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Due to the low salinity of the Black Sea water, only a few species of echinoderms inhabit it.
During the entire research period, seven species of sea cucumbers were found. Out of those,
five can be considered true inhabitants; the rest were recorded only in the Bosporus outlet area.
Two species of holothuroids, Leptosynapta inhaerens (O. F. Miiller, 1776) and Stereoderma kirchsbergii
(Heller, 1868), were relatively frequently encountered in zoobenthos off the coast of the Crimea. There
is no data on the reproduction of sea cucumbers in the Black Sea. In the early 20th century, their lar-
vae were rarely and mostly singly noted in plankton. After 1935, holothuroid larvae were not observed
in plankton off the coast of the Crimea. During regular year-round meroplankton sampling in the Se-
vastopol Bay, holothuroid larvae, auriculariae, were found in the surface layer (0—10 m) in August 2023,
for the first time within the past 20 years. Water temperature at the time of sampling was +25.3 °C,
and salinity was 17.7%o. Larval density was 2 ind.-m™ of water mass. Dimensions of auriculariae were
as follows: length, 750-800 pum, and width, 400—425 um. It is suggested that registered auriculariae be-
long to the species S. kirchsbergii. It is relatively abundant in the Black Sea benthos and occurs at depths
of 30-125 m. The rarity of auricularia findings is probably due to the fact as follows: a holothuroid
S. kirchsbergii inhabits biotopes with constant low water temperature, and all stages of its development
are adapted to occur in water layers below the thermocline.
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There are seven species of holothuroids in the Black Sea; out of those, five can be considered true
inhabitants, and the rest are recorded only in the Bosporus outlet area [Baranova, Savel’eva, 1972; Mari-
nov, 1990; Oztoprak et al., 2014]. Among the five species, Oestergrenia thomsonii (Herapath, 1865)
was found only once in the Bugazsky Estuary, while the validity of Synapta hispida Heller, 1868 and, con-
sequently, reports on its finding in the Black Sea raise certain doubts [Baranova, Savel’eva, 1972; Bohn,
2004]. K. Vinogradov [1967] believed that S. hispida identification was a mistake, and that it was ac-
tually Leptosynapta inhaerens (O. F. Miiller, 1776). In the middle of the 20th century, one holothuroid
species, L. inhaerens, was registered in the northwestern Black Sea off the Soviet coast, and also Oester-
grenia digitata (Montagu, 1815) was noted off the Romanian coast [Biologiya, 1967]. Later, in addition
to L. inhaerens, which was fairly common, a holothuroid Stereoderma kirchsbergii (Heller, 1868) was oc-
casionally found in the northwestern Black Sea [Samyshev, Zolotarev, 2018]. Only two holothuroid
species, L. inhaerens and S. kirchsbergii, were often encountered in zoobenthos off the Crimean coast.
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The first one was registered at a depth of 18—100 m, while the second one, at 50—125 m [Kiseleva, 1981;
Revkov, 2003; Revkov et al., 2015; Samyshev, Zolotarev, 2018]. Single specimens of O. digitata were
recorded only in 1904-1910 in one of Sevastopol bays [Zernov, 1913], and confirmation is required
whether the species inhabits the Crimean shelf area.

In the first half of the 20th century, holothuroid larvae, auriculariae, were registered rarely and mainly
as single specimens in plankton off Sevastopol and off the coast of Karadag [Dolgopol’s’ka, 1940; Gal-
adzhiev, 1948; Zernov, 1904, 1913], and were reported for the Karkinitsky Bay only once [Galadzhiev,
1948]. Within 1902-1912, auriculariae were recorded in the coastal area of Sevastopol in summer, dur-
ing the period of maximum water warming [Zernov, 1913]. In 1929-1933, June to September, single
auriculariae were noted in the Karadag Biological Station vicinity, primarily in a water layer of 10-15 m
[Dolgopol’s’ka, 1940]. After 1935, holothuroid larvae were not found in plankton off the Crimean coast.
There is no data on holothuroid reproduction in the Black Sea, except for the fact that reproductive
products in gonads of two species (L. inhaerens and S. kirchsbergii) inhabiting the Crimean coast were
encountered in June and July [Kiseleva, 1981; Zernov, 1913].

In August 2023, we registered two holothuroid larvae (Fig. 1A) in plankton sampled in a water
layer of 10-0 m on the outer roadstead of the Sevastopol Bay (44°37°13”N, 33°30°07”E). The lar-
vae were 750-800 um long and 400-425 um wide. At the time of sampling, the water temperature
was +25.3 °C, and salinity was 17.7 %o¢. The material was sampled with a Juday plankton net (mill
gas mesh of 135 um, and inlet diameter of 36 cm). Pictures of the larvae and adult holothuroids
were taken in live condition with a Sony Cyber-shot 16.2 camera. The material was preserved
in a 4% formalin solution.

