOAHBIMU. [{7151 3 mpeicTaBuTenei ppid-X03sieB, BUOBasI MPUHAIJIE)KHOCTD
KOTOPBIX HE YCTAaHOBJIEHA, Mbl HE CMOTJIU ONPEAEIIUTh Cpely OOUTAHUSI.
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BouspmmHCTBO BUIOB Kudoa ObUTM HaiileHl B MOPCKHMX 30HaX MMpPOBOrO OKeaHa, 4To MOATBEp-
KJIAeT MOPCKOE MPOUCXOXKIEHUE TOro poaa. VIcKimouyeHneM SIBUIMCh HAXOJKH YETHIPEX MpeACTaBU-
Teneil poga Kudoa B NpecHOBOIHBIX pbIOaX W3 MPECHOBOJIHBIX BOJOEMOB, MpPUJIETaAlIINX K ATIaH-
TUYECKOMY OKeaHy. Tpu M3 HUX KOHCTATUPOBAHBI B pPhI0ax OTpsia MUXJI000pa3sHbIX — B Aequidens
plagiozonatus Kullander, 1984 (Kudoa aequidens Casal, Matos E., Matos P. & Azevedo, 2008) [Casal
et al., 2008] u Chaetobranchopsis orbicularis (Steindachner, 1875) (Kudoa orbicularis Azevedo, Rocha,
Matos, Oliveira, Matos, Al-Quraishy & Casal, 2016) [Azevedo et al., 2016] — u oTpsiga coM000-
pasubix — B Hypophthalmus marginatus Valenciennes, 1840 (Kudoa sp.) [Velasco et al., 2015] —
B HIWKHEH yacT OacceiiHa pekn Amaszonka (Bpasumus), npuuém K. orbicularis Obl1 HaiileH BO Ba-
naomeil B He€ peke Apapu B 135 km oT e€ ycrbs, a 4eTBEpTHIl (Kudoa eleotrisi Siau, 1971) Obin
obHapyxkeH B 3neorpuce Kribia kribensis (Boulenger, 1907) Ha adgpukaHCckoM MoOepexbe, B Jia-
ryHe Ilopro-Hoso (benun) [Fomena, Bouix, 1997; Siau, 1971]. Oqun Bua (Kudoa cascasia Sarkar
& Chaudhury, 1996) 3aperucTpupoBaH B IIPECHOBOIHOW keNTOXBOCTON Kedamu Minimugil cascasia
(Hamilton, 1822) B acryapun Xyrmu (Muguiickuil okeaH, 3amnaaHas bewramus, Wunus) [Sarkar,
Chaudhury, 1996].

Tadmmma 1. BerpewaemocTts Mukcocniopuauii poga Kudoa B peidax pa3iMuHbIX TAKCOHOB MUPOBO# (hayHBI
C yKa3aHUEeM IIPUHAJIEAKHOCTU X0351€B K BOAAM Pa3HOU CONEHOCTU™

Table 1. Occurrence of myxosporeans of the genus Kudoa in fish of various taxa of the world fauna, with
indication of the affiliation of hosts to waters of different salinity*

Bup ppiOBI ¢ yKazaHueM Oo6urtanue peiObI Bujst
TAaKCOHOMUYECKOH MPUHA/JIEKHOCTU B BOJaxX pa3HOM coja€HocTH** MUKcocnopuauii poga Kudoa

Kaacc Chondrichthyes — xpsimeBbie ppIObI

Hoaxaace Elasmobranchii — miacrunoskadepHbie

Hanotpsa Selachomorpha — akyJibt

OTtpsan Carcharhiniformes — kapxapnHoo6pa3Hble

CemeiictBo Carcharhinidae — xapxapuHoBble (cepble aKyJbl, MHI03y0ble aKYJIbI)

Carcharhinus amboinensis M, C K. carcharhini
C. cautus M K. carcharhini
C. limbatus M, C K. carcharhini

OTpsp Orectolobiformes — Bo66eronroodpa3nnie
CemeiicTBo Hemiscylliidae — a3uaTckne Komaubu aKyJbl

Hemiscyllium ocellatum M K. hemiscylli
CemeiicTBo Orectolobidae — xoBpoBbIe aKyJIbI

Orectolobus hutchinsi M K. hemiscylli
O. maculatus M K. hemiscylli
O. ornatus M K. hemiscylli

Hanotpsig Batomorpha — ckatbi
OTtpsg Myliobatiformes — XB0CTOK0J1000pa3HbIe
CemeiicTBo Dasyatidae — XBOCTOKOJIOBBIE

Hemitrygon fluviorum M, C K. hemiscylli
Neotrygon kuhlii M K. hemiscylli
Taeniura lymma M

K. hemiscylli

OTpsapa Rhinopristiformes — rurapaukoo6pa3nbie
CemeiicTBo Rhinobatidae — rurapHukoBbie

Aptychotrema rostrata M, C K. hemiscylli
Glaucostegus typus M, C, Ilp K. hemiscylli

IIponomkeHue Ha caeyoIel CTpaHuLIe. . .
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Kuaacc Actinopterygii — syuenépbie

Nudpakaacc Teleostei — kocTrcThie PHIOHI

OTtpsaa Carangaria incertae sedis

CemeiictBo Sphyraenidae — 6appakyaoBbie

Sphyraena jello M, C K. sphyraeni
S. pinguis M K. megacapsula
S. putnamae M K. barracudai
OTtpan Eupercaria incertae sedis

CemeiictBo Gerreidae — MmoxapposBbie

Eugerres brasilianus M K. eugerres
CewmeiictBo Labridae — ry6anosbie

Coris julis M K. quadratum
Halichoeres bivittatus M K. ovivora

H. garnoti M K. ovivora

H. poeyi M K. ovivora
Tautogolabrus adspersus M K. clupeidae
Thalassoma bifasciatum M K. ovivora
Th. lunare M K. thalassomi
Th. lutescens M K. thalassomi
CewmeiictBo Lethrinidae — nerpunoBsie

Gymnocranius audleyi M K. lethrini
Lethrinus harak M, C K. lethrini

L. nebulosus M, C K. iwatai

L. variegatus M K. iwatai

CemeiictBo Lutjanidae — aynmanosbie

Caesio cuning

K. chaetodoni

Lutjanus campechanus

K. hypoepicardialis

L. carponotatus

K. chaetodoni

L. ehrenbergii

K. lethrini, K. yasunagai

L. erythropterus

K. iwatai, K. lutjanus

L. fulviflamma

K. lethrini

L. lemniscatus

=
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K. lemniscati

CemeiictBo Monodactylidae — MoHOaKTHIIOBBIE

Monodactylus argenteus M, C, Ilp K. monodactyli
CemeiictBo Moronidae — MopoHOBbIe

Dicentrarchus labrax M, C, Ilp K. dicentrarchi, K. iwatai
D. punctatus M, C K. dicentrarchi
CemeiictBo Nemipteridae — auTenépsnie

Nemipterus japonicus M K. schulmani

Scolopsis monogramma M K. yasunagai
CemeiicTBo Priacanthidae — xaTtaJsycoBbie

Priacanthus hamrur ‘ M K. iwatai

CemeiicTBo Scaridae — ckaposBble (PBIOBI-IIONYTran)

K. igami, K. lateolabracis, K. thalassomi,

Calotomus japonicus M K. yasunagai
Scarus flavipectoralis M K. thalassomi
Sparisoma aurofrenatum M K. ovivora
S. radians M K. ovivora

IMponomkeHue Ha cregyloLei cTpaHuLe. ..
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S. rubripinne M K. ovivora
CemeiicTBO Sciaenidae — roponLIéBBIE
Cheilotrema fasciatum M K. sciaenae
Cynoscion nebulosus M, C K. inornata
Leiostomus xanthurus M, C K. branchiata, K. leiostomi
Nibea coibor M, C K. coibori
Paralonchurus peruanus M K. sciaenae
Pogonias cromis M, C K. hypoepicardialis
Sciaena deliciosa M K. sciaenae
Stellifer minor M K. sciaenae
CemeiicTBo Sillaginidae — cusiarosbie
Sillago analis M, C K. ciliatae
S. ciliata M, C K. ciliatae, K. yasunagai
S. maculata M, C K ciliatae, K. yasunagai
S. sithama M, C K. petala
CewmeiicTBo Sparidae — cnapoBble (MOpCKHE KapacH)
Acanthopagrus latus M, C, IIp K. lutjanus
A. schlegelii M, C K. iwatai
Argyrops filamentosus M K. iwatai
Boops boops M K. boopsi
Dentex macrophthalmus M K. nova
Pagellus acarne M K. nova
Pagrus major M K. iwatai, K. yasunagai
P. pagrus M K. pagrusi
Rhabdosargus haffara M K. aegyptia
Sparus aurata M, C K. dicentrarchi, K. iwatai
Stenotomus chrysops M K. clupeidae
OTpsp Ovalentaria incertae sedis
CemeiictBo Pomacentridae — nomaneHTpoBbIe
Abudefduf bengalensis M K. amamiensis, K. thalassomi, K. whippsi
A. septemfasciatus M K. gunterae
A. sexfasciatus M K. amamiensis, K. gunterae
A. sordidus M, C K. gunterae
A. vaigiensis M K. amamiensis, K. whippsi
A. whitleyi M K. amamiensis, K. thalassomi, K. whippsi
Acanthochromis polyacanthus M K. whippsi
Amblyglyphidodon curacao M K. thalassomi
Amphiprion akindynos M K. kenti, K. thalassomi, K. whippsi
A. melanopus M K. kenti, K. thalassomi, K. whippsi
Chromis chrysura M K. amamiensis
Ch. notata M K. amamiensis
Ch. viridis M K. gunterae, K. whippsi
Chrysiptera assimilis M K. amamiensis
C. cyanea M K. gunterae, K. thalassomi
Dascyllus aruanus M K. gunterae, K. thalassomi
D. trimaculatus M K. iwatai
Dischistodus perspicillatus M, C K. kenti
D. pseudochrysopoecilus M K. gunterae

ITpoaoskeHue Ha ClieqyoIed CTPaHHUIIE. . .
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Neoglyphidodon melas M K. gunterae, K. thalassomi, K. whippsi

Neopomacentrus miryae M K iwatai
Plectroglyphidodon leucozonus M K. gunterae, K. kenti
Pomacentrus chrysurus M K. gunterae, K. whippsi

OTpsig Acanthuriformes — xupyprooopasnbie

Cemeiicreo Chaetodontidae — meTnHo3y00BbIE

Chaetodon baronessa K. thalassomi

C. collare K. muscularis

C. paucifasciatus K. iwatai

C. unimaculatus K. chaetodoni, K. thalassomi

C. vagabundus K. thalassomi

Chelmon rostratus K. thalassomi

=
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Heniochus monoceros K. thalassomi

CewmeiictBo Leiognathidae — amornatu/pi (JIMOrHATOBbIE, CPEOPOOPIOIIKOBDIE)
Leiognathus brevirostris M, C K. uncinata

Nuchequula nuchalis M, C K. uncinata

CewmeiictBo Lobotidae — 1060TOBBIE (TPEXXBOCTHIE OKYHH)

Lobotes surinamensis ‘ M, C ‘ K. hypoepicardialis

CemeiicTBo Siganidae — curanoBble

Siganus rivulatus ‘ M, C ‘ K. iwatai
OT1psig Acropomatiformes — akponoMaToBbIe
CewmeiictBo Lateolabracidae — Mopckue cyaaku (SINOHCKHUE JABPaKH, a3MAaTCKHEe MOPCKHE OKYHH)

Lateolabrax japonicus M, C, IIp K. cruciformum, K. iwatai, K. yasunagai

Lateolabrax sp. ? K. lateolabracis

CemeiictBo Pempheridae — nemdeposbie

Pempheris ypsilychnus ‘ M ‘ K. amamiensis, K. minithyrsites
Ortpspx Atheriniformes — aTepuHo0Gpa3HbIe

CemeiictBo Atherinidae — aTepuHoBbIE

Atherina hepsetus ‘ M, C, IIp ‘ K. anatolica, K. stellula
OTtpsan Batrachoidiformes — 6aTpaxoo6pa3Hbie

CewmeiictBo Batrachoididae — 6arpaxoBbie

Batrachoides surinamensis ‘ M, C ‘ K. viseuensis
OTpsin Beloniformes — capranoodpasnbie
CewmeiictBo Belonidae — capranosbie

Strongylura strongylura ‘ M, C ‘ K. chilkaensis
CemeiictBo Exocoetidae — seTyune pbiobl

Cypsilurus ago M K. thyrsites
Cypsilurus sp. M K. thyrsites
Cemeiicteo Hemiramphidae — nosypsiioBbie

Hyporhamphus gamberur ‘ M ‘ K. iwatai
OTtpsaa Beryciformes — 6epukxcooopa3Hbie

CemeiicTBo Berycidae — GepukcoBbie

Beryx splendens ‘ M ‘ K. thyrsites
OTpsip Blenniiformes — co6aukoo6pa3Hbie

CewmeiictBo Blenniidae — co6aukoBbie

Parablennius gattorugine M K. quadratum
P. zvonimiri M K. quadratum

OTtpsaa Callionymiformes — smpooopa3Hbie

ITpoaokeHue Ha ClieqyIoIel CTPaHHUIIE. . .
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CemeiicTBo Callionymidae — jmpoBble (MOpCKHe MBIIIN)

Callionymus lyra ‘ M K. quadratum

OTpspa Carangiformes — craBpngooopa3Hbie

CemeiictBo Carangidae — craBpuoBbie

Alepes djedaba M K. javaensis, K. pyramidalis

Atropus atropus M K. atropi

Carangoides fulvoguttatus M K. quadricornis

C. plagiotaenia M K. paraquadricornis

Caranx crysos M, C K. hypoepicardialis

C. ignobilis M, C K. paraquadricornis

C. papuensis M, C K. paraquadricornis

C. sexfasciatus M, C, Ilp K. amamiensis, K. paraquadricornis

Decapterus maruadsi M K. decaptera

D. russeli M K. thyrsites

Seriola dumerili M K. amamiensis, K. insolita

S. lalandi M K. neurophila, K. thyrsites

. . K. amamiensis, K. iwatai, K. yasunagai,

$- quinqueradiata M K. megacapsula, K. pericardi()l)lis ¢

Trachurus capensis M K. nova

T. mediterraneus M, C K. quadratum

T. picturatus M K. nova

T trachurus M K. azeve.doi, K. nova, K. quadratum,
K. thyrsites

T. trecae M K. nova

T. japonicus M K. trachuri

CewmeiictBo Coryphaenidae — xopucenosbie

Coryphaena hippurus ‘ M, C ‘ K. thyrsites

CemeiicTBo Istiophoridae — mapJynHOBbIE (MapyCHUKOBbBIE)

Istiophorus platypterus ‘ M ‘ K. musculoliquefaciens

CewmeiictBo Xiphiidae — meuepbLibie (Me4-pbIObI)

Xiphias gladius ‘ M ‘ K. musculoliquefaciens

OTpsp Centrarchiformes

CewmeiictBo Latridae — Tpy6auéBnie

Latris lineata ‘ M ‘ K. neurophila

Cemeiicteo Oplegnathidae — Hoke3yObI (OMIErHATDHI)

Oplegnathus fasciatus M K. iwatai, K. yasunagai

O. punctatus M K iwatai

OTtpsaja Cichliformes — nux;i0006pa3Hbie

CemeiictBo Cichlidae — muxJioBbie (I{UXJIHIbI)

Aequidens plagiozonatus Ip K. aequidens

Chaetobranchopsis orbicularis Ip K. orbicularis

OTpsap Clupeiformes — cesnbaeo6pa3Hbie

CemeiictBo Clupeidae — ceanaeBbie

Alosa aestivalis M, C, Ilp K. clupeidae

A. mediocris M, C, Ilp K. clupeidae

A. pseudoharengus M, C, Ilp K. clupeidae

Brevoortia tyrannus M, C K. clupeidae

Clupea harengus M, C K. clupeidae

[pomomkeHye Ha CIEAYOIIECH CTPAHUIIE. . .
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Konosirus punctatus M, C K. guangdongensis
Sardinella lemuru M K. thyrsites
Sardinops sagax M K. thyrsites
CewmeiictBo Engraulidae — anuoycoBbie
Engraulis australis M, C K. thyrsites
E. encrasicolus M, C K. histolytica
E. japonicus M K. thyrsites
CemeiicTBo Spratelloididae
Spratelloides delicatulus M K. thyrsites
S. robustus M, C K. thyrsites

