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The present study was performed to assess Cd, Pb, and Hg contaminations and human health risk
in the warty crab Eriphia verrucosa (Forskal, 1775) in Akliman shores of Sinop Peninsula of the Black
Sea. Heavy metals analysis was performed by inductively coupled plasma mass spectrometry. Among
studied toxic metals, Pb had the highest mean concentration in E. verrucosa. The highest mean concen-
tration of Pb (0.2 mg per kg of wet weight) was observed in male samples of the warty crab. However,
higher concentrations of Cd and Hg (0.11 and 0.019 mg per kg of wet weight, respectively) were observed
in females of E. verrucosa. The mean Cd values found in the warty crabs were higher in May and June
than those in July and August. On the other hand, Pb values were recorded in July and August. The mean
Hg values were not different between months except July and August for male samples of E. verrucosa.
Foraging seasons of these crabs are different, which can lead to differences in prey size and ultimately
metals intake. However, the results show that a toxic heavy metal concentration in edible tissues of crab
from the southern Black Sea was within the permissible limits given by national and international food
codices. Target hazard quotient (THQ) for each metal and hazard index (HI) were calculated to evalu-
ate non-carcinogenic human health risks. Estimated THQs of Cd, Pb, and Hg suggest that these metals
in the warty crab do not pose any apparent threat to humans, when the HI value is below the value of 1.
The result of the analysis has shown that the warty crab E. verrucosa can be used as bioindicator as it con-
tains variable levels of the metals observed. Since consumption is the main source of heavy metal intake
by humans, monitoring studies are needed to protect public health and take preventive measures.

Keywords: heavy metal, Black Sea, Eriphia verrucosa, hazard index, target hazard quotient

The Black Sea takes up a variety of contaminants from agricultural, mining, touristic, domestic,
and other anthropogenic activities via direct dumping from major rivers and in other ways [1]. Toxic met-
als such as mercury, cadmium, and lead, among others, are of great importance, since their anthropogenic
contribution outweighs the one which is provided through life span and likewise because they show much
toxic properties along the food chain. Toxic metals eventually enter seafood, and their bioaccumulation
and magnification can cause physiological and morphological alterations not only in marine coastal animals
but in people as well [2]. With the ever-increasing contamination of the coastal ecosystem, risk of toxic
metal contamination of seafood is increasing day by day.

Many crustacean species were used as organisms for biomonitoring toxic metals in contaminated marine
coastal ecosystems due to a number of suitable characteristics such as their convenient size, ease of sampling,
abundance, ease of handling in the laboratory, and ability to accumulate metals. Therefore, it is of great
interest to carry out investigations on metal concentrations in crustaceans [3].
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People in Sinop city of the southern Black Sea consume a considerable amount of seafood. Since seafood
is an important diet for humans, its quality and safety aspects are of particular interest. Over the past many
decades, the amounts of heavy metals in seafood have been studied off the coasts of the Black Sea. Heavy
metals are known to accumulate in benthic organisms and increase in the food chain. Since consumption
is the main source of heavy metal intake by humans, the major interest is in the edible commercial species
like the warty crab. It is necessary to have data on the levels of heavy metals in the warty crab in order
to assess whether there is a health hazard.

The aim of this study is to evaluate the levels of Cd, Pb, and Hg in the warty crab Eriphia verrucosa
(Forskal, 1775) in Akliman shores of Sinop Peninsula of the Black Sea.

MATERIAL AND METHODS

E. verrucosa is a type of crab which is locally called “kiiflii” and consumed extensively by people in spring
and summer. All the warty crab samples were captured in 2017. This crab usually lives in shallow water
under rocks and between seagrasses. E. verrucosa, which is a characteristic form for the hard substratum
of the upper-infralittoral at depths of 1-8 m, has an average length of (10 + 1.5) cm (Fig. 1).

Fig. 1. Eriphia verrucosa in Akliman shores of Sinop Peninsula of the Black Sea
Puc. 1. Eriphia verrucosa Ha AkiimmaHckoM nodepexbe CHHOIICKOTO MoJyocTpoBa YEpHOTro Mops

The meat was removed from the shell and washed with double-distilled water. Then the samples were
frozen at the temperature of —21 °C and stored in polyethylene bags until analysis. Water temperatures
at the time of sampling in May, June, July, and August were of +15.8, +21.5, +25.6, and +26.2 °C, re-
spectively. A total of 40 warty crabs, 20 males and 20 females, were used for the heavy metal analysis.
Ten individuals were analyzed in each sampling month.

Warty crabs is active at dawn and at night. Diet of E. verrucosa consists of molluscs, crustaceans,
and worms. Chelipeds (claws) are not equal to each other and are strong. Warty crab catches prey with
its claws and cuts it into suitable pieces with cutter plates in its mouth. It should be noted that the size
of the claws has an influence on the prey: with increasing size, crab can hunt bigger organisms.

Location of sampling areas is given in Fig. 2. Akliman is located on the outer harbor side of Sinop Penin-
sula. The distance to the city center is of 11 km. The coast length is of approximately four thousand meters.
The slope of the beach is quite low. Sampling covered areas of direct or indirect influence of urban releases
and touristic and fishing activities, those located near the mouths of Karasu and Sirakaraagaclar streams
which carry domestic and agricultural discharges to the Akliman coasts of Sinop province as well as a lo-
cality not under the influence of industrial releases. However, under the influence of the prevailing winds,

Marine Biological Journal 2020 vol. 5 no. 1
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pollutants reach the shore by the discharge. The sampling station was chosen to reflect progression of con-
tamination, ecological particularity, and human activities in the area. Tourist activities are very intense
in Akliman area, especially during summer months.

% UKRAINE
BLACK SEA
ROMANIA = =
BULGARIA
M «....H
0 G“i'f;]
TURKEY
Kt

Fig. 2. Sampling area
Puc. 2. Paiion or6opa npod

About 1 g of edible tissues was wet digested with Suprapur® HNOj; (nitric acid) using a microwave di-
gestion system (Start D 260, Milestone Systems) for analysis and evaluations of concentrations of three
non-essential heavy metals. Cd, Pb, and Hg were determined using inductively coupled plasma mass
spectrometry (7700x ICP-MS, Agilent).

The element standard solutions used for calibration were prepared by diluting a stock solution
of 1000 mg per L (Cd, Hg, and Pb) supplied by Merck (Germany). Standard reference material of lob-
ster hepatopancreas TORT-3 for the metals was used to validate the analysis. Recovery percentages results
ranged 95 to 102 %, indicating the accuracy of the results (Table 1).

Table 1. Reference concentration values of standard reference material TORT-3 (mg per kg)

Ta6auna 1. KoHTpobHbIE 3HAaUYEHHs KOHIIEHTPALMHU cTaHAapTHOro oopasna TORT-3 (mrkr!)

cd Hg Pb
Certified 423 0.137 0.225
Found 41.47 0.140 0.237

Toxic metals in warty crab tissues were expressed as milligram of metal per kilogram of wet weight sam-
ple. The sensitivity of the method was determined according to the detection limits established for the spec-
trometer, which were of < 0.001 pg per L for Pb and Cd and of < 0.01 ug per L for Hg. The operating
conditions of ICP-MS set for the analysis of the metals are shown in Table 2.

Assessments of hazard index of toxic metals in the warty crab. The estimated daily intake (here-
inafter EDI) depends on both the metal level and the quantity of seafood consumption. The EDI of toxic
metals was computed using Equation (1) below modified from [15]:

F, xC,, _3
EDI = W x 1077, (1)
where F; is the seafood ingestion rate (g-person”'-day™'), which was considered to be of 15 g-person™'-day™
in Turkey [17], and this value was calculated as 105 g a week;
Cy, is the level of toxic metal in the warty crab (mg per kg of wet weight);
W.p is the mean adult body weight (70 kg).

Marine Biological Journal 2020 vol. 5 no. 1
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Table 2. ICP-MS operating conditions for the metal analysis

Tadamma 2. VYcnoBus padOTBl Macc-CIIEKTPOMETPUM C HWHIYKTHBHO-CBSI3aHHOW IUIa3MOM AJIsl aHaIM3a
METaJUIOB

Operating conditions Values
Plasma mode normal, robust
RF power (W) 1550
Sampling depth (mm) 8
Nebulizer (ml per min) 0.2
Spray chamber temperature (°C) +2
Carrier gas flow (L per min) 0.95
Dilution gas flow (L per min) 0.15
Extraction lens 1 (V) 0
Kinetic energy discrimination (V) 4
Cell gas (He) flow (ml per min) 4
Background on-mass (cps) <2
Integration time (us) 100

The estimated weekly intake (hereinafter EWI) values were calculated from EDI values. Intake estimates
were determined as per unit body weight (mg-week !-kg™! of body weight).

Target hazard quotient (hereinafter THQ) [15], which is a proportion of the estimated exposure (EDI)
to the oral reference dose (hereinafter R¢D), is used to evaluate the potential non-carcinogenic risk to humans
from the sensed contaminated crab, and is shown by Equation (2):

EDI
TQH = —— 2
QT =35 @)

where the R;D values for Hg and Cd are of 0.0003 and 0.001 mg-kg '-day™!, respectively [20].

R¢D is not available for Pb [5]. The U. S. Department of Health and Human Services Public Health Ser-
vice [16] pointed out that it would be unsuitable to develop R¢D for inorganic Pb and its compounds, because
some of the sanitary impacts related to the exposure to Pb occur with blood Pb levels as low as to be essen-
tially without a threshold [21]. Therefore, the R¢D value for Pb in this study was of 0.0035 mg-day kg™’
of body weight as used by many researchers [5, 10, 11].

Exposure to more than one contaminant may induce contribution and/or interactive impacts; hereby,
accumulative health effect from plural contaminants’ exposure was determined by summing THQ value
of individual contaminant and clarified as hazard index (hereinafter HI) as shown in Equation (3):

HI=THQgy+THQp, + THQy, . 3)

HI value of > 1 shows the possibility of reverse health effects and commits the necessity for bearing
a further appraisal and likely remedial action. However, HI of < 1 shows no feasible health consequence
from exposure of the examined contaminants at existing consumption rate.

Statistical analysis. Statistical analysis was carried out using IBM SPSS Statistics V21. One-way
ANOVA and Duncan multiple range test were used to calculate a significant difference in the concen-
tration of different studied metals with respect to different sexes and months. The significance was set
at 5 % confidence level.

Marine Biological Journal 2020 vol. 5 no. 1
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RESULTS

Mean values of toxic metal concentrations (mg per kg + SD wet weight) found in the warty crab
E. verrucosa in Akliman shores of Sinop Peninsula of the Black Sea are presented in Fig. 3.

0.16 9 o Male
® Female = A
- 0.14 b
B 0.12
D 2 e
z 01 O . I
d

=1
% 0.08 4 f
E 0.06 1
= 0.041
@)

0.02 4

0 T T T

0.3

0.25 1

0.15 1

0.1

0.05

Pb mg/kg wet wt.
=<
#— £ —J:
e

Hg mg/kg wet wt.
- 3 & 3 B

T
May June July August

Fig. 3. Mean (£ SD) Cd (A), Pb (B), and Hg (C) levels in E. verrucosa (N = 40) among sexes and months.
Different letters beside vertical bars indicate that the values are significantly different (p < 0.05)

Puc. 3. Cpeanue (= SD) yposau Cd (A), Pb (B) u Hg (C) B pa3Hble MecsIIbl B caMKax U caMIax E. verrucosa
(N = 40). PazHble OyKBHI pSZIOM C BEPTUKAIBHBIMU MOJIOCAMH YKA3bIBAIOT HA TO, YTO 3HAUYEHUSI CYIIECTBEHHO
pasmuyaiorcs (p < 0,05)

The risk to human health as a result of consuming the warty crab was evaluated by calculating EDI,
EWI, provisional tolerable weekly/daily intake (hereinafter PTWI and PTDI, respectively), THQ, and HI.
The maximum toxic metal values in the edible tissues of E. verrucosa were used to evaluate the human
health risk from the consumption. EDI, EWI, PTWI, PTDI, R¢D, THQ, and HI of these metals are shown
in Table 3.

Marine Biological Journal 2020 vol. 5 no. 1
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Table 3. Human health risk parameters in the warty crab collected from the Black Sea

Tadamma 3. TlapameTpsl prcka JJisl 340pOBbsS YeJOBEKa OT YHOTpeOJieHUs] KaMeHHOro Kpaba u3z Y€pHoro
Mopsi

Health risks parameters Toxic heavy metals

Cd Pb Hg
Estimated daily intake, EDL 2.39x10° 4.18x10°3 4.07x107°
mg-day~!kg™! of body weight
Estimated weekly intake, EWI, 1 67x10-4 5 93x10~4 2 85%10°5
mg-week™'-kg™! of body weight
Provisional tolerable weekly. intake, PTWI, 7%10°3 2 5%10-2 4x10°3
mg-week™-kg™! of body weight
Provisional tolerable weekly 1ntake., PTWI, 0.49 175 028
mg per week per 70 kg of body weight
Provisional tolerable daily mtake,. PTDI, 0.07 025 0.04
mg per day per 70 kg of body weight
Oral reference dose, R;D, . 1x103 3 5%10-2 3510+
mg-day ' -kg™! of body weight
Target hazard quotient, THQ 2.39x1072 1.19x1072 1.36x1072
Hazard index, HI 4.94x1072

DISCUSSION

The non-essential metals such as Cd, Pb, and Hg are highly toxic contaminants, and their uptake
and bioaccumulation in coastal ecosystems may cause serious effects straight on food chain as well as on hu-
man beings. Among toxic metals studied, Pb had the highest mean concentration in E. verrucosa. Higher
mean concentration of Pb (0.2 mg per kg of wet weight) was observed in male samples of the warty
crab (Fig. 3B). However, the highest concentrations of Cd and Hg (0.14 and 0.019 mg per kg of wet
weight, respectively) were observed in females of E. verrucosa (Figs 3A and 3C). The mean Cd values
found in the warty crabs were higher in May and June than those in July and August (p < 0.05). On the other
hand, Pb values were recorded in July and August (p < 0.05). The mean Hg values were not different be-
tween months (p > 0.05) except July and August for male samples of E. verrucosa. High metal levels may
change within individuals depending on feeding habits of crabs, age, size, and length as well as on their
habitats and metabolisms. E. verrucosa is carnivore and mainly feed on benthic organisms such as mussels,
and this can be one of the reasons for their metal bioaccumulation. In this study, female individuals with
eggs were found in May and June. The warty crabs were collected from the cliffs and habitats where the sea
meadows were abundant. Individuals collected from rocks can take up metals from food and water, while
those from seagrass habitat can also accumulate metals from sediment. As known, sediments are the final
destination where heavy metals sink [6]. The increased amounts of toxic metals in sediments are the result
of higher levels of these metals in surrounding water, which is easily adsorbed on the surface of the sediment
and poses an ecological risk, especially to benthic species. In summer, increase in tourist activities and ex-
cess of domestic wastes pollute the coastal areas. Although the central population of Sinop is 65 thousand,
it reaches 400 thousand, especially in July and August. Akliman coast is also used extensively as a picnic
area. During these periods, this coast is exposed to contamination.

Although heavy metal studies related to E. verrucosa were conducted in the early 1990s, very little
literature 1s available. These data were recently reviewed by Bat and Arici [3]. According to these studies, Cd,
Pb, and Hg values in E. verrucosa were determined as 0.06-5.04, 0.06—-0.8, and 0.02—0.022 mg per kg of wet
weight, respectively [4, 7, 12, 14]. Data obtained in the current study were compared with the literature data,
and Hg values were similar while Cd and Pb values were very low.
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Durmus et al. [9] studied the edible tissues of E. verrucosa recorded on the Ordu coasts in the Black
Sea with regard to toxic heavy metals Cd and Pb. Their values were of 0.17-0.32 and 0.13-0.36 mg per kg
of wet weight, respectively. In our study, when the maximum values were compared, the values on Sinop
coasts were lower than those on Ordu coasts. It is concluded that this was due to the difference be-
tween the regions [9]. This may also be caused by the contaminants carried by the streams of various
sizes on the southeastern coast of the Black Sea [1].

In the present study, Cd, Pb, and Hg concentrations in E. verrucosa edible tissues were found to be
below the permissible limit which was of 0.5 mg per kg of wet weight for these metals studied in Crus-
taceans [8, 18, 19]. Our research also aimed to assess whether there is an impact on the health of people
consuming these warty crabs. In this sense, the current study has been carried out in accordance with
the Marine Environment Policy Marine Strategy Framework Directive [13]. Marine Strategy Framework
Directive Descriptor 8 “Concentrations of contaminants are at levels not giving rise to pollution effects”
and Descriptor 9 “Contaminants in seafood for people consumption do not exceed amounts established
by Community legislation or other relevant standards” are aiming the subject of marine contamination.
For this purpose, EDI, EWI, PTWI, PTDI, THQ, and HI calculations were performed. The amount of fish
consumed in Turkey is much higher compared to amount of other seafood. Crustacean species are mostly
consumed in the coastal cities, and Sinop is one of them. Cd, Pb, and Hg are non-essential toxic metals
in organisms; the presence of these metals in seafood may cause risk to human health via consumption.
Values given in the present study are significantly lower than the recommended values of Turkish Food
Codex [18, 19]. Estimated THQs of Cd, Pb, and Hg suggest that these metals in the warty crab do not pose
any apparent threat to humans, where the HI value was of < 1 (U. S. Environmental Protection Agency)
as shown in Table 3.

Conclusion. The toxic and non-essential metals in warty crab samples have been analyzed. According
to the results obtained, Cd, Pb, and Hg are present in E. verrucosa, but in low concentrations. The concen-
trations of Cd, Pb, and Hg in E. verrucosa samples from Akliman shores of Sinop of the Black Sea did not
exceed the permissible limits set for metals by EU Commission Regulation and Turkish Food Codex. EDI,
EWI, PTWI, PTDI, THQ, and HI of these metals were estimated taking into account the mean concentra-
tion value of metal in all the warty crab individuals and the average consumption of them per day for adults.
Since HI is of < 1 described by U. S. Environmental Protection Agency, E. verrucosa is considered safe
for consumption. It is suggested that further investigation should be carried out of the parameters in coastal
waters as well as sediment analysis which may help find the cause of each metal bioaccumulation in these
species. This kind of biomonitoring studies is necessary to assess the risk to human health due to dynamic
character of the marine ecosystems and their constant exposure to toxic metals as mentioned in Marine
Strategy Framework Directive.
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TOKCHUYHDBIE METAJIJIbI
B KAMEHHBIX KPABAX IO2KHOM YACTH YEPHOI'O MOPS:
OIEHKA PUCKA U114 310POBbA YEJIOBEKA

JI. bart, E. Apuun, A. O3texkus, ®. [llaxun

Cunonckuii yHuBepcuteT, CruHomn, Typuus
E-mail: leventbat@gmail.com

IIpoBeneHa onieHka 3arps3HeHus TsokEnbiMu Metaulamu — Cd, Pb u Hg — kameHHBIX KpaboB
Eriphia verrucosa (Forskél, 1775), obuTalonmx Ha AKIMMaHCKOM modepekbe CHHOIICKOTO MOJTyOCTPO-
Ba YEpHOro MOpsi, M OTEHUMATBHBIX PUCKOB AJIS1 3I0POBbsI YEIOBEKA. AHAIN3 CONEPKAHUS TSIKEBIX
METaJUIOB BHIIIOJIHEH METOJJOM Macc-CIIEKTPOMETPUY C UHAYKTUBHO-CBA3aHHOM I1a3Moil. Cpeiu u3yveH-
HBIX TOKCHYHBIX METAJIJIOB CBUHEI] IMEJ CAMYIO BHICOKYIO CPETHIOI0 KOHIIEHTPALMIO B TKaHsX E. verrucosa.
Ipu 3TOM MakcUMaJIbHbIe KOHIIEHTpauu Pb orMedeHb! B TKaHsaX camiioB kpada (0,2 mr-kr ! CBIPOH Mac-
ChI), TOTJIAa KaK Y CAMOK 3aperucTpUpOBaHbl 00Jjiee BBICOKHUE, YeM y camiioB, KoHiieHTparmu Cd u Hg (0,11
1 0,019 mr-xr~! chipoii Macce cooTBeTcTBeHHO). CpeHue 3Hauenns cogepkanus Cd B KaMEHHBIX Kpa-
6ax OBLIM BHIIIE B Mae M MIOHE, YeM B HIoJie 1 aBrycre. Pb orMedeH Tosbko B miosie u aBrycre. CpeHue
3HaueHus congepxanus Hg B obpasuax camuoB E. verrucosa ObUIM IPUMEPHO OIMHAKOBBIMU B Pa3HbIe
MecCsIpl, 32 UCKJIIOUEHNEM HI0JIA M aBrycra. Ce30Hbl akTUBHOTO NMUTAHUSA CaMIOB M CAMOK KaMEHHbIX
KpaOOB OTIIMYAIOTCS, YTO MOXET NPUBOAUTH K Pa3IMuMsIM B pa3Mepe MHUILEBHIX OOBEKTOB U B UTOTE —
B YPOBHSIX HaKOIUICHHsI METAJUIOB. B 11eJIOM KOHIIGHTpalusl TOKCHYHBIX TSDKENBIX METAUIOB B CheH00-
HBIX TKaHSX KAMEHHBIX KPaOOB U3 10)KHOU yacTh UEPHOro MOpsi HAXOJWJIACh B IOMYCTHMBIX Ipejiesiax,
YCTaHOBJIEHHBIX HAIIIOHAJIBHBIM U MEKIyHAPOJHBIM CTAaHIAPTAMU TSI MUIIEBBIX MPOAYKTOB. [ O1ieH-
KM PHCKOB HEKaHLEPOIeHHOM MPUPOJBI Il 300POBbs Y€JIOBEKa ONpelesieHbl ejaeBor KoadduipeHT
onacHocTH (target hazard quotient) 1715 Kaxaoro Metajiia U uHaekce onacHoctu (hazard index). Io pac-
CUMTaHHBIM IieJIeBbIM Ko3dpuumenTam onacHoctd Cd, Pb 1 Hg MOXHO 3aK/IIOUUTh, YTO 3TH METaJUIBI
B KAMEHHOM KpaOe He MPeACTABISIOT SIBHOW Yrpo3bl AJIs JTI0eH, eCIIH, [0 pe3y/IbTaTaM U3MEpPEeHui, 3Ha-
JyeHHe MH/IEKCca OMacHOCTH Hibke 1. Pe3ynbTaThl aHanuza mokasaniu, uTto E. verrucosa MOryT ObITH HC-
TI0JIL30BaHbI B KAUECTBE OMOMHIMKATOPA, TaK KAK PACCMOTPEHHbIE METAJUIBI COJEPIKATCS B 9TUX KaMeH-
HBIX Kpabax B pa3HbIX KoimdecTBax. [I0CKOBbKY MUIIEBO MyTh MOCTYIUICHUS TSIKEIBIX METAJLUIOB SIBIIS-
eTCs1 7151 YeJIOBEKa OCHOBHBIM, HEOOXOMMO MPOBOIUTH JaJIbHEHIIIE MOHUTOPHHIOBBIE MCCIIEA0BAHMUS,
YTOOBI 3AILUTUTH 3/10POBbE HACEIICHHUSI.

KiaroueBrble cioBa: TkEnbid Metamwt, YepHoe mope, Eriphia verrucosa, iHAEKC ONMACHOCTH, IIEIeBOR
K03 pUIMEeHT ONMacCHOCTH
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D PeKTUBHOCTL YTUIM3AIINY YIJIEPO/Ia SABJISETCS BaXHOW XapaKTEPUCTUKOM 00BbEKTa Ky IbTUBUPOBAHMS.
W3BectHO, uTO AriaToMoBast Bojopocib Cylindrotheca closterium (Ehrenberg) Reimann & J. C. Lewin
MOKeT 3(p¢EeKTHBHO HCIIONB30BaTh YINIEPO W3 BOJHOHM Cpefbl, TAK KaK MMeeT MHOKECTBO YHHKAJb-
HBIX KapOOHOAHTUIPA3 U YIIIEPOAHBIX TPAHCMIOPTEPOB. Mexay TeM 3¢ (peKTUBHOCTD (PUKCAIMH yTIIepo-
Jia 11l MHOTHX BUZIOB JWIATOMEW B KYJIbType TMO-TIpeXHeMy HewsBecTHa. i e€ pacuéra psii aBTOPOB
WCTIOJIB3YIOT Pa3HYI0 TEPMUHOJIOTHIO M CIIOCOOBI, UYTO IPUBOUT K 3HAUYUTEIbHBIM TPYJHOCTSIM IIPH CPaB-
HeHuH 3¢QHEKTUBHOCTH (PUKCAlUK YIIiepoJa B OMoMacce pasiMyHbIX BHIOB MUKpoBojpopociei. Llemn
padothl: 1) Ha OCHOBE COBpPEMEHHBIX MPEJCTaBJIeHUI O (puKcaluu yriepoja B OMOMacce MUKPOBOJIO-
pocrnieit, a Takke O MOMIOMIEHNH HEOPTaHWIECKOTO YIIeposa KyJbTypoi MUKPOBOJOPOCIEN aKTyalIn3u-
pOBaTh UCIIOJIb3yeMbIE B JIUTEpaType TEPMUHBI U OTIpeJeIeHusT; 2) OLeHUTh 3(PPEKTUBHOCT (PUKCAITIN
yraepoaa B 6romacce quatomen C. closterium B yCIOBUSX HAKOTIMTEIBHOTO KyJIbTHBApOBaHUs. KynpTy-
py C. closterium BbipamuBany npu Temneparype +20 °C B MHTEHCUBHOM PEXUME Ha IMUTATeJIbHOW cpe-
ae RS. B npouecce BblpamyBanus KyJabTypy 0apooTrpoBaiu BozayxoM (1,1 1 Bozayxa Ha 1 J1 KyJIbTyphl
B MUHYTY). TemnepaTypa Bo3[yxa Ha BBIXOJE U3 CyCNeH3UM cocTaBisuia +19 °C, MmakcuManbpHas mpo-
JyKTUBHOCTb KyJIbTyphl — 1,254 r-n!.cy1™!. TTo pesynsratam CHN-anamusa, 1ons yriepoaa B CyXoii
ouomacce C. closterium coctaisiia 23 %. B yclioBUsIX HAKONIUTEIbHOTO KyJibTuBUpOBanus y C. closterium
a¢pdexTuBHOCTD (rKcarmu yriaepoaa B ouomacce gocturia 90 %. I1o cpaBHEHHUIO C APYTUMH BUIAMU BO-
nopocneli C. closterium XapaKTepU3yeTcs TOCTATOYHO BBICOKOU 3(pdexTrBHOCTBIO (bukcanmu CO,. Tak,
y 3en€HbIX MuKpoBonopocieir Chlorella protothecoides i Ch. vulgaris apgextuBHOCTD (pukcanmn CO,
cocrasisieT 20 % u 55,3 % coOOTBETCTBEHHO, y LaHoOakTepun Spirulina sp. — 38 %, y KpacHOW MUK-
poBsonopociu Porphyridium purpureum — 69 %. OtMedeHo, uTo [yist o0ecTieueHus MpupocTa 1 r cyxomn
6uomacce C. closterium B cyTku nipu Temneparype +19 °C neodxoaumo 3atpatuts MuHUMYM 0,46 11 CO,,
i 1132 1 Bo3myxa. Bo3amMoxHO, IMEHHO BhICOKas1 3(h(PeKTUBHOCTD (PUKCAIINY YITIEPO/Ia, a TAKKE HU3KAsI
nouis yriepona B ouomacce C. closterium MO3BOJSIIOT 0ObSCHUTD BBICOKVE TPOAYKIIMOHHBIE TOKA3aTeN N
3TOro BUa. B paBHBIX yCIOBUSX KYJIbTUBUPOBAHUS 110 CBETY U 0OECTIEYeHHOCTH YIJIEPOJOM MTPOAYKTHB-
HocTb C. closterium MOXET MPEBBIIATh TPOJYKTUBHOCTh APYTUX BUJOB MUKpoBojpopocieil B 5—10 pas.
Taxk, y Spirulina sp. npogyktuHocTb gocturaer 0,2 r-n~'-cy1™!, y C. closterium — 1,254 r-1~'.cyr™!.

KaoueBble caoBa: muatomoBass Bomopocib Cylindrotheca — closterium, KyJIbTUBHpPOBaHUE,
3(p¢peKTUBHOCTD (PUKCALIUU YyIIIEPOAA

Mopckre MUKPOBOJOPOCIU IHMPOKO UCHIONB3YIOTCS B COBPEMEHHOW OMOTEXHOJIOTHH B KA4eCTBe Mpo-
AYIEHTOB IIEHHBIX OMOJIOTUYeCKH aKTUBHBIX coenuHenuid [11, 14, 20]. MHorve BUABI MOPCKUX MUKPO-
BOJIOPOCTIeH CIIOCOOHBI CHHTE3MPOBATh YHUKAIbHBIC TIMIMEHTHI, )KUPHBbIE KHUCJIOTHI, YIJICBOABI U JIPyrUe

12


https://mbj.marine-research.org/
https://doi.org/10.21072/mbj.2020.05.1.02
http://ibss-ras.ru/
http://ibss-ras.ru/
mailto:r.gevorgiz@yandex.ru

SddexTuBHOCTD (pUKCcanmu yriaepoaa B buomacce Cylindrotheca closterium (Ehrenberg) Reimann. .. 13

coeaunenus [9, 14, 15]. Cpeny nmpoayleHTOB IIEHHBIX BEIIECTB B MPOMBIIUICHHBIX MacIITadax OCOOBIH
MHTEpEC MPEACTABISIOT OCHTOCHBIE TUATOMOBBIE BOAOPOCIH, MOCKOJBKY OHU XapaKTepU3YIOTCS BBHICO-
KOU 3(h(PpeKTUBHOCTBIO YTUIU3AIIUU CBETOBOM SHeprur. Kpome Toro, 3a CUET MOBBIIIEHHOTO COJIEPKAHUS
KPEeMHHUS TIPU OTCYTCTBUY MEPEMEIIMBAHUS OHU JIOCTATOYHO OBICTPO OCEAAI0T Ha AHO (hOTOOHMOPEaKTOpa,
YTO B 3HAYUTEJIFHOM Mepe yJeleBlisieT u odjerdaeT coop ypoxas [2].

Mopckas quatomoBast Bogopocib Cylindrotheca closterium (Ehrenberg) Reimann & J. C. Lewin, 1964
SIBJISIETCS] OTHUM M3 HauOoJIee NMepCHeKTUBHBIX 0O EKTOB KYJIbTUBUPOBAHUS [JIsI TIOJTyYeHH S IICHHBIX MTOJTU-
HEHACBIIIIEHHBIX JKUPHBIX KUCJIOT ¥ (PYKOKCAHTHUHA B TIPOMBIIIIIEHHBIX MaciTabax. ITo 00yCIOBICHO TEM,
yto C. closterium o61agaeT J0CTaTOYHO BHICOKMMU MPOAYKIIMOHHBIMM TIOKa3aTesiaMu [2, 4] u criocoOHa
HaKaIuIMBaTh (PyKOKCaHTUH 110 2,3-2,6 % cyxoi macchl [18, 21]. Takxe oHa XapakTepu3yeTcsl BBICOKUM
(mo 10 % cyxoii Macchl) cofiepKaHUEM TOJIMHEHACHIIIIEHHBIX JKUPHBIX KUCIIOT B Ouomacce [17, 19].

VYrnepon, Hapsiay ¢ a30TOM, SIBJISIETCSI OCHOBHBIM KOMIIOHEHTOM B JKHU3HEAESITEIbHOCTH MUKPOBOJIO-
pocneit. O0ecre4eHHOCTh YIJIEPOIOM OMNpeAessieT XUMUUECKUI COCTaB KJIETOK U CKOPOCTb OMOCHUHTE3a
MPOJYKTOB KU3HEAEATETbHOCTH, MO3TOMY 3((HEKTUBHOCTb €T0 YTUIN3ALMU — BaXKHasi XapaKTEPUCTUKA
00BeKTa KyabTrBHpOBaHUs [13]. JluaroMOBBIE TIO CPaBHEHMIO C JAPYTMMU MUKPOBOAOPOCISMHU CHOCOO-
HBI JJOCTATOYHO 3(P(PEKTUBHO MUCHOJB30BATh YIJIEPO W3 BOJHOU Cpefbl, MOCKOJIbKY UMEIOT MHOKECTBO
YIJIEPOJIHBIX TpaHCHOpTEPOB [12], ogqHako 3¢dEeKTUBHOCTb €ro (pUKCalMK AJ1s MHOTMX BUAOB AMATOMEN
B KYJIbType MO-TIpeKHEMY HEU3BECTHA.

Jta pacuéra 3(p(PEeKTUBHOCTH (PUKCAIMM YIIIEPOAA PALL ABTOPOB UCHOJB3YIOT PA3IMUHYI0 TEPMUAHOJIO-
TUI0 U IPUMEHSIOT Pa3Hble CriocoOwl [6, 7, 8], YTO MPUBOAUT K 3HAYUTEIHHBIM TPYIHOCTSIM IIPH CPAaBHEHUH
acpexkTuBHOCTH (PUKCAIMHU YIIIEpPoia B OMOMacce pa3IuYHbIX BUJOB MUKpoBoaopociel. Llenu nanHoi pa-
00ThI: 1) HAa OCHOBE COBPEMEHHBIX MPECTaBICHUI 0 (PUKCAIMU YIliepoJa B OuoMacce MUKPOBOIOPOCIIEH,
a Takke O TMOIJIOIIEHUA HEOPraHMYECKOro yriaepoja KyJIbTypoil MUKPOBOJOPOCIIEN aKTyaJIM3UpOBaTh UC-
MOJIb3yEMbIE B JIMTEPATYPE TEPMUHBI U OIpelesieHus]; 2) OLeHUTb 3 PEKTUBHOCTh (PUKCALMU YIIepoJa
B OuoMacce nratomMoBoit Bogopociu C. closterium B yCTIOBHUSX HAKOIMUTEIBHOTO KYJIbTUBHPOBAHMUS.

MATEPUAJI 1 METO/IbI

B pabote ucnonb3oBanu KyJabTypy AuatoMoBoi Bogopociu Cylindrotheca closterium w3 KOJUIEKIIMU
kyJipTyp OULL UHBIOM. Kynerypy C. closterium BblpammBaiv Ha nutateabHoil cpene RS [16], yse-
JIMYMB KOHLEHTPALMIO KaXJOro KOMIIOHEHTa B 3 pasa [S5], npU MOCTOSIHHOM TeMIlepaType CYCIEH3UU
(20 £ 1) °C, B pexuMe HaKOMUTEBHOTO KYJIbTUBUPOBaHUS B (POTOOMOPEAKTOPAX MJIOCKONAPAUIEILHOTO
THUIIA C PabOYUM 00BEMOM 2 J1, CI0EM 5 €M, MPH KPYIJIOCYTOUHOM OCBEIIEHUU JTIOMUHECLIEHTHBIMU JIaM-
namui CE-PIL-1-LF 46W/54-765. Cpeansiss 061y4€HHOCTh paboyveld MoBepXHOCTH (POTOOMOpeaKTopa co-
craBnsa 150 MkMoJib KBaHTOB-M 2-c~! (33 Br-M~2). B poliecce BhIpalluBaHus KyJIbTypy 6apOOTHpOBaIU
Bo3ayxoM (1,1 71 Bo3myxa Ha 1 J1 KyJbTypbl B MUHYTY) ITOCPEACTBOM KOMITPECCOPHOM YCTAaHOBKU; TEMIIEPA-
Typa [IOTOKa BO3/lyXa Ha BBIXOJIE U3 cycrieH3uu coctasisuia (19 £ 0,5) °C. [l yBesmueHus pacTBOpUMOCTH
atMocepHoro CO, B KyJIbTypaJIbHOM CpeJie UCTIOIb30BAIN HacaKy-aucneprarop. [I10THOCTb KyJIbTyphl
B HayaJle HAKOMUTEJIbHOTO KyJIbTUBMpOBaHuUs coctapisiia 0,1-0,2 r cyxoro Bemectsa Ha 1 J1.

[110THOCTB KYJIbTYPbI ONIPEEISIIA JBYMS METOAAMMU: 1) METOAOM MOJATHOM OKUcsieMocTH [1]; 2) npsi-
MBIM B3BeIIMBaHUEM CbIpoil Macchl C. closterium B MOJUIPONMICHOBBIX MPOOMPKAX Ha aHATUTUYECKUX
Becax ¢ norpemHocTbio 0,1 Mr nocne ocaxaeHus KieTok LeHTpudyrupoBanueM (1600g B Teuenue 2 mu-
HyT). [1s1 nepecyéra Noay4YeHHbIX JaHHBIX Ha CYXYyI0 MAaccy UCIOJIb30BaIM KOI(P@PUIIMEHT CBSA3U MEKAY
cyxoit u ceiport Maccoit (k = 0,1; n = 20). JIns onpenesieHus A0/ yriepoa B OuoMacce CyCIlieH3HI0 Kiie-
ToK C. closterium oTOupanu Ha 6-i JeHb SKCIeprMeHTa, HeHTprdyrupoBam 1-2 muHyTs Tipu 1600g
¥ JIBaK/Ibl IPOMbIBAIU U30TOHUYecKUM pacTopoM NaCl (9 r-n7!). 3atem chipyio GroMaccy BHICYIIMBAIH
npu +105 °C B Teyenue 24 4 1o nocrosiuHoro Beca. CHN-ananu3 00pa3ioB cyxoil OMOMAacChl BBITIOJIHSI-
s Ha a"anmuzarope Flash EA 1112 (Thermo Finnigan, Utanust) B LIKIT Poccuiickoro TeXHOJOrMYecKoro
yHuBepcuTeTa (r. Mocka). B kauecTBe cTaHzapTa UCIOJIb30BAIM alleTAaHWIN.
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PE3VIJIbTATBI 1 OBCYKIEHUE

MakcuManbHy10 TIOTHOCTb KyJIbTyphl C. closterium (B, = 3 r-1') HaOmonanu Ha 6-if JIeHb 3KC-
nepumenTa (puc. 1), a MakeumanbHbii npupoct (P, = 1,254 r-1!.cyr™!) — na 5-ii. To pesynbratam
CHN-ananu3a, noJjs yriepoaa B cyxoit onmomacce C. closterium coctabisna 23 %.

37(

\)

Cyxas 6romacca, ror !
—_

0 1 2 3 4 5 6 7T
Bpewms, cyt

Puc. 1. /lunamuka IIOTHOCTU HAKOMUTEJIBHON KYJIbTYpHl TUaTtoMoBoi Bogopocnu Cylindrotheca closterium
Ha muTaTebHOU cpene RS [16]

Fig. 1. Dynamics of density of Cylindrotheca closterium batch culture on a nutrient medium RS [16]

HWccneioBaHMIo YIIEPOJIHOTO MUTAHUSA KYJIbTYP MUKPOBOJOPOCIIEH MOCBAIIEHO MHOXKECTBO MyOJIMKa-
LI1i1, IPY STOM aBTOPbI ONIEPUPYIOT PA3JIMYHBIMU TEPMUHAMU, HATIPUMEP «CBSI3bIBAHUE YIIIEPOA», «YTUIIU-
3als yIaepoa», «MCIOb30BAHUE», «aCCUMUIISIHS», «aJcopouus» u p. [6, 7, 8, 12, 13]. B HekoTopbIx
Clly4yasix 3TO MPUBOJUT K HEUYETKOCTH B NOHMMAHUU U3Y4YaeMbIX MPOIIECCOB, MO3TOMY ISl UCKIIOYEHUS
HEOJHO3HAYHOCTH TPHUBE/IEM OITpe/ie/ICHUs] TEPMHUHOB, IPUMEHSIEMbIX B JAHHOH padoTe.

Ilomox neopeanuueckoeo yenepooa — KOJIAYECTBO MEPEHOCUMOIO HEOPraHUMYECKOIro YyIIIEpona
3a eIMHULLY BpeMeHU. EIyHUIE u3MepeHus — Mob-c~ !, kr-c™!, m-mun. ™!

I1romuocms nomoka HeopeaHuueckozo yeaepooa — KOJIUYECTBO yIJIepojia, NOJaBaeMOro B CyCIIEH3HIO
MUKPOBOAOPOCJIeH (Ha equHUIly 00BEMA WA eMHUILY TUIOIIAIU TIOBEPXHOCTH pasziena (a3) 3a eIMHUILY
BpemeHu. M3mepsietrcs B MOJIb-IT ! -CYT_I, MO)IB-M_Z-CYT_I, ra! -cyT‘l, F-M_Z-CyT_l

B anbronoruyeckoil npakTuke [ist ooecrneyeHus: BOJOPOCel YIIepoJoM 0ObIYHO UCHOB3YIOT CMECh
Bo3ayxa U CO,, O3TOMY naomHOCHb NOMOKA Yeaepoda BhlpaxkaeTcs B 00bEMe ra30BO3AYIIHON cMecH,
M0/IaBaeMOH B KYJIbTYPY MUKPOBOJOPOCIE, Ha eAMHMILy 00bEMA CYCIIeH3UU 33 OJHY MHUHYTY, 1 0003Ha-
YaeTcs Kak Ko3(p(OUIMEHT BEHTUIALMM Ky IbTYpbl, 1.1 -MunH. ™!, C yuéToM MopHOro 06bEMa rasa Ipy 3a-
JAHHOU TEMIIEpAType MOTOK YITIepoJa JIETKO BhIPaXkaeTcs B MaCCOBbIX eaquHnLax. Hampumep, npu nonave
2%-HOW Ta30BO3YIITHON CMecH (TO eCTh ¢ YYETOM J0yu yriiepoja B Bozayxe 2,04 % 00.) co CKOPOCThIO
1 nHa 1 1 cycnien3uu B MuHyTy nipu Temmneparype +20 °C m10THOCTb oToKa yriaepoja pasHa 10,2 Mr Ha 11
CYCIEH3UU B MUHYTY.

Accumunayus (cea3vieanue, Yymuauzayus) HeOp2aHUeCcKozo Yenepooa KyAbmypoii MUKpo8ooopocaeii —
3TO COBOKYITHOCTh OMOJIOTMYECKMX TPOIIECCOB B CYCIEH3MM MHKPOBOJIOPOCTIEH, B Pe3yJbTaTe KOTOPBIX
HEOpPraHMYeCKHH yIaepo peodpa3yercsi B OpraHMYecKue BenlecTsa. [Ipy 3ToM cBA3aHHBIN yIiiepos BXO-
JUT B COCTAB OPraHMYECKUX BELIECTB KaK caMoil OMoMacchl, Tak U 9K30MeTa00JMTOB MUKPOBOJOPOCIEH
(3K30MOIMCcaxapu/ibl, OEJIKY U TIp.).
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Dukcayuss HeopeaHU4ecKko2o yenepooa Kyabmypoi MUKpoeooopocaeli — 3TO COBOKYIHOCTb MPOIEC-
COB aCCUMWWIALIMYU YIJIepoJa U YIJIepOA-KOHIIEHTPUPYIOIIEro MeXaHu3Ma B KJIETKaX MUKPOBOJOPOCIEN.
D710 03HAYAET, YTO B OMoMacce, KpoMe CBSI3aHHOTO OPraHMYeCcKOro YIJIepoja, MPUCYTCTBYET U HEKOTOPOe
KOJIMUECTBO HeopraHnuueckoro. Ecim paccmarpuBaetcst pukcanus yriaepoa ToJIbKo B ouomacce (6e3 yuéra
9K30METa00JIMTOB), TO CKOPOCTh (hUKCAIMHU YTIepoaa (F%) ONpeessieTCs BhIPaKEHUEM:

F=cxP, )]

r7e ¢ — JI0J151 yriiepoja B buomacce;

P — cKOpOCTb MpUpocTa GroMacchl (MPOAYKTUBHOCTE), T-1 ! -cyT .

Ioznowenue Heopeanuueckozo yenepooa Kyavmypou MUKpo8oOOpocaeli — 3TO COBOKYIHOCTb IpO-
1ieccoB (pUKcauy U (PU3NKO-XUMHUIECKOH abcopOIMI HeopraHu4YecKoro yriepoaa (pacrsopumocts CO,
B KyJIbTypaJibHO¥ cpefie, oopazosanre HCO;™ u CO;%0).

Apexmuernocmvb nozaouleHUsL Yenepooa KYAbmypol MUKPOB0OOpocaell — 3TO OTHOLIEHUE MACChl MO-
IJI0IAEMOT0 KYJIbTYpOl MUKPOBOAOPOCJIE HEOPraHMUECKOT0 YITIEpOAa K Macce yIiepoa, oJaBaeéMoro
B CYCIIEH3UI0 MUKPOBOJOPOCIICH:

Eo = (F,— F)/F, x 100%, )

rae Fy u F — mnoTHOCTh NOTOKA yIiepoaa Ha BXOJE B CYCHEH3MIO KJIETOK U Ha BBIXOJE COOTBETCTBEHHO.
AppexmusrHocmov pukcayuu yenepooa 8 oOuomacce MUKPoOBoOopocaeli — 3TO OTHOILIEHHUE MacChl
yraepoja, (pukcupyemoro B Guomacce, K Macce yriepoja, HoaBaeMoro B CyCleH3MI0 MUKPOBOAOPOCIEH:

ES, = FS/F, x 100% 3)

e FS, — ckopocts ukcanmy yreposa B GnoMacce MUKpOBOJIOPOCIIEd;

F, — II0THOCTB OTOKA YIJIEpOJa Ha BXOJE B CYCIIEH3UIO KJIETOK.

B ciyuae, korga st odecriedeHus1 KyJbTypbl HEOPraHMYEeCKUM yriepogom ucnons3yercst CO,, ¢ yué-
ToM (1) cKkopocTh (prKkcarum yriepoja B Onomacce (FGCOQ) MOXeET OBITh pacCUMTAHA CJIETYIOIIUM 00Pa30oM:

Fo, = M(CO,)/M(C) x Fg =44/12 x ¢ X P, )
rae M(CO,) u M(C) — MoJisipHas Macca yIJieKMCIIOTH M YIJIEPOJa COOTBETCTBEHHO, I-MOJIb .

N3 dopmyn (1) u (4) ciaenyer npeaeabHOE COOTHOILEHHE, YKa3blBalolllee Ha MUHUMAIbHYIO IUIOT-
Hocth notoka CO, (ror!'-cyr™!), kotopas HeoOXomuma i OOecriedeHus 3aJaHHON CKOPOCTHM poOCTa
MHKPOBOJOPOCIIEN:

Fg = M(C)/M(CO,) x Fg,, =cx P,

TO €CTb
P =0273/c x Fg, - 5
Jns ciayyaeB, KOrga B CYCHEH3UIO MOJAETCS ra30BO3/YyIIHAsA cMech C 3aJaHHbIM InpoueHtom CO,,
BbIpaskeHue (5) mpeoOpa3yeTcs B cieaylolee:
0,273 M(CO,) v
¢ Vg, (T) 100

P 1440 Fmin | (5a)

e Vo, (T) — MossipHblil 00bEM rasa IIpH 3aJaHHON TeMIeparype, 1-MoJb

v — nois CO, B ra3oBo3/yuIHoi cMecH, % 00.;
B’ — MMHMMaJIbHasl IUIOTHOCTb TMOTOKA Ta30BO3JIYIIHON cMecH, HeoOxoaumasi uisi oOecrieyeHus
3aJJaHHOI CKOPOCTH POCTa MUK pOBoAopocieit, - ! -vun. ™!,
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[Tpu Temriepatype, onm4IHOM oT +273 °K, 00bEM rasa paseH:
Yo
VCOQ(T) = ?T = 0,0827", (6)
0

rae V, — MOJIAPHBIA 00BEM raza B HOpMaIbHBIX ycioBusax (V= 22,4 n-momb~! ipu T,y = +273 °K).
C wucnonb3oBanueM BbipaxeHuid (3), (5a) U (6) MOXKHO paccuMTaTh 3PhgPekmusHocmsd urKcayuu
yenepooa é buomacce JMOObIX BUAOB KyJIbTUBUPYEMBIX BOAOPOCIIEi 1O hopmy.ie:

cx P

coO
0,273 02) L1440

100% , @)

E¢, =
rie Frg — IUIOTHOCTB IOTOKA ra30BO3/IyIIHON CMECH Ha BXOJIE B CYCIIEH3HIO KJIETOK, JI-T | -MuH. ™.
[IpumMeHuTeNbHO K HalleMy SKCIEpUMEHTY ¢ KyJabTuBUpoBaHueM C. closterium B yCIOBUSIX HAKOIU-
TEJILHON KYJIBTYPBl CKOpOCb (pukcayuu yenepooa ¢ 4-ro o S5-i IeHb KCIIEPUMEHTA UMEJa CleLylolee
snavenue: FS, = 0,23 x 1,254 = 0,29 r-r! -cyr™!
Apgexmusrnocmv pukcayuu yeaepooa  buomacce COCTaBUIIA:

0.23 x 1254
S, = . 100% ~ 90% .

0,0405
0,2735 082><(273+19) Too 1440 x 1,1

st cpaBHeHUs: y 3eN€HBIX MUK poBogopocien Chlorella protothecoides v Ch. vulgaris 3(peKTUBHOCTD
¢ukcamm CO, B 6momacce coctanisieT 20 % u 55,3 % cOOTBETCTBEHHO, Y IMaHOOaKTepuid Spirulina sp. —
38 % [7, 10], y kpacHoi MuUKpoBonopociu Porphyridium purpureum — 69 % [6], TO ecTb 10 CPAaBHEHUIO
¢ Ipyrumu Bujaamu Bojopocient C. closterium XapakTepusyeTcsl JOCTATOUHO BBICOKOU 3(P(PEeKTUBHOCTHIO
(puxcanmu CO,.

BaxHo orMeTuTh, 4T0 B pacuyérax 3(pdekTuBHOCTH (PUKCALUU YIIepojia KyJbTypord MUKPOBOJOPOC-
Jiel MHOTHE aBTOPHI HE YUUTHIBAIOT YBEJIMUCHUE 00bEMA ra3a Mpy MOBBINICHUN TeMIIepaTypbl B COOTBET-
ctBum ¢ dopmysioi (6). OOBIYHO UCTIONB3YIOT 3HAYEHUS JUISI HOPMAJIbHBIX YCJIOBUH, XOTSI YCJIOBHUS KC-
MepUMEHTA C KYJIbTYPOH MHKPOBOJIOPOCIEH TAKOBBIMHU HE SIBIISIOTCS; 9TO MPUBOJUT K OHNIMOOYHBIM pe-
3yibTaTam. Hanpumep, eciiu axkcnepumenTsl ¢ KynbTypou C. closterium niposeaenst ripu +30 °C, a pacuér
acpdexTuBHOCTH (pUKcaluu yriepoja caesan st HopMaibHbix yejoBuid (0 °C), To mojyuyeHHble 3Have-
HUS OYy/IyT CyIIeCTBEHHO 3aHMKEHBI. DTO JIETKO MTPOBEPUTH, MOJCTABUB 3HAUCHHUS TeMIIepaTyphl B (hopMy-
ay (7). g nopmansHO Temmepatypsl (0 °C) appekTMBHOCTD (puKcau yriepojaa E% cocrasiisieT 84 %,
a 1 +30 °C — 93 %.

B npakTuke MHTEHCUBHOTO KYJIbTUBHPOBAHUSI MUKPOBOJOPOCHEN YaCTO BO3HUKAET HEOOXOAUMOCTh
nozacuéra 3atpar CO, 11 nonydyeHust equHUIB OuoMaccsl. [lonaras, 4yto Bech yriepos, MOCTYHAIONHA
B CYCHEH3MI0 MUKPOBOAOPOCIIEH, Mpeodpa3yeTcsi B OPraHUIecKylo Maccy, MOKHO oreHuTb 3aTpatsl CO,,
UCTIONB3YS TIpeniesibHOe cooTHomeHue (5a). [Ipu 3ToM HEoOXOOMMO ydYecTb, UTO KOHIICHTpAIHs yrJie-
KHUCJIOTBI B aTMOC(epe JOCTUIIIA, MO AaHHBIM BceMupHON mMeTeoposiornyeckon opranuzauuu, B 2018 r.
0,0405 % 00. [3].

Takum 00pa3oM, MOJACTaBIISISA JaHHBIE HAIIETO SKCIIepUMeHTa B (5a), Mbl IOJTy4aeM, 4To s odecrieye-
Hus npupocTta 1 r cyxoit ouomaccsl C. closterium B cyTku ripu Temmeparype +19 °C HeoOX0oaumo 3aTpaTuTh
muHumyM 0,46 1 CO,, nnn 1132 1 Bo3ayxa.

3akiaouenne. B paBHBIX yCIOBUSIX KyJbTUBHPOBAaHHS IO CBETY U OOECIEYEHHOCTH YIJIEPOAOM
npoaAyKTUBHOCTh C. closterium MOXeT MpeBbIIATh MPOJYKTUBHOCTh APYIMX BHUIOB MHUKPOBOAOPOCIENH
B 5-10 pas. B 1o Bpems Kak y Spirulina sp. npogyktussocTs gocturaet 0,2 r-n~'-cyr™!, y C. closterium
oHa cocrasiser 1,254 r-r!-cyr™!. Bo3MokHO, UMeHHO BbIcOKas 3(p(PeKTUBHOCT (PMKCALMK YITIEPOJA,
a Takke HU3Kas 107151 yriepoa B ouomacce C. closterium NO3BOJISIOT OObSICHUTh BBICOKHE MTPOIYKIIMOHHbIE
MoKa3aTesy 3TOro BUja.
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THE CARBON FIXATION EFFICIENCY IN BIOMASS
OF CYLINDROTHECA CLOSTERIUM (EHRENBERG) REIMANN & J. C. LEWIN
(BACILLARIOPHYCEAE)
UNDER THE CONDITIONS OF CUMULATIVE CULTIVATION

R. G. Gevorgiz and S. N. Zheleznova

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

The carbon utilization efficiency is an important characteristic of the cultivated object. Diatom Cylin-
drotheca closterium (Ehrenberg) Reimann & J. C. Lewin is known to use carbon from aquatic environment
quite effectively, as it has many unique carbonic anhydrases and carbon transporters. However, the carbon
fixation efficiency for many types of diatoms in culture is still unknown. When calculating the carbon fix-
ation efficiency, researchers use different terminology and methods, and it leads to significant difficulties
when comparing the carbon fixation efficiency in the biomass of various types of microalgae. The aims
of this study are: 1) to update terms and definitions used in literature on the basis of modern concepts
of carbon fixation in microalgae biomass, as well as absorption of inorganic carbon by microalgae cul-
ture; 2) to evaluate the carbon fixation efficiency in the biomass of C. closterium diatom under conditions
of cumulative cultivation. C. closterium was grown at a temperature of +20 °C on a nutrient medium RS.
During the cultivation, the culture was bubbled with air (1.1 L of air per 1 L of culture per minute).
The air temperature at the outlet of the suspension was of +19 °C; the maximum productivity of the cul-
ture was of 1.254 g-L™.day™!. According to the results of the CHN analysis, the proportion of carbon
in C. closterium dry biomass was of 23 %. Under the conditions of cumulative cultivation in C. closterium,
the carbon fixation efficiency in biomass was of 90 %. Compared with other algae species, C. closterium
is characterized by a rather high CO, fixation efficiency. For example, in green microalga Chlorella pro-
tothecoides and Ch. vulgaris, the CO, fixation efficiency was of 20 % and 55.3 %, respectively; in cyanobac-
teria Spirulina sp. — of 38 %; in red microalgae Porphyridium purpureum — of 69 %. It was observed that
to ensure an increase of 1 g of C. closterium dry biomass per day at a temperature of +19 °C, a minimum
of 0.46 L of CO,, or 1132 L of air, should be consumed. Possibly, it is high carbon fixation efficiency,
as well as low carbon fraction in C. closterium biomass, that explains the high production indices of this
species. Under equal conditions of cultivation in terms of light and carbon availability, the productiv-
ity of C. closterium can exceed the productivity of other types of microalgae by 5-10 times. So, while
Spirulina sp. productivity reaches 0.2 g-L™.day™, C. closterium productivity is of 1.254 g-L"".day™".

