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ABSTRACT. The work is based on the E.A. Gofman’s collection of recent ostracods. Here we present
summarized data on our results of studying 45 near-shore sampling sites and previously published
data, which were the first one to investigate the distribution of recent ostracods in the Caspian Sea
and to discuss the influence of such factors as bottom sediments type, water temperature and salinity.
Overall, distribution of the ostracods in the Caspian Sea shows a remarkable depth control. The near-
shore ostracod assemblage of the Caspian Sea indicates shallow water conditions. Predominant spe-
cies tolerates temperature and salinity seasonal changes. In northern area assemblage is dominated by
Cyprideis torosa and contains abundant euryhaline species tolerant to reduced salinity ranges reflecting
the river influence, significant temperature changes and unstable hydrological regime. In the Central
and Southern Caspian Sea, the assemblage is mostly represented by the Tyrrhenocythere amnicola donetz-
iensis and other stenohaline species. The analysis of the recent near-shore ostracods of the Caspian Sea
allows to conclude that salinity, along with water depth, are the leading factors determining the com-
position of ostracod assemblages.
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1. Introduction However, during a highstands, an exchange of

fauna occurred - for example, as a result of the connec-
tion between the Caspian and the Black Seas through
the Manych Strait (Jones and Simmons, 1996; Rogl,
1999; Popov et al.,, 2006). Some researchers are of
the opinion that only coastal shallow-water popula-
tions migrated to Azov-Black Sea basin through the
Manych Strait. Specimens of deep-water populations
could not migrate through a shallow straight (e.g.,

The Caspian Sea is the largest enclosed water
body in the world. As a Paratethyan remnant it is
assumed that many of the modern ostracod species
in the Caspian Sea originated from marginal marine
environments during the late Neogene (Boomer et al.,
2005). The Caspian ostracod fauna of marine origin
is constituted by representatives of Leptocytheridae,

Hemicytheridae, Loxoconchidae and Xestoleberididae,
however, none of them can be assigned to original
genera of these families since the endemic taxa have
been formed there on the level of genera (with the only
exception — C. torosa) (Schornikov, 2011b) due to sig-
nificant paleogeographical events, geographical isola-
tion and unique brackish-water habitat (Mandelshtam
et al.,, 1962; Svitoch, 1991; Rychagov, 1997; Yanina,
2012, etc.). Despite the high-amplitude changes in the
sea-level of the Caspian Sea during the Quaternary, its
deep-water areas retained a certain volume of water
even during regressive episodes and must have acted as
refugia (Boomer, 2012).
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Schornikov, 2017) that existed at different times in the
Quaternary history of the Caspian Sea (Svitoch et al.,
2011; Semikolennykh, 2022). Others find a greater sim-
ilarity between the shallow-water assemblages of the
Caspian Sea and the fauna of the Aral Sea; between
the deep-water assemblages of the Caspian Sea and the
Black Sea (e.g., Boomer, 2012). In total, 26 species of
Caspian origin were identified in late Pleistocene and
Holocene sediments of the Azov-Black seas, 17 species
occurred alive in the river deltas, bays and estuaries
(Schornikov, 2011a). The same work notes that three
Caspian species invaded in the Aral Sea. They inhabited
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that area in the 60s of the 20th century, but now only
C. torosa remains in the Aral Sea.

We encountered some difficulties when attempt-
ing to arrive at a homogeneous picture of the ostracod
distribution in the Caspian Sea. One of the greatest
problems was the retention of open nomenclature for
many of the taxa. About 350 species of ostracods are
known from the Pliocene and Post-Pliocene depos-
its of the Caspian basin area. However, most of them
are difficult to determine, since it frequently remains
uncertain which taxon the authors of publications
meant under a certain name (Schornikov, 2011b). The
abundance of taxonomic problems is discussed in detail
in the Schornikov’s work (2017), the following factors
were noted as their main reasons of the incorrect iden-
tifications: many species were described repeatedly by
different researchers and published independently; dif-
ferent forms were described as different species. It is
extremely difficult to revise the majority of ostracod
species of the Caspian Basin, since the reports and col-
lections, which were the basis for the initial descrip-
tions have been lost or appeared inaccessible. New sam-
pling of sediment from the bottom of the Caspian Sea
without equipping large interdisciplinary expeditions,
the closedness and fragmentation of available drilling
materials for various reasons (like implementation of
commercial projects, the search for oil and gas, the con-
flict of interests of different countries in the Caspian
region) still hinder work in this direction, especially for
small research groups. Therefore, the Gofman’s collec-
tion is of great importance. It is the result of the Institute
of Geology and Development of Fuels work, devoted to
the study of the ecology of ostracods and foraminifera
in brackish and freshwater basins. Later, E.A. Gofman
was forced to study the stratigraphy of the Jurassic
deposits of Mangyshlak, leaving work on the Caspian
ostracods unfinished and providing a report (Gofman,
1966) focused on identifying the most favorable condi-
tions for the particular species, as well as determining
the habitats of various species of ostracods. As a result,
the work with the unique collection material was not
completed; some samples needed additional elabora-
tion. In particular, the issues of freshwater ostracods
distribution and shallow-water zone along the eastern
shore of the Caspian Sea were not covered (Gofman,
1966).

Nowadays, according to the latest estimates the
Caspian Sea ostracod fauna is now known to comprise
more than 70 species, however only for 16 the soft
parts were described (Schornikov, 2011b). Saidova
(2014) found 61 species in modern sediments of the
Caspian Sea. According to earlier works by Naidina
(1968), 23 species of ostracods were found alive in the
Caspian Sea. According to Gofman (1966) more than
80 species of ostracods live in the Caspian Sea, 57 of
them were identified and 39 were described there in
detail. It was noted that to compile the report, data was
used from 300 sampling sites from the entire Caspian
Sea area (Gofman, 1966). Although for this study we
used specimens from the collection that were identi-
fied as living by Gofman, we were not convinced that
the studied shells were alive at the time of collection.
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No soft parts (appendages and other internal organs)
preservation was established. Unfortunately, due to the
lack of illustrations, it is sometimes difficult to deter-
mine which taxa were actually described by Gofman
(1966). In addition, certain names have been changed
in some cases since the time of publication. For exam-
ple, Schornikov (1964) considered Graviacypris as a
junior synonym of Candona and, since Candona elon-
gata Schweyer would have been a junior homonym of
Candona elongata Herrick, 1879, he changed its name
to Candona schweyeri (Boomer et al., 2010; Spadi et al.,
2019).

This work is a continuation of the distribution
and ecology researches of the modern ostracod species
in the Caspian Sea initiated by Gofman (1966). Here an
attempt was made to expand our knowledge of the dis-
tribution and ecology of some modern ostracod species
in the Caspian Sea, however, due to the difficulties and
limitations mentioned above, the focus of the work was
only on the species that are most widely represented
in the studied samples, and those species that was able
to be determined unambiguously. Thus, the presented
generalization is based on the results of the author’s
study of the Gofman’s collection and analysis of a num-
ber of publications devoted to ostracods of the Caspian
basin. It should be noted that the current work mainly
meets the paleogeographic interests of the Caspian
region studying, since the information provided can
be used to understand the environmental changes cor-
responding to the time of sediments accumulation in
which the described ostracod species could be found.

2. Materials and methods

The present study is based on the E.A. Gofman’s
collection of recent ostracods, completed during the
spring season in 1964, which is now being stored at
the Laboratory of Pleistocene Paleogeography, Faculty
of Geography, Lomonosov Moscow State University.
There are no analogues to this collection, containing
ostracod shells of the entire Caspian Sea area.

According to Gofman (1966), a total of 900 sam-
ples were initially taken from 300 sampling sites (three
samples from each site), but the author received signifi-
cantly reduced collection. Over the past decades, some
of the samples were partially or completely lost, there-
fore, the quantitative analysis in this study was replaced
by a qualitative one. As large areas of the Caspian Sea
are shallow, especially in the northern part of the sea
nearby Russian shore, we studied the near-shore zone.
It includes sampling sites, where water depth is less
than 50 m. A total of 45 near-shore sampling sites were
studied, where the largest number of ostracod shells
have been preserved (Fig. 1, 2).

Ostracods from the bottom sediments of the
Caspian Sea (upper ~0-5 cm) were collected during the
summer seasons of 1961-1963 with a bottom sampler.
For the collection each dry sediment sample weight
was 100 g by Gofman. These samples were washed
with tap water through a 63 pum sieve, the remaining
>63 um -size fraction was air-dried. Using a binocu-
lar microscope, ostracod shells were hand-picked from
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the dried sediment using a fine-tipped brush :
and transferred to a slide (Krantz-Cells or micro-
cells). These shell samples (valves or carapaces)
preserved in the collection were studied in the
current work.