OTtpsaa Cyprinodontiformes — kapmo3y60o06pa3Hbie

CemeiicTBo Fundulidae — dynaynoBbie

Fundulus heteroclitus M, C, IIp K. funduli

F. majalis M, C K. funduli

OTtpsajg Gadiformes — TpeckooOpa3HbIe

CemeiictBo Gadidae — TpeckoBbIe

Gadus chalcogrammus M, C K. thyrsites

Macruronus magellanicus M K. alliaria

Micromesistius australis M K. alliaria

M. poutassou M K. thyrsites

Pollachius pollachius M K. thyrsites

CemeiictBo Merlucciidae — mepiry3oBbIe

Merluccius australis M K. alliaria

M. capensis M K. thyrsites

M. gayi M K. hallado, K. peruvianus
M. hubbsi M K. alliaria, K. rosenbuschi
M. productus M, C K. paniformis, K. thyrsites

OTtpsg Gobiiformes — 6brYk000pa3HbIE

CewmeiictBo Butidae — 6yToBbI€e

Kribia kribensis Ip ‘ K. eleotrisi

CemeiictBo Gobiidae — ObIYKOBBIE

Acanthogobius hasta M, C, Ilp K. akihitoi, K. empressmichikoae
Acentrogobius chlorostigmatoides M, C, Ilp K. acentrogobia

Gobius cobitis M, C K. nova

G. cruentatus M K. niluferi

G. niger M, C K. nova

G. ophiocephalus M, C K. nova

Knipowitschia longicaudata M, C, Ilp K. nova

Mesogobius batrachocephalus M, C, Ilp K nova

Neogobius melanostomus M, C, Ilp K. niluferi, K. nova

N. fluviatilis M, C, Ilp K. nova

Pomatoschistus microps M, C, Ilp K. camarguensis, K. nova
P. minutus M, C K. camarguensis, K. nova
Ponticola cephalargoides M K. nova

P. eurycephalus M, C K nova

P. platyrostris M, C K nova

P. ratan M, C K. nova

P. syrman M, C K. nova

ITpoaokeHue Ha ClieqyIoIel CTPaHHUIIE. . .
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Proterorhinus marmoratus M, C, Ilp

K. nova

Tridentiger trigonocephalus

M, C, IIp

K. nova

OTpspg Kurtiformes — kyproo6pasubie

CemeiicTBo Apogonidae — anoroHoBble (KapIHHAJIOBHIE)

Cheilodipterus macrodon M K. thalassomi

Ch. quinquelineatus M K. cheilodipteri

Ostorhinchus aureus M K. cheilodipteri, K. whippsi, K. iwatai

O. cookii M K. cookii

O. cyanosoma M K. cheilodipteri, K. whippsi

O. doederleini M K. whippsi

O. fleurieu M, C K. iwatai

O. properuptus M K. gunterae, K. whippsi

Zoramia leptacantha M K. leptacanthae

Z. viridiventer M K. leptacanthae

OTtpsaa Mugiliformes — kedaseodpa3zabie

CemeiictBo Mugilidae — kecaneBbie

Chelon auratus M, C, IIp K. dicentrarchi, K. trifolia, K. unicapsula

Ch. labrosus M, C, Ilp K. dicentrarchi

Ch. ramada M, C, Ilp K. dicentrarchi, K. trifolia, K. unicapsula

Ch. saliens M, C K. dicentrarchi

Crenimugil crenilabis M, C K. crenimugilis

C. seheli M, C, Ilp K. dicentrarchi

Ellochelon vaigiensis M, C, IIp K. yasunagai

Minimugil cascasia IIp K. cascasia
K. bora, K. dicentrarchi, K. tetraspora,

Mugil cephalus M, C, Ilp K. intestinalis, K. iwatai, K. quadratum,
K. surabayaensis

M. japonica M, C K. bora

Osteomugil cunnesius M, C, Tlp K. borimiri, K dicentrarchi, K. igori,
K. valamugili

0. perusii M. C K. bor“a, K borimiri, K. dicentrarchi,
K. fujitai

Planiliza carinata M, C K. bora

P. melinoptera M, C, Ilp K. dicentrarchi

P. parsia M, C, Ilp K. haridasae, K. sagarica

Planiliza sp. D sensu M, C, Ilp K. borimiri, K. dicentrarchi

OTtpsja Ophidiiformes — omm6HEe06pa3HbIe

CemeiicTBo Carapidae — kapanosble

Echiodon sp. ‘ ? ‘ K. cutanea

OTpsp Perciformes — okyneoopa3nbie

CemeiictBo Aulorhynchidae — pamHHOpBLIBIE KOJTIOMIKA

Aulorhynchus flavidus ‘ M ‘ K. thyrsites

CemeiictBo Cheilodactylidae — q:kakacoBble

Cheilodactylus zonatus ‘ M ‘ K. whippsi

CemeiicTBo Cottidae — poraTkoBble (KepuaKoBbIe)

Icelinus filamentosus M K. thyrsites

Leptocottus armatus M, C K. thyrsites

Myoxocephalus brandtii M K. nova

[IpopokeHue Ha cleayIolel CTpaHule. . .
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M. scorpius M, C K. quadratum
CemeiictBo Cyclopteridae — nuHaropoBbie
Cyclopterus lumpus M K. islandica
CemeiictBo Hexagrammidae — tepmnyrosbie
Hexagrammos octogrammus M K. azoni
Ophiodon elongatus M K. thyrsites
Pleurogrammus azonus M K. azoni, K. pleurogrammi
P. monopterygius M K. pleurogrammi
CemeiictBo Nototheniidae — HOTOTEeHUEBBIE
Patagonotothen canina M K. alliaria
P. ramsayi M K. alliaria, K. ramsayi
CemeiictBo Pholidae — macirokoBbIe
Pholis ornata ‘ M ‘ K. thyrsites
CemeiicTBo Platycephalidae — nuiockoroJioBbie
Platycephalus sp. ‘ ? ‘ K. iwatai
CemeiictBo Polynemidae — nanbnenéposbie
Pentanemus quinquarius ‘ M, C ‘ K. iidae
CemeiicTBo Sebastidae — cebacTuab! (ce6acToBbIe, MOPCKHE OKYHH)
Sebastes elongatus M K. miniauriculata
S. minor M K. sebastea
S. paucispinis M K. clupeidae, K. miniauriculata
CewmeiicTBo Serranidae — kaMeHHbIE OKYHH
Cephalopholis boenak M K. thalassomi
Hyporthodus nigritus M K. hypoepicardialis
Morone saxatilis M, C, IIp K. cerebralis

CemeiictBo Zoarcidae — 0eJibIIOroBbIe

Zoarces americanus ‘ M, C K. clupeidae

OTpsig Pleuronectiformes — kamo6aJsioo6pa3Hbie

CemeiictBo Bothidae — poM6oBBIe (apHOTIIOCCOBBIE)

Arnoglossus imperialis M K. lunata

A. laterna M K. lunata

A. thori M K. lunata
CemeiictBo Cynoglossidae — uHOI10CCOBBIE (JIEBOCTOPOHHIE MOPCKHE SI3BIKH)
Cynoglossus senegalensis ‘ M, C, Ilp K. cynoglossi

CemeiicTBo Paralichthyidae — napasuxtueBbie

Paralichthys adspersus M K. thyrsites

K. lateolabracis, K. paralichthys,
P. olivaceus M K. septempunctata, K. shiomitsui,
K. thyrsites, K. yasunagai

CemeiicTBo Pleuronectidae — xamo6aJioBbie (IPaBOCTOPOHHIE KaMOAJIbI)

Atheresthes stomias M K. aburakarei, K. thyrsites
Hippoglossus stenolepis M K. thyrsites
Lepidopsetta bilineata M K. thyrsites
Microstomus pacificus M K. thyrsites
Parophrys vetulus M K. thyrsites

Platichthys flesus M, C, Ilp K. clupeidae

CemeiicTBo Scophthalmidae — kaikanoBbie

Zeugopterus punctatus M K. kabatai

[pomomkeHye Ha CIEAYOIIEH CTPAHUIIE. . .
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OTtpsapa Salmoniformes — j10coceo6pa3Hblie

CemeiictBo Salmonidae — j1ococéBblie

Oncorhynchus gorbuscha M, C, Ilp K. thyrsites
O. kisutch M, C, Ilp K. thyrsites
O. mykiss M, C, IIp K. thyrsites
O. tshawytscha M, C, Ilp K. thyrsites
Salmo salar M, C, Ilp K. thyrsites

OTtpsapa Scombriformes — ckymOpueoopa3Hbie

CewmeiictBo Centrolophidae — nenrposogoBbie

Hyperoglyphe japonica M K. ogawai
Icichthys australis M K. vesica
CemeiicTBo Gempylidae — remnuyioBbie (3MeeBHIHbIE MAKPeJIH)

Thyrsites atun ‘ M, C ‘ K. thyrsites
CemeiictBo Nomeidae — HOMeeBbIe

Nomeus gronovii ‘ M ‘ K. hypoepicardialis

CemeiictBo Pomatomidae — snycapesbie

Pomatomus saltatrix ‘ ‘ K. clupeidae, K. hypoepicardialis, K. nova

CemeiicTBo Scombridae — ckymOpueBbie

Auxis thazard K. histolytica

Euthynnus alletteratus K. nova

Grammatorcynus bicarinatus K. grammatorcyni

Rastrelliger kanagurta K. quraishii, K. saudiensis

Sarda sarda K. histolytica

K. caudata, K. histolytica, K. scomberi,

Scomber japonicus K. thyrsites

S. scombrus K. histolytica, K. thyrsites

K. crumena, K. permulticapsula,

Scomberomorus commerson .
K. scomberomori

= g = =z Z
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S. maculatus K. crumena

S. niphonius K. konishiae

S. sierra K. rayformis

Thunnus albacares K. crumena, K. hexapunctata, K. neothunni
T. alalunga K. thunni

T. obesus K. nova

T. orientalis M, C K. hexapunctata, K. prunusi, K. yasunagai
T. thynnus M, C K. clupeidae, K. nova

CewmeiictBo Trichiuridae — BosiocoxBocTbie (PbIOBI-cad.im)

Lepidopus caudatus M K. thyrsites

Trichiurus lepturus M, C K. mirabilis

OT1psa Scorpaeniformes — ckopneHoooOpa3Hbie

CemeiictBo Anarhichadidae — 3ybarkoBbie

Anarhichas lupus K. islandica

M
A. minor M K. islandica

OTpsp Siluriformes — comoo6pa3Hbie

CemeiicTBO Ariidae — apneBbie

Ariopsis felis M, C K. shkae
Plicofollis layardi M, C K. tachysurae
P. platystomus M, C K. bengalensis

[pomomkeHye Ha CIEAYOIIECH CTPAHUIIE. . .
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Buz priOHl ¢ ykazaHuem
TaKCOHOMUYECKOW TPUHAJIEKHOCTH

OobuTanue peIObI
B BOJAX pa3HOMU coneéHocTH**

Buapt

MUKcocriopuauii poga Kudoa

P. polystaphylodon M, C, Ilp K. quadratum
CemeiicTBo Plotosidae — yrpexBoctbie cOMBI

Plotosus lineatus M, C K. yasunagai
OTtpsaa Syngnathiformes — uriood6pa3ubie

CemeiicTBo Syngnathidae — nryioBbie

Entelurus aequoreus M, C K. quadratum
Syngnathus abaster M, C, Ilp K. quadratum
S. acus M, C K. quadratum
S. tenuirostris M K. quadratum

OTtpsaj Tetraodontiformes — uri106proxooo6pa3nnie

CemeiictBo Tetraodontidae — yeThIpEx3yoble (MIII0OPIOXHE, CKANIO3YOble, KAHTUTACTPOBHIE)

Sphoeroides annulatus M, C K. dianae

Takifugu rubripes M, C, IIp K. shiomitsui, K. yasunagai

O1pag Zeiformes — coJIHEYHHKO0OPa3HbIE

CemeiicTBo Zeidae — coJTHeUHHKOBbIE

Zeus capensis M K. thyrsites

Z. faber M, C K. thyrsites

IIpumeuanne: * — Bce cucTeMaTUYECKHeE TPYIIIH M BUIBI BHICTABICHBI B al(paBUTHOM MOPSIAKE, HAUMHASI OT Xpsi-
IIEBBIX PHIO M 3aKaH4YMBasi KOCTHCTBIMH, ** — oOuTaHMe B Bomax pa3Hoil conéHoctd (M — Mopckasi BOja;

C — cousoHoBarast Boja; [Ip — npecHoBoaHas cpeja).
Note: *, all systematic groups and species are alphabetized, starting from cartilaginous fishes and ending with bony
fishes; **, habitation in waters of different salinity (M, marine water; C, brackish water; Ilp, freshwater environment).

Cuwrraercs, 4YTO MUKCOCTIOPHIUM N3HAYATIBHO BO3HUKJIM B MOPCKUX phidax [[lymsman u ap., 1997].
C y4€toMm 3TOro, a Takxke MOJABJISAIIEro MpeodiagaHusa HaxoloK Kudoa B BOJOEMaX ¢ COJEHOU BO-
JOM MOXHO 3aKJIIOUUTh CJedyloliee: BeposTHee BCEro, Mepexoll K Mapa3suTUPOBAHUIO B HECKOJIBKUX
MIPECHOBO/IHBIX X035IeBaX CTAJ SBOJIIOIIMOHHO OoJiee MO3IHUM SIBJIEHUEM U TTPOMCXOAUI, CKOpee BCero,
C YYaCTHUEM IBPUTAIMHHBIX XO351€EB.

VI3BecTHHI Takke Clydau OOHApYKeHUsI CeMU BUIOB MUKcocTiopuauil poaa Kudoa B MOPCKUX phI-
0ax, OOMTAIIIMX B ICTyapHBIX 30HAX. B 4YaCTHOCTH, OHM BCTPEYAJIMCh B IBPUTAIMHHBIX Kedalisax:
Kudoa haridasae Sarkar & Ghosh, 1991 u Kudoa sagarica Das, 1996 3apeructpupoBaHbl U3 30J10-
tiucron kepamm Planiliza parsia (Hamilton, 1822) (Mnguiickuii okeaH, acTyapuil peku Xyriu, ben-
ranbekuil 3amuB, Uuaaus) [Das, 1996; Sarkar, Ghosh, 1991], a K. unicapsula — w3 ronoBaua Chelon
ramada (Risso, 1827) u cunrwist Ch. auratus (Risso, 1810) (Cpenuzemnoe mope, Canra-Ilona, nesb-
Ta peku DOpo, Ucnanus) [Yurakhno et al., 2007]. Kpome TOro, MUKCOCOPHINKM OBbLIA HaMICHBI
B COJIOHOBATOBO/IHBIX ObIUKax: onucanbl Kudoa camarguensis Pampoulie, Marques, Rosecchi, Crivelli
& Bouchereau, 1999 u3 manoro Obuka-0yosipss Pomatoschistus minutus (Pallas, 1770) u 0ObIKHOBEH-
HOro OblYKa-OyObIpst, WM ObluKa-nmbicyHa, P. microps (Krgyer, 1838) (CpeausemHoe Mope, [eibTa
peku Pona, ®panmms) [Pampoulie et al., 1999]. U3BectHO oOHapyxkenue Kudoa cerebralis Paperna
& Zwerner, 1974 B nonocatom jiaBpake Roccus saxatilis (Walbaum, 1792) u3 ATiaHTHYECKOro oKea-
Ha, IJie JTAHHBII BUJ BCTpEUYaeTcsl MPEMMYIIECTBEHHO B 3CTyapHsX (CeBepoaMeprKaHCKoe MoOepexbe,
ycThs pek PonmaxaHHOK 1 Vopk), peke — HemocpeCTBEHHO B MOPCKMX Bojax (Geper y Ummro-
yurHe, Yecanukckuii 3amuB, CIIA) [Paperna, Zwerner, 1974]. 1oT Buja X035iMHAa OTHOCUTCS K MPO-
XOJIHBIM pbIOaM, KOTOpbIe MUTPUPYIOT MEKy IPECHON U COoNEHON BoJoi. HepecT nmpoucxoaur B mpec-
HOW Bope. K. inornata oOHapyxkwim B 3ctyapHoM Buje pbid Cynoscion nebulosus (Cuvier, 1830)
(Atnantndeckuii okead, nooepexbe IOxuoi Kapomuusl, CIIA, raBane Pomerin, peka Anum, ac-
ceitH Amenty — Kombaxu — 3aucto) [Dykova et al., 2009]. Kudoa viseuensis Monteiro, Da Silva,
Hamoy, Sanches & Matos, 2019 6bu1a HaliieHa B MOPCKOM Xo3siuHe Batrachoides surinamensis (Bloch
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& Schneider, 1801) B pernone BnajgeHusi B ATIAHTMYECKMA OKeaH peKd AMa30HKa (MyHHIIMIIAJIH-
teT Busey, mrar Ilapa Ha ceBepe bpaswiumn) [Monteiro et al., 2019]. JIpyroin npeacraButesns poaa
Kudoa ot cononoBatoBogHOTO X035iMHa — Kudoa Sp. U3 MOPOHBI, WM OEJI0ro aMepUKaHCKOTO JIaBpa-
ka, Morone americana (Gmelin, 1789) — ObU1 3aperucTprpoBaH B OacceitHe ATIAHTUYECKOTO OKeaHa,
B peke Yonrenk, Yecanukckuii 3amuB (Mapunenn, CIIIA) [Bunton, Poynton, 1991].