Keywords: diatom Cylindrotheca closterium, cultivation, carbon fixation efficiency
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PacnipocTpaHeHne OMaTOMOBBIX BOJOPOCIEN OrpaHUYMBAETCA MpPEAeiaMHi WX TOJEPAaHTHOCTH MO OTHO-
HmieHno K gaxkTtopam cpenpl. Pox Toxarium mpeAcTaBieH BCEro ABYMs BUIAMM, XOTS €r0 3BOJIOLMS
nponomkaercs 6osee 100 muH net. Toxarium undulatum MUPOKO PacIpOCTPaHEH B TPONUYECKUX U CYO-
TPOIIMYECKUX MOPSIX; OH BCTpedaeTcss U B YEPHOM MOpe, COJIEHOCTh KOTOPOTO BJIBOE HUKE OKEaHUYE-
ckoil. IIpeacTaBisger uHTepec M3yYeHHE IKOJIOro-(PU3NOJOTMIECKUX XapaKTEepUCTHK 3TOTo BUA C TOY-
KM 3pEHUS €ro OTHONIEHHs K conéHocTu. KioHoBbie KynbTypbl T. undulatum BeieneHsl U3 mpoo, co-
OpaHHbIX B 03epe JloHy37aB, coodmanomemcs ¢ YEpHbsIM MopeM (toro-3amnaj Kpsivckoro mnomyocrposa),
u B npuopexbe ocrpoBa I'pan-Kanapus (apxunenar Kanapckux ocTpoBOB). DKCHEPUMEHTHI IO U3yde-
HUIO TIPE/IENIOB TOJEPAaHTHOCTU MO OTHOIIEHHIO K COJEHOCTH MOKa3ajIM, YTO YePHOMOPCKHE KJIOHBI JKU3-
HECTIOCOOHHI B Iarna3oHe, oxBaThiBaoeM Kak MUHUMYM 30 %o (0T 12 10 42 %o). Takoii xe MUpoKuit
JMATa30H COJIEHOCTHOM TOJIEPAHTHOCTH, CJIETKA CIBUHYTHII B CTOPOHY OOJIBIINX 3HAYEHHUIT, HAOJIOIAITH
y OKEaHMYECKMX KJIOHOB 3TOTO BH/A. YCTaHOBJIEHB ONTUMYMBI Ui BETETATUBHOIO POCTa M MOJIOBOTO
BOCIIPOM3BEIcHHs. Y YEPHOMOPCKUX KJIOHOB OHM OKa3aiuch paBHbIMU 27,8 u 27,2 %o COOTBETCTBEH-
HO, YTO 3aMETHO BBIIIIE COJIEHOCTH, KOTOpasi HAOMOJAeTCsl B MecTe OOMTAaHHsI TOMYJISIN. AHAJIOTHIHOE
MIPEBBIIIEHNE MOJI0KEHUS ONITUMYMOB B OTHOLIEHUH BET€TaTUBHOIO Pa3MHOKEHUS U TIOJIOBOTO BOCIIPO-
W3BEJEHUS 10 CPABHEHHUIO C TEMU YPOBHAMMU COJIEHOCTH, B KOTOPBIX HAXOAATCS MPUPOJHBIE MOMYJIALNH,
OBbLIO OTMEYEHO IS Psiga APYruX YepHOMOPCKHX JUAaTOMOBBIX, UTO CBHIETELCTBYET 00 UX OKEaHW4e-
CKOM (cpeau3eMHOMOpPCKOM) mpouuioM. CrenaH BbIBOJ O TOM, 4To 7. undulatum, HapsAgy ¢ ApyruMu
BUJIAMHU, HAYaJl 3aceNiATh YSPHOMOPCKHI OacceiiH OPHEHTUPOBOYHO CEMb TBHICSY JIET Ha3ajl, Mocje To-
o Kak B pacrpecHéHHoe HoBOIBKCHHCKOE MOpe-03epo depe3 oOpa3oBaBiumiics mpoiaus bocdop crana
nocTynaTh Boga U3 CpeauseMHOro Mops. Mesxkty TeM TeMITI 9BOJIOIMY HE MO3BOJIMIN TPUBECTU (PU3HO-
JIOTUYECKHUE U IKOJIOTUYECKUE XapaKTEPUCTUKN U3y4aeMOro BHJa B ITOJHOE COOTBETCTBHUE C YCJIOBUAMU
OKpy’Karollen cpelsl. B ero (pusnonornueckx peakiysx Mo OTHOIEHUIO K CONEHOCTH MPOCIEKUBAETCS
OKeaHnvecKoe npoucxoxaenue. O6cyxkaaeTcss BO3MOKHOCTb BUA0OOPA30BaHUSI B CBSI3U C 3aceieHHEM
YeEpHOro Mopsl OKEaHUYECKUMU BUJAMM.

KaoueBble cJaoBa: guatoMmoBble, Toxarium undulatum, SBOMIOIMS, CONEHOCTb, MpeAesIbl
TOJIEPAHTHOCTHU

B YépHoM Mope oduTaeT ojIHa U3 CaMbIX KPYITHBIX Tuatomend, Toxarium undulatum Bailey, 1854. Dtot
BUJI OOBIYEH JIUISI TPOITMYECKUX W CyOTponuuecKux mopei [22], ommyatomuxcs ot YépHoro mMopsi 60-
Jiee BBICOKOM COJEHOCThIO. PaHee Hamu ObLIO MOKA3aHO, UTO IEJIbIi sl BUIOB JUATOMOBBIX, BCTpEYalo-
muxcst B YEpHOM Mope, UMeeT OOJIbIIKE ONMTUMYMBI CONEHOCTH JUIsi BETETATUBHOTO POCTA U MOJIOBOTO
BOCIIPOM3BEICHUSI, YeM B MecTax oOutanus ux nomysuui [2, 3]. Camoe paroHabHOE OOBsICHEHUE
9TOMY MBI BUJIEJIM B BO3MOKHOCTU 3aCEJIeHUsI N3yUYEeHHBIMU BUJAMH — OPUTHHAILHO OKEAaHWYECKUMU
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Y SBOJIIOIMOHHO aIalITHPOBAHHBIMU K COJIEHOCTH 35—36 %0 — YepHOMOPCKOro OacceriHa 7—8 THICSY JIET
Hazajl, nociie oopa3zoBanusi bocdopckoro mposmBa, Korga CUIbHO onpecHEHHOe HOBOIBKCMHCKOE MOpe-
03€po CTaJI0 OCOJOHATLCA BOJaMHu, noctynamoimumu u3 CpeausemHoro Mmops [5, 7]. M3yuenue puszunodio-
ruueckux peakuuil 7. undulatum nano HaM HOBBIE, U3JIOXKEHHbIE B HACTOSAIIECH padOTe AaHHBIE 00 3TOM
BUJIe-KOCMOIIOJIUTE, PACIPOCTPAHEHHOM BO BCEX MPHOPEKHBIX MOPSIX CyOTPOMMYECKOro Mosica, W ero
OTHOIIIEHUHU K IOHMXEHHOU (YepHOMOPCKOM) COJIEHOCTH.

MATEPUAJI 1 METO/IbI

[TpoGs1 nepuguroHa codpaHbl ¢ TIyOnHB 0K0sIo 40 cM y BocTouHOro Oepera o3. [loHy3naB (ioro-
3ama/; KpbIMCKOro mojiyocTpoBa, Touka ¢ KoopauHatamu 45°22°23” ¢. mi., 33°05’40” B. 1.) 1 Ha ocTpoBe
I'pan-Kanapus (apxumnenar Kanapckux octpoBoB, 27°5927” ¢. mi., 15°22°06” 3. 1.). I3 npo0, AocTaBieH-
HBIX B JJaOOPATOPUIO, C UCTIOJIb30BAHMEM CTEKJISTHHBIX MUKPOITUIIETOK ¥ MHBEPTUPOBAHHBIX MUKPOCKOIIOB
Zeiss Primovert (Carl Zeiss AG, I'epmanust) u Nib-100 (KuTaii) Bble/I€Hbl OIMHOYHBIE KJIETKH, JaBIIAE
HAyaJIo KJIOHOBBIM KyJIbTypaM (puc. 1). KynpTypsl coepxanu B CTEKJISTHHBIX KOJI0ax DpieHmeriepa o0b-
émom 100 ma B mogudunipoBannont cpene ESAW [9], nepuoanuecku (pa3 B 7—14 nHel) ocyliecTBiss
MIEPECEBHI B CBEXKYIO Cpelly. YCIIOBUS COAEPKAHNSA U NOPAJOK HAMMEHOBAHMS KJIOHOB onvcansl B [1]. Yep-
HOMOpCKHE KJIOHBI coaepxanmu npu 20 %o, kaHapckue — nipu 30 %o. B mecte otdopa npod conénoctb
coctanisia 20 u 36 %o coorBeTcTBeHHO. ConéHocTh u3Mepsiu peppakromerpoMm RHS-10ATC (Kurait).

A B

Puc. 1. Toxarium undulatum, KOTOpPBI NPUKPEIJIEH K CyOCTpaTy MPH MOMOIIU CJIU3H, BBIAEISEMON OJTHUM
13 alMKaJIbHBIX KOHLIOB KJIETKH, B ITPOLIECCE AeIeHHs 00pa3yeT KyCTUKOBUIHBIE KOJTOHUU. A — KJIoH 8.0827-Y,
YepHOMOpcKas nonyJsiius; B — kion 9.0620-C, kanapckas nomynsiuusi. MacirabHast auHerika — 100 MkM

Fig. 1. Toxarium undulatum, attached to substrate with the help of mucilage secreted by one of the apical
ends of the cell, forms tuft colonies in the process of division. A — clone 8.0827-Y, the Black Sea population;
B - clone 9.0620-C, the Canary population. Scale bar is 100 um

[Tocne Toro Kak HaM yJajochb WHULMMPOBATH IOJOBOE BOCIPOU3BEAEHHE B CMEIIAHHBIX MOCEBAaX
KJIOHOB YEPHOMOPCKOW MOMYJSLMY, U JaJbHEHIINX SKCIEPUMEHTOB ObUIM BBIOpPAHBI Mapbl KJIOHOB
(8.0820-E + 8.0830-K) u (8.0827-Y + 8.0830-K). B pe3ysbrate ckpelimBaHus MOCJIEAHEN Mapbl MoIyde-
HBI MHUIMAJTbHBIE KJIETKHU, KOTOPbIE XapaKTEPU30BATUCH pa3MepaMu, OJTM3KUMH K MAKCUMAJIbHBIM J1J151 BU-
na. HeckoIbko OCTHHUIMAIBHBIX KJIETOK (cpeqHuid pasMep — 1270 MKM) ObUTH BBIJIEICHBI B KYJILTYDY;
BIIOCJIE/ICTBUM OHU MCHOJIb30BAHBl B KCHEPUMEHTaX KaK KJIETKH, HAXOASAIIMECs B Havyalle KM3HEHHOIO
nukiaa. Kpome HuX, B aKCcniepuMeHTax 3aJercTBoBaHbl KJIoHb 8.0822-D, 8.0920-E u 8.1227-A u3 yepHo-
MOPCKOM TIOMYJISILIY CO CPEIHUMU pa3Mepamu KJeTok 642, 518 u 963 MKkM cooTBeTCTBEHHO. B KiloHax
9.0618-A,9.0618-E, 9.0620-B 1 9.0621-DD u3 nonysuuu ¢ o-sa I'pan-Kanapus cpeauuii pasmep KJIETOK
Ha MOMEHT ITPOBEJICHN S SKCIIepuMeHTOB cocTaBmi 680, 212, 284 u 334 MKM COOTBETCTBEHHO.
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HeiicTBue (pakTopa COJEHOCTH Ha BOJOPOC/b OLIEHUBAIM MO CMEPTHOCTU KJIETOK IPU MEPEHOce UX
U3 cpelibl, B KOTOPOIl OHU COAEPKAUCh B KOJUIEKIIMU, B HOBYIO Cpedy C rpajamueii conéxoctu: 8, 12,
18, 24, 30, 36, 42, 48, 54 %o. HeoOxoaumyto cONEHOCTb NOTyYaIn MyTEM pa30aBieHHs TPUTOTOBICHHOM
o petienty cpeabl ESAW (36 %o0) AMCTU/UTMPOBAHHOM BOJOM OO T00aBIeHNS K HEl XJIOpUAa HATPUS.
KieTku 3aceBasy B cTeKJISIHHBIE Yamku [Tetpu muamerpom 50 MM (rutomaip aHa — 494 Mm?). CMEpTHOCTS
OTpeJIesIsSUIA KaK OTHOIIEHHE YMciia MEPTBBIX KJIETOK K 00IeMy YuciTy KJIeToK. Kierka cunranach moruo-
11eil Ha OCHOBAaHUM BU3YaJIbHOM OLIEHKU COCTOSIHUSI BHYTPEHHETO CO/IEPKMMOT0, IIPeXk/Ie BCEro XJI0poruia-
CTOB (X IIBETa, PACHOJIOKEHUSI WU TIOJTHOTO OTCYTCTBUs). KOMMUECTBO KJIETOK MOJACYUTHIBATIM B JIECATH
nonsx 3penus mukpockona Nib-100 (miomaas nons 3peaus — 0,88 MM?) IIpK yBeIMUEHHH 00bEKTHBA
20x u okynspa 10x B TeueHUe NATH AHEN: B EPBbI BTOPOU U MATHIN AHU SKCIEPUMEHTa — JJI1 YEPHO-
MOPCKHUX KJIOHOB, B TIEPBBIM, BTOPOW, YeTBEPTHIN U MATHIA JHU — JJIsI KaHApCKUX. [lJ1 KaXI0ro KJIOHa
BBIYKCJISUIUA Cpe/IHee 3HAaUeHUe CMEPTHOCTH 3a BCE THU IKCIIEPUMEHTA.

Jlns1 HaXOKAeHUs ONTUMYMOB KCTIOJIb30BAIM YpaBHEHNME BTOPOTO MOPSAKA, alPOKCUMUPYIOIee To-
JIlydeHHBIE JaHHbIE; ero KO3(@PUIMEHT HAXOAWIM 0 METOAYy HaUMEHbIIUX KBajaparoB [6]. 3HaueHue
apryMeHTa NepBoi POM3BOIHON 3TOTO YPABHEHUS1, PABHOW HYJIIO, OMPEAEISIIO MOJIOKEHUE ONITUMYMA.

PE3VJIbTATbBI

N yepHoMoOpcKasi, u okeaHuueckas nonysiuu 1. undulatum npoaeMOHCTPUPOBATIM IIIUPOKYIO TOJIe-
PAHTHOCTh B OTHOIIICHUH COJIEHOCTH: IMATa30H OXBaThiBa Kak MUHUMYM 30 %o (puc. 2). YepHOMOpCKUE
KJIOHBI )KU3HECTIOCOOHBI B Tnarna3oHe oT 12 10 42 %o (BO3MOKHO, B UyTh OOJIee MMPOKOM, C YIETOM 3a/JaH-
HOTO B 9KCMEpUMEHTaXx I1ara rpagaimu 6 %o). Kanapckue KJIoHbI BBIAEPKUBATU CONEHOCTD OT 18 10 48 %eo.
HaG:moaBmmiicst y OKeaHMYECKMX KJIOHOB CIBUI' B CTOPOHY OOJIBIINX COJIEHOCTEM, YEM y YEPHOMOPCKUX,
MO’HO ObLIO OBI CBSI3aTh € TEM, UTO JI0 OMBITOB X coAep:kaiu npu pazHou coneéHoctu (30 u 20 %o cooTBeT-
CTBEHHO), OJIHAKO PSiJ] aBTOPOB YTBEPKAAET, UTO y AMATOMOBBIX MpeIBApUTEIIbHAS aAaNTalusl K KpalHUM
IJ1s BUAOB YPOBHSIM COJIEHOCTH HE BEJIET K 3aMETHOMY PACIIMPEHUIO MPe/IeioB TOJIEPAHTHOCTH [8].

Jl1s1 9epHOMOPCKUX KJIOHOB OTMEYeHa 3aBHUCUMOCTh KOJIMYECTBA MOTHOIIMX MpPU MEPEHOCe B HOBYIO
cpely KJIETOK (B Cpe/lHeM IS MATH JHEeW pocTa MpU JIEBSATH ONMPOOOBAHHBIX YPOBHSIX COJEHOCTH) OT UX
pasmepa (puc. 3). KileTkn MakcumaabHOTO pa3mMepa, MOsSIBUBIIMECS B PE3YJIbTATE [TOJIOBOIO IMPOLECCA U Ha-
XOJIMBIIMECS B Havajle )KU3HEHHOTO IMKJIA, OKa3aJIMCh HAaOOJiee YyBCTBUTEIPHBIMU K U3MEHEHHIO YCIIO-
BUI1 pocTa. Y KaHApPCKUX KJIOHOB TaKas 3aBUCMMOCTh He IpociiexkuBanach. Ciemyer oOpaTuTh BHUMaHHe
Ha TO, YTO MX IOJIOBOE BOCIIPOM3BEJCHUE HE U3YyUEHO; caMble KPYIHbIe KJIETKU, HAXOIsIecs B Hayase
KU3HEHHOTO 1UKJIA, HE TIOJTy4eHBI.

OnTuMyM COJIEHOCTH JJIsl BET€TATUBHOTO POCTA KJIETOK YepHOMOpcKou nonyssuun 1. undulatum co-
ctaBui 27,8 %o, 1Tl KaHAPCKHUX KIOHOB — 32,4 %o. J17151 TIOJIOBOTO BOCITPOU3BEICHH S, THUIIMAPOBAHHOTO
y YEPHOMOPCKHMX KJIOHOB, ONITUMAJIbHBIMH ObLTH 27,2 %o (pUc. 4).

OBCYKIEHUNE

Mopdosiorsi U 00pa3 KWU3HU TPEACTABUTENICH dYeThIpeX poaoB — Ardissonea De Notaris,
Climacosphenia Ehrenberg, Synedrosphenia (H. Peragallo) Azpeitia Moros u Toxarium J. W. Bailey (110-
psanok Toxariales Round), o6bennHseMbIX OOLIMM Ha3BaHUEM TOKCAPUUABL, — HAXOASATCS B SIBHOM IIPO-
TUBOPEUYUH C JAHHBIMU T€HOCUCTEMATUKH, KOTOPasi pa3MelaeT UX Cpe/iv MOJISIPHbIX LIEHTPUUECKUX AUATO-
MOBBIX [ 19, 20, 21, 24, np.]. O60c0OOJEHHOCTH ¥ SBOJIIOIMOHHAS YHUKATBHOCTD 9TOM TPYIITBI HEJABHO IO
TBEPKJICHBI pe3yJIbTaTaMU UCCIIeOBAaHNS PEITPOAYKTHBHOM Onoorun Ardissonea crystallina (C. Agardh)
Grunow: Kak OKa3ajoch, BOCHPOU3BOJUTCS 3Ta BOJOPOC/Ib HE OOTaMHBIM MYTEM, THUIWYHBIM IS BCEX
M3YUYEHHBIX [0 3TOr0 HEHTPUUYECKUX, a crocodoM, Oojiee XapakTepHbiM Uil neHHaTHbIX [13]. Cyns
0 MOJIEKYJISIPHO-(PUIIOTEHETUYECKUM NOCTPOEHUSIM [21], MOKHO 3aKJII0YUTh, YTO SBOTIOLUOHHAS JIUHUS
TOKCApHUJ OTAEJUIACh OT CBOMX IPEAKOB Ha pyOeke MeJIOBOTO M I0PCKOTo MepHooB, okoso 150 MiH
niet Hazan; 35 MiH JieT criycts Toxarium pazomeéncs ¢ Ardissonea u Climacosphenia. Cnegyetr oOpaTHTh
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Puc. 2. OTHOCHTEBHOE KOJIMYECTBO MOTHOMMX KIeTOK Toxarium undulatum nipu iepeHoce U3 Cpefibl ¢ COoE-
HocThIo 20 %o (A, uepHOMOpcKas nonysius) u 30 %o (B, kaHapckas nomyJisuuys) B HOBYIO Cpely C pa3HoOi
COJIEHOCTHIO (B CpeHEM JIJTsI YETHIPEX KJIOHOB 3a ISITh JHEW PocTa B HOBOU cpefie)

Fig. 2. Relative number of dead Toxarium undulatum cells when transferred from medium with salinity
of 20 %o (A, the Black Sea population) and 30 %o (B, the Canary population) to a new medium with different
salinity levels (on average for four clones for five days of growth in the new medium)

BHUMaHHE Ha TO, YTO B pojie Toxarium HaCUUTHIBAETCS BCETo J1Ba BUa [22]. DTO CBUIETEJILCTBYET O 3HAUU-
TEeJIbHON KOHCEPBATUBHOCTU €r0 FeHeTUYECKOW KOMIO3UIIMU: OHA MaJI0 MEHsLIach Ha MPOTSIKEHUH OoJiee
yem 100 miH ner. Tlo kpaitHeilt Mepe, TpOM3OLIEAIINE U3MEHEHUsI HE MPUBEIM K MOSIBJICHUIO HOBBIX,
MOpoIoruyeckn pa3aMuuMbIXx BUAOB. C y4ETOM 3TOro OOCTOSATENHCTBA MOXKHO MPEATNOJIOKUTH, UTO,
3aceisisi HOBbIE MecTa OOWTaHMS, OTJIMYAIONINeCs], B YaCTHOCTH, YPOBHEM COJIEHOCTH, Toxarium coxpa-
HsIeT CBOM OCOOEHHOCTH, BBIpaOOTaHHBIE MWUTMOHAMH JIET SBOJIOIMHU, KOTOpPBIE Ha (PH3HOIOTUIIECKOM
YPOBHE MPOSIBIISIOTCS B ONMpPeIeNEHHbIX (PU3UOTOrnYecKux ontumyMax. [Ipy 3BOMIOIMOHHON afanTanuu
K HOBOH COJIEHOCTH C/IBUT MPEEIOB TOJEPAHTHOCTH U (PU3UOJIOTMYECKUX (IKOJOTUUYECKHUX) ONTUMYMOB
Hen30exkeH; BOIPOC B CKOPOCTH TAaKUX NU3MEHEHHIA.

ABastioTcst i 7—8 THIC. JIET TOCTATOYHBIM MEPUOJOM JIsl SBOJIIOLIMOHHBIX U3MEHEHUH, KOTOPBIE MO-
T'YT MPUBECTH K TIOSIBJIEHUIO HE TOJIHKO HOBBIX CBOMCTB, HO M HOBBIX BHIOB IUAaTOMOBBIX? Ha 3TOT Bompoc
MO3KHO OTBETHUTD IMOJIOKUTENILHO, €CJIU B KAUeCTBE MPUMEpa B3ATh KOMILIEKC KPUIITUYECKUX BUJOB poJa
Haslea [17, 18]. HepaBHo onucannblii Hamu Haslea karadagensis [16] — sugemuk YépHoro mops [18].
[Tpu sTOM BUJ MMeEeT Mpelesbl TOJEPAHTHOCTU U (PU3HOIOTUUYECKUE ONITUMYMBI, YKa3bIBAIOIIME HA OKe-
aHn4geckoe mpoucxoxaeHue: 25-30 %o ObLTM ONTUMAJIBHBI IJII €T0 POCTA, a TI0JIOBOE BOCIPOM3BEICHUE
HEe IPOUCXOIUIIO B Cpeie, COIEHOCTh KOTOpou Huxke 17 %o [14].
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Puc. 3. CmeprHocTh Kjetok Toxarium undulatum B 3aBUCUMOCTH OT WX aNMKAJIbHOM JJTMHBI (TIpU TIe-
peHoce B HOBYIO cpely, B CpegHeM mIJis JeBATH YPOBHEW COJNEHOCTH); [ ] — KaHapcKue KJIOHHI;
@ — YepHOMOpPCKUE KJIOHBI

Fig. 3. Mortality of Toxarium undulatum cells depending on their apical length (when transferred to a new
culture medium, on average for nine salinity levels); [ ] are the Canary clones; @ are the Black Sea clones
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Puc. 4. OTHOCUTETBHOE KOJIMYECTBO T€HEPATUBHBIX KJIETOK B CMCIHIAHHBIX I[TOCEBAX PEIIPOAYKTUBHO COBMECTH-
MBIX KJIOHOB Toxarium undulatum B 3aBUCUMOCTH OT YPOBHA COJIEHOCTH Cpebl. AHHpOKCI/IMaLII/IH BBITTIOJIHEHA
IMOJIMHOMOM BTOpOﬁ CTCIICHU. I_HTPI/IXHyHKTI/IpHaH JIMHUSA YKAa3bIBACT HA MOJIOKEHUE OIITUMYyMa

Fig. 4. Relative number of generative cells in mixtures of reproductively compatible Toxarium undulatum
clones depending on a salinity level of a medium. Approximation was performed by a second-degree
polynomial. A dash-dotted line indicates an optimum position

ITpenensl TonepantHocT! 1. undulatum 1o OTHOUIEHUMIO K COJIEHOCTH JOCTATOYHO IIMPOKU. Kietku
OCTaBAJIHCh KU3HECTIOCOOHBIMU (B pa3HOW Mepe) npH 12—42 %o, OJI0BOE BOCTIPOM3BEAECHHE TIPOUCXOIH-
JIO B HEMHOro 0oJiee y3KkoM Juarna3oHe. CTojb IMPOKUNA JUana3oH npu ontuMyMme okojio 30 %o cBuie-
TEJILCTBYET B MOJIb3Y MPEAINOJOKEHUSA O TOM, YTO UMEHHO OTHOCUTEJIbHAS SBPUTAIIMHHOCTD MO3BOJIMIIA
BUJIy OCBOUTb HOBOE ISl HETO MECTO OOUTAHUS MOCTIe BOSHUKHOBEHHM S ITPOJIMBOB, COSAMHSIIONMX YEpHOe
u CpenuzemMHoe MOps. MaJIoBEpOATHO, YTO MPEAKOBas CpeIM3eMHOMOPCKas (OKeaHNYecKas ) MOy IsLus
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OblJTa CTEHOTAJIMHHOM, a Y YePHOMOPCKOM TIOMYJISIIIUK BCJIEICTBUE SBOJTIOIIMOHHBIX U3MEHEHUH 32 OTHOCH-
TEJIbHO KOPOTKHI Tiepro]1 (7—8 ThIC. JIET) AMana3oH TOJEPAHTHOCTH 3HAUMTENILHO pacmmpuiics. O0 3Tom
TaKkKe€ CBUACTENILCTBYIOT Pe3yJIbTaThl U3yUEHHS MOJIOKEeHUs (PU3UOTIOTMIECKUX ONTUMYMOB U IPeJesioB
TOJIEPAHTHOCTU OKEAHWYECKOM MOIYJISIMY KJIOHOB, BBIJIEIEHHBIX HAMU ¢ ToOepesxbsi 0-Ba I'pan-Kanapus,
110 MOP(OJIOTMYECKUM XapaKTepUCcTUKaM onpesensembix Kak 1. undulatum. B atom Mmecte MupoBoro oke-
aHa, B ominure ot YEpHOro Mopsi, COJIEHOCTh OCTaBaIaCh HEM3MEHHOU Ha MPOTSKEHUM MHOTHX MUJLIHO-
HOB JIET, OJJHAKO BbI/IEJIEHHbIE KJIOHBI TOKA3aJIM TAKYIO K€ IIUPOKYIO TOJIEPAHTHOCTh, KAK U YePHOMOPCKHE,
Y MX ONTUMYMBI [JIsl POCTa Pa3InvaIncCh HE3HAUUTEIIbHO.

Kakue-To BBIBO/IBI O BO3MOXKHBIX PENPOAYKTUBHBIX Oapbepax Mek1y YEPHOMOPCKOMW MOIyJIsIen
T. undulatum v ONyJNALMAMUA U3 Ipyrux MecT MHUpPOBOro OKeaHa INpeXAEBPEMEHHBI O BbBIIOJIHEHUS
9KCIEPUMEHTOB MO CKPEIUBAHHUIO.

Kaxk u3BecTHO, pa3Mep KJIETOK onpeaesseT ux a3y ;KU3HEHHOTo 1UMKJa [22]. Anpropu, 10 yCTaHOBJIe-
HUS TIOJIOXKEHM ST BEPXHEW T'PaHUIIbl PA3MEPHOTO JIMarna3oHa ayKCoCIopooOpa3oBaHusl, C BBICOKON BEpOSIT-
HOCTBIO MOKHO YTBEPXKIaTh, OMUPAsiCh Ha 0O1He MpUHIMIKI [ 12], uto KieTku ki1oHoB 8.0822-D u 8.0920-
E Haxonmiuch B reHepaTUBHOM (pa3e, B TO BpeMs Kak KJIETKHU KJIoHa 8.1227-A ellE He JOCTUIIIM pa3MEpOB,
MO3BOJISIONIUX BCTYIUIGHHE B TMOJIOBOW TIpOIecC. Y YEeThIPEX M3YYEHHBIX KJIOHOB M3 UYEpHOro Mops mpo-
CJIeKMBaJaCh KOPPEJsLUs MEXAY YCTOMUUBOCTBIO K U3MEHEHHUIO COJIEHOCTH CPE/ibl U Pa3sMEepOM KJIETOK:
MeJIKMe KJIeTKHU OKa3aauch 0osiee yCTOMYMBBIMU K PE3KUM M3MEHEHHSIM COJIEHOCTH (cM. puc. 2). Mexay
TEeM JIeJIaTh OKOHYATEJIbHBIIA BHIBOJ] O 3aBUCIMOCTHU COJIETOJIEPAHTHOCTHU OT (pa3bl JKM3HEHHOTO IUKJIA TTOKa
NpeXaeBPeMEHHO (BBU/y HEOOJIBIIIOTO KOJMUYECTBA MMOJYYEHHBIX JAHHBIX ¥ BO3ZMOKHOTO KJIOHOCTIEU(U-
yeckoro oreera). C KJIOHOBOW CIeU(UYHOCTBIO Mbl CTAJIKUBAJIMCh BO MHOTUX 9KCIIEPUMEHTAX; 3TO Kaca-
JIOCh IIMPOKOTO KPyra XapaKTepUCTUK, HAYMHAS CO CIIOCOOHOCTH CUHTE3MPOBATh M HAKAIIMBATH OIpe/e-
JIEHHBIE BellecTBa (HarpuMep, MUIMEHTH y mpejacTaBuTeneit pona Haslea) n 3akaHuMBasi CiocCOOHOCTHIO
K BCTYIUICHUIO B TMOJIOBOW MPOIIECC U MHTEHCUBHOCTBIO ayKCOCTIOPYJISALIMU. 3aMeTUM, YTO Y OJIU3KOpO[-
CTBEHHOTO BUAa A. crystallina, HaripoTuB, 60Jiee KPYIHbIE KJIETKH ObICTpee aJanTHPOBATINUCh K IEPEHOCY
u3 cpenpl ¢ conéHocThio 20 %o B cpefy ¢ conéHocTbio 12 %o [15].

[pum yKa3aHHBIX pa3IuIMsX BAXXHO OTMETHUThH CJIEIYIONIYIO OOIIYI0 3aKOHOMEPHOCTD: TSI BCEX M3Yy4eH-
HBIX HAMH Y€PHOMOPCKHX BUIOB JUATOMOBBIX OIITUMYMBbI COJIEHOCTH AJIs1 BET€TATUBHOIO POCTA U MOJIOBOTO
BOCIIPOU3BeICHUsI ObLTH BhIIIe TUMMYHOU 111 YEpHOTO MOpsl BOJIM3H KPBHIMCKOTO MOOEPEkbsi CONEHOCTH
17-18 %o (1abm. 1). Ipesbiinenue gocturaio 8—12 %o u naxe 60mbimx 3HaueHnit. CBEIEHUs O TOM, YTO JId-
aTOMOBBIE, KUBYIIME B YEPHOM MoOpe, AensTcsl ObIcTpee P CONEHOCTH BBIIIIE Y€PHOMOPCKOM, HE HOBBI
(marmpumep, [4, 8, 10]). Takoe HecoBnaneHue (pu3NOIOTHIECKUX (IKOJOTMUECKHX) ONTUMYMOB C YCIIOBHSI-
MU, XapaKTEPHBIMH JJIS MECT OOUTAHUS TIOMYJISAINIA N3yYeHHBIX BUIOB (CM., OJTHaKo, nHoe MHeHwe [10]),
Ha Halll B3[JIsA]], HEJBYCMBICJIEHHO MOKA3bIBAET, UTO [Isl YEPHOTO MOPS STU BUIBI ABJSIOTCS MPUIILIBIMHU,
a TeMIIbl UX SBOJIOLUMN HE MO3BOJWIUA MPUBECTU (PU3HOJOTMUECKUE U IKOJIOTUUYECKUE XAPaKTEPUCTUKU
B [IOJTHOE COOTBETCTBHE C YCJIOBUSMHU OKPY:KAIOIIEH CPEJIbI.

JI7151 TOTO YTOOBI BU MOT CYIIIECTBOBATD B ONPENEIEHHBIX YCJIOBHUSX COJIEHOCTH, YPE3BHIUAIHO BaKHBIM
SIBJISIETCS] COOTBETCTBHME 3TUM YCJIOBUSIM JIMana3oHa TOJIEPAHTHOCTH, OTHOCSIIErocsl He TOJIbKO K Berera-
TUBHOMY POCTY, HO U K MOJIOBOMY BOCITpon3BeieHuI0. Kak n3BecTHO, MoJioBoe BOCITPOM3BEACHUE IS T10-
AABJISIONIET0 OOMBIIMHCTBA JUATOMOBBIX SIBJISIETCS 00sI3aTeIbHBIM 3TANOM KHU3HEHHOro mnukiaa [11, 22].
Crnenyioliee MOKOJIEHUE MOXKET HE TOSIBUTbCS M3-3a HEMOAXOASAIIMX YCioBui cpenbl. 1. undulatum npo-
JAEMOHCTPHPOBAJI CIIOCOOHOCTh BOCTIPOM3BOJUTHCS MOJIOBBIM IMTYTEM B TMAIa30He COJEHOCTEN, HECKOJIBKO
6oJiee y3KOM, YeM JJIsI BEreTATUBHOTO POCTa, HO BCE JKe OCTATOYHO mpokoM. OOpariaeT Ha ceOs1 BHUMa-
HUE N0JI0KeHNe ONTUMYMa: U B 9TOM CJIyyae OH ropas3fio Bblllie 3HAYEHUI COJIEHOCTH BObI YUEPHOTO MOps
1 03. [loHy3n1asB.

Takum 006pa3oM, MOJTyUYeHHbIE JaHHbIE CBUIETENLCTBYIOT O ToM, UTO 1. undulatum, Hapsimy co MHO-
TMMU JAPYTUMH BHJAMHU JUATOMOBBIX BOIOPOCIEH, 3acenn YepHOMOpCKHiA OacceiiH B TOCTHOBOIBKCHH-
cKuil nepuoll. B ero ¢usnonornueckux peakuusax Mo OTHOIIEHHMIO K COJIEHOCTU Cpelibl MPOCIIEKUBAETCS

Marine Biological Journal 2020 vol. 5 no. 1



26

H. A. HaBugoBuy, O. 1. laBunoBu4

OKEaHMYEeCKOe MPOUCXOXKAeHUE. 3a1ava MOCIeAYONMX UCCIeJOBaHMI Oy/IeT COCTOSATh B M3yYEHUH pe-
IPOJYKTUBHBIX OTHOLIEHHA YEpPHOMOPCKOM M OKEaHMYECKOW MOIMyJIAIMA U B BBIAICHEHMM HAJIMYUsA
WM OTCYTCTBHSI MEXKYy HUMH PETIPOLyKTUBHBIX OapbepoB.

Taouuma 1. YpoBHU CONEHOCTH, OJArONPUATHBIE ISl BETETATUBHOTO POCTA U MOJIOBOIO BOCITPOU3BEICHHUSI
HEKOTOPBIX YEPHOMOPCKHUX BUIOB TUATOMOBBIX BOIOPOCIICH

Table 1. Salinity levels, favorable for vegetative growth and sexual reproduction of some Black Sea diatoms

Ontumym Ontumym
Hcrounmuk
Bun JUIs1 BETETATUBHOTO POCTA JUIS1 TIOJIOBOTO
JIAaHHBIX
(TIpesiestbl TONIePaHTHOCTH), %o BOCIpOU3BeeHHUs, %0
Ardissonea crystallina 29 (9-45) 30 [15]
Climaconeis scalaris 30 (8-48) 30 [3]
Haslea karadagensis 25-30 (8-45%) 25-30 [14]
Nitzschia longissima 27 (8-45) 30 [23]
Tabularia tabulata 30 (2,25-49%) 30 2]
Toxarium undulatum 28 (8-48) 27 HacTosIIasi paboTa

F "
IIpumevanne: = — GoJiee BHICOKME 3HAUSHUS COJIEHOCTH B SKCIIEPUMEHTaX He IPOBEPSUIH.
* . . . . .

Note: ~ — higher salinity values were not checked in experiments.

1.

Paboma noooepacana eparmom Poccuiickozo ¢ponoa pyHoameHmanvhvix uccaredosanuii «HMsyuenue gudocne-
UuPuuHOCMU IBONOUUOHHO20 NEPEXO0d OMm 002aMUU K HEO02ZAMHOMY NOA0BOMY 60CNPOU3BEOEHUIO Y NOASPHBIX
uenmpuueckux ouamonmeii (Mediophyceae)» (Ne 19-04-00070_a).
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SALINITY OPTIMA FOR VEGETATIVE GROWTH AND SEXUAL REPRODUCTION

OF THE DIATOM TOXARIUM UNDULATUM

N. A. Davidovich and O. 1. Davidovich

T. I. Vyazemsky Karadag Scientific Station — Nature Reserve of RAS — Branch of IBSS RAS,
Feodosia, Russian Federation
E-mail: nickolaid@yandex.ru

Distribution of diatom algae is limited by their tolerance to environmental factors. Although a genus Toxar-
ium has been evolving for more than 100 million years, it is represented by only two species. Toxarium
undulatum is widely spread in tropical and subtropical seas, and it can be also found in the Black Sea,
the salinity of which is twice lower than the oceanic one. Ecological and psychological characteristics
research of this species is of great interest in terms of its relationship to salinity. 7. undulatum clonal
cultures were sampled in the Donuzlav Lake connected to the Black Sea (southwest of the Crimean Penin-
sula) and on Gran Canaria coast (Canary Islands archipelago). Experiments on the salinity tolerance limits
showed, that the Black Sea clones were viable in a range of at least 30 %o (12 to 42 %o). The same wide
range of salinity tolerance with slightly higher values was observed among oceanic clones of this species.
Optima of vegetative growth and sexual reproduction were determined. Optima of the Black Sea clones
appeared to be 27.8 and 27.2 %o, respectively, which was significantly higher than salinity observed in pop-
ulation habitat. Similar higher optima of vegetative growth and sexual reproduction, compared with those
salinity values, at which natural population developed, were observed for a number of other Black Sea dia-
toms, which proved their oceanic (Mediterranean) origin. It was concluded that 7. undulatum, along with
other species, began to populate the Black Sea basin about seven thousand years ago after Mediterranean
Sea water started to flow into the freshened Novoevksinsky Sea-Lake through the Bosporus Strait. How-
ever, the evolution rate did not allow bringing physiological and ecological characteristics of the species
studied into full agreement with environmental conditions. Oceanic origin is evidently seen in its phys-
iological reactions to salinity. Possibility of speciation due to settlement of the Black Sea with oceanic
species is discussed.

Keywords: diatom, Toxarium undulatum, evolution, salinity, tolerance limits
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Xnopopraamdeckue nectuiuabl (XOIT) n momuxiaopupoBanusle 6udennns (IIXB) oTHOCcATCS K TpyII-
Tie CTOWKHMX OpraHnveckux 3arpsisHsonumx BemecTB (CO3) U ABISAIOTCS TIOOATBHBIMU CYEPIKOTOKCH-
KaHTaMu. Ppiba 1 MOpEnpoayKTh — BaKHBIA MCTOYHUK IOJHOIEHHOTO OellKa M TOJIMHEHACHIIEHHBIX
JKHUPHBIX KUCJIOT, OCOOSHHO ISl JKUTeNIel mpruMopcKux paiioHoB. 1o 90 % Bcex MOJUTIOTAaHTOB MOCTYIA-
10T B OpraHu3M uenoBeka c nuiieid. Koneunsim geno CO3 B okpyxalolei cpeae sIBISIIOTCS MOPCKUE
9KOCUCTEMBI, a CJIeIOBATEIbHO, STH BEIIECTBa MOTYT HAKAILIMBATHCA B Pa3IMYHBIX OOBEKTaX MOPCKOIO
npomeiciia. B padore npencrapieHsl cBenenus o koHneHTparusax XOIT [uzomepst I'XIT (a-, B-, v-),
JOT u ero mera6onuts! (A4 u AJE)] u I[1XB B Mbimmax kam6an poga Hippoglossoides Gottsche, 1835,
OOHMTAOIMIMX B JAaJbHEBOCTOUHBIX MOpsix Poccun (Oxotckoe mope, TaTapckuii posuB, SIMoHCKOe MO-
pe). JIunuabl SKCTparnpoBaid U3 TOMOTEHATOB TKaHEH PhIO CMEChI0 FeKCcaHa U alleTOHA C MOCIIeAYOIIUM
pa3pylIeHHueM KMPOBBIX KOMIIOHEHTOB KOHIIEHTpUpoBaHHOM cepHol kucnotoid. XOI u I1Xb pazpensim
IIPY TIOMOIIM KOJIOHOYHOH X poMaTtorpacduu MoJIsIpHBIM U HETOJIIPHBIM pacTBoputesisiMu. KceHoOnoTku
KOJIMYECTBEHHO OTPENIEISUIA METOJIOM T'a30BOM XpOMATO-MacC-CIIeKTPOMETpHH. 711 OlleHKH KadecTBa
BBIOPAaHHOM METOIUKH HMPUMEHSUIM METOJ CTaHAAPTHBIX 100aBoK. CpeliHsist BOCIPOU3BOJIUMOCTb KOH-
LIEHTpalUil aHaJIUTOB BapbupoBaia oT 94,6 no 103,7 %, 4To roBOPUT O HAAEKHOCTHU MOJYUYEHHBIX JaH-
HBIX 1 00 3)(PeKTUBHOCTHU UCTIONIb30BaHHBIX MeTONIOB. CpelHre KOHIIEHTpaIuu Y JIT, Y I'XIIT, Y XOII
(LOAT + YI'XID) u YIIXB KOHreHepoB COCTaBWJIM: B OOpasiiaXx, OTOOPAHHBIX B BOCTOYHOM 4YacTH
Oxotckoro mopsi, — (62 £ 89), (50 = 52), (100 £ 125) u (92 * 45) Hr-I~' JIMIUIOB; B 10%-
Hoil yactu Oxorckoro mopst — (20 = 17), (36 £ 37), (54 = 41) u (99 * 43) Hr-r~! JIMIAZOB;
B fAnoHckom mope — (40 = 29), (62 + 36), (102 = 50) u (1616 = 1177) Hr-I™' JIMIHIOB cOOT-
BeTCTBEHHO. B 0Opasiiax u3 Tarapckoro nposumsa cpeanue yposau Y I'XIIT, Y XOIT u Y.ITXB cocra-
Buwm (221 + 182), (224 + 180) u (455 + 317) urr~! ymnmuo coorBercrBenno. JIIAT OoOHapyKeH
B TPEX HUCCJIEAOBaHHBIX oOpasiiax. B BocroyHoi vactu OXOTCKOro MOpsi B KamOaslax 3aperucTpupo-
BaHbl HaunOonbme KoHueHtpanuu JIAT u ymepeHnsie — XTI, yTo MOXeT ObITh CBA3aHO C pacro-
JIOXKEHHEeM Ha TOoyocTpoBe KaMuaTka «MOTWUIBHHIKA» SITOXUMHKATOB M TIECTHITUIOB, B KOTOPOM 3a-
xoporenbl XOII. TNocrymnenne [1XB B Boabl 105%HOM Yacté OXOTCKOTO MOPSI MOXET OOBSICHATBHCS
KaK aKTUBHBIM CYIOXOJCTBOM, TaK U HAJMYMEM CTOKOB C MYCOPHBIX MOJMIOHOB, HECYLIUX OCTAaTOY-
sele konuuecTBa [IXB B skocuctemy. HOxHas yacth OXOTCKOrO MOpPsi — CaMbIil YUCTBIA U3 HCCIIe-
JOBaHHBIX PallOHOB, XapakTepusywomuiicsas HauMeHblnM copepxkanueM AT, I'XII u I[IXB B opra-
HM3Max. B kambanax u3 3amBa Hesenbckoro (Tatapckuii nmpomms) AT mpakTUUeckd OTCYTCTBOBAJL.
B T0 Xe BpeMs B HUX BBISIBIIEH CaMblii BBICOKHMI ypoBeHb coaepskanus [ XL, mpeacraBaeHHOTO TOJIBKO
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[p-n30MepoM, UTO TOBOPHT O AJMTETHHOU HUPKYJISALUA TOKCUKAHTa B 9kocucTeMe. COrlIacHO MOCTaHOB-
nenuio [IpaBurtenscTBa CaxaMHCKOW 001aCTH, HA TeppuUTOpHH 0-Ba CaxalvH eCTh MOJUTOHBI pa3Meltie-
HUs NPUILEANINX B HETOJHOCTb WM 3alpPEIlEHHbIX NeCTULIMIOB, XpaHEHUE KOTOPBIX (HA MOMEHT BCTYII-
JICHUs1 TIOCTAHOBJICHUS B CIJTY) OCYIIECTBIISUIOCH C HAPYIIEHUSIMU, CIIOCOOHBIMU IPUBECTU K CEPhE3HO-
My 3arpsI3HEHMIO OKpykaromiei cpeapl. CKkopee Bcero, HICTOUHMKOM 3arpsi3HeHusl Tatapckoro mposivBa
CTaJIl UMEeHHO OHU. [IpyruM uctouHrkoM 3arpsisHenust [ XLII" MoryT ObITh TeUeHHsl, BBIHOCSIIINE BOJIBI
SInonckoro mops yepes nposivB Hegenbckoro B Oxotckoe Mope. Bricokue yposau [1Xb B Bogax 3ayimBa
MOTYT OBITh CBSI3aHBI C AKTHIBHBIM CY/IOXOCTBOM U, BO3MOXKHO, C BIMSIHUEM CBAJIOK OBITOBBIX OTXOIOB
Ha o-Be CaxanuH. Kambansl u3 SImoHCKOro Mopst Xapaktepu3yloTcss Hanbossinum 3arpsisHenuem CO3.
Iocrymnenue XOIT B akBaTOpHI0O MOPSI MOKET OBITh CBSI3aHO C MIOBEPXHOCTHBIMH CMBIBAMU, PEYHBIMU
CTOKaMH, yTeUKaMM W3 XPaHWJIMII 3alpel€HHbIX K MPUMEHEHHMI0 MeCTULUIOB U aTMOC(pepHbIM Mepe-
HOCOM U3 CTpaH A3suw, Iie 10 CHX Hop paspelieHo npuMeHenue Hekotopbix XOI1. HalinenHsle ypoBHI
I1XDB Ha HOpPsIIOK BEJIMYMH MPEBHIIIAIOT TAKOBbIE B KamOasiax u3 OX0TCKoro Mopsi 1 TatapcKoro npoJiiea,
YTO MOXKET ObITh 00BSCHEHO AKTUBHBIM CYIOXOJICTBOM B BOJaX SIMOHCKOTO MOpSi, BIMSIHUEM JISHCTBYIO-
X HepTEHATMBHOTO U YTOJIBHOTO OPTOB B T. Haxoke, a Takke MECTHBIM 3arpsi3HEHHEM MPUOPEKHON
TIOJIOCH (TaK Ha3bIBa€MbIX MUKUX IUIsKel). TakuM oOpa3zoM, HccieqoBaHa aKKyMYJISIHS XJIOpOpraHuyie-
ckux nectuiuioB (CXIT u J/IT) u nommxiopupoBaHHbBIX OU(PEHIIIOB B MBIIIIAX KamMOall 13 JIaJbHeBO-
crounbix Mope#t Poccuu. ITpu cymectyiomem rnodansaoM porne CO3, chopmupoBaBiIeMcs Ha IJIaHETe,
YPOBHHU 3TUX COEAMHEHMI B KamOasax 10:kHOU yacth OXOTCKOro MOpsi MOTYT ObITh IPUHSITHI Kak (hOHO-
Bble. HanboibiiieMy aHTPOIOreHHOMY TIpeccy mnoasepkeHo SnoHckoe mope, rae KoHueHrtpaiwu I[1XB
3HAUUTEBHO MPEBBILAIOT TAKOBbIE KaK B JaJbHEBOCTOUHBIX MOpsiXx Poccuu, Tak M B CpaBHUBaeMbIX
pEeruoHax Mupa B LIEJIOM.

Kurouessre caosa: [JJIT, [ XL, ITXB, kambaunsl, pon Hippoglossoides, nanbaeBocTounble Mopst Poccuun

Xnopopranuyeckue nectuuuasl (aanee — XOIT) u nonuxaoprupoBaHHble Ougennsl (qanee — [1XB)
OTHOCATCS K IpyIIE CTOMKMX OpPraHMYecKuX 3arpssHsomux semects (gajee — CO3) u aBisoTcA
1100a7TbHBIMU  CYTIEpIKOTOKCHKaHTamMu [1]. PacripocTpaneHue 3THX coeqVHEHUI OO0YCIIOBJICHO MEpPEeHO-
COM BO3JYIIHBIX ¥ BOJIHBIX Macc, OMOAKKyMYyJIsIIier 1 OnoMarHudukanyei (yBeandeHne KOHICHTPaIin
TOKCHMKAHTOB B OpraHu3Max C IepexoJoM Ha OoJiee BbICOKME ypoBHHU muineBoi neru) [10, 11, 22, 26].
XOII nocTynaloT B OKPYXKaIOIIYI0 Cpelly MyTéM aTMOC(EPHOro NepeHoca U3 crpad A3um, riae A0 CUX Mop
pazpenieHo ucrnons3zoanue JJJIT (kak cpeactBa 60pbOBI C HACEKOMBIMY — MEPEHOCYMKAMHU 3200JIEBAHUI)
u I'’XITI (kak neuedHOrO cpenacTa ot Biei u dyecoTku) [21]. Uctounnkamu XOIT SBASIOTCS Takke IMo-
JIMTOHBI M 3aXOPOHEHUs SJA0XMMHUKATOB U MECTULMAOB, U3 KOTOPbIX OHM BBIMBIBAIOTCS aTMOC(EPHBIMU
0CaJIKaMH Y MIOA3EMHBIMU BOJIaMHU Y MOCTYNAIOT B MOPCKHE SKOCUCTEMBI ITyTEM PEUHBIX CTOKOB U MOBEPX-
HOCTHBIX CMbIBOB. M3BecTHO, uTo XOII MOryT nonagare B IpecHble BOAOEMBI, B TOM YHCJIE B HEPECTUIIMIIA,
MOCPE/ICTBOM OMOTpaHCIIOPTa MUTPUPYIOIUMU BUAaMu opranu3moB [ 18]. [octymienue [TXb B sxocucTe-
MBI TPOMCXOJUT B OCHOBHOM MpPU C)KUTAHUM OBITOBBIX M MPOMBIIUIEHHBIX OTXOJ0B, BO3TOPAHUM CTapbIX
TpaHC(OPMATOPOB, UCMIAPEHUH U3 TUIACTU(UKATOPOB, a TAKKE IIPU yTEUKaX C IPYTUMU IPOMBIILIIEHHBIMU
orxoaamu u yreukax u3 [1Xb-conepxammx macen [13, 19, 20].

Pbi0a 1 MOpenpoayKThl — BaKHBI UCTOYHHK MOJTHOIIEHHOTO OeJIKa U MOJTMHEHACHIIIEHHBIX KUPHBIX
KHCJIOT, OCOOCHHO JIJIS1 KUTesIel TpuMopcKux pailoHoB. [1o 90 % Bcex MOJUTIOTAHTOB MOCTYMAIOT B Opra-
HU3M uesioBeka ¢ nuiei. Koneunsim geno CO3 B okpyxkaolien cpefie sSBJSITCS MOPCKUE 9KOCUCTEMBI,
a 3HAYMT, 9TH BeleCTBA MOTYT HAKATUTMBAThCs B Pa3IMYHBIX 0OBEKTaX MOPCKOro mpomeicia [17, 22, 26].

HaneHeBocTouHble MOps (SImoHckoe, OXoTckoe 1 beprHroBo) ABISIOTCA OCHOBHBIMU ITPOMBICIIOBBIMU
3oHamu Poccuiickoit ®enepanyn. BeutaBnuBaemsle Ha JanbHem BocToke kamOasisl OTHOCSATCS K HauboJee
BaXKHBIM JIJISI IPOMBICIIA O0BEKTaM, cocTaBiiss 9,5 % obiero o0bEMa BbUIOBA PHIOBI B peruone [2]. O0beém
BBUIOBA, pa3HOOOpa3ne BUIOB M HEBBICOKAS IIEHA Ha PBIHKE MPEIONPEAEISIIOT X 0C000€e 3HAUeHUE B CTPYK-
Type NUTaHUsI MECTHOTO HacesieHus. OIMH U3 BaKHEHITMX BUAOB KaMOal — MaJITyCOBUIHAsE KamOasia po-
na Hippoglossoides Gottsche, 1835, mmpoko pacripocrpan€HHas B OXOTCKOM U SIITOHCKOM MOPSIX, a TaKKe
B Tatapckom nposiee. Mbl poBeu MpeABapuTeIbHbIN MOHUTOPUHT coaepxanus CO3 B kambanax Oxot-
CKOTO MOpS1 M CAEJIAJIH MPeNOI0KeHUE O BO3MOKHOM MCIOJIb30BAHUM MOJyYeHHBIX KOHLeHTpamii CO3
Kak (pOHOBBIX IS 1aJIbHEBOCTOUYHBIX Mopei [17].
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Lestb pabOTH — OLICHUTH YPOBHU aKKyMYyJistiu v Ouotpancdopmarur XOIT u [TXB B mantycoBugHOR
KaMmOaJie U3 pa3IMYHbIX PaOHOB IAIbHEBOCTOYHBIX Mopel Poccuu (Oxotckoe mope, Tatapckuil mpoJius,
SInoHckoe mope).

MATEPHAIJI 1 METO/IbI

[MantycoBumnsle kKamOausl (Hippoglossoides Gottsche, 1835) BeUTOBIICHBI B BOCTOUHOM (y GeperoB Kam-
4yaTku) U 10%kHOH (y OeperoB Kypunbckux o-BoB) yactsix OxoTckoro mops, B 3a1. HeBesbckoro y woro-
3anagHoro nooepexbst 0-sa Caxanue (Tatapckuil nposnus) u B Oyx. Pudosas 3an. Ilerpa Bemmkoro
(SImorckom mope) sietom B 2016-2018 rr. (Tabdn. 1, puc. 1). Bospact peid cocrasisut ot 0,6 go 1 roga.
Ha copepxanue XOII u ITXB anammusupoBanu Mt (pune) peid. 3amopoxenHsie (—20 °C) oOpasipl
TKaHe! TOCTABJISUTH B JJaOOPATOPHUIO 1 TOMOTEHU3UPOBAITH TIEPe/l XUMHUUECKUM aHAIN30M.

Taduuma 1. XapakTteprcTrka 00bEKTOB UCCIIEIOBAHUS

Table 1. Characteristics of samples studied

Paiion or6opa npo6 T'ox otGopa Komtiecrso Bec, r* Junuer, %*
00pasLIoB, IIT.
219-402 0,03-2,07
IO:xHas vyacte OXOTCKOrO MOpPs 016 0 204 + 52 0.72 % 0.64
Bocrounas gyacte OXOTCKOTO MOpst 2016 10 160-415 0,06-0,47
230+ 82 0,20 £ 0,13
289-510 0,03-0,6
T: 7 2017 15 =
ATAPCIHI TpOTTHE 368 +72 0.17£0,16
SInonckoe Mope 2018 9 122-250 0,04-1,06
195 + 45 0,62 £ 0,31

Ipumeuanne: * — uana3oH, min-max (Haj 4epToil); cpefHee 3HaUeHNE + CTAHAAPTHOE OTKJIOHEHHE (TI0f] YepTOi).
Note: * — range, min-max (above the bar); mean * standard deviation (under the bar).

