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Natural climatic and hydrological seasons in the West Spitsbergen area according to instrumental
observations in the XX—XXI centuries
Ivanov B. V. *

Saint Petersburg State University, Saint Petersburg
Arctic and Antarctic Research Institute, Saint-Petersburg
* e-mail: b_ivanov(@aari.ru

Natural climatic seasons objectively reflect the regularity and features of the climate of individual regions, its
changes and variability. Determining the natural seasons for West Spitsbergen is an urgent task. This area, including the
adjacent waters of the Greenland Sea (Fram Strait), is most fully illuminated by instrumental observation data, both in
the ocean and in the atmosphere. The materials for this study were composite series of monthly mean values of surface
air temperature (SAT) for the period 1911-2020, calculated from the data of instrumental measurements performed at the
“Barentsburg” Hydro Meteorological Observatory (HMO). The main natural seasons of the year: “winter” (November-
April), “spring” (May), “summer” (June-September), “autumn” (October) are distinguished by the nature of long-term
variability and by the absolute values of the mean monthly SAT values. Two-dimensional (in space and time) typification
of the vertical distribution of water temperature in the Norwegian and Greenland Seas was carried out using data from
28.5 thousand oceanographic stations. The main types of water stratification and their seasonal variability have been
established. The following hydrological seasons have been identified for the coastal waters of West Spitsbergen: “winter”
(November-June), “spring” (July-August), “summer” (late August — early September), and “autumn” (September-
October). The consistency of natural climatic and hydrological seasons for the West Spitsbergen area has been established.



HeiipoOuosornss MOpcKoro anreJia
Hanuun 1O. B.*

HUU dpusuko-xumuieckoit 6monoruu uM. A. H. Benosepckoro, oTaen MaTeMaTn4eCKUX METOJIOB B OMOJIOTHH,
MockoBckuii rocynapcTBeHHbli yHuBepeuTeT uM. M. B. JlomonocoBa, MockBa
* e-mail: ypanchin@yahoo.com

Mopckoii momuttock Clione limacina siBnsieTcst y10OHBIM MOJIEITBHBIM OPTaHU3MOM JUIS SJIEKTPO(PHU3NOTOTHIECKUX
nccnenoBaHuK. JleTalbHO HM3y4eHBl NMaTTEPHBI aKTHBHOCTH PA3IMYHBIX HEHPOHOB, YYacCTBYIOIIMX B OOJBIIMHCTBE
MIPOSIBIICHNH TOBEAEHUS (JIOKOMOLMS, OXOTa M T. 1.). Pa3Hple (OpMBI TOBENEHMs YAAeTCs OMMCaTh HAa YPOBHE
On(u3NIECKUX CBONCTB U CBA3EH OTIENBHBIX HACHTH(OUIIMPOBAHHBIX HEHPOHOB.

Hanpuwmep, Clione limacina nnaBaeT 3a cueT pUTMUYHBIX ABMXXCHUH ABYX KpbUIbeB. LleHTpanbHbIN reHepaTtop
nattepHoB (L") muraBaHMs, pacmoOKEHHBIH B MeAaTbHBIX TaHTIHMAX, 00pa3oBaH TpeMs TPyNIaMH WHTEPHEHPOHOB.
WHtepHeiipons! rpynn 7 U § MMEIOT pemIaroliee 3HaYCHHE AT TeHepalud pUTMa. OTO SHIOTEHHbIE OCIMIUIATOPHI,
CIIOCOOHEBIE IFCHCPUPOBATh PHUTMHUYECKYIO AKTHUBHOCTHL C JUAIIa30HOM 4YaCTOT, THUIIMYHBIX [JIA IUJIaBaHUA, IIOCIIC
SKCTPAKLIMHU U3 TaHIJIMEB. DTa YHJIOTEHHAs PUTMHUYECKAasi aKTUBHOCTD YCUIIMBAETCS CEpOTOHHMHOM. VIHTepHEHpOHE! 7 1 8
IPOM3BOJAT OJMH TPOJOHTUPOBAHHBIM MOTEHLIMAN JeWCTBUS (JUIMTENbHOCTBIO oOkojo 100 Mc) 3a IMKIIL
[IponoHrnpoBaHHBIE TMOTEHIWANBI JAEHCTBUS CIIOCOOCTBYIOT —OIPEACICHHIO MPOJODKUTENBHOCTH (a3  IHKIIa.
WHTepHeipoHbl ABYX TpyNI TOPMO3ST APYT Jpyra, ONpenessis MX PEUUNpPOKHYI0 aKTHBHOCTH. [IpenmosaraeMbiMu
Me/aTopaMy MHTEPHEHPOHOB Ipym 7 U 8 SBJISIOTCS TIIyTaMar U alleTHIIXOJIMH COOTBETCTBEHHO. [lepexony n3 onHOM
(ha3sl B IpyTyI0 CIIOCOOCTBYIOT IUTATO HHTEPHEHPOHBI TPYMIIBI 12, KOTOpPBIE CIIOCOOCTBYIOT 3aBEPIICHHIO OTHOH (ha3bl 1
MHHULUMPOBAHMIO ciiemyromiel ¢asbl. [lognepxanuio reHepauu puTMa U Iepexoja U3 OJHOH (a3bl B APYTYIO TaKKe
CIIOCOOCTBYET MOCTTOPMO3HOM OTCKOK. JyOnupyrolast opraHu3anys I1aBaTelIbHOrO TeHepaTopa rapaHTUPYET BBICOKYIO
Ha/Ie)KHOCTH €ro paboTel. ['eHepanys mIaBaTeIbHOTO PE3ybTaTa COXpaHsIach 1MOcie TOro, Kak HHIMOMPYIOUil BXO.
WHTEpHEHPOHOB ¢ 8 10 7 ObLT 320I0KHPOBAH aTPOIMHOM. AKTHBHOCTH T€HEpaTOopa IIaBaHUS KOHTPOJIUpPYeTCs HabopoM
KOMAaHTHBIX HEHPOHOB, KOTOPBIE AKTUBUPYIOT, MOJABIIIOT WK MoAyIupyioT padoty LIl rmraBaHus B 3aBUCUMOCTH OT
NIOBE/ICHUECKH PEIEBAHTHOTO KOHTEKCTA.

MOXHO TOJHOCTBIO H30JIMPOBATH LEHTPAJIbHYI0 HEPBHYK) CHCTEMY M OJHOBPEMEHHO pErucTpUpOBaTh
AJIEKTPUYECKYIO aKTHBHOCTH JJOKOMOTOPHBIX MOTOHEHPOHOB Mojutiocka Clione. [lonHast ceHCOpHas IenpHUBaIis — 3TO
yCTpaHEHHE BCEX CEHCOPHBIX BXOIHBIX paszfapaxuTened. Bce opraHbl 4yBCTB, TakWe Kak IJla3a, CTATOLMCTHI U
OOOHSTENbHBIE TaHTJIMK, HEMOCPEACTBEHHO NPUKPEIUICHHBIE K HM30JIMPOBAHHOMY MO3TY, MOTYT OBITH CIEHUaJIbHO
yJlaJleHbl, 4YTOOBl TPUBECTH OPraHU3M B COCTOSHHE MOJHOW CEHCOpHOHM nempuBanuu. Jlake Oe3 Bcex BXOJOB
n3zonupoBaHHblid  Mo3r  C. limacina TOAJEp)KMBAacT MEUICHHYIO JHJIOTEHHYIO AaKTHBHOCTh, KOTOPYIO MOKHO
paccMaTpHBaTh KaK CBA3aHHYIO C MEXaHHM3MaMH YepPEJOBAHNS aKTUBHOCTU-TIOKOS (HAIpUMep CHa) Y IPYTUX KUBOTHBIX.