Here we present summarized data on our
results of studying 45 near-shore sampling sites
(Fig. 1) combined with published data, which
was the first one to investigate the distribution
of recent ostracods in the Caspian Sea and to
discuss the influence of such factors as bottom
sediments type, water temperature and salinity
(Gofman, 1966; Schornikov, 1973; Yassini, 1986;
Chekhovskaya et al., 2014). For each sampling
site water depth, mean annual bottom water tem-
perature and salinity at the time of sampling are
available. This data is presented in Fig. 2, 3, 4.
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points 25, 32-40, 42-44), Eastern and Southern
Caspian (Fig. 1, points 26-27, 29-30, 45). Since it
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occurrence at sampling sites, where seasonal
changes in water temperature can reach 24 °C
(Gofman, 1966). Shells of freshwater I. bradyi,
L. inopinata, Cypridopsis sp. and Candoninae spp.
were also found at the indicated sampling sites.
According to Bronshtein (1947), who described
the habitats for the freshwater and slightly
brackish species representatives, I. bradyi prefers
puddles and river oxbows from which it is being
transported to rivers. L. inopinata inhabits fresh-
water and brackish-water basins. The occurrence
of D. stevensoni decreases away from Volga delta
area, and C. torosa dominates in the assemblage.
This trend is slightly less pronounced near the
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The highest abundance of C. torosa was
noted in the Northern Caspian Sea. It is a highly
euryhaline species, occurring from fresh to hyper-

Fig.2. Water depth at the sampling sites.
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the Aral Sea it is dominant species of shell crus-
taceans (Schornikov, 1973). Studies by Aladin
(1993) showed that C. torosa from the White and
Barents Seas has marine origin, while its form
from the Baltic, Black, Azov, Caspian and Aral e
seas has freshwater origin.

The high abundance of C. torosa in the
studied samples in areas of high temperature
variability (up to 24 °C), where average annual
salinity values differ by 10%o0 or more (Fig. 3),
may be associated with the large amount of
nutrients, since the mixing zone of brackish and a7 0oE 51°0'0"E
fresh waters, rich in zooplankton and phyto- Fig.3. Mean annual bottom water salinity at the sampling sites.
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regime. Presumably the maximum abundance
reaches because of wide salinity range and bet-
ter adaptability in such conditions. Although
C. torosa tolerates changes in salinity, it disap-
pears off the eastern coast, where a higher mean
annual salinity is observed (Fig. 3).

Almost all species of this assemblage are
tolerant to wide changes in salinity — they are
able to live both in marine conditions and at low
salinity — for example, in estuaries with a salinity
up to 5%o in association with freshwater species.
For example, A. longa and A. cymbula were also
found in estuaries in the Black Sea at depths up
to 5 m (Zenina et al., 2017). Shallow-water areas
of the Caspian Sea are characterized by signifi- °
cant seasonal fluctuations of temperature as well.
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Table 1. The identified near-shore ostracod assemblages

Hemicytheria? azerbaidjanica (Livental in Agalarova et al., 1940)
Tyrrhenocythere amnicola donetziensis (Dubowsky, 1926)

Bakunella dorsoarcuata (Zalanyi, 1929)

Candona schweyeri Schornikov, 1964
Cryptocyprideis bogatschovi (Livental, 1929)
Paracyprideis ? naphtatscholana (Livental, 1929)
Loxoconcha gibboides (Livental in Schweyer, 1949)
Loxoconcha immodulata (Stepanaitys, 1958)
Loxoconcha lepida (Stepanaitys, 1962)

Loxoconcha petasa (Livental, 1929)

Camptocypria gracilis (Livental, 1929)
Euxinocythere baquana (Livental, 1938)

Cyprideis torosa (Jones, 1850)

Xestoleberis sp.
Camptocypria sp.

Euxinocythere bosqueti (Livental, 1929)

Euxinocythere relicta (Schornikov, 1964)

Amnicythere martha (Livental in Agalarova et al., 1940)
Amnicythere pirsagatica (Livental in Agalarova et al., 1940)
Amnicythere? quinquetuberculata (Schweyer, 1949)

Amnicythere reticulata (Schornikov, 1966)
Darvinula stevensoni (Brady et Robertson, 1870)

Euxinocythere virgata (Schneider, 1962)
Amnicythere caspia (Livental, 1938)
Amnicythere cymbula (Livental, 1929)
Amnicythere longa (Negadaev, 1955)
Amnicythere striatocostata (Schweyer, 1949)
Amnicythere stepanaitysae (Schneider, 1962)
Amnicythere volgensis (Negadaev, 1957)
Limnocythere inopinata (Baird, 1843)

Ilyocypris bradyi (Sars, 1928)

Candoninae spp.
Cypridopsis sp.
Limnocythere sp.

Amnicythere sp.
Leptocythere sp.
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erally tolerate seasonal changes in water temperature,
they prefer salinity of 10-13%o. Representatives of the
genus Loxoconcha, which do not descend to depth, are
also common. Generally, the assemblage shows the
extent of the Volga delta influence in Northern Caspian
area as well as the importance of seasonal variability of
the water parameters.

In the T. amnicola donetziensis assemblage, found
in the Western Caspian Sea, C. torosa is also widely rep-
resented (Table 1). The species T. amnicola donetziensis
is widespread in the Caspian Sea at depths of less than
90-100 m, where it forms assemblages at depths of less
than 30 m and salinity ranges from 4 to 13.5%o (Tkach
et al., 2024). It was also found in the Black Sea and the
Sea of Azov at salinity less than 5%o and in brackish
and freshwater lakes of Caspian Lowland and Manych
Strait (Schornikov, 1973; Zenina et al., 2017). This spe-
cies is common in the littoral zone and tolerates tem-
perature and salinity seasonal changes. In Northern and
Central Caspian Sea both adult specimens and instars
were found. In addition, almost all studied samples
contained C. bogatschovi, Camptocypria sp., A. striato-
costata, A. caspia, A.? quinquetuberculata and E. virgata.
The species E. virgata is often found in samples from
the Gofman’s collection (Table 1). In the studied sites
this species inhabits littoral zone with depths usually
less than 30 m and with significant seasonal variation
in temperature and salinity. Living species were found

146

in the Northern Caspian Sea by Maria Zenina in 2013
in water of 25.4-27 °C temperature, 10.02-12.01%o
salinity, pH 7.30-8.33. The species typically inhabits
sandy sediments (Tkach et al., 2024). It was also found
in Azov-Black Sea in rivers estuaries, limans and lakes
with salinity less than 5%o (Zenina et al., 2017).

Less common in the assemblage of Western
Caspian Sea (Table 1) are E. bosqueti, E. baquana
(although finds of E. baquana are frequent at sampling
sites 32, 37 and 39), and H.? azerbaidjanica. Single
specimens of A. longa and C. schweyeri (sampling sites
32, 33, 34), C. gracilis (sampling sites 36, 38, 42) and
L. gibboides (sampling sites 32, 33) were also found in
the Western Caspian Sea. L. gibboides is common for
water depth less than 90-100 m. This species tolerates
temperature changes from 4.5 to 15 °C, prefers salin-
ity 10.5-13.5%0, withstanding dynamic hydrological
conditions and salinity decrease down to 7%o (Gofman,
1966; Yassini, 1986).

The T. amnicola donetziensis assemblage identi-
fied in the Eastern and Southern Caspian Sea, is dif-
ferent from the community described for the western
area (Table 1). Thus, here the species C. torosa was
not found and recent near-shore assemblage is repre-
sented mainly by the species T. amnicola donetziensis
and stenohaline species like P.? naphtatscholana, L. gib-
boides, Camptocypria sp. u C. bogatschovi. The former
is generally widespread in the Central and Southern
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Caspian Sea, especially its eastern area (Yassini, 1986).
The species C. bogatschovi inhabits waters with a salin-
ity 12.5-13.25%o; it prefers shelf environments with
depths of about 60-200 m (rare findings were noted
at depths of less than 30 m and 200-315 m) (Gofman,
1966; Boomer et al., 2005; Chekhovskaya et al., 2014).
L. gibboides — common for the Eastern Caspian — was
found in the Northern Caspian only at depths deeper
than 15 m (Fig. 2), probably due to the fact that this
species prefers greater depths and/or more saline envi-
ronment. Findings of various Leptocythere sp. are also
common along with rare finds of A. caspia, E. bosqueti,
E. virgata and Xestoleberis sp. Single shells of E. baquana
and A.? quinquetuberculata were found in sample
from the site 45 (Fig. 1). Their widespread presence
was previously noted in the Caspian Sea, as well as
in the Dniester estuary and the Don delta (Naidina,
1968), however, according to the current research,
these species are more often found in brackish water
environments.

Along the western coast of the Central Caspian
species with a thick shell, practically not sculptured,
were noted. Such a variability may be related to the
higher energy environment (wave action), intense bot-
tom water currents, as well as frequent severe storms
in this region. There are no freshwater species in the
assemblage mainly due to the absence of large rivers
in the area. Although, the smaller number of studied
sample sites, compared to the Northern and Western
Caspian Sea, should be noted.

The results presented allow to conclude that the
recent ostracod fauna of the Caspian Sea changes with
distance from the coast with increasing depths in accor-
dance with changes in the bottom water temperature
and salinity. In the shallow Northern Caspian Sea, par-
tially frozen in winter and warmed up to 24 °C in sum-
mer (Gofman, 1966), samples were taken from depths
of up to 20 m (Fig. 2), the mean annual salinity does
not exceed 10%o (Fig. 3) and changes significantly as
the influence of fresh water from river runoff weakens.
The ostracod assemblage here is represented by species
that adapt well to changes in temperature and salinity.
Despite the predominance of the species T. amnicola
donetziensis in the assemblages of the Western, Eastern
and Southern Caspian Sea, their composition differs
along with water parameters at the sampling sites.
The east and south part of the Caspian Sea are areas of
the highest salinity (13-14%o) (Fig. 3), although mean
annual bottom water temperature here is lower than in
the western zone — about 11-13 °C (Fig. 4) (up to 5°C in
winter and 19 °C in summer in the Middle Caspian, up
to 11 °C in winter and 25 °C in summer at sampling site
45) (Gofman, 1966). Here we found more thermophilic
and stenohaline species. Moreover, due to the greater
depth of sampling (25-50 m, Fig. 2), single shells of
deep-sea Caspian species were noted here (e.g., B. dor-
soarcuata), which inhabits depths above 50 m (Gofman,
1966; Yassini, 1986; Boomer et al., 2005; Tkach et al.,
2024)).