Jlumuapl SKCTparupoBaii U3 TOMOTEHATOB MBI WHIAUBUAYaTbHBIX 0cobeit (10-20 T), ucromb3ys
CMECh H-TeKCaHa U alleTOHa, C MOCJIeYIOUIMM pa3pyLIeHHEM KHUPOBBIX KOMIIOHEHTOB KOHLIEHTPUPOBAaHHOM
cepHo# kucijoroi [23]. [Janee pazaesnsiv noxy4eHHbI SKCTpakT HenoJissipHeiMU (111 [1XB) 1 nonspaeiMu
(nns1 XOIT) pactBopuTensiMu Ha XpoMartorpaduyeckoi KosoHke ¢ copoenToM Florisil®.

s mpuroroBienust cranaaptHeix pactBopoB XOIT u [IXB wcnons3oBany cTaHIapTHBIE 00PA3LIbI
(Dr. Ehrenstorfer u AccuStandard) o-I'XUI', B-I'XUIL, v-I'XUI', n,n’-O0T, o,n’-OAT, nn’-A0H, o,n’-
IO, n,n’-OIE, o,n’-IJAE u cmech konrenepos [1Xb 28, 52, 155, 101, 118, 143, 153, 138, 180, 207 ¢ ycra-
HOBJIEHHBIMU METPOJIOTMYECKUMHU XapaKTEPUCTUKAMU: COAEPKaHUE OCHOBHOIO Belectsa — 99,4-99,6 %,
norpemHocTh onpeneneHuss — 0,4 %. s kamMOpOBKHM XpOMaTO-Macc-ClIEKTPOMETpa MPUMEHSIIU pado-
upe crangapthbie pactBopbl XOII u ITXB ¢ koHuentpauueid 10 Hr-Mi1~!, IpUroToBIeHHbIE MyTEM pas3-
OaBJIeHHs] CTAHAAPTHBIX PACTBOPOB COOTBETCTBYIOIIMM OOBEMOM H-TeKcaHa. Takske MCIoJb30Bau OUO-
moteky Pesticides. OCHOBHOe ompejielieHe MacCOBOIO COAEPkKaHHs XJIOPOPraHMYECKMX COEAMHEHUIt
B OMoMarepualie IpoBOJIMIIM Ha Ta30BOM XpoMaTo-Macc-criekTpoMeTpe Shimadzu GC MS-QP 2010 Ultra,
ocHamEHHOM aBTojo3atopoM AOC-5000 (moapoOHble XapaKTepUCTHKM YKaszaHbl paHee [27]). Ins uc-
CJIeIOBaHMS UCTIOJIb30BAIM KAIMJLISIPHYIO KOJIOHKY SLB-5; ra3-Hocuteb — resuil (CKOpocTb IOTOKa —
1 mu-mun.~!). Temneparypbl HHKeKTOpa U AeTekTopa coctapiam +250 °C 1 +150 °C coOTBETCTBEHHO.
[Iporpamma Harpesa: yBenmdenue temneparypbl 10 +100 °C B teyenue 4 munyt, HarpeB 10 +310 °C
co ckopocteio 7 °C B MUHYTY, yJep:KUBaHUE KOHEUHOM TeMmeparypbl B TedyeHue 6 MuHyTt. Vccnenye-
MYIO CMech B 00bEME 2 MKJI BHOCWIM B pexume 0e3 pas[esieHusi, C MOCIeAyIM OTKPBITUEM pasfe-
Jsouero nopra yepe3 1 MuH. MoHM3auumio BelecTs B ra3oBod (pa3e OCYLIECTBISUIM B PEXUME 3JIEK-
tponHo# nonm3anuu (EI mode). Monutopusr n3dpanHbix HOHOB (selected ion monitoring, SIM) paspa-
O0TaH COMIAaCHO HACTPOMKAM M TIpejiesiaM OOHapykeHHs mpuodopa. [jist Kakaoro ypoBHsS XJIOPHUPOBAHUS
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Puc. 1. Kapra mect ot60pa 06pasiios kamban: 1 — 6yxra Pudosas, 3amus [lerpa Benmukoro, SinoHckoe Mope;
2 — 3a;muB Hesenbckoro, TaTapckuil nponuB; 3 — 103kHast yactb OXOTCKOro Mopsl (IIPUKYPHIILCKUE BOABI);
4 — BoctoyHad yacTb OXOTCKOro Mops (MpUKaM4yaTCKue BOJIbI)

Fig. 1. Map of sampling sites of flounders: 1 — the Rifovaya Bay, Peter the Great Bay, the Sea of Japan;
2 — the Nevelsky Bay, the Tatar Strait; 3 — southern part of the Sea of Okhotsk (off the coast of the Kuril
Islands); 4 — eastern part of the Sea of Okhotsk (off the coast of Kamchatka)

oTciexuBaiu aBa MoHa (M+ u [M+2]+). 115 uneHTuUKaIKU UCCIIeyEMOTO COeJUHEHHU S B KAYECTBE TMOJI-
TBEPKIAIOUINX KPUTEPUEB MCIOJIb30BAIM BPEMs BbIXOJa, MACCy U OTHOCUTEJIbHOE COJIepKaHue TOATBEp-
K parorero noHa. OTHOCUTENIBHBIN MPOLIEHT HeonpeaeaeHHOCTH MeHee yeM 120 % cuuTaiu nIpueMIIeMbIM.
[Tnomany nukos uzMepsau nporpammort GCMS Postrun Analysis.

Jl71s1 OLIEHKM KavyecTBa MCIOJIb30BAaHHON METOIMKU MPUMEHSUTM METO/ CTAaHAAPTHBIX J0O0aBOK. K MbI-
mIeYHbIM TKaHAM 10 00pa3uoB kamban J0OaBJIsIM M3BECTHBIE KOJMUYECTBA MCCIIEYyEMbIX COEIMHEHH.
[TpoGonoAroTOBKY 1 UCCIeOBaHUe CMEIIaHHBIX 0OPa3IloB OCYIIECTBIISIIM M0 YKa3aHHOMY BHIITIe METO/Y.
PesynbraThl mokazanu, yTo CpeHssi BOCIPOU3BOAMMOCTb KOHIICHTPAIMK aHAJIMTOB BapbrpoBaia ot 94,6
1o 103,7 %, 4To TOBOPUT O HAJEKHOCTU MOJTYUYEHHBIX JAHHBIX U 00 3(P(EeKTUBHOCTU UCIIOIH30BAHHBIX
MeTos0B. [Ipenensl oOHapyKeHUs pacCUMTHIBATM KaK 3 CTAaHJAPTHHIX OTKJIOHeHHs 10 mpod B cMeraH-
HBIX CO CTaHJapTamMu oOpasuax. [[jisi aHaIMTOB, KOTOphIe HEe YIaBaJoCh OMPEAETUTh B CMEIIaHHBIX TIPO-
0ax, mpeesl OOHAPYKEHUsT HAXOIWIM KaK KOJMYECTBO BellecTBa B 0Opasiie B COOTBETCTBHU C MUHH-
MaJIbHOW KOHIIEHTpaIeld KammOpoBovyHOro cranaapta. s ucciaenosandbix XOIT nipeaensl oOHapyxe-
Huda cocrapuam: o-I'XHIN — 0,2-0,3; p-I'XUI — 0,1-0,2; v-I'XUI' — 0,3-0,5; n,n-J0T — 0,6-0,7;
on’-JAT — 0,2-0,6; n,n’-A0d — 0-0,1; o,n-O40 — 0,1-0,2; n,n’-AJIE — 0,1-0,2; o,n’-IJAE —
0,1-0,4 urr!. Ina koHrenepoB [1XbB npenensl ooHapyxenus cocraBu: 28 — 0,5-0,6; 52 — 0,4-0,7;
155 — 0,1-0,5; 101 — 0,6-0,8; 118 — 0,7-0,8; 143 — 0,2-0,7; 153 — 0-0,1; 138 — 0,2-0,3;
180 — 0,5-0,6; 207 — 0,7-0,8 ar-r .

CraTucTUYeCKUIA aHAJIN3 PE3yJIbTATOB OCYIIECTBIISUTN C UCTIOJIb30BaHUEM ITPOTPAMMHOTO 00eCTIeYeHH ST
IBM SPSS Statistics. JJocTOBepHOCTb JaHHBIX OLIEHUBAJIM C TIOMOIIBIO ABYCTOPOHHETO Kputepus Kpacka-
na— YoJutuca ¢ ypoBHeM 3HauuMocTH p < 0,05. Pe3ysbTaThl peacTaBieHbl B CJIEAYIOMIEM BUJIE: TMarna3oH
KOHIICHTpAIWiA, Cpe/IHee 3HaUYeHNe T CTaHAapTHOE OTKJIOHEHHE.

PE3VJIbTATBI

Bocmounast u 1wocnas wacmu Oxomckozo mops. JIuanazon konuenrparmii XOIT (LT + YIXI)
B KamOaJle U3 BOCTOYHOM yacT OXOTCKOTO MOPS BAPHUPOBAN B LIMPOKMX npejenax oT 14 1o 434 uror!
JMIUIOB co cpenHeil koHuentpauyei (100 £ 125) urr~! mumanos. Cymmaphsie yposau TXIT u JIAT
cocrapnam ot 14 no 158 [cpeanee — (50 + 52)] u ot 0,6 mo 276 [cpennee — (62 *+ 89)] mrr!
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JUNHUIOB cOOTBeTCTBeHHO. [Inanazon koHueHnTpanuii XOIT B peioe u3 0xHON yactd OXOTCKOTO MOpsT —
11-141 urr~! numunos, cpelHsas KoHIeHTpaimsa — (54 £ 41) HI-T~' JTUNAIOB (HUXE, YeM B MpUKaMyaT-
ckux Bojax). Cymmapusie ypoBHu [' XTI u AT B ppide usmensuuce ot 3 1o 103 [cpennee — (36 = 37)]
u ot 1 o 45 [cpeanee — (20 = 17)] HI'T~' JIMMUIOB COOTBETCTBEHHO (TAKXKe HIDKE, 4eM y Oeperos
KamyaTkn).

3 m3omepoB I'’XUI" B ppidax u3 BocToyHOM YyacTt OXOTCKOr0 MOpsi HAUOOJIee YacTo ONpeeIsieMbIM
ObLI1 B-u30Mep ¢ KoHueHTpauueil 14-158 [cpennee — (49 + 51)] urr~! nmumunos (puc. 2). Ilpu stom
o-I'XHI" BeIsSIBIIEH TOJIBKO B OJHOM 00pasiie B KOHLEHTpaluu 8 arr-! Tumanos. Konuenrpaumu y-I'XHI
OBbLTN HUKE MPeJIeIoB OOHAPYKEHUSI BO BCEX MCCIIEIOBAaHHBIX 00pa3Iiax.

O BoctouHas wacTh OX0TCKOTO MOps U HwkHag wacth OxoTekoro Mops

— —_ — — b
(] e o) oo o=
= o= = (=] (=]
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=
=]
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]
l—.
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Puc. 2. Cpennue KOHIIGHTpALIUK NOJUTIOTAHTOB B KaMOaIaxX M3 BOCTOYHOM U 10)KHOH yacTelt OXOTCKOro Mopst
(TMJTaHKY TOTPEITHOCTH — BEJIMYMHA CTAaHIAPTHOTO OTKJIOHEHW )

Fig. 2. Average concentration of pollutants in the flounders from the eastern and southern parts
of the Sea of Okhotsk (error bars represent standard deviation value)

B Bocrounoit wactu Oxortckoro mopsi cpeau JIAT u ero merabomuroB koHneHtpamuu o,n-IJT,
n,n’-0AT u n,n -1 1E Hrke npenenoB oOHapyxeHus Bo Bcex mpodax. Konuenrparmu o,n -A1 v n,n -1,
BappUpOBaIM B Iuana3zoHe 6—45 [cpennee — (23 = 19)] u 13-276 [cpennee — (72 £ 114)] Hr-T !
urnuoB (puc. 2) coorBerctBeHHO. [Ipu atom o,n-[IJE oOHapyx)eH B AByX oOpasiax B KOHIIEHTPALMSIX
0,55 u 41,68 ur-r-! nmunuaos.

B peidax u3 KOxHoit yactu Oxorckoro mopst I'XIIIT mpeacraBieH o- u [3-u30oMepamMu ¢ KOHIICH-
tpamusamu 2—12 [cpemnee — (5 + 4)] u 1-96 [cpemnee — (40 + 37)] mrr~! nunmaoB coorBet-
ctBeHHO (puc. 2). YpoBHu cojepxanus y-I'XII[T Huxe mpenesioB OOHapyKeHHs BO BCeX OOpasiiax.
Cpemn T u ero meraGonuToB KOHIEHTpaiwu o,n-JJIT Huke mpenenoB oOHAapykeHHs BO BCeEX
uccnenoBanHbix pbidax. Ilpu atom nn-IAT, nn-J00 u on-IJE onpeneneHs eIUHUYHO B KOH-
ueHtpaiusax 7, 23 u 33 Hr-r! JIMNHMIOB COOTBETCTBEHHO. VYpoBuu o,n-J1J1J] BappbupoBaiM B Iuarna-
3oHe OoT 2 A0 45 [cpemnee — (17 % 18)] arr-! Unmunos. Konuenrtpatmm n,n-JIJIE u3meHsuuch
B quanasoHe ot 1 1o 7 [cpennee — (4 + 2)] ur-r! TUmnos.

Cymma konnenrpanmii [1Xb B kamOanax u3 BoctouHO yact OXOTCKOTO MOpsi BapbHpoBaja oT 24
10 279 [cpennee — (125 £ 91)] arr~! mumanos. ITXB npeacrasiieHbl BOCHOBHOM 101 u 153 koHrenepamus;
28,52, 155, 118, 138 u 180 xoHreHepsl 0OHapy)keHbI (pparMeHTapHO (B OJHOM-JIBYX 00pa3Iiax) B CIeayI0-
IUX KOHIEHTpanumsx: 28 — 411 19;52 —33;155—71;118 —21u71; 138 — 108 u 35; 180 — 66 ur-r!
marmuyioB (puc. 2). Ypoau [1XB 207 Huke mpenenoB oOHApYKEHHS BO BCEX HCCIIENOBAHHBIX MPOOax.
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Huanazonsl kKoHueHtpauu [IXb 101 u I[IXb 153 BapbupoBamu ot 11 go 81 [cpennee — (42 = 27)]
n ot 49 no 117 [cpennee — (49 + 37)] HI-T~! JIMIHMIOB COOTBETCTBEHHO.

Cymmapnsie ypoBHH [IXB B oOpasmax oOHapyxeHbl B guamasoHe oT 25 go 150 [cpenHee —
(99 + 43)] arr! mumpos. ITXB npenctasiens 28, 101, 118, 153 u 138 koHrenepamu B KOHIIEHTpa-
msix 612, 5-30, 15-50, 18—55 u 34—51 Hr-r~' JTUMUIOB COOTBETCTBEHHO. CpenHve ypoBHM COCTaBHIIA
(9+2),(18+9), (38 +13), (35+ 15 u (44 + 7) ur-r~' mumuaos (puc. 2). IIXB 52, 155 u 180 obHa-
PyXeHbl (hparMeHTapHO B KOHIEHTpausax: 52 — 14 u 5; 155 — 17; 180 — 17 u 12 nr-r~!' nunumos.
Komuectso ITXB 143 u ITXB 207 6bu10 HUKe TTpeesioB OOHApYyKeHUs BO Bcex o0pasiax.

3anuse Heseavckozo, Tamapckuii npoaus. B pridax u3 Tatapckoro nponmea n3 XOI peructpupoBaim
B ocHOBHOM [B-I'XIII" B mmpokoM Iuana3oHe KoHieHTtpauuu 37-555 [cpeanee — (224 + 180)] arr!
muruaoB. [T u ero metaGomuThl OOHapYKeHbI B TPEX 00pasiax u npeacrasiensl n,n -1 (15 Hr-r-! -
moB) v n,n’-AJE (6 1 19 vr-r~! aunummos) (puc. 3). Cymma konuentparmii [IXB B kamOasiax HaXoIunach
B auanasose 193-1384 ur-r~! nunumos (co cpeguum 3nauenuem (455 +317) ur-r~! nunuaos). B kambanax
n3 TaTapckoro mposuBa 3apeructpupoBansl 28, 52, 155, 101, 118, 143, 153, 138 u 180 konreneps [1Xb.
Vpouu I1XB 207 Obli HUke TpeAeioB oOHapyKeHUs BO BceX oOpasiax. Juana3oHbl KOHIIEHTpPAIUH
KOHT€HEPOB BapbupoBaM: 11 28 — 4-61; 52 — 3-287; 155 — 3-78; 101 — 23-108; 118 — 20-326;
143 —25-56; 153 — 38-291; 138 — 8-423; 180 — 28—106 ur-r~! nununos. CpejHue ypoBHH COCTABUIIA
(29 £21), (80 + 83), (30 +28), (45 +23), (85 + 80), (44 + 13), (118 £72), (121 = 109) u (59 +29) ur-r’!
qmrmuioB. [TXB 101 oOHapy)eH BO BceX MCCIeJOBAaHHBIX 00pasiax.
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Puc. 3. Cpenxue KOHIEHTpaIMK MMOJUTIOTAHTOB B KamOaiax Tatapckoro mpoJiuea (IJIaHKKM TOTPENTHOCTH —
BEJIMYMHA CTAHJAPTHOTO OTKJIOHEHMS)

Fig. 3. Average concentration of pollutants in the flounders from the Tatar Strait (error bars represent standard
deviation value)

Byxma Pugpoeasi, 3aaueé Ilempa Beaukoeo, Anonckoe mope. Konnenrparyn XOIT (LTXIT + Y JIT)
B Kambanax u3 Oyx. Pucopas BapbupoBamu ot 38 go 193 mrr~! numumos co cpeaHuM 3HaueHHEM
(102 % 50) ur-r~! nunumpos. Mzomeper IXIT u JIAT 1 ero MeTaboIMTh OOHAPYKEHB! BO BCEX HCCIIEIOBaH-
HbIX 1Tpobax. Yposuu cogepsxkanus Y I XTI u ) T uzmensumck ot 29 no 134 ot 9 1o 88 Hrr~! unmmos
COOTBETCTBEHHO; CPEAHNE KOHLEHTpAlUK cocTaBiisui (62 + 36) u (40 = 29) HI-T~' IMIIMIOB COOTBETCTBEH-
Ho. B kambanax u3 AAnoHckoro mopst ooHapy:keHsl Bee onpeensiembie uzomeps I X1 Konnenrpanuu o-,
[- u y-u3omMepoB HaxoaAUIMCh B tuanazonax 0,4-5, 27-127 u 0,9-6 Hr T~ JIMIIMIOB COOTBETCTBEHHO. Cpen-
HUe KOHIeHTpaluu coctapuau: 11 o-I XL — (2 + 1), B-IXUT — (59 + 35), y-I'XUT — (2 £ 2) urr!
yrmuioB (puc. 4). [1pu 3ToM -u30Mep HalJeH BO BCEX UCCIIEOBAHHBIX MPOOax.
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Puc. 4. CpCI[HI/IC KOHOCHTpAlUN ITIOJUIIOTAHTOB B Kambanax SnoHckoro MOpA (HJ'IaHKI/I NOrpC€IHOCTH —
BEJIMYMHA CTAHAAPTHOT'O OTKJ'IOHCHI/IH)

Fig. 4. Average concentration of pollutants in the flounders from the Sea of Japan (error bars represent
standard deviation value)

W3 AT u ero metabosmToB B KamOanax He oOHapyxeH o,n -[IAT, a n,n’-[IIT BHISIBJIEH TOJIBKO B OJHOM
o6pastie (6 ur-r~! munuaos). duanazons: kouenTpauuii o,n -IJM1, n,n-IAM, o,n-OJE u n,n-JJIE cocra-
Bun 1-38, 6-52, 1-34 1 4—47 Hr-r~' TUMUI0B COOTBETCTBEHHO. Cpennue yposan — (12 £ 12), (19 = 18),
(7% 10) u (16 + 16) ar-r ! nmunmmmos (puc. 4). Konnenrpamu I1Xb Bapbuposanu ot 421 no 3716 HrT !
JunuaoB; cpeanee — (1616 + 1177) ar-r~' mumapos. I1XB npencrasiensl 28, 52, 155, 101, 118, 143,
153, 138 u 180 xonrenepamu. Yposuu [1XB 207 Obliu HUXkE MpeaesioB OOHAPYKEHUS BO BCEX MCCIIEIO0-
BaHHBIX 0Opa3iax. KoHlleHTpamy KOHTeHepoB BapbUPOBAIU CIIeAYIONM oOpazom: 28 — 3-405; 52 —
7-287; 155 — 3-11; 101 — 40-207; 118 — 53-581; 143 — 11-46; 153 — 126-849; 138 — 126-936;
180 — 28-1835 ur-r~! nunumo. CpeHue 3HaueHNs cocTaBuu (54 + 132), (54 £ 88), (6 £ 3), (117 £ 58),
(241 + 183), (26 + 15), (387 £ 265), (429 +279), (318 + 579) Hr-r"! TMMUIOB COOTBETCTBEHHO.

OBCY XJIEHUNE

Ha Jlanprem BocToke MOHUTOPUHIOBBIE UCCIIeJOBaHu 10 HabmoaeHuIo 3a coaepxanueM CO3 B Mop-
CKHMX M Ha3eMHbIX 00beKTax /10 2012 r. BHIOJIHSIMCH (hparMeHTapHo. B HacTosIiee BpeMst pery isipHblid MO-
HUTOPUHT IPOBOAMTCS MO BCEW aKBATOPUH J1aJIbHEBOCTOUYHBIX MOpeil. HakorieHsl JaHHbIE O cogepKaHUU
XOIT u I[TXB B THXOOKEaHCKUX JOCOCX, NTULAX U MiIeKoruTamommx [16, 17, 18, 22, 24, 25, 26, 27, 28].

Kawmbanoseie (cemeiictBo Pleuronectidae) oTHocsITCA K HarOoJiee 4acTo BCTPEYAIONIMMCS IPe/ICTaBU-
TeJISIM IOHHOU UXTUO(AYHBI, 3aCENSIIONIMM BeCh LIeNb( U MATEPUKOBBII CKJIOH Mopeil. OCHOBHOM 0coOeH-
HOCTBIO OMOJIOTUM KamOall sIBJIsIeTCs UX 00pa3 )KU3HU: OHU JIeXKaT Ha TPYHTE WM IJIaBAIOT B MPUAOHHOM
CJI0e, OCTaBasICh IIPY STOM B IpeJesiax CBOEro apeaja v COBepIuas JHIIb CE30HHbIE MUTPALU B OoJiee TIty-
6okue paiionsl [8]. Takim 00pa30M, OHU MOTYT BBICTYIIAaTh OMOMHIUKATOPAMH JIOKATBHOTO 3arpsi3HEHUS.

[MantycoBunnble kambainsl (pon Hippoglossoides) oTHOCATCS K Tpyririe KaMOasl CoO CMEIIaHHBIM THIIOM
NUTaHUS: B COCTABE IMUILIM BCTPEYAIOTCA KaK TUIMYHO OEHTOCHBIE )KMBOTHbIE (KPEBETKH, [IBYCTBOpYA-
Thle MOJUTIOCKHM U JIp.), TaK M TUIAHKTOHHBIE (TMIIEPUUIBI, CATUTTHL U Ap.). Takke muiieit kKamOan Hepes-
KO CTaHOBHUTCSI MOJIOJIb CEJIbJIU, KOPIOIIKM U JIPYTHX BUAOB MEJKHUX pbhiO. COCTaB MUINM CHUIIBHO CBS3aH
¢ apeasiom. B 6osee TEIIIBIX YacTsAX JaIbHEBOCTOYHBIX Mopel (SImoHckoe Mope, 10:kHast 9acTh TaTapckoro
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MPOJIMBAa) BCTPEYaeTCss B OCHOBHOM [0XHasl (SIITOHOMOpPCKast) ManTycoBuaHass kKamoOana (Hippoglossoides
dubius Schmidt, 1904), B 6osiee xonoaHbIX (OXx0TcKOe U BeprHroBo Mopsi) — ceBepHas NaJaTyCOBUAHASA
kamOana (Hippoglossoides robustus Gill & Townsend, 1897). V 1oro-Boctoka CaxanuHa u B SIMOHCKOM
MoOpe B MHMTaHUHU MPeodIaJaloT UCKITIOUUTEIbHO MOJUTIOCKHM; B I0rO-BOCTOYHOM YacTu BepuHrosa mops
NaATyCOBUAHAS KaMOasa B HIDKHUX OT/AeNax Ienbda U Ha cBajie MoTpedIissieT B OCHOBHOM MITIOKOKHUX
Y YMJIIMOB, a Ha MEJIKOBOJIbe — TUTAHKTOH [6, 8]. O0a BiIa OTHOCATCS K OTHOMY PO, CXO/IHBI MO 9KOJIO-
T'MYECKUM ¥ OMOJIOTHYECKUM XapaKTEPUCTHUKAM U MOTYT OBITh HCIIOJIb30BAaHBI B KAUECTBE OMOWHIUKATOPOB.
Paznuuus B Hakoruienun CO3 B kambasax U3 pa3sHbIX apeasioB MOTYT ObITh 00YCIIOBJIEHBI aHTPOTIOTEHHOM
Harpy3Ko# Ha pailoH OOMTaHMs WM OMOAKKyMYJISILIEN OPraHM3MOB, BXOASIIUX B PALIMOH.

B BoctouHO# yact OXOTCKOro Mopsi B Kambanax oOHapyXeHbl HauOoJjblme KoHueHtpamu T
u ymepeHabie — ['XII[. DTo MoxkeT OBITH BBI3BAHO pPACHOJIOKEHMEM Ha mosyocTpoBe Kamuatka
«MOTHJIbHUKA» SITOXUMHKATOB M MECTUIINIOB, B KOTOPOM 3aXOPOHEHBI AJIbJIPUH, THIIbIPUH, TeKCAXTOPOEH-
3o m apyrue XOIT [3, 5]. I 661 Hanbosee BcrpedaembiM MetadbomToM I T; ['XIIT 6611 nipeacTapiieH
CaMbIM CTOMKHM [3-U30MEePOM. DTO TOBOPUT O JUIUTEIHHOUN LIUPKYIISAIUHA 0O0MX TOKCUKAHTOB B 9KOCUCTEME
M O pacraje UCXOIHBIX COeAUHEHMI 10 Oojee ycToiumBbiX (hopm. HapyliieHue repMeTuyHOCTH 3aX0po-
HEHHBIX PE3epBYapoOB M UCIAPEHUE TOKCUKAHTOB C IMOCELYIOUIMM aTMOC(EPHBIM MEPEHOCOM SBIISIOT-
s, BO3MOXXHO, OCHOBHBIMH TPHUYMHAMM 3aTPSA3HEHUSI CPebl M OMOTHI B 9TOM palioHe, TaK KaK CeJIbCKOe
XO3SMCTBO Ha 3aMagHoOi cTopoHe M-oBa KamuaTka pas3uto ciabo. B Hacrosimee BpeMsi Ha TEpPUTOPHA
Kamyarckoro kpast OTCYyTCTBYIOT MycoponepepadaThiBalolye 3aBO/Ibl; MyCOp 3aXOPaHUBAIOT Ha CHelUalTb-
HBIX MOMroHax [3, 9], oTkyaa Bo3MOXkHb yTeuku. M3BectHo, uto I1XDB, Gnaromaps cBoeit XUMUYeCKOM
CTaOMJIbHOCTH, U30JISILIMOHHBIM CBOMCTBAM U TEPMOYCTOMUMBOCTH, OBUTH BOCTPEOOBAHbI B PA3IMYHBIX OT-
pacisix NPOMBIIUIEHHOCTU IIPY MPOU3BOJCTBE TEPMOM3OJISLIMKI, PE3UHBI, IJIACTMACCHI, a TAK)KE Kpacure-
JIel, TUTMEHTOB M Oe3yTIepoJHON KommpoBaibHoM Oymaru [19]. TocTymieHre NoTMXJIOPUPOBAHHBIX OU-
(bernioB B mpukamuaTckue Bobl OXOTCKOTO MOPSI MOXKET ObITh CBSI3aHO KaK C aKTUBHBIM CY/IOXOJICTBOM,
TaK ¥ CO CTOKAMU C MYCOPHBIX ITOJIMTOHOB, HECYIIUMU ocTatouHble konnuyecTBa [IXb B skocucremy.

IOxHasa yacte OXOTCKOro MOps SIBJISIETCSI CAMBIM UMCTBIM U3 MCCJIEJOBAHHBIX PAIOHOB M XapaKTepH-
3yerca HauMeHsluM conepxkanuem T, I'XII™ u IIXb B opranusmax. Or Oxorckoro mops pacrnosno-
’KE€H JAJIEKO OT BCEX Ha3eMHBbIX MCTOYHMKOB 3arpsisHeHus. Kpome Toro, pailoH xapakTtepusyercsi akTHB-
HOW TUAPOAMHAMUKON 1 0OMeHOM BoJ ¢ Tuxum okeaHoM yepe3 Kypuibckue mpoJMBbL, YTO MOXET CIIO-
coOctBoBath niepepacnpenenennio CO3 B Bojax. Konnenrparmu Bcex CO3, oOHapyKeHHBIX B Kambaax
13 105kHOM yacTu OXOTCKOro MOpsi, — HaWMEHbIIME B CPABHEHUM C TaKOBbIMU U3 AnoHckoro mops, Ta-
TapCKOTO MPOJIMBA U BOCTOYHOM yacTu OXOTckoro mopsi. Takum o6pa3oM, TMIoTe3a 0 TOM, 4TO YPOBHH
MOJUTIOTAHTOB B MBIIIIAX KamoOas ¢ 1ora OXOTCKOTO MOpsl SIBISIOTCS (DOHOBBIMU /7SI TAIbHEBOCTOYHBIX
mopeit Poccun [17], moka3aHa.

B mpbimax kamoOan u3 3amiBa HeBenbckoro npaktudecku otcytcrBoBai JAT: n,n -1 oOHapyxeH
JIIIL B OJHOM TIpode, a n,n-[IJIE — B 1ByX. DTO MO3BOJISIET MMOJIaraTh, YTO paiioH He MOJBEpraeTcs ce-
PbE3HOMY 3arpsI3HEHUIO IAHHBIM MECTHIUIOM. B TO ke BpeMs B MblIax kaMOas u3 Tatapckoro mposvBa
BBISIBJIEH CaMblil BICOKUI ypoBeHb coaepxkanusa ' XL (puc. 5), npeactaBieHHOro TONbKO [3-U30MEpPOM,
YTO TOBOPUT O JAJUTEIbHON IIUPKYJISUU 3TOTO TOKCUKAHTA B 9KOCUCTEME.

3asimB HeBenbCKOro HaxoOuTCsl BAAIM OT KPYIHBIX CEIbCKOXO3SIMCTBEHHBIX MPEANPUATANA KaK CO
cTOopoHbl 0-Ba CaxasluH, TaKk U CO CTOPOHBI Marepuka. B coorBercTBuM ¢ nocraHoBieHueM IIpaBuress-
crBa CaxamHcko# oonactu ot 22.09.2008, Ha TeppUTOPHM OCTPOBA CYILECTBYIOT MOJIUTOHBI pa3MEIeHU s
MPUILEANINX B HETOJHOCTDh WJIN 3aIIPEIEHHBIX NECTULIMIOB, XPAHEHUE KOTOPBIX OCYILIECTBIISIIOCH (Ha MO-
MEHT BCTYILICHHUsI IOCTAHOBJIEHHUSI B CUITY) C HAPYIIEHUSIMHU, CIOCOOHBIMU ITPUBECTH K CEPhE3HOMY 3arpsi3-
HEHUI0 OKpykatwouien cpensl (4, 7]. Ckopee Bcero, MICTOUHMKOM 3arpsi3HeHus1 TaTapckoro npoJivBa CTaiv
MMEHHO OHH, uTo 00ycnoBuio nmonaganue [ XIII™ B akocuctemy nposvBa. Ha 310 ykaspiBaeT u oOHapy:xe-
uue [-uzomepa ' XTI, cunraomerocst Haudosee yctonuuBbIM. Jpyrum uctounrkom 3arpsizaenus [ XL
MOTYT OBITh TE€UECHHsI, BRIHOCSIIHE BOAB SMOHCKOro Mopst uepe3 nposmB HeBesbeckoro B OXOTCKOE MOpe.
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Puc. 5. Konuenrparmu o-IXIC (A), B-IXUC (B) u Y.I'XII (C) B Mplax Kambaia U3 UCCIIEA0BAHHbIX
parioHOB (TUIAHKY MOTPEITHOCTH — BEJIMYMHA CTAHAAPTHOTO OTKJIOHEHMS])

Fig. 5. Concentrations of a-HCH (A), f-HCH (B), and YHCH (C) in the muscles of the flounders
from the areas studied (error bars represent standard deviation value)

Yposuu copepxanus [1XB B ppidax u3 3a1. HeBeabcKoro B HeCKOJILKO pa3 Bhilie, yeM u3 OXOTCKOro
MOpsI, HO 3aMETHO YCTYMAIOT IMOKa3aTeJisIM B AMOHOMOPCKHUX KamOasiax (puc. 6). BhICOKHe KOHIIEHTpa-
[IUH TTOJIMXJIOPUPOBAHHBIX OM(EHUIIOB MOTYT ObITh CBA3aHBI C AKTUBHBIM CYJJOXOICTBOM U BIIMSIHUEM CBa-
JIOK OBITOBBIX OTXO/0B Ha 0-Be CaxanuH (1o gaHHeM Ha 2007 T., Ha TEPPUTOPUU PETHOHA CYIIECTBOBAJIO
54 CaHKIIMOHMPOBAHHBIX CBAJIKM U 37 HECAaHKIIMOHUPOBAHHBIX [4]). TaTapcKuil IPOIMB — BaXHBII B 9KO-
HOMMYECKOM OTHOIIICHWU PAfiOH, Te BEJETCS aKTUBHBIA MPOMBICET M OCYIIECTBIISIOTCS pa3HOOOpa3HbIe
rpy301nepeBo3Ku. BinsiHue TENMIbIX TeuyeHu SAMOHCKOro MOps U XOJOIHBIX TeueHuit OXOTCKOro, a TaKkxke
OrPaHUYEHHOCTh BOJOOOMEHA C OTKPBITHIM MOPEM U TeM 0oJiee ¢ OKeaHOM, 00YCIIOBJIEHHAS «32KaTOCThIO»
BOJIHOTO TeJIa MPOJIMBA MEXAY MATEPUKOM M OCTPOBOM, CIIOCOOCTBYIOT HAKOTLJICHUIO TIOJUTIOTAHTOB B 9TOM
paiione. Takum obpa3om, ocHOBHBIM McTOYHUKOM ITXDB B Bogax Tarapckoro mpojvBa MOXET sIBISATHCS
AKTUBHAS JIEATEILHOCTh PHIOOJIOBEIIKUX U TPAHCIIOPTHBIX CYJIOB.

B kambanax fAnorckoro mops u3 meradomroB AT oonapyxenst I/ u IJE, u3 nzomepon I' X" —
o-, - 1 y-uzomepsl. [Ipumopcknii Kpay SBJISIETCS Pa3BUTHIM B CEJIBCKOXO35IMICTBEHHOM OTHOILUEHWH PETu-
OHOM, r7ie B cepearHe XX BeKa IIMPOKO UCMOJIb30BAINCH MECTULIU/IBI, B TOM YHUCJIE XJIOPOPraHUYECKUE.
YcToiurBbie B XUMUYECKOM U MUKPOOHOJIOTHYECKOM OTHOIIEHUH, 9TH COEAMHEHUSI MOTJIM YACTUYIHO UJTH
MOJIHOCTBIO COXPAHUTHCS B MOYBAX, U CEMYAC UX BHIHOCUT B aKBATOPHIO SIMOHCKOro MOpS MOCPEICTBOM
MOBEPXHOCTHOT'O CMBIBA U peYHOT0 CTOKa. Kpome Toro, Ha TeppuTOpHUM Kpasi CYIIECTBYIOT MeCTa 3aXOpOHe-
HUS MIECTULIUIOB, KOTOPBIE TAKXkKe MOTYT OBITh HICTOYHUKOM TOCTYIUICHHS TOKCUKAHTOB B cpey. CoriacHo
CTOKrospMCKOM KOHBEHIIMH, pa3BUBAIOIIMECS CTpaHbl A3 MOTyT ucroiib3oBath AT (kak cpeacTBo 3a-
[IUTHI HAaceNieHUsl OT nepeHocurkoB Maisspun) v I' X" (kak neuebHOe CpeCTBO OT BIilel U 4ecoTku) [21].
fAnoHckoe Mope ombiBaeT Oepera Ceseproii u KOxHO Kopen; yepe3 Kopeiickuili mposimuB OHO CBSI3aHO
¢ Bocrouno-Kuraiickum mopem, ombiBaommM 6epera Kuras u 3amagnasie 6epera Kopefickoro mosyoctpo-
Ba. [lecTumapl MOryT nonasath B MOPCKHE IKOCUCTEMBI IIOCPEACTBOM aTMOC(EPHOTO NIEPEHOCA, PEUHBIX
CTOKOB M TeueHui 13 BocTtouHo-KuTtaiickoro Mops, HECYIIMX OCTATKU MECTULMIOB C CEIbCKOX035MCTBEH-
HBIX TUIOIA/IEH, a TaKke MPOMBIIILIeHHBIX cTOKOB. Hanbonee cymectBeHHbM uctounukoM OAT u XU
MoxkeT ObITh KuTail — OIMH U3 KpyNHENIMX MPOU3BOAUTENEN 1 IOTpeduTenel necTuuaoB B mupe [12].
B mprmmiax kam6an JJJIT npeacrabied B ocHoBHOM cBouMu Metadbommtamu — 11 u [IJIE, 4to roBoput
0 TABHOCTH 3arpsI3HEHUS U O pacrajie UICXOJHOTO COSIMHEHUSI.
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Puc. 6. KonueHTpaiyy BbICOKOXJIOPUPOBAHHBIX KOHreHepoB [IXB u Y.ITXB B Mbliax kamOai U3 JajibHe-
BOCTOYHBIX Mopei Poccry (IJTaHKY TOTPEITHOCTH — BEJIMYMHA CTAHIAPTHOTO OTKJIOHEHHST)

Fig. 6. Concentrations of highly chlorinated PCBs and Y} PCB in the muscles of the flounders
from the Far Eastern seas of Russia (error bars represent standard deviation value)

BecbMa BaKHBIMU SIBJISIOTCS JaHHBIE 0 KoHIleHTpatuu [1XB B mbiax psio u3 dnoHckoro Mopsi. Boisas-
JieHHble ypoBHHU coepxkanus [1XB Ha MOpsAI0K BEIMYMH NMPEBBIIIAIOT TAKOBBIE B KamOasiax n3 OXOTCKOro
mops u Tatapckoro nposma (puc. 6). Byxta Pugoas naxoautcs B uepre nocénka Jlusanus, rae pac-
TOJIOXKEHO MHOTO 0a3 OTJbIXa M TaK Ha3bIBAEMBIX JWKUX TUIsDKed. ExeroqHo Ha moOepexbe OYXThI IMPH-
ObIBa€T OrPOMHOE KOJIMYECTBO TypUCTOB Kak ¢ ambHero BocToka, Tak u ¢ apyrux peruoHoB Poccuu.
MHorue 101 OCTaHABIMBAIOTCS HA TUKUX TUISIKAX, TJe He MPOU3BOIUTCA YOOpPKA M HE OCYIIECTBISET-
Cs1 BBIBO3 MYCOpa U OTXOJIOB KU3HeAesATebHOCTH. Kpome Toro, CpaBHUTEILHO HEAJIeKOo OT MOCEIKa Ha-
xoautes r. Haxozka, rae (pyHKIMOHMPYIOT HE(PTEHAIMBHOW U YTOJIbHBIA MOPTHI, BO3JEUCTBHE KOTOPBIX
MOJKET CKa3bIBaThCsl HA MPUOPEKHBIX dKocucTemax. [Ipu aTom SAmoHCckoe MOpe — padioH aKTHMBHOM Ha-
BUTAIIMM U MIPOMBICIIOBOTO PHIOOJIOBCTBA, UTO Takxke MOxeT oOycnoBnuBaTh nocrymienue [IXB B cpeay
Y OPraHU3MBbl.

CpaBHenue cpeanux koHreHTpanuil XOIT B uccieJoBaHHBIX HAMU KaMOaslax ¢ TAaHHBIMHM JIJISI Pa3JIiy-
HBIX aKBaTOpuil MupoBoOro okeaHa nokasaso, uto yposHu 1T Bo Bcex paitoHax [lanbHero Bocroka Poc-
CUM 3HAYHUTENbHO HUAE, 4eM B ATiaHThudeckoM okeate (141 ur-r~!' mumunos), Banruiickom (579 arr!
mumuaoB B [maneckoit Oyxte; 732 urr! ununos B ycrbe p. Bucna) u XKeénrom (122 Hr-r! JIATIAAOB)
Mopsx [10, 15, 29], Ho Ha nopsIoK BhliLe, 4yeM B bepuHroBom mope (5 Hr-r~' mmmnos) [14]. Cpennue
ypoBHH o~ 1 Y-I'’XIII" B ppi6ax conocTaBUMbI C KOHIEHTPALUSIMU, IPUBOAUMBIMU B OTMEUEHHbIX MTyOIIH-
kauusax (ot 1 go 6 Hr-T~! IMnUIoB). Konnenrpaimu B-I'’XHI™ B JaHHBIX, C KOTOPHIMU POBOJUINA CPAB-
Henue [10, 14], He ykazanbl. B padote [29] konudecTBO B-u3omepa ObUIO HUXE MPeesioB OOHAPYKEHUs
(< 0,002 ur-r! cuipoii Macchl); B uccienoBaHuu [15] ypOBHM TOKCHKAHTA HE YKa3aHbl (TaK KaK OH ObLI
BoIsiBJIcH B 24 % 1ipo6). Tem He meHee B-I'XIII" OblT JOMUHHMPYIOIMM M30MEPOM B Kambasiax M3 BcexX
PalloHOB JAJIbHEBOCTOUHBIX MOPEW; €r0 COJIEpKaHue NpeBbIlano cymmy KoHueHTpauui ['X1I" B Mpimmax
kamOau u3 Kénroro mops (13 ar-r-! mummanos) [10].

Vpoeau [1XB B peidax OXOTCKOro MOpsi He TPEBBIIAIM KOHIIEHTpAIWi, OOHApYKEeHHBIX B KamOa-
nax ATnaHtideckoro okeana (518 vr-r~! mumunos) u Bantuiickoro Mops (259 Hr-r~! mununoB B Tnadb-
ckoii Oyxte; 373 mrr! mumunoB B yerse p. Bucma) [15, 29], HO 3HAYUTENILHO MPEBOCXOAUIN TAKOBBIE
B Kambanax u3 JKénroro (8 ur-r-! mummmos) u Bepunrosa (15 urr~! numumos) mopeit [10, 14]. Cym-
MapHbii ypoBeHb [1XB B kamOamax TaTapcKoro INposMBa HaXOUWJICS MEXAy IMoKa3aTeIsIMU Ui Pblo
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u3 ['manbckoit OyXThl 1 M3 yCThs p. Bucna (Bantuiickoe Mmope). B SInoHCKOM MOpe MakCHMMaJTbHbIE YPOBHH
[TXB B ppibax ObUIM 3HAYUTENHHO BbIlIe, YeM B Bantuiickom, bepunrosom, JKéntom Mopsix U ATIaHTH-
yeckoMm okeaHe. CToJIb BBICOKAsl pa3HHUIla cpeaHux KoHmeHTpaiuii CO3 B kambanax Mexay paioHamu
TOBOPUT O CEPhE3HOM aHTPOIIOTEHHOM Ipecce Ha SKocucTeMy Oyx. PudoBas u pernona B 1iesiom.

BriBoabI:

1. UccnenoBana akKyMYyJISIMS XJIOPOPTaHUYECKUX TIECTUIMIOB U MOJMXJIOPUPOBAHHBIX OU(EHUITOB
B MbIIax kamoan u3 Tatapckoro nposmBsa, SInoHckoro u Oxorckoro Mopeit lanbHero Bocroka Poccum.
Cpennue konrerrparun Y JIAT, Y IXIC, Y XOIT (). JAT+Y.I'XII) u Y. IIXB B MbIIIIax U3yYeHHBIX KaM-
a1 COCTAaBIJIU: B BOCTOUHOI yacTi OxoTckoro mopa — (62 + 89), (50 £ 52), (100 £ 125) u (92 + 45) ar-r!
JIMIKJIOB; B 105HO# yacTu Oxotckoro mops — (20 + 17), (36 +37), (54 £ 41) u (99 + 43) ur-r~! mununos;
B SInoHckoM Mope — (40 + 29), (62 + 36), (102 + 50) u (1616 + 1177) urr~! 1MNUAOB COOTBETCTBEH-
Ho. B Tarapckom mposmse cpeanue ypouu B3-IXLIT, Y XOIT (L OOT + B-I'XUI) u Y.IIXB cocraBumm
(221 + 182), (224 + 180) u (455 + 317) Hr-r~! IMIUIOB COOTBETCTBEHHO.

2. KceHOOMOTHKH He TOJIKHBI IMeTh (DOHOBBIE KOHIICHTPALIMU B OKPYKAIOIIEH cpefie, OTHAKO MPH CY-
niecTByomieM modanisHoM (hoHe CO3 ypoBHHM 3TUX COEIMHEHUI B KamOasax 10:KHON yacté OXOTCKOro
MOP# (TTPUKYPHIIbCKKE BOJIBI), KOTOPAsk XapaKTepU3yeTCsi OTCYTCTBUEM MPSIMBIX UICTOUHUKOB 3arps3HEHUS
Y aKTMBHOW M'MJPOJIMHAMUKOMN, MOTYT OBITh MIPUHSTHI KaKk (DOHOBBIE.

3. HaubonbiieMmy aHTpOIIOreHHOMY Tpeccy noaBepskeHo Snonckoe Mmope, rae koHrenTpauu [1Xb 3Ha-
YUTEJIHHO MPEBBIIIAIOT TAKOBbIE KaK B JAJIbHEBOCTOUHBIX MOPsiX Poccuu, Tak ¥ B CpaBHUBAEMBIX PETMOHAX
MHpa B 1IeJIOM.

Paboma evinonnena npu counarcosoii noodepoicke Poccutickozo nayurozo gponoa (coenauerive Ne 18-14-00120).
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ORGANOCHLORINE COMPOUNDS
IN FLOUNDERS OF GENUS HIPPOGLOSSOIDES GOTTSCHE, 1835
FROM THE FAR EASTERN SEAS OF RUSSIA

M. M. Donets!, V. Yu. Tsygankov'*?, M. D. Boyarova',
A.N. Gumovsky'!, Yu. P. Gumovskaya', and N. K. Khristoforova*>

ISchool of Biomedicine, Far Eastern Federal University, Vladivostok, Russian Federation
2School of Natural Sciences, Far Eastern Federal University, Vladivostok, Russian Federation
3Pacific Institute of Geography FEB RAS, Vladivostok, Russian Federation
E-mail: maksim.donecz@mail.ru

Organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) are global superecotoxicants
belonging to a group of persistent organic pollutants (POPs). Fish and seafood are an important source
of high-grade protein and polyunsaturated fatty acids, especially for residents of coastal areas. Up to 90 %
of all pollutants enter the human body through food. Final depot of POPs in environment is marine
ecosystems; therefore, POPs can accumulate in various objects of marine fisheries. The paper presents
information on the concentrations of OCPs [HCH isomers (a-, 8-, y-), as well as DDT and its metabolites
(DDD and DDE)], and polychlorinated biphenyls (PCBs) in muscles of flounders of genus Hippoglossoides
Gottsche, 1835 from the Far Eastern seas of Russia (the Sea of Okhotsk, the Tatar Strait, and the Sea
of Japan). Lipids were extracted from fish tissue samples with a mixture of hexane and acetone, followed
by destruction of fatty components by concentrated sulfuric acid. OCPs and PCBs were separated by col-
umn chromatography with polar and non-polar solvents. Xenobiotics were quantified by gas chromatog-
raphy — mass spectrometry. To assess quality of this methodology, a standard addition method was used.
The average reproducibility of analyte concentrations varied 94.6 to 103.7 %, and it indicates reliability
of the data obtained as well as effectiveness of methods applied. Average concentrations of ) DDT, Y HCH,
YOCP (LDDT + YHCH), and Y PCB were: (62 * 89), (50 + 52), (100 * 125), and (92 + 45) ng-g"!
of lipids in the samples from the eastern part of the Sea of Okhotsk; (20 £ 17), (36 = 37),

(54 = 41), and (99 * 43) ng-g‘1 of lipids from the southern part of the Sea of Okhotsk; (40 = 29),

(62 % 36), (102 £ 50), and (1616 + 1177) ng-g”" of lipids from the Sea of Japan, respectively. In the sam-
ples from the Tatar Strait, the average levels of } HCH, Y, OCP, and Y. PCB were (221 *+ 182), (224 £ 180),
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and (455 * 317) ng-g™! of lipids, respectively. DDT was detected in three samples. In the flounders
from the eastern part of the Sea of Okhotsk, the highest concentrations of DDT and average concentrations
of HCH were recorded, which may be due to the location of a “repository” of pesticides on the Kamchatka
Peninsula, where OCPs are buried. The entrance of PCBs into the waters of the southern part of the Sea
of Okhotsk can be associated both with intensive shipping and effluents from landfills that carry residual
amounts of PCBs into the ecosystem. The southern part of the Sea of Okhotsk is the cleanest of the areas
studied and is characterized by the lowest content of DDT, HCH, and PCB in organisms. DDT was prac-
tically absent in the flounders from the Nevelsky Bay (the Tatar Strait). At the same time, they showed
the highest level of HCH, represented only by -isomer, which indicates a prolonged circulation of the tox-
icant in the ecosystem. According to the decree of the Government of the Sakhalin Region, on the ter-
ritory of Sakhalin there are landfills for out-of-use or banned pesticides; storage of them was performed
(at the time of the decree entering the force) with violations that could lead to serious environmental
pollution. Most likely, they became the source of pollution of the Tatar Strait. Another source of HCH
pollution is currents that carry the waters of the Sea of Japan through the Nevelsky Bay into the Sea
of Okhotsk. High levels of PCBs in the waters of the bay may result from intensive shipping and possible
impact of household waste dumps on the Sakhalin Island. Flounders from the Sea of Japan are character-
ized by the highest POPs pollution. The entrance of OCPs into the sea may be due to surface runoffs, river
flows, storage leaks of pesticides banned for use, and atmospheric transport from Asian countries where
the use of some OCPs is still permitted. The determined levels of PCBs are an order of magnitude higher
than those in the flounders from the Sea of Okhotsk and the Tatar Strait, which may be due to active
shipping in Sea of Japan waters, influence of operating oil and coal ports in the city of Nakhodka, as well
as local pollution of the coastal zone (so called wild beaches). Thus, we have studied the accumulation
of organochlorine pesticides (HCH and DDT) and polychlorinated biphenyls in the muscles of flounders
from the Far Eastern seas of Russia. With the existing global background of POPs formed on the planet,
the levels of these compounds in the flounders of the southern part of the Sea of Okhotsk can be taken
as background ones. The Sea of Japan is subject to the greatest anthropogenic pressure, and PCB concen-
trations are significantly higher in this area than in the Far Eastern seas of Russia and in the compared
regions of the world as a whole.

Keywords: DDT, HCH, PCB, flounder, genus Hippoglossoides, Far Eastern seas of Russia
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[To naHHBIM SKCOEAULIMOHHBIX UCCIEAOBaHMiA, poBeaEHHBIX B YépHOM Mope B 1987-1993 rr., ycra-
HOBJIEHA JIMHEWHAs1 3aBUCUMOCTb MEXJY IUIOTHOCTBIO CBETOBOIO MOTOKA, JOCTUIAIOIIErO MOBEPXHOCTU
Mops (E), 1 HauaoM cBETOBOTO HachlleHUs (poTocuHTe3a (puroILIaHKToHA (E, Opt). Jlis pacué€ToB uUc-
0JIb30BaHbl U3MEPEHUSI CKOPOCTU (POTOCHHTE3A (PUTOILIAHKTOHA, MOJyYEHHbIE PAJUOYITIEPOJHBIM Me-
TOJOM. YPaBHEHHUE CBS3M MEXy yKa3aHHbIMU BEJIMUMHAMMU IMPEICTABICHO BIepBble A1 YEpHOro mMo-
pst. Ep o — cpeaHecyTouHasi, onTHMasibHasl BEIMYNHA HACHICHNs (poToCHHTe3a 1o cBeTy. lapamer-
PBI KpUBOU (hOTOCHHTE3 — CBET, OlpeelisieMble B KOPOTKOTIEPUOIHBIX SKCIIO3UITUAX TPH MTOCTOSTHHOM
OCBELLICHUH, OTJIMYAIOTCS OT NAPAMETPOB, MOJYUYEHHBIX B JUIUTEJbHBIX OMBITAX B YCIOBUSIX NEPEMEHHO-
r'O OCBEIleHUsI. DTO 0O0YCIIOBJIEHO Pa3HbIM JEWCTBUEM MHTEHCHBHOCTH M JI03bI OOy4YeHHS Ha CKOPOCTh
(porocunTesa puTorIaHKTOHA. BenmuuHbl (POTOCUHTETUYECKUX MAapaMETPOB 32 ONpeIeIEHHOE BpeMsl UH-
TErpUPYIOTCA B €JJMHCTBEHHOE 3HAYEHUE, KOTOPOE SIBJISIETCS ONITUMYMOM 32 BeCh HaOJTI0aeMblil TIEPHO]I.
B pabote npoBesieHa anipoKCUMAIs MHTErPUPOBAHHBIX CYTOUHBIX JAHHBIX OTIEIBHO 32 CE30HbI U B 11e-
soMm 32 19871993 rr. C moMoIIbio CTATHCTHYECKOW 00padOTKM JAHHBIX CPEeAHECYTOUHBIX 3HAYCHUHN UH-
TEHCUBHOCTH COJIHEYHOH pagualivy, NaJaiolledl Ha MOBEPXHOCTh MOPSI, TAHI€HCA yIIa HAKJIOHA KPUBOU
(poTOoCHHTE3 — CBET U BEJIMUMHBl MAKCUMAJILHOM CKOPOCTHU (POTOCHMHTE3a ONpeAesieHa alllpoKCUMAaLUs
Just (PYHKIMOHAIBbHOM 3aBUCHUMOCTH E, o 0T E). YpaBHEHHE ¢ BBICOKOH 0CTOBEPHOCTBIO OIUCHIBACT U3-
MEeHEHHE CPeTHECYTOUHOW BEIMIMHBI CBETOBOTO HACHIIIEHU s (hOTOCHHTe3a B UEpHOM MOpe B pa3myHbIe
CE30HBI I0J]a, OHO TIPUMEHNMO B JMAMAa30He OCBEMEHHOCTEN OT 3 /10 75 MOJIb KBAHTOB-M 2-CyT . D1a 3a-
BUCUMOCTb BKJIIOUAET JIETKO JOCTYITHBII AJ11 U3MEPEHHUsI MapaMeTp U MOKET UCIOJIb30BAThCS IPU aHA-
J3e (PU3UOJIOTUYECKUX XapaKTePUCTUK (PUTOIJIAHKTOHA U PACYETE UHTETPAIbHOU IPOAYKTUBHOCTH (hU-
TOIUIAHKTOHA B 9B(OTUYECKOM CJIOE KaK IO CITyTHUKOBBIM HAOJIIONEHUSIM, TaK U IO KCIIEAUIIMOHHBIM
JAHHBIM.

KiaroueBnle ciioBa: (bI/ITOHJ'IaHKTOH, CBETOBOC HACBIIICHUE (I)OTOCI/IHTC?)EI, CKOPOCTb (bOTOCHHTC3a,
(pOTOCI/IHTeTI/ILICCKI/I AKTUBHasA paguanusd, F.TIY6OKOBO,Z[HEI$[ 4acTb I‘IépHOl"O MOpA

W3BecTHO, UTO C yBEJIMYEHUEM MHTEHCUBHOCTH MAJIAIONIEero CBeTa BO3PACTaeT CKOPOCTh (POTOCHHTE3A
(purornnankrona. 1o HEKOTOPBIX BEJMYUH (POTOCMHTETUYECKN aKTUBHOU paJdalliid OHA PAcTET JIMHEWHO;
3aTeM HACTYIAeT HACBIIIEHUEe, U CKOPOCTb (DOTOCHMHTE3a CTAHOBUTCS NOCTOSIHHOM. [lanbHeliIee nmoBsliiie-
HUE IJIOTHOCTU CBETOBOTO TIOTOKA HA €IMHUITY MIOBEPXHOCTH MIPUBOJIUT K MHTUOUPOBAHUIO (POTOCHHTE3A,
KOTOPOE MOXET OBITh OOpaTUMBIM, a MPHU IKCTPEMATBHO BHICOKOW OCBEIEHHOCTH — HEOOPATUMBIM.
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[Tpn MoneMpoBaHUM 3aBUCMMOCTU (DOTOCHHTE3 — CBET BaXXHOU (PU3MOJIOTMYECKON XapaKTEPUCTU-
KOW, MOKAa3bIBAIOIIE BEJIMYMHY OCBEIEHHOCTH, TIPH KOTOPO HAaOM0gaeTCss MAKCMMaIbHAsI CKOPOCTh (ho-
TOCUHTE3A, SABJISAETCA BEIMYMHA HachlnieHusa orocunresa no ceery (E,). B nccaenosanusx [9, 14, 18]
IIPOIEMOHCTPUPOBAHO, YTO MapaMeTPbl (POTOCUHTE3 — CBET B KOPOTKONEPUOAHBIX IKCIO3ULIUAX IPH T10-
CTOSTHHOM OCBEIIICHUH He OyIyT SKBHBAJCHTHBI MapaMeTpaM B CIydasix, €CJIM JaHHBIE TIOJyYeHbl B JITH-
TEJIbHBIX OIBITAX B YCJIOBHUAX IEPEMEHHOIO COJTHEYHOIO OCBEIECHUS. DTU Pa3INyiis YacTO BO3HUKAIOT W3-
3a Pa3HOro JEWCTBUS MHTEHCMBHOCTH U JJO3bl 0OJy4€HHs Ha CKOPOCTh (DOTOCHHTE3a (PUTOIIAHKTOHA. Iu-
HamMKa (POTOCHHTE3a B TEYEHUE CYTOK WJIM JHS MHTETPUPYETCS B €JUHCTBEHHOE 3HAUEHUE, SABJIAIOLIEECS
ONTMYMOM 32 BEChb Ha0JII0AaeMBblil IEPHO/I.