B maTtu BuaX mpoXOJHBIX JIOCOCEBBIX PHIO [B TMXOOKEAHCKUX ropOyie Oncorhynchus gorbuscha
(Walbaum, 1792), kuxyue O. kisutch (Walbaum, 1792), mukuxe O. mykiss (Walbaum, 1792) n yaBsbI-
ye O. tshawytscha (Walbaum, 1792), a Takxe B oOutatene Atiantudeckoro u CeseprHoro Jlenosutoro
OKeaHoB, cémre Salmo salar Linnaeus, 1758] u3BecteH TOJbKO OAVH OKEAHWYECKUI BU MUKCOCIIOPU-
it — K. thyrsites [Eiras et al., 2014], 4To TOBOPUT O BEPOSATHOCTH 3aPAKEHUS XO35€B ITUM BUJIOM
Mapa3uTOB UCKJIIOUUTESIbHO B MOPCKUX BOIaX.

Takum obpaszom, u3 128 BumoB Kudoa 117 (91,4 %) Oblin HalIEeHBI B MOPCKOM 30He MUPOBOIO
okeaHa, 8 (6,3 %) — B ero scryapusx (7 BUIOB — B MOPCKHX pblOax, 1 BuJ — B IMPECHOBOAHOM
x03s11He), 3 (2,3 %) — B IPeCHOBOJHBIX BOJOEMAX.

C mesnpio U3ydeHus BIUSHUS ONpecHeHUs Ha (payHy MUKCOCHOpUIMA pelO YEPHOTO M A30BCKOTO
MOpe# MBI TTPOBOJIMJIM MHOTOJIETHHE MCCJICIOBAaHNS B 9KOCUCTEMaX 3CTyapHOro Tuma y 6eperoB Kpbi-
Ma, aHAJIM3UPYs B TOM Yuciie U npencraBureneid pona Kudoa B 6p1dkoBbIX ppidax. B 2008-2019 rr.
HaMH U3y4eHbl MUKcociopuauu oT 308 3k3. 3Tux peld B ycThe peku YépHast u oT 807 3K3. ObIYKOB
B Kapkunurckom 3anuse (U€pHoe Mope), a Takxke oT 757 3k3. pelO cemerictBa Gobiidae B BoctouHom
Cugarire (A3oBckoe Mope) (Taom. 2).

MpbI M3y4aau BUIOBOM COCTaB M YHMCJIEHHOCTh MApa3sHTOB PBIO, KOTOpble OOMTAIOT B JBYX OMOTO-
Max 3CTyapHOTO THIA, PACIOJIOKEHHBIX B MecTe BrajeHus pekn Y€pHast B CeBacTOMOJIBCKYIO OyX-
Ty (U€pHOE MOpE), — B YCThE PEKU C MOBBIIIEHHON COJIEHOCTBIO BOJBI Y HA U B 1,5 KM BbIlIE MO Te-
YeHu10, B Ouotorne ¢ conéHocThio 4-5 %o [FOpaxno, 2012, 2014, 2015a]. ¥V obcnenoBaHHBIX TUAPO-
OUOHTOB HAPsAY C BOCEMbIO BUIAMU MIPEUMYIIIECTBEHHO MOPCKMX MUKCOCHOPUVIA ObUT HAJIEH OUH
npencraButesb poaa Kudoa — K. nova ot tpéx3ydoro nojiocaroro Obruka Tridentiger trigonocephalus
(Gill, 1859), rpaBsavika Gobius ophiocephalus Pallas, 1814, yépHoro Obruka G. niger Linnaeus, 1758, 1my-
uuka Proterorhinus marmoratus (Pallas, 1814), peikuka Neogobius eurycephalus (Kessler, 1874) u kpyr-
nska N. melanostomus (Pallas, 1814). DKCTEeHCUBHOCTh MHBA3UU PHIO STUM BUIOM MUKCOCIIOPUIUN KO-
nedanach oT 5 10 92 % N7 pa3HBIX X035IEB B Pa3JIMUHbIE Ce30HBI. B Haiem ucclieIoBaHUU OH ObLT
BCTpEYEH B OMOTOIIE C COJIEHOCTHIO y AHA 12—16 %o. B n3yueHHOM HaMU TIPECHOBOTHOM y4acTKe PeKH
Y€pHasi JaHHBIN Mapa3uT HalJeH He ObLI, TaK KaK ero xo3seBa (ObIUYKM) B yJIOBaX OTCYTCTBOBAJIH.

Uccnenoanne K. nova B Obukax KapkunHutckoro 3amuBa Obuto mpoBegeHo ¢ 2008
no 2018 r. K. nova Obuta HaiileHa B TPEX BUAAX ObIUKOB — B KpYIVIsKe, MecouyHuke Neogobius
Sfluviatilis (Pallas, 1814) u uyuuke. TpaBsaHuk u MapToBUK Mesogobius batrachocephalus (Pallas, 1814)
OKa3aJIMCh CBOOOJHBIMU OT ITOTO Mapas3urta. POy JIOBUIM B palloHaX C Pa3IMIHBIMU TUAPOJIOTH-
yeckuMH yciousiMu. [Ipu 3tom Mectd oTOopa mpo0d HAXOOWIIMCh B psle CIydaeB Ha PacCTOSHHUU
8—13 xMm ot cena [TopToBoe, B KOTOpOM MbI Oa3upoBaiuch (céna AHapeeBka, ABpopa, Creperyimee
u Pucosoe). Tak, B 2008—2013 rr. ObIYKM HUCCIIEA0BAHbI B OTKPBITOM MOpE, IIPH PETUCTPaLMK B TO Bpe-
Msl €ro MepUOJUYECKOro OMpPecHeHUs1 BOJOW pUCOBBIX 4ekoB y cén IloproBoe um Pucosoe, a Takxke
B OTAAJEHHBIX OT HUX paiioHax cén ABpopa u Creperyiee. IIpu 3ToM nokasartesim SKCTEHCUBHOCTH
uHBa3nu (nanee — DU) poid K. nova B pa3Hble Ce30HBI ObUIM JOCTATOYHO BEJIMKH JJIS1 TIECOUHHMKA
Y3 MOABEPraBIIMXCS HEKOTOPOMY OMPECHEHUI0 y4acTKOB Mops (31-56 %), BcTpedyaeMoCTh mapa3uTa
B KpYIUISIKE TaKke Oblla BHICOKOW M CPAaBHUMOM B 30HaX pasHoii conéHocTH (40 u 47 %), onHako y cena
PucoBoe oHa coctasisiia Toibko 12 %. B nocneayiommue rofpl, Korua IpeKpaTUioch pa3BelieHue puca
Ha KPBIMCKHUX 3eMJisiX, K. nova mpoaosokaia BCTpedaThcsl B ObIUKaxX, MpuuéM mnokaszarenu DU stim
Mapa3suToOM KpyIisKa cTaiv 3HaunTeIbHO HIke (4—30 %), XOTs B TIECOYHUKE OHU OBUTH TIOPOW OUYEeHb
BBICOKMMU (10 47-63 %).
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Tadmamma 2. KomuecTBo 9K3eMIUISIPOB, 3apakeHHBIX Kudoa nova / KomM4ecTBo UCCIIeA0BaHHBIX PHIO (CpeHssl SKCTeHCUBHOCTh MHBA3MH, %) ceMeicTBa
Gobiidae ¢ yka3aHHeM 9KCTEHCUBHOCTH MHBAa3UM X035€B B palloHaX C Pa3IMYHOMN COJIEHOCTHIO BOABI

Table 2. Number of fish infected with Kudoa nova / number of fish studied (average prevalence, %) of the family Gobiidae, with indication of hosts
prevalence in areas of various water salinity

YeépHoe mope

A30BCKOE MOpe

= Pexnu
yCTbE yCThe Bocrounsiii Cuari Taran-
Pervon o . | Pekabyr Hapes
peku Kapkunurckuii 3anvs peKn ceBepHas pOrcKun
YpHas Tuenp qaCTh LIEHTpaJIbHas1 YaCThb [0JKHas1, KyToBas1 4acTb - 1 Bucna
Tomer 2010-20192008-2013 {2014-2017 2012 |2010,2013|2010,2013|2014-2016| 2013 2014-2015 1998 2011 2011
HCCIIeJOBAHUSI
Coucrocts 12716 1 1015 | 18.6-27.6 | 0,05-16 | 1-115 | 1040 | 227-65 | 1040 | 22.7-75 1-3 | 0,25-05 | 0,2-0,573
BOJBI, %0 (y nHa)
Bup priosr
L 2/17
Gobius niger (11.8) - - - - - - - - - - -
. 4782 0/61 0/209 0/105 0/30 0/58
G. ophiocephalus (4.9) ©0) ) - ) ) ) - 0/3 - - -
Mesogobius
batrachocephalus - - 0/2 - - - - 071 - - B B
. o 13/35 35/98 12/ 16 4/18 0/14 0/24 0/118
Neogobius fluviatilis - 37.1) (35.8) - 1/7 - (75) - (22.2) ©0) ) )
0/35 0/85
N. trachel - - - - - - - - - -
gymnotrachelus ) 0)
N melanostomis 40/179 27/ 80 48 /271 1/37 11/74 B 537127 | 547230 41/88 0/2 B 0/21
] (50,6) (33,8) (17,7 (2,7) (14,9) (41,7 (23,5) (46,6) (0)
P(?matoschzstus _ _ 0/3 _ _ _ _ _ _ _ _ _
microps
Ponticola 13/75 : 3 : : 3 3 3 3 3 3 3
eurycephalus (17,3)
Proterorhinus 22 /43 - 28 /48 _ _ _ _ _ _ _ _ :
marmoratus (51,2) (58,3)
0/24
P. il ; - - - - - - - - - - -
semilunaris )
Tridentiger 2/12 _ _ _ _ _ _ _ _ _ _ _
trigonocephalus (16,7)
Bcero pbi0, 9K3. 308 176 631 37 186 30 201 231 109 16 59 248

-+ popny erod mmrudonooos i snHeHed 1oodoed vH 191709 N100HII0D tdored suHBMIG
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B 2014 u 2015 rr. npoOsl ppIOBI HA MUKCOCTIOPHINE OBUTM B3ATH y OBIBIIIETO cesla AHJIpeeBKa (Ha-
npotuB nocéka Orum) vy cesia ABpopa, pacroJiokeHHsbIX 1oxkHee cesa [loproBoe, 6imke k Bakanbckoit
koce. 'myOGuHa otoopa mpod cocrapisiia 4yTh 6osee 1 M, MpUUEM, MO CIOBaM prIOAKOB, TaKKUe HEOOb-
1IMe TIyOMHBI TaM TAHYTCs b Ha 200 M oT Gepera, a THO MpeACTaBiseT cOO0M Mecok (B paiioHe cena
ABpopa — ¢ npuMechio IJHHBI). 3xech Juib 10 % KpyrisakoB Obuth 3apakeHsl K. nova. OnHa mpoda
MeCOYHUKOB Obl1a oToOpaHa B 2014 r. B paiione cena [ToproBoe B HEOOIBIIIOM MEIKOBOZHOM O3€plie
¢ conéHoctbio 27,60 %o Ha Capbl-Bynartckoii Koce ¢ MIMCTBIM IPYHTOM; TaM 18 % ObIYKOB ObUIH 3apa-
xKeHbl K. nova. CaMbIMu BBICOKMMU 3HAUSHHU S 3apaKEHHOCTH OBIYKOB 3TUM Mapa3utoM Obutn B 2015 1.
B Capbl-Bynarckom iumane y 6eperos cena [TopToBoe, rae riryorHbl coctapisioT ot 10 1o 60 cM Ha ipo-
TSDKEHUH OoJiee 4eM 2 KM I10 HaIllpaBJIeHHIO K OCTPOBaM, a JHO MPEJICTaBIIsIeT coO00i Y€pHbIi . Takke
9TH PaliOHBI OTJIMYAJIMCH TIO0 COJIEHOCTH. Y cesla AHJIpeeBKa U y cesa ABpopa Boja Oblia B CBOE Bpe-
Msl 3HAUUTEJbHO MEHee MO/BEepKeHa OIPECHEHUIO, TOrla Kak Ha MeJKoBojbe Yy cena [loproBoe miects
KaHaJIOB BHIHOCWJIN JIHEMPOBCKYIO BOAY B Mope BIUIOTH 10 2014 r. [JaHHble nociaeqyomux JeT, Hoty-
YeHHBIE B OTKPHITOM yacTu Mop# y ceiia IloproBoe u B npuiteraromieM k Hemy Capbl-bBynatckom numane,
MOATBEPAUIIH OOJIBIIYIO 3apaXkEHHOCTh OBIYKOB UMEHHO B nocieaneM. U K. nova kpyrisika u3 Capbl-
BynaTckoro nvMaHa Obl1a Bhile opoi B 4 pa3a B 2016 . u B 2,6 pa3a B 2017 1. 1o cpaBHeHMIO ¢ DU
B OTKPBITON YacTU Mopsl. MakcuManpHoe 3HaueHue DM K. nova necoyHuka B 3TOM JIMMaHe COCTaBIIsA-
70 63 %, a nig nyuuka — 50—65 %. Takum o0pa3oM, B 6ojiee MEJTKOBOAHOM U CUJIbHO 3aUJIEHHOM
yuyacTke KapKMHUTCKOrO 3a11Ba OTMeuUeHbl O0Jiee BBICOKME 3HAaYCHUS MOKa3aTes el MHBa3UM PblO MUK-
COCTIOPUJIUSIMH, TaK KaK TaM, BEPOSITHO, MPOUCXOAUT OoJiee MHTEHCHBHOE HAKOIUICHUE 3apPa3HOro Ha-
yana [[dmutpuesa u ap., 2015; Kopauituyk u ap., 2016; FOpaxuo, 2015a, 2016b; IOpaxuo, Tokapes,
2017; Yurakhno, 2013].