Neurobiology of sea angel
Panchin Y. V. *

A.N. Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University, Moscow
* e-mail: ypanchin@yahoo.com

The marine mollusk Clione limacina is a well-suited model organism for electrophysiological studies. Patterns of
activity for different neurons involved in most behavior manifestations (locomotion, hunting, etc.) are thoroughly studied.
It is possibility to completely isolate the central nervous system of this organism and put it into full sensory deprived
state.



dakTopkl, cTosIIMe 3a pacnpenejgenneM Mytilus edulis n M. trossulus B Kanganakuickom 3anuse
Bejioro mops
Xaiimoe B. M."** Kosanes A. A.", Cmpenxog I1. I1°

! Canxr-IleTepOyprekuii rocyIapeTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3BoHounbix, Cankt-IletepOypr

2 Cankr-TleTepOyprekuii rocy1apcTBEHHBIH YHUBEPCHUTET, Ka(eapa HXTHOJNOTHH M ruapobuonoruu, Cankr-IlerepOypr
3 Kanganakiuckuii rocyiapCTBEHHBIH 3anoBequuK, Kanmanakma

4 3oonornueckuii uacturytT PAH, Benomopckas Guonorndeckas cranius «Kapremn, Canxr-TletepOypr

* e-mail: polydora@rambler.ru

DKOJIOTHYECKHE aCTIEKThI B3aNMOOTHOIICHNH «KPUNTHYECKUX» BUA0B Munuidt Mytilus edulis (ME) n
M. trossulus (MT), cocymecTBytomux B KaHganakmickoM 3a1nBe, He H3y4eHbl. MBI IpeANPUHSIIN TOMBITKY
pasTpaHUYUTD SKOJIOTHUECKHUE HUIIN CUMITATPHYECKUX MUANH. B rcciietoBanuy MUIMH ONIPEACISIIIACE T10
MOp(OTHIIaM PAKOBHHBI, Pa3IMYAIOIIIMCS 110 MATTEPHY 3aKJIaJKu epiaaMyTpa. T-mopdorun npencrasieH y 74% MT,
E-mopdotur, y 96% ME. D10 1mo3BosnIIo ¢ onpenesieHHOH BEpOSTHOCTHO HIICHTU(HUIIMPOBATH BUABI, BOBJIEKAs B
aHaJIM3 MaccoBble COOPBHI.

B ocHOBe paboThl — AaHHBIE IO YaCTOTaM MOP(OTHIIOB B MOCENEHHUIX 95 y4acTKOB MOOEPEkKbs, A1l KOTOPBIX
OIIPEJICTINIIN COJIEHOCTb, CTENEHb MTPUOOIHOCTH, CyOCTpaT 00MTaHHs MUIMH U YaJICHHOCTh OT OJMKaiIero nopra.
Jnst vHTEprIpeTanyy BEISIBIICHHBIX CBSI3eH MPHUBIEKAIICH SKCIIEPUMEHTAIbHBIE TAHHBIE M aHAIN3 JJaHHBIX
MHOTOJIETHEI'0 MOHUTOPUHTA TIOCEJIEHU MU BEpIIUHBI 3aI1BA.

PerpeccuonHsbIi aHanu3 mokasai, 4to BiausHue Ha goimo MT oxasbiBarot Tn cyOcrpara (dacrora MT Beinie Ha
(dyKommax, 4eM Ha TpyHTe), CTereHb npudoitHocTH (monst MT BhIlIe B 3aTHIIHBIX YYaCTKax) M PACCTOSIHUE 10 TIOpTa
(wactora MT BbImIe Bozie noptoB). Takum 00pa3om, ABa BUa, COCYIIECTBYIONINX B CHMIATPHHU, JEMOHCTPUPYIOT
pacxoXkJIeHUE MO YKOJIOTHUECKUM HHIIaM. B OCHOBE pacXokAeHHsI MOTYT JIEXKATh Pa3Indusl B XapaKTepHUCTHKAaX
Ouccyca U TOJNIIMHE paKOBUH. J{efiCTBUTENBHO, yAAI0Ch OKa3aTh, YTO T-MOpP(OTHIIEI IPUKPEILIAIOTCA K cyOCcTpary
KpeTrde, a TONIINHA PAKOBUH Y HUX TOHbIIE, 4eM y E-MopdoTHumnos. Bo3aM0KHO, 3TO 1TO3BOJISET NEPBBIM Jy4IIle
yIepKHUBaThCs Ha TATOMax (DyKOHMIOB, a BTOPHIM BBLAEPKUBATH yAAphl BOJH. VIHTEpEeCHO, YTO HAIIM JaHHBIE HE
BBISIBUIIN pa3JielieHHs] HULI B TPAJMEHTE COJICHOCTH, XOTSI COJIEHOCTh PacCMaTPUBAETCS KaK KIIOYEBOH (hakTop
cerperaunu ME u MT B bantuiickom Mope.

[MoBbimenHast yacrora MT Bo3JIe IOPTOB COTJIACYETCs C THIOTE301 00 nHBasuBHOM nmpupoae MT B benom mope.
AHanu3 KOJUIEKIUH PakoBHH, COOpPAaHHBIX B BEpIIMHE 3aJIMBa B Pa3HbIE TOJIbI, TOKa3all, YTO B IPOIUIOM Beke yacToTa T-
MOpQOTHIIOB OblIa HU3KA; OBICTPHII pocT Havascs nocie 2001 u npopomkaercs 1o ceit aens (2021 r.). Mbl nonaraem,
YTO0 3TOT npotuecc 6611 3amynieH B 2000 r., Korja oTMeyanach MaccoBasi CMEpTHOCTh MUAMH U IPYTUX THAPOOUOHTOB B
BEpIIMHE 3aJIMBa, BEI3BaHHAsI HEIITATHBIM COPOCOM MPECHOM BObI M3 Bogoxpanmimina Husckoit I'OC.

MBI okasainy, 4To 3KopHu3HoIorndeckre nokasarean ME cHIKaloTcs eciii OHU KHUBYT B OKpyxeHnn MT. Oto
mo3BoJsieT cuntaTh MT Gosiee CHITBHBIM KOHKYPEHTOM, CTIOCOOHBIM BEITecHHTh ME. OntHaKo pacmpocTpaHeHne
nHBa3ud MT, BO3MOXKHO, CAEPKUBACTCA XUITHIUKAMH (MOPCKHUE 3BE3/IbI M KyJTHUKH-COPOKH), KOTOpBIE 00JIEe OXOTHO
atakytoT MT.

IIpoexm evinonnsiemcs npu noodepacke Poccutickoeo nayunozo ¢ponoa epanm Ne 19-74-20024. Asmopet
bnazodapnet A. A. Cyxomuny, M. B. Kamoauxosoii u M. B. Hseanogy 3a npedocmasientuvie coOopvl MUOUIL.

Factors behind the distribution of Mytilus edulis and M. trossulus in the Kandalaksha Bay of the White
Sea
Khaitov V."3* Kovalev A."*, Strelkov P.?

! Saint-Penersburg State University, Invertebrate zoology department, Saint-Petersburg

2 Saint-Penersburg State University, Ichtiology and hydrobiology department, Saint-Petersburg
3 Kandalaksha state nature reserve, Kandalaksha

* Zoological institute RAS, White Sea Biological Station “Kartesh”, Saint-Petersburg

* e-mail: polydora@rambler.ru

Ecological aspects of relationship between Mytilus edulis and M. trossulus were studied. The distribution of
“cryptic” mussel species M. edulis and M. trossulus in Kandalaksha Bay of the White Sea is goverbed by both
contemporary environmental factors (type of substrate, degree of wave exposure, but definitely not salinity) and historical
factors. The invasive species M. trossulus gravitates towards harbor areas, through which it appears to have entered the
region.
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YCTHBIE JJOKJIA/IbI CTY/IEHTOB U ACITHPAHTOB

B3aumopaeiicTBue KumeyHoAbIamero Saccoglossus mereschkowskii ¢ Mopckumu rpudamu
Koxypxuna FO. A.*, Escosa O. B., I'pym-I pacumaiino O. A.

MockoBckuit rocyaapcTBeHHbIN yHHBepcuTeT uM. M. B. JlomoHOCOBa, Ononorndeckuii ¢paxkyiapreT, Mocksa
* e-mail: honey.yulika02@mail.ru

B3anmozelicTBre MOPCKHUX TPHOOB C ’KUBOTHBIMH U3Y9IEHO B OUYCHb HEOONBIION creneHu. IlepBrle ncciaenoBanms
OTHOCSTCS K Hadary XX Beka: MopTeHceH onmcal 0ose3Hb urinokoxnx Rhynochocydaris n Ctenocidaris, BEI3bIBaeMyo
TpuOONIOO0HEIM opraHm3MoM Echinophyces mirabilis. Bo Bropoi#t monoBuHe XX BeKa H3Y4alllCh B3aWMOJICHCTBUS
MOpPCKHX I'pHOOB C MIIaHKaMH, TyOKaMM, KOpaljaMH, TOJIOTypHSIMH, MOJUTIOCKAMH, PAaKOOOpa3HbIMHU, UTTIOKOKHUMHU.
B3anmozelicTBue MOPCKHUX IpHOOB C MOTYXOPAOBBIMH KHUIIEUHOABIIIAIMMH HE HCCIe0Banock. Kumeqnoaplmamme —
OJMHOYHBIE YepBEOOPa3HbIC )KUBOTHBIE, POIOIME HOPKH B JOHHOM OCAJKE MJIH BEIyIIHE SIMOCHTOCHBIM 00pa3 KU3HU.
Wx Msirkoe Teno 3alMIeHO TOJIBKO CIN3bI0, OOWMIBHO BBIAEISEMON MOKPOBHBIM snutenueM. Ciu3b 3alMIIaeT dTHX
JKMBOTHBIX OT MTOCAAHUSI XUIITHUKaMHU. MBI TIPEIIOIOKHUIIHI, YTO CIM3b MOXKET TAK)KE 3aIUIIATh KUIICYHOBIIIAINAX 1 OT
MOPCKHX IIJIECHEBBIX TpHOOB. B KauecTBe y1I00HOT0 U JOCTYITHOT0 00BEKTA IS TPOBEPKH 3TOW THIIOTE3BI OBLIO BEIOPAHO
OemoMopcKoe KUIIeyHobIIamniee u3 cemeiictea Harrimaniidae — Saccoglossus mereschkowskii (Wagner, 1885).