B Mopemu nid pacy€ra NepBUYHOM NMPOAYKLUMHU (PUTOIUIAHKTOHA, KaK MPABUJIO, BXOJAT ypaBHEHU,
B KOTOpBIE BKJIIOUEHBI (POTOCMHTETUYECKUE NTApAaMETPBl: MaKCUMaJIbHasi CKOPOCTb (pOTOCHHTE3A, I(Pdek-
TUBHOCTb (DPOTOCHHTE3a, BEIMYMHA CBETOBOIO HACHIIEHHUs. B 3aBUCMMOCTH OT TUIIAa MOAEIH ISl pacyéra
MHTErpaJIbHOM MEPBUYHOM MPOAYKLIMH UCIIONIB3YIOT Pa3HbIe TUIIbl TAPAMETPOB [B YaCTHOCTH, BEJTMUUHBI
CBETOBOTO HachIeH s hoTocuHTe3a rpu nocrosiHHoM (E,) 1 ipu nepemenrom ocseruenu (E, ) ]. Oco-
O0ro BHUMAaHUS 3aCiyKMBAET CpeIHECYTOUYHAsl, UM ONTUMaJIbHAsA, BEJIMUMHA HACBIIEHUs (POTOCHHTE3A
no ceety. OOBIYHO €€ 3HAUYeHHs He OMpelesisioT MyTEM NPSMbIX U3MEPEHUI B SKCIIEIUIIMOHHBIX HCCIe-
JOBAHUSIX WM MPHU JUCTAHIIMOHHBIX HAOMIOJEHUSX, OHAKO UMEHHO e€ YI00HO MPUMEHSTh IIPU pacuéTe
MHTErpaJibHOM NEPBUYHON MPOJYKLIMY 32 JJIUTEJIbHBIN NePUOA UK MPH OLeHKe npoduiieil (poTocuHTe3a
B CTOJIOE BOZHL.

Lenb nccnenoBaHnii — ONMpPeeIUTh CBSA3b MEXIY ONTUMAIbHON BEJTMIMHON HACHIIIEHHS (POTOCUHTE3a
(puTOIIIAHKTOHA IO CBETY M CBETOM, aJAIOIIAM Ha MOBEPXHOCTh YEPHOTrO MOPAL.

MATEPHAJI 1 METO/Ibl

B chopmupoBanHylo i McciieioBaHUS 0a3y JaHHBIX BOILIA MaTepUasibl YETHIPEX SKCIICIUTIVIM,
npoBenE¢HHbIX ¢ 1987 mo 1993 r. B Yéprom mope (1adiu. 1). CBeieHUs MOJNyYeHB PEMMYIIECTBEHHO
a. 6. . 3. 3. ®unenko (PULL UIHBIOM) [6, 7] u mononHeHb! JaHHBIMU U3 JIUTepatypsl [1].

Ta6uuna 1. Togpl npoBeaeHNs SKCTIE NN U KOJTMYECTBO U3MEPEHHH, BKITIOYEHHBIX B 0a3y JaHHBIX
Table 1. Years of the expeditions and number of measurements included in the database

Ton Meesi KOJII/I‘{CCTBf) Ton Mecsi KOJ‘II/I‘IGCTBf)

U3MEpPEHUI W3MEpEeHU
1987 12 12 1989 4,5,6 52
1988 1 10 1993 4 14
1988 3 48

bBaza naHHbIX cogepKuUT UH(pOpPMALIMIO O BpeMeHH (Tofl, Mecsll, IeHb) U MecTe (J10JIroTa, IMpoTa, Iy-
6uHa) orOopa mpod. M3mepenust mpoBoawi B akBaTtopuu ot 41° no 46° c. ur. u or 28° no 35° B. 1.
s ryOuH 3BpoTrudeckoit 30Hb1 (12—100 M B pa3inuHbie MECSIBI Ha OTACIBHBIX CTaHIMAX ). Tak:ke B 6aze
MIPeJICTaBJIEHB U3MEPEHHbIE MAPAMETPHI:
* MHTEHCHBHOCTb COJIHEYHON paJualliy, ajialonias Ha oBepXHOCTb Mops, B, (Mosb KBaHTOB-M~2-cyT !);
* BeMYMHA MaKCHMAIbHOI ckopocT (otocuntesa, PP (mrComrX ! -cyr™);
* TAHTeHC yIVIa HAKJIOHA KpUBOW (DOTOCHMHTE3 — CBET, OTpaxaoluil 3(pdeKkTuBHOCTh (POTOCUHTESA,

o (MrC-mrXor ! (Mo kBanTOB-M )7 1).

OnTumasibHasi BeJWYMHA HachimeHus ¢oTocuHTe3a 1Mo cBety, E

P8 /a.

nopt — £ opt

nopt (MOIIb KBAaHTOB-M>-CyT '),

paccuMTaHa Kak OTHoleHue: E
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N3mepenus ckopoctu (hOTOCUHTE3a (PUTOIIAHKTOHA IIPOBOAMIIN PaIMOYIJIEPOIHBIM METOJOM B Teue-
HME NIepBOM WM BTOPOM MOJIOBUHBI CBETOBOIO IHA [6]. 11 mosnyyeHus: CyTOYHON NPOJYKLUM 3HAYEHUS
YBEJIMYMBAJIM B JIBA pa3a, MOCKOJbKY CKOPOCTh (DOTOCUHTE3a (PUTOIIAHKTOHA sIBJIsIeTCSl (DYHKIIMEH CBeTa,
a MOTOK CyMMAapHOM COJIHEYHOW paJMalM B SICHbIE IHU NPUMEPHO OAMHAKOB B T€UEHUE NEPBOM U BTO-
poil mosioBuHLI AHsA. CKJISHKY 3amOJHSIIA BOJOH ¢ TyOrH, Kyaa nponukaet ot 0,5 go 100 % mnosepx-
HOCTHOTO CBeTa. 3aTeM B HUX JI0OABJISIM paJHOAKTHBHBIN YITIepo/] M SKCIIOHUPOBAJIM UX HA MaTyOe cyHa
IIPY €CTECTBEHHOM OCBEIIIEHNH, OCTa0JIeHHOM HEUTPaIbHBIMU CBETO(MIIBTPAMHU IO CBETOBBIX YCJIOBUH, 3a-
PEruCTpUPOBAHHBIX Ha NTyOUHaxX oTOopa npod. OcBem€éHHOCTb u3Mepsiu JokemeTpoM FO116 ot pacceeta
[0 3aKaTa COJHILIA C MHTEPBAJIOM OJMH 4Yac. BennuuHbl B JIOKcax ObUIM MEpeBefieHbl B SHEPreTHUECKHe
equunnpl (1 kik = 20 Mk-M~2-¢”!; 1 monb kBanToB-M2-¢”! = 10° Mxkd-m~2-¢7!) [5].

PE3VIJIbTATbBI

Jl71s1 Beex McclielyeMbIX MapaMeTpoB BHIOOPKa 3a Kaxaplid Mecsl 1987—-1993 rr. Oputa ocpeHena. W3-
MepeHHble 3HaueHHs E, MMeoT BBICOKYI0 BapuaOeabHOCTh, OCOOEHHO JIETOM U BecHOU (puc. 1), mosro-
My J1J151 PaCU€TOB MCIIOJIb30BAJIM MHTEI PAJIbHBIE CPEHECYTOUYHBIE BEJIMUMHBI, OTIPEIEIEHHbIE 17151 KaXKI0TO
KOHKPETHOTO Mecslia B paCCMaTpUBAEMBII1 IEPUOA.

80 —

] I
+
;60~ i%
1)
o +
= T +
m
0 4@
im»« ++
o +
=
- 7 %i
S +
= w0+ F t +
B ; * +
1+ £
&
+
0 T T T T T T T T T 1
12 3 4 5 & 7 8 9 10 11 12
mecay

Puc. 1. V3meHeHue WMHTEHCUBHOCTU COJIHEUHOW pajualldy, Najamoieidl Ha nosepxHocTs Mops (Ep),
B pazimuHbie Mecsibl 1987-1993 rr. B UépHoMm mope

Fig. 1. Variability of solar radiation intensity incident on the sea surface (E,)) in different months of 1987-1993
in the Black Sea

ANIMPOKCUMAIIAIO0 CYTOYHBIX JIAHHBIX MPOBOJIWJIM MO Ce30HaM U B 1ejoM 3a 1987-1993 rr. Uure-
IPUPOBAHUE CPEIHECYTOUHBIX 3HAYEHMd MHTEHCHMBHOCTH COJHEYHOM pagualvy, Majaionied Ha MOBepX-
HOCTb MOPsI, TAHTEHCA yIJIa HAKJIOHA KPUBOU (DOTOCHMHTE3 — CBET U BEJIWYMHBI MaKCUMAaJIbHOU CKOPO-
¢t (DOTOCUHTE3A 32 KaXk/Iblid MECSI] B OTJEJIbHBIN IO/l MO3BOJIAJIO BBISIBUTh HAWTYUIIYIO alllIPOKCUMAIIUIO
Juist (pyHKIMOHAIIBHOM 3aBUCUMOCTH BesmanHsl E, ot E, (puc. 2).

B pesynbrate aHanmmza MOJTy4YeHO JIMHEHHOE YpaBHEHHE JIsI ONTHUMAJILHOW BEJIMYMHBI HACHIICHUS
(potocuHTE3a MO CBETYy MpU OTCYTCTBUU WHTUOMPOBaHMS ISl ITyOOKOBOAHOW yacth YEpHOro Mops.
Oo01iee ypaBHEHME, CBA3BIBAIOLIEE CPETHECYTOUHBIE 3HaUeHus B, opt 1 Eq, nmeeT B

E

nopt

ax Ey+b, (M

rae E, , M3MepsieTcs B MOIb KBAHTOB-M >-CyT ;
au b — nocrosHABIE KO3hPurments (a = 0,12; b = 1,92).
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Puc. 2. VI3MeHeHne OnTHMalIbHOM BEJTMYMHBI HachllleHusi (potocuutesa mo ceery (E,,) B 3aBHCcHMO-

CTH OT MHTEHCHBHOCTH COJIHEYHOH pagvaliy, Majamonieid Ha noepxHocTb Mops (Ej), B 1987-1993 rr.
B U€pHOM MOpe

Fig. 2. Variability of optimal value of photosynthesis light saturation (E,, ;) depending on intensity of the solar
radiation incident on the sea surface (E) in 1987-1993 in the Black Sea

2
VYpasrenne (1) gocroBepHo mpu yposHe 3Hauumoctu p < 0,0001, r= = 0,76. Beanunna E, . onpe-
AenieHa Juis 3Bgoruyeckoi 30Hbl. HaiiieHHast 3aBUCMMOCTb NPUMEHMMA B JAMANa30HE OCBEILEHHOCTEN
ot 3 1o 75 moub KBaHTOB-M_z-CyT_l. VpaBHenue (1), mosy4yeHHOE MO SMIMPUYECKUM JIAHHBIM, HOCUT
PErnoHABbHBIN XapaKTep; OHO PACCUMTAHO BIIEPBbIE I ITyOOKOBOAHOM yacT YEpHOTO MOPSI.

OBCYKIEHUNE

B Hammx uccienoBaHUAX UCTIOJIb30BaHbl SMIMPUYECKHE JAHHBIE BEJIMYMH ONTUMAIbHON MaKCUMallb-
HOU CKOPOCTH (DOTOCHHTE3A M UHTETPUPOBAHHOTO 34 CYTKM TAaHTEHCA yIJIa HAKJIOHA KPUBOU (DOTOCUHTE3 —
cget 3a 1987-1993 rr. [1, 6, 7]. PerysisipHbIX U3MEepeHUI yKa3aHHbIX ApaMeTPOB, KOTOPbIE MOKHO Obl-
JI0 Obl IPUMEHSATh B MOJEIUPOBaHUM B YEPHOM MoOpe Uil Ipyrux JIeT, K COKaJCHHUI0, He MMPOBOJUIM.
Bo MHOrmx paboTax mpuBeJeHa OLEHKa BEJMYMHbBI HACHIIEHUs1 (POTOCHHTE3a MO CBETY. DTy XapaKTepu-
CTHUKY UCIIOJIb30BAJIM IIPU MOJIEJIMPOBAHUM CKOPOCTHU (DOTOCHHTE3a M MHTETPaJIbHOM NEPBUYHOI MPOLYyK-
uuu uroruiankToHa [2, 9, 10, 11, 12, 13, 14, 15, 16, 17]. Ilapametps E, nmm Enopt OTIpeIeIISTA OOBIY-
HO SMITMPUYECKU AJIs1 pa3iUyHbIX palloHOB MupoBoro okeaHa. [logpoOHBIil aHAIM3 OTIMYKS TUX IBYX
napameTpoB ObL1 criesiad M. Bependeinsaom u I1. @anbkoBckuM [9]. DMOMpUUEcKUM MyTEM UMM OIpe-
Jlesiena CBA3b Meky By M onTMManbHON BeMYMHOM HackieHus (boTOCMHTe3a Mo ceety B mpu otcyT-
CTBUY MHTUOVPOBAHUST; TIOJTyYeHa JIMHEHHAS] 3aBUCMOCTh. DTy (DYHKIIMIO UCTIOIBb30BAIN MTPH MOJIETTHPO-
BaHUM MHTETPAJIbHOW MIEPBUYHON MPOLYKIMH JUTS aHAM3a ONTUYECKHUX [TyOWH U BEPTUKAIBHBIX Podu-
Jer ckopocty (poTocuHTe3a [3], Tak Kak B pe3yJbTaTe MOJYYaJIUCh JAHHBIE, CXOJHBIE C YEPHOMOPCKU-
mu [7]. Mexay Tem st YepHOTro Mops He ObUIO OTy4YeHO MAaTEMATUYECKON 3aBUCIMOCTH, TTO3BOJISIONIEH
onpenessts E, ., HCIIOIB3YsI OMH JIETKO AOCTYIHBIN 1151 I3MEPEHHs [IApaMeTp, Takoi Kak E,. Panee Ha-
MH PacCMOTpEHa BeJIMYMHA MaKCHUMaJIbHOTO 3HAYEHUs CBETOHACHIIIEHUs (POTOCHMHTE3A; IO MOJEIIbHBIM
pacuéraM INpoBeJeHa OleHKa HauOosbmero BausiHuA (aktopo Ha E, [4]. B urore momydena MHOXe-
CTBeHHasi perpeccusi s E, u onpeneneHo, yro MakcumasbHble 3HaueHus1 E HaOmopaoTcs npu HU3-
KMX KOHIIEHTPALMAX XJOPO(HMIIa U BHICOKMX 3HauyeHWsx PP, a MUHMMabHBIE — TIpY BHICOKO# KOH-
LEHTpAIMU XJIOpopHIa M HU3KOH (POTOCMHTETMUYECKOM aKTMBHOCTH. YKa3aHO, 4To 3HaueHus E, B 00J1b-
Il CTENeHM 3aBUCAT OT MaKCHMMaJbHOW MHTEHCUBHOCTH (POTOCHMHTE3a, YEM OT KOHIIEHTPALUM XJIOpPO-
¢bwwra. E, otmmaaercs ot E, , HO Takoe BsiHUE (PAKTOPOB KAYECTBEHHO OTPaXaeT n u3MeHeHune E

nopt?
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OCOOEHHO €CJI YUTeHa BePTUKAIbHASI HEOTHOPOIHOCTD pacnpe/iesieHrs (PUTOIUIAHKTOHA B CTOJIOE BOJIBL.
Hamu Haiinena nuneiiHast 3aBucumocts E, o ot E,. [list mosydeHHOro smnupuiecky ypapaenust (1) mo-
MyCKAeTCsl BepTUKaJIbHAsI OJHOPOJHOCTh pacnpeneneHust (puToriankTtoHa. COOTBETCTBEHHO, MPOduiib
(otocunTe3a B cTONIOE BOABI O3 (POTOMHrMOMPOBAHUS TPEICTaBIeH Ha MOBEPXHOCTH OOJACTHIO CBe-
TOBOTO HACHIIICHUS, a HA TTyOMHE — OOJIACTBIO CBETOBOTO OrpaHWYeHus. Takoe M3MeHeHHe Mpoduis
(poTocuHTEe3a 0OBIYHO HAOIOAAETCA B ITYOOKOBOAHOM Yact Y€pHoro mops [7, 8].

3akJuo4denne. [lo pesynbratam aHanuM3a JAHHBIX SKCMEAUIIMOHHBIX MCCIEAOBAHUIA, MPOBEIEHHBIX
B YépHom mope B 1987-1993 r1T., nosyueHa KOJIMYECTBEHHAs 3aBUCUMOCTb MEXAY ONTUMAaJIbHON BEJIU-
YMHOI CBETOBOTO HACHIIIEHUS (DOTOCUHTE3a (PUTOIUIAHKTOHA M BEJIMYMHOW CPEHECYTOYHOIO CBETa, Ia-
JAI0IIEero Ha MOBEPXHOCTh MOPsI. DTO COOTHOIIIEHUE BaKHO ISl psijia COBPEMEHHBIX UCCJIEIOBAHUI: ONTH-
MaJibHasl BeJIMYMHA HACBITIEHUST (POTOCUHTE3A MO CBETY SIBJISAETCS OJHOUM M3 (DyHIAMEHTAIbHBIX XapaKTe-
PUCTUK, IPUMEHSAEMBIX [TPU MOJEIMPOBAHUM MMPOJYKTUBHOCTU (PUTOIUIAHKTOHA. BriepBolie aia Y€pHoro
MOPsI [OJIYIeHO ypaBHEHHUE, [0 KOTOPOMY MOXKHO onpezessite E, . B MOBEPXHOCTHOM CJIOe, UMest [JaH-
Hble u3Mepenuii E ). 910 0co0eHHO y100HO NpY NCHOJIB30BAaHUU OOJIBIIONO MACCUBA JAHHBIX CITy THUKOBBIX
HaOMOJCHUT.

Paboma evinonnena uacmuuno 6 pamxax zocyoapcmeentozo 3adanuss PHUL] HnBIOM no meme «Dynkyuonans-
Hble, MeMaboAUMecKUue U MOKCUKONOZUMECKUE ACNEKMbl CYUECMB08AHUSI 2UOPOOUOHMO8 U UX NONYASIUULL 8 OUO-
MONnax ¢ pasauuHoIM PU3UKO-Xumuueckum pexcumom» (Ne zoc. peezucmpauuu AAAA-A18-118021490093-4) u ua-
cmuuno — no npoekmy npesuouyma PAH «Bausinue (usuko-XuMuueckux npoyecco8 Ha cMeHy 8U008020 cocmasa
U NPOOYKMUBHOCHb MOPCKO020 pumonaankmona» (Ne zoc. peeucmpayuu AAAA-A18-118020790209-9).

BaarogapHocTh. ABTOp Onarogapwur 1. 0. H. 3. 3. PUHEHKO 3a MpeIoCTaBIeHHbIE SKCIIEPUMEHTAIbHBIE TAHHBIE.
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QUANTITATIVE RELATIONSHIP
BETWEEN SOLAR RADIATION INTENSITY
AND AVERAGE DAILY VALUE OF PHOTOSYNTHESIS LIGHT SATURATION
FOR PHYTOPLANKTON
IN THE DEEP-WATER AREA OF THE BLACK SEA

I. V. Kovalyova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: ila.82@mail.ru

According to data obtained during expeditions in the Black Sea (1987-1993), linear relationship between
the light flux density incident on the sea surface (Eg) and the starting point of photosynthesis light satura-
tion (E, o) 18 revealed. For calculations, measurements of phytoplankton photosynthesis rate obtained by
the radiocarbon method were used. The equation of the relationship between the values reported is pre-
sented for the first time for the Black Sea. E,, o is the average daily, optimal value of photosynthesis light
saturation. The parameters of photosynthesis — light curve, determined in short-period exposures under
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constant illumination, differ from the parameters obtained in long-term experiments under conditions
of variable illumination. This is due to different effects of the intensity and dose on the phytoplankton
photosynthesis rate. The values of photosynthetic parameters for a certain time are integrated into a single
value which is the optimum for the entire period observed. The approximation of daily data integrated
is carried out both separately for seasons and in general for the period of 1987-1993. Using statistical pro-
cessing of data of average daily values of the intensity of solar radiation incident on the sea surface, slope
of the photosynthesis — light curve, and maximum photosynthesis rate, the approximation is determined
for the functional dependence of E, ., on Eq. The equation is applicable in the range of light intensity

3 to 75 mol quanta-m2.day™". It describes with high reliability a change of average daily value of pho-
tosynthesis light saturation in the Black Sea during different seasons of the year. The equation includes
a parameter easily accessible for measurement. It can be used in analysis of physiological characteristics
of phytoplankton and calculation of integrated phytoplankton productivity in euphotic layer with using
both satellite and expedition data.

Keywords: phytoplankton, photosynthesis light saturation, photosynthesis rate, photosynthetically active
radiation, deep-water area of the Black Sea
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JlaHHbBIe 0 Tapa3uTax MOPCKUX pbIO akBaTopuu Kapasara mosBuimch B nepBoii mosiopuHe XX Beka. K Ha-
yairy XXI cronetusi cBeieHus o payHe MecTo 3TOro paiona YEpHOTo Mopsl BKIIIOYATN UHMOpMAITHIO
o 19 Buzax, 3aperucTpupoBaHHBIX Y 24 BUIOB pri0. Mexay TeM 3a MoclieHee IeCATUIETHE TAKCOHO-
MU 3TOrO KJlacca IeJIbMUHTOB IIpeTepriesia CyIIeCTBEHHbIE U3MEHEHHs], B CBETE YEero pPernoHajIbHbIC
(ayHnbl HyxkgaTcsi B peBus3ud. Llesp paboTel — IMPOBECTH PEBU3MI0 BUIIOBOI'O COCTaBa LIECTOJ PbIO
akBaropun Kapaparckoro npupogHOro 3arnoBeiHMKa ¥ HPWIEralouX paiioHOB Ha OCHOBE HOBBIX COO-
POB U B COOTBETCTBMM C COBPEMEHHOW cucteMaTHkon kiacca Cestoda. Matepuasiom s vccienoBa-
HUS TIOCTYKHWJIM KaK KOJUICKIIUH IIeCTO/, COOpaHHbIe COTPYIHUKAMH OTIesa SKOJIOTUYECKOH MapasuTo-
nornu UL MuBIOM B paiione Kapanarckoro 3amoBeiHUKa B pa3Hble TO/IBL, TAK U COOCTBEHHBIE COOPBI
ot 1754 k3. ckartoB u KocTUCTHIX PO 53 BuaoB (2005-2018). Paiion uccnenoBanus — npudpexHas
akBaropust Y€pHoro mopst or M. Meranom 110 noc. Opmxonukuaze (FOro-Bocrounslii Kpbim), B TOM
yucIie pasiandHbele Mopckue Ouotorsl Kapagarckoro 3anoBeHuka. BaydepHsle npenapatsl Bcex BUIOB
LECTO/, MCTIOJIb30BAHHBIX B JAHHOM HMCCJIEJOBAHUH, JAETIOHMPOBAHHI B MOJKOJUIEKIIMA MOPCKUX Mapa3u-
TOB KOJUJIEKLIMH TUIpoOroHToB MupoBoro okeana ®PUL MHGIOM. V 17 Bunos pei6 oOHapyxeHo 20 Bu-
JoB 1iectoAl. BriepBrle B paiioHe uccieoBaHus y ckata Dasyatis pastinaca 3aperucTprUpOBaHbI [IECTOIbI
9 BunoB: Progrillotia dasyatidis, Parachristianella trygonis, Dollfusiella aculeata, Rhinebothrium walga,
Caulobothrium sp., Rhabdotobothrium sp., Acanthobothrium sp. 5, 7 m Anthocephaliidae gen. sp. 2.
VY gpyroro Bupa ckara, Raja clavata, HalineHbl LIECTOABI, OTHOCSILUMECS, OYEBUIHO, K HOBBIM BH-
nam Acanthobothrium sp. 1, 2, 4. U3 19 panee wusBecTHhIX B pailoHe Kapagara BupoB mnon-
TBEPXKACHBl HAXOAKHU TOJBKO § TMOJIOBO3PENbIX ULecToN: «Bothriocephalus scorpii», «B. gregarius»,
Echinobothrium typus, Grillotia erinaceus, Prochristianella papillifer, Echeneibothrium variabile,
Cairaeanthus ruhnkei v C. healyae. KpoMe TOro, y KOCTUCTBIX pbI0 OOHApPYKEHBI JIMUUHKH COOPHOTO
Buna «Scolex pleuronectis». Jlwaunku necronsl Progrillotia dasyatidis HaviieHsl BIiepBbie B aKBaTOPUU
3al0BeJHUKA Y § BUAOB KOCTUCTBIX PbIO, UTO pacUIMpsieT CBEIEHUS 00 yYaCTHHKAX KU3HEHHOIO LIUK-
Ja sToro reqbMuHTa. Y phi0 Kapamara He oOHapyskeHbl paHee perrcTpupoBaBLIMecs B pailone 4 BU-
na necron: Hepatoxylon trichiurid larvae, Nybelinia lingualis larvae, Tetrarhynchobothrium tenuicolle
u Anthobothrium cornucopia. Kpome Toro, HeJaBHO MPOBEIEHHBII aHAJIN3 BCTPEYaeMOCTH U CHHOHUMUKHI
BusI0B oTpsa0B Trypanorhyncha u Onchoproteocephalidea BeIsiBHII, UTO paHee BBINOJHEHHOE OMpe/iesie-
nue Grillotia (Christianella) minuta n Acanthobothrium coronatum y snacmoO0panxuit u Tentacularia sp.
larvae — y KOCTHCTBIX pblO YEPHOrO MOpsI OMIMOOYHO BBUIY OTCYTCTBHSI B 9TOM BOJOEME MX CIICIU-
(pruHBIX OKOHYATENIBbHBIX X0351€B. C APYroil CTOPOHBI, Cpeay HaillieHHbIX Acanthobothrium spp. y CKaToB
D. pastinaca v R. clavata B paiilone Kapagara Mbl uieHTU(OULMPOBATH 7 MOP(POJOrUYECKH PA3IUYHBIX HO-
BBIX TAKCOHOB BU/I0BOTO ypoBHsl. OOHapyKeHHbIE LIECTOIbl OTHOCHIIUCH K 6 oTpsinam: Bothriocephalidea,
Diphyllidea, Trypanorhyncha, «Tetraphyllidea» relics, Rhinebothriidea u Onchoproteocephalidea. Hau-
GoJblilee BUJOBOE OOraTcTBO IIECTOJ Y OOOMX BHIOB CKAaTOB OTMEUYEHO Cpelyl TMpeicTaBUTeNiel OT-
panoB Trypanorhyncha m Onchoproteocephalidea (mo 5 BumoB), HamveHbliee — cpenu Diphyllidea
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u «Tetraphyllidea» relics (mo 1 Buay B kaxkmom). Takum oOpa3oM, hayHa LeCTO/, Mapa3HTUPYIOMIMX
y pbi0 B paiione Kapanara, nononxena 12 Bugamu, 8 3 KOTOPHIX SIBJISIIOTCS, OUYEBHIHO, TPEICTABUTEIISIMU
HOBBIX TAKCOHOB.

KuroueBrbie ciioBa: 1iectoipl, peiObl, hayHa, CCTEMATHKa, 3anoBeqHuK, Kpbeiv, YEpHOe Mope

Ha teppuropun KpbiMa pacnosioxeHo OOJIbIIIOe KOJIMYECTBO OXPAHSIEMBIX MPUPOTHBIX OOBEKTOB —
OT MAMATHUKOB MPHUPOJILI MECTHOTO 3HAUEHMS JI0 3alOBETHMKOB OOINEroCyJapCTBEHHOTO M MEXyHa-
poaHoro 3HadeHus. dPayHy mapa3suToB peIO akBaTtopum Kapajmarckoro 3aroBegHMKa WCCIEAYIOT C Hava-
nma XX Beka, M Ha CErojiHsl OHa sIBJIseTCs HauOoJjiee M3YUeHHOW cpeny (payH 3aroBEeJHBIX aKBATOPUIA
Kpbima [5].

[NepBoie nanHble 0 (hayHe niecTox prid akBatopru Kapanara onyoimkoBanst B 1931 1. [4]. B padore ot-
MEUYEeHO 3 BUa IIECTO/, U3 HUX 2 — JIMYUHKHU, ONIPeIeTIEHHBIE TOJILKO 10 poaa. [Tocne moutn 30-1eTHero rne-
pepbIBa U3yUeHHe 1IeCTO]1 pbl0 aKBaTOpUK BO30OHOBMIIOCH [8, 9, 10, 11, 12, 13, 18]. B 6onbmmHCTBE padoT,
MOCBAMIEHHBIX lecToAaM pbid Kapanara, ykasan auiib (pakT peructpaiyy Toro Wil HHOTO BU/A TeTbMUH-
Ta y onpeeaéHHoOro xo3suHa. Tobko B ofHOW myOsmkanuu [13] npuBeseHsl KpaTKoe OMUCaHue U cXe-
MaTHUYHbIe PUCYHKM HaWJEHHBIX TOJOBO3PEJbIX BUJOB 1IECTOJ OT CKaTa-XBOCTOKoJia Dasyatis pastinaca
(L., 1758) u komodvero ckata Raja clavata L., 1758, a Takke KOCTHCTBHIX PbI0 — KaMOaJIbl KaJKaH
Scophthalmus maeoticus (Pallas, 1814) u mopckoro epiua Scorpaena porcus L., 1758.

B nauane XXI Beka B aHHOTMPOBAaHHBIN CIIMCOK Mapa3utoB pbid Kapasara Bonutu 19 BuioB necron, 3a-
peructTpupoBaHHbIX y 24 BuaoB peid 10 2002 1. [10]. DTOT NepeyeHb BUOB IIECTO/T B CBETE CYIIIECTBEHHBIX
M3MeHeHu ux TakcoHomuu [31, 35, 36, 37, 38] B HacTosIIee BpeMs SIBJISIETCS HETOUHBIM M HE OTpaXkaeT
MX COBPEMEHHbIN BUI0BOM COCTaB.

Llens maHHOW pabOTHI — YCTAHOBUTH COBPEMEHHBIA BHIOBOM COCTaB IIECTOJl PHIO aKBaTOPUU
Kapanarckoro npupojHOro 3aroBeiHMKa U TMPUIETAIOIINX PAaHOHOB.

MATEPUAJI 1 METO/1bI

MatepuanoMm JUTsi UCCIIeIOBaHM I TIOCTYKMIIM KaK KOJUIEKIIMHY [IECTO/1, COOpaHHBIE COTPYIHIUKAMU OT/Ie-
Ja 3xosiornyeckon napasurosiorur UL MHBIOM B paitone Kapanarckoro 3anosegauka B 1994 u 2006 rr.,
Tak ¥ coocTBeHHbIe cOOpbl 2005-2018 rr. OT CKaTOB U KOCTUCTHIX PHIO (Tab:1. 1), BBUIOBIEHHBIX U3 OMOTO-
noB Kapagarckoro 3anosenauka (buocranius, Ky3smuuéssl kamau, 6yxThl Manas [lymnuonanoBas u Cep-
JOJIMKOBAsI) U U3 PaiOHOB, TIpuJIeramimx K Hemy (M. Meranowm, m. Tosctbiid, Oyx. JIucks, moc. Kokte6ens,
noc. OpIKOHUKHI3E).

MeTooM HENOJHOro Mapa3uTOJIOIMUYECKOrOo BCKpBITHA B akBaropuu Kapagara u mpuseraroommx
paiioHoB oOcnenoBaHo 1754 3k3. ppid 53 BUIOB.

Pri6 onpeaensm nio [3]. Lecron nepen ¢gpukcanueit B 70-rpagyCHOM TUIIOBOM CITUPTE U PUTOTOBJIE-
HHMEM TOTAJIbHBIX MTPeTapaToB BbIIEPKUBAIM B pecHOu Boae 10-20 MUHYT [T pacciablieHust MyCKyJiaTy-
PbI ¥ 9BarMHaIMM X000TKOB U 1tuppyca [2]. Liecton okparmBaiy aleto- U KBaCIlOBBIM KAPMUHOM 10 CTaH-
naptHoi metonuke [19] u nocne aerngparaunu cnvuproM (70—100°) u mpoceeTeHns B FBO3JUYHOM MacJe
3aKJII0YAIM B KaHAACKUHN Oanb3aM. 3apa)kEHHOCTb PhIO ECTOJaMM OLEHMBAIHM MO PsIy MoKasarenei —
skcreHcuBHocTH (OU, %) m mHTeHCHMBHOCTH MHBa3uu (U, 9K3.-0c06p~!), unekcy ooums (M0, sx3.) [1].
Bbruncnenusi cooTBETCTBYIONIMX TOKa3aTeJied BBITOJHEHbl B mporpammax Statistica 6 u PAST 3 [30].
Bce Buapl LiecToA, UCNOIb30BAaHHBIX B JAHHOM UCCJIEIOBAHUM, JEMIOHUPOBAHBI B MOJKOJUIEKIIMA MOPCKUX
Napa3suToB KOJUIEKLUH ruapoOnoHTOB Muposoro okeana PULL MHBIOM [27].

PE3VIJIbTATbBI

[Mlo utoram oOcnenoBanuss 53 BUOOB pbIO B HUCclenlyeMoM paiioHe y 17 w3 HHUX OOHapy-
xeHo 20 BumoB 1ectox (ta6n. 1). HawmOonbiiee BugoBOe OOratcTBO IECTOJ, OTMEYEHO Y CKaTa
Dasyatis pastinaca — 12 BunoB. Y ckara Raja clavata HaiiieHo 7 BUIOB, a Y 2 BUJIOB KOCTHUCTHIX PBIO
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(Scophthalmus maeoticus n Scorpaena porcus) — 10 1 Buy TOJOBO3pEbIX 1ecToA. JIMUMHKU IBYX
BuoB uectof (Progrillotia dasyatidis n coopHoro Buma «Scolex pleuronectis») HanineHsl y 14 BUIOB

KOCTHUCTBIX pLI6.

Ta6umna 1. Ilokazarenn 3apakEHHOCTH pBIO LiecTogamMu akBatopur Kapagarckoro mpupogHoro 3aroBejHIKa
1 MpIIeralommx paifoHos (1994-2018)

Table 1. Cestode infestation parameters in fish of the water area of the Karadag nature reserve and adjacent

areas (1994-2018)

Bu xo3stuHa WU, 5K3.-0c06b!, | U0, 5x3.,
Bup uecron . U, %
(KOJIMYECTBO IK3.) min — max / mean £ SE mean + SE
Parachristianella trygonis
Dollfus, 1946 1-6/4 2uz 11 0,6
Progrillotia dasyatidis Beveridge,
Neifar & Euzet, 2004 10-73742 2wl 8
Dollfusiella aculeata Beveridge,
Neifar & Euzet, 2004 1-1477 3mw 2
Prochristianella papillifer
(Poyarkoff, 1909) Dollfus, 1957 2-11/7 2usz 11 1,2
(syn. P. trigonicola Dollfus, 1946)
Acanthobothrium sp. 5 Dasyatis pastinaca 1-4/3 2usz 11 1
Acanthobothrium sp. 7 (L., 1758) (11) 2-5/4 2u3 11 1
Caulobothrium sp. 1-1508 /472 6m3 1l 257
Cairaeanthus ruhnkei
Kornyushin & Polyakova, 2012 ! T 1 0.1
C. healyae
Kornyushin & Polyakova, 2012 =372 Susll 0.6
Anthocephaliidae gen. sp. 2 5-6/5,5 2usz 11 1
Rhinebothrium walga
(Shipley & Hornell, 1906) 1-1275 3us ll 1.3
Rhabdotobothrium sp. 1-35/13 4u3 11 5
Echinobothrium typus Van Beneden, | Lws 11 0.1
1849
Progrillotia sp. 3-103/28 Suz 11 13
Grillotia erinaceus (Van Beneden, 1_13/7 Sus 1l 3.1
1858) Raja clavata
Echeneibothrium variabile L., 1758 (11)
Van Beneden, 1850 1-11/4 4msll 1.3
Acanthobothrium sp. 1 2-12/6,3 4311 2.3
Acanthobothrium sp. 2 3-46/18 6usz 11 10
Acanthobothrium sp. 4 1-4/3 4m3 11 1
«Bothriocephalus gregarius» Renaud, Scophthalmus maeoticus 47 —54 233 _
Gabrion & Romestand, 1984 (Pallas, 1814) (3)
«B. scorpii» (Miiller, 1779) Scorpaena porcus 12372403 6 0.1 40,04
L., 1758 (107)
Progrillotia dasyatidis larvae Gobius niger -3 > us 6 B
L., 1758 (6)
Gobms bucchichi -3 21 S -
Steindachner, 1870 (5)
Mullus barbatus 1-86/23%12 13 | 34%2
L., 1758 (53)

[IpomoskeHue Ha CleqyOIIeH CTpaHuIIe. . .
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B xo3stuHa WU, 3K3.-0c06b!, | MO, 3K3.,
Bup necron ) 9, %
(KOJIMYECTBO IK3.) min — max / mean + SE mean + SE
Progrillotia dasyatidis larvae Trc.zchurus mediterraneus | 0.8 0.01 £ 0,01
(Steindachner, 1868) (129)
Gaidropsarus mediterraneus 1_4/25+15 5 0.12+0.1
(L., 1758) (42)
S. porcus 1-9/3,4%0,6 16 0,5+0,2
Atherina boyer! 1-4/2£03 12| 02£006
Risso, 1810 (119)
'Salarza pavo | ’ 0,02 + 0,02
(Risso, 1810) (59)
«Scolex pleuronectis» Miiller, 1788 S. porcus 1-8/5%1,3 5 0,2+0,1
larvae M. barbatus 1-4/25+1,5 4 0,1 £0,08
T. mediterraneus 2 0,8 0,02 £0,02
Symphodus ocellatus 1-38/20+9 4 07407
Forsskal, 1775 (55)
G. mediterraneus 1-7/4%3 5 0,21 £0,18
Atherina hepsetus | ) 0.02 £ 0,02
L., 1758 (52)
Gobius niger 1 2u3 6 -
Gobius bucchichi 3-38 3u3z 5 -
Neogobius melanostomus | s 14 0.07
(Pallas, 1814) (14)
Ponticola eurycephalus | 23 0.02 £ 0,02
(Kessler, 1874) (44)
Aidablennius sphynx 1-2/1,7+03 1 0,02 £ 0,01
(Valenciennes, 1836) (301)
Spicara smaris 14 3 0.4 +0.4
(L., 1758) (36)
Ipumeuanne: | — ecnu BCKpwITo MeHee 15 pH, TO MPUBEJEHO KOIMYECTBO 3apPaKEHHBIX PHIO M3 OOLIEro YMcia
HCCIIeIOBAHHBIX.
Note: ! — if less than 15 fishes were dissected, then the number of fish infested from the total number of fish studied
is given.

Brnepeele B padioHe wWccrnefoBaHMs y  ckara D.  pastinaca  oOHapykeHOo 9  BuU-
noB  uecron:  Progrillotia  dasyatidis,  Parachristianella  trygonis,  Dollfusiella  aculeata,
Caulobothrium sp., Rhinebothrium walga, Rhabdotobothrium sp., Acanthobothrium sp. 5, 7,
Anthocephaliidae gen. sp. 2 (tabn. 1). ¥ gpyroro Buga ckata, R. clavata, BnepBble B JaHHOW aK-
BaTOpUM HaWIeHsl 1iecTonsl Acanthobothrium sp. 1, 2, 4. HamMu He OOHapyXeHBl paHee perucTpu-
pOBaBIIIMECS B 3TOM paliOHe Yy KOCTUCTBIX PBHIO JBa BHUJA JWYUHOK Iecton [Hepatoxylon trichiuri
(Holten, 1802) u Nybelinia lingualis (Cuivier, 1817)], a y ckaToB — 2 BHJa MNOJOBO3PENIbIX LECTO.
[ Tetrarhynchobothrium tenuicolle Diesing, 1854 u Anthobothrium cornucopia (Rud., 1819)].

YV 8 BUIOB KOCTUCTHIX phIO B paiione Kapanara BriepBble oOHapy)eHbl TUIMHKY Progrillotia dasyatidis.
PaHee TMUMHKY JaHHOW I1IECTOJIBI HA/IEHB HAMH Y STHX e BUIOB pbid B paitione Ceacrorofis. JInaun-
KM ObUTH Oe3 OJIACTOIMCTHI M JIOKAJTM30BAIUCh B XKETUHOM ITy3bIpe, MHOTJIAa — B MIPOCBETE KUIICYHHUKA
PpbIO. DTU KOCTHUCTBIE PHIOBI ABISIOTCS BTOPHIMU MTPOMEXKYTOUHBIMU X03sieBaMu [yisl P. dasyatidis, koTopas
3aKaHYMBAET CBOE pa3BUTHE B OKOHYATEJIILHOM X03siuHe D. pastinaca. Jlnuunku necronsl P. dasyatidis
HaijieHsl y JOHHBIX (Gobius spp., Scorpaena porcus, Gaidropsarus mediterraneus, Salaria pavo) u ne-
narmdeckux (Mullus barbatus, Trachurus mediterraneus, Atherina boyeri) pbi0. HanGonbime mokasa-
TEeJIM YUCJICHHOCTH JIMYUHOK P. dasyatidis otmedensl y M. barbatus, S. porcus m A. boyeri (tadmn. 1).
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CaezeHuil 0 BUIOBOM COCTaBe MEPBBIX MIPOMEKYTOUHBIX X03seB P. dasyatidis B nuteparype Het. Henas-
HO OITMCaHbl CBOOO/IHBIE, Oe3 OJACTOIMCTHI JIMUMHKHU TOH 1ECTO/Ibl OT CEMH BUJIOB JIOHHBIX KOCTHUCTBIX
pbIO Tpéx cemeiicTs (Soleidae Bonaparte, 1833; Scophthalmidae Chabanaud, 1933; Batrachoididae Jordan,
1896), BbuIOBNEHHBIX Yy mobGepexbs [lopryrammu [36]. Hamm panHbie 00 OOHApyXeHUM JTMYUHOK
P. dasyatidis y kocTHCTBIX pbIO YEPHOTO MOPSI pacCIIUPSIOT CBeJCHUS 00 YYaCTHUKAX JKU3HEHHOTO HUKJIA
3TOrO reJIbMUHTA.

[TpoBenEHHBII aHAN3 3apakEHHOCTU 1IECTOAAMU JIByX BUAOB CKaTOB B UCCJIEJyeMOM pailOHe BBISIBUIL,
YTO MACCOBBIM BUIOM, BCTPEYAIOIIUMCS Y OOJIBIIIMHCTBA U3yUeHHBIX D. pastinaca, obin Caulobothrium sp.;
MaKCUMaJlbHasg UYMCJIEHHOCTh cocTaBuna 1508 3k3.-0co6b~!' (Tabn. 1). ClemyloluMu MO YHMC/IEHHO-
CTM W BCTPEUaeMOCTH Yy 3Toro ckarta Owbumd uectonwl Dollfusiella aculeata, Progrillotia dasyatidis
u Rhabdotobothrium sp. Y npyroro Buma ckara, Raja clavata, HanOoiee mMaccoBod OblTa IiecTona
Progrillotia sp., YMCJIEHHOCTb KOTOPOM AocTUrajga B oAHOM ckaTte 103 3k3. BTOppIM MO YMCIEHHOCTU
U BcTpeuaeMocTu Obu1 Acanthobothrium sp. 2.

[Monoo3pensie (opmbl Liecton pona Bothriocephalus Rud., 1808, «B. gregarius» n «B. scorpii», 00-
HapyXXeHbl B CBOMX OKOHYATEJIbHBIX X035IeBaXx — KaMOajie KaJKaHe M MOPCKOM epiie. MIHTeHCUBHOCTD
WHBA3UM «B. gregarius» (42-54 3K3.-0co0b~!) y kKam6assl B akBatopur Kapaaara conoctaBuMa ¢ TAKOBOW
U3 JPYrUX paiioHOB BIOJb modepexbsi Kppima. OKOHYATETBHBIM XO3MHOM «B. scorpii» B YépHOM MOpe
ABJIAETCS MOpPCKOU €pil Scorpaena porcus. Ilo gannem [13], «B. scorpii» B pailone Kapanara nHaxonu-
m 'y 28 % epueit ipu MU 1-2 3x3.-0c06b~!. Cornacuo [9], no 30 % epueii 3apakeHo 3Toi LecToAOk
npu MU 1-3 3k3.-0co6b~! u O 0,5 3k3. B padore [11, crp. 10] HET KOJIMYECTBEHHBIX JAHHBIX O 3apa-
KEHHOCTH epIlia 3TOW IeCTOJO0M; YKa3aHO TOJIbKO, YTO BCTPEYaeMOCThb y phIO BhICOKas. B mepron Hatero
uccleIoBaHus «B. scorpii» oOHapykeH B cpeHeM y 6 % epiiieil; BCTpeuaeMOCTh 110 CPABHEHUIO C TAKOBOM
B 1960-¢ [13] 1 2000-¢ rT. [9] yMeHbIIMIIACH IPAKTUYECKU B 5 pa3. B HacToslee BpeMs 3TOT BUJ, ABJIAETCSA
JOBOJILHO PEAKUM He TOJIBKO B UCCIIElyeMOM paiioHe, HO U BJIOJIb Bcero nodepexbs KpbiMa.

OBCY XJIEHUNE

B pesynbrate peBM3MM BHIOBOIO COCTaBa LecTon y pbi0 akBatopmu Kapamara m mpreraommx
paiiloHOB OOHapyeHbl mpeicraButenn 6 otTpsnoB: Bothriocephalidea, Diphyllidea, Trypanorhyncha,
«Tetraphyllidea» relics, Rhinebothriidea u Onchoproteocephalidea (Ta6. 2).

Panee y Mopckoro epina 1 kamOasibl KajkaHa B paiioHe Kapagara otMevanu napasutipoBaHKe TOJIbKO
OJIHOTO TpejicTaBuTeNs Liecto oTpsiga Bothriocephalidea — «Bothriocephalus scorpii» [11, 13]. Equn-
CTBEHHOE, HEIOJHOE ONMCAaHHEe CO CXEMAaTUYEeCKMMM PUCYHKaMHU 3TOro Bujaa B YEpHOM Mope OCHOBaHO
Ha [IeCTO/IaX OT MOPCKOTro epiia u kambaus! [ 13]. B HacTosiee BpeMst BUa sIBIIsieTCSl COOPHBIM M PETHCTPH-
pyetcs y 6osee yem 50 poIoOB MOPCKHX PbIO U3 CEMENCTB U OTPSAOB, HE CBA3AHHBIX (PMIIOTEHETUYECKHU.

Tad6mamma 2. dayna necron pbi6 Kapagarckoro mpupogHOro 3anoBeTHHKA W MPUIETaloNIUX aKBaTOPUM
YépHoro Mopsi (10 COOCTBEHHBIM U JINTEPATYPHBIM JTAHHBIM)

Table 2. Fauna of fish cestodes of the Karadag nature reserve and adjacent water areas of the Black Sea
(according to own and literary data)

Takcons! niectox ‘ Bugpt pbid
Bothriocephalidea Kuchta, Scholz, Brabec & Bray, 2008!
Bothriocephalidae Blanchard, 1849
«Bothriocephalus scorpii» Scorpaena porcus

«B. gregarius» Scophthalmus maeoticus
Diphyllidea Van Beneden in Carus, 1863

Echinobothriidae Perrier, 1897

Echinobothrium typus Raja clavata

IIponoykeHue Ha ClIeyIOIIEd CTPaHHMIIE. . .
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Takcons! niecron

‘ Bugpt psio

Trypanorhyncha Diesing, 1863

Eutetrarhynchidae Guiart, 1927

Parachristianella trygonis

Dasyatis pastinaca

Prochristianella papillifer

Dollfusiella aculeata

Dollfusiella aculeata larvae

Chelidonichthys lucernus, Scomber scombrus, Mullus
barbatus, Belone belone, Trachinus draco, Pegusa nasuta

Tetrarhynchobothrium tenuicolle*

Raja clavata

Progllotiidae Palm, 2004

Progrillotia dasyatidis

Dasyatis pastinaca

Progrillotia dasyatidis larvae

Gobius niger, G. bucchichi, Mullus barbatus, Trachurus
mediterraneus, Gaidropsarus mediterraneus, Scorpaena
porcus, Atherina boyeri, Salaria pavo

Lacistorhynchidae Guiart, 1927

Grillotia erinaceus

Raja clavata

Tentaculariidae Poche, 1926

Nybelina lingualis® larvae

‘ Sarda sarda

Sphyriocephalidae Pintner, 1913

Hepatoxylon trichiuri® larvae

‘ Trachinus draco

«Tetraphyllidea» Van Beneden, 1850 relics: Family incertae sedis

Anthobothrium cornucopia®

Dasyatis pastinaca

Caulobothrium sp.

Scolex pleuronectis larvae

Scorpaena porcus, Neogobius syrman, Gobius niger,
G. bucchichi, Pomatoschistus minutus, Crenilabrus ocellatus,
C. scina, C. tinca, Trachurus mediterraneus, Merlangius
merlangus, Mullus barbatus, Platichthys flesus, Sciaena
umbra, Uranoscopus scaber, Ophidium rochei, Pegusa
nasuta, Spicara flexuosa, Syngnatus abaster, Chelon
auratus, C. saliens, Mugil cephalus, Arnoglossiis kessleri,
Gymnammodytes cicerellus, Atherina hepsetus

Onchoproteocephalidea Caira, Jensen, Waeschenbach, Olson & Littlewood, 2014

Onchobothriidae Braun, 1900

Acanthobothrium sp. 1

Raja clavata

Acanthobothrium sp. 2

Acanthobothrium sp. 4

Acanthobothrium sp. 5

Dasyatis pastinaca

Acanthobothrium sp. 7

Rhinebothriidea Healy, Caira, Jensen, Webster & Littlewood, 2009

Rhinebothriidae Euzet, 1953

Rhinebothrium walga

Dasyatis pastinaca

Rhabdotobothrium sp.

Anthocephaliidae Ruhnke, Caira & Cox, 2015

Cairaeanthus ruhnkei

Dasyatis pastinaca

C. healyae

Anthocephaliidae gen. sp. 2

Echeneibothriidae de Beauchamp, 1871

Echeneibothrium variabile

‘ Raja clavata

IIpumeuanue: L— KJIaccuuKaiuys oTpsoB U ceMelcTs 1o [25, 34, 37]; 2 BUIBI IIECTOI, HE HAMICHHbIC HAMH y pBIO

Kapapara.

Note: ! — classification of orders and families according to [25, 34, 37]; 2 _ cestode species, not found by us in fish

in Karadag water area.
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TunoBout BuUn pona — Bothriocephalus scorpii sensu stricto — mapa3suTHpPyeT TOJIBKO Y MOPCKOTO
ckopniioHa Myoxocephalus scorpius (L., 1758) (Scorpaeniformes: Cottidae), oburaiomiero B ceBepHbIX
yactsax Tuxoro u ATnaHtudeckoro okeaHoB [34]. Ha ocHOBaHUM pe3yJbTaToOB 3JeKTpodopesa OeIKOBO-
r0 cocTaBa IIeCTO/ MOJ Ha3BaHUeM «B. scorpii» oT KaMOaJibl KajikaHa B YEpHOM Mope uX mepeorpeie-
T Kak «B. gregarius», HO 0e3 ormcanust Mopdonorndeckux npusHakoB [20]. TTo manubm [33, 34],
«B. gregarius» siBnsieTcst nomen nudum, TOCKOJIbKY €ro OIMCAHUE OT TUIIOBOTO XO3sIMHA U3 HATUBHOT'O ape-
ajia 1o CHX TIOp He OImyOJIMKOBaHO. B pe3ysbTate n3ydeHus: ocoOeHHOCTEN MOPGOJIOTUH TIeCTO MO/ Ha-
3BaHUSIMU «B. scorpii» (OT MOPCKOro epiia) u «B. gregarius» (0T kamOanbl KaikaHa) B YEpHoM mMope
(Kpbim, KaBkas), a Takske MpoBeJEHHBIX UCCIIeJOBaHUIN pubocoMaibHBIX TeHOB 18S 1 28S atux necron [16]
BBISIBJIEHbl KaK MOP(QOJIOTMYECKUE, TaK U TeHETUYECKUE MPU3HAKH, JOKA3bIBAIOIINE CAMOCTOSTEIBHOCTD
JaHHBIX BUJIOB M HECOOTBETCTBUE TUIIOBOMY BUAY B. scorpii sensu stricto. [Toka B 3ToM mcciejoBaHUN
MBI OCTaBJIsSIeM Ha3BaHMA LECTO «B. scorpii» n «B. gregarius» (Tadm. 2).

Hpyro# Bun manHoro poga — B. atherinae Chernyschenko, 1949 — BriepBble ObUT OTMEUEH y aTe-
puHbl Atherina boyeri B paione Opeccol [21], a 3atem — B akBatopuu Kapanara [11]. TakcoHommuue-
CKHI1 cTaTyc 3TOro BUJa 10 CUX Nop He siceH. OH ObL1 nepeBesieH B pof, Ptychobothrium Lonnberg, 1889
Kak P. atherinae (Chernyschenko, 1949) [7], onHako OAHU KCCIIEOBATENIM PACCMATPUBAIOT CTapOe Ha3Ba-
HUE KakK BadgHoe [33], a Ipyrue OTMedaroT ero Kak BUJ C HEOIpPEAEJEHHBIM POJIOBbIM CcTaTycoM [34].
CrouT 3aMETUTh, YTO PEerucTpalys 3Toro Buaa B Bogax Kapanara BeI3bIBaeT COMHEHUs, TaK KaK OH Mpej-
MOYUTAET COJIOHOBATOBOHbIE OuoToIbl. Tak, B YeépHOM MOpe B. atherinae oTMedanu y aTepUHbI TOJIBKO
B TPEX pallOHax ceBepo-3amagHoil yacTu Mopsi — B akBaTopuu Opeccel (conénoctb 3—14 %o), B bepe-
3aHCKOM (4—12 %0) n TunurynsckoM (4—12 %o) mumanax [21, 22]. Hamm naHHble Takke NOATBEPKIAIOT
MIPUYPOYEHHOCTH 3TOTO BU/IAa K OMOTONAM C HU3KOU COIEHOCTHI0. 3a BCE BpeMsi KCCIIeJOBAaHUI OOHAPYKEHO
Bcero 2 3k3. B. atherinae v Tobko y 2 u3 280 U3y4eHHBIX aTePHH B COJIOHOBATOBOJHOM OnoTore Kapku-
HHUTCKOTO 3aJ1MBa. B MosmraymHHbIX akBaTOpHsixX BAOJIb odepexbs Kppima — y CeBacronons (17-18 %o,
BCKpbITO 545 3K3. atepun), Kapanara (17-18 %o, 119 3x3.) u Kepuenckoro nponusa (12—15 %o, 65 3k3.) —
3Ta 1ecToAa He HaijieHa. ViIMeHHo nostoMy perucrpauus B. atherinae B noauraJuHHoM paiioHe Kapagara
(16—18 %o) BbI3BIBaeT coMHeHMs. Takum 00pazom, U3 TpEX BUIOB 1iecto oTpsina Bothriocephalidea y pio
Kapanara nocroBepHO napasuTHPYIOT TOJIBKO ABa — «B. scorpii» M «B. gregarius» (tadm. 2).

V ckara Raja clavata B akBatopun Kapanara Bnepseie B Hadasie 1960-x rr. oOHapyXeHbI ABe 0COOU
Echinobothrium typus — eauHcTBeHHOTO TIpeactaButens orpsiga Diphyllidea B Yepuom mope [13]. Tlo-
BTOPHO 3TOT BUJ LIECTO]] HAW/IEH Y JAHHOTO cKaTa B paiioHe Kapanara B koHue 1980-x rr. [12]. [To MHeHMIO
aBTOPOB, E. typus 0ObIYEeH JJIs1 9TOTO X03siMHA (€3 YKa3aHWs UMY KOJIMYeCTBEHHBIX MapaMeTpOB 3apake-
HUs). Mexay TeM Hamu E. typus oOHapysKeH ToJIbKo B paiioHe CeBactonosis (o0ciaeoBaHo 124 9K3. CKaToB,
SU 15 %, 1O 19 3k3.). B npyrux paiionax ckaTsl (166 9K3.) oKa3aguch CBOOOAHBIMU OT STOW IIECTOIBL.
Bnepseie B 2018 r. HaiiieH OIMH HETIOJIOBO3PEIIbI 3K3eMIutsp E. typus y ckata R. clavata (Tadm. 1).