B nenom mukcocnopuanm pona Kudoa v Apyrux poioB B permoHe 3arnoBefHnka «JIedskpn ocTpo-
Ba» MPEJICTABIISAIOT COOOM TUIMMYHO MOPCKYIO (hayHY. TO 3aKOHOMEPHO, TaK KaK, MO CBEICHUSIM, JTI00e3-
Ho nipepoctaBieHHbiM H. B. [Haapunsiv (PULL MUHBKOM), con€HocTh BO/ibl B IEPUOIMYECKH OINPECHS-
€MOM OTKPBITOM Mope y cena PucoBoe u y cena [ToproBoe B 2008-2013 rr. konedanach ot 10 g0 15 %o,
a B YCJIOBUSIX MTPEKpaIleHus1 cCOpachiBaHKS B MOPE BOJ] PHCOBBIX YEKOB, 110 HAIIIMM JaHHBIM, COJIEHOCTD
BOJIbI B OKpecTHOCTSX [TopToBOTrO ObLIA Jaske MOBBIMICHHOM: B OTKPhITOM Mope B 2014 1. — 19,30 %o,
B 2015 1. — 21,08 %0, B 2016 1. — 17,90-18,59 %0, a B Capbi-bynarckom umane B 2015 u 2016 rr. —
20,87 u 18,14-21,35 %o cooTtBeTcTBEHHO. [lepuoanyeckoe orpecHeHre OTKPbITOro Mopsi B Kapkunut-
CKOM 3aJIMBE BOJAMH PUCOBBIX YEKOB, [0 BCEH BUAMMOCTH, HE MEHSJIO COJEHOCTh 1O KPUTHUECKUX
3HAYEHWH, TyOUTEeNbHBIX sl K. nova, Kak B Ciydasix, ONMHCAHHBIX HIKE (B IIPYTMX HMCCIEJOBAHHBIX
HaMU PETHOHAX).

Emé oqHuM OMOTOIOM 3CTYapHOTO THIA, U3YYEHHBIM HAMM Ha TIpeIMeT OOHApYKEHHS MUKCO-
ciopuauii popa Kudoa, cran Boctounslii CuBaii. BeIYKM KPYITISK, TPaBsIHUK M MECOYHUK OBUIM HC-
cyieloBaHbl HaMu B HosiOpe — JnekaOpe 2010 r. B ceBepHOi ero yactu, y cén MbicoBoe, YallkuHO
u Yowurap [IOpaxno, 2015a; FOpaxHo, ['opyanok, 2011]. ITpoOs! ppid Opasii U3 CTABHUKOB Ha ITyOuHE
2-4 m npu temneparype Bogsl +10...+14 °C B paiioHax ¢ pa3aMyHON €€ COJEHOCThIO. Y ceil Mbico-
Boe M YallKMHO B MOMEHT B3SITHISI TTPOOBI COJNIEHOCTh BOABI coctaBisia 11,5 %o, ogHaKo, TIO cBeje-
HUsM, nipegocTaBieHHbIM A. P. bonrauebim (PULL MHBIOM), u3BecTHO, 4TO M3-3a MEPUOJUYECKO-
ro copoca B CuBalll NpecHbIX BOJ, PUCOBBIX YEKOB 3HAUYEHME 3a4YacTyl0 CHUKAJIOCh B JAHHOM peru-
oHe 10 1 %o. ¥ cena Yonrap conénoctb coctapisiia 17 %o. Okazanock, yro B 2010 r. B onpecHs-
eMoi 30He 613 c€n MpicoBoe M YallknHO 47 9K3. KPYIVISIKOB ObUIM CBOOOIHBI OT MapasuTa, a B 1
U3 5 9K3. MCCIeJOBAaHHBIX IMECOYHUKOB Obuta HaiaeHa K. nova. Y YoHrapa DU KpyIisKoB 3TOW MHUK-
cocniopuauei cocranisia 43 % pwio. B 1 3k3. necoununka y Yonrapa K. nova oOHapyxeHa He ObLia.
3aro B 2013 r. y cena MbicoBoe 47 % KpyIJISIKOB ObUTH 3apa’keHbl JIAHHBIM MApa3UTOM, YTO CBUJE-
TEJbCTBYET O TOM, YTO B MpPEJIIECTBYIOIIEE BPeMs CHIIbHOTO OMPECHEHUs B 9TOM pailoHe, BEpOSTHO,
He ObLIO.
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B nepuon ¢ nexkadps 2012 r. mo wioHs 2015 1. HAMH MPOIOJIKEHO U3YUYEHHE MUKCOCTIOPUIUI
ObIYKOBBIX phIO BocTounoro CuBaria B ero KyToBou, 0coJOHEHHOH 30He (ceno Cemmcotka, ceno Ka-
MEHCKOE) U B CpeAMHHON 4Yactu (ceno [ImutpoBka). McciaenoBanbl KpyIyisik, MECOUYHUK, TPaBSHUK
u MaproBuk [HOpaxno, 2015a]. Haiinen oauH Buj napasutoB — K. nova — B MBIIILAX KPYIVISKa
U [TIECOYHUKA.

Cyns 1o mokazaTesisiM 3apaX€HHOCTU OBIYKOB JTAaHHBIM BHUIOM MUKcocropuawid (U necodHu-
Ka coctapiisiia 22 %, kpynisika — 16—69 %; U umena ce30HHYI0 U MEXIOJOBYI0 U3MEHUYMBOCTD),
HU B KyTOBOW 30He Boctounoro CuBaimia, HU B CPeJUHHOW €ro 4acTd He HaO0JaeTcsl CHIIbHOTO
OMNpPECHEHMs1 BOJbl, TaK KaK MokazaTtesi DU X0351eB 9TUM Mapa3uTOM OTHOCUTEIbHO BBICOKM U CpaB-
HUMBI CO 3HAYEHUSIMM U1 MOPCKHX BOJ, Kak M B 2013 r. B ceBepHOM yacTu 3ajMBa. DTO MOA-
tBepauiock u aanueivu H. B. Hlagpuna ¢ coaBropamu [Shadrin et al., 2018]. Tak, B 2013 r. co-
JIEHOCTh BOJIBI B CPEIMHHOM M KyTOBOHM YacTsax koseOanack ot 10,0 no 40,0 %o (cpemusisa 25,2 %o).
B 2014 r. ona cocraBisiia oT 25,9 no 26,7 %o nmetom u ot 22,7 10 42,2 %o OCEHBbIO, IOCTUras
B oTAebHBIX ToUuKax 50,0-65,0 %e. B 2015 r. B LeHTpasibHOM YacTu col€HOCTh Obuta 55,0—65,0 %o,
a B 10xHOoN — 70,0-75,0 %eo.

B 2014 r. npekparunocs onpecHenre Bocrounoro Craia BOgaMu, CIMBAEMBIMU C PUCOBBIX Ye-
KOB, UTO CO3/1aJI0, BO3MOKHO, 00Jiee OJIaronpusATHBIEC YCIOBUS I Pa3BUTHSI MUKcocTiopuanu K. nova
B TIONYJISIIIAM MECTHBIX ObIMKOB. OO0 3TOM CBHIETEHCTBYET M HAMOOJIbIIIAsl 3apakEHHOCTh KPYIJIsKA
B [IOCJIE/IHUE T'OJIbl UCCJIEIOBAHUS B CaMOU KYTOBOH, 10:kHOH 30He CuBaia — y cesna KameHnckoe (Mak-
cuMaiibHble 3HaueHus DU no ce3oHam coctaBuim 53-69 %), B caMoil yAaJE€HHON OT PUCOBBIX YEKOB
30He MakcuMasbHOM coséHoctu [FOpaxno, 2015a].

K. nova siBunack o0IyM BUIOM B (payHe Tapa3uToB OBIYKOB BCEX TPEX CPABHUBAEMBIX SKOCHCTEM
3CTYyapHOIo TUIA.

AHaJ3 NOJTyYEeHHBIX HAMU JAHHBIX U3 MOPCKHUX, IEPUOJUYECKH OIIPECHAEMBIX 30H KpbiMa cBue-
TEJbCTBYET 00 OTPUIIATEIbHOM BO3JIEHCTBUY Ha 3apakEHHOCTb OBIUKOB K. n0va CUJIbHOTO ONPECHEHU S
MOpPCKO# Bopl (0 1 %o ¥ MEHBIINX 3HAYEHUI) U O BBICOKMX TMOKA3aTeNsIX 3apakEHHOCTU PbIO STUM
BUJIOM MUKCOCHIOPU/IMH B pallOHaX C JOCTATOYHO BHICOKUMU 3HAYEHUSAMHU COJIEHOCTH (Tald. 2). AHAIM-
3UpYst U3MEHEHHUs B ITOKa3aTessaX cpeHedt DV ObIYKOB 3TUM BUIOM Mapa3uToB 1o 2013 r. BKIIIOUUTE b-
HO, KOTJIa OCYIIECTBIISIJICS COpPOC BOJ, ¢ PUCOBBIX YekoB B Kapkuuurckuii 3aymB u B CuBai (¢ y4éTom
BBIJIEJIEHHBIX PailOHOB B MOCJIETHEM), M B OoJiee MO3/IHUIA NEPUO, HaM YAAlI0Ch MPOCIEANUTb UX TOJb-
KO Ha IpUMepe KpyIviska, IPUYEM OHU IPOTUBOPEUMBSI [Is1 CPABHUBAEMbIX pernoHoB. Tak, ¢ 2014 r.
cpeansist DU Ovuka K. nova B KapkuHUTCKOM 3ajMBe YMEHBIIWIACH TTIOYTH B JIBA pa3a, TOra Kak B Ky-
TOBOU 30He CuBaIa oHa, HAOOOPOT, BABOE YBEJIMYMIACh. BO3MOXKHO, 9TO CBSI3aHO HE C COJIEHOCThIO,
a C KAKUMU-TO APYIUMU (PAKTOPAMU CPEJIBL.

To, 4TO B CHIILHO OIpecHEHHBIX paiioHax [ToHTo-A30Ba K. nova mmdo OTCyTCTBOBaIA, JIMOO ObLIa
MpeacTaBieHa eqUHUYHO, IOATBEPKAAETCS U JIMTepaTypHBIMU, U IPYTUMH HAlIMMU JaHHbIMU. [1o pe-
synbTatam, noaydenHsiM H. H. HaiinénoBoit [1974], u coracHO HammM Oojiee paHHUM SKCIIeTUIN-
OHHBIM UCCJIEIOBaHUSM, JieToM 1998 1. 3TOT BUA NMapa3suToOB OTCYTCTBOBAJ B OBIUKAX, BBUIOBJIEHHBIX
B CHWJIHO OTMIPeCHEHHOM TaraHporckom 3ajimBe A30BCKOTO MOpsi, B KOTOPbIH BriagaeT peka lon [FOpax-
HO, ['opuanok, 2011]. ITo nanneM cotpyaaukos AsHUPX, cpenHss cOnEHOCTh 3TOro peruoHa B roj
uccrneioBanus cocraBisia 1-3 %o. Jlerom 2011 r. B pekax Byr u Bucna npu u3y4eHMM MUKCOCIIO-
puauil OBIYKOB, PaCPOCTPAHUBIIUXCS U3 CEBEPO-3aMaaHON YacTu YEPHOro MOpS MO LEHTPATLHOMY
WHBA3WBHOMY KOPUIOPY, HaMH 3a(hpUKCUPOBAHO OTCYTCTBUE MHUKCOCIIOPUIWH B Mapa3utodayHe Obrd-
KOB: Kpyrisika N. melanostomus, ronnia N. gymnotrachelus (Kessler, 1857), necounuka N. fluviatilis
Y TIpe/ICTABUTENISI TYIIOHOCHIX OBIYKOB Proterorhinus semilunaris (Heckel, 1837). B 2012 r. B yepHoO-
MOPCKOI 3cTyapHOii 30He [IHenpa y 6eperoB ropoaa Ovakosa DU kpyriska K. nova coctaBisiia JUIIb
2,7 % [Kvach et al., 2014] (Ta6m. 2).
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[TosTHOE OTCYTCTBHUE STOTO BUAA MUKCOCTIOPUANIA WJTH K€ YPEe3BbIYaiiHO HU3KHE 3HAUYEHH S €0 BCTpe-
YaeMOCTH B X0351€BaX, BbUIOBJIEHHBIX B CHIILHO ONPECHEHHBIX pallOHaX, CBUETEILCTBYIOT O CJIEIYIOIIEM.
Bo-niepBbiX, BO3MOKHO, 4TO criopsl K. nova, KOTOpble 3HAYUTENbHYIO YaCTh BpEMEHH MOCIie THOENN X0-
351eB TIPOBOJIAT JTMOO B TOJIIIIE BOJBI, JIMOO HA THE WM B TPYHTE, HE BBIACPKUBAIOT HU3KON CONEHOCTH
¥ IorudaoT. Bo-BTOPBIX, N3BECTHO, UTO B PETMOHAX C CHJIbHBIM OTIPECHEHUEM U KOJIeOaHUEM COIEHOCTH
BOJIbI HAOJTIO/IACTCS 3HAYMTEIbHOE 0O THEHNE BUIOBOTO COCTaBa OJIMTOXET M MOJIMXET, KOTOPBIE Teope-
TUYECKU MOTYT SIBJISATHCSI OKOHYATEIbHBIMU X035€BAMU JAHHOTO BUj1a MUKcOocTiopuanid. OJJHAKO CIOX-
HBII JIBYXXO3SIMHHBIN KU3HEHHBIN IIMKJI MUKCOCTIOPUANI TMOKA J0Ka3aH TOJbKO i 36 u3 Hosiee yem
2000 BupoB stHx mapasutoB [Dykova, Lom, 2007]; mpu 9TOM OOJIBIIMHCTBO U3 HUX — MPECHOBO/I-
HBIE BUJIBI, U BCe OHUM He MpUHaIexar K poay Kudoa. Takum oOpa3oM, Mbl MOKEM BBICKA3aTh JIHIIIb
MPEIIOJIOKEHUE O TOM, YTO B JKM3HEHHOM ITHKJIE, TOMUMO PBIO, MOTYT Y4acTBOBATh U OECIIO3BOHOYHBIE.

C 1enbio BBISIBJICHUs] BBDKMBAEMOCTH CIIOp MUKcocnopuauu K. nova Mpu coiep:KaHuu UX B BO-
ae pa3nu4Hou conéHoctu jerom 2014 r. Hamu ObuT TocTaBieH onbiT [FOpaxno, 2016a; Yurakhno,
2015b, 2018]. OH nokazaJ, 4To yke Ha TPETbU CYTKH CO/ICPKAHUS BbIIEJICHHBIX U3 MBIIIII] IIUCT 3TOTO
napa3uTa B pOJHUKOBOM MPECHOW BOJIE B XOJIOAWIbHUKE UyTh MeHee TOJIOBUHBI CIIOP MMEJIH aHOMAJTh-
HOE CTpoeHUe, ObUTH Ae(OPMUPOBAHHBIMU; K 34-M CyTKaM YHCIJIO TaKUX YPOAIMBBIX (hOPM BHIPOCIIO
10 87 %. IonsipHble KarcyJsbl B TAKKMX CIIOpaxX HE BBICTPEIMBAIM NP MOTPYKEHUU UX B PACTBOP IIe-
JIOYH, TO €CTh HAOMIOAAIOCh HApYIIEHUEe KU3HeIeATeIbHOCTU MOTeMHEBIINX criop. Hanboee xe kom-
(bopTHBIE yCITOBHS CO3/IAaBAIUCH B IIUCTAX, MOMENIEHHBIX B MOPCKYIO BOJIy B XOJIOAWIBHUK; TAM YHCIIO
HOPMAaJIbHBIX CHOP COCTaBJIsIO OT 94 10 98 % Ha NMPOTSKEHUU BCErO MEPHUOAA ONBITHBIX MCCIIEAOBA-
Hu# (6osee mecsa). YTo KacaeTcsl IUCT, HAXOJANUXCS B MBIIIIIAX, TO 3/IECh OTPOMHYIO POJIb B COXpaH-
HOCTH CIIOP UTPaJIo HAXOXKJCHUE UX B TKAHU XO35IMHA B ONpeIeIEHHON OMoXUMHUecKkou cpefe. B Takom
CJly4yae YKCII0 aHOMAIBHBIX CIIOP B TPECHOM M MOPCKOM BOZIE MPH YIMYHOM TeMIiepaType ObLIo COMocTa-
BHUMO U OTHOCHTEJILHO HEBBICOKO: B IIPECHOM BOJIE OHO KoJiebanock oT 9 10 17 %, a B MOpPCKO# Boje —
ot 4 mo 20 %.