Jl1st IpoBepKy TUITOTE3bI OBLIM OCTABJIEHBI 33/1a4M: CAEJaTh oceB S. mereschkowskii, nna 1 MOPCKON BOABI, IO
Mepe pocTta rpHOOB OCYIIECTBISATE IIOCEB B UUCTYIO KYJBTYPY, ONPEIEIUTh TAKCOHOMUYECKOE TIOJIOKEHNE TPUOO0B, IIPpH
TIOSABJICHUH TPHOOB Ha S. mereschkowskii mpoBecTH cpaBHEHNE NX COCTAaBA C TAKOBBIM Ha MJIE M B MOPCKOH BOJIE.

[lepBsrit aTan pabots 66u1 MpoBeéH B aBrycte 2021 rona Ha BBC MI'Y nmenn H. A. Ileprosa.

Bcero 6w110 cenano mo 10 moceBoB S. mereschkowskii o 5.08.21 u 15-16.08.21, 5 nocesos una ot 7.08.21 u o
5 moceBoB Mopckoit Boasl oT 7.08.21 u 15.08.21. Ha moceBax S. mereschkowskii He ObUTH HaliAeHBI MUIETHATHHBIC
Mopckue rpudsl. Ha moceBax S. mereschkowskii Nel, 2,3, 5, 10 ot 5.08.21. 6p1u1i 06HapykeHsI Apoxokn. Ha mocere Ne9
HUYETO He MOSBIWIOCH. B moceBax mia, u3 o0pasma Ne 1 6bu10 BEIAEIEHO 9 MOpdoTHIIOB TprOOB, Ne2 —7 Mop¢hoTHTIOB,
Ne3 — 11 modporunos, Ned — 5 mopdorunoB u Ne5 — 7 mopdorunos. B moceBe Mopckoit Bozibl 00HApyKEHBI
MHUIIEIHATIBHBIE U IPOXKeBbIe IpHObI: 00paser Nel — 3 mopdoruna, No2 — 2 mopdoruna, Ne3 — 2 mopdorumna, Ned —
4 mopdoturma, Ne5 — 2 MopdoTura.

Ha crenyroniem srarne paboThl MBI IUNITAHUPYEM HICHTH(PUIIMPOBATH MOPCKUE I'PHOBI, BRIPOCIIINE HAa 00pa3iax uia
¥ MOPCKOH BOJIBI, @ TAK)KE MPOBECTH 00JIee NETATFHOS U3YUCHUE B3aUMOICHCTBUS MOPCKUX TPUOOB ¢ S. mereschkowskii:
HCKYCCTBEHHOE 3apakeHHe 0cO0eH KUIIEYHOABIIIAINX TPUOaMH, BBIPOCIIMMH M3 00pa3IoB Wila 1 MOPCKOI BOIBI, IIOCEB
JAHHBIX TPUOOB HA TUTATEIBHYIO CPEY C KMIIEYHO IBIIIAIINMHY, TOCEB BHYTPEHHUX OPraHOB KHIIeYHOAbIIamuX. Kpome
TOTO, MBI IITAHUPYEM TIIPOBECTH OTAECNbHBIC O3KCICPUMEHTH MEXIYy CJIN3bI0 KUIICYHOABIIANIMX W I'pudamu,
TIOTYYEHHBIMHU U3 WJIA © MOPCKOH BOJIBI.

Interaction between Saccoglossus mereschkowskii (Hemichordata, Enteropneusta) and sea fungi
Kokurkina J.*, Ezhova O., Grum-Grzhimaylo O.
Lomonosov Moscow State University, Biological Faculty, Moscow

* e-mail: honey.yulika02@mail.ru

Slime might protect enteropneusts from sea fungi. Saccoglossus mereschkowskii was chosen to prove this
hypothesis. Mycelial fungi have been absent on Saccoglossus inoculations on medium. Different morphotypes of fungi
were found on silt and sea water. We plan to infect enteropneusts by fungi artificially and inoculate organs of
enteropneusts on media.
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Bonopocab, koTopasi peAKo BUIUT BOAY: OMOXMMHYeCKHe afanTanuu 0ypoi Bogopociau Pelvetia
canaliculata x JKM3HM Y BepXHeil rpPaHUIbI JIUTOPAJIA
Ucnamosa P. T."*, 3y E. C.', Anvwun H. A.", Bupxemaiiep K.? Tapaxoecxas E. P.’

! Canxr-TleTepOyprekuii rocyIapCTBEHHBIN YHUBEPCUTET, Kadeapa pU3nonoruu u OHoXuMun pactennii, Cankr-
[erepOypr

2 Vuusepcurer Jlelnimra, GpakyIbTeT XUMAN U MUHEpaioruu, Jleinuur, I'epManus

* e-mail: renatula.isl@mail.ru

Pelvetia canaliculata, muanaTiopHas Oypasi BOZOpOCib, B M300MJIMH BCTPEYAlOIascs Ha CKAJIUCTBIX Oeperax
CEBEPHBIX MOpEeH, — OJMH U3 caMbIX HEOOBIYHBIX NpezcTaBuTeNel mopsaka Fucales. OTo omHoneTHee pacTeHne, BCs
KHM3Hb KOTOPOT'O IPOXOANT B TECHOM aCCOIMAINHK C SHAO(MHUTHBIM TPHOOM, ITPOHUKAIOIIUM B TKaHH ITEJIFBEIINH eIlle Ha
sTarne 3MOpuorenes3a. Tunmunoe mecroobutanue P. canaliculata — TpemHBI ¥ BRIOOMHBI CKAJ Y BEpXHEH I'paHMIIBI
nuropanyu. TakuM o0pa3oM, B OTJIIMYKE OT CPEIHE- U HIDKHEIMTOPAIBbHBIX (PYKOHAOB, 3Ta BOAOPOCHIH MPOBOAUT IO
BOJIOH JIMIIIb OYEHBb HEIPOJOIDKUTENLHOE BPEMSI, M OOJIBIITYIO 9aCTh MPUINBHO-OTIMBHOTO IIMKJIA HAXOJHUTCS Ha OCYIIIKE,
HOZIBEPrasiCh BO3/ICHCTBUIO COJIHEYHOM pajvalliyi, BeTpa W pPe3KHx KojeOaHuil Temneparypsl. boiee Toro, Bo Bpems
HEBBLICOKHX KBaJApPAaTYPHBIX MPUJIIMBOB ICJIBBCHHA MOXKET HC IOTPYXKAThHCA I1OJ BOAY B TCUYECHHWE HECKOJIBKHUX ITUKIIOB
noapsia. L{enbro qaHHOW pabOTHI SIBJISCTCS W3YUYCHHE OMOXUMHUYECKUX U (PH3MONIOTHYECKUX afanTalliid, TTO3BOIUBIINX
P. canaliculata ycrienmtHO OCBOWTH CTOJIb HETHUIIMYHOE U, HA MEPBBINA B3IJIAN, HEOJIAroNpUsTHOE ISl MAaKPOBOAOPOCIIH
MeCcTOOOUTaHUE.