[Mo mamuweM [5, 9, 10, 11, 13], y peiO B 3TOM paiioHe BCTpedaeTcss 13 BHIOB IIECTOJ W3 OT-
paga Trypanorhyncha. W3 Hux 8 mpencraeieHsl nosnoBospenbiMu gopmamu (Christianella minuta
(Van Beneden, 1849); Tetrarhynchobothrium minutus Van Beneden, 1850; T. erinaceus Van Beneden,
1861; T. tenuicolle; Tetrarhynchus tenuicolle Diesing, 1854; Progrillotia louiseuzeti Dollfus, 1969;
Grillotia erinaceus; Prochristianella trigonicola), napa3uTHUpPyOIMMH Yy IBYX BHJIOB CKAaTOB U aKYJIbl
KarpaHa Squalus acanthias L., 1758, u 5 — nuuunkamu (Hepatoxylon trichiuri, Nybelinia lingualis,
Tetrarhynchobothrium sp., Tentacularia sp. v Eutetrarhynchus sp.), perTuCTpUpyeMbIMU Y KOCTHCTBIX PbIO.

Y ckatoB Raja clavata w Dasyatis pastinaca HaMu OOHApyXeHO S5 BHIOB IIECTOJ 3TOrO OT-
pana: Dollfusiella aculeata, Grillotia erinaceus, Prochristianella papillifer, Parachistianella trygonis
u P. dasyatidis (P. louiseuzeti sensu [6, 11]) (Tadbmn. 1, 2). ¥ KOCTUCTBIX pbIO BHEpBBIE OIpee/ieHbl JIU-
YMHKY 1ecTonpl P. dasyatidis, ipu 5TOM He HaliIeHbl paHee OTMEUeHHbIe Y 3TUX PbIO MUUMHKU N. lingualis
u H. trichiuri. I3 ppi0, obutaonmx B YEpHOM MOpe, BTOPHIMU MPOMEKYTOUHBIMU XO35€BAaMU JIBYX IO-
CIeJHUX BUIOB SBJIAIOTCA, cornacHo [36], menamuaa Sarda sarda (Bloch, 1793) u mMopckoil npakoH
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Trachinus draco L., 1758, a okonvatenbHbiMu — Raja clavata v akyna Squalus acanthias. Ilenamuny, npa-
KOHa ¥ aKyJ1y B paiione Kapaara Mbl He M3yJaiiu, a 00CieIoBaHHOE KOJMUeCTBO R. clavata GbUI0 HEBETUKO
(11 3k3.), 4TO, BO3MOKHO, OOBSACHSIET OTCYTCTBUE B HAIIIMX COOPAX 3TUX BUJIOB LIECTO.

B pesynbraTe paHee npoBenEHHOro aHaiuza [15] BcTpeyaeMOCTH M CMHOHMMMKHM BHUJIOB OTpSi-
na Trypanorhyncha nokazano, uto omnpeaenenue Grillotia (Christianella) minuta y 3nacMOOpaHXUA
u Tentacularia sp. larvae — y KOCTUCTHIX pbIO B YUEPHOM MOpe OMMUOOYHO BBUAY OTCYTCTBHS UX CIICIIU-
(pruHBIX OKOHYATENIBHBIX X0351€B B 3TOM BojioéMe. HasBanus Tetrarhynchobothrium erinaceus, T. minutus
u Tetrarhynchus tenuicolle sBnsiiotrcs neBamuausiMu [36]. IlpencraBureneii poga Eutetrarhynchus Pintner,
1913 B Y€pHOM MOpe perucTpupoBaId TOJBKO y KOCTUCTBIX PhIO HA CTaauy JIMYMHOK [5, 9, 10]. Briep-
BbIE TIOJIOBO3pEJIble OCOOM 3THX IeCTOj OOHapykeHbl y ckata D. pastinaca B paiione CeBacTonos
u onpeneneHsl Kak Eutetrarhynchus spinifer Dollfus, 1969 [6], Ho 6e3 onucaHus. AHau3 Mopdonoruu
YEpPHOMOPCKUX LIECTOJl, paHee ONpe/eEHHbIX Kak E. spinifer, noka3aJl HECOOTBETCTBUE IEPEONMCAHNUIO
Dollfusiella spinifer (syn. E. spinifer); 3Tu 1iecToJpl niepeonpeaenensl Kak D. aculeata [15].

Eme ogun Bug tpunaHopunx — Tetrarhynchobothrium tenuicolle — y ckara R. clavata B YépHom
Mope (rodepexbe Pymbiaum) ornipenenén kak Rhynchobothrium tenuicolle [23]. B paiione Kapanara on of-
Hasx el 00HapyxeH T. I1. TloropenbuieBoit [13]. [ToBTOpHO 3TOT B B MOpe He Haxoawm. Takum oOpaszom,
u3 13 BuoB orpsina Trypanorhyncha, panee oTMeueHHBIX y pbiO B paiioHe Kapamara [10], akTruecku ma-
PasUTUPYIOT Y 0OOUX BUIOB CKATOB TOJIBKO 5 MOJIOBO3PEIbIX BUIOB; Y KOCTUCTBIX PbIO HAWAEHBI JIMUYMHKU
ABYX BUJIOB LiecTo[ (Tad. 2).

Ho Hammx wuccnenoBanuii y pbi0 Kapapgara ormedanu 7 BuaoB miectof U3 4 poIoOB OTpsja
«Tetraphyllidea» relics: Echeneibothrium Van Beneden, 1850; Anthobothrium Van Beneden, 1850;
Phyllobothrium Van Beneden, 1849; Acanthobothrium Van Beneden, 1849 [9, 11, 13, 18]. U3 co-
craBa otpsna «Tetraphyllidea» Bbigenensl Tpu HOBBIX oTpsjaa: Rhinebothriidea, Phyllobothriidea
u Onchoproteocephalidea [25]. CnenoBarenbho, u3 «Tetraphyllidea» y D. pastinaca B akBatopuu Kapa-
Jlara mapasuTupyeT TOJIbKO OAWH NpeactaButesb Anthobothrium — A. cornucopia [13]. Panee y ckatoB
YeépHoro mops obHapyxkuBanu A. auriculatum (Rud., 1819) u A. cornucopia, oqHako Mbl He HallUI TUX
LIECTO]] B CBOMX cOopax TeTpadriuiu OT 000MX BUIOB CKATOB Y odepesxbst Kppima.

Hpyrue npeacrautenu otpsja « Tetraphyllidea» relics — necronst poga Caulobothrium Baer, 1948 —
BIIEpBbIe OOHApYkeHb HaMU B YE€pHOM Mope y ckata D. pastinaca B akBatopuu CeBacromnois (0yx. Kaza-
4bs1); IOBTOPHO OHM HaiiJeHbl B paitoHe Kapagara u Kepuenckoro nposmsa [14]. VccnenoBanuble oco-
Ou OTIMYAOTCs OT 7 BAJIMIHBIX BUAOB 3TOro poaa [37], u B JaHHOW padOTe OHHU IMOKa ONpeneseHbI
kak Caulobothrium sp. B Hacrosiiiee Bpemsi He ICHO, K KAKOMY CEMEWUCTBY OTHOCSTCS IIE€CTOJIbI 3TOTO
poza; ToKa OHU BBIJIEJIEHB! B OTAEIBbHYIO rpyminy, odo3HayeHHyo kak Clade 4 [37, ctp. 378]. ABTOpHI
yTBepxkaaT, uro Caulobothrium spp. BCTpeyaloTcs TOJIBKO y ckaToB ceMerictsa Myliobatidae Bonaparte,
1838 [Myliobatis L., 1758], a HaX0IKM LECTOA ITOr0 poja y ckaroB cemencTB Dasyatidae Jordan, 1888
[Himantura (Bleeker, 1852)] u Urolophidae Miiller & Henle, 1841 [ Urolophus Miiller & Henle, 1837] B Ka-
pu6ckom Mope 1 B TuxoM 1 ATIIaHTUYECKOM OKeaHax TpeOyIoT JONOIHUTEIBHBIX TIOATBepKACHUNA. Takum
00pa3oM, y CKaTOB B paiiOHe WCCIIeIOBaHUS JIOKA3aHO Mapa3suTHPOBAHKE TOJBKO OJHOTO BHIA U3 poja
Caulobothrium (ta6m. 2).

[Mo mamaeiM [9, 10, 11, 13, 23] m mo pe3yabraTaM aHajaM3a COOCTBEHHBIX COOpPOB, Yy CKa-
toB Kapamara BcTpevarorcs mecronbl Tpex cemeuctB orpsga Rhinebothriiddea — Echeneibothriidae
(Echeneibothrium); Anthocephaliidae (Cairaeanthus Kornyushin & Polyakova, 2012, Anthocephaliidae
gen. sp. 2); Rhinebothriidae (Rhinebothrium Linton, 1890, Rhabdotobothrium Euzet, 1953) [14, 15].

EnuncTtBennblii npeacraButens cemencrBa Echeneibothriidae, ormeuennslii y ckara Raja clavata
B U€pHOM Mope (Echeneibothrium variabile), oriucaH TOJILKO HA OCHOBE HETIOJIOBO3peIbIX ocoodeit [13, 23].
[Mo naunwm [39], «E. variabile» siBnsiercst cOOpHBIM BUIOM, a E. variabile sensu stricto y3kocrnenudpuieH
R. clavata; HaxoaK¥ 3TOTO BUA IIECTO/T Y Pa3HBIX BUIOB CKATOB U B PYIMX PalilOHaX TPeOYIOT MOITBEPKIe-
Hus. B cOopax necron ot R. clavata u3 akBatopum Kapanara u CeBacrorosisi 0OHapy KeHbI 3peJibie 0coOu,
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MOP(OJIOTMYECKU UICHTUYHBIE 3TOMY BUJ1y LIECTOJ, OT TUIIOBOIO XO35MHA U3 HaTUBHOTO apeaia [39]. Ot-
MeTuM, uto E. variabile Haxonumu B akBatopuu Kapanara y oboux BuioB ckatos [9, 10, 11]. Hamu uu pa-
3y HE 3aperecTpupoBaHo napasuruposBanue E. variabile y ckata D. pastinaca. YuuTteiBas cielli(puuHOCTb
E. variabile x ckary R. clavata, cautaem ero onpezaenenue y D. pastinaca B YépHOM MoOpe OIMOOYHBIM.

Bupnosoiil coctaB niecton ckata D. pastinaca akBatopuu Kapaaara nmonojHWICsS HOBBIMU NPEICTaBU-
tenssmu Anthocephaliidae gen. sp. 2, Rhinebothrium walga n Rhabdotobothrium sp. [14, 15]. B c6o-
pax 1ecToj OT TOro CKarta, BBUIOBJICHHOTO BJIOJIb TToOepekbst KppiMa, HaMU omnpesiesieHsl IIeCTOIbl poaa
Cairaeanthus (Phyllobothrium sensu [ 13, 23]) ¢ aByms Bugamu — C. ruhnkei (syn. P. lactuca sensu [13,23])
u C. healyae (syn. P. gracilis sensu [13, 23]) [32]. B paiione Kapanara Bnepseie C. healyae HaniieH
B KoHle 1980-x rr. y 45 % ckartos D. pastinaca u R. clavata npu U1 1-17 3k3.-0co6s~! [12]. B an-
HOTUPOBAHHOM CITMCKE YKa3aHO Ha OOHapyxkeHue emeé omHoro Bujaa 3toro poga — C. ruhnkei [10].
Cornacho [10, ctp. 476], 35 % ckatoB R. clavata v mopckux epieit S. porcus 3apaxenbl C. ruhnkei
npu U 1-5 9K3.-0c00b~!; OTMEUeHO, UTO BIlepBbIe B paiioHe Kapamara o6a Buma Cairaeanthus HaiJeHbI
T. I1. [loropensiieBoil. Mexay tem, cornacto [13, ctp. 148—150], 06a Buaa necro 0OHapykKeHbI TOJIBKO
y ckata D. pastinaca v B apyrux panoHax: C. ruhnkei — B KepueHckom nposuse, a C. healyae — B akBa-
topun Kepun u HoBopoccuiicka. Llectonst pona Cairaeanthus spp. — y3KocnienupryuHbIe Mapa3uThl cKaTa
D. pastinaca [32]. ImeHHO 1103TOMY HaXoJK1 M0J10BO3pesbix Cairaeanthus spp. HE TOJBKO Y IPYIroro cka-
Ta, R. clavata [11], HO n y Mopckoro epma [10] SBHO OIMMOOYHBI: KOCTHCTBIE PHIOBI ABJISIOTCS IS 1ie-
CTOJI 3JTACMOOPAHX U BTOPBIMU, WJTH TapaTeHUIECKUMHU, X03sieBamu. O0a Buna Cairaeanthus BCTpedaioTCcst
B UeépHoM Mope u Tosibko C. ruhnkei — B AzoBckoM. CortacHo [24, ctp. 17], apean pacipocTpaHeHNs 3TOM
rpynmsl necton (Cairaeanthus Spp.) orpaHiueH, BEepOSITHO, OoJiee MPOXJIaJHBIMUA BOIaMH, TIOCKOJIBKY, HC-
crietyst HecTo/1 OT cKaToB poaa Dasyatis Rafinesque, 1810 u3 Tponmueckux u cyOTpONMUECKUX PETHOHOB,
niectoy ponaa Cairaeanthus He Haxoaumi. TakuM oOpa3oMm, y CKaToB akBatopuu Kapajara nmapasutupyior
6 BuaoB Liectoq u3 orpsga Rhinebothriidea: Echeneibothrium variabile, Cairaeanthus healyae, C. ruhnkei,
Rhinebothrium walga, Rhabdotobothrium sp. u Anthocephaliidae gen. sp. 2 (Ta0u. 2).

[To mannsm [10, 11, 13], B coctaBe oTpsiga Onchoproteocephalidea y 1Byx BUIOB CKaTOB aKkBaTOpUU
Kapapgara napasutupyloT ToJIbKO [1Ba BUJa 1iectof pona Acanthobothrium — A. coronatum (Rud., 1819)
u A. dujardinii Van Beneden, 1849. [lo Hamux uccienoanuii B YEpHOM MOpe HEKOTOPBIE aBTOPBI OTMe-
YaJId TPU BHUJIA STOTO POjia: KPOME BBIIIEYKA3aHHBIX BUJIOB, ONPEAEIISIN €IMHCTBEHHOTO YepHOMOPCKOTO
snjieMuKa — A. ponticum Borcea, 1934 [10, 11, 13, 23]. Heo6xoauMo MOT4epKHYTh, YTO B COOCTBEHHBIX
cOopax IeCTo]] 3TOro pojia OT CKaTOB 000MX BUIOB y moOepexbss Kppima n KaBkaza mMbl He oOHapyku-
JIM TIeCTO/I, KOTOPBIE TI0 CBOMM MOP(OJIOTHUECKUM MPU3HAKAM COOTBETCTBOBAIM Obl paHEe OTMEYEHHBIM
A. coronatum, A. dujardinii u A. ponticum. C qpyroii CTOpOHbI, Cpeu HalieHHbIX Acanthobothrium spp.
y ckaTtoB D. pastinaca u R. clavata mwl uaentuduimpoBamu 7 MOpPOIOrMUECKU Pa3HbIX TAKCOHOB BUJIO-
BOro ypoBHs. B paiione Kapanara y ckata R. clavata ooHapyxeHsl Acanthobothrium sp. 1, 2, 4, a'y ckata
D. pastinaca — Acanthobothrium sp. S, 7 (ta6x. 1, 2) [14, 17].

B pesynbraTe aHanmza MopdoJsioruu, crienpuyHOCTA U CUHOHUMUKU A. coronatum, A. dujardinii
u A. ponticum y ckatoB Y€pHoro mops [15] ycraHOBNIEHO, UTO oMpeeseHre Y JaHHBIX Pbl0 Y3KOCTeu-
¢puunoro A. coronatum [40] BBUAY OTCYTCTBUSI OKOHYATEIBHOTO XO35IMHA 3TOrO BUJA 1IECTOJ — aKYJI PoO-
na Scyliorhinus (Blainville, 1816) — B manHOM BopoéMe ormmOoyHO. ONUcaHus 1eCTOM, ONpeIe/IEHHbIX
Kak A. dujardinii [13, 23], oT ckaTtoB B YUépHOM MOpE HE COOTBETCTBYIOT TUIIOBBIM OIMCAHUSAM 3TOrO BUJA
u3 Jla-Manma [28, 29, 40]. CuctemaTrndeckoe NoJjoxkeHue A. ponticum 10 CUX MOP He BbIsiCHEHO. OJTHU yKa-
3bIBAJIA €T0 KaK BO3MOKHBIM MJIaAINI CHHOHUM A. crassicolle Wedl, 1855 [29], npyrre — kak BUJ ¢ HeslC-
HBIM CHUCTEMaTHUYeCKuM mosiokenuem [40], TpeTbu — Kak BaJUAHBIN BUJ [26], 6e3 mepeucciieoBaHus
TUIIOBOT'O MaTepualia, MeCTO XpaHEHUsI KOTOPOro HEM3BECTHO.

B Hammmx coopax Acanthobothrium spp. ot D. pastinaca y nodepexbsi Kppima (KapkuHUTCKMIA 3a71B,
CeBacronosns, Kapanar, Kepuenckuii nposms) u KaBkasza oOHapykeHbl 0coOH, KOTOpbIE TIEpBOHAYAIBLHO
MBI OTIpeIeNTUIN Kak A. crassicolle [S]. Mexay TeM, U3y4uB JOTIOJTHATEILHBIN MaTepuast 1o MopgoIoruu
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9THX IIeCTOA W TOC/IeA0BATEeIbBHOCTH WX PHOOCOMasbHBIX TeHOB 18S wm 28S, ™Mbl BbIssBHIM MOpPdO-
JIOTUYEeCKHe U TeHeTHuYeckue mpusHaku [17], mospossoniye WAeHTU(UIMPOBATh UX KaK HOBBIA BUJL.
B sto0ii paboTe MbI IOKa ocTaBisieM ero Kak Acanthobothrium sp. 7. Takum oO6pa3om, B cocTaBe OTpsaa
Onchoproteocephalidea y ckatoB Kapagara napa3utupyiot 5 BUIOB IiecTof (Tadm. 2).

3akiaouenne. B pesynbrate peBmsuu ¢ayHbl necton peid Kapamarckoro mpupogHOro 3amoBen-
HUKA M TPWIErallluX pPadOHOB YCTAHOBJIEHO, YTO COBPEMEHHBI BHIOBOW COCTAaB 3ITUX TI'€JIbMUH-
ToB HacuuTeiBaeT 20 BUIOB M3 19 pomoB um 6 orpspoB. Brepeele y ckartoB Kapagara oOGHapyskeHO
12 BupoB: Progrillotia dasyatidis, Parachristianella trygonis, Dollfusiella aculeata, Rhinebothrium walga,
Acanthobothrium sp. 1, 2, 4, 5, 7, Rhabdotobothrium sp., Caulobothrium sp. u Anthocephaliidae gen. sp. 2.
Brepsoie y koctucteix pei0 Kapagara oOHapyxkensl quauHku Progrillotia dasyatidis; 9T HOBblE CBe-
JeHWsS] JOTOJNHSIOT 3HaHUS 00 OCOOGHHOCTSIX JKM3HEHHBIX IMKJIOB IIECTON JAHHOTO poja. Y pwid
UCCIIEJOBAHHOM aKBaTOPUU W3 paHee perucTpupyembix 19 BUIOB 1iecTOJ MOATBEP:KAECHBI HAXOJKU
TOJILKO BOCbMM: «Bothriocephalus scorpii», «B. gregarius», Echinobothrium typus, Grillotia erinaceus,
Prochristianella papillifer, Echeneibothrium variabile, Cairaeanthus ruhnkei n C. healyae. Y xocTtu-
CTHIX PBIO He HaWljeHBl JTUMUUHKU liecton Hepatoxylon trichiuri v Nybelinia lingualis, a y ckatop —
Tetrarhynchobothrium tenuicolle n Anthobothrium cornucopia. B pe3ynbraTe aHaan3a COBPEMEHHOMN TaK-
COHOMMWH, CHHOHUMUKH U CHENU(PUUHOCTH K OKOHYATEJIbHBIM X03s1€BaM LiecTo]] oTpsaA0B Trypanoryncha
n Onchoproteocephalidea ycraHOBIEHO, YTO NEPBOHAYAIBHOE OINPEEIIEHUE U ONUCAHUE TPEX BUIOB —
Tentacularia sp. larvae, Grillotia (Christianella) minuta w Acanthobothrium coronatum — ot peiO Yép-
HOro Mopsi ounmoOo4Ho. Hamnbosnbliee BHIOBOE OOraTCTBO OTMEYEHO CpeAd MpPEeACTaBUTENEH OTpSIOB
Trypanorhyncha u Onchoproteocephalidea (1o 5 BugoB), a HaumeHsblee — cpenu orpsgoB Diphyllidea
n «Tetraphyllidea» relics (1o 1 Buay). YBenndyeHre BUIOBOTO COCTaBa IecTo macMoOpanxuii Kapana-
ra MOXeT MIPOM30UTH 3a CUET U3YyUeHUs TUX TeJIbMUHTOB Y aKyJjbl KaTpaHa Squalus acanthias, KoTopas
B JJAHHOM paiiOHe OKa3aiach (paKTHUECKU He UCCIIeJOBAHHOM.

Paboma evinoanena 6 pamxax zocyoapcmeennozo 3adanusi PUL] UnbIOM no meme «3axonomeprocmu ¢op-
MUPOBAHUSL U AHMPONOZEHHAST MPAHCHOpManust OUopazHoodpazus u ouopecypcog Azoso-4epromopckozo bacceiina
u opyeux pavionos Muposozo okeara» (Ne zoc. peeucmpayuu AAAA-A18-118020890074-2).
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FISH CESTODES OF THE KARADAG NATURE RESERVE
AND ADJACENT WATER AREAS OF THE BLACK SEA

T. A. Polyakova

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

The first data on marine fish parasites in Karadag nature reserve water area were published at the begin-
ning of the 20" century. By the beginning of the 21% century, information on the fauna of cestodes in this
area of the Black Sea included data on 19 species recorded in 24 fish species. However, taxonomy of this
class of helminths has changed significantly over the last decade, and regional fauna needs to be revised.
The aim of this work is to revise the species composition of fish cestodes in the water area of the Karadag
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nature reserve and adjacent areas on the basis of new data obtained and in accordance with current sys-
tematics of Cestoda. The material for this study was the collections of cestodes gathered by the staff
of IBSS RAS Environmental Parasitology Department in the area of the Karadag nature reserve in differ-
ent years, as well as our own collections of 1754 specimens of rays and teleosts of 53 species (2005-2018).
The area studied is Black Sea coastal area from Meganom Cape to Ordzhonikidze village (southeastern
part of Crimea), including various marine biotopes of the Karadag nature reserve. Voucher preparations
of all types of cestodes used in this study were deposited in a subcollection of marine parasites of the World
Ocean hydrobionts collection of IBSS RAS. Totally 20 cestode species were found in 17 fish species.
Nine species, namely Progrillotia dasyatidis, Parachristianella trygonis, Dollfusiella aculeata, Rhineboth-
rium walga, Caulobothrium sp., Rhabdotobothrium sp., Acanthobothrium sp. 5, 7, and Anthocephaliidae
gen. sp. 2., were reported for the common stingray Dasyatis pastinaca in the area under study for the first
time. Cestodes belonging to the new species Acanthobothrium sp. 1, 2, 4 were found in the thornback ray
Raja clavata. Of 19 species previously known in Karadag area, only 8 adult mature cestodes were recorded:
“Bothriocephalus scorpii’, “B. gregarius”, Echinobothrium typus, Grillotia erinaceus, Prochristianella papil-
lifer, Echeneibothrium variabile, Cairaeanthus ruhnkei, and C. healyae. In addition, larvae of the complex
species “Scolex pleuronectis” were found in teleost fish. Larvae of cestode Progrillotia dasyatidis were found
for the first time in the water area studied in 8 teleost fish species; this data contribute to the information
on the participants in the life cycle of this helminth. Four cestode species, namely Hepatoxylon trichiuri
larvae, Nybelinia lingualis 1arvae, Tetrarhynchobothrium tenuicolle, and Anthobothrium cornucopia, which
were previously reported from this area, were not found in the present survey. Moreover, recent analysis
of the occurrence and synonymy of species of orders Trypanorhyncha and Onchoproteocephalidea re-
vealed that the previous identification of the cestodes in elasmobranchs as Grillotia (Christianella) minuta
and Acanthobothrium coronatum, as well as identification of the cestodes in teleosts as Tentacularia sp.
larvae, is incorrect due to the absence of their specific definitive hosts in the Black Sea. On the other hand,
among representatives of Acanthobothrium spp. registered in D. pastinaca and R. clavata in Karadag water
area, we found 7 morphologically different new taxa identified to the species level. The cestodes found
belong to 6 orders: Bothriocephalidea, Diphyllidea, Trypanorhyncha, “Tetraphyllidea” relics, Rhineboth-
riidea, and Onchoproteocephalidea. The most species diversity of cestodes in both species of rays is regis-
tered among representatives of the orders Trypanorhyncha and Onchoproteocephalidea (5 species each),
the least — in the orders Diphyllidea and “Tetraphyllidea” relics (1 species each). Thus, 12 species
were added to the fauna of the cestodes parasitizing fish in Karadag area, and 8 of them are obviously
representatives of new taxa.

Keywords: cestodes, fish, fauna, systematics, reserve, Crimea, Black Sea
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I'psi3eBbIe ByJIKaHBI — OJTHO U3 YHUKAIBHBIX SIBJICHUH IPUpoIbl. OHU MIMPOKO PpacIIpOCTPAHEHH IO BCEMY
mupy. [ psi3eBbie ByJIKaHbI BCTpeUYaTCs U Ha Tepputopurt KpbiMa, B ToM duciie Ha ByaraHakckoM corod-
HOM T10JIe — KPYIHEWIleM CKOIUICHUH JISUCTBYIOIIMX BYJIKAHOB Ha moiyoctpose (45°2529.04” c. .,
36°27°51.64” B. 1.). I3yueHre OJHOKJIETOYHBIX BOJOPOC/IEH IPsI3eBbIX ByJIKaHOB B KpbiMy, Kak ¥ B ApY-
rux pernoHax Poccuu, 1o HacTosIIIero BpeMeHy He mpoBoavii. Heo6xoamMoCTh 1 akTyaJIbHOCTh HCCITe-
JOBaHMM MMPOANKTOBAHA OTCYTCTBUEM CBEJEHUI O BHUIOBOM COCTABE MHUKPOBOJIOPOCIEH TPSA3EBHIX BYJI-
kaHoB. [1po06sI cobpanst O. F0. Epémunsmv 03.08.2012 u 13.04.2013 B BepxHeM 2—3-CaHTUMETPOBOM
CJIOe CYCIIEH3UHU BMECTe C MPUITOBEPXHOCTHOW BOJIOM, BHITEKAIOIIEH U3 Hero. /[nana3oH CoNEHOCTH 1 TeM-
nepaTypsl Bofbl cocTanisn 27-32 ri! u +28...+31 °C. BumoBoil cOCTaB MUKpPOBOIOPOCIEN Ompee-
JIAIM B BOJAHBIX TpernapaTax B MPYKU3HEHHOM COCTOSIHUM BOJIOPOCHIEH C MOMOIIBIO CBETOBOIO MHUK-
pockomna Axioskop 40 (Carl Zeiss) npu yeennuenuu 10x40, ucrosb3yst mporpaMMHOe oOecrieueHue
AxioVision Rel. 4.6. O6HapyxeHO 16 BHIOB, MPUHAIIEKANIUX K BBICIIMM TAKCOHOMHYECKUM TPYII-
nmam: Cyanobacteria (1 Bum), Dinophyta (2), Bacillariophyta (6) u Euglenophyta (7). I3 Hux nmaHoOak-
tepuss Chamaecalyx swirenkoi (Schirshov) Komdérek et Anagnostidis, 1986 HaiineHa Hamu B aBrycre
2012 r. B mpobax oTMeueHbI IeHHATHBIE TUaTOMOBBIE BOJIOPOCIIM — KaK OJAMHOYHO XUBYIIHE (POIOB
Cylindrotheca (Ehrenberg) Reimann & J. C. Lewin, Lyrella Karajeva u Nitzschia Hassall), Tak u ko-
JoHuanbHbie (pooB Berkeleya Greville u Pseudo-nitzschia H. Peragallo). CojloHOBaTOBO/IHBIN, OEHTOC-
HbI, GopeanbHO-Tponueckuil Bun Nitzschia thermaloides Hustedt BriepBble OTMeUeH 1151 aIbroIophl
Kprima, Y€pHoro u A3zoBckoro mopeit. Takske 0OHapysKeHbl IBIJIEHOBbIE BOAOPOCIM — 5 BHIOB poja
Trachelomonas Ehrenberg u 2 Buna Strombomonas Deflandre. I3 Bcex BUIOB, HAWOEHHBIX B 9KOTOIIE
TPS3€BOTO BYJIKaHA, 7 ABISIOTCS oOmmmMu ¢ YEpHBIM MopeM, a 9, BKiiouasi 3 BUIa SBIJIEHOBBIX BOAOPOC-
newt, — ¢ A3oBckuM. [TokazaHo, 4TO MO XapaKTepy raloOHOCTH B IPSI3EBBIX BYJIKAHAX MPE0OJIaai0T BUIbI,
TUNMYHBIE [Is1 PECHOBOJHOTO KoMIUTeKca (53 %), pu CyIiecTBEHHOH 10J1ie MOpcKUX (27 %) 1 CONOHO-
BaTOBOIHBIX BUIOB (20 %). 13 utoreorpadpuueckux 37eMeHTOB (PIOphl GOpeabHble BUABI COCTABIISIOT
33 %, 6opeanbHO-Tporudeckue — 47 %, kocMonojautsl — 20 %. OTMe4eHO TpU BHUA MOTECHIIUATBHO
TOKCHYHBIX BOJOpoCielt — muatomest Pseudo-nitzschia prolongatoides (Hasle) Hasle, 1993 u qunogwuto-
Bble Prorocentrum lima (Ehrenberg) Dodge, 1975 u Alexandrium tamiyavanichii Balech, 1994. Ilocnen-
HUI1 BU] SIBJISIETCS] MOPCKUM, OOPEabHO-TPONMUECKIM U HOBBIM 1151 atbrochiopsl Kpeimva n Y€pHOTO MO-
ps. B crathe Takke mpejcTaBieHsl COOCTBEHHBIE U JIUTEPATyPHBIE JaHHBIE 0 MOP(OJIOTUH, SKOJIOTUH,
¢uroreorpacun BUIOB U UX OOIIEMY PaCIIPOCTPAHEHMIO B Pa3HBIX BoJoEMax mupa. HekoTtopbie BUIBI
MHUKPOBOJOPOCJIEH OTHOCATCS K MHAMKATOPaM CaripOOHOCTH; OHM CIIOCOOHBI yYacTBOBATh B OUHUILICHUU
BOJl OT U30BITKA PACTBOPEHHBIX OPraHMUYEeCKUX BemecTB. [IprBeeHbl (POTOCHUMKY IPSI3eBBIX BYJIKAHOB
1 MAKPO(OTOCHIMKH HEKOTOPBIX BUJIOB.

KaioueBrbie cjioBa: MUKPOBOIOPOCIH, SBIJIEHOBHE, AUATOMOBHIE, TUHO(UTOBBIE, TPSI3EBON BYJIKAH,
KpbiMckmii IoTyocTpoB
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['psi3eBbie BYJIKaHbI — OJIHO U3 YHUKAJIbHBIX SIBJICHUI TPUpoAbl. OHU IIMPOKO pacTpOCTPaHEHBI [0 Bee-
My Mupy. ['psi3eBble ByJIKaHBI BCTpeUyaloTcsl B TOM uuciie Ha KepueHckom mosryocTpoBe U BXOJAT B Byira-
HAKCKOE CONOYHOE M0JIe — KPYIHENIee CKOIIEHUE NEeNCTBYIOIIUX IPsA3eBbIX BYJKaHOB B Kpeimy [25].
TepmuH «rpsa3eBoii Byjikan» (Hem. Mudevulkan) Beenen I'. I1. I'eibMepceHOM, y4acTBOBAaBUIMM B TEUEHUE
60 et B U3y4YEeHUH, B YACTHOCTH, I'PA3EBbIX BYJKAHOB AJTasi U HEPTAHBIX MECTOPOKAEHUI TaMaHCKOro
u Kepuenckoro monyoctpoBoB. 1o maenmo akanemuka M. M. ['yOkuHa, OIHOTO U3 OCHOBOIIOJIO)KHUKOB
U cozfareseit reojsorud Hedtu B Poccum, razoHedTsiHble POSIBICHUS U TPSA3EBON BYJIKAHU3M — CYTb
(pyHKILIMU OIHUX U TEX K€ MPUUYHMH, OCOOBIX (POPM TEKTOHUKHM — JAUATIMPOBHIX CTPYKTYP (CKJIAAOK U KYIIO-
JIOB, BO3HUKAIOIMX 32 CYET BbIJABJIMBAHUSA U3 HUKHUX F'OPU30HTOB BBICOKOIUIACTUYHBIX MOPOJ — COJIU
¥ Hbl). OH BIEpBbIe YCTAHOBUJ MX €IMHOE TeHETMUYECKOE 11eJI0e, YTO B AaJbHEeHIeM ObUIO HUCIIOb30-
BaHO B IpOrpaMMe UCCIIeJOBaHUs rpsi3eBbIX BYJIKaHOB KpbiMcko-KaBka3ckoil reoiornueckor mpoBUHIMH
Ilxepeso [25].

KpbIMCKUIT 1OJIyOCTPOB SBJISIETCS OAHMM W3 PAaliOHOB MPOSIBJIEHUS TPA3EBOIO BYJIKAHU3MA; 37€Ch
33 BysikaHa [8]. I'psi3b U3IMBaAETCA Yepe3 KpaTepbl U paCTEKaeTcs MO CKJIOHAM B BHJE MOTOKOB. Comnoy-
HbIE TIOJISI BYJIKAHOB ByJraHaKCKOTrO THIIA OTHOCSATCS K TPSA3EBYJIKAHUYECKUM O0Pa30BaHUsM, Uil KOTO-
pbIX OypHBbIE U3BEpKEHMSI HE XapaKTepPHbL. DTU I'PsI3eBble BYJIKAHBI SBISIOTCS MAMATHUKAMU TPUPOIbI
PErMOHAIIBHOTO 3HAUEHHSI U OOBEKTaMHU TypU3MaA.

Jlo HacTosIero BpeMEHU M3y4YeHHUe MUKPOBOJIOPOCIHEH I'psA3eBbIX BYJKAaHOB B KpbsiMy He mpoBoau-
. Her Takux cBenenuit u 11s apyrux peruoHos Poccun. IIpensapureiipHble MCCaeJOBaHUSA NOKA3AIN
HaJIMYMe MUKPOBOJIOPOCIIEH B MOBEPXHOCTHOM CJIOE BBIOPOCOB I'PsI3EBOrO BYJIKaHa. AKTYaJbHOCTb pado-
ThI POAMKTOBAHA MOJHBIM OTCYTCTBUEM JAHHBIX MO U3YUYEHHUIO COOOIIECTB MUKPOBOJOPOCIIEH TPsA3EBbIX
ByJIKaHOB KppIMa, KOTOpbIE IIPEACTABIISIIOT CYIIIECTBEHHBIN HayYHbI HHTEpEC.

HCJ'IB pa6OTbI — OIIMCaThb BPII[OBOfI COCTaB MHKpOBO,HOpOCJ'ICfI OHOTOIOB rpsA3€BOIro BYJIKAHA,
PacCoJIOKEHHOI'O B BOCTOYHOH YacTHh KprMCKOFO IOJIyOCTpOBaA.

MATEPHAJI 1 METO/IbI

MarepranoMm AJisi UCCIIeIOBAHMS MOCITY KW KadyeCTBeHHbIe MpOObI (Cepo-IIIMHUCTO-WIMCTHIN CyO-
CTpar W BoJa), OTOOpaHHbIe cOTpyIHUKOM MHcTHTyTa Guosoruu 10xkHeIX Mopei nveHn A. O. Koases-
CKOTO ]O. IO. EpéMI/IHbIM‘ Ha KpBIMCKOM IOJIyOCTpOBE B pallOHE TPYNIIbI JEMCTBYIOLIMX BYJIKaHOB Byi-
FaHAKCKOTO COMOYHOTO MOJIs. 3/1eCh Ha OOIIMPHON TEPPUTOPUM Pa30pOCaHbl BYJIKAHbI, KOHYChl KOTOPBIX
pacIosaraloTcs NOYTA BPOBEHD C 36MJIEN WM OTJIMYAIOTCS OTHOCUTEJIBHO KPYITHBIMU pa3mepamu (puc. 1).

[Tpo6sr codpaiu 3 aBrycra 2012 r. u 13 anpens 2013 r. B BepxHeM 2—3-CaHTUMETPOBOM CJIO€ HIIHCTOR
CYCIEH3UH ¢ TIPUIIOBEPXHOCTHO! BOJIOI, BhITEKalolIei 13 rpsasesoro Bynkana. Conénocts (27-32 r-n')
u TeMriepatypy Bogsl (+28...+31 °C) usmepuiu ¢ nomouipio peppakToMeTpa 1 3JIEKTPOHHOTO TEPMOMETpa
COOTBETCTBEHHO [22].

BuoBoii cocTaB MMKpPOBOAOPOC/IEN ONpeesisijii B BOJHBIX IpernapaTax, UCHOIb3ysl CBETOBOW MMK-
pockon Axioskop 40 (Carl Zeiss) npu yBemnueHnu 10x40, ¢ momoripio MporpaMmMHOro odecreue-
Hus AxioVision Rel. 4.6. [Ins uaeHTUdUKAIUMM BUIOB MCIIOJIL30BAJIU COBPEMEHHBIE OIPEIe/IUTENN
u amiacel (4, 12, 14, 15, 16, 20, 24, 36, 39, 40, 41].

PE3VIJIbTATBI 1 OBCYKJIEHNE

[MpenBaputenbHOE M3yYeHHE OBYX MPOO WIIMCTOW CYCHEH3WH COTOYHBIX I'DSI3EBBIX BYJIKAHOB TTOKa-
3aJ10 HAIMYME B 9TUX MECTOOOMTAHUSIX MUKPOCKOIMUYECKMX BOJIOPOCIHIEH, MPUHAIICKANIUX K Pas3ind-
HBIM TAaKCOHOMHUYECKHUM TPYIaM BbICOKOTo panra. O6Hapy:keHo 16 BUIOB pa3HBIX POJOB: IIMAHOOAKTE-
pust (Chamaecalyx swirenkoi (Shirshov) Komdarek et Anagnostidis), 2 Buga auHopurtoBbix (Alexandrium
Halim u Prorocentrum Ehrenberg), 6 BUAOB MEHHATHBIX ITUATOMOBBIX Bojopocieit (o 1 Buny Lyrella
Karajeva, Nitzschia Hassall, Cylindrotheca (Ehrenberg) Reimann et J. C. Lewin u Pseudo-nitzschia
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Puc. 1. O0mwmii Bua Ha rpsi3eBoil BysikaH KpbIMCKOro MoJyocTpoBa M skepia ero Kparepa ((pOTOCHUMKH
u3 nuyHoro apxusa O. }0. Epémuna)

Fig. 1. General view of the mud volcano of the Crimean Peninsula and its crater vents (photos
from O. Yu. Eremin personal archive)

H. Peragallo; 2 xononuansHbIXx Buga Berkeleya Greville). B mpo0ax uyacto BCTpedaluCh TOMUKH
3BIJICHOBBIX Bojiopociein — 5 BuioB Trachelomonas Ehrenberg u 2 BunoB Strombomonas Deflandre.

Hwxke npuBeneHsl KiaccuUKalysd HaWJICHHBIX BHUIOB, WX pa3Mephl, dKoJorusi, duroreorpadus
1 oll1iee pacrpocTpaHeHHE.

Ortnen Cyanobacteria (Cyanoprokaryota), kimacc Cyanophyceae, nopsigok Pleurocapsales, cemeii-
ctBo Hyellaceae, pon Chamaecalyx J. Komarek et K. Anagnostidis, 1986. Chamaecalyx swirenkoi
(Schirshov’ ) Komarek et Anagnostidis, 1986 (6azuonum: Dermocarpa swirenkoi Shirshov, 1929; cuno-
HuMbl: Dermocarpa clavata Geitler, 1932; D. clavata var. aquaedulcis Geitler, 1932; Dermocarpella clavata
(Geitler) J. Feldmann et Feldmann, 1953; Cyanocystis swirenkoi (Sirsov") G. Héllfors et R. Munsterhjelm,
1982) [32]. Bun HaitneH B rpsizeBoM ByskaHe 03.08.2012 (puc. 2). Berpewancsi yacto, €AMHUYHO.

* VrouHeHO aBTOpcKoe Hammcanue damumn Schirshov (Ilupiio) [5, 47] B ommume oT ykasaHzoro SirSov y Komarek
et Anagnostidis, 1986 [32, 38].
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Pazmepsni: 41,8 mxkm miuHa, 13,4 MxMm mmpuHa. Pazmepnl kietok [mo: 5, 48]: 20-30 MM (pexe —
1o 40 mxm) mvHa, 6,0-10,5 mxm mmpuna. Bug Bnepssie onmcan 1. I1. [upmosiM u3 p. Kogumu,
nputoka p. byr (Ykpauna) [47]. Dkonorus, ¢puroreorpacdus u oduiee pacnpocrpaHenue. [IpecHOBOIHbIN
M COJIOHOBATOBOJIHBIN, BCTPEYAIOIIUICS B CTOSYUX MPECHBIX BOAOEMAX, a TaKkKe B MOPSX; OOpeabHO-
TPONMYECKUI BUA. YKa3aH B cympanuropanu [23] u MmukpodurodenToce KazaHTUIICKOTO 3amoBeTHUKA
A3oBckoro Mops [21], anudurone MCTO3UPHI, Ha IPyrux cyocrparax Y€pHoro u dreiickoro Mopei [17],
a TakXke Ha BOJOPOCJSAX M BBICHIMX BOJHBIX PAacTeHUsAX B yCThe p. [IHecTp u JIHECTPOBCKOM JIMMaHe
Opecckoit 0611. [7], anudutoHe 3eJEHBIX BOJOPOCIEH U BBHICIINX BOJHBIX PACTEHHI Y ype3a BOAbI B BO-
noémax JleHuHrpaackoi o0i., B 3ayumBe YmxauéBa SAnonckoro mops [1], B maryne ®UHCKOTrO 3ajvBa
Basntuiickoro mops [34], a Takxe B ABctpuu, Anonuu, Mekcuke, 3ananHoit CrioBakuu 1 Ha o-Be fBa [38].

Puc. 2. IluanoGakrepusi Chamaecalyx swirenkoi B Tpsi3eBOM BYJKaHe B BOCTOYHOM 4acTu KpbMckoro
I0JIyOCTPOBa

Fig. 2. Cyanobacteria Chamaecalyx swirenkoi in the mud volcano in the eastern part of the Crimean Peninsula

Otnen Bacillariophyta, mopspok Naviculales Bessey, cemeiictBo Berkeleyaceae D. G. Mann,
1990, ponm Berkeleya Greville, 1827. Berkeleya micans (Lyngbye) Grunow, 1868 (6a3uo-
HuM: Bangia micans Lyngbye, 1819; cunonum: Amphipleura micans (Lyngbye) P. Cleve, 1894).
BeHTOoCHBIII BMJ AMAaTOMOBOM BOIOpOCHM HaineH B rpszeBoM Byiakane 03.08.2012. Pasmepsr:
35 MM mmmHa, 3,5 MkM mmpuHa. Pasmepwl crBopku: 39-81 Mkm umHa, 4-5 MkMm mmpuHa [17].
DkoJnorus, puroreorpadus u odiee pacpocTpaHeHde. MOPCKOH H  COJOHOBATOBOAHBIN, Oopealib-
HBIl ¥ HOTAJIbHBIA BUJ, OOUTAIONIMIA NMPEUMYIIECTBEHHO B I0KHBIX €BPONEHCKUX MOpSX, B TOM YHUCJIe
Ha MenkoBoabe Yy FOxnoro Kpeima m kaBkasckoro modepexkbss UEpHOro mMopsi Ha KaMHSX, CKaJlax,
pakoBrHaxX Oecrio3BOHOYHBIX [17, 21]. Bun BriiepBble omnmcaH U3 (PUTOIIAHKTOHA M MUKPOUTOOEHTOCA
Aszosckoro mops [3, 13].

Berkeleya rutilans (Trentepohl) Grunow, 1880 (6azuonum: Conferva rutilans Trentepohl ex Roth,
1806; cunonum: Amphipleura rutilans (Trentepohl) Cleve, 1894). BeHTOCHBII BUJ AMaTOMOBOM BOIOPOCIIN
BIIEPBHIE Hay/ieH B rpsazeBoM ByJkaHe 03.08.2012. Pa3meps! ctBopku: 35,1 MKM anMHa, 3,5 MKM HIMpH-
Ha. Pazmepsl [no: 9, 21]: 6-38 Mkm mmuHa, 2,5-5,0 MM mmpuHa; 26-30 mrpuxoB u 1620 o6oaKoB
B 10 MkM. Dkojorus, ¢utoreorpacdus u obiee pacnpocrpaneHre. MOpCKoi U COJIOHOBATOBOHBIM, JIU-
TOPaJIbHBIN ¥ CYOJUTOPATBHBIN, 9BPUTEPMHBIN BU, KocMoroymT. M3Becten B CeBepHoM, Bentom, banruii-
ckom, bapennieBom, Kapckom, Cpennzemaom, YeépHom, AzoBckom, Kacriuiickom, fnorckoM u BoctouHo-
Kuraiickom Mopsix, a Takxke y OeperoB Pymbiaun, Anrimu, CeBepHoit Amepuku, ['pennanauu, Vicnanamy,
[lBeunu, Kuras, Kyseiita, Anonun, HoBoit 3enanauu u antapktuyeckor Ascrpanuu [20].

Otnen Bacillariophyta, nopsimok Bacillariales Hendey, cemeiictBo Bacillariaceae Ehrenb., pon
Cylindrotheca L. Rabenhorst, 1859. Cylindrotheca closterium (Ehrenberg) Reimann et J. Lewin,
1964 [45] (06asuonmm: Ceratoneis closterium Ehrenb. 1839; cunonmmsl: Nitzschia closterium
(Ehrenb.) W. Smith, 1853; N. reversa W. Smith, 1853; N. closterium var. reversa (W. Smith)
Hauck, 1872; Nitzschiella closterium Rabenhorst, 1864; Nitzschia rostratum Grunow, 1880;
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N. longissima var. closterium (Ehrenb.) Van Heurck, 1885; N. curvirostris var. closterium (Ehrenb.)
De Toni, 1892; Nitzschiella longissima var. closterium (Ehrenb.) Peragallo et Peragallo, 1897;
Homoeocladia closterium (Ehrenb.) Kuntze, 1898; Nitzschiella tenuirostris Mereschk., 1901;
Nitzschia longissima Gran, 1930; N. closterium var. recta Gran, 1931). Bun HaiizeH B rpsi3eBoM
ByakaHe 03.08.2012 (puc. 3). Pazmeps: 25-260 mxm mmmHa, 1,5-8,0 mMkM mupuHa, 12-16 dudyn
B 10 MxMm [46]. Dkosorus, puroreorpacdus u odIree pacpocTpaHeHWe. DBPUTEPMHBIHN, SBPUTATUHHBIN,
MOPCKOI M COJIOHOBAaTOBOJHBIM, OCHTO-TUIAHKTOHHBIN BHI. BcTpedaercsi B TUIAHKTOHE HEPUTUYECKUX
BOJI, JUTOpAIA U CyOJIUTOpad MOpEd; KOCMOMOJIUT; OOHApyKeH BO BceX Treorpauueckux 30HaxX
Muposoro okeana [20, 35].

Puc. 3. Knetku Cylindrotheca closterium c XJIOpOIJIACTAMY B TPSI3¢BOM BYJIKaHE
Fig. 3. Cylindrotheca closterium cells with chloroplasts in the mud volcano

Ortaen Bacillariophyta, nopsinok Lyrellales D. G. Mann, 1990, cemeiictBo Lyrellaceae D. G. Mann,
1990, pon Lyrella N. 1. Karajeva, 1978. Lyrella atlantica (Gregory) D. G. Mann, 1990 (Ga-
suoHuM: Navicula atlantica A. W. F. Schmidt, 1874; cunonumsl: Navicula lyra var. atlantica
A. Schmidt, 1874; Lyrella lyra var. atlantica (Schmidt) Karajeva, 1988). Bung Haiinen B rps-
3eBoM ByJkaHe 03.08.2012 (puc. 4). Pasmeps: ctBopku 60-100 mMxm gmmHa, 26-32 MKM IId-
puHa, 9-11 mrpuxoB B 10 mxm [4]; 59-65 mxm pmHa, 29-35 mMkM mwmpuHa, 10 mTpHXOB
B 10 MxMm [16]. Dkosorus, ¢utoreorpadus u odiee pacnpocrpaneHre. MOpcKoii, cyonmTopaibHblid, 00-
peanbHblii 1 HOTabHBIN BuI. V3BecteH y OeperoB bpurtanum [36] m ABcrpanuu, a Takxke B YEpHOM
u CeBepHoM Mopsix [16].

Puc. 4. benrocnas nuaromoBast Bogopociib Lyrella atlantica n3 Tps3eBOro ByJIKaHa

Fig. 4. Benthic diatom Lyrella atlantica from the mud volcano
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Otnen Bacillariophyta, nopsgok Bacillariales Hendey, cemeiictBo Bacillariaceae Ehrenb., pog
Nitzschia Hassall, 1845. Nitzschia thermaloides Hustedt, 1955 (= Nitzschia translucida Hustedt, 1959)
(Fig. 44: 1-7 [39]). Bun naiigen B rpszeBoM Byisikade 03.08.2012 (puc. 5). Pazmepsr: 34,7-49,7 Mkm
muHa, 3—7 MKM mupuHa, 1 ¢udyna, 14—-16 kuieBsix Touek B 10 Mkm. Pazmepsr: 20-73 MKM [jMHa,
4-6 mxMm nmpuna, 16-20 ¢udyn B 10 mxm [39]; 43,2-59,5 MM mmHa, 3,8-5,9 MKM mmpuHa (CBETO-
BOI MHUKPOCKOIT); 52 MKM JUIMHA, 6 MKM mupuHa, 1 ¢puodyna, 21 mrpux B 10 MKM (CBETOBOM 3JI€KTPOHHBII
MUKpockon) [41]. Dkosorus, purtoreorpadus u odiee pacnpocrpanenvie. ColIOHOBATOBOHBIN, OEHTOC-

HbIA, OopeanbHO-Tponueckuid Bua. s Kpeima, YepHOro u A30BCKOro Mopeil OTMEeUeH BIEpBbe. YKa-
3aH B TepMaJIbHBIX BOoJax KypmiIbCKMX OCTPOBOB Kak rajo(puiIbHbINA, OOHAPYKEHHBIN MpU TeMIeparype
BoIbI +50...+60 °C [11]. OObIYeH B 3cTyapusx peK U B ceBepHbIX (ppopaax nodepexns LIBenmu 3umon,
BECHOW M OCEHbIO B CYIpaJIMTOpasv 10 1,5 M B pa3HbIX 9KOTOMAX (MJIMCTHIN MECOK, WJI, TIECOK), a TaKXkKe
Ha Phormidium v Mytilus [40].

Puc. 5. Benrocnas nuaromoBast Bogopocib Nitzschia thermaloides ¢ XoporiacTaMu U3 TPSI3EBOTO ByJIKaHA
Fig. 5. Benthic diatom Nitzschia thermaloides with chloroplasts from the mud volcano

Otnen Bacillariophyta, nopsinok Bacillariales Hendey, cemeiictBo Bacillariaceae Ehrenb., pon
Pseudo-nitzschia H. Peragallo, 1900. Pseudo-nitzschia prolongatoides (Hasle) Hasle, 1993 (6a3nonum:
Nitzschia prolongatoides Hasle, 1965; cunonum: Nitzschia prolongata Manguin, 1957). Bun HaiifeH B rpsize-
BoM ByJikaHe 03.08.2012. Pa3mepsi: 18,5 mkm anuna, 3,3 MkM mupusa. Pasmepst [1o: 35]: 60 MxM anuHa,
16 xuneBbIX Touek U 28 mTpuxoB B 10 MkmM. OOHapysKeH CpaBHUTEIBHO HEJABHO B A30BCKOM U YEpHOM
Mopsix [2, 17]. B nmpubpexbe KazaHTuckoro mpupoJHoro 3anoBegHuKa (ryoruHa 1o 1 M) A30BCKOTo Mo-
ps Bua Berpevasicst: 09.04.2006 (B asmudutone Enteromorpha sp., KOMOHUSA U3 2 KJIETOK, 123,2 MKM AnHAa,
2,8 MkM mmpuHa); 28.10.2011 (B necyaHoM rpyHTe, KOJIOHUS U3 2 KJIETOK, JIMHA KOJoHUH 117,7 mMkwM,
mMpYHA 2,2 MKM, a TaKke OTJEJIbHbIE KJIETKH, 55 MKM JuMHa, 2,5 MkM mmpuHa); 07.08.2014 (B smnu-
(putone kpacHoit Bogopociu Ceramium rubrum). dxonorus, (puroreorpacdus u odIee pacpocTpaHeHHUe.
MopcKo¥, MJIAHKTOHHBIN, TIOTEHIIUAIbHO TOKCHYHBIN BHI. B cuity ciaboit M3y4eHHOCTH ero MoKa MOKHO
OTHECTH K OOpealbHbIM M HOTAJIbHBIM. YKa3aH B aHTAPKTHUYECKHUX Bojax [19].
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Otnen Dinophyta, knmacc Dinophyceae, mnopsimok Prorocentrales Lemmermann, cemelcTBo
Prorocentraceae F. Stein, pox Prorocentrum Ehrenberg, 1834. Prorocentrum lima (Ehrenberg)
Dodge, 1975 (6azuonum: Cryptomonas lima Ehrenberg, 1860; cunonumsl: Exuviaella marina Cienkowski,
1881; Dinopyxis laevis Stein, 1883; E. lima (Ehrenberg) Biitschli, 1885; E. laevis (Stein) Schroder, 1900;
E. chathamensis Lemmermann, 1907; E. cincta Schiller, 1918; E. caspica 1. Kisselev, 1927; E. marina
var. lima (Ehrenberg) Schiller, 1931; E. ostenfeldii Schiller, 1933; Prorocentrum marinum Dodge
et Bibby, 1973; P. marinum (Cienkowski) Abé in Bodeanu, 1987-1988; P. marinum var. lima (Schiller)
Krachmalny, 1994). Bun o6HapyxeH B rpsizeBom ByJikane 13.04.2013 (puc. 6). Pasmepsl: 25 MKM [1711Ha,
14,7 mxkm mupuna. Pazmepst [1o: 18]: 30-50 mkm mimHa, 18—45 mupuHa; 4epHOMOPCKUE SK3EMILISIPHI:
36—44 mxm mmiHa, 21-30 MM mupuHa. Dkojorus, ¢putoreorpadus u odiiee pacnpocrpaHeHne. Mop-
CKOM, OEHTOCHBIN BUJI, KocMoTonuT. Berpevaercs B CpenuzeMHOM, A puatndeckom, YEpHOM, A30BCKOM,
Kacniniickom mopsix u B MHauiickoM okeaHe. Buj sBisieTcss TOKCHMUYHBIM, MPOAYLIMPYET OKAJAEBYIO

kuciory [18, 40, 47].

Puc. 6. Pasnbie pakypchl mannmpen nuHodmaresuatsel Prorocentrum lima (Ehrenberg) Dodge u3 rpsseBoro
BYJIKaHa

Fig. 6. Different views of dinoflagellate Prorocentrum lima (Ehrenberg) Dodge shells from the mud volcano

Otnen Dinophyta, wiacc Dinophyceae, mnopsimok Gonyaulacales F. J. R. Taylor, cemeii-
ctBo Ostreopsidaceae Lindemann, pon Alexandrium Halim, 1960. Alexandrium tamiyavanichii
Balech, 1994. Bun oOHapyxeH B rpszeBoM ByJakane 13.04.2013 (puc. 7). Pasmeps:: 32,3 MM
iHa, 29,5 Mkm mupuHa. Pasmepst [mo: 29]: 40,8-41,7 mxkm jpmmua, 37,5-43,8 MKM 1upu-
Ha. koJjorus, ¢utoreorpadus u oduiee pacnpocrpaHeHre. MOpPCKOW, IUIAHKTOHHBIA, OopeabHO-
TPONMUYECKUH, TOTEHIIMAJILHO TOKCUYHbIN BuA [47]. Ykazan nns BogoémoB Taunanga u GUAMNNIMHCKUX
ocTpoBoB [29]. Bun, HoBbli AJ1s1 anbrodopsl KpeiMa 1 Y€pHoro mopsi.