Croub OBICTPOE HEraTMBHOE BO3JEHUCTBUE MTPECHOM BOJbI Ha CIOPBI K. nova yaUBUTEIbHO: CUUTAET-
Cs1, YTO OHM OYEHb MPOYHBI, & 3HAYUT, TEOPETUUECKH JOJIKHBI ObUIN ObI 10JIbIIIE COXPAHATHCS B MHOPO/-
HOW cpejie. XOpOIlIO U3BECTHO, YTO K. nova BbIAEPKUBAET HE3HAUUTEIBHOE OIPECHEHHUE U B rOPa3/io
OO0JIbIIIEM KOJIMUECTBE BCTPEUAETCSl B ME3OTAJIMHHOM MEJKOBOJHOM A30BCKOM MoOpe, 4eM B YEpHOM
Mope, 0COOEHHO B MEJIKOBOJHbIX JuMaHax. OIHAKO 4uCTas MpecHas Boja sBiseTcs (haKTOpOM, Hera-
TUBHO BJIMSIOLIMM Ha CTPOEHUE M COCTOSTHUE CIIOP AAHHOTO Mapa3uTa MPH €ro HerocpeACTBEHHOM KOH-
TaKTe C MTHOPO/IHOM cpelol. B ciyuae Haxosk/IeHHs CIOp Napa3rTa B MBIIIEYHOW TKAaHU OMOXMMUYECKas
cpea opraHu3Ma X03sIMHa CMAr4aeT HeraTUBHOE BO3/IEMICTBUE IIPECHOM BOJIBI Ha criopsl K. nova. Bripo-
4eM, JUIsI CTIOp OKeaHMUYECKHMX BUJIOB BIIMSTHKE TPECHOM BOBI ObIBaeT Oosiee ryouTebHbIM. Tak, OmHIM
u3 3(pEeKTUBHBIX CPEJICTB, KOTOpPOe YOuBaeT cropsl K. septempunctata iepe[; ynorpedjaeHreM B THIILY
CBIPOrO Msica a3uarckoro napamuxta Paralichthys olivaceus (Temminck & Schlegel, 1846), npusoas-
MM OOBIYHO K IMapee U pBOTe, SIBUJIOCH IOMEIeHUe ero B ipecHyo Boay (0 %o) 1100 B rUIIEpCOIEHbIN
pactBop (160 %o) Ha 5 muH [Yokoyama et al., 2016].

K. nova Obina 3aperncTpupoBaHa HaMM paHee KakK B TIOJHOCOJIEHBIX Bojgax YEpHoro mops,
TaK ¥ B ME30TaJIMHHBIX BoAax A30BCKOro mops (B nocienHeM DU Hepeako gocturana 100 % B ciy-
yae oOUTaHMS phIO-X035IeB B MEJIKOBOJHBIX JIMMaHaX), HO OHa He OblUla BCTPEYEeHA B OJIMTOTaTMHHBIX
1 npecHbIX Bogax. CIoOpsl 3TOro BUIa UMEIOT OTPUIATEbHYIO TUIABYYeCTb, UTO SIBJISAETCS MPUCTIOCOOIe-
HHEM J1JI51 3apakeHHsI X0351€B, BeLyIIMX JOHHBIN 00pa3 KU3HU. B BoiHOM cpejie ¢ MeHbIIer COIEHOCTHIO
OHHU OBICTpee OCellaloT Ha JHO, TIePEeMEeNNBAsCh C TIOBEPXHOCTHBIM MJIMICTBHIM CJIOEM, UTO 0OeCIieYrBa-
€T HAWIYYIIINi KOHTaKT C TIOTEHITUAJIbHBIMU X035ieBaMU. PacripocTpaneHne 3Toro Bujia B OJIMTOrayivH-
HBI€ U MIPECHBIE BOJIOEMBI, OUEBUIHO, OTPAHUYMBAETCS] BCTPEYAEMOCTHIO €r0 BO3MOXKHBIX OKOHYATE b~
HBIX XO35IeB, B KaUeCTBE KOTOPHIX B JIAHHOM OacceilHe BBICTYMAIOT, MPeaOoI0KUTEIbHO, OJUTOXEThI
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u nosiuxeTsl. Kpome toro, camu criopsl K. nova, Kak Moka3aHO HAIIIUM OIBITOM, HE BbIIEPKUBAIOT JJTH-
TEJILHOTO MpeObIBaHKS B IPECHOM BOJE Mocye rudenu xo3seB. Takum 0Opa3oM, JaHHBIN Mapa3uT, CKO-
pee Bcero, SBJSETCS MOPCKUM I10 MPOUCXOKIEHUIO BUAOM, BCTPEUYAIOUIUMCS B BOJIOEMAX C pa3MYHON
COJIEHOCTBIO, BKJIIOYAs] OKEAHUUYECKYIO, U IIUPOKO PACIIPOCTPAHEHHBIM B IMPEICTABUTENSIX CEMEUCTBA
Gobiidae B YépHom u AzoBckom mopsix [IOpaxuo, 2014; FOpaxno, ['opuanok, 2011].

Paboma evinonnena e pamkax zocyoapcmeerntoezo 3aoanuss PUL] HnbFOM no meme «buopasrnoobpasue kax oc-
HO8A YCMOUMUB020 (PYHKUUOHUPOBAHUS MOPCKUX IKOCUCIEM, KPUMEPUU U HAYUHbIe NPUHUUNDL €20 COXPAHEHUS»
(Ne zoc. pecucmpayuu 124022400148-4).

Baarogapaoctb. Mul npusHatensHbl coTpyaankam OUI MaBIOM T. A. BormanoBo#i, A. P. Bonraue-
By u H. B. lllagpuny, npodeccopy Uncturyra napasuronoruu [TAH H. A. OBuapeHko, a Takxe pabOTHHKaM
A3HUMPX 3a npenoctaBieHHble JaHHbBIE 110 COJIEHOCTH BOJIbl B UCCIIEJOBAHHBIX HAMU aKBATOPUSIX.
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THE INFLUENCE OF WATER SALINITY
ON THE DISTRIBUTION OF MYXOSPOREANS
OF THE GENUS KUDOA (CNIDARIA, MYXO0ZOA)
AMONG FISH OF THE WORLD FAUNA

V. Yurakhno

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: viola_taurica@mail.ru

The occurrence of myxosporeans of the genus Kudoa in fish inhabiting waters of different salinity was
studied. The work is based on own materials on fish myxosporeans sampled in 1987-2021: more than
12,000 specimens of about 100 fish species in the basins of the Atlantic Ocean [the Sea of Azov (Rus-
sia and Ukraine), Black Sea (Russia, Ukraine, and Turkey), and Mediterranean Sea (Italy and Spain);
the Central Eastern Atlantic (abeam Mauritania) and southern latitudes off the coast of Africa (abeam
Namibia); waters of the northern (near Norway) and southern (abeam Argentina) parts of the ocean;
and off the southeastern coast of the USA], the Indian Ocean [the coast of Yemen], and the Pacific
Ocean [South China Sea (Vietnam)]. In total, 27 representatives of myxosporeans of the genus Kudoa
were analyzed using original material; out of them, 19 were identified down to the species level. Also, all
available literature sources and a global database of fish species FishBase were investigated. As estab-
lished, out of 291 species of fish hosting Kudoa, 169 species are exclusively marine, 76 species can in-
habit marine- and brackish-water environments, 42 species are euryhaline and can occur both in marine
and brackish waters and in freshwater, and only 4 species are exclusively freshwater ones. Out of 128 Ku-
doa species, 117 (91.4%) were found in the marine zone of the World Ocean; 8 (6.3%), in its estuar-
ies (7, in marine fish; 1, in a freshwater host); and 3 (2.3%), in freshwater reservoirs. In 2008-2019,
Kudoa nova Naidenova, 1975 was studied in estuarine-type ecosystems off the coast of the Crimea
at the Chernaya River mouth and Karkinitsky Bay (the Black Sea), as well as in Eastern Sivash (the Sea
of Azov). A total of 2,232 specimens of 11 goby species were examined. As established, the peri-
odic desalination of some areas by waters of paddy fields and the constant occurrence of freshwater
in a surface layer of the Chernaya River mouth did not cause a noticeable change in salinity (except
for the northern area of Eastern Sivash) which would be destructive for this parasitic species. However,
there were no K. nova in gobies caught in 1998 in the Taganrog Bay (the Sea of Azov) significantly
desalinated by the Don River water. Also, this species was not recorded in 2011 in the Bug and Vis-
tula rivers when studying microparasites of gobies that spread from the northwestern Black Sea along
the central invasive corridor. Our experiment testified to the negative influence of freshwater on spores
of this parasite: under its effect, spores were deformed and darkened, and the function of the polar
filament extrusion was disrupted.

Keywords: myxosporeans, Kudoa, water salinity, world fauna
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XPOHUKA U HHPOPMALIUA

K IOBWIEIO JOKTOPA BUOJIOTHYECKUX HAVK, IIPO®ECCOPA
UI'OPA BACHJIBEBUYA JOBI'AJIA

29 okta6ps 2024 r. cBoit 70-1eTHUI 0OMIEH OTMETHIT U3-
BecTHBI mpotucrosior Uropps BacuibeBnu JloBranp — I0K-
TOp OMOJIOTMYECKUX HayK, Mpodeccop, IIaBHBI HAYYHBIA CO-
Tpyauuk OULL «MHCTUTYT OHONOrMM I0KHBIX MOped HMe-
Hu A. O. KopasneBckoro PAH», pykoBoauTens JlabopaTopuu
HOMYJISILIMOHHON OMOJIOTUU IMPOOHOHTOB.

Urope BacuiseBuu poauiicst Ha octpoBe CaxajvH B CEMbE
BoeHHoro. B 1959 r. nepeexan ¢ pogurensmu B Kues. B 1980 .
OH OKOHYMJI Ouosiormueckuil ¢akyipTeT Kueckoro rocynap-
ctBeHHOro yHuBepcureta uMenu T. I'. [lleBuenko no cnenyans-
HOCTH «300JI0THs U O0TaHUKa». EIIE B cTyaeHYecKue rojibl Ha-
YaJl U3y4YeHUe Napa3sUTUYECKUX KPYrOpeCHUUYHBIX MH(QY30puid
B JlabopaTopuy 0eCcro3BOHOYHBIX VIHCTHUTYTa 300J10TMM MIMEHH
N. N. manerayzena AH YCCP, ycnemHo 3ammuTiil Kypco-
BYIO M UIIOMHYIO paboThl. B 1979 . 6b11 punsaT B UHCTUTYT
300JI0THH, TJie TpopadoTa BIioTh a0 2014 r.

B kpyr uHTEpecoB MOJIOIOrO MPOTUCTOJIOrAa BXOAWIM Clla-
00 W3y4eHHbIe TPYMIbl UH(PY30pUil — CyKToprH W XOHOTpHxH. B 1981-1982 rr. mo 3T0i Tema-
tuke M. B. JloBrajp nmpoxoausi roanyHylo cTaxkupoBkKy B 3oosormueckoM uHctutyre AH CCCP
B JIeHuHrpasie o pyKOBOACTBOM U3BECTHOTO CIIEMAITMCTA 110 MH(pY30pusaM A. 6. H. A. B. HKOBCKoTrO.

B 1989 r. Urops BacunseBuu B Kuepe 3amurun KaHAMJATCKYI0 aucceprauvio no teme «Illy-
nanbueBble MHPy3opuu (Ciliophora, Suctoria) Vkpaunckoro Ilonecksi», a B 2003 r. B CaHkT-
[etepOypre — AOKTOPCKYIO AUCCEPTAIUIO HA TEMY «DBOJIIONHS, (DHIIOTEHUS U CUCTEMA Iy aJIbIIEBbIX
uHpyszopuii (Ciliophora, Suctorea)».

C 1987 mo 1992 r. oH npuHMMas y4yacTHe B M3YYEHUU SKOJOIMUYECKMX IOCIEACTBUI aBapuU
Ha YepHoObuTbCKON ADC.

B 2005 r. Belcieit artectaimoHHoi Komuccueilt Ykpaunsl M. B. [oBramo ObUIO MPUCBOEHO Hayy-
HOE 3BaHME CTapIIero HayvyHOro coTpyanuka, a B 2010 r. ykazom MuHHCTpa 00pa30BaHUsI U HAYKU
VkpauHbel — 3BaHue npocdeccopa.

3a roapl cBoel npodeccuoHalibHOM JeATesnbHocTh Vrops BacuibeBrud BHEC CyIIECTBEHHBIN BKJIA[
B Pa3BUTHE IIPOTUCTOJIOTMM KAaK CUCTEMATHK. B pe3ysbTaTe NpOBEJEHHBIX CUCTEMATHUECKUX U HOMEH-
KJIATYPHBIX peBU3UN OH 00OCHOBaN BhijeneHue 1 otpsna, 1 mopoTpsga u 4 cemeilcTB uH(Qy30puUi,
onucas 6 HOBBIX POAOB U 23 HOBBIX BU/A.

U. B. JloBrasib pa3padoTai OpUriHaIbHYIO0 KOHLETIHIO THAPOANHAMUYECKOTO OrPAHUYHOTO CIIOS
BOJIbl KaK aJalTUBHOM 30HBI CUJAYMX MPOCTENIINX, (POPMYJIMPOBKY 3aKoHa bapa 11 ogHOKIETOU-
HBIX 3YKapuoT («IPUHIMIT MOJ0O0MS TOMUTOB») M TUIIOTETUYECKHMIA SBOJIOIMOHHBINA ClieHapuid (op-
MHUPOBaHUS MOP(OreHEeTUYECKUX MEXaHW3MOB IPU MEepexoJe OJHOKJIETOYHBIX 3YKAPUOT K MHOIO-
KJIETOYHOCTH. BMecTe ¢ coaBTopaMy MpeiokKii MacIiTaOHO-3aBUCUMYIO MOJEJb PaclipoCTpaHEeHUsI
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MOPCKMX IUIAHKTOHHBIX MH(pYy30puii. CoBMecTHO ¢ kosieramu u3 lIsennapuu n Kuras Ha ocCHOBaHUM
JAHHBIX TI0 CPABHUTEIBHON MOP(OJIOrUM, OHTOTeHE3Y U MOJIEKYJIIPHOM FeHeTHKe pa3padoTal cxemy
cpunorenun nnpyzopuit noakiacca Chonotrichia.

[To pesynbratam ucciepoBanuii Urops BacuibeBnu omyOnmkoBan 6osee 250 medaTHBIX padoT,
B ToM umcie 4 moHorpaguu, 138 crateit (55 B kypHanax, uHaekcupyembix B Web of Science,
n 20 B XypHaJax, MHICKCUPYEMbIX B Scopus), 1 Hay4HO-TIONYJISIPHYIO KHUTY, 4 ydeOHUKA 10 OHOJIO-
MU JJ1s cpefiHel IKoJbl. B kauectBe oTBeTcTBeHHOro pepakropa M. B. JloBrans yyacTBoBasl B MOJ-
roroBke KpacHoii kauru ropoga Cesacromnoisl. Tak:ke OH CTajl COaBTOPOM [BYX MAaTEHTOB YKpPauHbI
Ha M300peTeHUs.

C 2004 o 2014 r. Urops BacunbeBrn4 UCHOHST 00513aHHOCTH 3aBE/IYIOLIET0 OTAeIOM (hayHbl U CHU-
CTEMaTUKM OeCrO3BOHOYHBIX, a ¢ 2007 mo 2014 r. 6bu1 3aMecTuTeIeM aupekTopa MHcTUTyTa 30010THN
nmenu U. Y. Imansrayzena HAH Vkpaunns! no Hayussim Bonpocam. C 2003 o 2013 r. npenonasan
B 7KUTOMUPCKOM rocyapCTBEHHOM YHUBEPCUTETE.

C2016r. 1. B. loBrans — miaBHbIi HayuHblli cOTpyaHUK PULL MTHBIOM, uiien quccepTrallmoOHHOTO
COBETa MHCTUTYTA, 3AMECTUTEJb Ipe/IceIaTelisi YYEHOTO COBETA.