COop Marepmana TpOBOAWIM Ha ceBepHbIX Oeperax o.Cpennmii Keperckoro apxunenara (bemoe mope).
Bonopocnu cobupany B mepnoj CH3UTHHHBIX TPHIMBOB Ha YeThIpeX (pazax MuKia: Manas BOAa, PHIINB, OOIbIIast BOIA
1 OTJIHB. JIOTIOTHUTENHHO OB IIOCTABJIEH KCIIEPIMEHT, UMHTHPYIOIINH YCIIOBHS KBaAPaTypHOTO MPHIMBHOTO IIMKJIa —
BOJIOPOCIIM BBIIEPXKHMBAIN HA OCYIIKE B TEYEHHE 3 CYTOK, MOCJIE Yero BHOBb IOMENIAIH B BoAy. bputn nccnemoBaHbl
CJIEIYIOIIHE TTAPaMETPhI: CTEIICHD YBIaKHEHHOCTH TaJUIOMOB MEJIbBELIUH, CBOOOJHAS U CBSI3aHHAsI KUCIIOTHOCT TKAaHEH,
colepKaHre TEepOKCHIAa BOAOpoAa W MayoHoBoro aumampaeruga (MZIA), a Takxke mpoduinb HU3KOMOJEKYISIPHBIX
meTtabomuToB (I'’X-MC-ananms).

briio IMOKa3aHO, YTO B TCYCHHUE MPUIIMBHOT'O IIUKJIa COACPKAHNUE BOJbI B TaJlJIOMax IMEJIBBELNU MOXET COCTABJIATH
ot 20 no 68% cowip. mMaccel. Takas Ooubllas aMIUTUTYIa KOJNEOAaHWH YBIa)XHEHHOCTH COBEPIEHHO HETUIHYHA IS
3aCyXOyCTOMYMBBIX BBICIIUX PACTEHUH U, CKOPEE, ACCOLUUPYETCS € aJalTALlMOHHON cTpaTeruei TMmanHuKkos. I11pu atom
YCIIOBUSI, SIBIISIFOIMECS] JIETAIBHBIMU JUIsi OOJIBIIMHCTBA MHOTOKJIETOYHBIX (DOTOCHHTE3MPYIOIIMX OPraHU3MOB, HE
BBI3BIBAIOT Y P. canaliculata HakormjieHUs B TKaHAX OuMoxuMmdeckux Mapkepos ctpecca (H20,, MJIA). Hebonbime
kosiebanus coxaepxanusi H,O,, Mo-BHOMMOMY, YKa3blBalOT Ha CHUTHAJIBHYIO POJIb 3TOW MOJIEKYJBI B Tpoleccax
MepecTpoiiki MeTaboiaM3Ma BOJOPOCTH s (YHKIMOHMPOBAHUS B pa3HOM cpele (B BOAE WIM Ha BO3JIyXe).
HexonTponmpyemas reneparst H,O, B KieTkax HeNbBEUM C TOCIEIYIOMIEH aKTHUBAallMeW MPOLECCOB MEPEKHCHOTO
OKWCIICHHS JIMITHIOB M HaKotieHneM M/IA HaOmomanachk TOIBKO MOCTe TPEXTHEBHON OCYIITKH.

[uknmmaeckue konebaHus KUCIOTHOCTH TKaHEH W COAep KaHus psijla METa0ONINTOB yKa3bIBAaIOT HA TO, 9TO OJHOM
13 (PU3NOTOTHYCCKUX aJalTAIINH MEITbBEIIUH K PE3KIM KOJICOaHUIM YBIaXHEHHOCTH MOeT 0bITh CAM-doToCcHHTE3 —
crieuduyeckuit THI HOTOCHHTE3A, XapaKTEPHBIH AJISl BBICIINX PACTEHHUIA 3aCYIUIMBBIX MECTOOOUTAHH.

IIpoexm evinoansemcs npu nooodepoicke PODHU (epanm Ne20-04-00944).

The alga, seldom facing water: the biochemical adaptations of the brown alga Pelvetia canaliculata to
the life in the high-intertidal zone
Islamova R.'* Zuy E. ! Yanshin N.', Birkemeyer C? Tarakhovskaya E/!

! Saint Petersburg University, Department of Plant Physiology and Biochemistry, Saint Petersburg
2 Leipzig University, Faculty of Chemistry and Mineralogy, Leipzig, Germany
* e-mail: renatula.isl@mail.ru

High-intertidal brown alga Pelvetia canaliculata showed extraordinary resistance to desiccation, loosing up to
50% of water during the low tide without considerable damage to the physiological processes. The oscillations of thallus
acidity imply that CAM-photosynthesis may be involved in Pelvetia adaptation to the systematic dehydration induced by
the tidal cycle.
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AHAJN3 CTPYKTYPbI MUKPOOHBIX CO00IIEeCTB B MPECHOBOJHOM MEPOMHKTHYECKOM 03epe eBponeicKoi
Cy0apKTHKH — COBPEMEHHOM AHAJIOre PAHHENPOTEPO30iiCKOro OKeaHa
Jlosouna T. U.'°*, Axcenos A. C.?, Bopoobvesa T. A1 3a6enuna C. A, Yynaxos A. B. ! Mopesa O. 0.

! ®I'BYH ®enepanbHblii HCCIEN0BATENLCKHI [IEHTP KOMILUIEKCHOTO U3y4YeHUs APKTUKN

um. akagemuka H. I1. Jlaeposa YpO PAH, Apxanrensck

2 CesepHblit (ApkTHUECKUii) (eaepanbHbIi yHUBEpcuTeT M. M. B. JloMoHOCOBa, Kadempa GHONOrUH, SKOJIOTUH 1
OMOTEXHOJIOTUH, APXaHTEeIILCK

* e-mail: tanya.lovdina@yandex.ru

MukpoOHbIe cO00IIecTBa MEPOMUKTHUECKHIX 03€p APKTHKH MaJIO H3YyYEeHBI IT0 CPABHEHHUIO CO CBOUM aHAJIOTaMHU
B YMEpPEHHBIX M TPONHYECKHX paifoHax. MepoMHUKTHYEeCKHe o3epa Omaromaps XHMHYECKOH CTpaTH(HUKALUH,
OKHCIINTETIHFHO BOCCTAHOBHUTEJHHBIM TIPOIECCaM SBISIOTCSl YHUKAJIBHBIMH OOBEKTAMH HCCICAOBAHUS IS TTOHUMAHUS
KaK COBPEMEHHBIX, TaK M JIPEBHHX BOJHBIX KOCHCTEM. B CTpyKType MEPOMHKTHYECKHX O3€p BBIIEILSIIOT TPU 30HBI:
MHKCOJIMMHHOH, MOHUMOJIMMHHOH ¥ XEMOKIIMH — CJIOH ¢ pe3KUMH N3MEHEHHUSIMH THIPOXMMUYECKIX XapaKTePUCTHK U
CJIOKHBIM MHKPOOHBIM COOOIIIECTBOM.

O0BekT uccnaemoBanus — o3epo CBemiioe (BomocOOpHBIH Oacceiin bemoro mopsi, ApxaHreibckas 007acTh;
N 65°04, E 041°06) oTHOCUTCA K PEAKOMY THILy NPECHOBOJHBIX MEPOMUKTUYECKHUX 03€p, U3-3a MEPOMUKCHU KeJIe30-
MapraHIeBOro THIIA SBJISIETCSI COBPEMEHHBIM aHAJIOTOM JIPEBHET0 apXelCKOro paHHEIPOTEPO30MCKOro OKeaHa (JpeBHee
2,5-2,4 mupa. net). MakcuManibHas riyonHa Bojoema ~ 39 m. [ogcrunaroniue nopost ozepa Cetiioe chOpMUPOBaHBI
YETBEPTHUYHBIMU OTJIOXKEHHUSMH JIEJHUKOBOTO IPOUCXOXIEHHs (MoImHOCTh 25-30 M), nanee ajeBpojIMTaMd U
ITecYaHUKaMH MaTyHCKOW CBUTHI BeHAa (MOIIHOCTE — 150 M).

OT160p mpod Boasl mpomsBowics B ampene 2021 roga ropu3oHTadbHBIM OaromerpoMm Aquatic Research Ha
ropm3oHTax 22,5 (xemoknuH) U 33 M (MOHHMOIUMHHOH). MHUKpOOHBIE KiIeTKH w3 250 MII KaXIoiW MpoOBI BOJIBI
KOHIICHTPHUPOBAJIH HAa HUTPOIIEIUTIONO3HBIX MeMOpaHHBIX puibTpax ¢ pazmepom mop 0,22 mxm (GSWP 4700, Millipore,
CIIIA) ¢ momombio MOMHKapOOHATHRIX ycTaHOBOK (Sartorius, I'epmanus). Beimenenne JJHK ocymectimsuim cMechio
xsopodopm: H30aMIIIOBEIH cupT (24:1), cekBeHHpOBaHUE aMILTH(UINPOBAHHBIX y4acTKoB rera 16S pPHK mpoBommmm
Ha mardopme MiSeq (Illumina, CILA, 2016) 8 BHUMCXM (r. [TymkuH), pe3ynbTarsl 00padaTsiBaiy B IporpaMmmax
«Trimmomatic» u «QIIMEy.