Hwxe mpuBeieHbI BUJIBI IBIJIEHOBBIX BOJOPOCIIEH, BIEpPBbIe OOHAPYKEHHBIX B TPS3EBOM BYJIKaHE
B BOCTOYHOM YacT KpBIMCKOTO I1-0Ba, X 3KoJorus, puroreorpacdus u oodiee pacrpocTpaHenue [22].

Puc. 7. Junodnarennsara Alexandrium tamiyavanichii Balech u3 rps3eBoro ByJkaHa

Fig. 7. Dinoflagellate Alexandrium tamiyavanichii Balech from the mud volcano
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Otnen Euglenophyta, knacc Euglenophyceae, nopsipok Euglenales, cemeiictBo Euglenaceae, pop
Trachelomonas Ehrenberg, 1838. T. armata (Ehrenberg) Stein, 1878 (6a3uonum: Pantotrichum armatum
Ehrenberg; cunonum: Chaetotyphla armata Ehrenberg, 1833). Bun oOHapyXeH B Ipsi3eBOM BYJIKaHe
13.04.2013. Pasmepnl gomuka: 32,4 MKM mivHa, 22,3 MKM mupuHa. Pa3zmepsl nomukoB [mo: 14]:
30-39 Mkm muHa, 25-28,5 MKM mvpuHa. Jkosiorus, utoreorpadus u odiiee pacnpocrpanenue. [Ipec-
HOBOJIHBIN, OOpealbHO-TPOIIMYECKUI, HOTAIbHBIN BUI. YKa3aH B Poccuu [14, 15], Pymbmmnm [31], Ku-
tae [37], Cunranype [43], CeBepHoii u FOxHoit Amepuke [49], ABctpasiun u Hoeon 3enanauu [33],
Typuuu [27], Hunepnangax, Cnoakuu, IIBermu, bpasunmu, Ha KapuOckux ocrpoBax, B bpuranum,
I'epmanuu, cnanuu, banrnaneni, B Appuke [32], a takxke B banruiickom mope [34].

T. hexangulata Svirenko, 1914 [48]. Bun o6napyxen 13.04.2013 B moBepXHOCTHOH BOjie Tpsi3e-
BOro BysikaHa. Pazmepsl nomukos: 32,2-34 MM miuHa, 12,6—14 MKM HMIMpUHA; TOPJBIIKO: 4,2 MKM
BbicOTa, 2,8 MKM ImmmpuHa. Pasmepnl gomukoB [mo: 14]: 27-34 mkm mpiuHa, 12-16 MKM HIMpuHa.
Dkonorus, uroreorpadus u odiee pacripocrpaHenue. [IpecHoBoaHbIN, OopeanbHbIl BUI. Berpedaetces
Cpely CKOIUIEHWI IMaHOOAKTEepHid B TUIAHKTOHE O3€p, B 3a00JIOUEHHOM OCOKOBOM KOUYKApHHKE, B JieC-
HBIX KaHaBaXx, Jy’Kax IO pycJiaM MEepPecOXIrX JIECHBIX PYYbEB, IO OKpaWHAM OCOKOBBIX 0OJIOT, B cdar-
HOBBIX MOYaXHWHaX B JiecoTyHzape [14]. Ykazan B OOJIOTHBIX BOJax eBporeiickoi dactu Poccum, 3a-
najHor Cubupu [14, 15], Hanpaero Bocrtoka [10] m YensOunckor obiactu [26], B akBatopuu Be-
mukux o3ép CIIA [42], B Bomoémax Pymbiaum [30], Typuuu [27], Hunepnannos, [losnbmm, Pymbl-
Huu, Cnosakuu, [lIBenun, bputanuu, Ucnanuu, Uugum, bpasunuu, Aprentunsi, CeBepHOll AMepUKH,
Ky6w1, Tamxukucrana, Tannanaa, TaiiBans, banragen, Mekcuku, Upaka [32], a Takke B AB0BCKOM [6]
u bantuiickom [34] Mopsix.

T. planctonica Svirenko, 1914. O6napyxeH B rpszeBoM ByskaHe 13.04.2013. Pasmepsl momuka:
23-27 MM nmuHa, 18-21 Mkm mmpuHa. Pazmeps [no: 14]: 21-31 Mkm pmHa, 17-22 MKM mmpuHa.
Dkonorus, uroreorpadus u odiee pacrpocrpaHenue. [IpecHOBoAHBINA, OOpeanbHO-TPOMUYECKUA BUJL.
OOHapyXeH B MaJIbIX BOAOEMAX C MPECHOM CTOsTYE BOJIOW, M3peKa B peKax, MPEUMYIIECTBEHHO B IJIaHK-
ToHe pek Tomckoit u YensaouHckoit obmacreit, 3anaaHon Cudupu [ 14, 26], Hamsaero Bocroka Poccun [10],
B BojjoéMax Hupepnannos, [lonbimm, Pymbmum, CnoBakuu, 1lIBenuu, bpuranuu, Ucnanuu, Naouu, Bpa-
sunuu, Aprentunsl, CeBepHoit Amepuku, Kyonl, Tamkukucrana, Taunanaa, TaiiBans, banrnagem [32],
a Takxke B bantuiickom [34] u A30oBckoM Mopsix [6].

T. scabra Playfair, 1915 (= Trachelomonas scabra var. latior Skwortzow, 1925). Bun o006-
HapykeH B rpsizeBoM ByakaHe 03.08.2012. Pasmepml nomumka: 23-27 MM mimHa, 18-21 MkM
mmpuHa. Pasmepst [mo: 14]: 18-33 MM mmuHa, 15-20 Mkm mupuna. kosorus, ¢purtoreorpadus
1 oO1ee pacripocTpaHenye. [IpecHOBOAHBIN, OOpeabHO-TPOINMYECKUA W HOTAJIbHBIA Bua. OOHapyx)eH
B BojoéMax I'py3um m Yensabunckoit obmactu [26], B Bpuranuu, CeepHoil Amepuke [50], Pymsi-
Huu [31], Ucnanum [27], Typuum [28], Kutae [37], a Takke B 10)KHOM MOJIylIapud — B ABCTpajlud
u HoBoit 3enannuu [32]. Yka3zan B A30BckoM Mope [6].

T. volvocina (Ehrenberg) Ehrenberg, 1834 (= Microglena volvocina Ehrenb.). Bua HaiineHn
B rpszeBoM ByskaHe 13.04.2013, auamerp kietku 8-9 Mkm (puc. 8). JIoMHMKU IIapOBHUIIHBIE, B JUa-
metpe (4)-8-23—(32) mkm [14]. Dkonorus, puroreorpacdus u obiiee pacnpoctpaHeHue. Bu mnpecHo-
BOJIHBI, MPEUMYILECTBEHHO OOUTAaeT B CTOsSUEl BOJE, peke BCTpedaeTcsl B CIAOOCOTIOHOBATOM BOJE
npu pH (4,4)-5,5-8,4. Xapakrepusyercss Kak [-Me30canpo0-oJurocanpod, UMeeT MHKCOTpOopHOe
nutanue. bopeanbHeiil. Ykazan B Onecckoit oonactu u B Kpbimy [14].

Otnen Euglenophyta, knacc Euglenophyceae, mopsinok Euglenales, cemerictBo Euglenaceae, pon
Strombomonas Deflandre, 1930 (= Trachelomonas Ehrenberg). ¥V BumoB 3Toro poga AOMHKH Oosiee
KpYyIHble U Oosiee U3MEHYMBBIE B OUEPTaHUM, YeM Y BUJIOB pona Trachelomonas [14]. CtpomOoMoHa-
CBhl OOHApYKEeHbI B MPIKU3HEHHOM COCTOSIHMU B Tpsi3eBOM ByJikaHe. [IpencraButenu 3Toro poja 4acto
BCTpEYAJINCh B MP0oOax, HO UASHTU(PHUIIMPOBATH MX JI0 BUIA ObLIO 3aTpyAHUTEIbHO. Hike mpeacTaBiieHbI
MUK podoTorpacun HEKOTOPHIX U3 HUX.
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Puc. 8. Trachelomonas volvocina n3 Tps;3eBOro ByJIKaHa, BUJ C Pa3HBIX paKypcoB

Fig. 8. Trachelomonas volvocina from the mud volcano, view from different angles

Strombomonas acuminata (Schmarda) Deflandre, 1930 (6asuonum: Lagenella acuminata
Schmarda; cunonum: Strombomonas acuminata var. verricosa Teodoresco). OOHapykeH B Tps-
3eBoM ByJkane 13.04.2013 (puc. 9). Pasmepw:: 21,5-27,6 mxm pmmna, 20,7-32 MKM  IUpU-
Ha; ropiblmko: 14x9,8 mkm. Pasmepnt [mo: 14]: 38,0-55,5 mMkm panuna, 28-33 MKM HIMpH-
Ha. Dkojsorus, uroreorpadus u odiiee pacnpocTpaHeHue. Buji  NPEeCHOBOAHBIN,  OOpeasbHbIN.
Vkazan B Bogoémax Pymeinuum [31], Kpeima, KaBkaza, Cpenneit Azuu, 3anagHou Cubupu [14].

Puc. 9. Bun nomukoB Strombomonas acuminata 13 TPs3eBOrO ByJIKaHa
Fig. 9. View of lodges of Strombomonas acuminata from the mud volcano

St. tambowica (Swirenko) Deflandre, 1930 (cunonumsbl: Trachelomonas zmiewica Swirenko;
Tr. tambowica var. granulata Skvortzov; Strombomonas verrucosa var. zmiewica (Swirenko) Deflandre,
1930). ObHapyxeH B rpsseBoM Byjikane 13.04.2013 (puc. 10). Pasmepnl nommkoB: 38-55,5 MKM
Ha, 28-34 mkm mmpuHa. Pasmepwt [mo: 14]: 47,5-56 MM jgnuHa, 26,6-32 MKM  IUpU-
Ha. DkoJjorus, huroreorpadus u odiee pacripocTpaHeHre. Buji pecHOBOIHBIN, OOpealbHBIN. YKa3aH
B IUTAHKTOHE TIPECHBIX BOJAOEMOB YKpauWHBI, a Takxke TamMOoBcko#, PoctoBckoit m Tomckoil oOnacreid
Poccum [14].

DBIJICHOBbBIE, 00BEIUHSIONINE OTHOKJIETOUHBIE, PeKe KOJOHUAIbHBIE MUKPOCKOIMYECKHE BOJIOPOCIH,
0OUTAIOT B ITPECHBIX BOAOEMAX IO BceMy Mupy. HebobIoe ux Yuciio MpruypoveHo K COJIOHOBATHIM M MOP-
CKMM BoaaM. DT1o mipeiacTaButenn poaoB Eutreptia Perty, Eutreptiella da Cunha, Klebsina P. C. Silva,
Trachelomonas Ehrenberg u Strombomonas Deflandre. OHu BcTpeyalotcsi B IUIaHKTOHE, 3apOCIIsiX IpU-
OpeKHBIX BOJOPOCTIeH U MHTEPCTUIIMAIIN TTECUAHBIX IUISTKEH, B peKax, 03€pax U y 6eperoB Mopei ¢ HU3KOu
cosieHocThIo. [ YEpHoro Mops ykazansl Bunbl 1rachelomonas caudata (Ehrenberg) F. Stein, T. volvocina
(Ehrenberg) Ehrenberg u T. volvocina var. papillata Lemmermann [17]. B A30BckoM Mope 0OHapy:xe-
HO 24 Buna, 7 u3 vux (Trachelomonas borodiniana Swirenko, T. globularis (Averintsev) Lemmermann,
T. hispida (Perty) F. Stein, T. planctonica Svirenko, T. scabra Playfair, T. verrucosa A. C. Stokes
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Puc. 10. Jomuku Strombomonas tambowica 13 rpA3eBOro ByJKaHa, BUJ C pa3HbIX paKypcoB

Fig. 10. Lodges of Strombomonas tambowica from the mud volcano, view from different angles

u T. volvocina (Ehrenberg) Ehrenberg) oTmeueHbsl B OCHOBHOM JIETOM M OCEeHbIO [6, 21]. BosIbIIIMHCTBO BU-
JIOB MUKPOBOJIOPOCJIEN U3 IPS3EBOr0O BYJIKAHA, UMEIOIIUX MUKCOTPOMHBIN UM MTOJHOCTBIO CArpOUTHBIN
THIT TIUTAHUSI, AKTUBHO YYACTBYIOT B CAMOOUYMINICHUN MECTOOOUTAHUH.

3akJjw4denne. V3yyeHrne MUKPOBOJOPOCHEN I'Ps3EBOrO ByJIKaHA B paiioHe ByiaraHakckoro comod-
HOro moJisi Ha KpeIMCKOM TOJTyOCTpOBE MOKA3ajIo pa3HOoOOpa3ue WX BUIOBOTO COCTaBa B OOBOTHEHHBIX
MECTOOOUTAHUSIX.

Hamu oOHapyxenbl muaHoOaktepusi Chamaecalyx swirenkoi v 15 BHJOB 3yKapUOTUYECKUX MHKPO-
Bojiopocieit: 2 Buaa auHoduiareuisaT (u3 ponoB Prorocentrum u Alexandrium), 6 BUIOB TUATOMOBBIX
(no 1 u3 ponos Lyrella, Pseudo-nitzschia, Nitzschia w Cylindrotheca; 2 w3 pona Berkeleya), 7 BUgoOB 3B-
IJIEHOBBIX Bogopocinen (5 u3 poaa Trachelomonas; 2 w3 popa Strombomonas). HekoTopble N3 HUX IKAPOKO
pacripocTpadeHsl B MUKpodutodeHToce A3oBckoro u YépHoro mopeit. M3 Bcex THIIOB BOAOpPOCe, 00-
HapyKeHHBIX B TPS3€BOM BYJIKaHe, 7 BUIOB SABJIAIOTCA oOmmmMu ¢ YepHbIM MopeM, a 9, Bkimodas 3 Buga
9BIJIEHOBBIX, — C A30BCKHUM MOpPEM.

OTMeueHO TpH BUJIA MOTEHIIMAILHO TOKCUYHBIX BOjIopociie — auatomesi P. prolongatoides v nuHo-
curoBbie Pr. lima w A. tamiyavanichii. Ilocnennuii BUI SIBISETCS MOPCKUM, OOpeabHO-TPONMYECKIM
1 HOBbIM /17151 (priopet Kpbima. [lo xapakTeprcTiKam raioOHOCTH OTMEUYEHHBIE Ha BYJIKAHE BUIIbI OTHOCSIT-
Csl K TPECHOBOTHOMY KOMILIEeKCY (53 %), pH CYIIeCTBEHHOM /10J1e MOPCKUX (27 %) 1 COJIOHOBATOBOJHBIX
BuioB (20 %). C yuétoMm ¢purtoreorpadpuaeckux 0COOSHHOCTEH MOKHO 3aKJIOUYHTh, YTO OOpeasbHbIe BUIbI
coctaBisiot 33 %, 6opeanbHO-Tpormyeckue — 47 %, kocMoroautel — 20 %.

Paboma evinonnena 6 pamxax zocyoapcmeentozo 3adanusi PUL] UnBIOM no meme «Hccaedosanue mexa-
HU3MO08 YnpaeneHus npO()leMMOHHbLMM npoyeccamu 6 OUOMEXHON0ZUMECKUX KOMNACKCAX C Uuenvro pa3pa60mrcu
HAYUHbIX OCHO8 NOAYUEHUS Ouono2uMecKy aKmueHbIxX eeulecnie U MEXHUUECKUX I’lpanK,mOG MOPCKO20 2eHe3uca»
(Ne zoc. pezucmpavuuu AAAA-A18-118021350003-6).

BaarogaprocTts. CTaThs HOCBSAIIEHa HEYTOMUMOMY YYaCTHUKY MHOTHX CYXOITyTHBIX 9KCIIEJULIUH 110 N3YYEHUIO
runepcoiéHbix 03¢p KpbiMa, Beerna okas3biBaBIeMy MOMOIb KOJUIEraM B OTOOpe MMAPOOUOTOTHYECKUX MPod, —
corpynHuky MHctutyta OGuosoruu 10xkHbiXx Mopedl uvmeHn A. O. KopaneBckoro |OJ1ery IOpbeBuuy Epémuny|, Tpa-
ruvecku norudmemy B 2014 1. BO BpeMs BO3BpAILICHUS U3 OUYEPEHON IKCTequInK. VHUIMATHBa U3yYeHUs] MUK-
POBOJIOPOCIIEN Ha MOBEPXHOCTH WIKCTHIX CyOCTPATOB B TPs3EBOM ByJIKaHe OJIM3 THIIEPCOJIEHBIX BOI0EMOB Kpbima
npunHamexut emy. Mmenno O. F0. Epémun coOpait mpoOsl U3 TpsA3eBOro BYJIKAHA M HACTOSUT HA UX aHAITU3e.
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MICROALGAE OF MUD VOLCANO
OF THE BULGANAK SOPOCHNOE FIELD
ON THE CRIMEAN PENINSULA

L. I. Ryabushko and A. V. Bondarenko

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: larisa.ryabushko@yandex.ua

Mud volcanoes are one of unique natural phenomena widely spread around the world. They can be found
in Crimea, including the Bulganak sopochnoe field — the largest cluster of active mud volcanoes
on the peninsula (45°2529.04”N, 36°27°51.64”E). Study of mud volcano microalgae in Crimea, as well
as in other regions of Russia, has not been conducted so far. Therefore, scientific interest is caused by need
and urgency of the study of these volcanoes. First data on microalgae species composition of active mud
volcanoes are presented in this article. Samples collected by O. Yu. Eremin (03.08.2012 and 13.04.2013)
in the upper 2-3-cm layer of suspension and in surface water were investigated. The ranges of salinity
and water temperature were 27-32 g per L and +28...+31 °C, respectively. Microalgae species compo-
sition was determined in water preparations using Axioskop 40 (Carl Zeiss) light microscope at mag-
nification of 10x40 with software AxioVision Rel. 4.6. Totally 16 taxa were found: Cyanobacteria (1),
Dinophyta (2), Bacillariophyta (6), and Euglenophyta (7). Of these, cyanobacteria Chamaecalyx swirenkoi
(Schirshov) Komadrek et Anagnostidis, 1986 was found by us in the mud volcano in August 2012. Pennate
species of diatoms were also identified — single living (of genera Cylindrotheca (Ehrenberg) Reimann
& J. C. Lewin, Lyrella Karajeva, and Nitzschia Hassall) and colonial species (of genera Berkeleya Greville
and Pseudo-nitzschia H. Peragallo). The brackish-water, benthic, boreal-tropical species Nitzschia ther-
maloides Hustedt was recorded for the algal flora of Crimea, the Black Sea, and the Sea of Azov for the first
time. Euglenophytes were also found in the samples — 5 species of the genus Trachelomonas Ehrenberg
and 2 species of the genus Strombomonas Deflandre. Of all the species found in the mud volcano ecotope,
7 species are common for the Black Sea, and 9 species, including 3 euglenophytes, are common for the Sea
of Azov. It is shown that by characteristics of halobility, species found in the mud volcano belong to fresh-
water complex (53 %), with a significant share of marine (27 %) and brackish-water (20 %) species.
Of the phytogeographic flora elements, boreal species make up 33 %, boreal-tropical — 47 %, and cos-
mopolites — 20 %. Three species of potentially toxic algae are recorded: diatom Pseudo-nitzschia prolonga-
toides (Hasle) Hasle, 1993, as well as dinophytes Prorocentrum lima (Ehrenberg) Dodge, 1975 and Alexan-
drium tamiyavanichii Balech, 1994. The last species is marine, boreal-tropical, and new to the algology
of Crimea, the Black Sea, and the Sea of Azov. In the article, own and literary data on morphology,
ecology, and phytogeography of species, as well as on their general distribution in different waterbod-
ies of the world, are also presented. Some microalgae species are indicators of saprobity; they are able
to participate in purification of water from organic substances. Photos of mud volcanoes and micrographs
of some species are presented.

Keywords: microalgae, euglenophytes, diatoms, dinophytes, mud volcano, Crimean Peninsula
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K N3YYEHUIO MAKPO®UTOBEHTOCA ITPUBPEKHON AKBATOPUI
KAPAJZKUHCKOI'O YYACTKA ITIOJIYOCTPOBA TAPXAHKYT
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[IpuBeneHbl CBEJCHUS O COCTaBE M pacrpe/iesieHud MakpOBOJOPOCIel B MpHOpexHoi akBatopun Ka-
PaKMHCKOM OYXThI, TPUMBIKAIOIIEH K I0)KHOMY KJIacTepy 0CO00 OXpaHsSEMOU MPUPOTHON TeppPUTOPHU
HarwonansHeIil mpupoansiii napk « Tapxankytckuii» (KpbiM, m-o Tapxankyt, Y€pHoe mope). Crierudu-
Ka reoMop¢OJIOrHIeCKOro CTpoeHust GeperoBoi 30HbI 0O0YCJIOBIMBAET CTPYKTYPHbIE OCOOSHHOCTH MaK-
poduToOGeHTOCa M ero MPOMEKYTOYHOE TOJIOKEHUE M0 OTHOIICHUIO0 K Makpo(PUTOOEHTOCY MpHJIeraio-
mux aOGpa3sMOHHBIX M aKKYMYJISITUBHBIX y4acTKOB Oepera. Bcero 3apervcTprpoBaHo 57 BUIOB MaKpo-

Bogopocieil (Chlorophyta — 12, Ochrophyta (k1. Phaeophyceae) — 12, Rhodophyta — 33), u3 Hux

21 — B nceBgOMMTOpATM U 56 — B cybmuTopamu. Bromacca kone6nercs ot 0,5 Kr-M ™2 B TCEBIONH-

Topamu 10 4,5 kKr-M™2 B cybnuropamu. XapakTep M KOIMYECTBEHHbIE MOKA3aTeNM OEHTOCHOH pacTH-
TEeJILHOCTH, COCTaB (hJIOPHl U COOTHOILCHUE IKOJIOTro-(PJIOPUCTUYECKUX TPYHIMPOBOK MaKpO(pHUTOOEH-
TOCa B IIEJIOM XapakTepHbl i1 TapxaHKyTcKo-CeBacTONoNbCKOro TuaApoOoTaHYecKoro paiiona Yep-
Horo Mops. PaputerHas ¢pakims BKmodaeT 14 TaKCOHOB, 3aHECEHHBIX B MPUPOIOOXPAHHBIE CIIHC-
KM pa3jIMYHOro paHra. buoron momiexut ocodoi oxpane cortacHo Iupexkrtuse EC o mecrooOutaHu-
ax (Directive 92/43/EEC). TepputopralbHO-aKBaJIbHBIN KOMIUIEKC UMEET CO30JOTUYECKYI0 U peKpe-
AIIMOHHYIO IIEHHOCTh, €0 COXpaHeHHe HeoOXOAMMO JUIsl oOecrieueHHs CTPYKTYpHO-(DYHKIIMOHAILHON
LIEJIOCTHOCTH 9KOCUCTEMBI O€PEerOBOM 30HBI MOPSI.

Kurouessble cioBa: Yépnoe mope, Kpbim, rosryoctpoB TapxaHkyT, MaKpoUTOOEHTOC, BUAOBOW COCTAB,
6uomacca, pacnpejesieHue

TapxaHKyTcKkuMil noayocTpoB KpbeiMa mmeeTr TMHAMUYHOE Ie0JIOTMYECKOe MPOLUIOE U XapaKTepu3y-
eTcss MHOrooOpasuemM reoMop@oIOTHUECKUX CTPYKTYp, YTO Ha (pOHE OTHOCHUTENHHO CJIa0O0M aHTPOIIO-
TeHHOU TpaHchOpMaluK Ompe/iessieT BHICOKUI YPOBEHb JIAHAMA(DTHOTO U OMOJIOTMYECKOrO pa3HOOoOpa-
3us [17]. 3neck B cocTaBe 0c0O60 OXpaHsAeMbIX MPUPOIHbIX Tepputopuii (1anee — OOIIT) coxpaHsioTes
YHUKaJIbHbIE (PparMeHThbl HACTOSIIIMX AEPHOBO-3/1AKOBBIX (0eTHOPAa3HOTPABHBIX) M MYCTBIHHBIX (TIOJIIHHO-
371aKoBbIX) crernedl [12]. Buonornyeckum u JaHAma@THRM pa3HOOOpa3reM OTIMYAIOTCS U MPUOPEKHbIE
BOJIbI YépHOTO MOps1, oMbiBatomue Oepera TapxaHkyTa. DTo onpeensieT co30JI0rnIeckoe 3HaueHue pai-
oHa u ero noteHuuan s ontuMmsanu OOIIT u sxocetelt paznuuHbiX paHroB. C Apyrod CTOPOHBI, 3TO
Takke 0OYCJIOBJIMBAET PEKPEAMOHHO-TYPUCTUYECKYIO ITPUBJIEKATEIEHOCTh, OCOOEHHO Cpe/y IPUBEPXKEH-
LIEB HEOPraHU30BAaHHOTO U SKCTPEMAILHOTO OTIbIXa. 3a HUMHU OOBIUHO CIEAYIOT «TPaJULMOHHbIE» pe-
KPEaHThl, a 3HAUUT, Hen30e:kHO (popMupyeTrcs: MH(PpacTpyKTypa. Yike ceilyac B OeperoBoi 30He Mopsi
TpaHc(OpMUPOBaHHBIE (PEKpEalMOHHbIE) U IPUOPUTETHBIC [T COXpAaHEeHUs1 OMOpa3HOOOpa3Usl YUaCTKU
(BKJIIOYAS CYIIECTBYIOIHE W TIPOSKTUPYEMBIE 3allOBEIHbIE OOBEKTHI) TECHO COCENICTBYIOT U YePEIyIOTCS.
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C yu€roM OMHAMUKH OCBOEHHS MOOEPEXbsi, B TOM UKCIIE TUIAHOB COOPYKEHMsI MAaCIITAOHBIX peKpeary-
OHHBIX KOMIUIEKCOB, SIXTEHHOW MapWHBI U TIP., MOKHO 3aKJIIOYHUTh, YTO OMOJIOTHMUYECKOE pasHoOOpasue
paiioHa HaXOJUTCS MOJ YTpo30id. BhieneHne y4acTKOB /11 3aoBeJaHus WM NpeJHa3HAYEeHHbIX s JIU-
MUTHPOBAHHOTO KOJIOTMYECKOTO TypHU3Ma OIpeessieT He0OXOIUMOCTh MPOBE/ICHUsI CIIeaIbHbIX BCe-
CTOPOHHHMX UcCiIeioBaHui. Hanbombiyo coO30J10rnuecKyio IeHHOCTh (B TOM vuciie Ha TapxaHKyTe) npes-
CTaBJISIOT LIEJIOCTHBIE TEPPUTOPHAIBHO-aKBAJIBHBIE KOMIUIEKCH OEPEroBOM 30HBI MOPSI C COX PAHHBIIUMCS
MIPUPOIHBIM WM KBAa3UIIPUPOIHBIM PACTUTEIBHBIM ITIOKPOBOM, KOTOPBI ONpeesisieT IPaHULIbl, CTPYKTYPY
U CaMo CyIIEeCTBOBaHUe OOoJbIIMHCTBA OuoTonoB [15]. Ilpu aToM akBasbHbIe yyacTKu y OeperoB TapxaH-
kyTckoro m-oBa B coctaBe OOIIT mpencraBieHsl KpaitHe cnado, a MakpodutoOeHToc, (GOpMHUPYIOTHIA
(pyHmameHT mpuOpeKHO-MOPCKUX OMOTOIOB, U3y4yeH (pparmeHTapHo. [locienoBaTeabHO 3aMONHSS STOT
npoOeJi, paHee Mbl OXapaKTEPU30BAJIM JIOHHBIA PACTUTEIIbHBIN MOKPOB y a0pa3UOHHBIX U aKKyMYJISITHUB-
HbIX OeperoB B rpaHMIax ooOmmpHoro Kapa/kMHCKOro ydyacTka, pacrojioXKeHHOTO Ha KpaiHeM 3amaje
Tapxankyta [13, 28, 29]. Lleap Ha JaHHOM 3Tarie — MPEICTaBUTh B paMKaX KOMIUIEKCHOTO I'MApoOOTa-
HUUYECKOro oocienoBanus KapaaKMHCKOTo yyacTKa JeTalbHyI0 XapaKTepUCTUKY MOPCKOTo (pUTOOeHTOCa
y a0pa3rOHHO-aKKyMYJISITUBHBIX OEPEroB M JaTh PEKOMEHJAIMH 10 UX PAIlMOHAILHOMY HMCIOJIb30BAHUIO.

Paiion mcciaenoBanmil. TapXaHKyTCKUiA
[I-OB  MMEET TEKTOHUYECKOE IPOMCXOXKICHUE
Y TIPEJICTABJIsAET COOOM MOJIOTHIA Bas, ChOpMHUPO-
BaHHbII TPETUYHBIMU U3BECTHSAKAMU TOHTUYECKO-
ro sipyca [4]. byxta KapagxuHckas pacrnonoxeHa
B LIEHTPAJIbHOM YacTH OJHOMMEHHOIO Yy4acTKa,
XapaKTepU3yIOIEerocsi pa3HooOpa3sreM I'eoMop-
(ponormueckoro crpoenus: Oepera, ¥ orpaHUYEHA
Mbicamu KapampyHs n TapxaskyT (puc. 1). &, Tepputopus N

4 "TapxaHKyTCKkun"

BriryOb cymm genpeccuio OyXThl TPOAOIKAIOT <
JaryHHoe cosieHoe 03. Kapamxka (TapxaHkyrckas
rpymnmna 03€p), OTAEIEHHOE TIeCUaHO-PaKyIIeTHON
TIEPECHINbIO, U MMPOKask OTHOMMEHHAsA Oajka [5].
CeBepHblil U 10XKHBI Oepera OyXThl — aOpa3u-
OHHBIE, OHU CJIOKEHBI IUIOTHBIMU BEpXHECapMar-
CKMMHU W3BECTHSKAMH, MX OTCTyNIaHWE He Ipe-
Boimaer 0,1-0,2 M-Tox~', a OCHOBHBIM HCTOYHH-
KOM TIOCTYIUICHUSI HAaHOCOB SIBJISIETCS] JOHHAs! a0-
pasusa [2, 3, 17]. U3Bectusaku y m. Kapampyn
00pa3yloT BBICOKME OOpbIBBL, a y M. TapxaHKyT
MMEIOT JIMIIb HeOOJIBION ycTyn pa3mbiBa. Coort-
BETCTBEHHO, Y CEBEPHOTO MEJIKOOYXTOBOTO Oepera

/# Tepputopua MM

JHO MPUIITy00e, OKPHITOE IIHIOOBBIM U TJIHIOOBO- : / "Tapxamkyrckwi"
BaJIyHHbIM HaBaJIOM; I0KHbIN Oeper OKaiMJIEH Mo- T? PXaHKyT

JIOCOH IJIOCKOTO M3BECTHSAKOBOIo 6eHyYa, 00pasyio- ' o

LIEro N0J BOJIOW psiJl LIMPOKUX cTyneHen. Ha men-
KOBO/BC BallyHHBIM HABAT MPAKTMHECKM OTCYT-  pu. - 1, Kaprocxema KapagxkuHckoro ywacrka
CTBYyeT, ()parMEHTAPHO OH PETUCTPUPYETCA C Iy~  ga TapxaHKyTcKOM Tm-0Be: 1 — paiioH oTbopa
oun 4—7 M. Ha paccrosinuu okosto 1,5-2 km ot 6e-  1poO 0G03HAYEH OKPYKHOCTBIO, B LIEHTPE KOTOPOWd
pera Ha rmy6uHax 15-20 M pacronoxkeHa Goko- ~— PACTIOTOKCH R R

- _ Fig. 1. Map of the Karadzhinsky Plot
Basd TPaub CKATIHHOW TLTMTLL, Y TOMHOMMA KOTO on the Tarkhankut Peninsula: 1 — sampling area

poii Ha rayOuHax 35-40 M JexHT membhOBAA  js marked with a circle; hydrobotanical profile
paBHUHA, TIOKPHITAsI PHIXJIBIMHU OTIOKEHUsMH [5].  is in the circle center
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B mMecTax nprMBIKaHHSI TIEPECHINY N3BECTHSKH MEPEK PHIBAIOTCS INIMHAMMU; 3/16Ch MOXKHO HaOJIOIaTh OTMEP-
KA KM — moKazaTesb TOro, 4YTo paHee Teso MEePechIy pacrnosarajoch Mopucree. B oociegoBaHHOM
IIyHKTe BbIcoTa KJuda He npesbimaer 1-1,5 M. Cama nepecelins, ceiiyac UMeroLas JJIMHy OKoJIo 1 KM, 1u-
puny 10 400 M 1 BbIcOTy 10 1,5 M, cil0KeHa OOJTMTOBBIMU W3BECTHSIKOBBIMU MIECKAMH C TIPUMEChI0 OUTOM
PaKyImy. DTH ke OTIOKEHHSI MOKPHIBAIOT OTMENIOE THO OYXTHI.

I'maponuHamuka y 6eperoB TapxaHKYTCKOTO M-0Ba BbICOKA U3-32 AKTUBHOM BOJIHOBOM JESITEIbHOCTU
1 BIOJBOEPEroBHIX TeueHui co ckopoctsmu a0 0,25-0,30 m-c ! [11]. [Tpu 3TOM, IO HAMIMM HAOJIOICHU-
sIM, y 10)KHOTO Oepera OyxThl JechopMaliys BOJH U 3a0ypyHHUBaHUe WX rpeOHel HaJl TIOJIOTUM JHOM Hauu-
HAIOTCSI HA 3HAYMTENIbHOM YJAJIEHMH OT OeperoBoi MoJockl. B neTHuil nepron B JaHHOM pailioHe Mopsi
npeo0JialaloT BETpa 3alaJHblX, CEBEPHBIX U CeBepo-3allaJHbIX pyMOOB. B miosne cpeHsas MHOrojeTHss
TemIiepaTypa Bobl cocTaBnser +19,8 °C, munepammsammsa — 17,47 r-m! (koneOanus B cpeiHEM B Te-
YyeHue roja — B npejaenax +4,8...+21,6 °C u 17,21-17,55 r-1! cootBercTBeHHO) [1]. HeBblcokuit Oepe-
TOBOM YCTYII, IPUMbIKAHUE aKKyMYJISITUBHOIO IUJISKA MEPECHIU U HAJIMUME MOJbE3IHbIX MyTel MpHBIIe-
KalOT Ha JAHHbIA YYaCTOK CTUXUIHBIX PEKPEaHTOB. B TO ke BpeMs OH NPHUMBIKAET K I0)KHOMY KJacTepy
OOIIT (c 2009 r. — HaUMOHAJILHBIN MPUPOAHBIN NMapK «YapiBHa raBaHb»; ¢ 2015 r. — npUpOIHBIN MapK
PErMOHAIBHOTO 3HaUeHUsT « TapXaHKYTCKUit» ).

MATEPHAJI 1 METO/Ibl

OOcneoBanre yyacTka OeperoBoii 30HbI 00IIEH MPOTSKEHHOCTBIO 0 Ype3y BoAbl 0koJio 1 kum (puc. 1)
BBITIOJIHEHO B JieTHHH riepriof 2012 r. 1o o0IenpruHATHIM IMIPOOOTAHUIeCKUM MeTouKam [7, 8]. Mecto-
pacrosioxkeHre OCHOBaHUsI TUAPOOOTAHUUYECKOTO MPouis (B TOUKE NepeceueHus TMHUM Tpuoosi), BIOJb
KOTOPOTO HEMOCPEICTBEHHO OTOMpau mpoObl Makpodurodentoca, — 45°21°33.2” ¢. ur., 32°30°35” B. 1.
Marepuan coOpaH Bo BpeMsl TIOTPYKEHHUI ¢ UCTIOIb30BaHUEM JIETKOBOIOJIA3HOTO CHAPSIKEHUS: B TICEBJIO-
JIMTOPAJI — BJIOJIb ype3a BoAbl (cTaHims Ne 1: paccrosiaue ot 6epera | =~ (0, BbicoTa HaJl ypOBHEM MOPSI —
rryouna h = £ (0,05...0,15) m) 1 B cydauropani — BaoJib TpEX m3o0at (cr. Ne 2: 12 25...30 M, h = 1 m;
cT. Ne 3: 1~ 100...120 M, h = 3 m; cT. Ne 4: 1 = 250...300 m, h = 5 m). BusyansHoe obcnenoBaHue gHa
BBITIOJTHEHO BIUIOTH J10 IyouHsl 10 M. Takum o6pa3om, mpoduib OXBaTBIBAET BCE 30HBI OEHTAJIH, T7ie pe-
TUCTPUPYETCSl PACTUTENIbHBIN MOKPOB. [IceBnommuTopaibHbie MPOObl OTOOpPAHBI B KOJTMUYECTBE ECATH C UC-
MOJIb30BaHUEM paMKu 1uioniaapio 0,01 M, CyOJIUTOpaJIbHBIE — B KOJIMYECTBE TATH Ha KaXJIOW CTAHIIUU
C HICTIONB30BAHMEM paMKH riomazasio 0,04 M2, B mepuos npoBeaeHns paboT Ha PAacCTOSHUM 5 M OT Gepera
B IIOBEPXHOCTHOM CJIO€ BOJIbl MUHepaJI3alus cocTapisana 17,5 r-n~!, remneparypa — +22,5 °C.

OOBeKT wmccneoBaHnss — OeHTOCHble MakpodwuTel. HoMmeHKaTypa MakpoBOIOpOCTEd OTIENIOB
Chlorophyta, Ochrophyta (ki1. Phaeophyceae) u Rhodophyta nana no AlgaeBase [22], umMeHa aBTOpoB
TaKCOHOB — B CTAaHJAPTHOM COKpAIlleHHH B COOTBETCTBUM ¢ pekomeHatmsavu IPNI [23]; npu HeoOxonu-
MOCTH JOTIOJTHUTEJILHO TIPUBEIEHB HOMEHKJIATYpHblE KOMOMHAIMH TI0 orpeaenuTeso A. [I. 3uHoBoii [6],
KOTOpBI UCIIOJIb30BaH B KauecTBe 0a30BOr0 PYKOBOJCTBA MPHU WASHTU(PHUKAIMHA TAKCOHOB. DKOJIOTO-
(ropucTryeckue xapakTepuctuku Bogopocied manbl mo A. A. Kamyrunoii-I'ytauk [8]; campo6uono-
ruJecKasi M rajoOHasi XapaKTepUCTUKA — IO HeOoNmyOJIMKOBaHHBIM HaHHBIM A. A. Kamyrunou-I'yrHuk
u T. U. Epémenko (cBeeHus JII0Oe3HO MpenoctaBieHbl aBropamu cotpyaaukam HBC-HHLT). [TpoekTus-
Hoe nokpeiTre (nanee — I1I1) ycranaBnmBanu rnazomepHo. [Ipu ctatuctuyeckoit 06padoTke onpeaesnsiv
CpelHUe 3HauUeHUs1 OuomMacchl (BJIaXHbIN BeC) MakpoduToB (Z) u omKOKy cpeaHero (£ .S,).

PE3VIJIbTATBI 1 OBCYXKJIEHNE

B 3aBUCMMOCTM OT WHTEHCUBHOCTH CFOHHO-HAarOHHbIX SIBJICHUIl IICEBIOJMTOpAbHAs PACTUTEIIb-
HOCTb B A30BO-UepHOMOPCKOM pErvoHe MposBIsET pas3jMyHble CTPYKTYpHble ocoOeHHocTu [27].
B nceBnonmmTopamu oOCIeJOBaHHOTO IMyHKTa Ha TBEPAOM cyOcTparte, MpeacTaBIeHHOM (parMeHTHpO-
BAaHHOW BOJIHOMPHMOOWHON HUILIEH M OTIEJbHBIMU CKOIUICHHSIMM BaJYHHOTO HaBajia, B BUIe Hemud-
(bepeHrpoBaHHOrO Ha TMOA30HBI y3Koro mosica mmpuHON 0,1-0,3 M, pa3BuUBaeTCsS COOOIIECTBO
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Cladophora sericea + Ulva linza (ct. Ne 1). B ném npu 6uomacce uyTh 60see 490 r-m~2 u I 1o 75 %
orMmeueH 21 Bux Makpodutos (Tads. 1, puc. 2). B 1e1oM pacTuTebHbINA MOKPOB TICEBAOIUTOPATM HAIO-
MUHaeT TakoBOM Ha M. TapxaHkyT [29], ofHaKo B 00CIeJOBAHHOM IyHKTE 30Ha IIMPE U HECKOJbKO MEHee
(pparmeHTHpOBaHa, MOITOMY KOJIMYECTBEHHbIE TIOKA3aTEN BBIIIE (XOTS OHU CYIIECTBEHHO MEHBIIE, YEM
B paiioHe M. KapampyH [28], B To BpeMsi Kak B BepIIMHEe OYXThI HA PHIXJIBIX OTJIOKEHHX TICEBIOTUTOPATD

BOOOIIIE He BeIpaxeHa [16]).

Tadamma 1. Crniricok u 6uomacca BUIIOB MakpoutoOeHToca B 00C/IeJOBAHHON aKBATOPHU

Table 1. List and biomass of macrophytobenthos species in the water area surveyed

Buomacca, r-m 2 (craamum Ne 1-4)

[Padina pavonia (L.) Gaill. nom. illeg.?] O

Takcon e Chll
(£ 0,15 m) (-0,5...5m)
Ne No 2 \ Ne 3 Ne 4
Chlorophyta
Bolbocoleon piliferum Pringsh. M M
Chaetomorpha aérea (Dillwyn) Kiitz.
[Chaetomorpha chlorotica (Mont.) Kiitz., M M M
Chaetomorpha crassa (C. Agardh) Kiitz.]
Chaetophora pisiformis (Roth) C. Agardh M M
Cladop.hora albida (liIees) Kiitz. 33.33 +25.17 0.42 " 102+ 1,01
[C. albida (Huds.) Kiitz.]
Cladophora sericea (Huds.) Kiitz. 300,00 £ 55,68 4,50 292 +£1,91 16,51 £3,15
Cladophora vagabunda (L.) C. Hoek 5,00 0,67 M
Ulva mtestmalzs.L. o . ' 233+ 1.89 2,50
[Enteromorpha intestinalis (L.) Link nom. illeg.?]
Ulva linza L.
[Enteromorpha linza (L.) J. Agardh, 111,67 £41,93 97,08 £ 42,74 12,46 39,87 £ 3,02
Enteromorpha ahlneriana Bliding nom. illeg.]
Ulva prolifera O. F. Miill.
[Entefomofrpha prolifera (O. F. Miill.) J. Agardh] v 12,50 £9,92
Ulvella lens P. Crouan et H. Crouan M M
Ulvella leptochaete (Huber) R. Nielsen, O’Kelly & " " "
B. Wysor [Ectochaete leptochaete (Huber) Wille]
Ulvella viridis (Reinke) R. Nielsen, O’Kelly
& B. Wysor [Entocladia viridis Reinke] & M M
Ochrophyta (k1. Phaeophyceae)

Cladostephus spongiosum f. verticillatum (Lightf.)
Prud’homme [Cladostephus verticillatus (Lightf.) 32,92 £ 18,93 850,00 £+ 143,16
C. Agardh nom. illeg.?] %
Corynophlaea umbellata (C. Agardh) Kiitz. M M
Cystoseira crinita Dub
[C. crinita (Desf.) Boril/] *OAO 1683,33 £ 95,93 | 3042,50 + 415,02
Dictyota fasciola (Roth) J. V. Lamour.
[Dilt()))phu{ fasciola (Roth) M. Howe] 1,35 31,25 £28,26
Ectocarpus siliculosus (Dillwyn) Lyngbye " v "
[E. confervoides (Roth) Le Jolis]
Feldmannia irregularis (Kiitz.) Hamel
[Ectocarpus arabicus Fig. et De Not.] M
Mpyriactula rivulariae (Suhr ex Aresch.) Feldmann M M
Mpyrionema seriatum (Reinke) Kylin M M
Padina pavonica (L.) Thivy 3.75

[ponomkeHue Ha CIEAYOIIEH CTPAHUIIE. . .
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Spermatochnus paradoxus (Roth) Kiitz. %

4,58

Sphacelaria cirrosa [cirrhosa] (Roth) C. Agardh

Stilophora tenella (Esper) P. C. Silva [Stilophora
rhizodes (Ehrh.) J. Agardh nom. illeg.?] <A

5,00

Rhodophyta

Acrochaetium parvulum (Kylin) Hoyt
[Kylinia parvula (Kylin) Kylin]

Acrochaetium secundatum (Lyngb.) Négeli
[Kylinia virgatula (Harv.) Papenf., K. secundata
(Lyngb.) Papenf.]

Apoglossum ruscifolium (Turner) J. Agardh

1,00

Callithamnion granulatum (Ducluz.)
C. Agardh %

28,33+ 10,41

4,67

Choreonema thuretii (Bornet) F. Schmitz

Ceramium ciliatum (J. Ellis) Ducluz.

6,43 + 4,97

0,83

0,92

Ceramium diaphanum (Lightf.) Roth.
[Ceramium tenuissimum (Lyngbye) J. Agardh]

9,82 £3,15

Ceramium virgatum Roth

[Ceramium pedicellatum (Duby) J. Agardh
nom. illeg.?; Ceramium rubrum (Huds.)
C. Agardh nom. illeg.?]

12,92 + 3,15

1,42 +1,01

Chondria capillaris (Huds.) M. J. Wynne
[Ch. tenuissima (Gooden. et Woodw.) C. Agardh]

10,83 + 4,39

6,08

0,42

Chroodactylon ornatum (C. Agardh) Basson
[Asterocytis ramosa (Thwaites) Gobi
ex F. Schmitz]

Colaconema savianum (Menegh.) R. Nielsen
[Acrochaetium savianum (Menegh.) Nigeli]

Gelidium crinale (Hare ex Turner) Gaillon
|G. crinale (Turner) J. V. Lamour.]

Gelidium spinosum (S. G. Gmel.) P. C. Silva
[G. latifolium (Grev.) Bornet et Thur.] &

Hydrolithon farinosum (J. V. Lamour.)
Penrose & Y. M. Chamb.
[Melobesia farinosa J. V. Lamour.]

M

Jania rubens (L.) J. V. Lamour.

13,75 £ 11,92

Jania virgata (Zanardini) Mont.
[Corallina granifera J. Ellis et Soland.]

8,33+0,72

Laurencia coronopus J. Agardh kA

4,17

Laurencia obtusa (Huds.) J. V. Lamour. &

47,08 £ 18,30

200,83 £ 61,71

Lomentaria firma (J. Agardh) Falkenb.
[L. firma (J. Agardh) Kylin nom. illeg.?]

0,17

Lophosiphonia obscura (C. Agardh) Falkenb.

Peyssonnelia rubra (Grev.) J. Agardh

Phyllophora crispa (Huds.) P. S. Dixon
[Ph. nervosa (DC.) Grev.] %S4 A

4,25

Pneophyllum confervicola (Kiitz.) Y. M. Chamb.
[Melobesia minutula Foslie]

Polysiphonia denudata (Dillwyn) Grev. ex Harv.
[P. denudata (Dillwyn) Kiitz. nom. illeg.?]

1,67

11,67 £8,78

0,50

1,34

Polysiphonia elongata (Huds.) Spreng.
[P. elongata (Huds.) Harv. nom. illeg.?]

1,58

[Tpopomxkenue Ha claeayIoLIel CTpaHULIE. . .
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Vertebrata fucoides (Huds.) Kuntze [Polysiphonia
fucoides (Huds.) Grev., Polysiphonia nigrescens 0,67 7,50 + 2,50
(Dillwyn) Grev. nom. illeg.?]

Polysiphonia opaca (C. Agardh) Moris et De Not.

[P. opaca (C. Agardh) Zanardini nom. illeg.?] 0,20

Polysiphonia subulata (Ducluz.) Kiitz.
[Polysiphonia violacea var. subulata (Ducluz.) M 82,50+ 47,70 0,83
L. Batten] @

Vertebrata subulifera (C. Agardh) Kuntze

+ +
[Polysiphonia subulifera (C. Agardh) Harvey] 500,83 £77,51 310,83 £ 146,49

Rhodochorton purpureum (Lightf.) Rosenv. % 0,08 0,02

Sahlingia subintegra (Rosenv.) Kornmann

[Erythrocladia subintegra Rosenv.] M
Stylonema alsidii (Zanardini) K. M. Drew

[Goniotrichum elegans (Chauv.) Zanardini] & M M
Titanoderma pustulatum (J. V. Lamour.) Nigeli "

[Dermatolithon pustulatum (J. V. Lamour.) Foslie]

IMpumeuanne: TICJI — ncenomuropans; CBJI — cybmmropans. [lycTeie stueliku 03HAYAIOT OTCYTCTBHE BHIA B Mpodax;
M — Mmasio (Meree 0,01 r B mpo6e). Ommodka cpeanero (+ S ;) npuBeneHa [uis ciayvaes, koraa v < 100 % (v — xoadpduim-
eHt Bapuanuu). CymiecTByeT MHeHUe, uTo Cystoseira crinita BISETCS CpeIU3eMHOMOPCKIM HIEMHUKOM U B UépHOM Mope
He BCTpevaeTcs, a 9K3eMIUIApbl, uneHTuduumpyemole Kak C. crinita f. crinita v C. crinita f. bosphorica, Ha caMOM Jefie OTHO-
carcst k Cystoseira bosphorica Sauv. [19]. DToT Bonpoc TpedyeT CrenuaIbHOro UCClIeIOBAaHUSI, B TOM 4KcIie y OeperoB Kpbeiva.
[TpuponooxpaHHbIi cTaTyc TAKCOHOB B A30BO-YepHoMopckoM pernone: # — Kpachas kaura Poceniickoii ®eneparmu [10];
O — Red Data Book of the Republic of Bulgaria [26]; % — Kpacnas kaura Yxpauns! [18]; % — Black Sea Red Data Book
[20]; & — Black Sea Red Data List [21]; O — Convention for the Protection of the Mediterranean Sea Against Pollution
(Barcelona Convention, 1976) [25]; A — KpacHas kaura Pecriyouku Kpeim [9].

Note: IICJI — pseudolittoral; CBJI — sublittoral. Empty cells indicate absence of the species in the samples; m — little (less
than 0.01 g in the sample). Standard error of the mean (+ S;) is indicated for cases where v < 100 % (v is coefficient
of variation). There is an opinion that Cystoseira crinita is Mediterranean endemic and does not occur in the Black
Sea, and specimens identified as C. crinita f. crinita and C. crinita f. bosphorica actually refer to Cystoseira bosphorica
Sauv. [19]. This issue requires a special study, with Crimean coast including. The conservation status of taxa in the Sea
of Azov — Black Sea region: ¥ — Red Book of the Russian Federation [10]; O — Red Data Book of the Republic
of Bulgaria [26]; % — Red Data Book of Ukraine [18]; % — Black Sea Red Data Book [20]; & — Black Sea Red Data
List [21]; O — Convention for the Protection of the Mediterranean Sea Against Pollution (Barcelona Convention, 1976) [25],
A — Red Book of the Republic of Crimea [9].

Ha menkoBobe cyOnmTopaiy MpuOOIHbIE BOJHBI, B3AMMOJICHCTBY S C TIOJIOTUM JHOM, TpaHC(OPMHUPY-
I0TCS1, UX KMHETUYECKasl SHEPrusl Bo3pacTaeT. B pe3ysbrare Ha TBEPIOU IJIOCKOM MOBEPXHOCTU CKAJTLHOTO
OeHYa MaKpOCKOITMYeCKasi paCTUTEILHOCTD IMOBPEKIAETCS, a BO BpeMsI ITOPMOB (DaKTUUECKU UCTUPAETCS
rajbKoOM, TpaBUeM U IIp., Mo3ToMy OeHY BIUIOTh 10 Tyounst 0,3-0,4 (0,5) M mouTH IHIIEH MaKPOCKOITH-
YecKor pactutesnbHOCTH. [Ipy 3TOM 311ech U Huke (ake MO TOJIOTOM PACTUTENbHOCTH) OH B OOJIbIIEH
WM MEHbIIel Mepe TIOKPHIT TOHKUM CJIOeM TeCKa, MPUHOCKMOTO M3 OYXThI, Yero He HaOJI0JaIoCh 0K-
Hee, Ha M. TapxankyT. Ha HekoTopom yaaneHuu ot Oepera Ha TBEPAOM POBHOM [JHE 3aperucTpupoBa-
Hbl MHOrosipycHsle (I1IT 90-100 %), xopo1o pa3BuUThIE, HE UMEIOILIME IPU3HAKOB MEXAHUYECKOTIO MOBpe-
KISHUS COOOINECTBA «IOsIca IUCTO3UpPbl». Ha HebGonbimx riryorHax (cT. Ne 2) pazBuBaeTcs coOOIIECTBO
Cystoseira crinita + Vertebrata subulifera, tne npu 6uomacce 4yTh GoJee 2,5 KI-M ™2 3aperucTpUPOBAHO
42 takcoHa MakpoBojopocier (Tadm. 1, puc. 2). V. subulifera pakTHYecKn Ha BCEM CIIEKTpe TTyOUH
OOMJIbHO pa3BUBAETCS U JOMUHHUPYET B SMU(MUTOHE HA AUCTATIbHBIX KOHIIAX BeTBeW Hanbosiee KPYyIHbIX K-
3eMILISIPOB IMCTO3UPHI. [T1yO:ke (cT. Ne 3), BIUIOTH 10 HUKHEW I'PaHUIIbl paCPOCTPAaHEHUs TBEP/IBIX TPYH-
TOB, KOTOpasi B JAHHOM ITyHKTE PAcIoJiokeHa Ha ITyOrHe okoJ1o 4 M Ha pacctostaun 190-200 m ot Gepera,
pOBHOE JIHO TIOKpbIBaeT cooditecTBo Cystoseira crinita + Vertebrata subulifera — Cladostephus spongiosum
¢ 6ruomaccoii okoso 4,5 kr-m~2 u [T 90-95 %, B KOTOpoM oTMeueH 41 TakcoH. [o 3Toro MoMeHTa KapThuHa
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0O Oo6uee konnuectBo BuaoB M Buomacca

Puc. 2. 3meHeHue oOIIero KOJMYECTBA BUIOB U CpelHel OMoMacchl Makpo(gHUTOOEHTOCa C IITyOMHOM
B 00CJIe/IOBAHHOM aKBaTOPHU

Fig. 2. Changes in total number of species and average biomass of macrophytobenthos with depth change
in the water area surveyed

B OOIIMX YepTax OblIa CXOJIHA C 3aperucTpupoBaHHOM Ha M. TapxaHkyT [29], omHako eciu y M. TapxaHKyT
n1yOke TUIOCKUIA OEHY OKPHIT IIBIOOBBIM HABAJIOM C IIMCTO3MPOBBIMH 3apOCIISIMH, TO B 00CJI€I0BaHHOM
MYHKTE OH IOCTETIEHHO MOrPYXKaeTCsl B PhIXJIble OTIIOKEHUS (YETKOM rpaHU MEXy CKaJlaMU U TIECKOM HET).

B OyxTax B JIeTHHI, OTHOCUTEIbHO OE3BETPEHHBII MEPHOJ] HA PAKOBMHAX MOJUIIOCKOB M Ha JPYTUX
TBEPABIX ITPEAMETAX, PACHOJIAraloIMXCsl Ha TOBEPXHOCTH PBIXJIBIX IPYHTOB, Ha I'TyOMHAaX HE MeHee 3 M pas-
BUBAETCs 3()EMEPHBIN PACTUTEIIbHBIN OKPOB IPEUMYLIECTBEHHO U3 3€JIEHBIX BOAOPOCIEH U B MEHbLIEH
Mepe — KpacHbIX [ 14]. Panee Hamu moka3aHo, 4ToO B IIEHTpaJIbHOM YacTu Oyx. KapamkuHckas B yCJIOBHSIX
MIOHVKEHHOU TUAPOAMHAMUKHA Ha HEKOTOPOM YAAJeHHH OT MPUOOWHOM 30HHI C €€ MOBBIIIEHHON TUApO-
AMHAMUKOH (M OOMJIMEM PEKPEaHTOB, KOTOPBIE TAKXKe OKa3bIBAIOT MEXaHWYECKOe BO3ZEHCTBHE HA IPYHT
U PaCTUTESLHOCTb) pas3BuBaeTcs cooduiectBo Ulva linza + Cladophora sericea [16]. OHO 3apeructpu-
POBAaHO B 0OC/IEJOBAHHOM ITyHKTE B aHATOIMYHBIX ycinosusax (cT. Ne 4). Ilpu 6uomacce 6omee 60 r-m—>
u [T 10-15 % B HEM oTmeueHO 16 BuIOB MakpoduToB (Tadm. 1, puc. 2), TOo ecTh B MEpUO] MPOBe/Ie-
HUS UCCTIEZIOBAHUH 10 Bcel OyxTe (BU3yaJlbHO — 10 TIIyOWHBI HE MeHee 8 M) Ha PBIXJIbIX T'PyHTaxX pas-
BWJICS JIOCTATOYHO PABHOMEPHBI 3()eMEPHBI PACTUTESIbHBII MOKPOB OJUHAKOBOIO COCTaBa U CTPYKTY-
pbl. DMOMPUUECKH MOKHO 3aKJIIOUUTh, YTO €r0 IJIOTHOCTD (M OGroMacca) 3aBUCHUT OT KOJIMYECTBA PaKyIIN
Ha MOBEPXHOCTH TPYHTA U OT MPOAOJIKUTEIBHOCTA OTHOCUTEILHOTO O€3BETpUsl, TOCKOJIbKY MOBPEkICHUS
HaOMI0JAI0TCS IaXe MOCIIe HEIOJITUX ITOPMOB.