Urops BacunbeBuu siBsieTCS 4IEHOM peIKOJUIernid HayuHbiX KypHaioB Ecologica Montenegrina,
Protistology, «buopa3zHooOpa3ue u ycToiiumBoe pa3BUTHE», «MOPCKOH OHOJIOTMYECKUI KypHA»
U «DKOCUCTEMbI», a TaKKe UWIEHOM TEMaTHUYeCKON KOHCYJbTAaTUBHOW TpyMIibl KypHaia Diversity.
C 2006 r. oH cocronT B MexayHapogHoMm ooimiecTBe mpotuctoiorop (International Society
of Protistologists, ISOP), na nepuoz ¢ 2007 o 2008 r. u3dupascs ero Bute-npe3uaeHTom, a B 2022 r.
CTaJI 3aciy’KeHHbIM WieHoM oOrmectBa (emeritus member). C 2021 r. o wien ['unpobuonornueckoro
obrectra rpu PAH.

Ha nporsxenun mHorux jet W. B. JloBranb npoBoJui COBMECTHbIE UCCIIEAOBAHUS C 3apyOeKHBbI-
MU KOJUIETaMH, YYaCTBOBAJI B MEKIyHAPOJHBIX HayYHBIX COOpaHUsX B opranm3anusax ['epmanum, [Ja-
Huu, Typuuu, Yepnoropuu, Utanuu u Mekcuku, BeicTynan ¢ jJekuusMu B lllanb1yHCKOM yHUBepcHTe-
te (Shandong University, SDU) u Haimonansnom aBroHoMHOM yHUBepcuteTe Mekcuku (Universidad
Nacional Auténoma de México, UNAM). Cpeau ero coaBropoB — yuénsie u3 30 crpan. [1o ceit neHnb
N. B. [opranp sBAsieTCSl aKTUBHBIM YYaCTHUKOM SKCIEIMIIMOHHBIX HUCCJEIOBaHUI, KOH(EpPEeHIINH,
ChE3/10B U CUMIIO3UYMOB.

Urops BacunbeBnd untaer Kypebl «CricteMaTiKa U MOpOJIorust BOAHBIX OpraHu3moB» U «llomy-
JISUUOHHAST OMOJIOTUSI TUAPOOMOHTOB» JIJIs MarkcTpoB 0a3oBoi Kadeapsl «[ uapoduonorus u odmas
skosiorus» CeBacTONOJIbCKOIO FOCYAAPCTBEHHOIO yHUBEepcuTeTa. OH MOArOTOBUII IECATh KAaHIUAATOB
Y OJJHOTO JOKTOpa OMOJIOTUYECKUX HAYK.

3a BecOMBbINl BKJAJ B HayKy M Bblcokue aoctumkeHus M. B. JloBrajp ynocToeH nmpeMund MMEHU
. W. HImanerayzena HAH Ykpaunbl, Harpax e 01arogapHocTtbio rydepHaropa ropojaa Cepactonosis,
OnarogapHocThio JlenapraMeHTa NMPUPOIHBIX pecypcoB u dkosioruu roponaa Cesacromnois, [TouétHoi
rpamoroii PAH.

Hpy3bs u kosutern uz ®PUL MHBIOM cepaeuno nosnpasisoT Urops BacusibeBuya ¢ o0uieeM, xke-
JIAI0T KPETKOTO 3/10POBbs U TAIbHEHINETO TUIOAOTBOPHOIO TpyJa Ha 0J1aro 0Te4eCTBEHHOM U MUPOBOM
HayKHU.

Hoporoit Urops BacuibeBud, B Baiiem nuile Haill MHCTUTYT NMPUOOPEN BBICOKOKJIACCHOTO CIie-
MAJIUCTa, TAJAHTIIMBOTO IeJarora, OT3bIBYMBOIO KOJUIETY, YECTHOTO U IOPSIOYHOTO YesOBEKa,
a BCE Mbl — HACTOSAIIEro apyra!

ON THE ANNIVERSARY OF D. SC., PROF. IGOR DOVGAL

On 29 October, 2024, D. Sc. Igor Dovgal celebrated his 70™ birthday. Prof. 1. Dovgal is a well-
known protistologist heading IBSS laboratory of population biology of hydrobionts. He is the author
and co-author of more than 250 scientific papers, including 138 articles, 4 monographs, 4 textbooks,
and 1 popular science book. Moreover, he serves on editorial boards of five scientific journals.
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B TAMATD O BAMEYATEJIBHOM YEJIOBEKE 1 UXTUOJIOTE —
JININN CEPTEEBHE OBEH
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Mocrynuna B pepakimio 18.11.2024;  mocne nopadotku 18.11.2024;
NpUHATA K myosnkanuu 25.12.2024.

B sBape 2021 r. ynuia u3 xu3Hu Jlugus CepreeBHa OBeH — 3aMeyvaTeNbHBIA YeT0BEK U OJIeCTAIINiA
uxTrosior. OHa BHEC/Ia BECOMBIA BKJIajl B UXTHOJIOTHIO, OCOOEHHO B M3y4YeHHE PEerpOayKTUBHON OHO-
JIOTHH PBIO, (PAKTUUECKHU 3aJI0KHB U PA3BUB METOJIOJIOTMUYECKUE OCHOBBI HICCIIEIOBAHNS OCOOSHHOCTEH
OOTeHe3a M XapaKTepa pa3sMHOKEHHS TIOPIMOHHO HEPECTYIOIINX MOPCKUX peiO. He MeHee BaXHBIMU
HaM KaxyTcsl e€ JeJIOBeUecKre, IMIHOCTHbIE KauecTBa. Mbl, ObiBIIMe aciupanThl JInguu CepreeBHsl,
XOTUM TOYTHTH €€ MaMsATh 3TUM HeOpMasIbHBIM HEKpOJIoroM. Mel 00a 00ydasuch B acCMpaHType
B CJIO)KHOE BpeMs — B TepBoii nosioBrHe 1990-x rT., KOoraa camo no ceGe pelieHre cTaTh yYEHBIM
6bU10 HeTpuBHATBHBIM. Briiag JI. C. OBeH B (hopMHUpOBaHME HAC KaK YYEHBIX HEOLICHUM: OHa PYKOBO-
JIWJ1a HANIIMMMY TIEPBBIMY ITIaraMu B HayKe U YUuJla CaMOCTOSATEIbHO aHAIM3UPOBATh UCCIIelyeMble OUO-
Joruyeckye npoueccsl. JaHHON myOiuKanmenl Mbl XOTUM HAIIOMHHUTh HOBBIM IIOKOJIEHHSIM MOJIOJBIX
O1O0JIOroB 00 STOM IPEKPACHOM YeJIOBEKE.

Bcemy, uTo HEOOXOAMMO 3HATH, HAYYUTDh HEJIb3S,
YUUTEJIb MOXKET CAeaTh TOJBKO OJIHO — YKa3aTh OPOTY.

Puuapo Onouremon, 1933 e.

Jlupus CepreeBna OBeH (10 3amyxectBa Erypazgosa) poawnack 6 mas 1930 r. B mocénke
[MepBomaiickuii ['opbkoBckoil obnactu (HeiHe Huskeroponckas). E€ orten 3aHmMmancsi mapTUitHOW
1 POPCOI03HOM NeATETbHOCTBIO, MaTh ObLIa JIOMOXO3STHKON M BBIPACTHUIIA MSITEPHIX JIETEH.

B 1953 r. Jlupusa CepreeBHa OKOHUMJIA Kadepy UXTHUOJIOTHU OUOJIOrO-MIOYBEHHOTO (hakyabTeTa
MOCKOBCKOTo rocyiapcTBeHHoro yHmsepcurera umenu M. B. Jlomonocosa (MI'Y) no cnenmasnbHO-
CTH «300JIOT-UXTHOJIOT», 3alIIUTHB AUTUIOMHYIO paboTy «CKaT SMOPHOHOB M JIMUMHOK TeNIaro(riIbHbBIX
pbid B Amype y Enadbyru sietom 1952 roma» v MOJOXUB TeM CaMbIM HAdyaJio CBOEH JIOJITOM HAyYHOM
AesITeJIbHOCTH, CBSI3aHHOU C U3YYEHUEM PENpOIYyKTUBHOW OUOJIOTUHU PHIO.

Ha caiite MI'VY (http://ichthyology.msu.ru/?page_id=84) npuBeneH CIUCOK JEeCSATH BHITYCKHUKOB
kageapsl uxtuonoruu 1953 r. Dro KOposuukuit Opuit I'epriouy, Bacunbesa U. C., Appoiio By-
sHo [lonopec, MatBeeBa AnbBuHa A., BpoHckuit bopuc bopucoBuy, MuTtiomkun B. A., Boropo-
muukuii [I€rp Brnamumuposuy, ErypazgoBa (OBen) JImgusi CepreeBna, IMommnuk (Kanununa)
Dnb3a MuxainoBHa u Monrtec Kanan Xyanura.
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[TpopaboTag okoJio roja Ha porHoi kadeape, JI. C. OseH B 1954 r. nepeexaina B Kpeim [[Tamstu JIu-
muu CepreeBrsl OBeH, 2021] u npuctynmia k padote Ha Kapagarckoi OMOIOrMUecKoi CTaHIMK (B Ha-
crosiiee Bpemsi Kapanmarckas HayuyHasi cranims umenu T. V. BsizeMcKkoro — mpupoIHbIA 3amoBe-
HuK PAH — ¢uman ®enepaabHOro UCCIeI0BaTeILCKOTO IeHTpa « THCTUTYT OMOJIOTHU I0KHBIX MOPEH
nmenn A. O. Koanesckoro PAH»).

Kapapnarckas 6uocranuus B 1960-x rr. (u3 apxuBa H. I'. Kycrenko). 3nanue cineBa — y1ab0paTOpHBINA KOP-
MyC, ClipaBa — aJMHUHUCTPATHBHBIA KOpIyc ¢ OMONIMOTEKOW M MEIIyHKTOM. Baanu Hag HUM — 30aHue
TUIPOMETEOPOJIOTMIECKON CTAHIIUM, T/IE KN € COTPYIHUKH

The Karadag Biological Station in the 1960s (from the archive of N. Kustenko). The laboratory building
is on the left, and the administrative building with a library and a first-aid post is on the right. Above
it at a distance, there is a building of the hydrometeorological station, where its staff lived

B nocneBoennsle roapl Kapagarckas 6uoctaHiys mpruoOpesa BCECOI03HYI0 U3BECTHOCTh KaK KpyII-
HBI [IEHTP MOPCKUX HccieioBaHuil. 1o 1952 r. e€ BO3IIaBIIsLT U3BECTHBIA MOPCKOI OMOJIOT U MIXTHOJIOT
Koncrantun Anekcangposuyu BuHorpasoB, MHOTO CHJI OTAAQBUIMKA Pa3BUTHIO Pa3IMYHbIX HAYYHBIX Ha-
IIPABJICHUH, MTOJrOTOBKE CTY/IEHTOB M Hay4YHO-IIPOCBETUTENILCKOW JIEATEIbHOCTU B 3TOM IPEKPACHOM
yrojke Kpeima.

Ero cbiH B BOCIIOMHHaHUSIX 00 OTILIE MUILET, YTO B MOCIEBOSHHbIE ropl Kapasar ObUT 3aMeTHBIM I1eH-
tpoM Mopckoi Hayku B CCCP. Croza B 3TOT nieproj, pUe3:Kajli MHOTUE YYEHBIE C MUPOBBIM UMEHEM,
Hanpumep onoxumuk A. B. Iannaaun, 6uonoru akanemuku E. H. ITaBnosckuit, E. M. Kpernic, JI. A. 3en-
keBudY, b. E. BeixoBckuii u I'. @. Iayze, unen-koppecniongext I1. I'. Ceetios, npogeccopa A. A. Jlo-
oumes u H. C. I'aeBckas, reosoru akagemuk [l. W. llepGakoB u uneH-koppecnonnent M. B. My-
paroB, acTpoHOM akajeMuk B. I'. ®ecenkoB u jp. OOmeHre ¢ HUMHA OBUIO MPEKPACHOW IIIKOJIOH
nis K. A. BuHorpazioBa 1 Apyrux COTpyAHUKOB OMOCTaHIMU. 3[€Ch YacTO MPOBOIMIIN HAyUHbIE CEMU-
Hapsbl. Kapajgarckyio OMOIOrMYecKyl0 CTAaHIMIO €KEer0JHO MOCeIaI AeCATKU CTYJEHTOB — OHOJIOTOB,
reorpaoB U reoJIoroB — C MpenoiaBaTes MU — U3BECTHBIMU YYEHBIMU U3 BEAYILIMX YHUBEPCUTETOB
cTpansl [Bunorpanos, 2009].

[To BOoCIOMHMHAHUSAM KapaJarckux CcTapoxkwioB, B 1950-1960-¢ rr. HayyHast )KU3Hb Ha OMOCTaH-
1M OyKBaJIbHO KHMesa. 371ech chOpMUPOBAIICS MOIHBIN HAYYHbIN KOJUIEKTHB, C OOJIBIIMM HTY3HAa3-
MOM M3YyUaBILIUI MOPCKUE 1 Ha3zeMHble skocucTeMbl Kppima. IlTaT 6GuocTaHImy peryJisspHO HOMOJIHSIN
MoJI0/ible crielanucTel. B Takyio cpeny nonana B 1954 r. Jlunus CepreeBna. B gomkHocTH Mutafiiero
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Hay4yHOro corpynHuka (1954-1959 rr.), a 3atem u. o. yuéHoro cekperaps cranuuu (1960-1963 rr.)
OHAa W3y4Yajla PerpoayKTUBHbIE OCOOCHHOCTH YEPHOMOPCKHX pHIO, B TIEPBYI0 OUYepe/ib MX OOTEeHE3
Y TUIOJJOBUTOCTb.

B 1950 r. K. A BunorpanoB coBmectHO ¢ K. C. TkaueBoi 0OHApY KW U OMHUCAIT SIBIEHHE MHOTOTIOP-
IIMOHHOTO MKPOMETaHUs y pbi0, obuTaomux B YépHoMm Mope [Bunorpanos, Tkauesa, 1950], HO IMEHHO
Jlunust CepreeBHa BIIEpBbIE JETATBLHO N3YUIJIa IOPIUOHHBINA HEPECT M OCOOEHHOCTH OOTeHe3a Y 3HAUM-
TEJIbHOTO YKCJIa YePHOMOPCKUX BUIOB phi0. MHOTO JIeT CIyCTsl OHa BCIIoMUHasa 0 padote Ha Kapanare
U O CBOEM HEOKUAAHHOM OTKPBITUM — O TOM, YTO CAMKHU HEeOOJbIIOW MpUuOpeHOU pbiOku Oapaly-
7M1 (CyATaHKK) OKA3aJIUCh CIOCOOHBI BBIMETHIBATH MKPY MTPAKTUYECKY €KeJHEBHO B TEUSHIHE BCETO Hepe-
CTOBOTO TEepPHO/Ia, TO ecTh 3—3,5 Mecsna B roay. Takoi JTUTETbHBINA HepeCT He ObLT U3BECTEH ISl Uep-
HOMOPCKHX PBIO; OOIIETPUHATHIM OBLJIO TIPE/ICTABJICHUE, YTO OOJIBIIMHCTBO BUIOB OTKJIA/IBIBAIOT UKPY
OJIUH pa3 B CE30H.

OTKpbITHE W pa3BUTHE MPEICTaBIEHUI O MHOTOMOPIMOHHOM HepecTe y YepHOMOPCKUX PBIO
MO3BOJIVJIU MEPEOIIEHUTh UX PENPOAYKTUBHBIN MOTEHIIUA B CTOPOHY CYIIIECTBEHHOTO YBEIUUYCHUS.

Kapapnar cran mis Jlunun CepreeBHbl He TOJIBKO MECTOM IEPBBIX IIAroB B Hayke. [locie npuesna
ciofia Ha padoTy OHA MO3HAKOMMUJIACH C MOJIOJBIM COTPYJHUKOM T'MIPOMETEOPOJIOTHIECKON CTAHIMN
B niocénke KypoprHoe Esrennem Hukannposuyem OBeHOM. Bekope oHM cTanu cynpyramu ¥ PO
CYACT/IMBYIO KU3Hb B Opake. X oObeauHsiia modoBb k npupoae Kapanara, Kpeima 1 YépHoro mopsi.