Pacnpenencaue 6GakTepuii B XeMOKIMHE UMEIIO CIICAYIONIMI XapakTep: Ha 22,5 M npeodnananu Cyanobacteria (25
% ot obmero uncna cuntbiBanuii 16S pPHK), xoropsie npencrasiaensl nopsinkom Synechococcales. bnaromapst nx
BBl "COKOH YHCIICHHOCTH BOJBI XEMOKJIMHA UMEIOT PO30BBII OTTEHOK. KOHIIEHTpaIHst IpyTruX THUIIOB OAKTepHid STOI 30HBI
cocraBmwia Proteobacteria (19,7%), Bacteroidota (17,5%), Actinobacteriota (6,4%), Desulfobacterota (3,8%) u
Verrucomicrobiota (1,7%). Konmuaectso apxeii B xemoxnuae menee 0,1%.

MukpoOHble cooOmiecTBa MOHMMOJIMMHHOHA (27-35 M) BKmowarorT 3,7% apxeil W TpencTaBiIeHBl THIOM
Halobacterota. KonnenTpamus tunoB 6aktepuii 310 30HBI coctaBisiia Cyanobacteria (16,7), Proteobacteria (19,7%),
Bacteroidota (9,9 %), Actinobacteriota (3,4 %) Desulfobacterota (9,1 %), u Verrucomicrobiota (2,3%). Konnertpanus
pona Candidatus Omnitrophus, K KOTOPBIM OTHOCSATCS MarHATOTAKCHCHBIE BHIBI, BO3pOCia ¢ TIIyOWHOW B 6 pas.
KomnuectBo mMukpoopranusmoB poja Chlorobium, OKACISIONINX CEPOBOAOPO]], YBEIMYMIOCh B MOHUMOJIMMHUOHE U
coctaBuiio 5,3%.

[MTokazaHo, 4TO pacnpeenieHle U KOHIEHTPAIHsl COOOIIECTB MUKPOOPIraHU3MOB CBSI3aHbI C OMOT€OXUMHYECKUMHU
LUKJIAMH CEPBI U YTIIepoa.

Analysis of the structure of microbial communities in a freshwater meromictic lake of the European
subarctic — a modern analogue of the early Proterozoic ocean

Lovdina T."?* Aksenov A."7, Vorobyova T.!, Zabelina S.', Churakov A., Moreva O.!

'N. Laverov Federal Center for Integrated Arctic Research of the Ural Branch RAS, Arkhangelsk

2 Northern (Arctic) Federal University named after M. V. Lomonosov, Department of biology, ecology and
biotechnology, Arkhangelsk

* e-mail: tanya.lovdina@yandex.ru

Microbial communities of freshwater meromictic lake Svetloye were investigated at horizons 22.5 (chemocline)
and 33 meters (monimolimnion). The highest concentration have Cyanobacteria, Proteobacteria, Bacteroids,
Actinobacteria, Desulfobacteria. Chemocline contains less than 0.1% of archaea, monimolimnion contains 3.7%. The
distribution of microbial communities are related to biogeochemical cycles of sulfur and carbon.
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AHaJIN3 3KOJIOTMYECKHX OC/IeICTBUIl aBapUIiHOI0 pa3jinBa HerenpoaykTos B Hopuibcke
Kupaxocan /. B.*

Poccuiickuit xumuko-Texnonorundeckuit yausepeuret (PXTY) um. 1. . Menneneesa, kadeapa FOHECKO «3enenas
XUMUSA I YyCTOMYHUBOIO pa3BUTUsL», Mocksa

Wuctutyt okeanonorun um. I1. I1. ITupmosa PAH, Mocksa

* e-mail: kirakosyan.diana2015@yandex.ru

Jannas paboTa MOCBSIIEHa aHAIN3Y MAacIITaboOB ¥ IMOCICICTBUI aBapuu, mpowucmienmeii B Hopuibcke 29 mas
2020 . ¢ TOMOIIBIO JINTEPATyPHBIX HCTOYHUKOB M PE3YJIbTATOB aHAIN3a MPOO JOHHBIX OTIOKEHHH.

YpOoBEeHb HAKOIUIEHHSI OPTaHUYECKUX COCAWHEHUH B OTIOXKEHHSX PEryJINpyeT HUKIbI ONOTeHHBIX 3JIEMEHTOB U
ra30BBIH PEXXUM Ha TPAHUIIE «BOAA-IHO». OpraHMYECcKOe BEIIECTBO UIPACT 3HAYNMYIO POJIb B aKKYMYJISIIUHU B OCaJKax
TSDKEJBIX METaJUIOB, YTJIEBOAOPOJIOB M APYTHMX TOKCHUYHBIX coenuHeHui. Hanbosee penpe3eHTaTHBHBIM MOKa3aTeIeM
OPraHUYECKOTO BEIUIECTBA SIBIACTCA OPTaHUIECKUH yTIIepos,.

[IpoOnema wacHTUGUKAIMK TPUPOIBI 3arps3HEHUE (MCTOUYHWMKA mocTymieHus IIAY wu, ciegoBaTenbHO,
cozepKamx uX HepTed M HEPTENPOMYKTOB) OCIOXKHSAETCS TEM, YTO OTO paclpOCTpaHEHHBbIE BEIECTBa,
(bopmupyroIIHecs: BO MHOTHX KaK IPUPOJIHBIX, TAK ¥ TEXHOTCHHBIX IpOLIECcCaX.

Jns onpenenenus opranmdeckoro yriiepoga (Copr) B JOHHBIX OCaJiKaX OBbUI HCIIOJB30BAH METOJA CYXOTO
okuranus Ha aHanmzarope AH-7560. Comepxanume um coctaB IIAY ompenensuii MeTOIOM BBICOKOA((HEKTUBHOM
XKHUJKOCTHOM Xpomarorpagun Ha xpomarorpade LC-20 Prominence (¢pupma Shimadzu) ¢ xononkoit Envirosep PP.

Marepuan il JaHHOTO HCCIEeNOBaHWA ObUT O0TOOpaH coTpyaHukamn WHctuTyTta Omodmsukm u MHCTHTYTa
BOJHBIX U 3Konorndeckux npodinem CO PAH (MB3II) na pyuse Hanexnunckuii, pekax lagpikan, Am6apaas, [Tscuno,
Hynsinra u Tapest, 03. [Iscuno u B Kapckom mope. OT6op mpo6 nmpon3BoAXIICS P MOMOIIH IITAHTOBOTO THOYEPIATEIS.

Conepxxanne Copr B JOHHBIX Ocajikax BapsupoBano ot 1,51 1o 6,81%. IIpoctpancTBenHoe pacnpenenenne Copr
XapaKTepru30BaJIOCh HEOAHOPOAHOCTBIO.

IloliMeHHbIC MOYBHI BOJMM3M aBapHM MECTa aBapUM HMENIH MPEUMYIIECTBEHHO IECYaHbIM M CylecdaHbId
TpaHyJIOMETPHUYECKUN COCTaB C BBICOKOW J0JeW KPYIHBIX CKEJIETHBIX YaCTHIl M HHU3KHUM COJAEpKaHHEM WiIa U
OpPraHUYecKOro BEIECTBA, B CHJYy Yero OHHM HECNOCOOHBI IOIIONATh M YAEPKHBATh 3HAYUTENbHBIE KOJIHUYECTBA
HE(TENPOIYKTOB M APYTHX XUMHUECKHX BEIIECTB. DTO U MOTJIO MOBJIMATH Ha MaJible KOHIeHTpauuu Copr OKOJI0 MecTa,
/i€ IPOU30IIIIa aBapHH.