B oOmeil ciokHOCTM B IpaHMLaX OOC/IEIOBAHHOTO IMyHKTa OTMEYEHO 57 BHIOB MaKpOBOAOPOC-
neii (tadn. 1): Chlorophyta — 12 (21,05 %), Ochrophyta (Phaeophyceae) — 12 (21,05 %), Rhodophyta —
33 (57,9 %). ITpu 3TOM B CYOJIUTOpAIIH 3aPETUCTPUPOBAHO SO TAKCOHOB, YTO COMOCTABUMO CO 3HAYECHUSIMH,
MOJYYEHHBIMHM U1 IPOYMX MYHKTOB KapaJkMHCKOro yvactka, a B MCeBAOIUTOpPaIM — 21 TaKcoH,
YTO He HaMHOTro Oosibllie, YeM Ha M. TapxaHKyT (rae cTpoeHue Oepera CXOJHO C TaKOBBIM OOCYykKae-
MOT'O IYHKTa), HO B IOJITOpa pa3a MeHbllle, 4yeM B paiioHe M. KapampyH (rae 6eper npuriyOblii 1 6eHd
He BelpakeH) [13, 28, 29].

B untepBane ryouH 1-3 M B cyOIMTOpAIbHBIX COOOIIECTBAX IMCTO3MPHI 3HAYEHHS BUIOBOIO pas-
HOOOpa3uss U O6uomaccel (puToOeHTOCA SBISIIOTCS HamOosee BhicOkuMU (Tabn. 2). [lo Guomacce mons
Phaeophyceae B Hux kosneOsetcs B ipeaenax 68—87 %, mpu 3ToM ¢ ITyOMHOM Ha (poHe yBeIrmueHus 00IINX
3HAYCHUU MMOKa3aTesisl CHUXKaeTcs 1osis snuduTtoHa B e€ popmuposanuu. Briiag Chlorophyta B o6pa3oBa-
HHe OMOMACCHl 9TUX COOOIECTB MUHUMAJIEH, B TO BPeMsI KaK B TICEBIOJIMTOPAIIM M HA PHIXJIBIX TPYHTaX
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B cyoimropamu oHu ¢opmupylotr 6onee 90 % Oumomaccel. Ha BcéM cniektpe oOcCieOBaHHBIX TITyOMH
B COOTHOIIEHUWU CUCTEMATUYECKHUX I'PYMIIMPOBOK IO KOJIMYECTBY BUIOB MOJOBUHA U 00Jiee MPUXOIUTCS
Ha Rhodophyta.

B 1ienoM 1o MyHKTY JOMUHHMPYIOT OJIMrocanpoOHble MakpoBoaopociu (tadm. 2). X mons mo ywc-
ay BugoB (61-64 %) u no 6uomacce (94-99 %) makcumanbHa B IIMCTO3UPOBBIX cooOIIecTBax. Mex-
Ay TeM B TICEBAOJUTOPATN U HAa PBHIXJIBIX TPYHTAX B CYOJUTOpAIM MOUYTH BCs OMomacca chopMUpoOBaHa
Me30CarpoONOHTAMU; UX JOJIS 10 YUCTY BUJIOB 3/IeCh TaKxke HauOosee Bricoka (33—43 %).

[lo 4uciy BUIOB B 00CIIEIOBAHHOM MYHKTE JOMUHUPYIOT KOPOTKOBETETUPYIOIINE BOAOPOCIH, HO C PO-
CTOM TJTyOWHBI JIOJIsl MHOTOJIETHUX TaKCOHOB Bo3pacTaeT (Tadi. 2). Onu ke opmupyiot ot 69 10 92 %
OroOMacchl B IIMTO3UPOBBIX COOOIIECTBAX, B TO BpeMs KaK B TCEBAOJMTOPAIM U HA PBHIXJIBIX TPYHTAX
B cyosmuropam 10 100 % oOpa3yioT KOPOTKOBETeTUPYIOIINE TAKCOHBI.

AHaIM3 COOTHOIIIEHUS FAJIOOHBIX TPYIIUPOBOK MOKA3BIBAET, UTO MO YUCTY BUAOB JOMUHUPYIOT MOP-
CKME MaKpOBOAOPOCIHU, MIPU 3TOM C POCTOM ITyOMHBI TMPOSIBISETCS TEHACHIMS K YBEIWYEHUIO UX [0-
i (tabn. 2). [lpencraButed 3TOW TPYMIMPOBKH 00pa3yoT 94-99 % OGuoMacchl IHUCTO3UPOBBIX CO-
OOIIIeCTB, HO B TCEBAOJUTOPAIM U Ha PHIXJIBIX I'PYHTaX B CYOJUTOpaIM TAKOW pe3yJbTaT MOKa3blBa-
10T COJIOHOBAaTOBOJHO-MOPCKHE TaKCOHbL. OTMETHM, YTO COCTaB MOPCKOW TPYIIUPOBKUA OT CTAHIUU
K CTAQHLIMU CWJIbHO M3MEHSeTcsl, a HaOOp COJIOHOBATOBOJHO-MOPCKMX U COJIOHOBATOBOIHBIX TAKCOHOB
(pakTHUECKM OMHAKOB Ha BCeX CTaHIMAX (Tadm. 1).

B nieniom mo yuyactky M Ha OTHAENbHBIX CTAHIUAX JAOMHHHUPYIOT MPEICTABUTENN TETIOBOAHOTO KOM-
TUieKca, B 0coOeHHOCTH 1o 6uomMacce. C pocToM TIIyOMHBI OJISI TEIUIOBOJHBIX MaKpPOBOJIOPOCIEH B 00-
IIEM KOJIMYECTBE BUIOB BO3PACTAET, HO MX BKJAJ B (hOpMHpOBaHME OMOMACCH CHUXKaeTcs (IociieHee
CrpaBeUIMBO s cyonuropany) (tadsm. 2). KapTuHa B 11€710M HalloMHUHAeT 3aperucTpUpOBAHHYIO paHee
y M. Tapxankyr [29].

MakpodutoOeHTOC 00CIeIOBAHHOTO yYacTKa HACYMTHIBAET 14 papuUTETHHIX TAaKCOHOB (TIPHMHUMAS
BO BHUMaHHE OTHOCUTEJILHO HEOOJIBbIIME pa3Mephl BOAOEMA U MEXyHAPOJAHOE COTPYAHUYECTBO IpHUEp-
HOMOPCKHX T'OCyJapCTB B 00JI1aCTH 3aIIUTH YEPHOTO MOPSI, MBI yUIX BCe OMyOIMKOBAHHbIE HAITMOHAJILHbBIE
U MEKAyHapoIHbIe (PUTOCO30J0TMUYECKUe MIEPEYHH, a TaKkKe peruoHaibHyl0 KpacHyio kHury) (tadm. 1).
Buoton, ocHOBY KOTOpOro (opMupyioT cooOmiecTBa Makpo(uTOB, MONaaaeT noj jaeictaue [upexTu-
Bbl EC 0 coXxpaHeHUM eCTeCTBEeHHOU cpeabl oOuTanus u aukoil (ayasl u ¢uopsl (Directive 92/43/EEC;
Kkoj 1170 — Pudpwr) [24].

CpaBHeHMEe pe3yJbTaTOB HACTOSILETO WUCCJEIOBAHUS C AAHHBIMM, MOJYYEHHBIMU paHee Ui APYIux
MyHKTOB KapaKMHCKOTO yJacTKa, MOKa3bIBAET, YTO PACTUTEIIBHBIA MTOKPOB TOTO IMyHKTA 3aHUMAaeT CBOe-
ro pojia MPOMEeXyTOYHOe ToJIokeHre. OH 0OHApyKUBAeT YePThl, XapaKTePHBIE JIJIS IPIJIETAIONIETO C Iora
M. TapxaHKyT: B ICEBIOIUTOPAILHON 30HE — OTHOCUTEJIHHO c1a00e pa3BUTHE U HEKOTOPYIO (hparMeHTH-
POBaHHOCTb PaCTUTEIHHOTO MOKPOBA; B CYOJIMTOPAILHON 30HE — €ro OTCYTCTBHE B HauOoJiee MEJIKOBO/I-
HOM YacTH M Pa3BUTHE MOHOTOHHBIX LIMCTO3UPOBBIX 3apOCIIEi C MOHMKEHHON OMOMACcCOW U OTHOCUTEIbHO
YIPOLIEHHOW BEPTUKAJIBHOU CTPYKTYpOH (/iBa sipyca) BILIOTh JO HUKHEW I'paHMLIbl TBEPABIX TPYHTOB (Ha-
npumep, y M. KapampyH nipu GOJIBIIMX [UTMHE TaJIOMOB M OMOMACCe IUCTO3UPHI B COOOIIECTBaX (hOPMH-
pylotcs Tpu sipyca). Kak mMbl yka3plBaiu paHee, 3T0 00yCIOBIEHO 0COOEHHOCTSIMU TeoMOP(OIOruYecKOro
CTpoeHust 6eperoBoii 30HbL: ec y M. KapampyH Mok pbITast IIbI00BO-BATyHHBIM U (TJTy0sKe) TIIBIOOBBIM Ha-
BAJIOM Y3Kasi IpuOpekHasi MoJIoca AHA MMeeT 3HAYUTEIIbHBII YToJl yKJIOHA, TO AJ1s1 00C/IeIOBaHHOIO y4acT-
Ka U 1y1g M. TapXaHKyT XapaKTepeH OOIIMPHBIA OTMEJIbIi CKaJIbHBI OSHY, MPAKTHYECKH JIAIIEHHBIN TJTbI-
OOBBIX CKOTUIeHMHI. HaJt ero moBepXHOCTBIO POUCXOUT PaHHSsS TpaHC(OPMAIIUs TPUOOIHBIX BOJH, KOT/IA
KoJieOaTeIbHOe IBUKEHUE BOJHOM MaccChl IpeoOpa3yeTcsi B MOCTYyIaTeIbHOe. DTO YCHIMBAaeT MeXaHuve-
CKO€ BO3JICUCTBHE Ha MPUOPEKHbIe 3apOCIH IUCTO3UPHI, YTO HE TOJILKO YMEHBIIIAET 3HAUeHUEe MTPOAYKIIHU-
OHHBIX TIOKa3aTeJiell, HO U HUBEJIUPYET KOJIMUYECTBEHHbIE pa3niMs MEXy OTAEJIbHBIMU CTaHIUsAMHU [29].
B T0 e Bpems riryOxke Ha phIXJIOM cyOcTpate pa3BUBaeTCs 3(heMEepHBId PACTUTENILHBIN MTOKPOB, KOTOPHIH
TI0 COCTaBY M CTPYKType aHAJIOTMYeH TAaKOBOMY B IIEHTpabHOH yacty Oyx. Kapamkunckas [13, 16].
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Tadamma 2. PacnipesesieHue KoluuyecTBa BUAOB M OMOMACCHl MaKpO(UTOB MO 3KOJIOr0-(hIOPHUCTUIECKUM

TPYIITUPOBKAM B 00C/I€IOBAHHOW aKBATOPUH

Table 2. Distribution of the species number and biomass of macrophytes in ecological-floristic groups
in the water area surveyed

KomuuectBo BuaosB, en. / % Buomacca, r-M 2 / %
P (craamum Ne 1-4) (craamuu Ne 1-4)
TICJI CBJ obmee ICJI CBJI cpemss
Ne 1 No 2 Ne 3 Ne 4 Ne 1 No 2 Ne 3 Ne 4
Chl 8 11 9 5 12 452,33 117,67 15,38 57,60 160,74
38,10 | 26,19 | 21,95 | 31,25 | 21,05 92,17 4,57 0,35 94,18 8,48
Oh 3 11 7 2 12 1,35 1760,83 | 3892, 50 M 1413,67
14,29 | 26,19 | 17,07 | 12,25 | 21,05 0,28 68, 36 87,42 0 74,60
Rh 10 20 25 9 33 37,10 697, 24 544,57 3,56 320,62
47,62 | 47,62 | 60,98 | 56,25 | 57,89 7,56 27,10 12,23 5,82 16,92
Oc 10 27 25 8 37 36,78 2423,66 | 4435,15 2,02 1724, 40
47,62 | 64,29 | 60,98 | 50,00 | 64,91 7,49 94,10 99,61 3,30 91,00
M. 7 8 11 7 13 446,67 113,67 15,88 59,14 158,84
¢ 33,33 | 19,05 | 26,83 | 43,75 | 22,81 91,01 4,41 0, 36 96, 70 8,38
o 4 7 5 1 7 7,33 38,41 1,42 M 11,79
¢ 19,05 | 16,67 | 12,20 6,25 12,28 1,50 1,49 0,03 0 0,62
M 2 8 11 4 16 M 1770,74 | 4116,49 1,80 1472, 25
9,52 19,05 | 26,83 | 25,00 | 28,07 0 68,75 92,45 2,94 77,70
K 19 33 28 12 39 490,78 805, 00 335,96 59, 36 422,78
? 90,48 | 78,57 | 68,29 | 75,00 | 68,42 100 31,25 7,55 97,06 22,31
7 9 L 2 0 2 0 M M 0 M
' 0 2,38 4,88 0 3,51 0 0 0 0 0
Xs 8 15 15 6 19 339,00 138,09 854,83 19,33 337,81
38,10 | 35,71 | 36,59 | 37,50 | 33,33 69,07 5,36 19,20 31,61 17,83
Te 10 21 23 10 32 149,45 | 2405,56 | 3596,20 | 41,83 | 1548,26
47,62 | 50,00 | 56,10 | 62,50 | 56,14 39,45 93, 39 80,77 68,39 81,70
Ke 3 5 3 9 5 2,33 27,92 1,42 9 7,92
14,29 | 11,90 7,32 0 8,77 0,47 1,08 0,03 0 0,42
5 9 1 9 9 1 9 4,17 9 9 1,04
0 2,38 0 0 1,75 0 0,16 0 0 0,05
Mp 11 28 29 10 43 36,78 2423,66 | 4435,15 2,22 1724,45
52,38 | 66,67 | 70,73 | 62,50 | 75,44 7,49 94,10 99,61 3,63 91,00
Cm 6 10 10 6 10 446,67 136,41 17,30 58,94 164,83
28,57 | 23,81 | 24,39 | 37,50 | 17,54 91,01 5,30 0,40 96, 37 8,70
Ca 4 4 2 9 4 7,33 15,67 M 9 5,75
19,05 9,52 4,88 0 7,02 1,49 0,61 0 0 0,30
5 i i i i L 90,78 575,74 452,45 1,16 1895,03
100 100 100 100 100 100 100 100 100 100

IIpumeuanue: ['P — rpynnupoBku. Cucremarnueckue: Ch — Chlorophyta; Oh — Ochrophyta (k1. Phaeophyceae);
Rh — Rhodophyta. Canpo6uonoruyeckue: Oc — onurocanpoOsl; Mc — me3ocarnpoOsi; [lc — nonucanpodst. Ilo mpo-
JOJDKUTENIbHOCTH BereTanu: MH — MHorosieTHue; KB — KopoTkoBereTupyiomue; ? — HeT JaHHbIX. Puroreorpaduye-
ckue: XB — X0JIOAHOBOIHbIE; TB — TeruioBoaHbIe; K¢ — kocMornosuTel; D — 3HAeMUKH. [anodHbie: Mp — Mopckue;
CM — Cc0J10HOBaTOBOJHO-MOpCKHe; CB — COJIOHOBATOBO/JHBIE.

Note: I'P — groups. Systematical: Ch — Chlorophyta; Oh — Ochrophyta (cl. Phaeophyceae); Rh — Rhodophyta.
Saprobiological: Oc — oligosaprobes; Mc — mesosaprobes; Ilc — polysaprobes. By the duration of the vegetation
period: MH — perennial; KB — short-vegetating; ? — no data. Phytogeographical: X8 — cold-water; T — warm-water;
Kc - cosmopolitans; 1 — endemics. In relation to halobility: Mp — marine; Cm — brackish-marine; Cs — brackish.
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3akJoueHne. B pesyibrate ruipoOOTAHMUYECKOTO OOC/IEIOBaHMSI, BHIIIOJHEHHOTO B MPUOPERHON
MOPCKO¥ aKBaTOpuH y M. TapXaHKyT, BBISIBIIEHO, YTO Mak popUTOOEHTOC pa3BUBAETCS HA TBEPIOM CyOCTpa-
Te (kJacc popmaruii coodiectTBa TBEpAbIX rpyHToB — Thalassophycion sclerochthonophytia) u peixsiom
cyoOctpate (kyace ¢opmarmii coodrecTBa MATKUX TpyHTOoB — Thalassophycion malacochthonophytia),
YTO OMpe/iesieT OOIIMiA XapakTep pactutenbHoro nmokposa. [Ipu atom A. A. Kamyruna-I'yTHUK, Kiaccu-
(umpyst GEHTOCHYI0 PacTUTENILHOCTh YEPHOTO MOps, K TIOCTIeAHEMY KJiaccy (popManyii OTHOCHIIA JIMIITh
coo0IecTBa XapOBbIX BOAOPOCIIEH, pa3BUBAIOIIMECS HA WIIMCTHIX OTJI0KEHUAX. BMmecTe ¢ TeM Hatm HaOJo-
J€HUS CBUAETEIbCTBYIOT O TOM, YTO PAa3BUTHE B JIETHUI NIEPHOJL 3(DeMEPHBIX COOOILECTB 3€IEHBIX BOJOPOC-
Jieit (4acTo MpU CYIIECTBEHHOM POJIM KPACHBIX BOAOPOCIEH) XapaKTepHO [JIsI MATKUX (TIECUaHBbIX C IPUMe-
ChI0 PAKYIIIM) TPYHTOB, JIOKAIN30BAHHBIX B OOMMPHHIX OyxTax y OeperoB UEpHOro m A30BCKOro MOpEH.
XapakTep ¥ KOJMYECTBEHHbBIE MOKa3aTe OEHTOCHOW PAaCTUTENIbHOCTH, COCTaB (hJIOPHl M COOTHOIIEHHE
9KOJIOro-(pJIOPUCTUYECKUX T'PYNIMPOBOK B OCHOBHOM CBOMCTBEHHbI TapxaHKyTckO-CeBacTOINOIbCKOMY
ruipodoTaHueckoMy paiioHy Ye€pHoro mops. Crenuguka reoMmopgoJ0orn4eckoro CTpoeHust 0eperoBoi
30HBI 0OCJIEZJOBAHHOTO y4acTKa OOYyCIOBJIMBAET ONpee€HHbIe CTPYKTYpHbIE OCOOEHHOCTH MaKpopuTo-
OeHTOCa U ero MPOMEKYTOUHOE TMOJI0KEHUE IO OTHOIIEHHUIO K PACTUTEILHOMY MOKPOBY MpUJIETaloNuX ab-
Pa3MOHHBIX U aKKYMYJIATUBHBIX Y4acTKOB Oepera. [Ipy 9TOM pacTuTesbHBIA MIOKPOB AEMOHCTPHUPYET J10-
CTaTOYHO BBICOKYIO CTETIeHb COXPAHHOCTH; B €T0 I'PaHMIIAX 3apErUCTPUPOBAHBI TAKCOHBI M OMOTOIIBI, ITPe/-
CTaBJISIOIIME O0COOYIO IIEHHOCTh B PAMKaX PErMOHAJBbHOIO U MEKIyHapOJHOIO 3aKOHOAATebCTBa. PaHee
IJ1s1 IpUJIeraoIux akBatopuil y M. TapxaHkyT u M. KapampyH Mbl peKOMeHJ0BaJIM aOCOJIIOTHO 3alOBe/I-
HBII CTaTyC, OJHAKO, C YUYETOM PEKpPEeallMOHHOTO MCIIOb30BaHUs OOC/IEIOBAHHOTO y4YacTKa, B MepCIieK-
THBE €ro MOXHO BKJIIOUHMTh B COCTaB B 30HBI PEryJHPYEMON peKpeanyy MPUPOJHOTO MapKa ¢ OXBATOM
PEARKMMHON MOPCKOI aKBaTOPUM KaK MMHUMYM IO KOHTYPY PacpOCTpaHEeHUs TBEPAbIX TPYHTOB, 3aHSATBIX
3apOCJIEBBIMU COOOIIECTBAMH IUCTO3UPHL. [1oquepKHEM, UTO B UTOTE peub UIET He 00 OTACTIbHBIX OXpaHs-
€MBIX aKBAJIbHBIX YYaCTKaX, a O LEJIOCTHOM I10 IJIOIIA/AY U YIIPABJIEHUIO TEPPUTOPHATbHO-aKBAIBHOM KOM-
riekce M. TapxankyT. Takoi MoAX0/ MO3BOJMT KOHTPOJIUPOBATH M PETYIUPOBATh AHTPOIIOTEHHYIO HATPY3-
Ky OT TMOJIHOTO 3alOBEaHMs [0 JJMMUTUPOBAHHOW PEKpealyid U SKOTypu3Ma B OMpe/Ie/IEHHBIX MyHKTAaX,
YTO JOJDKHO 3aMeUIUTh (B ujealle — MpeJoTBPaTUTh) CTPYKTYPHYIO U (DyHKLIMOHAJIBHYIO TpaHc(opMa-
LIMI0 OJIHOTO U3 HEMHOI'MX COXPaHUBILIMXCS TEPPUTOPUAIbHO-AKBAJIbHBIX KOMIUIEKCOB CtenHoro KpbiMa.
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TO THE STUDY OF MACROPHYTOBENTHOS OF COASTAL WATERS
OF KARADZHINSKY PLOT ON TARKHANKUT PENINSULA
(CRIMEA, BLACK SEA)

S. Ye. Sadogurskiy

Nikitsky Botanical Gardens — National Scientific Center of RAS, Yalta, Russian Federation
E-mail: ssadogurskij@yandex.ru

Composition and distribution of seaweeds in coastal waters of the Karadzhinskaya Bay, adjacent
to the southern cluster of a specially protected natural area “Tarkhankut” Nature Park (Crimea,
Tarkhankut Peninsula, Black Sea), are described and discussed. Peculiarities of the coastal zone geo-
morphology determine structural features of macrophytobenthos and its intermediate position in rela-
tion to macrophytobentos of adjacent abrasive and accumulative coasts. Totally 57 species of seaweeds
were identified (Chlorophyta — 12, Ochrophyta (cl. Phaeophyceae) — 12, Rhodophyta — 33); 21 of them
occur in pseudolittoral, and 56 — in sublittoral. Biomass ranges from 0.5 kg per m? in pseudolittoral
to 4.5 kg per m? in sublittoral. Nature and quantity of benthic vegetation, flora composition, and ratio
of main ecological-floristic groups of macrophytobenthos are generally characteristic for the Tarkhankut-
Sevastopol hydrobotanical region of the Black Sea. A rare fraction of flora includes 14 taxa listed in na-
ture conservation lists of various ranks. The biotope subjects to special protection according to the EU
Habitats Directive (Directive 92/43/EEC). The territorial-aquatic complex is important both from na-
ture protection and recreation points of view. Its conservation will contribute to structural and functional
integrity of Black Sea coastal zone ecosystem.

Keywords: Black Sea, Crimea, Tarkhankut Peninsula, macrophytobenthos, species composition, biomass,
distribution
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HanéxHoe coxpaHeHHe KyJbTyp MHUKPOBOJOPOCIEH M CO3JAaHWE TEHETHYECKMX OAHKOB INTaMMOB —
OJJHA M3 BaKHBIX 3a/la4 COBpeMeHHOW Ouosioruu. B katanore BecemupHo#t enepanyy KynsTyp B Oase
WDCM CCINFO Ha ceromHAIIHUI JeHb 3apeTUCTPUPOBAHO 792 KOMIEKIMN Pa3IMyYHbIX KYJIbTUBHApPYE-
MBIX OPraHU3MOB U3 76 cTpaH. DTO camasi OOLIMpPHAas CBOAHAasl 6a3a AaHHBIX, BKIIOYAIONIAsl KAK MU3BECT-
Hble KPYIHbIE KOJJIEKINH, TaK U HeOOJIbIINe X PaHUIIMIIA UCCIIEI0BATENLCKUX M 00pa30BaTeIbHBIX yupe-
KJEHUI co Bcero mupa. B 6aze npexacraBieHo 47 ajibroJOrMUecKux KOJIeKIui U 80 KOJUISKIUIA MUK-
POOPraHU3MOB, KOTOpbIE TaKke BKJIIOUAIOT KYJbTYpPhl MUKPOBOAOPOCIeH U nmanoOaktepuii. B Poccun
3apeructTpupoBaHo Bcero 30 GUOIOrMYecKUX KOJUIEKIHA; (POHIBI TONBKO 13 M3 HUX BKIIIOYAIOT MITAM-
MBI Bofiopocyeil. CaMblil pacpoCTpaHEHHBIN CIOCOO XpaHEHUsI KYJIbTYp MHUKPOBOAOPOCIENH — METOJ
MX NEPUOJMYECKHX MEPECeBOB Ha KUAKKE cpeapl Wi arap. Ero ncnons3yior B 127 xomekuusax (99 %
OT O0ILEro KOJMYecTBa B Katanore). Takke MPUMEHSIIOT KpUOKOHCepBamio — B 33 kosutekuusix (27 %),
mopmmuzanuio — B 13 (11 %), L-BeicymuBanue — B 5 (4 %), 3amopaxubanue — B 19 (16 %), ummo-
OuM3aLuio B abruHaTHBIX OycuHkax — B 1 (0,8 %). Mexay TeM Ipu UCMOJIb30BAHUM ITUX METOJIOB
U3MEHSI0TCS] MOP(OJIOrnYecKre U (PyHKLMOHAIbHBIE CBOMCTBA KJIETOK COXPAHSAEMBIX KYJIbTYP U IPOUC-
XOIUT UX U3MenpuaHue. Kpome Toro, nogaepxkaHue KyJabTyp B )KU3HECTIOCOOHOM COCTOSTHUH TPYAOEMKO
u TpedyeT Joporocrosiiero ooopynosanus. [Ipy 3ToM XpaHeHHe MUKPOBOJOPOCIEH, HepeBeIEHHBIX B CO-
CTOSIHME aHTuIpoOro3a MyTEM MX 00€3BOKUBAHUS, IPOCTO ¥ SKOHOMHUUECKH BBITOJHO. AHIUAPOOHO3 —
r1yOOKOE U JUTUTEIbHOE TOPMOKEHHE MeTab0IM3Ma, 00paTUMOe TPH OJIATONPUATHBIX YCIOBUIX; 3TO JI0-
CTATOYHO PacCIPOCTPaHEHHOE sABJICHUE B rpupoe. EauncrBenHast kosuiekiws u3 6azst WDCM CCINFO,
U151 KOTOPO# MPUMEHSIIOT CIIOCO0 TIepeBo/ia KJIETOK B TIOKOSIIIIEeCs] COCTOSTHHE YTEM aHTUIIpoOro3a (11s
MOYBEHHBIX BOJOPOCIE) — KOJUIEKLMS KyJIbTYp Bopopocieil KnueBckoro HalloHaIbHOTO YHUBEPCUTETA
(ACKU WDCM 994). MHOrosieTHiE ONBITHI 10 MEPEBOLy MUKPOBOJOPOCIEH B COCTOSIHUE aHTHIPOOU-
03a MO3BOJIMIM pa3paboTaTh METOJ UX AJUTENLHOTO XpaHeHus1 Oe3 UCTIONb30BAHUS MUTATEbHBIX Cpe,
BKJIIOYAIOIIMIA IEPEBOJ KJIETOK B COCTOSIHME aHTMApOOM03a, X COXPaHEHHUE B IeTMAPAaTUPOBAHHOM CO-
CTOSTHUM M TIOCJIeylolliee BhIBEACHHE B aKTUBHYIO KyJbTypy. C Liesblo MOJAEPKAaHUSA aJIblrOJOTHYECKO-
ro 6uopazHooOpaszus Ha 6aze GULL MHBIOM co3naHo XpaHWIMINE MUKPOBOJOPOCIIEH, MepeBeEHHBIX
B COCTOSIHME aHTMAPOOHMO03a; UX TPHU HEOOXOAMMOCTH MOKHO BBIBECTH B aKTHUBHBIE KYJIbTYphl. OObeK-
TaMH CTaJIM MOPCKHE OJHOKJIETOUHBIE BOJOPOCIIH, a TAKKe IPECHOBOAHbBIC U rajloOHbIe BU/IBI HUBIINX
dotoTpodoB, NepcreKTUBHbIE JIs1 aKBaKyJIbTYPhl M OMOTeXHOIOTMH. KyIbTyphl mojyueHsl B BUIE MHO-
KyJIATa U3 KOJUIEKIMU KUBBIX KyJbTYP IJIAaHKTOHHBIX MUKpoBojopocneii @M NubIOM. Boxopociu
BBIPAIIMBATIMA B HAKOIMTEJIbHOM pPEXUME MpPU MOCTOSHHOM OCBellleHnH. Bromaccy cobupain BO Bpe-
Ms KyJIbTUBUPOBAHHS AJIbIOJIOTMUYECKH YUCTBIX KYJbTYp MHUKPOBOJOPOCIEN Ha CTAJMH 3aMeJJIEHHsT Po-
CTa WJIM Ha CTAIlMOHAPHOW cTaguu. KIeTKu OTHeNsiii OT KyJIbTypajbHOW Cpebl IEHTPH(YTPOBAHUEM
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WIIH Iy TEM MX (DUIIbTPALIMK Ha TUITAHKTOHHOM CHTe. 3aTeM BOAOPOCIN 00€3BOKUBAIIN M XPAHHUJIN B TepMe-
TUYHBIX 3UIUIOK-TIAKETaX, IIOMENIEHHBIX B IIACTHKOBBIE EMKocTH 00BbEMOM oT 100 mo 500 M1, ipu TeMm-
neparype +18...4+21 °C B TeMHOTe B crielraibHO 000pyJOBaHHOM HoMerieHnd. OCHOBHAsL YacTh KOJI-
JIeKIIMU TpefcTaBieHa mrammaMu u3 otaenoB Chlorophyta, Cyanophyta, Bacillariophyta, Rodophyta.
B cratse npuBeieHbl CITUCOK BUJOB U KOJTMYECTBO COX PaHSAEMBIX M30JIATOB, MpecTaBlieHa HH(OpMAaIHs
0 popMax XpaHEeHUsI, ONIMCAH TEXHOJIOTUYECKUHA PeriaMeHT OOCTYKMBaHHsI M MOTIOJTHEHH S X paHUJIUIIA
AHTUIPOONO3HBIX KyJIbTYp. XpaHWIHIIE HAXOOUTCsl Ha ctaguu ¢opmupoBanus. Ero Oymymee cBszaHo
¢ pacumpeHreM (oHIa 3a CYET MOPCKUX, IPECHOBOJHBIX U TalloOHBIX BUAOB. ONTUMHU3ALMS CIIOCO-
6a 00e3BOKMBAHUS MTO3BOJIMT NIEPEBECTU B COCTOSHUE aHIMAPOOMO03a MUKPOBOAOPOCIH, OTHOCSILIHECS
K Pa3HbIM CUCTEMAaTHUECKUM OT/EJIaM.

KiroueBble cJI0Ba: MUKPOBOJOPOCIH, aHTMAPOOHO3, KM3HECIIOCOOHOCTh, JErupaTanus, XpaHeHHe
MHUKPOBOZOPOCJIEH U IMaHOOAKTepHA

OpHO¥ U3 BaXKHBIX 33/1a4 COBPEMEHHOW OMOJIOTHY SIBJIIETCS HAJIE)KHOE COXPAHEHHE KYJIbTYP MUKPOBO-
JOpOCIIel ¥ co3/1aHKe reHeTuYecKrux 6aHkoB mrammoB. CornacHo kaTtanory BcemupHo# ¢enepaninu Kyiib-
typ (World Federation for Culture Collections), B 6aze WDCM CCINFO [27] Ha cerogHsIHui JeHb
3apEruCTPUPOBAHO 792 KOJUIEKLIMHU PA3JIMYHBIX KYJIbTUBUPYEMBIX OpraHu3moB U3 76 ctpad. CambIM pac-
MIPOCTPAHEHHBIM CIIOCOOOM XpaHEHHS KyJIbTYp MUKPOBOAOPOCTCH SIBJISIETCS METO UX MEPUOTUICCKUX
nepeceBOB Ha xxuakue cpeasl [1, 2,4, 15, 17, 23] wim arap [3, 4, 15]. B karanore npeacrabieHo 47 anbro-
JIOTMYECKUX KOJUTeKIM 1 80 KOJUICKIIUI pa3HOOOpa3HBIX MUKPOOPraHU3MOB, KOTOPHIE TaKKe BKJIIOYAIOT
KYJIbTYpbl MUKPOBOAOPOCIIEH U [IMaHOOAKTepHil. MeTo/ MepruoJuuecKrX nepeceBOB KyIbTyp Ha KUAKUE
cpelbl WM arap npuMeHsiioT B 127 koynekiusx (99 % ot ux odiiero KoauvecTBa B Karaiore). Takxke
MCHOJb3YI0T KpUOKOHCcepBalmio — B 33 kosekuusx (27 %) [5, 10, 13, 14, 16, 18, 19, 22, 24, 25, 28],
muodumanmio — B 13 (11 %) [26], L-eicymuBanue — B 5 (4 %) [21], 3amopaxuBanue — B 19 (16 %),
MMMOOMIIN3AINIO B aTbrMHATHBIX OycrHkax — B 1 (0,8 %) [11, 12]. IIpu nprMeHeHNH 3TUX METOJIOB TIPO-
UCXOAAT U3MEHEHUE MOP(OJIIOTMYECKUX U (DYHKLIMOHAIbHBIX CBOWCTB Y M3MEJIbYaHHUE KJIETOK COXpaHsie-
MBIX KyJIbTYyp. KpoMe Toro, nogiepxkanve KyabTyp B )KU3HECTIOCOOHOM COCTOSIHUU TPYIOEMKO U TpeOyeT
JOPOTOCTOSIIEr0 00OPYAOBAHHMS.

XpaHeHHe MHUKPOBOJOPOCTIEH, MEPEeBeIEHHBIX B COCTOSIHUE aHTMIpOOHO3a IMyTEM MX 00E3BOXKHBA-
HUs, — TMPOCTON U SKOHOMHYECKU BBITOJHBIA CHOCO0. AHIHIPOONO03 — IIIYOOKOE W JITUTENIbHOE TOp-
MOeHHe MeTa0oIM3Ma, 00paTMOe TIpY OJIAarONpPUSATHBIX yCIOBUsIX. [JaHHOE SIBJIEHHE, JOCTATOYHO pac-
MPOCTPaHEHHOE B MPUPOJIE, JIETIO B OCHOBY CHOCO0A MepeBoa KJIETOK B MOKosieecs: cocrosinue. Enun-
crBeHHast Kosvtekuuss u3 6a3si WDCM CCINFO, s KOTOpodl NPUMEHSIIOT 3TOT METOA AJs MOY-
BEHHBIX BOJIOPOC/IEN, — KOJUIEKIIMS KYJbTYp Bojgopociein KueBckoro HalMoHaJIbHOTO YHUBEPCUTETA
(ACKU WDCM 994) [3].

MHOTOJIETHHE OTIBITHI TO3BOJIMINA pa3pad0TaTh CIIOCO0 ATMTETLHOTO XpaHEHHSI MUKPOBOJOpOCel Oe3
MIPUMEHEHHUSI MUTATENIbHBIX Cpell, BKJIIOUAIOIIHIA MePeBO KJIETOK B COCTOSIHAE aHTUAPOON03a, UX COXpaHe-
HUE B JIETUPATUPOBAHHOM COCTOSIHUU U TIOCJIEYIOIIEE BHIBEACHUE B aKTUBHYIO KYJIbTYpY [6].

Mertop, anpoOMpPOBaH Ha MPO- U SYKAPHOTHUECKUX MUKPOBOJIOPOCTISIX — MOPCKUX, TAJIOOHBIX U ITpec-
HOBOJIHBIX BU/AX; ero ycrerrHo ucrois3yiotr B ®UL] MUeBIOM. [o nanmmaTuse K. 6. H. P. I1. TpenkeHtry
B OT/eJIe OMoTeXHOIOoruil 1 utopecypcoB B 2005 T. co3aaHa KOJUIEKIIMs aHTHAPOOUO3HBIX KYJIbTYP HHU3-
mx GoToTpooB, OOPATUMBIX B )KU3HECTIOCOOHOE COCTOSIHUE U COXPAHHBIIUX CIIOCOOHOCTh K JIENIEHUIO.

Lenb cozmanus KOJUIEKIMU — HAJEKHOE COXPAaHEHUE KYJIbTYP HU3MIMX (DOTOTPO]OB, NPUTOAHBIX TaK-
ke JUISl CO3JIaHMs TeHETHUECKOro OaHka mramMmoB. [IpakTrueckoe 3HaUeHHe XPaHWIUIIA CBSI3aHO C BO3-
MOKHOCTBIO TIOCTOSIHHO MUMETh B CBOEM PACIIOPSKEHUH KU3HECHIOCOOHBIC KYJIBTYPHI ISl 0OeCIIeYeHH ST
9KCIIEPUMEHTAIbHBIX HAyYHO-UCCIIeIOBATEIbCKUX padoT. B nanbHeieM rmiaHupyeTcst KCIoJIb30BaTh KOJI-
JIEKIMIO B KayecTBe OaHKa MUKPOBOJOPOCIIEN U IUAHOOAKTEPUH /ISl COXPAHEHUS PEIKUX U SHIEMUYHbBIX
BUJIOB, BOIOPOCIeii, O0raThix OMOJIOTMYECKU AKTUBHBIMU BEIIECTBAMHU U MEPCTIEKTUBHBIX TSI TPUKJIATHO-
0 WCIOJIb30BaHUsI B OMOTECTUPOBAHUY, OMOMOHUTOPUHTE, OMOpeMeAUaIlii U HAyYHO-00pa30BaTEIbHOM
Trporiecce.
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MATEPHAJI 1 METO/IbI

KybTypbl ObUTH HOJTyYeHBl B BUJE MHOKYJIATA U3 KOJJIEKLIUH KUBBIX KYJbTYpP IUIAHKTOHHBIX MUKPO-
Bojopocierr PULL NuBIOM [9]. Bogopocnu BblpaliyBaid B HAKOIMMTEILHOM PEXUME IPH MOCTOSTHHOM
ocBelleHnu. bromaccy cobupanu Bo BpeMsl KyJbTUBHPOBAHMS aJIbIOJIOTHUECKH YUCTHIX KYJIbTYP MUKPO-
BOJIOPOCJIEW Ha CTa/IMM 3aMeJIEeHUs1 POCTa WM Ha CTallMOHApHOW craauu. KneTku otnensm oT KyJbTy-
PasIBHOIA cpejibl ¢ moMomIbio LeHTpudyruposanus npu 3000 06.-mun.™' Ha nenTpudyre OIMH-3-YXJI 42
WM TyTéM uX puiibTpaimu Ha riaHkToHHoM cute 100 I13 [20]. Bribop criocoda (ribTpalium 3aBUce
OT pa3mepa KJIETOK U TPUXOM HU3IIUX (POTOTPO(OB.

[ToAroToBKY K 3aKJIa/IKe OCYIIECTBIISUIN TPEMs CIIOCOOaMU:

1) nns ynaneHus cojiei KJIeTKU MPOMBIBAIU OT KYJIbTYpaJIbHOM CPeibl PACTBOPOM YIJIEKMCIJIOTO aMMOHMU S,

a 3aTeM — JAUCTHUTMPOBAHHOM BOJOM, Jlasiee KJIETKH 00€3BOKMBAIIH;

2) BOJOpPOCHH, OAJIEKALLUE 3aKJIaJKE HA JUIUTEJIBHOE XPAaHEHUE, JETUIPATUPOBAJIA BMECTE C KYJIbTYpaJlb-

HOW CpeJIoi;

3) KJeTKM HU3MIKX (POTOTPO(OB CYCIEH3UPOBAIU C POTEKTOPAMHU.

JI71s1 Kask 1o MUKPOBOJIOPOCITH 3aKJIAJIKY OCYIIECTBIISUTM Pa3HBIMHU CLIOCOOAMH, YTOOBI IMETh BO3MOXK-
HOCTb IIPOBECTH CPABHUTENIBHBIN aHAIN3 110 KPUTEPHUIO KM3HECTIOCOOHOCTH KJIETOK HU3MINX (hOTOTPOOB,
COXPaHAEMBIX JJIUTEIBHOE BPEMS, U BBIABUTh ONTUMAJIbHBI METO/,.

Ha nHavanbHOM 3Tane MUKpPOBOAOPOCAM AerujpatvupoBasu mpu Ttemneparype +20...470 °C
c marom 10 °C. Iocne cepun SKCiepruMeHTOB ObUT BRIOpaH TeMrepaTypHbii auanas3oH +30...+40 °C [8].
KoHTposb ypOBHSI OCTaTOYHOM BJIQXKHOCTH OCYIIECTBJISUIM BO BpEMsl CYIIKHW; 3HAUYEHUs IMOKa3aTessl Ha-
xoauuch B nipenenax 10—17 % muist OOMBIIUHCTBA JIETUAPATUPOBAHHBIX KJIeToK [7]. Cyxue BomopoCv
XPpaHWIN B TEPMETUYHBIX 3UIIOK-TIAKETaX, IOMEIIEHHBIX B ITACTHKOBBIE EMKOCTH 00bEMOM 100-500 mur,
npu temneparype +18...+21 °C B TeMHOTE B clielMaIbHO 000PYIOBAHHOM MOMEIIEHUH.

XpaHWIMILIE COCTOMT K3 OOKca M TIOMEUICHHs, BBINOJHAIIIET0 (PYHKUIUIO WHKYOAIIMOHHO-
CTaOWJIM3UPYIOIIETO MPOCTPAHCTBA TEpe BXOJOM B KaMepy XpaHEeHHWs, a Takke IpeJHa3HAYeHHOTO
IS TIPOBE/ICHNS] MAaHUTTYJISIIUE ¢ oOpastiamu. B 6oKce ycTaHOBJIeH KOHIUIIMOHED [Tl OCYIIEHHSI BO3/IyXa
Y MIOAJEPKAHUSA 3aJAHHON TEMIIEPATYPBI.

Kaxxzpiil oOpaser cHaOKEH ITUKETKOM, Ha KOTOPOi NpHBeJeHa UH(POPMALUSA O Ha3BaHUU KYJIbTYPBI,
yCIIOBUSX 00€3BOKMBAHUSA (TeMIIEpaType U AJIUTEbHOCTH), JaTe NepeBoja B COCTOSIHAE aHTUIpOOro3a.

PE3VJIbTATBI 1 ObCY XJIEHNE

[NepBbIMU KOJUIEKITMOHHBIME 00pa3iiaMu ObLTa TAOIETKY CIMPYJIMHBL, IepeJaHHbIe OT IPOU3BOAUTEIECH
(OO0 «Arpo-BukTopusi») u mproOpeTéHHbIe B aniTeKax ropoja. TadlIeTK IIMaHOPOKAPHUOTOB PeaKTHBHU-
POBaJIH, aJANTUPOBAIU K YCJIOBUSAM KYJIbTUBUPOBAHUS U MEPEBOAMIA B UHTEHCUBHYIO KYJIbTYpy. 3aTeM
KyJIbTYPbI MOJJIEKAIM MMOBTOPHOMY IEpeBOy B aHaOMo3. MeToj anpoOrMpoBaii HA MHUKPOBOJOPOCIISAX
Pa3HbIX OTJEJIOB.

Ha ceropHsIHMi 1eHb Ha [UIMTEIbHOE XpaHEHUE 3aJI0KeHO 366 00pa3iioB 00e3BOKEHHBIX KYJIBTYP
MHUKPOBOAOPOCIEH U3 4eThIpEX 0TAeNoB: InanoOakTepuu Cyanophyta (Cyanobacteria), 3e71€Hbple MUKPOBO-
nopocsim Chlorophyta, kpacusie Bonopociu Rodophyta n quatomoBsie Bogopociu Bacillariophyta (puc. 1).

OcHOBHas yacTh KOJUIEKLIMM IpeAcTaBieHa mrammamu u3 otaesna Chlorophyta u cogepxuT BUbl
Dunaliella salina (Dunal) Teodorescu, 1905; Tetraselmis viridis Rouchijajnen, 1966; Chlorella vulgaris
f. suboblonga V. M. Andreeva, 1975; Chlorella sp.; Scenedesmus sp. Otnen Cyanophyta npeacraBieH
yeTblpbMs BuaaMu (Arthrospira (Spirulina) platensis (Nordstedt) Gomont, 1892; Synechococcus elongates
(Négeli) Nigeli, 1849; Oscillatoria amoena (Kutzing) Gomont, 1892; Nostoc commune var. flagelliforme
Bornet & Flahault, 1886); otnen Bacillariophyta — nBymst (Phaeodactylum tricornutum Bohlin, 1897;
Cylindrotheca closterium (Ehrenb.) Reimann et Lewin, 1964); otnen Rodophyta — ogaum (Porphyridium
purpurerum (Bory de Saint-Vincent) Drew and Ross, 1965) (ta6m. 1).
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Taduuma 1. TakcoHOMMUECKOe pasHOOOpa3ue ITMAaHOOAKTEPUI U BOJOPOCIICH B KOJIEKIIUY aHTUIPOOUO3HBIX
kyasTyp ®UL MuBIOM

Table 1. Taxonomic diversity of cyanobacteria and algae in IBSS RAS collection of anhydrobiotic cultures

:: Yucio
5} Korga u otkyna
= Iopsnok Pon Bup COXPaHSEMBIX
S MOy YeH/BbI/IEICH
00pas1oB
Chlamydomonadales | Dunaliella Dunaliella salina Conénele 03€pa 126
Cugania (Kpbim)
é Sphaeropleales Scenedesmus Scenedesmus sp. ConyTCTBYIONTHI 3
E TIpY BBIPAIIMBAaHUN
8 XJIOPEeJLJIbI
S Chlorodendrales Tetraselmis Tetraselmis viridis Yépuoe Mope 37
5 Chlorellales Chlorella Chlorella vulgaris WnerutyT 60TaHUKM 12
(Kueg, Ykpauna)
Chlorella sp. 000 «Mxnsc- 20
arpoHEPrusi»
Oscillatoriales Oscillatoria Oscillatoria amoena | OGHapyxeH 2
MIpU BBIpAIIBAaHUU
< Spirulina platensis
% Spirulina MI'V (Coun) 94
5 (Arthrospira)
é platensis
CZD Synechococcales Synechococcus Synechococcus ConyTcTBYIOUTMI 3
§ elongates TIpY BHIPAIIMBAaHUN
© CIIAPYJIUHBI
Nostocales Nostoc Nostoc commune Uncrutyt 60TaHUKM 3
(Kues, YkpauHa)
< Bacillariales Phaeodactylum Phaeodactylum YépHoe Mope 23
; tricornutum
E Cylindrotheca Cylindrotheca Anprobank 3
% closterium (Kan, ®pannus),
3 CpenzemMHOe Mope
=
O
<
m
Porphyridiales Porphyridium Porphyridium BHUWMU (Cankr- 74
< purpurerum [etepOypr)
=
5
)
[
o
a
o
an)
~
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7%

51%

B Cyanophyta B Chlorophyta B Rodophyta OBacillariophyta

Puc. 1. CooTHOLIEHNE YUCIEHHOCTH IITAMMOB BOIOPOCJIEH U3 Pa3HBIX OTIEJIOB B KOJUIEKIIMY aHTUIPOOHO3HBIX
kyasTyp ®UL MHBIOM

Fig. 1. Ratio of the number of algae strains from different phyla in IBSS RAS collection of anhydrobiotic
cultures

CoxpaHsieMble MUKPOBOJIOPOCIU M IMAaHOOAKTEPUH TepeBe/IeHbl B COCTOSIHUE aHTUAPOOMO3a MPpU pas-
HBIX peKuMax 00e3BOKMBAHUS, B TOM YHUCTIE IPU PA3IMYHON TeMIepaType U JJIUTEIbHOCTH IeTUApATALIUH.
OO0pa3sipl OIHUX U TeX e BOAOPOCHEH M IMaHOOAKTepuil ObLIM 00E3BOKEHBI B Pa3HbIE TO/bI, MOIBEPra-
JIMCh AETU/PATAIIY C PA3IMIHBIMU IPOTEKTOPAMH U 0€3 HUX. DTO CBSA3aHO C TEM, UTO MpeeIbHbIe CPOKH
MX XpaHEeHUsI enl€ He YyCTaHOBJIEHbI. POpMBI XpaHEeHH 1 HU3MIKX (POTOTPOPOB MPEACTABIEHBI HA pUC. 2 U 3.
C wenbio onpeneneHus: (PU3MKO-XMMUYECKMX U3MEHEHUH MUKPOBOJOPOCIEN B 3aBUCMMOCTH OT CPOKOB
XpaHEeHUsI U3 KOJUIEKIIUM MepUOANYECKH U3bIMAIM aJTMKBOTHI KYJIBTYP U MPOBOAUIA UX OMOXUMHYECKUNT
KOHTPOJIb Y PEAKTUBALIUIO.

B TabneTkmn B yeLlyikn H MOpOLLOK

Tconb O ounbTpbI B cunukarenb

Puc. 2. ®opmbl 3aKJ1a1KM MUKPOBOJIOPOCIIEH U IMAHOOAKTEPUI Ha JUTUTENIbHOE XpaHEeHHe
Fig. 2. Forms of microalgae and cyanobacteria preservation for long-term storage

C penpl0 coxpaHeHus KyJbTyp HM3IIKX (POTOTPO(POB NPUMEHEH TEXHOJIOTMYECKUN pEIrJlaMeHT
00CITY)KUBAHUS Y TOTIOJTHEHH S KOJJIEKIIMU aHTUIPOOMO3HBIX KYJIbTYP, OMMCAHHBIN B Ta0I. 2.

Onrumusanys MeToaa JaéT BOSMOKHOCTD MEPEBECTH B COCTOSIHUE aHTHIPOOHO03a MUKPOBOAOPOCIIH,
OTHOCSIIIMECS K pa3HBIM CUCTEMATUYECKIM OT/e1aM. MeTos1 MOXeT ObITh PEKOMEHI0BAH ISl IPUMEHEHU ST
B HAyYHBIX U Y4eOHBIX yupexkJeHusx. Ero MokHO MCHOb30BaTh B OMOTEXHOJIOTHUSIX, Iie TpeOyeTcs -
TEJIbHOE COXPAaHEHUE ITaMMOB My3elHbIX KyabTyp. Xpanwmine PULL TuBIOM Ha coBpemeHHOM 3Tane
SIBJISIETCS] yHUKAJIBHBIM U HE UMeeT aHasIoroB. [1omnoHeHne KOJIeKIIMY aHTUAPOOUO3HBIX KYJIbTYP HOBBIMU
BUIaMU HU3IIUX (POTOTPOPOB MPOIOSIKAETCS TOCTOSHHO.
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Puc. 3. Buemnuii Buj 00e3B0-
JKEHHBIX TPOO MUKPOBOJOPOCIIEH
U IUAHOOAKTEpUH, 3aJI0KEHHBIX
Ha XpaHeHHe:

a — Ta0eTKu; 0 — YelIyHKH;

B — COJIb; T — TMOPOIIOK;

1, € — CUJIUKAreJb; )k — (OUIBTPBI

Fig. 3. Appearance of dehydrated
samples of microalgae and cyano-
bacteria stored:

a — tablets; 6 — flakes;

B — salt; r — powder;

I, e — silica gel; x — filters

Taouuma 2. TeXHOJOTMYECKUI perjiaMeHT OOCTy)KMBaHUS U TOMOJHEHHS KOJUISKIIUM aHTUAPOOUO3HBIX
KyJIbTYP MUKPOBOJOPOCIIEH 1 [IMaHOOAKTE P

Table 2. Technological regulations for servicing and replenishing the collection of anhydrobiotic cultures
of microalgae and cyanobacteria

Howmep
HasBanue stana ITpoBoarMBIE MaHUITYISALIIK
JTamna

I INonyyenue * [lomyueHue aabroJormuecky YMCTON KyIbTyphl U3 MPUPOAHON MOMYJISALNN;
AHTMIPOOMO3HOM KyJIbTYPBl | * MACOPTH3ALMA KyJIETYPHL;

* ajanTauus KyJbTYpbl K HICKYCCTBEHHBIM YCJIOBUSIM BBIPAIMBAHUA;
* HMHTEHCHUBHOE KYJbTHBUPOBAHUE;

* TepeBoJl KyJIbTYPhl B COCTOSIHIE aHTHIPOON03a;

* MOATOTOBKA K JUTUTEIBHOMY XPaHEHHIO.

1I Buoxumvuyeckuii KOHTpob | KOMITIEKCHBI OMOXMMUYECKUI aHaIM3 HU3IMIMX (bOTOTPOOB, TOAJIeKAIIHAX
COXPaHSEMBIX BH/IOB 3aKJIaJKe Ha JUIMTEJIbHOE XpaHeHre (onpeesieHre coaepkKaHus XI0populIoB,
MHKPOBOJOPOCTIEH CYMMapHbIX KAPOTUHOMIOB, OOIIMX OEIKOB, YIJIEBOJOB, JIMIIHIOB U HYKJICHHOBBIX
Y LIMaHOOAKTepUit KHUCJIOT).

I XpaHeHue U KOHTPOJIb e OnpepeneHue XKUBbIX U MEPTBBIX KJIETOK HU3LIUX (POTOTPOdOB;
’KU3HECTIOCOOHOCTH * OUOXMMHYECKHI KOHTPOJIb COXPAHSIEMBIX 00pa3LOB;

COXpaHsIeMbIX KYJIbTYP * peaKTHBALMS U OLEHKa CIIOCOOHOCTH K POCTY Ha KHMAKUX Cpenax.

v Benenue katanora Pazpabotka anexkTpoHHoro karagora. OH BKJIIOYaeT MH(DOPMAIHIO

AQHTUJPOOMO3HBIX KYJBTYp | O HAMMEHOBAaHWHM LITaMMa, HoMep, (hOpMY XpaHeHHs, 1Ty MepeBojia B COCTOSTHUE
aHruIpoOM03a M YCIIOBUs 00e3BOKUBAHMS, JaHHBIE O KYIbTUBUPOBAHII
(B TOM YHCIIE POCTOBbIE XapAKTEPUCTHUKH), PE3YJIbTAThl OMOXMMIUYECKOTO aHaIn3a
nepes 3aKJIaJKoN U B TEUEHUE XpaHEHUs], CBEJJCHUS O Mpe/IleCTBOBABIIIEH
peakTHBanuK, MOpOJIOrMuecKrue N OMOXUMHUYECKHE XapaKTePUCTUKN
BOJIOPOCIIEH TIOCTIe PeaKTUBALVH.

3akmouenne. Kosekims aHruapoouosssix Kyastyp @ULL MHBIOM nHaxonutcs Ha ctaguu (popMu-
poBanus. E€ Oynymiee cBsizaHO ¢ pacimpeHreM (hpOHIA 32 CYET MOPCKUX, MTPECHOBOJHBIX U TaJIOOHBIX
BUJI0B. Pa3paboTka MHAMBUIYaTbHBIX TIPOTOKOJIOB 00€3BOKMUBAHMS M PEAKTUBALIMH TTO3BOJIMT IIEPEBECTU
B COCTOSIHME aHTHJIPOOM03a MUK POBOIOPOCIIN, OTHOCAIIMECS K Pa3HBIM CHCTEMATUIECKUM OT/ENIaM.