The assemblage described for the western part
of the Caspian Sea, although slightly different in
some components to the north and to the south of the
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Absheron Peninsula, contains both representatives
of the North Caspian community (especially in shal-
low-water areas) and species most often presented in
samples from the eastern part of the sea. Such pattern
could be explained by larger depth range of sampling
in the Western Caspian (from 0-5 to 35 m), and by dif-
ferent distances of sampling sites from the large river
mouths. The analysis of the recent near-shore ostracods
of the Caspian Sea allows to conclude that salinity,
along with water depth, are the leading factors deter-
mining the composition of ostracod assemblages.

4. Conclusions

Distribution of the ostracods in the Caspian Sea
shows a remarkable depth control. Overall, the near-
shore ostracod assemblage of the Caspian Sea indi-
cates shallow water conditions. The low salinity of the
greater part of the near-shore Caspian Sea has forced
development of the brackish-fresh water forms. The
corresponding near-shore assemblages (e.g. North
Caspian) is dominated by C. torosa and contains abun-
dant euryhaline species tolerant to reduced salinities,
high temperature changes and unstable hydrological
regime. At the same time near-shore assemblages of
Central and Southern Caspian areas are represented
mostly by stenohaline ostracod species, reflecting the
unique brackish-water environment of the Caspian Sea.
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CoBpeMeHHbIM NPUope)XHbIM KOMNAEKC

ocTpakoa Kacnuuckoro mopsa FRESHWATER
BIOLOGY
P
Tkau A.A.*

Jlabopamopua Hogetiwux omutodceHull u naieoeeocpaguu nieticmoyeHa, I'eoepaguueckuti paxyremem,
MT'Y um. M.B. JlomoHocoaa, JleHuHckue eopuvl 1a, Mockea, 119991, Poccua

AHHOTAILIHA. Pa6ora OCHOBaHA Ha MaTepuajiaXx M3y4YeHUs KOJUIEKIUH COBPEMEHHBIX OCTPAKOL
E.A. TopmaH. B cTtaTthe mpeacTtaBjieHO 0000l[eHHe pe3yJIbTaTOB HCCJefoBaHUA Npod u3 45 Touyek B
npubpexHoi yacty Kacmusa u paHee onmy0JIMKOBAaHHBIX AAHHBIX M3 paboT, MOJIOXMBLIIMX Hayaslo U3y-
YeHHI0 COBPEMEHHBIX co00IecTB ocTpako B KacnulickoM Mope U UX CBA3M C THUIIOM JAOHHBIX OTJIOXe-
HUH, TeMIlepaTypoil U COJIEHOCThI0 BoAbl. Takxke IpuBedeHB! cBeeHNs 00 5KOJIOTUU BUAOB OCTPAKOZ,
PaKOBUHBI KOTOPBIX HanboJiee 4acTO BCTPeYaloTCs B M3yUyeHHBIX IIpo0ax. B 11eJ10M coBpeMeHHEIH cocTaB
dayns! octpakoa Kacnuiickoro Mops u3MeHsAeTcs [0 Mepe yaajieHus oT Oepera ¢ Bo3pacTaHHEM IJIy-
O6unbl. [IpubpexHbIil KoMIleke ocTpakond Kacmus, riiaBHeIM 00pa3oM, MpeACTaBJieH MeJIKOBOIHBIMIU
BHUaMU, KOTOpble XOPOIIO NIEPEHOCAT Ce30HHBIE M3MeHeHNUs TeMIepaTyphl U COJIEHOCTH. B ceBepHOI
obJlacTy B KOMIUIEKCe JOMUHUpPYeT Cyprideis torosa v IpUCyTCTBYIOT 3BpUTAJIMHHbIE BUABI, CIIOCOOHBIE
IIEpEHOCUTH Ilepenaapl TEMIEPaTyphl U CyIIeCTBEHHOE ONPECHEHNE — TEM CaMBbIM KOMILIEKC OTpaXkaeT
BJIMSIHYE BIAJAOMNX peK U HecTaOMJIbHEIN ruapoJiorndeckuil pexuM. B Cpeguem u FOxnom Kacnuu B
KoMIuTekce JoMmuHupyet Tyrrhenocythere amnicola donetziensis u mpeo6J1aqa0T CTEHOTAJIMHHbBIE BUIBL B
11eJI0M, IPOBeJileHHEII aHaJIu3 cOCTaBa MPUOPEXHBIX coobmecTB Kacnuiickoro Mops n03BOJISAET 3aKJI0-
YUTh, YTO COJIEHOCTh BOABI HAPAAY C IJIyOMHOIM MOps ABJIAIOTCA BeAyLUMMU IIapaMeTpaMu, Ollpefesisio-
IMIMHU COCTaB KOMILJIEKCOB OCTPaKOA.

Kitiouegwie cstoga: ocTpakoAsl, rojIoneH, COJIOHOBaTOBOiHaA cpena, [lonto-Kacnuii, Kacnutickoe Mope

Ja nurupoBaHusa: Tkad A.A. CoBpeMeHHBII TPUOPeXHbIN KoMIUTeKc ocTpakof Kacmuiickoro mops // Limnology and Freshwater
Biology. 2024. - No 3. - C. 142-156. DOI: 10.31951/2658-3518-2024-A-3-142

1. Beeaenne HOT'O COJIOHOBAaTOBOJHOTO pexuMma (MaHAedbllITaM U

ap., 1962; Ceutou, 1991; Priuaros, 1997; Auuna, 2012
u ap.). HecMOTps Ha BRICOKOAMILTUTYJHbIE N3MEHEHUA
ypoBHs Kacnmuiickoro mMopsi B 4YeTBEPTUYHOE BpeMs,
ero rJiyDOKOBOJIHBIE PAMOHBI COXPAHSIN OMpeeJieH-
HBII 00BEeM BOJHI AaXe B MEePUOAbl CaMbIX TJTyOOKUX
perpeccuii, TeM CaMbIM BBICTyIasi B poJid pepyruymMoB
(Boomer, 2012). OqHaKo B MeprOABI BICOKOT'O CTOSTHUSA
’ ; - - ypoBH:A Kacnusa npoucxonui obMmeH dayHoil — Hapu-
CTaBI/ITeJ'[E (czleMeI/ICTB Leip]t)ocyc';h;rldae, Hemicytheridae, Mep, B pe3ysbTaTe yCTAHOBJIEHHA CBA3H ¢ UEpHHIM
Loxoconchidae u Xestoleberididae, koTopsie oqHako He ;

MOTYT OBITh 0OOCHOBAaHHO OTHECEHBI K OPUTMHAJIBHBIM gaggg;\agggll\:[alr;b;;c;xggagozp:f ?133[ (ZJ(;)(;]E?)S. ag;i};syllmﬂngg ;;:’
POJZIaM 3TUX CEMEHCTB, OCKOJIbKY Ha POJOBOM YPOBHE nosatenu (LlopHuKoB, 2017) TPHAEpPXUBAIOTCA MHe-
copmupoBaIiCh SHIEMUYHBIE TAKCOHBI (MCKJTIOUEHME HUsA, COTJIACHO KOTOPOMY SK3E€MILIAPHI TJIyOOKOBOJHOM
coctasJisgeT Jmb Buf C. torosa) (Schornikov, 2011b), nonysAnuKr Kacmuiickoro MOps He MOTJIM TIPOHHMKATH
4TO OGT)HCHHCTCHU CyIeCTBEeHHBIMU naneoreorpagmqe- Yepes MeJIKOBO/HbIE IPOJIMBHL, CYIIeCTBOBABIINE B pas-
CKUMH TIEPECTPONKAMM, NMEPUOAAMU AJIUTEJIBHOM I'€0- HOe BpeMs 4YeTBepTUYHOi mcropum Kacrus (CBuTodu
rpa¢duuecKoil M30JIALUN W YCTAHOBJIEHWEM YHUKAJIb- u mp., 2011; CemuKoIeHHbX, 2022), B TO BpeMs KaK

Kacnimiickoe wmope sABasdeTcsA KpyDHEUIINM B
MHUpe 3aMKHYTHIM BoJoeMoM. IIpenmosiaraercs, 4TO
MHOTHWEe BHIBl OCTpakKoj, Hacesawomue Kacmuiickoe
Mope ABJIAITCA HacsequeM [Tapatetuca (Boomer et al.,
2005), ogHaKO OHU 3HAUYUTEJIHHO OTJIMYAIOTCA OT CBOUX
OKeaHWYeCKUX NpeJIKOB — B OCHOBHOM (ayHy OCTpako[
MOPCKOT0 IpoucxoxaeHnsa B Kacnuiu cocTaBiAo0T mpea-
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pubpexxHble MeJIKOBOAHbIE NONMYJIALMY MUTPUPOBAJIU
B A3o0Bo-UepHoMopckuii GacceiiH uepe3 MaHbIUCKUIT
nposiuB (Illoprukos, 2017). [Apyrue (Boomer, 2012)
0oOHapyXUBaloT OoJIblllee CXOACTBO MEJIKOBOJHBIX KOM-
miekcoB Kacnutickoro mops ¢ ¢ayHoit Apana, a riy-
60Kx0BOJHBIX KoMILlekcoB Kacnusa — ¢ YepHBIM MopeM,
00BACHAA 3TO OOLIHOCTBIO [Tajieoreorpaguyeckoro pas-
BuTusa nocijenHux. Becero E.W. llopHukoseiM (2011a)
ObLIO BbIAEJEHO 26 BHUJOB OCTPAaKOA KacCIUIICKOTo
reHesuca B paMKax palOTHl C IUIEHCTOLIEHOBBIMU U
rOJIOLIEHOBBIMY OTJIOXKeHUAMU A30BO-UepHOMOpPCKOro
bacceiiHa, TOJIbKO 17 u3 KOTOPBIX OOHapyXeHBl UM
J)KUBBIMH B COBpPEMEHHBIX YCJIOBUAX, KaK NpaBUJIO, B
JenbTax peK, 3ajJlMBax W JuMaHax. B Toil xe pabore
OoTMeuaeTcCs, YTO TPU KACIUMCKUX WHBa3UBHBIX BHUAA
Takxe OOHapyXuBaJIICh B ApajabCcKoM Mope B 60-x
rogax XX crosieTus, Iie CeroJHsA COXPaHWJICA JIMIIb
sBpuraJuHebei Buf C. torosa.