[Mocne ycrienHoW 3alUThl UCCEPTAlIMU HA COMCKaHWe YUYEHOU CTeNeHU KaHauaaTa Ouojoruye-
ckux Hayk B OpecckoM rocynapctBeHHoMm yHuBepcutere (1963 r.) JI. C. OBeH mnepenuia Ha pa-
6oty B WHcTHTyT Onosnorum 1okHbIX Mopeir mMeHn A. O. Kopaneckoro B ropoge Cepacroriose
(apie OULL UHBIOM).

C 1964 r. Bca tpyaoBas jaesarensHocTh Jluaun CepreeBHbI Oblla CBSI3aHA C MHCTUTYTOM: 3/1€ChH
OHa TMPOIILIA MYTh OT MJIA/IIEr0 HAyYHOTO COTPYIHUKA JI0 3aBEeAYIOLIEH OTAEIOM UXTUOJIOTHH.

OcnoBHble HayuHble nHTEpechl JI. C. OBeH 0XBaThIBAJIN U3yUeHHUE PEITPOAYKTUBHON OUOJIOTUU PBIO
C aKLUEHTOM Ha raMeToreHes, MOJOBOE cOo3peBaHue, (POPMUPOBAHUE IJIOOBUTOCTH, a TAKKE aHAJIU3
BJIMSTHUSI aHTPOIIOTEHHOTO 3arpsI3HEHMsT BOJHOM cpefibl Ha TH nporiecchl [ 70-netue, 2000].

BrisiBiieHHe M WCCIIeIOBaHME TIOPIMOHHOTO HEPECTa y MOPCKUX PhIO M3MEHWIN TMPEeACTaBICHUS
00 UX penpoayKTUBHOM noteHimane. Jlunusa CepreeBHa rokasania, YTo B TeUeHHE OIHOTO HEPECTOBOTO
C€30Ha MOTYT CO3PEBaTh U BBIMETHIBATLCS OOLIMTHI HE TOJBKO TPO(OIUIa3MaTUUECKOro, HO U MPOTO-
TJIa3MaTUIECKOTO POCTA, YTO 3HAYUTESIHHO YBEJIMIMBAET OOIYI0 CE30HHYIO TIOJOBUTOCTD PBIO.

PesynbTaThl cBoMX MHOTOJIeTHUX HccenoBanui JI. C. OBeH 0600mmia B MoHorpagun «OcoOeHHO-
CTH OOTeHEe3a M XapaKTep HepecTa MOpPCKuX poi0» [1976]. B kHure npuBeeHbl CBeJEHU S IO pA3MHOKe-
HUIO MpeficTaBuTeneit 18 cemeiicTB ppid YEPHOTO MOPS U 7 CEMENCTB PhIO CyOTPONMUYECKUX U TPOIUYe-
CKUX BoA ATiaHtrueckoro, MHauiickoro n Tuxoro okeanoB. Matepuan [jist 3Toi padoThl ObLT cOOpaH
B A3oBckoM, YépHoMm, CpeausemHom u KpacHom Mopsix, a Takxke B IHAMACKOM U ATJIAHTUYECKOM OKe-
aHax B niepuop ¢ 1955 mo 1973 r. OH npencTaBisii coO0i pe3ysIbTaThl HAOMIOICHHUI 32 CO3pEeBaHUEM
1 HepecToM 38 BUIOB MOPCKHX PHIO C TeJIarndecKor U JeMepCabHON UKPOH B SKCTIEPUMEHTAIBHBIX
U TIpUPOJHBIX ycioBusx. B xone pabotel Hag kHurou Jlunueit CepreeBHON ObUTH U3TOTOBJIEHBI TUCTO-
JIOTUYEeCKHe TpenapaThl SIMYHUKOB U ceMeHHUKOB 1500 sx3emruisipoB peid 89 BumoB. [l usydyenus
pa3MepHOro cocTaBa UKphI B KakJI0M simdHuke uamepsii ot 100 no 700 KeITKOBBIX OOLIUTOB.

JI. C. OBeH npeioKuia i XapaKTepUCTUKU PHIO C MHOTOTTOPITMOHHBIM HEPECTOM U JIIS U3y UCHHS
UX pa3MHOKEHUSI UCTOJIb30BaTh CIIeIyIOL1e OCHOBHbIE TOKa3aTesIi: pa3MEPHBIN COCTaB OOLIMTOB B SINY-
HUKaX MOJIOBO3PENBIX CAMOK, KO(P(UIIMEHT MOPIIMOHHOCTH, KOJIMYECTBEHHOE COOTHOIIIEHUE KEJITKO-
BBIX OOIIUTOB Pa3HBIX Pa3MEPHBIX TPYII, a TaKke M3MeHeHue KO3((UIMEeHTa 3peoCTh CAMOK B Te-
YeHUEe HEPECTOBOrO CE30Ha — U MPHUMEHSATh MPU 3TOM OMOMETPUUYECKUI aHATIN3 OBAPUAILHON UKPHI,
THCTOJIOTMYECKUI aHAJIU3 TOJIOBBIX XKEJIE3, MOACYET OTACTHHO 3PENIbIX UKPUHOK U KEJITKOBBIX OOIIUTOB
0 Pa3MEpPHBIM I'PYIIIIaM.
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Wmoctpanmst U3 KaHAUJATCKON
nucceptanuu JI. C. OBen. Pucynkn
BBITIOJIHEHBl C TIOMOIIBI0 MHKPO-
CKOMa M PHCOBAIBHOIO arapara
(U3 apxuBa MepBOroO aBTOPA)

A figure from the PhD thesis
of L. Oven. The drawings
were made using a microscope
and a drawing apparatus (from
the archive of the first author)

JI.C. OBEH
CREUNMNKA PA3BNTNS

NOMNOBbIX KNETOK
MOPCKNX PbIb

B NEPHOA PASMHOMEHUA
KaK MoKasaTenb THNA HepecTa
¥ peakU Uy Ha YCIOBUT
Cpefbl 00UTaHUus

@®parMeHT  JIMYHOTO JIMCTKA
no y4€Ty KaapoB, 3arlOJHEHHOTO
JI. C. OBeH (M3 apxmBa IEPBOIO
aBTOpa)

Records on the scientific career
from the human resources
department form filled by L. Oven
(from the archive of the first
author)
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O6s10%kKa  BTOpPO  MOHOrpadun
JI. C. Osgen, ony01IMKOBaHHOI
B m3gatensctee BHUPO B 2004 1.

The cover of the second monograph
by L. Oven published by VNIRO
in 2004
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Cotpynnuku otaena uxtuogorun MHBIOM. Cnesa Hampa-
Bo: I'. B. 3yeB, A. B. Tkau, T. B. dexuuk, 3. M. KanunuHa,
A. 1. Topauna u JI. C. OseH [JIugua OBeH: myTb HayKu
1 npocBeuieHust, 2024]

Staff of IBSS ichthyology department. Left to right:
G. Zuev, A. Tkach, T. Dekhnik, E. Kalinina, A. Gordina,
and L. Oven [Lidiya Oven: put’ nauki i prosveshcheniya,

Cotpynauku otaena uxtuojorun VHBIOM. Crea Ha-
npaBo: A. . Topauna, JI. I1. Canexoma, JI. C. OBen
u H. ®@. llepuenko [JIuaus OBeH: myTb HAYKU U MPOCBe-
menus, 2024]

Staff of IBSS ichthyology department. Left to right:
A. Gordina, L. Salekhova, L. Oven, and N. Shevchenko
[Lidiya Oven: put’ nauki i prosveshcheniya, 2024]

2024]

Crenyer Takxe otMeTtuth pa3padoranayo JI. C. OBeH M HCHOJB30BaHHYIO €10 B UCCIIeJOBAHUSX
Moaudukanuio Meroga P. A. MaunsaHa 11 noacyéra KoIm4ecTBa MKPUHOK B SMYHUKAX MOPCKHUX PBIO.

B 1978 r. B nucceprauimoHHOM coBete VIHCTUTYTa 9BOMIOLIMOHHOM MOP(OIOTHUH U SKOJIOTUHU KUBOT-
HBIX (HbIHe MHCTUTYT mpoOieM skoyioruu U 3Bojorun uveHu A. H. CeseprioBa PAH) JI. C. Ogen
YCIEIIHO 3allMTWIA AUCCepPTAlMI0 Ha COMCKaHWE YYEHOW CTeneHHM JOKTOpa OWOJIOTMYECKHX HayK
1o Teme «Oco0eHHOCTH raMeToreHe3a 1 TUIIbl HepecTa MOPCKHUX PbIO».

JIupus CepreeBHa HUKOTrZa He ObUla KaOMHETHBHIM y4€HbIM. OHa NpHHSIA y4acTUEe B CEMU Mac-
MTaOHBIX HayuyHbIX 3Kcnenunusx — B YépHom, Kpachom n CpenuzeMHOM MOpsiX U B ATJIaHTUYe-
ckoM U MHAWIICKOM OKeaHaX — Ha Hay4YHO-UCCIIE0BATENIbCKUX cydax «AkagemMuk A. KoBasieBckuii»
u «[Ipodeccop Boasuuukuii». Tprxasl oHa ObUla HaYaIbHUKOM 3Kcneauumii [70-netue, 2000].

Honrue rogst JI. C. OBeH sBinslack wieHOM yuy€Horo cosera MIHBIOM, wieHom penxosuierui
BBIITYCKABIIErOCsI MHCTUTYTOM COOPHHKA HAayUYHBIX TPYAOB «DKOJOTHsSI MOPS» U aBTOPUTETHEWINETO
POCCHIICKOTO JKypHasia «BOmpockl MXTHOIOT U .

B 1990-¢ rr. oHa cocpeoTounIach Ha U3yYeHUH COCTOSTHUS PETIPOAYKTUBHOM CHCTEMBI IO B yCJIO-
BUSIX aHTPOIIOTEHHOU TpaHcdopmanuu 3KocucteMbl Y€pHoro mops. Elo dakTryecku ObUIO 3asoxe-
HO HOBOE HampapJIeHHEe UCCIIEJOBAHNI — OMOMHAMKAIMS COCTOSIHUSL MOPCKOH Cpefibl MyTEM aHaIn3a
COCTOSIHHSI TOHAJL PHIO.

Cpoo BrOpylo MmoHorpadmio Jlugus CepreeBHa BbilycTWIa B MOCKBE, B H3HaTe/IbCTBE
BHUPO [2004]. B Heit paccMOTpeHBl OCOOCHHOCTH pa3sMHOXEHHUsI 17 CeMEWCTB MOpPCKUX PhIO
C MeJaruyeckoil MKpoit u 8 c¢ gemepcanbHol. [IpuBesEHHBIE B MOHOTrpauM Matepuasbl MOKa3aly,
YTO MOPLUMOHHOE MKPOMETaHHE CBOMCTBEHHO CYILIECTBEHHOMY YHCITYy BUJOB MOPCKUX PHIO YMEPEHHBIX,
CyOTpONMYECKMX U TPOMUYECKUX MIMPOT. Y OOJBIIMHCTBA MOPCKHMX TOJMIMKINYHBIX BUIIOB PHIO
OOLIMTHI B TEYEHUE BCETO OOT€HE3a PACTyT aCHHXPOHHO, Pa3BUBASICh IO OAHOMY M3 IBYX THIIOB — Ipe-
PHIBUCTOMY WJIM HENpepbsBHOMY. il pbIO C MPEPHIBUCTBHIM THUIIOM OOT€HE3a MOXET ObITh XapaKTepeH
KaK €MHOBPEMEHHBIN, TaK U ABYX-, TPEX- WIM MHOTONOPLMOHHBINA HEpPeCT. Y pblO C HENpephIBHBIM
TUIIOM OOI'€HE3a MKPOMETAHNUE MHOTOIIOPLIMOHHOE.

Jiugus CepreeBHa Ipojo/pKaja BECTU HayyHyl0 paOOTy M KOHCYJbTHUPOBAaTh MOJIOABIX YUYEHBIX
MuBIOM u nocie BHIXOAA Ha 3aCJTyKEHHBIN OT/IBIX.

Mopckoii 6uonornyeckuii xkypHai 2025 Tom 10 Ne 1
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HeMHoOro JU4YHOTrO

JKuznb, cBs3aBiias Hac ¢ Jluguein CepreeBHoil B koHIle 1980-x ., motoM pa3dpocasa Hac 1o pas-
HBIM TOpOJiaM U Jlake CTpaHaM, HO Y Hac, €€ aCMHUpaHTOB, OCTAIUCh CaMble TEIJIble BOCIOMUHAHUS
00 Yuurerne.

Tarbsana Baagumuposna baruwokosa, K. 0. H.

4 mocrynuna B 3aouHylo acnupantypy MHctutyta Ouosiornu 10kHbBIX Mopedl B 1988 r., mo-
cie okoH4YaHus1 OfIECCKOrO YHHMBEpPCUTETa, a TEepBbIM MecTOM Moel paGoTel craysa ObBmas Ka-
panarckasi OuMoJorMueckasi CTaHIus, MpeoOpa3oBaHHAas K TOMy BpeMeHM B Kapamarckwii mpupom-
HbIl 3anoBenHUK. [lo coery Jluguu CepreeBHbl, MOM HCCIEIOBAaHUs PAa3MHOXKEHHS pPbIO omupa-
auch Ha e€ padoThl, MPOBEAEHHBIE B 3TOM ke pailoHe, HO moutu 40 rogamu panee. B pe3yb-
TaTe MOSIBWIACH CPaBHUTEJbHAsI padoTa, B KOTOPOH YCTAHOBJIEHHOE YXYIIIEHHE PEernpOLyKTHBHBIX
rokaszatesiell psijia BUJOB YepHOMOPCKUX pbi0 B KoHie 1980-x — mepBoi mosioBuHe 1990-x TT.
10 cpaBHEHMIO ¢ 1950-MU IT. XOpOIIO 0OBSCHSIOCh AHTPOIIOTEHHBIM 3aT PSIZHEHUEM MTPUOPEKHBIX BOJL
B KOHIIE XX B.

C 6071b11I01 TEMIOTON BCIOMUHAI0 MOMEHTHI cBoero ooOienus ¢ Jluaueir CepreeBHoii. MeHs mopa-
a1 )KUBOM OJIecK B e€ I71a3ax, MOAJIMHHBIN UHTEpeC K Moel padoTte, k Kapanary, rae HaunHanmach e€ coo-
CTBeHHasi Kapbepa. [IoMHIO, C KaKAM BOCTOPrOM OHA OMKCHIBAJIA CBOM BBIXO/IBl B MOPE 32 MXTHOILUIAHK-
TOHHBIMH IIPOOAMH, HACTOSITETILHO COBETOBAJIA MHE ITPH OTIPe/Ie/ICHUN MXTUOTUIAHKTOHA Pa00TAaTh C JKH-
BBIMH, HE(PMKCUPOBAHHBIMH IMPOOAMU, YTOOBI YBUJIETh BCIO IAJIMTPY OKPACKU U UTPhI OTTEHKOB 11BETA
UKPBl U JIMYMHOK, KOTOpble (DOPMAJIMH B 3HAYUTEIBHOU CTEeNeHH 0OeclBeurnBaeT (U AeWCTBUTEINIHHO:
’KUBOW MHP, KOTOPBII 51 yBUAENIA 0] OMHOKYJISIPOM, ObUT U3yMHTEJIEH!).