Paboma evinoanena 6 pamrax zocyoapcmeenriozo 3adanuss PUL] UnbIOM no meme «Hccaedosanue mexanuzmos

ynpaenenus I’lpanK,L(MOHHblMM npoueccamu 6 OUOMEXHONOUMECKUX KOMNAEKCAX C uenvro pa3pa60mrcu HAYUHBIX OCHO8

noayuerus OUoN0ZUUECKU AKIMUBHBIX seuecne U mexHuvecKux npo@yicmoe MOPCKO20 2eHe3uca» ( Ne zoc. pezucmpauuu

AAAA-A18-118021350003-6).
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THE STORAGE OF ANHYDROBIOTIC CULTURES
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I. A. Kharchuk

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

Reliable preservation of microalgae cultures and creation of genetic banks of strains is one of the impor-
tant tasks of modern biology. To date, 792 collections of various cultivated organisms from 76 countries
are registered in the catalog of the World Federation for Culture Collections in the WDCM CCINFO
database. This is the most extensive consolidated database of culture collections, which includes both
well-known large collections and small repositories of research and educational institutions from all
over the world. The database contains 47 algological collections and 80 collections of various mi-
croorganisms, which also include microalgae and cyanobacteria cultures. Only 30 biological collec-
tions are registered in Russia, from which only 13 contain algae strains. The most common technique
of microalgae cultures storage is the method of their periodic re-sowing onto liquid media or agar.
It is used in 127 collections (99 % of the total number in the catalog). Other methods used are: cry-
opreservation — in 33 collections (27 %), lyophilization — in 13 (11 %), L-drying —in 5 (4 %), freezing —
in 19 (16 %), and immobilization in alginate beads — in 1 (0.8 %). However, when using these meth-
ods, there is a change in morphological and functional features of cells of the cultures stored, as well
as their shredding. In addition, cultures maintaining in a viable state is time-consuming and requires
expensive equipment. Preservation of microalgae, transferred to the state of anhydrobiosis by dehydra-
tion, is simple and cost-effective. Anhydrobiosis is a deep and long-term inhibition of metabolism, re-
versible under favorable conditions; it is a quite common phenomenon in nature. The only collection
in the WDCM CCINFO database that applies the method of transferring cells to a resting state (for soil
algae) is the collection of algae cultures of the National University of Kyiv (ACKU WDCM 994). Many
years of experiments on the transfer of microalgae to the state of anhydrobiosis allowed us to develop
a method of long-term preservation of microalgae without the use of nutrient media. This technique in-
cludes cells transfer to the state of anhydrobiosis, their preservation in a dehydrated state, and subsequent
removal to an active culture. In order to preserve algological biodiversity, IBSS RAS created a repository
of microalgae transferred to the state of anhydrobiosis, which can be converted to active cultures if nec-
essary. The objects of the repository were marine unicellular algae, as well as freshwater and halobic
species of lower phototrophs which are perspective for biotechnology and aquaculture. The cultures were
obtained as an inoculum from IBSS RAS collection of live cultures of planktonic microalgae. The algae
were grown in an accumulative mode under constant lighting. The biomass was collected during cultivation
of algologically pure microalgae cultures at the growth retardation or at the stationary stage. Cells were
separated from the culture medium by centrifugation or by filtering them on a plankton sieve. Then the al-
gae were dehydrated and maintained in hermetic zipper bags placed in plastic containers of 100 to 500 ml,
at a temperature of +18...+21 °C in the dark in a specially equipped room. The main part of the collec-
tion is represented by strains from the phyla Chlorophyta, Cyanophyta, Bacillariophyta, and Rodophyta.
The list of species, the number of isolates stored, and the information on preservation forms are provided
in this article. The technological regulations for maintenance and replenishment of the storage of anhy-
drobiotic cultures are described. The repository is at the stage of formation. Its future lies in the fund
expansion to include marine, freshwater, and halobic species. Optimization of the dehydration method
will allow the transfer of microalgae belonging to different systematic phyla to the state of anhydrobiosis.

Keywords: microalgae, anhydrobiosis, viability, dehydration, storage of microalgae and cyanobacteria
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History of formation of Ponto-Caspian basin fish myxosporean fauna is examined. This work is based
on our own material on myxosporean parasites of fish from the Black Sea (collected in 1987-2018)
and the Sea of Azov (1997-2016). Totally, we have investigated 15 368 specimens of 87 species of fish
(14 297 specimens of 80 species of fish in the Black Sea and 1071 specimens of 19 species of fish in the Sea
of Azov). The material was collected by the method of incomplete parasitological dissections and treated
by generally accepted methods. Also, all available literary sources on the myxosporean parasites of fish
from the Black Sea, the Sea of Azov, and the Caspian Sea are analyzed (references list contains the most
significant publications). A comparative analysis of fish myxosporean fauna in the Black Sea, the Sea
of Azov, and the Caspian Sea is performed. It is stated that 108 parasite species are known in the Black
Sea, 42 — in the Sea of Azov, and 68 — in the Caspian Sea. Number of myxosporean parasite species
common for the Sea of Azov and the Black Sea is 32, for the Caspian and Black seas — 32, and for the Sea
of Azov and the Caspian Sea — 20. Totally 16 species of myxosporean parasites are registered in all the men-
tioned seas. To date, of 108 myxosporean species of Black Sea region, 29 are registered only in freshwater
fish in the estuaries with considerable brackish water. For 79 myxosporean species, marine fish species
serve as hosts; they are registered mainly in full-salt sea part, and 17 of them are of freshwater origin: 7
species are registered in freshwater fish and in euryhaline mullets; 1 parasitizes on freshwater and marine
salmon fishes; the only hosts for 9 species are mullets or other marine fish species. Marine forms are rep-
resented by Pontic (22 species), Ponto-Azov (3), and Ponto-Caspian (2) endemics, as well as by Mediter-
ranean invaders (35). Among freshwater myxosporeans, only 1 species is Black Sea endemic; 1 species
is Ponto-Azov endemic, and most other species are widely represented in freshwater reservoirs. Among
Mediterranean invaders, 23 species found in the Mediterranean Sea should be noted; 12 species still have
not been registered in the Mediterranean Sea, mainly due to very few studies on this group of parasites.
The fauna of Sea of Azov fish parasites includes 42 myxosporean species; 32 of them are found in the Black
Sea, 20 — in the Caspian Sea. Totally 19 species belong to freshwater ones, and they are parasitic only
in freshwater fish species. Ten species are of freshwater origin but can be registered in marine fish species
(mostly in mullets, and one — in gobies). Of the freshwater species, one is Ponto-Azov endemic. Totally
13 myxosporean species are marine ones: 2 species are Sea of Azov endemics; 3 species are Ponto-Azov
endemics; 8 species are Mediterranean invaders. Caspian Sea fauna includes 68 species of myxospore-
ans: 8 are marine ones (1 is ancient marine species; 1 is Ponto-Caspian endemic; 6 are brackish-water
myxosporeans), and 60 are freshwater species. Five endemics of the Caspian Sea are known (2 of marine
origin and 3 of freshwater origin). When moving from west to east (from the Black Sea to the Caspian
Sea), a gradual impoverishment of marine myxosporean fauna and its replacement by freshwater myx-
osporean species are observed. Impoverishment of Myxosporea species composition of the Sea of Azov
and the Caspian Sea in comparison with the Black Sea one is also found.
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History of formation of the Ponto-Caspian basin fish myxosporean fauna is connected with a com-
plex geological past of the southern seas. At the Paleogene at the site of the Mediterranean, Black,
and Caspian seas, as well as the Sea of Azov, there laid a full-salt sea Tethys, connected openly with
the ocean [2, 32, 33, 42, 43]. At Miocene, it gradually isolated, becoming Sarmat basin; it was accom-
panied by strong desalination. Sharp stratification of waters appeared, leading to development of hydrogen
sulfide zone at depth. Under new conditions, rapid extinction of almost the entire fauna in the Sarmat
basin and wide development of peculiar mactric fauna took place. Between Sarmat and Pliocene periods,
the Meotic basin also connected with the ocean was formed. In its turn, this led to changes in the fauna: Sar-
mat species began to vanish, and typical Mediterranean species appeared. In the eastern part of the Meotic
basin, hydrological conditions were very similar with those of modern Black Sea, and there was a deep-
water part contaminated with hydrogen sulfide [1]. The Meotic basin eastern part has separated during
Pliocene period. Vast inner brackish-water Pontic Lake was a sea with brackish-water fauna. By the end
of Tertiary and the beginning of Quaternary period, this sea split, forming now existing the Black Sea,
the Sea of Azov, the Caspian Sea, and the Aral Sea. The last two of them preserved brackish-water char-
acter with appropriate fauna, while the Black Sea underwent one more transformation. Being connected
with the Mediterranean Sea, it underwent great salinization. As a result, brackish-water fauna partially died
out, and its remnants remained in the estuaries and in the Sea of Azov. All the other parts of the sea
were inhabited by Mediterranean fauna. Due to low water salinity and uninhabited Black Sea depth result-
ing from hydrogen sulfide presence, many Mediterranean species and their parasites could not settle there;
nevertheless, of fish, only Gobiidae, Atherinidae, Clupeidae, Syngnathidae, and Acipenseridae originate
from the brackish water basin mentioned above and are common for the Caspian Sea [17]. All other fish
resettled in the Black Sea from the Mediterranean Sea [37].

Absence of many Mediterranean parasite species in Black Sea fish parasite fauna was noted by V. A. Do-
gel [5]; he based on the results of his own research and data of S. U. Osmanov [22], A. V. Reshetnikova
[30], and Z. S. Donets [7, 8] who wrote about impoverishment of Black Sea fish myxosporeans com-
pared to Atlantic and Mediterranean basins fish myxosporeans. A. Reshetnikova relying on myxospore-
ans origin proposed to divide Black Sea species into following zoogeographic groups: global, arctic-boreal,
boreal-Atlantic, Mediterranean, freshwater, and Black Sea endemics. N. N. Naidenova [21] studying par-
asites of gobies from the Black Sea and the Sea of Azov isolated some other zoogeographic groupings.
So, freshwater species are divided into paleo-arctic, Ponto-Caspian-Aral, Black Sea endemics, charac-
teristic for the area and common with Amur species, and Mediterranean with not clear areal. Marine
parasites are divided into arctic-boreal, boreal (boreal-Atlantic, amphi-boreal), Mediterranean, Ponto-
Azov endemics, tropic-boreal, global, and with not clear areal. In general, according to N. Naidenova,
the fauna of gobies parasites unites the following zoogeographic groupings of species: 1 — Mediterranean;
2 — widely spread geographically (arctic and boreal); 3 — freshwater; 4 — characteristic only for the Black Sea
and the Sea of Azov. N. Naidenova attributed Sphaeromyxa sevastopoli, Fabespora nana, and neoendemic
Myxidium melanostomi to the last paleo-endemics.

Faunistic complexes and groups of the freshwater myxosporeans have another history and, therefore,
adhere to different laws. For the southern water basins of the former USSR, they are given in detail
by Z. Donets [6], and that is why we will limit ourselves to a brief presentation. In Black Sea area of Ponto-
Caspian-Aral province, this problem was studied by Z. Donets mostly for myxosporean fauna of big rivers
coming into the Black Sea and the Sea of Azov, as well as Crimean water reservoirs. Z. Donets emphasizes
that Ponto-Caspian-Aral province is the richest region with freshwater myxosporeans within the Euro-Asian
part of Golarctics, but in this province, when moving from west to east, gradual impoverishment of parasites
species composition is observed, especially pronounced in the Aral Sea.

Formation of myxosporean fauna in southern seas of the former USSR is also analyzed by Z. Donets
[7, 8]. It is proposed to consider the Black Sea fauna to be impoverished marine with not consid-
erable admixtures of freshwater elements. In the Black Sea, 32 species were divided by Z. Donets
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into the following groups: ancient-marine (1 species), Ponto-Caspian endemics of marine origin (6), Medi-
terranean invaders (19), parasites of Gasterosteidae (1), freshwater species (4), and Ponto-Caspian endemics
of freshwater origin (1). Analysis of the Caspian and Aral seas myxosporeans has been given [7].

All the authors named above marked that zoogeographical characteristic of parasites is in good accor-
dance with zoogeography of Black Sea free-living organisms. In 1987, a bit different idea on the richness
of Black Sea fish myxosporean fauna appeared. M. G. Kolesnikova and Z. S. Donets [18] presented their
belief that the idea of fauna’s extreme impoverishment is a bit out reality. They supposed that a great num-
ber of new species found in the Black Sea can be also found in the Mediterranean Sea. Based on their
data (description of 4 new myxosporean species), we continued and made description of 15 new species
increasing considerably the list of fish myxosporeans in the Ponto-Azov basin. Myxidium pulchrum de-
scribed in 1991 for the Black Sea was later found in the Adriatic Sea [19]. Alataspora solomoni — Black
Sea species new for science described by V. Yurakhno in 1988 — was later found in the Ionian Sea [4].
Zschokkella admiranda considered previously as Black Sea species was found in the Mediterranean Sea
near coast of Spain [39]. The data on species richness of Black Sea fish myxosporean fauna became
fuller due to Pacific and Atlantic oceans species, as well as Mediterranean, Red, and Adriatic seas species
found in the Pontic basin. Myxosporean species known for the Atlantic Ocean (Chloromyxum schulmani,
Sinuolinea rebae), for the Atlantic and Pacific oceans (Ch. ovatum, Ortholinea orientalis) [25, 26, 34],
and for the Mediterranean and Red seas and for the Pacific Ocean (Enteromyxum leei) [28] were later
found in the Black Sea. Ceratomyxa beloneae — a species described earlier in the Adriatic Sea — was later
found by us in the Black Sea [29, 34]. Myxosporean parasites Sphaerospora dicentrarchi, Sphaerospora
mugilis, Myxobolus spinacurvatura, M. ichkeulensis [23, 39], and Myxobolus episquamalis [3, 31] found
earlier in Mediterranean Sea mullet were later registered in the Black Sea and in the Sea of Azov. Many
myxosporean species were found in new hosts and geographical areas, and their lists of hosts and areas
were widened.

In this regard, it is of interest to give modern comparative characteristics of the Ponto-Caspian basin
fish parasite fauna, since myxosporeans constitute one of the most interesting groups in it.

MATERIAL AND METHODS

This work is based on our own material on the myxosporeans of fish from the Black Sea col-
lected in 1987-2018 and from the Sea of Azov collected in 1997-2016. Totally, we have investi-
gated 15368 specimens of 87 species of fish (14297 specimens of 80 species of fish in the Black Sea
and 1071 specimens of 19 species of fish in the Sea of Azov).

The material was collected by the method of incomplete parasitological dissections and treated
by generally accepted methods. Also, all available literary sources on the myxosporean parasites of fish
from the Black Sea, the Sea of Azov, and the Caspian Sea were analyzed (references list contains only
the most significant publications).

RESULTS AND DISCUSSION

Comparison of species composition of Black Sea, Sea of Azov, and Caspian Sea fish myxosporean para-
sites has shown that 108 species are known in the Black Sea, 42 — in the Sea of Azov, and 68 —in the Caspian
Sea (Table 1) [41, modern data]. Number of myxosporean parasite species common for the Sea of Azov
and the Black Sea is 32, for the Caspian and the Black seas — 32, and for the Sea of Azov and the Caspian
Sea — 20. Totally 16 myxosporean species are registered in all three seas.
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Table 1. Myxosporean species of Black Sea, Sea of Azov, and Caspian Sea fishes (according to literary
and own data)

Ta6amma 1. Buasl Mukcocriopuauii pei6 Yéproro, Azosckoro u Kacruiickoro Mopeit (1o JuteparypHbIM
¥ COOCTBEHHBIM JTaHHBIM)

Myxosporean species The Black Sea | The Sea of Azov | The Caspian Sea

Alataspora solomoni +

Ceratomyxa agilis

C. arcuata

+ |+ |+

C. beloneae

C. caspia +

C. elegans
C. globulifera
C. hepseti

C. inaequalis

C. informis

C. markewichi

C. merlangi

C. parva

C. peculiaria

C. reticularis

Chloromyxum cristatum

Ch. esocinum
Ch. fluviatile
Ch. legeri

Ch. osmanovi
Ch. ovatum

Ch. partistriatus
Ch. psetti

Ch. schulmani
Ch. trachuri
Ch. truttae +

Ch. varicorhini +

S e R e o R R e o S A R R A A R

+

Enteromyxum leei

+

Fabespora nana

Henneguya chaibulaevi +

H. creplini

H. gigantea
H. lobosa
H. oviperda

+ |+ |+ [+ [+
+

H. psorospermica

H. schizura +

+

H. sinova

Hoferellus conifer +

H. jurachni

Gadimyxa ovale

+ |+ |+

Kudoa anatolica
K. niluferi +
Continue on next page. ..
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Myxosporean species The Black Sea | The Sea of Azov | The Caspian Sea
K. nova + +

K. quadratum

K. stellula

Myxidium cochleatum
M. benthophili +
M. gadi

M. incurvatum

M. lieberkiihni

M. macrocapsulare

+ |+ |+

M. melanostomi

M. parvum
M. pfeifferi
M. pulchrum
M. rhodei
M. salmonis

||+ [+ [+ |+ ]|+ ]+

M. schulmani +

Myxobilatus convexum

M. gasterostei
M. medius
M. platessae

+ |+ |+ |+

M. varicorhini +

+
+

Myxobolus adeli
M. albovae + +
M. alburni
M. alievi +

+

M. anurus +

M. asymmetricus +
M. bliccae +
M. bramae + +
M. branchialis +

M. carassii

M. chondrostomi

M. circulus +

M. cycloides

M. cyprini + +

M. cyprinicola

M. dispar + +

M. diversicapsularis
M. dogieli +
M. donecae
M. dujardini
M. elegans

S o o I o [ I B o T B o S

M. ellipsoides

M. episquamalis

+ |+ |+ |+
+
_+_

M. exiguus

M. gigas +

M. ichkeulensis + +
M. infundibulatus +
Continue on next page...
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Myxosporean species

The Black Sea | The Sea of Azov

The Caspian Sea

M. karelicus

+

+

M. kubanicus

M. kuleminae

M. lobatus

+

M. macrocapsularis

+

M. magnus

M. minutus

M. muelleri

M. musajevi

M. musculi

++ |+ |+

M. najdenovae

+
+

M. nemachili

+

M. obesus

+

M. oviformis

M. parvus

M. percarinae

+ |+ |+ |+
+

M. pfeifferi

M. pseudodispar

+
+

M. rotundus

M. rutili

M. saidovi

M. samgoricus

M. sandrae

M. schulmani

M. squamae

o S o S A I (R N S

M. sphaericus

M. spinacurvatura

M. truttae

Myxodavisia cornuta

M. ophidioni

Ortholinea antipae

O. divergens

O. gobiusi

O. mullusi

O. orientalis

Pseudalataspora pontica

Sigmomyxa sphaerica

Sinuolinea rebae

S. sakinachanumae

Sphaeromyxa atherinae

S. balbiani

S. incurvata

S. sabrazesi

S. sevastopoli

Sphaerospora bergi

||+ [+ |+ |F || |||+ ]+ ]|+ ]+

S. carassii

S. caspialosae

+

S. caudata

+ +

Continue on next page...
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Myxosporean species The Black Sea | The Sea of Azov | The Caspian Sea

S. dicentrarchi + +

S. donecae +
S. elegans + +
S. mugilis + +

Thelohanellus misgurni +
T. pyriformis + +
Zschokkella admiranda +

Z. dogieli +

Z. iskovi +

Z. nova + + +
Z. striata +

Z. sturionis + +

Black Sea fish myxosporean fauna was depicted earlier in key manuals [9, 16]. Origin and composition
of Black Sea fish myxosporean fauna were considered later by V. M. Yurakhno in Russian, Georgian, Abk-
hazian, and Ukrainian waters [35, 37]. New data on Black Sea fauna were obtained near Turkish shores
[12, 24, 27, 28, etc.], as well as in Ukrainian and Moldavian waters of Lower Danube and Dniester basins
(for Clupeidae fishes) [20]. New data on Sea of Azov fauna were obtained for the Taganrog Gulf [36, 38].
New information was received for myxosporeans of Mugilidae in the Black Sea and the Sea of Azov [39, 40].
Comparison of the myxosporean fauna in the Black Sea and adjacent seas using Czekanowski — Sgrensen
index [35] has shown that fish myxosporean fauna in the Black Sea, the Sea of Azov, and the Caspian Sea
forms one cluster. It is not quite homogenous by hydrological conditions and hosts species composition. Wa-
ter salinity in the main part of the Black Sea is of 17—18.5 %o. The Sea of Azov and the Caspian Sea have
highly brackish waters with salinities of 10—14 %o and 12.7-12.8 %o (less often of 13.2 %o), respectively.
In the Sea of Azov near estuary areas, salinity is of 2—4 %¢ and even lower, and in the Caspian Sea — of 1-2 %o
(in the north-west).

To date, of 108 myxosporean species of the Black Sea region, 29 are registered only in freshwater fish
in the estuaries with considerable brackish water (Myxidium lieberkiihni, M. macrocapsulare, M. pfeifferi,
M. rhodei, Chloromyxum cristatum, Ch. esocinum, Ch. fluviatile, Ch. legeri, Myxobolus albovae, M. anurus,
M. cyprini, M. dispar, M. elegans, M. ellipsoids, M. karelicus, M. macrocapsularis, M. musculi, M. obesus,
M. oviformis, M. percarinae, M. pseudodispar, M. rutili, M. sandrae, M. sphaericus, Henneguya creplini,
H. gigantea, H. lobosa, H. oviperda, and H. psorospermica). For 79 myxosporean species, marine fish
species serve as hosts; they are registered mainly in full-salt sea part. Totally 17 of them are of freshwater
origin: 7 species (Zschokkella nova, Myxobolus branchialis, M. bramae, M. circulus, M. exiguus, M. muel-
leri, and M. rotundus) are registered in freshwater fish and in euryhaline mullets; 1 (Myxidium salmonis)
parasitizes on freshwater and marine salmon fishes; the only hosts for 9 species are mullets (for Myxobolus
adeli, M. episquamalis, M. ichkeulensis, M. parvus, and M. spinacurvatura) or other marine fish species
(for Myxobolus asymmetricus, M. najdenovae, Hoferellus jurachni, and Henneguya sinova).

Marine forms are represented by Pontic (22 species), Ponto-Azov (3), and Ponto-Caspian (2) endemics,
as well as by Mediterranean invaders (35). Among freshwater myxosporeans, only 1 species (M. per-
carinae) is Black Sea endemic; 1 species (Myxobolus najdenovae) is Ponto-Azov endemic, and most
other species are widely represented in freshwater reservoirs. Of the marine forms, Pontic endemics are:
Sphaeromyxa atherinae, Myxidium cochleatum, M. parvum, Fabespora nana, Gadimyxa ovale, Myxodavisia
ophidioni, Ceratomyxa merlangi, C. markewichi, C. peculiaria, Myxobilatus convexum, Chloromyxum osman-
ovi, Ch. partistriatus, Ch. psetti, Ch. trachuri, Ortholinea antipae, Ortholinea mullusi, Sphaerospora bergi,
Zschokkella dogieli, Pseudalataspora pontica, Kudoa anatolica, K. niluferi, and K. stellula. Ponto-Azov
endemics are: Sphaeromyxa sevastopoli, Myxidium melanostomi, and Ortholinea gobiusi. Ponto-Caspian
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endemics are Sphaerospora caspialosae and Sinuolinea sakinachanumae. Among Mediterranean invaders,
23 species were found in the Mediterranean Sea (Sphaeromyxa balbiani, S. incurvata, S. sabrazesi, Myx-
idium gadi, M. incurvatum, M. pulchrum, Sigmomyxa sphaerica, Enteromyxum leei, Zschokkella admi-
randa, Ortholinea divergens, Ceratomyxa arcuata, C. beloneae, C. globulifera, C. inaequalis, C. parva,
C. reticularis, C. agilis, C. hepseti, Sphaerospora dicentrarchi, S. mugilis, Alataspora solomoni, Kudoa nova,
and K. quadratum). The rest 12 species (Sinuolinea rebae, Ortholinea orientalis, Zschokkella iskovi, Cerato-
myxa elegans, C. informis, Sphaerospora caudata, S. elegans, Myxobilatus medius, M. gasterostei, M. plates-
sae, Chloromyxum ovatum, and Ch. schulmani) still have not been found in the Mediterranean Sea, mainly
due to very few studies on this group of parasites. Meanwhile, identification of most of the species men-
tioned above in close regions of the World Ocean allows suggesting that they penetrated the Black Sea only
through the Mediterranean Sea. As for Ceratomyxa elegans from Scorpaena porcus, as well as for Myxobolus
parvus, M. episquamalis, M. exiguus, and M. spinacurvatura from mullets, they can also become parasites
for Pacific Ocean fishes. Taking into consideration that at the end of Neogenic period of Cainozoan era,
the Atlantic and the Pacific oceans were connected by a wide strait for some time [44], we can assume
presence of each of these parasites in a common large areal in the past which then was split due to powerful
geological transformations on our planet. To our opinion, this also applies to widely spread brackish-water
species Myxobilatus medius, M. gasterostei, and Sphaerospora elegans having marine origin that penetrated
the Ponto-Caspian basin from the Mediterranean Sea many years ago. Possibly in the future, Zschokkella
sturionis — a parasite for sturgeons whose parasite fauna in the Black Sea has not been studied well — will also
be found in the Black Sea.

Of 46 myxosporean species of freshwater origin found in the Black Sea, most species (29) inhabit
freshwater fish in the region of Dnieper Delta, as well as Dnieper and Dnieper-Bug estuaries with water
salinity of 0.08-0.5 to 3—4 %o (less often of 6—8 %o) within the main territory. Freshwater hosts are mostly
carps, bass, and pike. There are also euryhaline hosts: Black Sea salmon (of freshwater origin); sea herring
and mullet; brackish-water Gasterosteidae (of marine origin). Parasites for euryhaline fish are also registered
in other full-salt sea parts, where pure marine myxosporean species also survive. Brackish-water forms
(Sphaerospora caspialosae and S. elegans) are represented in the gulfs. S. caspialosae is also registered
in the Kerch Strait — a region with salinity of 10—14 %o to depth of 50 m.

The fauna of Sea of Azov fish parasites includes 42 myxosporean species [3, 9, 36, 37]; 32 of them
are found in the Black Sea, 20 — in the Caspian Sea. Totally 19 species (Henneguya schizura, Hoferellus
conifer, Myxidium lieberkiihni, M. pfeifferi, Myxobolus bliccae, M. cyprini, M. dispar, M. dogieli, M. ellip-
soides, M. kubanicus, M. macrocapsularis, M. magnus, M. musculi, M. oviformis, M. pseudodispar, M. rutili,
M. sandrae, Thelohanellus pyriformis, and Zschokkella striata) are freshwater species, and they are para-
sitic only on freshwater fish species. Ten species are of freshwater origin but can be registered in marine
fish species (mostly in mullets — Myxobolus adeli, M. bramae, M. episquamalis, M. exiguus, M. ichkeulen-
sis, M. muelleri, M. parvus, M. spinacurvatura, and Zschokkella nova; one in gobies — M. najdenovae).
Of the freshwater species, Myxobolus najdenovae is Ponto-Azov endemic. Totally 13 myxosporean species
are marine ones: 2 species (Myxodavisia cornuta and Myxidium bentophili) are Sea of Azov endemics;
3 species (Shaeromyxa sevastopoli, Myxidium melanostomi, and Ortholinea gobiusi) are Ponto-Azov en-
demics; 8 species (Ceratomyxa hepseti, Kudoa nova, Myxidium gadi, Myxobilatus medius, Sphaerospora
caudata, S. dicentrarchi, S. mugilis, and Zschokkella sturionis) are Mediterranean invaders.

Number of myxosporean species common for the Sea of Azov and the Black Sea is 32.
Totally 12 are freshwater parasites on freshwater fish; 9 are parasites on euryhaline mullets; 1 is gobies
parasite found in full-salt waters; 10 are marine species (2 of them are brackish-water forms).

The Caspian Sea fauna is well described in works of A. A. Gazimagomedov [10, 11] and Sh. R. Ibra-
gimov [13, 14, 15, etc.]. On its myxosporean fauna, the Caspian Sea is very similar to the Black
Sea. In the fauna composition, there are 68 myxosporean species with 8 having marine origin
(1 (Zschokkella sturionis) is ancient marine species; 1 (Sinuolinea sakinachanumae) is Ponto-Caspian
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endemic; 6 (Sphaerospora caspailosae, S. donecae, S. elegans, Ceratomyxa caspia, Myxobilatus gasterosteli,
and M. medius) are brackish-water myxosporeans) and 60 being freshwater species. The researchers men-
tioned above reported 5 Caspian Sea endemics, with Ceratomyxa caspia and Shaerospora donecae being
of marine origin and Myxobolus saidovi, M. alievi, and Henneguya chaibulaevi — of freshwater origin.

Common fauna of such different water basins as the Black Sea and the Caspian Sea can be explained
by the fact that connection between them exists mostly due to freshwater forms (27 species). Among marine
species, only 5 are common (4 of them are of brackish-water origin).

The Caspian Sea and the Sea of Azov have 18 common freshwater parasites and 2 marine para-
sites (one of them is of brackish-water type). Unlike the Caspian Sea, the Sea of Azov is characterized
by presence of Mediterranean invaders who could penetrate it from the Black Sea after the separation
of the Caspian Sea, which became an independent basin.

Conclusion. When moving from west to east (from the Black Sea to the Caspian Sea), a gradual impover-
ishment of marine myxosporean fauna and its replacement by freshwater species are observed. In the Black
Sea, correlation of marine and freshwater forms is approximately equal. In the Sea of Azov, elements
of freshwater fauna begin to dominate. They reach considerable priority in the Caspian Sea where marine
species are represented mainly by freshwater forms. As for impoverishment of abundance of myxosporean
species directed from the Black Sea to the Caspian Sea (it was marked by Z. Donets), it does occur.

Part of this work conducted by V. M. Yurakhno was carried out within the framework of government research
assignment of IBSS no. AAAA-A18-118020890074-2.
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NCTOPUA ®OPMUPOBAHUA U OCOBEHHOCTHU PAYHbI
MHURCOCIIOPUINU PbIb ITIOHTO-KACITMUCKOI'O BACCEMHA

B. M. IOpaxno', A. H. Ozep?

! denepanbHblil nccnenoBaTeNbCKHiT EHTp «MHCTUTYT GHoNoruy I0kHBIX Mopeil umMenn A. O. Kopasnesckoro PAH»,
Cesacroro:nb, Kpbim
2Cunonckuii yausepcutet, Cunorn, Typuus
E-mail: viola_taurica@mail.ru

Paccmotpena ucropust craHoBieHus: gaynsl Mukcociopuauii poid Ilonto-Kacnmiickoro 6acceiina. Pa-
060Ta OCHOBaHa Ha OPUTMHAJIBLHOM MaTepHaie MO0 MHUKCOCHOpuausM pbrid UE€pHoro mops (cobpaH
B 1987-2018 rr.) u Azosckoro mops (1997-2016). Bcero uccienoBanbl 15368 5k3. peid 87 BUIOB
(14297 3k3. ppi6 80 BrgoB B YépHoMm mMope u 1071 k3. ppid 19 BUnoB B A30BckoM). Matepuan coOpaH
METOJOM HEIIOJIHBIX [apa3suTOJIOrMIECKUX BCKPHITUI 1 00pabOTaH MO OOIIETIPUHATEIM MeTOAUKaM. Tak-
e MPOAHAIM3MPOBAHBI BCE JOCTYIIHBIE IUTEPATYPHBIE UCTOUHUKH [0 MUKCOCTIOPHANSIM YePHOMOPCKHUX,
A30BCKMX U KaCTIMICKUX pbIO (B OMOIMorpaduyeckom Crimcke yKa3aHbl TOJbKO HanOoJjee 3HauMMBble y0-
yukanuu). [IpoBeneH cpaBHUTENbHBIA aHAMu3 (ayHbl MUKcociopuaui peid Yépnoro, Azosckoro u Kac-
MIMICKOT0 MOpel. YKa3aHo, uTo Bcero B YépHom Mope n3ecTHO 108 BUAOB 3THX Mapa3uToOB, B A30BCKOM
Mope — 42, B Kacniniickom Mmope — 68. O6ummu Juist hayHbl MUKCOCTIOPUIHIA phIO A30BCcKOro 1 Y€pHO-
ro Mopet sBysioTcs 32 Buna, Kacrmiickoro n Y€paoro — 32, Azosckoro u Kacrmiickoro — 20. Bo Bcex
TPEX MOpsiX BeTpevaloTes 16 BugoB mukcocnopuauil. K Hacrosimemy Bpemenu u3 108 BUIOB MUKCOCHIO-
puauii B Y€pHoM Mope 29 oOHapyKeHbl UCKJIIOUYMTENBHO B IPECHOBOAHBIX PblOax, OOUTAIOIIUX B YCThSX
PEK 1 JIMMaHax cO 3HaYUTEIbHBIM OnpecHeHueM. [11st 79 BUAOB X03s€BaMu CITy>KaT MOPCKUE BUJIBI PIO,
BCTpeyalolIrecss B OCHOBHOM B IMOJHOCOJIEHON yacTh Mops. M3 HuxX 17 MME0T MpecHOBOAHOE MPOUC-
XOKJeHue: 7 BUOB BCTPEYAIOTCSl B IPECHOBOAHBIX PhIOaXx U 9BPUTATMHHBIX Kedalsx, | sBusercs napa-
3UTOM MTPECHOBOJHBIX 1 MOPCKHX JIOCOCEBBIX PHIO, a 9 MMEIOT X03s1€BaMH TOJIBKO Kebasiel Wi Ipyrux
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BHJOB MOPCKHX pbI0. Mopckue (popmbl IpecTaBIeHbl SHIAEMUKAMU: TIOHTHYECKUMU (22 BUAA), TIOHTO-
A30BCKUMH (3) ¥ MOHTO-KACIIMACKUMH (2), a TaKke cpeau3eMHOMOPCKUMH BeesieHnamu (35 suaos). Cpe-
I TIPECHOBOJTHBIX MUKCOCIIOPUIHIA TOJIBKO 1 BUJ HAeMUYeH a1 YépHoro Mopst u 1 sIBIsieTCs TIOHTO-
A30BCKUM 3SHJIEMUKOM; OOJILINIMHCTBO OCTAJIBHBIX BUJIOB HMIMPOKO IMPEACTABICHO B MPECHBIX BOJOEMAX.
Cpenu cpean3eMHOMOPCKUX BCEJICHIIEB CIIEAyeT OTMETUTh 23 BUa, HalieHHbIX B Cpeiu3eMHOM MOpE;
12 Bu10B NIOKa He BCTpedeHbl B Cpequ3eMHOM Mope (BEpPOsATHO, IJIaBHBIM 00pa30M K3-3a C1a00i U3ydeH-
HOCTH B HEM 3TOH IPYIIIIBI Tapa3uToB). PayHa MUKCOCTIOPUINH PhIO A30BCKOrO MOPSI HACUUTHIBAET 42 BU-
Ja MUKCOCTIOpUAAMiA, 32 U3 KOTOpbIX HaiiaeHsl B YépHoMm Mope, 20 — B Kacnmiickom. K npecHOBOIHBIM
BU/IaM, MTapa3sUTUPYIOIINM HCKIIIOUUATENIHFHO B IIPECHOBO/IHBIX BUaxX pbiO, oTHOCsTCA 19. EméE 10 BugoB
HMMEIOT MPECHOBOIHOE MPOUCXOXKACHNE, HO BCTPEYAIOTCA U B MOPCKUX BUIaX PhIO (ITPEeUMYIIECTBEHHO
B KehaJIeBbIX, a OJMH BUJI — B ObIYKOBBIX). V3 IPECHOBOIHBIX BUAOB | SIBJISIETCS] IOHTO-a30BCKUM 3H-
nemukoM. K Mopckum oTHOCATCS 13 BUIOB MUKCOCTIOPUANIA: 2 a30BCKHMX YHJEMHKA, 3 TTOHTO-a30BCKUX
SHJEMUKA, 8 Cpen3eMHOMOPCKUX BeelleHeB. 13 68 BunoB mukcocnopuauii peid Kacrnmiickoro Mopst
8 sBnsoTCs MOpckuMU (1 IpeBHEMOPCKOH BUIl, | MOHTO-KACIIMUCKUI SHIEMHUK, 6 COTOHOBATOBOIHBIX
MUKcocnopuauit), 60 — npecHoBoAHBIMU. DHAeMuKkoB Kacnmiickoro Mopsi U3BecTHO 5 (2 BUIa MOPCKO-
T'O TIPOUCXOXJCHUS U 3 — MPECHOBOIHOI0). YCTAaHOBJIEHO, YTO MPU MPOJIBIKEHUN C 3aIlajia Ha BOCTOK
(ot Yépnoro mops k KacnmiickoMy) HabogaeTcst octeneHHoe ooeiHeHrne (hayHbl MOPCKUX MHKCOCIIO-
puaui 1 3amerteHre e€ ayHol MpecHOBOAHBIX BUA0B. OTMEUECHO Takke 0OelHeHNe BUJOBOTO COCTaBa
MUKCOCTIOPUIUI pbi0 A30BCcKOro n Kacrnuiickoro Mopeii 1o CpaBHEHHIO ¢ TaKOBBIM YEPHOTr0O MOps.

KuroueBrble cioBa: ¢ayHa, MEUKcocTiopuany, peiosl, YépHoe Mope, A3oBckoe Mope, Kacrmiickoe mope
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XPOHHUKA WU UHDPOPMALINA

IMAMSTH IOBEHAJIMS ITIETPOBUYA 3AVIIEBA
(18.04.1924 - 08.01.2020)

Vi€n U3 XU3HU BCEMUPHO M3BECTHBINA YUE€HBIH-TuapoOHoor, akageMuk HAH Ykpaunsl, 1okTop 61o-
JIOTUYECKUX HayK, rmpodeccop FOBenanmii Ilerposuu 3aitueB. EMy npuHaaiexaT OTKpeITHE MOPCKOTO
HelcToHa U (POPMYJTMPOBAHUE KOHIIEIIUKM KOHTYpHBIX OuoToros Mopst. 0. I1. 3aiines — aBTop U coas-
Top Gonee yem 350 Hay4HBIX paboOT, a TAKXKe psia HAy4YHO-TIOMYJISIPHBIX KHUT. IloJ ero pyKoBOACTBOM
BBITIOJTHEHO U 3alMIIEHO 6 JOKTOPCKUX U 24 KaHAWAATCKUX OUCCEPTaLHU.

Bocbmoro suBaps 2020 r. B Opnecce mociie Mpoa0JIKUTETbHOR
6osie3nn ckoHuasicsi lOBenammii [lerpoBuu 3aiilieB — BbIIAIO-
HIUIACS YYEHBIA-TUIPOOHOIIOT, akaJeMUK HarumoHaipHON akaje-
MUM HayK YKpauHBbI, JOKTOpP OMOJIOTMYECKHX Hayk, rpodeccop,
3aCJIy’)KeHHBI JIesiTe/b HayKd M TEXHUKU YKpauHbl, Jlaypear
['ocynapcTBeHHON MpeMuu YKpPauHbI.

I0. I1. 3anueB poauics B cene balipamya AKKEpMaHCKOrO
yesna beccapabuu (HbiHe cesto HukonaeBka-HoBopoccuiickas Ca-
patckoro paiioHa Opecckoii 001acT YKpauHbl) B CEMbE YUUTESI.
JleTcTBO M 10HOCTB MPOBEN B celie bonbinass banadaHoBka (HbIHE
cenio HukonaeBka benropon-/InectpoBckoro paiiona Opecckoit
00J1acTH).

B 1949 r. okonunn 6uosnoruyeckuii pakyabrer Ogecckoro ro-
cygapcrBeHHOro yHusepcurera umenn M. M. MeunukoBa (HblHE
Opecckuil HaumoHanbHbI yHUBepcuteT). C 1950 mo 1956 r.
padoran nadopantom Ha ['mapoduosnormdeckoit cranmwu OI'Y.
[Ton nHayunsiM pykoBojacTBoM mpodeccopa M. WM. Ilyzanosa
FOBenanuii [lerpoBuy BbinosHu U 3ammtii B OI'Y B 1956 . kan-
JIUIATCKYIO AUCCEePTAIUIo Mo TeMe «Pa3MHOkeHue phiO C Tearu-

yeckoll ukpoi B Onecckom 3aimBe». B 3Tol paboTe mpuBeeHbl pe3y/ibTaThl IEPBOTO B HAYKE OIpe[ie-
JICHUsI BeJIMYMH Y/IEJIbHOTO Beca TMeJIaTMIeCKUX MKPUHOK Pa3JIMIHBIX BUIOB YePHOMOPCKUX PhIO — Tapa-
MeTpa, MO3BOJIMBIIETO BBISIBUTD ITyOHMHY HAXOKICHUSI UKPUHOK B aHU30TPOITHOH TTeJIaruaiv OpecHEHHON
ceBepo-3anagHoi yactu YEpHOTo Mopsi.

B 1956 r. 10. Il. 3aiineB B JOKHOCTH MIIAMAIIETO HAYYHOTO COTpyaHHMKa Onecckoil OUOCTaHIIMU
Nucturyra runpoduosnornn AH YCCP Hauan KOMIUIEKCHBIE HCCIIEeJOBAaHUSI OTKPHITOrO UM B YEpHOM
MOpe paHee HEM3BECTHOTO HayKe COOOIIECTBA OPraHU3MOB — MOPCKOTO HEHCTOHA (B MEPBYIO OYepeib
€ro HIKHEro sipyca — TUIOHelcToHa). Vcrnonp30BaHue MOMYNOrpyKEHHBIX CETe OpPUTMHAILHOW KOH-
CTPYKIIUM TO3BOJIMJIO cOOpaTh OOJIBINION 00BhEM HOBOW HayYHOW MH(MOpMAIMU, KOTOpasi Kacajaach pas-
JIMYHBIX MOPCKUX OPraHU3MOB, MPUCHIOCOOJICHHBIX K KU3HU B BepxHeM ciioe Bofbl (0...—5 cm). HU3yue-
HUE YCJIOBUI 9BOJIIOIMOHHOTO (DOPMUPOBAHUSI MOPCKOTO HEHMCTOHA TOKA3aJio BCEOOIINI XapakTep Mpu-
CYTCTBUSI IPUIMOBEPXHOCTHOTO COOOITECTBA TIeJIaruajiv, 4To B JajbHEHNIIeM OATBEPAIA UCCIIEIOBAHNS
BO BCEM MHPOBOM OKEaHe.
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Ortkpsitre FOBenamus [leTpoBrua BRI3BAJIO MHTEPEC CPEIU 3aIaJHBIX YUEHBIX M TOCTIOCOOCTBOBAJIO Ha-
Yajy u3ydeHust MOpCKoro HericroHa Bo ®pannuu, Utamun, ['epmanun, BenvkoOpuranuu, Ammkupe U apy-
rux crpanax. Ero moHorpadus «Mopckas HelicToHomorus», onmyoarkoBanHas B 1970 r. B Kuese, Ha crie-
Ayl ro ObUTa u3JaHa Ha aHrMickoM sisbike B CIHA u Mspaune. B 1974 r. xypnan Soviet Life
BKJIIOUMJI OTKPBITHE MOPCKOIO HEHMCTOHA B 4MCiIO BaxkHeumumx goctxeHnin Hayku B CCCP. Ucnonb3ys
cetu koHcTpyKimH 1O. 1. 3aiirieBa, MHOCTpaHHBIE KOJUIETH HAIIUTK W OMMCATA Ppa3HOOOPa3HBIN HEWCTOH
B pa3nnyHbix okeaHax. ['. I'. Ilonukapnos onpenennia MOPCKOM HEMICTOH KaK 9KOJIOTMYECKYI0 MUIIIEHb pa-
JAMOKOJIOTMYecKOro (pakTopa U HanboIee «KPUTUUECKUI» OUOILIEHO3 Ha 3eMHOM IlIape, MOCKOJIbKY Camble
BBICOKME KOHIIEHTPAIMY PaTUOHYKIAA0B HAOMIOJAI0TCS MMEHHO B IOBEPXHOCTHOM IJIEHKE BOJbI U B IIEHE.

[lo mnpuriameHuio  WHOCTPAHHBIX  MPABUTEJILCTB
0. TI. 3aineB BbICTYyHQl ¢ HAyYHBIMM JIOKJIAZaMu
U KypCOM JIEKIIUI Tepe]] CTyIeHTaMU U MpernoiaBaTessMu
BO ®paniuu, CIIA, Kanage, FOAP, Typuuu, Anonumn.

B 1964 r. I0OBenanuii [lerpoBuy 3amutii B OI'Y nok-
TOPCKYIO JuccepTanuio Ha Temy «[umnoneicroH Yé€pHoro
Mopsi U ero 3HauyeHue». [locranoBnenuem [Ipesmnmyma
AH YCCP B Onecckom otaenennn MuBIOM Obu1 co3nad oT1-
aen runoHercroHa. OObeKTaMu MCCIeJOBaHUs CTalu Oak-
TepHHU, OTHOKJIETOYHBIE BOJOPOCIIH, OECTIO3BOHOYHBIE U JIH-
YMHKU PO HA PAHHMX CTa/IMsIX OHTOTEHe3a B crienupude-
CKOM CJIO€ HelcTalu.

B 1968 r. BAK CCCP yrteepoun O. II. 3ainesa
B 3BaHuM mpodeccopa. B 1969 r. ero u3bpanu 4ieHOM-
KoppecnoHgeHToM Akagemun Hayk YCCP.

IOBenamuii IlerpoBuy chopMynMpoBas KOHUEHLMIO

KOHTYPHBIX OMOTOIOB MOpsI, HACEJIEHHBIX COOOIECTBAMU
OPraHU3MOB-KOHTYPOOUOHTOB. OH BBIIEIIII BHEIIIHUE KOH- [ FT—
TYpHI TIeJIaruaii Ha e€ rpaHuIax ¢ atMocdepoii, Geperom,
JHOM U peKaMM: a9pOKOHTYP (TpaHula Mesaruaib — aTMo-
cepa), MIcaMMOKOHTYp (IpaHHMIIA Tejlaruaib — TeCYaHblid Oeper U JHO), JIATOKOHTYP (TpaHuIa TeJiaru-
alb — KaMEHUCThIN Oeper U JAHO), MeJOKOHTYp (IpaHMIa Mejaaruaib — WIKMCTBIA Oeper U JIHO) U TMoTa-
MOKOHTYP (I'paHuIIa MKy MOPCKMMHU U PEUHBIMU BOJHBIMU MaccaMu). KaskioMy KOHTYpHOMY OHOTOITY
MIPUCYIIH TPUCTIOCOOJICHHBIE K €r0 CHelU(UIECKUM YCIOBUSIM TPYIIIBl OPraHU3MOB, TJIAaBHBIM 00pa3oM
COCTOSIIIIUE U3 0COOEH Ha paHHUX CTa/IUSIX OHTOTEHE3a.

HWckimioueHneM 13 3TOro MpaBujia CYMTATN TITyOOKOBOAHBIN MEJOKOHTYp YEpHOro Mopsi B cepoBOJIO-
POAHOI 00JIacTH, TIe CYIIeCTBOBAHUE OPraHU3MOB-OKCUOMOHTOB HAa3bIBAIM HEBO3MOXKHBIM a priori. Bia-
rozaps npeanpuHATHM o nHunmaruse 0. I1. 3aiiuesa u I'. I'. [lonrkaprioBa KOMIUIEKCHBIM MCCIIEI0Ba-
HUSM YIQJI0Ch OOHAPYXKUTh B JOHHBIX OTJIOKEHUSIX Ha TyOnHe 10 2200 M KM3HECOCOOHbBIEe CTaANu pas-
BUTHSI OKCMOMOHTOB M3 BEPXHUX CJI0EB UEPHOTO MOPST; U3 HUX B JTAOOPATOPHBIX YCIOBUSIX ObLIN BBIBE/ICHBI
KyJIbTYPbI TETEPOTPO(PHBIX OAKTEPUiA, TPHOOB 1 MUKPOBOJOPOCICH.

OBenanmii IlerpoBuy mpuHuMan ydactrie B padore UepHOMOPCKON 3SKOJOTMUYECKOW MPOrpaMMbl
(Black Sea Environmental Programme, BSEP) kak MexayHapogHbIi KCIIEPT MO BOIIPOCaM OUOJIOTHYe-
CKOT0 pa3HO00pa3usi U SKOJOruH Mopsi. Ero MoHorpaduu 1 cTaTbil IO MEXAYHAPOIHON YEPHOMOPCKON
Tematuke oryoymkopansl B Heio-Mopke B m3garensctee OOH.

OH yyacTBOBaJI B paboTe 00beAUHEHHBIX Tpym KcriepToB OOH 1o HayYHBIM acrieKTam OXpaHbl MOPSI
(Group of Experts on the Scientific Aspects of Marine Environmental Protection, GESAMP). Ha 3a-
cenanuu The Sea-surface Microlayer and Its Role in Global Change B CIIA B 1994 r. 0. II. 3aii-
1IEB BBICTYIUJ C JOKJIagoM «HelcToH Mopelt n okeaHOB». B 3akmouMTeIbHBINA TOKYMEHT 3TOro ¢opyma,
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GESAMP Reports and Studies (Ne 59, 1995), Ob110 BeIHECEHO TpeJIokeHNe 00 OpraHU3aIiyd CHCTEMBbI
mMonutopunra Neuston Watch («HelcToHHBIH 1030p») JUISl OTCICKUBAHKS COCTOSIHUSI HECTOHA, OKa3bl-
BAIOIIIETO BJIMSHME Ha MPOLIECC MACCIHEProoOMeHa MeK1y OKEaHOM M aTMOC(EpOil, B pa3IMYHBIX pailoHaxX
MupoBoro oxeaHa.

IOBenaymii [lerpoBrnu — aBTOp M coaBrop Oosee yem 350 HayuyHBIX padoOT, B TOM uucie 18 mo-
Horpacuii, ormyOIMKOBaHHBIX B M3gatenbcTBax 20 crpad. Kpome Toro, oH aBTOp Hay4HO-TIOIYJISIPHBIX
KHUT T10 9KOJIOTUYECKOMY OOpa30BaHMIO M BOCIIMTAHMIO IOHBIX unTarteneld. Cpeayn HUX — «3a CTEeKJIOM
MOJIBOJIHOM MAacKu», «ITO yIUBUTEIbHOE MOpe», «TBoM apyr Mope», «Ku3Hb MOPCKO# TOBEPXHOCTH»,
«Mup penbThl», «BBeaeHue B akosioruio Y€pHoro mopsi», «/lukas npupoaa B ropoae», MOCTYKUBILIUE
IJTsI MHOTMIX MOJIOJIBIX JIIOfIEl OPHEHTHPaMH B BHIOOpe Mpodeccuii Orosora u 9KoJora.

[Tox HayunbiM pykoBojcTBoM lO. 1. 3aiiiieBa BHITOJHEHO 1 3aIUINEHO 6 TOKTOPCKUX U 24 KaHAWJAT-
CKHUX JIUCCEPTALUH.

IOBenammii IlerpoBuu B Teuenue 17 ner (1972-1989) Bosrnamist MIHCTUTYT MOpPCKO# OHosIorun
(panee UHctutyT O1nosorum 1o:xHbIx Mopeit) HAH Vkpaunsl. Jletom 2019 r. B UMB TopkecTBeHHO OT-
MeTwn 95-10 rogoBuHy co aHs poxkaenus 0. I1. 3aiineBa, MocBATHB 3TOHM JaTe OOJBIIYI0 HAYYHYIO
KOH(pepeHIINIo, B KOTOPOW aKTUBHO YY4aCTBOBAJI caM I00MIISP.

Hecmotpst Ha Oose3nb, FOBeHammii [leTpoBrUY 10 TOCTAEOHHMX THEH 3aHMMAJICSl HAydyHOW pPabOTOM.
Ero 310poBbe cepbE3HO yXYIIIMIOCH I10C/IE TPArMyecKOoro COOBITUS B POAHOM MHCTUTYTE — JIeKaOpbCKO-
r0o MOXapa, YHECIIETO XU3HU €r0 YYEHUKa U IPEeeMHMKa Ha MOCTY AUPEKTOPA, WIEHA-KOPPECIIOHJEHTA
HAH VYkpaunsl bopuca Anekcangposa u cekperaps 'aavnsl FiBanoBuy.

10. I1. 3aiiieB mpoxuiI JOTYI0, TIOAOTBOPHYIO U SIPKYIO KU3Hb — KU3Hb TOJIMHHOTO YUYEHOTrO
n Wureumrenta. OH OTMYaiIcs HEM3MEHHOH JT0OpPOXKEIaTeIbHOCTBIO, JPYKETI0OUeM M ONMTHMHU3MOM.
Cretnas namsath o IOBeHammu [leTpoBrye HaBcera OcTaHeTCs B HALLIMX CepALiax.

Konanezu uz @UI] HnbFOM umenu A. O. Kosanesckozo PAH u UMb HAH Yxpaunui

TO THE MEMORY OF YUVENALI ZAITSEV
(18.04.1924 - 08.01.2020)

An outstanding hydrobiologist, Academician of the National Academy of Sciences of Ukraine, D. Sc.,
and Professor Yuvenali Zaitsev passed away. It was he who discovered marine neuston and formulated
the concept of contour biotopes of the sea. Yu. P. Zaitsev is the author and co-author of more than 350 sci-
entific publications, as well as of a number of popular science books. Under his scientific supervision,
6 doctoral and 24 master’s dissertations were completed and defended.

Marine Biological Journal 2020 vol. 5 no. 1
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MAMATHA IOPUA MUXANIOBUYA BYPYEHKO
(09.05.1945 - 22.02.2020)

I haven’t been able to think of anybody
whom I'd care to send out to look
for horses in his stead.
—J. D. Salinger, “Raise High the Roof Beam, Carpenters”

VmEn w3 xusan Opwit Muxainosuu Bypuenko. Bonee 30 ner on mpopaboran B MHBIOM,
rJe B pa3HOe BpeMs PyKOBOJWJ OTAENaMH MH(pOpMalK, MATEHTOBEAECHUA U MEKAyHAPOIHBIX CBA3EH.
10. M. Bypuenko 6bu1 HEOPAMHAPHBIM JIMHIBUCTOM.

He crano IOpusa Muxainosuya bypuenko. B 310 TpynHO moBepurs,
MOTOMY YTO HEBO3MOKHO MPEACTABUTH OOJIBILIETO KUZHET00A.

Bcs ero gonras tpynosasi A€ATENbHOCTb MPOIUIA B IBYX aKaAeMU-
YEeCKUX YUPEXKJEHUSIX — KHeBCKOM HCTHTYTe MUKpPOOHUOJIOTUH U BU-
PYCOJIOTHM M CEBACTOTIONLCKOM MHCTUTYTE OMOJIOTUH I0KHBIX MOpEH,
rJ€ OH B Pa3HOE BpeMs PYKOBOAWJ OTAEIaMHM MH(OpMaluu, MaTeH-
TOBeAeHUsI U MeXayHapoaHbix cBsizeil. 0. M. Bypuenko nmpopabotan
B IHBIOM oxkoso 30 ner. OH BCcTpevyan MHOTHX 3apyOeKHBIX KOJUIET,
ObLT YJaCTHUKOM MEXJYHApPOAHBIX MOPCKMX SKCHEIUIIMI M COBeIla-
HUIA, aKTUBHO CMIOCOOCTBOBAJI BITMCHIBAHUIO MCCIIEIOBAHNI MHCTUTYTA
B MUPOBYIO HayKy.

Opuit MuxaiinoBuu HexHo mooun Ceacrornonb. OH Mor 10 Me-
JI04ell BOCIPOU3BOIUTh UCTOPHUYECKHE MOAPOOHOCTH U «BBUIETITMBATH»
0e3yKOPU3HEHHO TOUHYIO KapTHUHY COOBITHI, yOMBJISAs Jake rpodec-
CHOHAJIbHBIX UCTOPUKOB. OH Mopaskasl HEOPAUHAPHOCTHIO CYKJCHUIN U SHIMKJIONEANYECKUM CKJIAZI0OM yMa,
IUIs1 KOTOPOTO HE CYIECTBOBAJIO MpelesioB. Ero yHukanpHas NaMATh XpPaHWIA BCE, YTO OH MPUIMPYUBO
1 OepeKHO «CKJIAbIBA» TY/la B TEYSHUE CBOEH KU3HU, U 10 00U OOMIHO, YTO OH HE OCTABUJI 3TO ISl HAC:
OH TEpIIETh HE MOT BCSKOTO poja OyMakHble HOCUTEIH, [a U 9JIEKTPOHHBIE HE OUYEHb KAIOBAJL.

}O. M. BypueHko ObUl HEOpAMHAPHBIM JIMHTBUCTOM. BHE 3aBUCMMOCTH OT SI3bIKa, HA KOTOPOM €My
MPUXOIMIIOCH TIHCATh, OH UCKYCHO PadOTal C KakKIbIM TEKCTOM, Oy/ib TO CTaThsl MJIM MOHOTpadwusl.

C rpycThi0 IPUXOAUTCA CKazaTh, uyTo IOpmii MuxaitioBud 0oJblie He OyAeT B3UpaTh C JIOOOBBIO
Ha KaX[JbIl YTOJIOK CBOETO POAHOro ropojaa. OH ymen B BEUHOCTh, M yTEUIA€T OAHO: OH HE MOI MONacThb
B KOMITAHUIO CKYYHBIX JIIOJEH.

TO THE MEMORY OF YURI BURCHENKO
(09.05.1945 - 22.02.2020)

Yuri Mikhailovich Burchenko passed away. He worked in IBSS for about 30 years, directing
the departments of information, patents, and international relationships. He was an impeccable linguist.
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