Notably, this is the first time holothuroid larvae were found in 20 years of regular year-round
meroplankton sampling (since 2004) on the outer roadstead of the Sevastopol Bay. According
to an oral report of Yu. Zagorodnyaya (IBSS), zooplankton she sampled on the Crimean shelf be-
tween 2010 and 2022 included auriculariae only once: in the Feodosia Gulf (June 2016; 45°0’48”N,
35°38’06”E). They were noted in a water layer of 18-0 m at a 22-m deep station, and the density
was 2 ind.-m~,

Fig. 1. Holothuroids found in the coastal waters of the Crimea: A, auricularia (photo by E. Lisitskaya);
B, C, Stereoderma kirchsbergii (photo by A. Nadolny). Scale bars are 100 wum (A) and 5 mm (B)
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Considering how incidental and minor auriculariae findings in plankton are, one could make an as-
sumption that holothuroids are a rare component of zoobenthos in the shelf area of the Crimean
Peninsula. However, this is not the case. According to our data, two holothuroid species, L. inhaerens
and S. kirchsbergii, are fairly common in macrozoobenthos of the Black Sea shelf area, including the coast
of the Southwestern Crimea. L. inhaerens is common in coastal biotopes of the Southwestern Crimea
at a depth of 0.5-30 m both in open areas and in bays. Its occurrence at certain sites reached 10-25%,
and density was up to 200 ind.-m~2 [Boltachova et al., 2022]. Earlier, M. Galadzhiev [1948] suggested
that holothuroid larvae registered in the Black Sea plankton belonged to the genus Leptosynapta Ver-
rill, 1867. However, studies of reproductive biology of L. inhaerens off the coast of Great Britain re-
vealed that it is characterized by direct development [Thomson, 1862]. Therefore, auriculariae found
in plankton off the Crimea could not be L. inhaerens, with its adult form being a common and abundant
species in zoobenthos of this area. We can only assume that the holothuroid larvae recorded in plankton
are another species: S. kirchsbergii (Fig. 1B, C).

Most representatives of the family Cucumariidae Ludwig, 1894, to which S. kirchsbergii belongs,
have a larval stage of development, but some arctic forms are characterized by direct development [Ko-
htsuka et al., 2021]. S. kirchsbergii is common in seas of the Mediterranean Basin and off the Atlantic
coast of Morocco [Bohn, 2004]. There is no data on its reproduction, apart from the fact as follows:
in June and July, the sex ratio in the Black Sea population was 1 : 1, and gonads of females with a length
of 16—18 mm contained 1,130 eggs of 0.175 mm [Kiseleva, 1981]. We noted mature females with
eggs in samples taken off the Crimean coast on 23.06.2022 at a depth of 64 m. This species is com-
mon in the Black Sea; it occurs at depths of 30 to 125 m where it can even form significant aggrega-
tions [Baranova, Savel’eva, 1972; Kiseleva, 1981]. Most often, S. kirchsbergii is found in biotic com-
munities dominated by bivalves: Mytfilus galloprovincialis Lamarck, 1819 (the silt form) and especially
Modiolula phaseolina (R. A. Philippi, 1844) [Kiseleva, 1981; Zernov, 1913]. We registered S. kirchs-
bergii on the Crimean shelf primarily in M. phaseolina community deeper than at 70 m, with the species
maximum density of 72 ind.-m™2 and wet weight of 7.53 g-m™ [Revkov et al., 2015]. On the coast of Se-
vastopol (33°24’8”N, 44°32’45”E), S. kirchsbergii was recorded at a depth of 62 m, also in M. phase-
olina community; its density reached 48 ind.-m, and wet weight was of 2.59 g-m™. In the Black Sea,
sustainable M. phaseolina communities, as well as its biocenosis, exist within a depth range of 40-50
to 125 m [Kiseleva, 1981; Mitilidy Chernogo morya, 1990]. Therefore, the depth distribution of adult
holothuroids S. kirchsbergii in the Black Sea is quite similar to that of M. phaseolina. The latter one
is known to have a pelagic stage of development; however, its planktonic larvae were not observed in wa-
ter layers above the thermocline (35-50 m), even though adult M. phaseolina were occasionally recorded
at a smaller depth [Mitilidy Chernogo morya, 1990]. Considering the boundaries of S. kirchsbergii verti-
cal distribution (30—125 m), one could assume that all its development stages, similar to those of a bivalve
M. phaseolina, are adapted to occur under constantly low water temperature, which is generally regis-
tered in the Black Sea at depths of 35 m and lower. It is also known as follows: during strong offshore
winds, some larvae of benthic animals can be carried to a small depth, to the shore, from a near-bottom
layer or a layer below the thermocline [Mitilidy Chernogo morya, 1990]. If our assumption is correct
and auriculariae noted in plankton off the Crimean coast are indeed S. kirchsbergii, then, the rarity of such
findings can be attributed to the vertical distribution of this species: its association with biotopes with
constantly low water temperature.
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This work was carried out within the framework of IBSS state research assignment “Comprehensive study
of the functioning mechanisms of marine biotechnological complexes with the aim of obtaining bioactive substances
from hydrobionts” (No. 124022400152-1) and “Biodiversity as the basis for the sustainable functioning of marine
ecosystems, criteria and scientific principles for its conservation” (No. 124022400148-4).
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O HAXOKJIEHUHU IEJATHYECKUX JITUMHOK I'OJIOTYPUI
(ECHINODERMATA: HOLOTHUROIDEA)
Y I0T'0-3AIATHOT'O ITIOBEPE Kb KPBIMA (YEPHOE MOPE)