ITJK 11 TOHHBIX OTIOXKEHUHN OTCYTCTBYIOT, T03TOMY Ucnonb3yeTcs I1JIK 1i1st mouBs, Tak Kak JTOHHBIE OTJIOKEHHS
ONM3KHM TI0 BEIIECTBEHHOMY COCTaBY K IOYBaM, HO OHM HE SBIIIIOTCS ITOYBOH Kak OOBEKTOM 3E€MIICHOIB30BAHUS.
Conepxanre HanOoee KaHIEPOTeHHOTO N3 naeHTH(UIMpoBaHHbIX [IAY Gens(a)nmupena ObuT0 HanboJIee BHICOKMM Ha
y4acTKe, KOTOPBIM HaXOJIWIICS OJMXe BCEero K MECTy aBapHuH, B cpelaHeM 28 Hr/T, 4To mpeBbicwio Benuuuny I1JIK B
mouBax — 20 ur/r (C'H 2.1.7.2041-06), HECMOTps Ha UCIIOIB30BAHNE OTPAAUTEIHEHEIX OOHOB. DTO MOXET OBITH CBSI3aHO
C PaCTBOPUMOCTEIO TU3EIHHOTO TOIIINBA B BOAE M TEM, UYTO OTPaANTEIbHBIE OOHBI XYK€ YAEPKHUBAIOT MEHEE BSI3KOE, IEM
HE(QTENPOIYKTHI B CPEIHEM, AU3ETHHOE TOIIIHNBO.

[Tonmy4yeHHbIe JaHHBIE TOKA3aMIH, YTO 3arpsI3HEHUE B Pe3ysIbTaTe aBapUH 0Ka3aloCh B OCHOBHOM JIOKAIM30BaHO HA
ydacTKax: pyd. bessIMsHHBIN (0T MecTa aBapuu A0 YCThbs) — p. Janmapikan (oT BHajgeHUs pyd. be3pIMSAHHBIN) —
p. AMOapHas 1 yctbe p. AMOapHas (10 BrageHus B 03. [IscuHo).

Analysis of the environmental consequences of an accidental oil spill in Norilsk
Kirakosyan D.*

D. Mendeleev University of Chemical Technology of Russia, UNESCO Chair «Green Chemistry for Sustainable
Development», Moscow

Shirshov Institute of Oceanology RAS, Moscow

* e-mail: kirakosyan.diana2015@yandex.ru

This work is devoted to the analysis of the scale and consequences of the accident that occurred in Norilsk on May
29, 2020 using the literature and the results of the analysis of bottom sediment samples.
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HNndyszopust Ophryodendron abietinum: noJioxkeHue B cucTeMe MoAKJaacca Suctoria u nepsbie
MOJIEKYJISPHO-(PUIIOreHeTUYeCKHe JaHHbIE 0 €€ 0aKTepUaJbHbIX CHMOUOHTAX
bopooun H. A."* Benokons M. E.', Xabubynuna B. P.°, Menexun M. C.°

! Canxr-IletepOyprekuii ['oCy1apCTBEHHBIN Y HUBEPCUTET, OUOIOTHIECKHI (aKyIbTET, Kadenpa 300I10THH
6ecnio3BoHOYHBIX, CankT-IleTepOypr

2 P11 «Kynsrusuposanue Mukpooprauuzmosy CII6I'Y, Cankr-IleTepOypr

3 3oonornueckuiit Uucturyt PAH, naGopatopus KIETOYHON W MOJIEKyIApHOi npotucTosiorun, Cankr-IletepOypr
* e-mail: nikitik25@gmail.com

Suctoria — yHWKanpHas rpynma WHQY30pUi, XapaKTepH3YIOMIascs HaIWIHNeM MOWIHATypel TONBKO Ha
paccenuTeIbHOM CTaIuu )KU3HEHHOTO INKJIA, Ha3bIBAeMO OpOosKKOH. JlaHHBIH oIKIIace U3y4eH CPaBHUTENBHO cabo,
a TIOCBAIICHHBIC eMy (HIOTEHETHIEeCKUE UCCIICTOBAHMS 0a3UPYIOTCS JIUIIG Ha TAHHBIX, TOMYYCHHBIX I HEOOIBIIOTO
KonmmyecTBa BUI0B. OcoOBI MHTEpEC BRI3BIBAIOT MPEICTABUTEIH MaJIOHCCIeoBaHHOTO cemericTBa Ophryodendridae —
SIMOUOHTHI PA3MUYHBIX MOPCKHX OOWTaTeNel, paHee HEW3yYeHHBIE C HCIIOJIb30BAaHHEM COBPEMEHHBIX METOJOB.
IlosTroMy B KadecTBe OOBEKTa HAIEro HCCIACIOBaHUSA ObUT BBIOpaH mpenctaButens Ophryodendron abietinum,
0oOUTaONIUI Ha TUAPOUAHBIX moaunax. Brnepseie O. abietinum 6bi1 ontucan B 1885 romy, mociie 4ero nu3ydanics moapooHo
TOJIBKO MapTHHOM Ha CBETOONTUYECKOM YPOBHE.

B namreli paboTe McIoabp30BaICs MaTepuall, COOpaHHBIN B TpEX yIaJeHHBIX Toukax: beroe mope — ryda Yyma
(okpectHOCTH OcTpoBa Cpemumii) u okpectHoctd bBC MI'Y, a Takke bapenneBo mope — ryba 3encHerkas. Mol
IIpOBENN MOPQOIIOTHUECKUH aHAIN3 KJIETOK, a TaKXKe MOIYyYWIId MOJIEKYJISIpHble AaHHble, B yacTHocTH 18S p/IHK.
AHaNM3 IMEOIIIXCS ITOCIIeIOBATeIBbHOCTEH IMOKa3al, 9To 00pasisl O. abietinum M3 pa3HBIX TOYEK cOOPA MPEACTABISIOT
OJIMH TaIUIOTHIL, TI0-BHIUMOMY, pactpocTpaHeHHbIH B benom u bapennieBom mopsix. CorsiacHO HEIHE IPHHSATON CHCTEME,
npemiokeHHo JIMHHOM, B paMKax moakiacca Suctoria BBIOEISAIOT 3 OTPSIa, MOATBEPXKICHHBIX MOJCKYISIPHO-
¢unorenernyecknmu maHHbIMH: Exogenida, Endogenida u Evaginogenida. B ocHOBe Takoii crcTeMBI JEXHUT CIIOCO0
MOYKoBaHUA (00pazoBaHMA paccenuTeNbHBIX craauit). O. abietinum otHOcAT K oTpiany Exogenida, mockombKy oH
o0amaeT Hapy>KHBIM IIOYKOBaHHEM BEPMHUTHMHIHOTO THIA. OHAKO Pe3yNbTaThl HAIETO (PUIIOTEHETHYECKOTO aHaJIM3a
HE COTJIaCYIOTCS C TIpeIUIOKeHHON paHee cucteMoit: O. abietinum GopMUpyeT OTICIbHYIO KJIaJly B IIpeAeiax MojKiacca
Suctoria, cecTpHHCKYIO K IpeacTaBuTesiM otpsina Evaginogenida. Takum 00pa3om, IpuHATas paHee CHCTeMa MOAKIacca
Suctoria TpeOyeT mepecMoTpa Ha OCHOBE 0OJIBIIET0 00beMa MOJICKYJIIPHBIX JaHHBIX.

B X0z CBETOONTHYECKUX M YIBTPACTPYKTYpPHBIX HAaOJIOACHUH B KJIETKaX Pa3HBbIX CTaJui KM3HEHHOTO IHKJIA
O. abietinum 6pUTH OOHAPYKCHBI TBYyMEMOPAHHBIC BAKYOJIH C OaKTepUsIME. MOJNEKYJISIPHO-(PHUIOTCHETUICCKUHN aHAIN3 C
HCIOJb30BaHUEM TocenoBatenbHocTeil reHa 16S pPHK atux Oakrepuii ompenenuna uxX MOJNIOKEHUE B TPYIIE paHee
HEKYJIETUBHUPYEMBIX U MOP(OIOTHYECKH HE M3YYCHHBIX TaMMa-TipoTeodakTepuii (mop. Pseudomonadales), onrcanHbIX
HCKJIIOYHUTENIFHO W3 JIAaHHBIX, TOJyYEHHBIX HAa OCHOBE IPOBEACHHOTO MeTabapKOIWMHra OOpasIoB BOJBL XapakTep
B3aMMOOTHOIIEHUH OakTepuii ¢ O. abietinum TO-TIPeKHEMY OCTAETCS IO/ BOTIPOCOM.

Paboma sevinoanena ¢ ucnonvzosanuem obopyoosanus PL] CIIOI'Y «Kyiemusuposanue MuKpoopeanuzmos» u
LIKII «Taxcon» 31H PAH.