dopMupoBaHUe IeJIOCTHOM KapTHUHBI pacIpo-
CTpaHeHHsA OCTpakod U HUX dKojsiornu B Kacmuiickom
MOpe KpaliHe BaxHO [JId [ajeoreorpagpuyeckoin
WHTepIpeTanyuy MarepuasioB OypeHHsA, HO COIpH-
J)K€HO C Cepbe3HBIMU TpyaHocTAMU. OOHON U3 Hau-
6oJiee BaXHBIX NpobJieM ABJAETCS OTCYTCTBUE eOUH-
CTBAa MHEHHI OTHOCUTEJIbHO CHUCTEMaTUKU OCTPaKO[
Kacnuiickoro wmopsa. W3 ninoneH-mjielcToleHOBBIX
oTJIo)keHnH Kacnuiickoro permoHa M3BECTHO OKOJIO
350 BuAoB ocTpakof, OOJIBIIMHCTBO U3 KOTOPBIX
omnpefe/uTh 3aTPYAHUTEJIBHO, IOCKOJIbKY 3a4acTyio
HesCHO, KaKoll B JeHCTBUTEJbHOCTU TAKCOH aBTOPHI
Pa3JIMYHBIX NyOJIMKalyil UMeIu B BUIY IOA TeM WU
WHBIM HaspaHueM (Schornikov, 2011b). O6unue Takco-
HOMHYECKHUX OIMMOO0K NoAPOOHO pacCMOTPeHO B paboTte
E.N. IllopHukoBa (2017), B kauecTBe UX OCHOBHBIX IIPU-
YUH OTMeueHHl cjefymoue (GakTOpel: MHOTHE BUJBI
ONMCHIBAJIICh TIOBTOPHO pa3HBIMHU HCCJIeOBaTesIAMU
Y He3aBUCHUMO MyOJIMKOBAJIMCh; pasjiduusA B CTeleH!
Pa3BUTHA CTPYKTYp, BBIPaXEHHOCTH MAaKpOCKYJIb-
NITyPH PAaKOBUH y OTJEJIbHBIX 0c0o0ell MpUHNUMAaJINCh 3a
BUOBBIE NIPU3HAKU, TO €CThb pa3jinuHble (POPMEI ONU-
CBIBAJIMCh KaK pa3Hble BUbL. PeBr30oBaTh 60JIBIIMHCTBO
BUAOB ocTpakoj Kacnuiickoro 6acceiiHa Ha TeKylieM
JTane M3y4yeHus KpaliHe 3aTPyAHUTEJIBHO, IIOCKOJIBKY
OTYeTHl M KOJUIEKIMH, Ha OCHOBAaHWU KOTOPHIX ObLIN
COCTaBJIeHB! IlepBOHayasbHble OINMCAHUA, yTpayeHbl
WIN TPyAHOAOCTYNHBL. OTOOP HOBBIX 00pasloB ocaaka
co aHa Kacnutickoro mops 6e3 cHapsXeHUA KPYNHBIX
MeXIUCHUIIMHAPHBIX dKCIeAUINI, 3aKPhITOCTh U pas-
PO3HEHHOCTb UMeIOL1XCA MaTepraioB OypeHus B CUILY
Pa3HBIX IPUYMH, OyAb TO peajusanysa KOMMepuYecKuX
[IPOEKTOB, MOWCK IOJIe3HBIX HCKONMAaeMBIX, KOHQJIUKT
WHTEpecoB pasHbIX cTpaH Kacnwmiickoro peruosa,
[0 cell AeHb CKOBBHIBAIOT pabOTBl B 3TOM HalpaBje-
HUH, B 0COOEHHOCTH, JJIA MaJIbIX KCCJIeoBaTeIbCKUX
rpynn. Ha stom ¢oHe 0co0yi0 LIeHHOCTb NpecTaB-
JiieT UMeIoIIasAcA B paclopsDKeHUH aBTOpa KOJUIEK-
uusa Mukpodaynsl Kacnuiickoro mops E.A. T'odpmaH,
KOTOpas ABJIAETCA pe3yjabTaToM pabdOT COTPYAHHKOB
HHcTUTyTa reosiorud U pa3paboTKU FOPIOYUX KUCKOIa-
€MBIX, TOCBAIN[EHHBIX U3Y4YeHUI0 dKOJIOTUH OCTPaKo] U
dopamuHudep B COJIOHOBATOBOAHBIX U IIPECHOBOAHBIX
bacceliHax. B cBA3M ¢ M3MeHeHHeM TeMaTHKU paboT
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E.A. TobmaH Obula BBIHYXJ€Ha MPUCTYNUTh K U3yde-
HUIO cTpaTUrpadpuy I0pCKUX OTJI0XKeHUH MaHrhIlaka,
paHbllle BpeMeHHU ocTaBUB paboTy no Kacnuto u npeno-
craBuB otdeT (I'opmaH, 1966), cocpeqOTOUEHHBII Ha
BHISIBJIEHUM YCJIOBU, ABJIAIOIUXCA Haubosiee Gjaro-
IPUATHBIMU [IJIA paccesjieHHWsA TOro WM MHOIo BUAa, a
TaKXxe Ha oIlpefleJIeHNH apeajioB 0OUTaHUA Pa3INnYHbIX
BUJOB OcTpakod. B pesysbTaTe, paboTra ¢ yHUKaJb-
HBIM (aKTUYeCKUM MaTepraioM He Oblja MOJHOCTBIO
3aBeplleHa, OCTaJIUCh NPOOBI, KOTOPBE HYXJaJINCh B
JIONIOJIHUTEJIBHOM mpopaboTke. B yacTHOCTH, B HCKO-
MOl myOJMKaluy HeOCBelleHHBIM OKasaJicid BOIIpOC
pacrnpocTpaHeHUsa NMpecHOBOAHBIX ocTpakoAd (I'odpmaH,
1966). Uz-3a HexBaTku BpemeHu E.A. I'opmaH Takxe
He yAaJioCh U3YYUTh OCTPAKO/, XUBYIIUX B 30HEe MeJl-
KOBOZbsA BAOJb BocTouHOro Oepera Kacmusa (l'odmas,
1966).

Ceropins, no nocyienHuM oueHkaM (Schornikov,
2011b), B Kacnuiickom Mope kuBeT nopsigka 70 BUI0B
OCTpaKo[, JUIIb Yy 16 U3 KOTOPHIX ObLIN ONKCAHBI MAT-
kue TkaHu. X.M. CaupgoBoii (2014) B coBpeMeHHBIX
ocankax Kacriusa ob6HapyxeH 61 Bun. CorsiacHo Gosiee
panHuM paboram H.H. Haiigunoit (1968), 23 Buna
ocTpakof; 6bL10 oOHapyxeHo B Kacmuiickom Mope B
xu1BoM coctosHuu. [1o nauusiM E.A. T'opman (1966) B
Kacnutickom mope xuBeT 60s1ee 80 BUAOB OCTpaKkof, 57
U3 HUX ObBUIU omnpefesieHbl B pabore (I'opmaH, 1966),
1 39 — getasibHO omucaHbl. Takxke B BBHINIEYIIOMAHY-
TOI paboTe OTMeYeHO, YTO AJIA COCTaBJIeHUA OT4eTa
HCII0JIb30BaJIUCh AaHHBIe 1o 300 ToukaM co Bcell akBa-
topun Kacnuiickoro mMopsi, B KOTOpbIX ObLIH OOHapy-
JKEeHBl )KMBBIe OCTPAaKOABl, OAHAKO B paMKaxX AAHHOIO
HccJieoBaHNA HaJIMYMs MATKUX TKaHeH yCTaHOBJIEHO
He 6bU10. K coxaienuio, BBUAY OTCYTCTBUA UJLIIOCTpPa-
I[1ii, ONIpe/ieJINTh, KaKie TaKCOHHI B AHICTBUTEJIbHOCTU
OBLIM ONMCaHBI, IOPOI 3aTpyAHUTEbHO. Kpome TorO,
€ MOMeHTa Iy6JIMKaluy BUI0BbIe U pOAOBEIe Ha3BaHUA
B HEKOTOPHIX CJIyyasax ObLIM u3MeHeHb. Hampuwmep,
E.X. IlopHUKOB I©OKasaJj, 4YTO JXKBble 3SK3€MILIAPHI
Graviacypris elongata nmeroT npusHaku poaa Candona,
u nepenMeHoBas Buf B Candona schweyeri Schornikov,
1964 (Boomer et al., 2010; Spadi et al., 2019).