E. B. JIucunkasga, H. A. BoaraueBa

®I'BYH PUILL «MucTuTyT GHosoruu 10xHbX Mopei nvenn A. O. Koanesckoro PAH»,

Cesacronosb, Poccuiickas denepauus

E-mail: e.lisitskaya@gmail.com

B Yéprom Mope 0OHMTaeT JIIIb HECKOJIBKO BHUIOB MITIOKOXKHX, YTO CBA3aHO C TIOHVKEHHOHN COJEHO-
CTBIO €r0 BOJI. 3a BECh NIepHO/1 HCCIIeJOBAaHHI OBUTO OOHAPYKEHO CEMb BUIOB TOJIOTYPHIA, U3 KOTOPBIX
VCTUHHBIMU OOUTATEIISIMUA MOXKHO CUMTATB ISATh; OCTAIbHBIE 32aPETHCTPUPOBAHBI TOJIBKO B prOocdop-
cKoM paiione. Y 6eperoB Kpeima iBa Buna rojotypuit — Leptosynapta inhaerens (O. F. Miiller, 1776)
u Stereoderma kirchsbergii (Heller, 1868) — oTHOCHTEILHO YacTO BCTpevaiu B 3000eHToce. JJaHHbIX
0 pa3MHOXEeHHH royioTypuid B YEpHOM MOpe HET, a X JIMYMHOK PEAKO U B OCHOBHOM €JVHHUYHO Ha-
Xoauu B riaHkToHe B Havajte XX B. ITocie 1935 r. IMUUHKY rOJIOTYpHIA B IUIAHKTOHE Y IMTOOEPEKbST
KpriMa otMedeHs! He ObUTH. B X071€ TpoBeieHnst perysIsipHbIX KPYTIJIOTOJUYHBIX COOPOB MEPOTLIAHKTO-
Ha B CeBactonosibckoii OyxTe B aBrycte 2023 r. B moBepxHocTHOM cioe (0—10 M) BriepBble 3a nocnes-
aue 20 yieT ObUTM OOHAPYKEHBI JIMIUHKY FOJIOTYpHii — aypuKyisipun. Temreparypa Boabl HA MOMEHT
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otoopa 1pod cocrapisiia +25,3 °C, conénocts — 17,7 %o. IIIOTHOCTD THYMHOK — 2 9K3.-M™> BOJI-
Hoi1 Macchl. Pazmepsl imunHok: jyinHa — 750-800 MM, mmpuna — 400-425 mxwm. [Ipeanonaraercs,
4yTO OOHAPYKEHHBIE AyPUKYJISIPUM OTHOCATCS K BUAY S. kirchsbergii. OH OTHOCUTENIHHO MHOTOUUCIICH
B 6eHTOCce UEpHOro Mopsi v 00BIYHO BeTpeuaeTrcs Ha riyouHe 30—125 M. PekocTh HaXOIOK JIMYMHOK
B [TOBEPXHOCTHBIX CJIOSIX BOJIBI, BEPOSITHO, OOYCIIOBJIEHA TeM, UTO ToJoTypus S. kirchsbergii obutaer
B OMOTOMAaX C MOCTOSIHHOW HU3KOM TeMIlepaTypoi BOJIbI U BCE CTa[MU € Pa3BUTHUs MPOXOMAST HUKE
TPaHMIIB TEPMOKJIMHA.

KurroueBrbie ciioBa: Makpo3000eHTOC, TONOTYpus, Stereoderma kirchsbergii, nenarndeckue TMIUHKH,
AyPUKYJISpUS
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