Ciliate Ophryodendron abietinum: the position in the subclass Suctoria system and first molecular data
on its possible bacterial symbionts
Borodin N.'* Belokon M.!, Khabibulina V.°, Melekhin M.}

! Saint Petersburg State University, Faculty of Biology, Department of Zoology of Invertebrates, Saint Petersburg

2 Saint Petersburg State University Research Park Centre for Culture Collection of Microorganisms, Saint Petersburg
3 Zoological Institute, RAS, Laboratory of Cellular and Molecular Protistology, Saint Petersburg

* e-mail: nikitik25@gmail.com

In recent years, we have discovered one haplotype of the Ophyrodendron abietinum (subclass Suctoria) species

both in the White and Barents Seas. In this study we discuss the species' position in the Suctoria subclass system based
on our phylogenetic research and present new information on the possible symbiotic bacteria identified in vacuoles.
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New data on the gonodust structure in Hamingia arctica (Annelida: Bonellinae)
Kuznetsov P."** Konovalova O.°, Stepanova N*°, Temereva E.!

! Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
2 Aix-Marseille University, France

3 Lomonosov Moscow State University Marine Research Center, Moscow

4 Shirshov Institute of Oceanology RAS, Moscow

5> The Moscow Institute of Physics and Technology, Moscow

* e-mail: cuznecov.petr2017@yandex.ru

Echiura is a group of non-segmented marine worms. Echiurids are found in all oceans and are especially numerous
at great depths. The vast majority of echiurid species live in their own burrows and expose only the proboscis on the
surface of the substrate. Because of such a hidden lifestyle, whole echiurids rarely fall into the hands of scientists and
data on their anatomy and biology are scant. One of the most specific features of bonellid echiurids is the organization of
gonoduct, which has special compartment — the androecium, where the dwarf males live. A detailed study of the echiurid
gonoduct using the latest methods will shed light on the features of the reproductive biology of these hidden animals. The
material for this work was a female of Hamingia arctica collected in the Kara Sea during the 58th expedition of
"Academician loffe". The gonoducts was studied using mCT, transmission electron microscopy (TEM), and light
microscopy.

A pair of small gonoducts is located on the ventral side of the anterior part of the body. The gonoduct consists of
two chambers: a storage chamber, which is filled with yolk-rich eggs, and the androecium. At the border between
androecium and the storage chamber, the ciliary funnel, catching eggs from the coelom, is located. According to TEM
data, the wall of storage chamber consists of secretory cells, which cytoplasm contains many canals of rough endoplasmic
reticulum. Probably, these cells produce nutrients, which are consumed by oocytes that are kept in the storage chamber.
The androecium has thick walls, which contain numerous large glands, and convoluted lumen. Each androecium opens
into the environment with a separated gonopore. The gonopore is formed by strongly secretive epithelium, which differs
from the epithelium of the androecium lumen and the epidermis of the trunk. In the connective tissue of the gonopore
papilla, there are annular muscles and retractor muscles pass through. Numerous large glands probably take part in the
formation of dense egg envelope and attach embryos to each other. Thus, the content of the gland cells can increase the
chances of survival for a few offspring. The revealed features of the organization of the H. arctica gonoduct may reflect
the special reproductive adaptations for living in specific arctic conditions. We are very grateful to Dmitry Korost for
help with mCT.

The study is supported by RFBR (20-04-00096) and by the Vernadski Grant of the French Embassy in the Russian
Federation.
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Thyroid morphology in three-spined stickleback (Gasterosteus aculeatus) development
Babina P.'* Kondakova E."3, Ivanov M.?, Ivanova T.?, Smirnova K.?, Lajus D.’, Kozin V.!

! Saint Petersburg University, Department of Embryology, Saint Petersburg

2 Saint Petersburg University, Department of Ichthyology and Hydrobiology, Saint Petersburg

3 Saint Petersburg branch of the FSBSI « VNIRO» («GosNIORKH» of L. S. Berg), laboratory of fish genetics, Saint
Petersburg

* e-mail: p.bbn@mail.ru

Thyroid hormones play crucial roles in vertebrate development, which makes the study of thyroid gland formation
necessary. The threespine stickleback Gasterosteus aculeatus is a model organism of the environmental studies,
population genetics, evolutionary and developmental biology. Although the functioning of thyroid gland of G. aculeatus
is discussed in literature, the data on its development is incomplete. Hatching of G. aculeatus occurs at the advanced
stages, and we hypothesized, that functional thyroid follicles appear during embryogenesis.

In this study, the thyroid gland of G. aculeatus was examined at the three developmental stages: late embryogenesis
just before hatching (stages 24-25 after Swarup, 1958), early larvae and late larvae (transition from the mixed to
exogenous feeding). The material was obtained near the Educational and Research Station Belomorskaya of Saint
Petersburg State University. In 2015 the eggs were collected in the coastal area of Bolshoy Gorely and Keret islands and
reared up to early larval stage (n=5). In 2017 the embryos were obtained by artificial fertilization of wild fish. The eggs
were incubated at 12—15 °C (n=3). The late larvae were caught in the Koliushkovaya Lagoon in 2017 (n=4).

The material was fixed with Bouin’s solution, stored in 70° ethanol and embedded in paraplast. The serial
transverse and parasagittal cuts 5-6 pm thick were stained with Carazzi’s hematoxylin and eosin (Biovitrum).

We did not find any thyroid follicles at the stage 24-25. The larval thyroid consisted of diffuse follicles located in
the branchial region. An average number of follicles was 7.75+1.89 (mean + SEM) in the early larvae, 13.5+2.65 follicles
in the late larvae. The average long diameter of follicles, short diameter of follicles and the height of thyrocytes in the
early larvae were 14.29+2.76 um, 11.19£1.90 pm and 3.44+0.65 um, while for the late larvae these numbers were
25.374£8.10 um, 16.02+4.59 um and 4.23+0.86 pum, respectively. Mann—Whitney U test (P<0.05) showed significant
differences between these dimensions at the two stages.

Thus, our results show, that in G. aculeatus the functional follicles of the thyroid gland most probably appear
during postembryogenesis. The larval thyroid gland organization is common for Teleostei. Our first data allows the
cautious assumption, that the linear dimensions of follicles and thyrocytes increase significantly during the larval period.

The authors thank the Resource Centre for Molecular and Cell Technologies (RC MCT) of SPbU. The study was
supported by the Russian Science Foundation grant 19-14-00092.
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Perenepanus rojioxadepHbiX MOJLUIIOCKOB Ha npumepe Onchidoris muricata (Doridina)
Jlucosa E. JI.*, Bopyennesa E. B.

MockoBcKuii rocyapcTBeHHbIN yHIBepcuTeT uM. M. B. JlomoHOCOBa, kadenpa 30010ruu 6€Crio3BOHOYHBIX, MOCKBa
* e-mail: nikitenkocatia@yandex.ru

lonoxkabepHble Moimtocku Tpynmsl Doridina nuIIeHs! pakoBUHBL, OJHAKO B WX IIOKPOBAX HMEIOTCS
CyOammIepMalbHbIE H3BECTKOBBIE CIIUKYJIBI. CITUKYIIBI ()OPMUPYIOTCS] BHYTPUKIETOYHO, B OTJIMYUH OT IKTOIEPMAIIBHBIX
CIHKYJ JPYTHX MOJUIIOCKOB, YTO HAalOMHHAEeT 0Opa3oBaHWE ME30AE€PMAIBHBIX CKEJIETHBIX JJIEMEHTOB HITIOKOXKHX.
Onnako, ocobeHHOCTH (POPMHUPOBAHMS CITUKYI JOPUANA A0 CHX TIOP OCTAIOTCSA HE N3BECTHBIMH.

B mHacrosmeit paboTe BHepBble NpENNPUHATA IMONBITKA HW3YYEHHS MEXaHHW3Ma 3aKIaJKd CIHKYJI B
pETeHEpUPYIONINX YacTsIX TeNa, a TAKXKe BIIEPBbIEC OMMCaHa PereHepanys puHO(GOPOB M Mamwil ZOPUANA HA TPHUMEpe
Onchidoris muricata (O.F. Miiller, 1776). CO6op wMarepuama TpOH3BOIWICA B OKPECTHOCTAX bemomopckoit
6uonornueckoit crannuu MI'Y mm. H. A. TlepuoBa. B 3kcreprMeHTe BBIIEISUTH HECKOJIBKO TPYIIT MOJUTIOCKOB — C
yIAIEHHOW ManwuIon B OKOJOXXabepHOW oOmactd, oJHUM pUHOGOPOM, MO0 ManmWUIOn U PUHOGOPOM BMECTe.
Boccranosnenue yacteil Tea OLEHHBAJIOCH B TeUeHHE 24 JHEH MEeTOJaMHU CBETOBOM, AJIEKTPOHHON MHMKPOCKOIUH, a
TaKKe KOH(POKATBHOH JIa3epHOM CKaHUPYONIEH MUKPOCKOIIHY.