B mBacrosamem ucciieoBaHUMN TNpeANpHUHATA
IIONBITKA PacIIpUTh CYIIEeCTBYIOIIME K HacTOAIEeMY
MOMEHTY IpeJCTaBjeHNUsA O pPacIpoCTpaHeHUU U KO-
JIOTMM COBpPeMEHHBIX BUAOB ocTpakoA B KacnurickoM
Mope, OAHAKO B CHJIy OTMEeYEeHHBIX BBIIIE CJIOXXKHOCTEMN
1 orpaHuyeHuii, B (okyce pabOTHl OKa3aJIMCh JIUIIb
BU/BI, HanboJiee MMUPOKO IIpefCTaBJIeHHbBIe B U3y4eH-
HBIX IIpo0ax, ¥ Te BU/bIL, KOTOpble yAAJIOCh OJHO3HAYHO
onpenenuTb. TakuM oGpas3oM, IpeAcTaBeHHOe 0600-
IleHle OCHOBAHO Ha pe3yJibTaTaX aBTOPCKOI0 U3y4eHUs
xosunexkuuu E.A. TodpmaH u aHanu3a paaa nyoauKanui,
MOCBAIIeHHBIX ocTpakomgaMm Kacmuiickoro 6acceiiHa.
Cnenyer OTMeTUTh, YTO IpoBefileHHasA paboTa, B Iep-
ByI0 OYepellb, OTBeyaeT najeoreorpaduieckuM HHTe-
pecam wusydeHus Kacmuilckoro pervoHa, NOCKOJIBKY
IIpUBeJIeHHble CBeJeHUsA MOTyT OBITb HCIIOJIb30BaHBI
JUUIA IOHMMAaHUsA IPUPOJHBIX 00CTaHOBOK, COOTBETCTBY-
I0IIMX BpeMeHU HaKOILJIeHU TOJII 0CaJIKOB, B KOTOPBIX
BCTpeYaloTCA ONMCaHHbIE BUABI OCTPAKO/.



Tka4 A.A. / Limnology and Freshwater Biology 2024 (3): 142-156 Cneu.sbinyck: «JlumHomnoeusi 8 Poccuuy

pUM HOBEHIINX OTJIOXEHUH U majieoreorpadpuu
mwienicroreHa I'eorpadudeckoro (Qakysbrera
MI'Y uMm. M.B. JlomoHOCOBa. AHAJIOrOB JJaHHOM
KOJUIEKLIUY, cofepiKallell paKOBUHBI 1 CTBOPKHU
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o 9 9= -600
E.A. TodmaHn, cobpaHHO! BecHOH 1964 T. u B i I
o o -750
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NOBEPXHOCTHbIE

12 1®0006m

ocTpakop co Bcero Kacmus, Ha cerogHsANIHUN 25 %

II€Hb He GBUI0 CO3qaHo. > -
CorytacHo paHHbeM  otdetra (['odmas, S

1966), Bcero m3HauajgbHO OBLIO OoTOOpaHo 900 e

po6 u3 300 Touek ux orbopa (1o Tpu IpoOHl U3
KaX 0¥ TOYKU), OJHAKO B PaclopsbKeHre aBTopa
KOJUIEKLMsA IoNlajla B 3HAYMTeJIbHO COKpallleH-
HOM BHJe. 3a mpolleAmue ¢ MOMeHTa cOopa
kosuiekiuu E.A. TobmaH pecATusieTUsA 4YacThb
npo0 OblJIa YaCTUYHO WM LEJIMKOM YTepsHa,
[I03TOMY 3a HeHMeHHeM AOCTOBEpHO YCTaHOB- -
JIEHHOW BBIOODKM KOJIMYECTBEHHBIN aHaJin3 B
paMKax AaHHOIO HCCJIeJOBaHWA 3aMeHeH Kaue-

41°0'0"N

CTBEHHBIM. [TOCKOJIBKY 3HAYMMasl 4acTh aKBaTO- .

pun Kacnuiickoro Mops MeJKoBoAHa (0coO6eHHO

Cesepnbniii Kacrnuii), pokyc JaHHOTO HcCJie10Ba- z R % p. AmpeK
HUA HampaBjieH Ha HU3ydeHue NpubpexHoil Tep- ; \ \\é&@q a—_——

pUTOpHUY, B KOTOPYIO BKJIIOUEH aHaJIM3 BHUI0BOTO
cocTaBa OCTpakoj M3 TeX To4YeK oTbopa Ipoo,
rayOrHa MOpPSA B KOTOPBIX COCTaBjiAeT MeHee
50 M. [I715 aTOr0 6BLIM OTOOPAHBI IPOOH HAKTY Y-
el COXpaHHOCTU — Te, B KOTOPbIX COXPaHUJIOCh Y
HauOoJiblllee YKMCJIO PaKOBHUH ocTpakoAd. Bcero
ObL10 U3yueHOo 45 npubpexHbIX TOoYek oTbopa
npo6 (Puc. 1, 2).

[ToBepxHOCTHBIE OTJIOXKEHU JHa
Kacniuiickoro mopsa (BepxHuii ~0-5 cm cJioH,
U3 KOTOpOro BHoOCJeACcTBUM ObUla coOpaHa
KOJUIEKLIUSI COBPEMEHHBIX OCTpaKko[, W3ydaB-
mascsa B JaHHOU pabore) GbUIM OTOOPaHHI Ipe-

Q
47°0'0"E 51°0'0"E

Puc.1. MecTomnoJsioxeHre N3y4YeHHBIX TOYeK 0TOOpa Ipoo.
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W3mepeHHan
rny6uHa soabl
8 mecTe oT6opa

MMYILIECTBEHHO [JHOYEPHATEISAMU WM TPYHTO- poG,
0-5
BBIMU YJapHbIMU TpPyOKaMy B JIETHHUE CE30HBI !gor_lgs
1961-1963 rr. MukpodayHUCTUYECKUN aHAIN3 i 23
25 - 30
E.A.Todman nposoausa Ha 100 r cyxoro ocagxa. 0~ %
B ciyuasx, Korja HaBecka IO Kakou-Jinbo mpu- t F-H

YylHe 0TJIMYajiach, IPOU3BOJUJICA NlepepacueT Ha
100 r. ITocne B3BemMBaHUA oOpaslia OCYIIECT-
BJIAJIach TMPOMEBIBKA BOJIONMPOBOJHON BOAOM Ha
cuTax 63 MKM, MOJIy4eHHBIN 0Ca[oK MOJIHOCTHIO
BBICYIIMBAJICS, [TOCJIE Yero py MOMOIY OMHOKY- P Ky
Jiipa pakoBHHBI U CTBOPKHU OCTPaKOJ| BPYUYHYIO %°
oTOOpaHbl U3 OcafKa C IOMOIIbI0 KHUCTOYKU C ;%'
TOHKUM KOHIIOM B kamepsl Kpanriia (Krantz-Cells, e ~
microcells) AiA mocJieAyIomero Ux U3y4YeHus u
xpaHeHus. K coxasienuio, kak ObJIO YIIOMSHYTO
paHee, He BeCb UCXOAHBIN MaTepHaJl, C KOTOPBIM
pabotana E.A. T'obmaH, Bomes B KOJJIEKLIUIO U 5\ e
VIMEJICS B paclopsbkeHuU aBTopa. B pamkax maH- ¢ ﬁ\\ QQ@ p. AM
HOU paboThl M3y4ya/iliCh PaKOBUHBI U CTBODKH, \ \-étsf \\_//a)
COXpaHUBIINECA B KOJUIEKI[UU. oot Q .

Ana xaxpioi ToUKM 0TGOpa NMpOG MMe- Puc.2. T'iry6rHa BoAsl B TOUKax 0T60pa npoo.
I0TCA CpeqHero/ioBble MOKa3aTeanu TeMIlepaTyphl
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U COJIEHOCTU NMPUAOHHOIO CJIOSI BOABI B MOMEHT
oTbopa npob, a Takke AaHHBIE O IJIyOUHE MOps.
Juia 45 Todek, U3yueHHBIX B HACTOsAIEM HcCCJie-
JOBaHUU, 3TH CBeJeHUs TMpeACTaBJieHBl Ha
Puc. 2, 3, 4.

rnybvHa, M
(HuKe ypoBHa Kacnuiickoro mops)
O
O

3. Pe3ynbTatbl M MX 06Cy)XxpAeHHuE

45°0'0"N

CpepaHerogoBas
CONEHOCTb BOABI
8 MmecTe oT6opa
npob, %o

B coorBeTrcTBUM € (usuko-reorpapuye-
ckuMu napamerpamu (Puc. 2, 3, 4) npobbl 00B-
enuHeHsl B Tpu rpymnmnbl — CeBepHbili Kacnuii
(Puc. 1, Touku 1-24, 28, 31, 41, 46-47),
Banmagaeii Kacnuii (Puc. 1, Touku 25, 32-40,
42-44), Boctounsii 1 HOxusiii Kacnuii (Puc. 1,
Touku 26-27, 29-30, 45). [IockoJbKYy TOYHOM
KOJTMYEeCTBEHHOU OI[eHKU I[pUBECTU HEeBO3-
MOJXHO, AJ11 0003HaueHus 4acTOThl BCTpedaeMo-
CTU PaKOBUH TeX WX UHBIX BUAOB B Mpobax us
Tpex Gpu3nKo-reorpaduiecKux peruoHOB HUCIIOJIb-
30BaHbI YCJIOBHbIE XapaKTEPUCTUKU (a — OT aHTJI.
«abundant» MHOTOYHCJIEeHHBIE HAXOAKU PAaKOBUH
BH/[Ia, C — «COMIMON» YacThle, I — «rare» peJikue, S .
— «single» enuHNYHBIE). BRIABIEHO TPU NMPUOPEX-
HBIX coobimiecTBa octpako (Tabnumna 1).