['mcronornueckue mpenaparsl IMUHUKOB PbIO, coOpaHHbIe MHOW Ha Kapasare, BbI3BaJIM B HEKOTO-
poM cmeiciie pypop. 51 m3ydana BUIBI peIO, AeTasibHO ucciaenoBanHble Jluauei CepreeBroii B 1950-e rr.:
6apaly.no, CTaBpUY, JTACKUPSI, CIIUKApy U APYrux. MHoroumcieHHbie (hotorpadpur aHaIOTHYHBIX TTpe-
MapaToB TUX BUJOB BOILIM B €€ MoHorpaduio 1976 r. Ho ructonorusi sM4HUKOB PbIO, COOPaHHBIX
B 1989-1991 rT., pa3utesibHO OTJIMYAIACH OT «CTAPOro» HabOpa MpenapaToB: B HOBBIX MPo0ax OblLIa OT-
MeueHa pe30pOIHsi CO3PEBAOIIMX OOIUTOB BIUIOTH A0 MX MOJHOTO Pa3pyIlIeHUs], MOSBUINCH U JIpyrHe
MHOKECTBEHHBIE TIATOJIOTHH pa3BUTUsI MKpUHOK. Curtyarms okoso Kapanara, na u Bo Bcex mpuOpexk-
HBIX BoJax UYEpHOro Mops, U3MEHWIACh, U YCUJIMBAIOILEEeCs 3arpsi3HEHNE B MEPBYI0 OYepe/ib OTpa3u-
JIOCh Ha HarOoJIee YyBCTBUTEIbHBIX, PAHHUX CTAIMsIX OHTOreHe3a phl0. ITa yacTh padoThl, C/IeIaHHAS
npu HenocpeAcTBeHHOM ydactuu Jlumum CepreeBHbI, SBJISUIACH, 0 MHEHHIO MHOTUX CIIEIIMATHUCTOB,
Jy4dllei B MOel AUCCepTaLluH.

Xody OTMETUTH HeBeposiTHoe TeprieHne JIunun CepreeBHbI B pad0Te ¢ MOMMH MEPBBIMH MOTTBITKAMHI
HarMCaHus CcTaTel, a MOTOM U AuccepTauuu. Majio KTO yMeeT XOpOIlO U3J1araTh MbICIUA U OPMYJIUPO-
BaTh Pe3yJIbTaThl COOCTBEHHBIX MCCIIEIOBAHUI B CAMOM Hauaje CBOed Kapbephl, U Ha TUIEYH HAYYHOTO
PYKOBOAMTEIS JIOKUTCS HENETKUIA TPY/L [0 OOYUYEHUIO YYEHUKOB U 9TOMY. MO CTUIIb U3MI0KEHUS B IIEP-
BBIX BAPUAHTAaX cTaTeil M ocobeHHo nuccepTanyu Jluaus CepreeBHa B IIyTKY Ha3bIBaJIa HEMELIKMM: 1 TTbI-
Tajach OJHOM (ppa3oll mepenaTh Kak MOXKHO OoJibllie MH(POPMAIMK, MOU TEKCTHI HACTOJIBKO M300MIIO-
BaJIM CJIOKHOCOUYMHEHHBIMU U CJIOKHOMOAYMHEHHBIMU MTPEJIOKEHUSMU, YTO YaCTO HAa OJHY ME€YaTHYIO
CTpaHMIly UX MOMeuIanoch He Oosblie AByX-TpéxX. Jluaus CepreeBHa MHOTOE clesiana sl yayqlleHu s
MOETO CTHJISI.

Jiugus CepreeBHa U B 3pesioM Bo3pacTe (KOrja sl ¢ Hedl MO3HAaKOMMJIACh) ObUla YeJJOBEKOM C MO-
nopoi mymou. OHa ocTanack B MOEH MaMATH OYeHb MATKUM, JOOpOKeIaTeIbHbIM YeJIOBEKOM, He JI0-
MYCKABIIMM PE3KMX BBICKA3bIBAHUI 110 OTHOIIEHHIO K APYruM joasiM. OHa Obl1a OTHON U3 HEMHOTHX,
Onarozmapst KoMy S He yIIa U3 Hayku B HenpocTbie 1990-e IT., U, XOTS s CMEHWIa C TeX 1op 00-
JIaCTh UCCIIEJOBAHUI, pe3yJIbTaThl HACTABHUUYECTBA, 3AJI0KEHHBIE 32 BpeMsl paOOThI IO PYKOBOJCTBOM
Jluauu CepreeBHbI, OLIYILAIO 10 CUX MOP.
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Cnpasxa: T. B. baraiokoBa — acnupant JI. C. Osen B 1988-1992 rr. Okonunna Onpecckuit ro-
CyIapcTBeHHbII yHUBepcHuTeT B 1988 1. m Obuta pacnpenenena Ha padoty B Kapagarckuii mpupoHslii
3anoBeJHUK. B ToM jxe rogy nocrynuia B 3aouHyto acnupantypy MHBIOM (Cesacronoss). B 1996 r.
3alUTHIA IUCCEPTALIMIO HA COUCKAHUE CTENeHU KaHAWAaTa OMOJIOTMUECKUX HayK Ha TeMy «/luHamu-
Ka PerpolyKTUBHBIX XapaKTEPUCTUK U MHTEHCUBHOCTH HEPECTA MACCOBBIX BUJIOB YEPHOMOPCKHX PHIO
B parione Kapamara» (pykoBogurenr — JI. C. Osen). [locne 3ammrsl auccepTaii Bejla Hay4dHbIE
UCCIIE/IOBAaHUS TIMKOJMTUYECKUX (PEpPMEHTOB phIO B pa3HbIX (PU3HOJIOTMYECKUX YCIOBHSX, a TaKKe
OKUCIIUTENIbHBIX MPOLIECCOB M AHTUOKCUIAHTHBIX (DEPMEHTOB Yy PbIO M 3eMHOBO/HBIX 1O]1 BO3JEUCTBU-
€M CTpeccoBbIX (pakTOpoB. BriocieacTBum nsyvana SMUTeHETUYECKUE MEXAHU3MBI Pa3BUTUSI HEKOTO-
pBIX BUJOB paka B HarimoHambHOM HIEHTpe TOKCUKOIOrnyeckux uccnegoBanuii (Ixeddepcon, Apkan-
3ac, CHIA). C 2009 r. 3aHMMaeTcs U3y4eHUEM MOJIEKYJISIPHBIX MEXaHU3MOB PE3UCTEHTHOCTU K AHTH-
PaKOBBIM JIEKapCTBaM M pa3pabOTKON HOBBIX MOAXOJOB K JIEUEHUIO paKka B OHKOJIOTMYECKOM LEHTpe
®oxkc Yeis (Punagenspus, CIIA).

Anapeit HukomaeBsuu IlamkoB, K. 0. H.

B 1970-1980-x rT. BBITYCKHUKOB OMOJIOrHUYecKoro ¢akyiprera KyOaHCKOro rocyaapcTBEHHOTO
YHUBEPCHTETA TI0 OKOHYAHUM By3a HEPEAKO Harpaisu Ha padoty B IHBIOM B ropon CeacTomnous.
V3HaB, 4TO 51 BBIPOC B IPUMOPCKOM T'OpOJIE M MEUTAI0 N3y4aTh OMOJIOTUI0 MOPCKUX PbIO, MO YHUBEPCH-
TETCKHIA Hay4HbIi pykoBoauTess FO. . AbaeB csazascs ¢ Jlunuein CepreeBHON U peKOMEHJOBAJI MEHS
K MIPOXOXKJCHUIO MPAKTUKH B €€ 1aO0paTOpUH.

[TpekpacHo nmomHI0 Molo TiepByIo ¢ Jluaueii CepreeBHol BcTpeuy B e€ KaOMHeTe. Y3HaB, UTo f yBIie-
Kaloch JaBUHIOM, OHa cKazana: «Ha Haieit 6noctanimu B batriMane paboTaioT 3amMevartesibHble pe-
Osita. OmycKasch 1MoJ1 BOAy C akBaJaHraMu, OHA OOHAPYKUJIM MHOTO HOBoro. Hampumep, uto Mopckue
epllIM HOUbIO «OeraioT» 1o necoyky. [lymaio, Barie Mecto UMEHHO Tam».

s oOydyenus: 1 ObUT MpUKperiEH K M. H. ¢. M. B. Kpymiosy. Ilomonis B padoTte okas3biBaiu
Kak corpyanuku sadopatopuu Jluauu Cepreeasl (B. E. T'mparocor, T. H. Kimmvora, H. ®. Illes-
yeHko u T. JI. Yecanuua), Tak u cnenpanuctel apyrux noapasgenenun MHBIOM (A. H. Ilerpos
n H. K. PeBkoB).

CoOpaHHBI B TOT NeproJ 1o pyKoBocTBOM Jluauu CepreeBHBI MaTepHal JIEr B OCHOBY JTUTLIIOM-
HOU padoThI, a 3aTeM, PaCIIUPEHHbII U TOMOJHEHHBIN B X0/1e 00y4eHUs B aCIIUPAHTYpe, — U B OCHOBY
KaHauaaTcKkon auccepraumu «MxtrodayHa npudpeskHoro menbga YEpHOro Mopsi B HMOJUTAIMHHBIX
akBaropusix». Jlunusa CepreeBHa omorsa onpeesuTh KJII0YeBOe HAIlPaBJICHUE HAYyUYHbIX UCCIIEIOBA-
Hui. VIM cTaio u3yveHue BUIOBOTO COCTaBa M OCOOCHHOCTEW OMOJIOTHH MPUOPEKHBIX prid YEpHOTO
MOpsI Ha OCHOBE KOMOMHHMPOBAHHOTO MeTo/ia cOOpa MaTepualioB, BKJIIOUYAOINETO OOJIOBB aKBATOPHIA
C MCMOJIb30BAHUEM CETHBIX OPYIHii JIOBA U MPOBEACHUE BU3YAIbHBIX MOIBOIHBIX HAOTIOAEHUIA.

OOyueHue B aclIMpaHType ObUIO 320YHBIM, BO3MOKHOCTH TIPOBOJIUTD [UTUTEIbHBIE MEKIyTOPOIHbIE
MEPErOBOPbI UM UCTIOJIb30BaTh VIHTEPHET B TO BpeMs OTCYTCTBOBasa, moatoMy ¢ Jlnaueit CepreeBHoin
MBI OOIIATUCH MPEUMYILECTBEHHO C MOMOIIbI0 muceM. OOCyquB ¢ Hell qBa-TpH pasa 3a Trofl, BO Bpe-
Ms1 cBoero mpuesga B CeBacTonosb, OCHOBHBIE BOMPOCH 10 cOOpy, 00pabOTKe W aHAIM3y Marepua-
JIOB, 51 ye3xan Ha Ouoctanimio KybaHcKoro rocyapcTBeHHOro yHuBepcutera (xyrop berra), otkyna
BéN ¢ Jluguert CepreeBHOW NepenycKy. DTU MHUChbMa ObUIM JIJIsT MeHSI OCIIEHHBIM MCTOYHUKOM WJICH
1 00pa3lioOM IPaMOTHOTI'O MOJIX0/1a K OpraHU3allK HayYHOU JesTeJIbHOCTH.

s Jlumum CepreeBHsl st octaBajicss AHapeeM U B cBor 20, 1 B 30, u B 50 JieT — Oyay4uu CTyICHTOM,
MpenoaaBaresieM By3a U HayYHbIM COTPYIHMKOM. Ho ¢ nepBoii Hallen BCTpeuH U 10 MOCJIeIHETrO pasro-
BOpa 10 TesedoHy odpallieHre KO MHE C €€ CTOPOHBI BCeria ObUIO Ha «Bbl». ANPHOPU YBAKUTETHHOE
OTHOIIIEHHE K KOJUIeraM, B TOM YHMCJIe K CBOMM HOAYMHEHHBIM U HayYHBIM ONIOHEHTaM, ObUIO OJHOU
u3 spkux dept xapakrepa Jluauu CepreeBusl. Hu pa3y He cibimast, 9ToObl OHa Ha KOTO-TO MOBBICHJIA
roJIoc.
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Ouenp TpenetHo Jlugusa CepreeBHa OTHOCHIIACH
K odopmiIeHrI0 pe3yibTaToB uccienoBanuil. o cux
MOp MOMHIO, KaK OHa CTPOr0 OTYMTajla MEHs, OOHAPYKUB
HECKOJIbKO OMNeYaToOK B JUIUIOMHON padoTe, KOMHIO KO-
TOPOM $I C TOPAOCTbIO MPHUBE3 € Mepes MOCTYIJIEHUEM

| > 1.7 T7/] 1284 | flee g
L | ‘/;/i’” [l oy

Cirma . Alessv edfis,

B aCIIUPAHTYPY. 4| Qlooper. g 63
W mnocne 3aBepilieHUs] aKTUBHOM TPYIOBOW OesTelb- b g S
HoctH Jlnpua CepreeBHa aKTMBHO MHTEPECOBAIach MOEN | Bovrmas - [2-U19T 1R Ken @lef;f;“" i
padoTOli, MOMHWJIA ATkl POXKICHUS] WIEHOB MOEH CeMbU Z z)ﬁ/u AL & e
Y HUKOTJIA He 3a0bIBaJia MO3/IPaBIATh C IPa3IHUKAMM. TN LT
[Tonnepxka JIuguu CepreeBHbI MOMOIIAa MHE OCTAThCS £ ;jmu vy 2
B Hayke B 1990-e rT. 1 Besa 1o XU3HU B JAJIbHEUILEM. /z e /V;
Cnpaexa: A. H. IlamkoB — acnmpant JI. C. Osen 1 JJS s
B 1992-1996 rr. CneumanpHocTh — Ouonor (KybaH- L e puer.

CKMH  TOCyJapCTBEHHbI  yHuBepcuteT, KpacHomap, dparmenr mucema JI. C. OBeH BTopoMmy
1987-1992 rr.). B 1990-1992 rr. mpoxomun mpakTuky —asTopy (1993 T.)

B UMHBIOM (Cepacronons). Ilocne oxkoHYaHusi By3a Fragment of a letter from L. Oven
B 1992 r. Hauan paboTy Ha OHMOJIOTMYECKOH CTaHLUHU to the second author (1993)

«berra» KyOaHCKoro rocyaapcTBEHHOrO YHHMBEpCUTE-

Ta W Mapaule/ibHO MOCTYNnuia B 3a04Hylo acnupanTypy MHBIOM. C 1993 no 2001 r. 3aBegoBan
ouosormueckor craHimen «berra», a mocie 3amutel B 2001 r. B ®I'BHY «BHUPO» namccepra-
MM HAa COWCKAaHHME YYEHOW CTeNeHM KaHaujaaTra OMOJIOTMUECKHMX HayK padoTasl IperojaBaTtelieM,
CTapIIMM TpernojaBaTesieM, JOUSHTOM M 3aBeayiomuM Kadeapoil KybaHckoro rocymapcTBeHHOTO
yHusepcutera. B 2016-2019 rr. — 3amecturens pykoBogurens Kpacnogapckoro otnenenus PI'EHY
«A30BCKUI HAayYHO-MCCIIEAOBATEILCKUIA MHCTUTYT phIOHOTO Xo3stiictBa». C 2019 r. mo Hacrosiiee
BpeMsi — BeAYLLMI HayuyHblil COTPYAHUK oTaena «KpacHogapckuii» A30Bo-UepHOMOpCKOro (pusmania
I'HII P® ®I'BHY «BHUPO» («AsHUNPX>»).

Tekcr cratbu coracoBad ¢ gouepsio Jluaun Cepreesusl OBeH — Mapueit EBrenbeBHOi PyOaxuHOi.

ABTOpHI BBIPaXaIOT DIYOOKYI0 OJaroflapHOCTh 3a TMOMOIIb B TOATOTOBKE MaTepHAIOB 1. 0. H., Mpod.
Npune ViBanoBHe PynHeBoi.

O3HaKOMUTbCSI C OCHOBHbIMU HayuyHbIMU Tpynamu Jluguum CepreeBHbl OBE€H MOKHO B PENO3UTOPUU
otkpsiToro gocryna ®ULL MHBIOM (https://repository.marine-research.ru/).
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Lidiya Oven, a remarkable person and brilliant ichthyologist, passed away in January 2021. She con-
tributed much to ichthyology, especially to investigation of fish reproductive biology, by building
and developing the methodological principles for studying oogenesis and reproduction of portion-
spawning marine fish. Her human and personal qualities are no less important to us. We, her former
graduate students, would like to honor her memory with this informal obituary. We both were graduate
students in difficult times: in the early 1990s, when a decision to become a scientist was not trivial in it-
self. Lidiya Oven supervised our first steps in science and taught us to analyze the biological processes
on our own; her contribution to the shaping us as researchers was invaluable. With this publication,
we would like to remind about this wonderful person to new generations of young biologists.
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