Coo06igecTtBo C. torosa BHIABJIEHO B aKBaTo-
puu CeBepHoro Kacnus. B6iusu genstsl Boaru
(B8 Toukax 7, 10, 13) sApKo mnpocJieXxuBaeTcs ; (\k\
BJIMSHUE Ha COOOIIecTBO IpecHBIX BoA. 37ech
0C00eHHO MHOT'OYUCJIEHHBl HaXOOKU PaKOBUH 00 -

Buaa D. sfevensom. OTOT BUJ KOCMOMOJUT, Ha Puc.3. CpeqHerofioBasi COJIEHOCTh MPUAOHHOTO CJIOS BOJBI B
U3YyUYEHHOU aKBaTOPUU MNPUYypPOYEH IpeuMylie- Toukax 0T60pa Mpog.
o
5
=3
-
el

41°0'0"N

S vampeK
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8 M mpu coseHoctu A0 7%o (Puc. 3). B nesom
D. stevensoni OTJIMYAeTCs TOBBIIIEHHON YCTOH-
YHUBOCTHIO K U3MEHEHUsAM TEMIIepATyphl U CoJIe-
HOCTU BOJBl B IMpokoM auamna3oHe (Gandolfi
et al., 2001), yTo, BepOATHO, U OOBACHIET ee
IIMPOKYI0 BCTPEYaeMOCTh B TOYKax oOTHopa
npo6, T/ie Ce30HHBIE M3MEHEHUS TeMIIepaTyphl
Boabl MoryT gocrurath 24 °C (Todpman, 1966).
Takxke B yKa3aHHBIX TOYKaX oT6opa mpob BCTpe-
YeHbl PaKOBUHBI MTPECHOBOAHBIX BUAOB I bradyi,
L. inopinata, Cypridopsis sp. u Candoninae spp.
ITo panueiM 3.C. BponmrreiiHa (1947), omucas-
Iero MeCcTOOOMTAHMA TMpeNICTaBUTENIEH Tpec-
HOBOJHBIX M ¢J1ab0OCOJIOHOBATHIX COOOIIECTB,
L bradyi mpeqnoyvTaeT JyXH U CTAPUIIBI, OTKY1a
3a4acTyl0 pacHpoCTpaHseTcs B peku. B cBoio
ouepenib, L. inopinata Takxe HaceJIsieT PECHOBO-
JHBIE Y COJIOHOBATOBOJIHBIE BOZ0eMBL. [0 Mepe
yAaJieHusA OT MPHUJEJIbTOBBIX YYaCTKOB BCTpeYa-
€MOCTh pakoBUH D. stevensoni cokpalaercs, B
KoMmIiekce nqoMuHupyert C. torosa. Uyth MeHee
BBIpa’Xe€HA 3Ta TEeHJIeHIUA BOJIU3U yCThsA p. Ypal
(trouku 1, 9, 14). Iloxoxas 3aKOHOMEPHOCTb
W3MEHEHUsI COCTaBa OCTPAKOJ OTMedYasiach

CTBEHHO K YCTbAM P€K, HacCeJAeT FHyGI/IHBI Ao
T

ry6uHa, m
(HuxKe ypoBHaA Kacnuitckoro mops)
O
O

45°0'0" N

CpeaHeroposan
Temnepatypa 80ab!
8 mecte ot6opa
npo6, °C
8 115 - 12
12 - 125
125 - 13

® D 13 - 14

14 - 15

% 15 - 16
16 - 18.1
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patee H.H. Hatinunoii (1968). >

HanGosiee MHorouucieHHsl B CeBepHOM z ﬁ\ e o Ampe
Kacnuu Haxomku paKOEI/IH Buga C. torosa. ?TO ; \ < \-/&@Q* \\_//z)
HIIMPOKO SBPUTAJIMHHEBIN BUJ, BCTpevaroIuiica " @
OT IIpecHBIX A0 TUMepraJuHHbIX Boj EBporm, 47°00"E ¥ s1°00"E
3anagHon Asuu u CesepHol A¢puku. Ilo naH- Puc.4. CpeiHerosjopas TeMnepaTypa NPUIOHHOTO CJIOS BOABI B

To4yKax oT6opa mnpob.
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Ta6suna 1. CocTaB U3y4eHHBIX IPUOPEXHBIX KOMILJIEKCOB OCTPaKO[

Bakunella dorsoarcuata (Zalanyi, 1929)

Candona schweyeri Schornikov, 1964

Cryptocyprideis bogatschovi (Livental, 1929)
Hemicytheria? azerbaidjanica (Livental in Agalarova et al., 1940)
Paracyprideis ? naphtatscholana (Livental, 1929)
Tyrrhenocythere amnicola donetziensis (Dubowsky, 1926)
Loxoconcha gibboides (Livental in Schweyer, 1949)
Loxoconcha immodulata (Stepanaitys, 1958)

Loxoconcha lepida (Stepanaitys, 1962)

Loxoconcha petasa (Livental, 1929)

Camptocypria gracilis (Livental, 1929)

Euxinocythere baquana (Livental, 1938)

Cyprideis torosa (Jones, 1850)

Euxinocythere bosqueti (Livental, 1929)

Euxinocythere relicta (Schornikov, 1964)

Euxinocythere virgata (Schneider, 1962)

Amnicythere caspia (Livental, 1938)

Amnicythere cymbula (Livental, 1929)

Amnicythere longa (Negadaev, 1955)

Amnicythere martha (Livental in Agalarova et al., 1940)
Amnicythere pirsagatica (Livental in Agalarova et al., 1940)
Amnicythere? quinquetuberculata (Schweyer, 1949)
Amnicythere reticulata (Schornikov, 1966)
Amnicythere striatocostata (Schweyer, 1949)
Amnicythere stepanaitysae (Schneider, 1962)
Amnicythere volgensis (Negadaev, 1957)

Darvinula stevensoni (Brady et Robertson, 1870)
Limnocythere inopinata (Baird, 1843)

Ilyocypris bradyi (Sars, 1928)

=1 . : $
. 3 =1 o
8 g SHEEE o
B of » © s
B § § & S| -8 2
HEE SRR EEEE
= = 3 B S| = 3
gl § § = R RS g
gl 5| § El § 3l § § &
> QO <| = Ol © ~
CeBepHbIii | a s|r|s|s]clc]rfc]s c cleflr]c|r)c]r]lec|c]c]r]|r]|r|r|c|r]c]|r]|r]|r|r|r
Kacnuii
3amaHeIl | a clc alr cls|s]|c|r]|r clc s c c r
Kacnuii
Bocrounsii| r | r [ clalc r|r cls|r r|r s c
¥ FOXHBII
Kacnuit

HBIM pa3HbIx uccaenosaresei (F'opman, 1966; Yassini,
1986; Boomer et al., 2005; Chekhovskaya et al., 2014;
Berdnikova et al., 2023 u ap.) B Kacmuiickom mope
3TOT BUJ OTMeYeH BO MHOTUX TOYKax oTrbopa IpoOd
Ha riaybunax ot 0.2 mo 250 M (o JaHHBIM aBTOPA,
06brvHO MeHee 50-60 M) MO BCell aKBaTOPUH, OJHAKO
MaKCHUMaJIbHAsl YUCJIEHHOCTHh JIOCTUTAEeTCs Ha TJIyOu-
Hax nopsAaka 3-5 M, rae Jocturaetr HauOOJIBINEN YKC-
nenHoctu (uHorga 1o 90% Bcero KOMILIEKCA), YMEHb-
marorienicss ¢ raybuHon. Biarozaps cmocoGHOCTU K
TUMOOCMOTUYECKON PEryJIANNU BUJ MHOTOYHCIIEH B
TaKUX TEPEXOJIHBIX YCJIOBUAX, TAe MOPCKHE OCTpa-
KOABl HE MOTYT BBDKUTBH W3-33 CJIMIITKOM HU3KOU IJIf
HUX COJIEHOCTU, a MPECHOBOJHBIE — M3-3a CJIMIIKOM
BBICOKOI. B ApasibckoM Mope sIBJIsieTCsl JJOMHHUPYIO-
MM BUJOM PaKYIIKOBHIX pakooOpa3Hwix (IIIopHUKOB,
1973). Uccnemosanusa H.B. Amaguna (1993) moka-
3aJId, 4To cyumlecTByeT JBe ¢popMel C. torosa: u3 besoro
u bBapeHileBa MoOpell WMeeT MOPCKOe IPOUCXOX]e-
Hue, a ¢dopma u3 banruiickoro, UepHoro, A30BCKOTO,
Kacnmiickoro 1 ApajbCKoro Mopei — MpecHOBOJHOE.
Bricokasa uunciaeHHOCTh C. torosa B HU3yYE€HHBIX
npobax Ha yyacTKax BBICOKOI TeMIlepaTypHOIl U3MeH-
ynBocTy (H0 24 °C), rae cpeqHErofoBhe MOKa3aTesu
coJleHOCTH OTJim4aoTcsa Ha 10%o0 u Gosiee (Puc. 3),
MOXeT OBITh CBSI3aHa C TEM, YTO 30HA CMeEIIeHUS COJIO-
HOBAThIX U MPeCHBIX BOJ, Ooraras 300- U (UTOILIaH-
KTOHOM, fBJIAETCA HanboJiee MPoayKTUBHOU. [1o maH-
veM E.U. [Mopaukosa (1973), Bup C. torosa ocobeHHO
YCIEeNTHO 3acejiiJI BOJIOEMBI, 1O YCJIOBUAM CHJIBHO
OTJINYAIOIUECA OT MOPCKUX. OIHAKO KOHKYpPEHTHOE
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MpenMyInecTBO ObLJI0O yTEpAHO B MOPCKUX OacceiHax,
rae Mopckas (payHa npejicTaBjieHa B 60Jiee Ul MeHee
oJIHOM oO0BéMe. MaccoBele Haxofku C. torosa mpuy-
pOYeHBl IpeuMyllecTBeHHO K akBaTopuu CeBepHOIo
Kacnus ¢ ero HecTaOUIbHBIM THAPOJIOTUYECKUM PEeXU-
MoM. [lo-Bupumomy, HauboJibllasg 4UCIeHHOCTh BUJA
JlocTuraeTrcss IpU CUIBHO M3MEHYUBHIX YCJIOBUAX
cpefnl, K KOTOPBIM JpyTye BUJBl TaK XOPOIIO He NpU-
criocobsieHnl. C. torosa MpakKTUYeCKU KcYe3aeT y BOC-
TOYHOTO nobepexbs, rae Habsogaerca 6ojee BEICOKOe
cpenHee 3HaveHUe cosieHocTu (Puc. 3).

BospmnHCTBO BUAOB coobmecTBa CeBepHOTO
Kacnusa (Tabnuna 1) TojiepaHTHBI K U3MEHEHUIO coJie-
HOCTU B IIMPOKOM AuAama3oHe — OHM CIOCOOHBI O0OU-
TaTh KaK B THUIWYHBIX MOPCKUX yCJIOBUAX, TaK U IpHU
KpaliHe HM3KOMH COJIEHOCTHU, HallpuMep, B JIMMaHax Ipu
COJIEHOCTH [0 5%o B acconualyu C IPecHOBOJHBIMU
Bumamu. Hampumep, pakoBuns A. longa u A. cymbula,
Takxe ObLJIM OOHApyXeHHI B 3CTyapusax YepHOro Mops
Ha rybuHax 10 5 M (Zenina et al., 2017). Takxe yka-
3aHHbIe BHJBl XOpOIIO INPUCIOCA0IMBAIOTCA K K3Me-
HEeHUsAM TeMIepaTypHOro peXxuMa, 4TO U IO03BOJIAeT
UM o0uTaTh Ha MeJIKOBoAbe. YacTble HAXOOKU TaKUX
BunoB, kak C. gracilis, E. baquana wmm L. gibboides
TOJIPKO B yAaJIeHHBIX OT YCTbeB KPYIHBIX PeK TOUYKax
oT6opa npob (Hanpumep, 12, 15, 22 u fp.) no3BoJIsAeT
3aKJIFOYUTD, YTO XOTA BUABI B I[€JIOM XOPOILIO IIEepeHO-
CAT Ce30HHBle U3MeHeHUsA TeMIlepaTyphl BOJbI, OHU
MpeAIOYUTAIOT COJIeHOCTh nopsaaka 10-13%o. B coo06-
IlecTBe TakXe paclpocTpaHeHHl NpeJcTaBUTe/IN poAda
Loxoconcha, He omyckaronuecs: Ha GOJIBIIYIO TITyOHHY.
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CocTaB KOMILJIEKCA OCTPAaKOA B L1eJIOM JeMOHCTpUpYyeT
Macitabsl BausAHUA Boaru Ha CeBepHbiii Kacnuii, a
TakXe Ce30HHON M3MeHYMBOCTU BOJHON Cpefbl.

B coobmjectBe T. amnicola donetziensis, oOHa-
py’XeHHOM B akBaTopum 3anafgHoro Kacnus, mupoko
npenactasjieHbl Takxke Buf C. torosa (Tabauna 1). Bug
T. amnicola donetziensis KxpaiiHe MMPOKO BCTPEYaETCs
B Kacnmiickom Mope Ha riy6uHax MeHee 90-100 M
u ¢opMupyeT coolllecTBa Ha riybuHax MeHee 30 M
npu coJieHoctd OT 4 Ao 13.5%o (Tkach et al., 2024).
INomumo Kacnus, oH oTMeyasica B YepHOM 1 A30BCKOM
MOpAX IIpPU COJIEHOCTH MeHee 5%o, a Takxe B COJIO-
HOBaTBIX U IIPECHOBOJHBIX o3epax I[Ipukacnuriickoi
HU3MEHHOCTH U B paiioHe MaHBIUCKOTO IIPOJIMBA
(IlopaukoB, 1973; Zenina et al., 2017). JaHHBIN BUA
XOpOILO IEepeHOCHUT Ce30HHbBle H3MEHEeHHUs TeMIlepa-
TypHl U cosieHocTu. B CeBepHoM u CpepHem Kacnuu
BCTpeueHbl KaK B3pOcCjble 0co0M, TaK YW IOBEHWUJIb-
Hble 5K3eMIUIApH. Kpome Toro, mpaxkTuyeckd BO BCeX
HccyieJOBaHHBIX Tpo0ax 0OHapy keHbl pAaKOBUHBI BUI0B
C. bogatschovi, Camptocypria sp., A. striatocostata,
A. caspia, A.? quinquetuberculata u E. virgata. PakoBUHBI
Bupa E. virgata B niesiom 4acTo BCTpevaTcsa B pobax
xosutekiuu E.A. Topman (Tabiuua 1). Ha u3yueHHBIX
B HacTosAmel paboTe ydyacTKax BUJ HaceJyseT JIUTO-
paJibHy10 30HY U ry1yOUHEI, Kak npasuio, MeHee 30 M,
TO eCTb 30HY, [JIA KOTOPOH XapaKTepHbl HanuboJibline
ce30HHBIe KoJjiebaHusA TeMIepaTyphl BOABI U COJIEHO-
ctu. XKuBble BUb 66T 0OHapyxeHBl M.A. 3eHIHO! B
CeBepHoM Kacnuu B 2013 roay npu teMnepaTtype BOABI
25.4-27 °C, conenoctu 10.02-12.01%o0 u pH 7.30-8.33.
Ha unucTthix ocajkax BUJ, Kak NpaBUJIo, HEMHOIOYKC-
JleHeH, mpeobJiafjaeT Ha mecyaHbix cyoctpaTtax (Tkach
et al., 2024). Takxe Bup E. virgata 6bu1 oOHApyXeH B
A30B0-UepHOMOPCKOM pervoHe B YCTbAX peK, JIMMa-
Hax U o3epax C coJIeHOCThI0 MeHee 5%o (Zenina et al.,
2017).

Pexe B  paccmaTpuBaeMoOM  cooOllecTBe
(Tabuna 1) Berpevarores E. bosqueti u E. baquana (xots
HaxOJIKM MocJieJHero BHAa 4acThl B Toukax 32, 37 u
39), a Takxe H.? azerbaidjanica. B 3anaguom Kacnuu
Takxke ObUIM OOHapyXeHbl eAVHUYHBle 5K3eMILIAPHI
A. longa u C. schweyeri (B Toukax 32, 33, 34), C. gracilis
(B Toukax 36, 38, 42) u L. gibboides (B Toukax 32, 33) —
BUJI, XapaKTepHbIH AJiA r1youH go 90-100 M, mpeparmno-
YUTAIOMUN rpyOble TPyHTHI, coyieHOCTh 10.5-13.5%0 u
TemMmepatyps oT 4.5 1o 15 °C, BbAepKUBAOIIUN qUHA-
MUYHBIe TUAPOJIOTYeCKre yCJI0BUA U OIlpecHeHue A0
7%o0 (T'obman, 1966; Yassini, 1986).

Coo6mectBo T. amnicola donetziensis, BBISIBJIEH-
Hoe B akBaropuu Boctouynoro u lOxnHoro Kacmwus,
HECKOJIbKO OTJINYaeTcs OT OXapaKTepHU30BaHHOIO BHIIIE
coobmiecTBa Ha 3anafie (Tabmuna 1). 3mech npakTuye-
cku ucuesaert C. torosa 1 KoMILiekc, nomumo T. amnicola
donetziensis, mnpejcTaBjeH IpeUMYyIIeCTBEHHO CTe-
HOTAJINHHBIMU BUAaMu Bpofe P.? naphtatscholana,
L. gibboides, Camptocypria sp. u C. bogatschovi. IlepBsiii
B I[eJIOM MINPOKO pacipocTpaHeH B CpenHeM u I0xHOM
Kacnuu, oco6eHHO ero BoctouHol nepudepuu (Yassini,
1986), a mocsieqHUI, KaKk NMpaBUJIo0, HaceJysieT BOJHL C
COJIEHOCTBI0 0K0J10 12.5-13.25%o, B 11eJ10M B IIPEAIO-
ynTaeT mesb@oBble 06CTaHOBKU C IJIyOMHAMU NOpsAAKa
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60-200 M (penxkue HaxOOKU OTMeYeHbl Ha TJIyOMHaX
MeHee 30 M u 200-315 M) (T'odpman, 1966; Boomer
et al., 2005; Chekhovskaya et al., 2014). B cBor ouye-
penb, Bun L. gibboides, vacTo BcTpeyaeMblil B mpobax
u3 BoctouHoit akBaTopuu Kacnus, B CesepHoM Kacniiiu
ObL1 OOHapyXeH JIMIIb Ha TIJyOMHax cBeile 15 M
(Puc. 2), uro, BeposiTHO, 0OyCJIOBJIEHO TeM (aKToM,
4TO 3TOT B IIpeAniounTaeT OoJibliiie riIyOuHB! U/NiIn
6oJiee coJsieHyI0 Boay. HepeAxy M HaXOAKU pPa3IM4yHBIX
Leptocythere sp. B usydyeHHBIX mpobax u3 BocTodHoi
aKBaTOpHUU TaKXe OTMeuYeHbl pefKhe HaxXOOKU paKo-
BUH A. caspia, E. bosqueti, E. virgata u Xestoleberis sp.
Enunauunele E. baquana u A.? quinquetuberculata 6v11
obHapyxensl B HOxHoMm Kacriuu B Touke 45 (Puc. 1).
H.H. Haiimuna (1968) orMeuasa paHee uX IOBCe-
MecTHoe npucytcTBue B Kacnmiickom Mope, a Takxe
B J[HeCTpOBCKOM JiIMMaHe U AejibTe J[OHA, OJHAKO IO
JaHHBIM aBTOpa 3TU BUJBI Yallle BCTPEYaTCs B COJIO-
HOBaTOBOJHOU cpefie.

B nesioM BOoJ1b BOCTOYHOT0 IoGepexbsa CpeHero
Kacnusa oTMeueHHI BUABL ¢ YIUIOTHEHHOMH, IIPaKTU4eCKU
He CKYJIBIITYPUPOBAHHOU PaKOBUHOM, YTO MOXET 00b-
ACHATBCA XapaKTepoM IpyHTa, Oojiee MHTEHCHUBHBEIMU
BOJIHOBBIM BO3[elCTBUEM U NMPUIOHHBIMU TeUeHUAMH,
a Takxe 4acTHIMU CUJIBHBIMU IITOPMAaMH B 3TOM peru-
OHe. B xomniekce OTCyTCTBYIOT IPeCHOBOAHBEIE BUHL,
npeo0JiafaloT OCTPaKOAbl, XapaKTepHble IJig COJIO-
HOBaTOBOJHBIX ycJioBUM Kacnus, riaBHBIM o6pasoM,
M3-3a OTCYTCTBUA 3/leChb KPYIIHBIX peK, OKa3bIBaIOMINX
omnpecHswIlee Bo3felicTBue. OQHAKO cJielyeT OTMe-
TUTh, YTO B YKa3aHHON 4YacTH aKBaTOPUU H3y4eHO
MeHblllee KOJINYeCTBO ToyeK oTOopa Ipob Mo cpaBHe-
Hu ¢ CeBepHbIM U 3anagHeM Kacnvew.

[IpuBefeHHBle pe3yJbTaThl IO3BOJIAIOT 3aKJIIO-
9UTb, YTO COBpPEMEHHBII cocTaB (ayHBl OCTPaKOJ
Kacnuiickoro MopsA u3MeHseTcA MO Mepe yAajleHUuA
oT Gepera ¢ Bo3pacTaHueM IJIyOMH B COOTBETCTBHUU C
M3MeHeHUAMHU TeMIlepaTypsl U COJICHOCTU IIPUAOH-
HO¥ ToJU BoAbl. B mesikoBogHoM CeBepHoM Kacnuu,
3aMep3anlluM 3UMOKM U mporpesammmmcs 1o 24 °C
nerom (F'opman, 1966), rae mpobsl 0OTOOpPaHHL C TJIy-
6un no 20 m (Puc. 2), cpemHerofoBasi COJIEHOCTb,
Kak mpasuiio, He npeBbimaeT 10%o (Puc. 3) u cyuge-
CTBEHHO H3MeHseTca N0 Mepe ocjiabjieHus BJIMAHUA
IIPECHBIX BOJ| PEYHOI'O CTOKA, COOOIIEeCTBO OCTPAaKOJ
IIpefICTaBJIeHO BHAaMM, KOTOpHIE XOpOIIO IIpHCIOca-
6MBalOTCA K M3MEHEHUsAM TeMIlepaTypHOro pexuma
U B OoJibllell MJIM MEHbIIel CTeleHU TOJIEpaHTHHI K
n3MeHeHHUI0 cojieHocTu. HecMoTpsa Ha mpeobGnagaHue
B coofmecTBax 3amnagHoro, BoctounHoro u IOxxHOrO
Kacnus suna T. amnicola donetziensis, X cocTaB, KaK U
XapaKTepUCTHUKU BOAHOU cpelbl B TOUKax oTOopa u3y-
YeHHBIX P00, oTnyaloTcsa. Boctok u tor Kacnus — ato
y4acTKU Haubosiee BBICOKOH COJIGHOCTH, JOCTUTalo-
meit 13-14%o (Puc. 3), XOTA cpeHEro/loBble TeMIiepa-
TypHl 3[lech HIKe, yeM Ha 3anagHoM ydacTke (Puc. 4),
nopsaka 11-13 °C (go 5 °C sumoit u 19 °C netom B
Cpennem Kacmuu, o 11 °C sumoit u 25 °C jetom B
touke 45 (l'odpman, 1966)). OTo Takxke 06acTh OOHa-
pyXeHus HauOoJIbIIero 4ucjia pakoBUH 0oJiee TeIIo-
JII0OMBBIX U CTEeHOTaJIMHHBIX BUAOB. BoJsiee Toro, B cuity
6osbielt riybuHsl orbopa mnpob (25-50 M, Puc. 2)
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37ech OTMeueHbl eJJUHUYHbIE HaX0/IKU TJTyOOKOBOIHBIX
Kacmuiickux BUIOB, Hanpumep, B. dorsoarcuata, KoTo-
pble HacessAoT rayounsl cBoiiie 50 M (F'opman, 1966;
Yassini, 1986; Boomer et al., 2005; Tkach et al., 2024).
B cBoio ouepefp, coobiecTBO, ONMCaHHOE A1 3anaf-
Horo yuacTtka Kacnuiickoro Mops, X0Ts He3HaUUTeJIbHO
OTJINYaeTCs MO COCTaBy HEKOTOPHIX KOMIIOHEHTOB K
CeBepy U 0Ty oT AMNIepoHCKOro MOJyoCTPOBa, COAEp-
KUT KakK mpeAcTaBuTesiell cooliiectBa CeBepHOro
Kacnusa (ocobeHHO, Ha MeJKOBOJHBIX y4YacTKax), Tak
U BHUJBI, yallle BCero NpPUCYTCTBYIOIIUe B mpobax u3
BOCTOYHOU aKBaTOpPUU. BeposATHO, 3TO 00yCJIOBJIEHO
00JIBIIMM TJIYOMHHBIM Auana3oHoM oTbopa mpob B
3amagHoMm Kacnuu: ¢ riy6us ot 0-5 go 35 M, a Takxe
pa3Hol yaaJeHHOCThI0 ToOUeK 0TOopa pob OT MecT Bra-
JeHUs KPyNHBIX peK. B mesioM, mpoBefieHHBIN aHaIn3
cocraBa npubpexHbXx coobmecTB Kacnuiickoro mops
MO3BOJIAET 3aKJII0UUTh, YTO COJIEHOCTb BOJBI HapsALy C
rJIybuHON MOps fBJIAIOTCA BeAyLIMMH I[apaMeTpamu,
onpezeJIIoNINMU COCTaB KOMILJIEKCOB OCTPAKOL.

4. 3aknioueHue

Ananu3 MHOTOYHCJIEHHBIX NMPo0 W3 KOJUIEKIUHU
E.A. TodbMaH 1no3BoJiseT NpocjaeUuTh XapakTep U3MeHe-
HUIH B cOCTaBe COBPEMEHHOr0 MUKPO(ayHHUCTUYECKOIro
KoMIIeKca ocTpakoA B KacnutickoM Mope B ITpoCTpaH-
CTBe — II0 Mepe yAajieHusA oT Oepera ¢ Bo3pacTaHHEM
IJIyOMHEL. B IlesioM onucaHbl OCTpaKo/bl, XapaKTepHble
JU11 MeJIKOBOAHBIX ycsioBuil. Huskasa cosieHocTh 60J1b-
el yacTy U3yd4eHHOM akBaropuu Kacmua o riyOGuH
50 M oOycjoBujia HMPOKOe pa3BUTHE BHUIOB, TOJIe-
PaHTHBIX K 3aMeTHOMY OIlpecHeHMI0. Tak, B aKBaTo-
puu CesepHoro Kacnusa gomuHupyet Buf C. torosa v
HabJ0jaeTcs NMPUCYTCTBHE MHOTOYHCJIEHHBIX 3BpHUra-
JIMHHBIX BUJIOB, YCTOMYMBBIX K IOHMXXEHHOU COJIEHO-
CTHU, BBICOKMM TeMIlepaTypHBIM HM3MeHEeHUsAM U HecTa-
OUJIBHOMY T'MIPOJIOTUYeCKOMY peXxumy. B To ke Bpems
npubpexHble KoMmItekcel CpenHero u FOxHoro Kacnus
IpeicTaBjieHbl 00Jlee CTeHOTraJIJMHHBIMU BUAAMU OCTpa-
KOJI, OTpaXxalol[IMH YHHUKAJIbHYI0 COJIOHOBATOBOIHYIO
cpeny Kacnuiickoro mops.
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