BoccranoBnenye nanwit ¥ puHOGOPOB HAUYMHACTCS C SIHUTENN3AalUH PaHbI B IIEPBbIE CYTKU OCIIE aMITyTallHH.
[Tpryem snuTennii paHbl OTIMYAETCS OT HOPMAIBHOTO SIUTENHS pHHO(Opa — MMEET YIUIOLIEHHbIE KJIETKH, JTUIIEHHbBIX
JKeJle3 ¥ XUTHHOBBIX BepeTeH. [lanbHele n3aMeHeHHUsT XapaKTepHbl TOJIBKO JUIsi pUHO(GOPOB, a pereHeparys namnmnl 1
CIHKYJ B HUX He mpoucxout. [locnemytomee BoccTaHOBIEHHE PUHO(OpPA CBA3aHO C YBEIMUEHHEM €Tr0 Pa3MepoB, OH
BBITATHBAETCS, TPHOOPETaeT MPOJ0ITOBaTyI0 KOHIMUEeCKyIo popmy. Ha 5 neHp mocie aMmmyTanuu 1eTeKTHPYIOTCS TTepBhIe
CIHKYJIBI ¥ TIEPBBIE MBIIICYHBIC MyYKH. BHYTPEHHS CTPYKTYpa CIIUKYJ IPU 9TOM PbIXJiasi, He 0)OpPMIICHHAS, B OTININN
OT MOHOJMTHOM MJIM CMENIaHHOH CTPYKTYyphl HOPMaNbHBIX CHHKYJ puHO(opa. Ciemyromuil 3Tanm BOCCTaHOBICHUS
CBSI3aH C MOSBJICHUEM XapaKTEepHOU /Ui pHHO(Opa BTOPUIHON CTPYKTYpPBI B BUIE CKJIA/IOK, a TAK)K€ BOCCTAHOBIICHUS
PECHUTYATOTO MOKPOBA. 3aKJIa/IKa CKIJIAI0K IIPOUCXOJIUT Ha allMKaJIbHOM CTOpOHE pruHO(dOpa Ha 7 IeHb TIOCIIE aMITy TalllH,
PUYEM MOXKET OBITh KaK CUMMETPUYHOM, TaK U aCCUMETPHUHON. PecHUTUaThIe KIECTKH MOKPOBOB puHO(Opa cHavama
(dopmupyroT 000cOOJIEHHbIE MYYKH M CKOHILEHTPUPOBAaHBl Ha anuKaJIbHON CTOpoHEe pHHOdOpa, TIAe TaK XKe
BOCCTaHABJIMBAIOTCS XUTHHOBBIE BEpeTeHa B ANHTENNH. JIuMdarnueckas MOJIOCTh U OQOPMIICHHBIH HEPBHBIN TSIK
nosiBIsItoTes K 13 mHio perenepanuu. Jlo 24 nHS puHOGOp MOYTH MOJHOCTHIO MIPUOOpPETAaeT XapaKTepHYIO JJIsl HEro
MOPQOJIOTHIO.

IIpoexm svinonnsemcs npu noooepaicke epanma PHD Ne20-74-10012.

Nudibranchia regeneration case on Onchidoris muricata (Doridina)
Lisova E.*, Vortsepneva E.

Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
* e-mail: nikitenkocatia@yandex.ru

Nudibranchia is a shell-less group of mollusks. Some of them have the ability to regenerate. However, there is no
data on the possibility of Doridina regeneration and spicules in their body. This work is devoted to the study regeneration
of Onchidoris muricata tubercles, rhinophores and spicule complex in them.
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BxycuBuine KpoBH: BJIMSIET JIM MEPEX0/] K reMaTo(arnu Ha CTPOeHne MUIIeBAPUTEIbHOM CHCTEMBI H
noxkpoBoB y Tpemaroq Fellodistomum fellis (Digenea: Fellodistomidae)?
Ypsaooea A. A.*, Kpemnes I'. A., Kpynenko /[. FO.

Cankr-IlerepOyprckuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 3000ruu Oecrio3BoHOUHbIX, CaHkT-IIeTepOypr
* e-mail: sashaur@gmail.com

Ha pasHbIX CTaausxX >KM3HEHHOTO IUKJIA TPEMaToJbl OOMTAIOT B pa3sHBIX OpraHax CBOMX XO3s5€B. AaNTaluH
TpeMaroJ K MecTy OOWTaHHs MpOSBISIOTCS KaKk B OCOOCHHOCTSX BHENIHEH MOp(OJIOrHM, Tak U B CTPYKTYPHO-
(YHKIIMOHAJIBHOW OpraHW3allid WX OPraHOB M TKaHEH, B YacTHOCTH ITOKPOBOB (TEryMEHTa) M IHIIEBapUTEIbHON
CHCTEMBI.

B cocraB tpemaTtomodayssl peid bemoro Mopst Bxoaar maputsl Fellodistomum fellis, KoTopbie Tapa3uTHPYIOT B
KEITYHOM ITy3bIpe 3ybatku Anarhichas lupus v nutaroTcs eé KpoBblo. [lpyroii 6€IOMOPCKHI MPEACTaBUTEINb ceMeicTBa
Fellodistomidae — Steringophorus furciger — ncnonp3yeT B KadecTBE OKOHYATEIHHBIX X035€B KaMOall, Mapa3suTupyeT B
UX KULICYHHUKE, U TUTAETCS, T0-BUAUMOMY, COASP)KUMBIM KHIIICUHHKA ITHX PHIO.

Junst mapur F. fellis ObU10 ONMCAaHO UHOE CTPOCHUE DITUTENNUS HUIIEBAPUTEIHHON CUCTEMBI, HEXEIH Ul JPYTHX
U3y4YECHHBIX B 3TOM OTHOIIeHUH Tpemaro] (cem. Fasciolidae, cem. Zoogonidae, cem. Schistosomatidae u np.). BeicTrnka
KUIIKA MapuT F. fellis cOCTOUT M3 IBYX KOMIIOHEHTOB: NHUIIEBAPUTENBHBIX KIETOK U COCIHMHSIOIIEr0 MX CHHIIUTHUS.
SIBnsieTcs M Takoe CTPOSHUE MHIIEBAPUTEIHHON CHUCTEMBI afanTanueil K remarodarun? MoxKeT 11 IpUHUMATh y4acTHe
B ITUTaHUH TETYMEHT WJIM OH BBITIOJIHSET TOJBKO (DYHKIMIO 3alIUTHl OT arpecCUBHON cpeabl Xxo3auHa? UToObl OTBETUTH
Ha JIaHHBIE BOIIPOCHI, MbI M3YYMIIA U CPAaBHWIIM CTPOEHHE TOKPOBOB U MTUIIEBAPUTENILHOM CHCTEMBI IBYX OTIMYAIONINXCS
1O THUIy NUTaHWs BUIOB (emtoaucromun, F.fellis m S. furciger. C TOMOLIPIO MPOCBEYMBAIOIIECH 3JICKTPOHHOM
MUKPOCKOIIMM HaMH OOHApY)KEHO, YTO DIUTENNI MULICBAPUTEILHON CUCTEMBI MApHT S. furciger IOX0X Ha TaKOBOH Y
F. fellis, Ho nMeeT CBOM OCOOCHHOCTH, HANIPHMED, B COSANHUTEIEHOM CHHIMTHY ObLTH HaiineHs! sapa. HecMmotps Ha TO,
yTto Maputa F. fellis ;xuBeT B Oollee arpeCCHBHOH cpefie, TETYMEHT Y Hee CKJIaI4aThlii, C MUKPOBBIPOCTAMH, XOTS 3TO
OOBIYHO CUHWTAETCA aJaNTaliell K MUTaHUIO Yepe3 MOKPOBEL. Y MapHuT S. furciger CKIag4aTOCTh TETYMEHTa BhIpaXKeHa
3HAYHUTEIHHO MEHbIIIE, & MUKPOBBIPOCTHI OTCYTCTBYIOT.

Paboma evinonnena npu noodepoicke epanma PHD 19-74-10029, pecypcrozo yenmpa « Pazsumue MoaexyaisapHuix
u knemounvix mexronocutiy CII6I'Y u [Jenmpa xoanekmugnozo norvzosanus « Taxcouy 3MH PAH.

The ones who have tasted blood: does the transition to hematophagy affect structure of the digestive
system and tegument in the trematodes Fellodistomum fellis (Digenea: Fellodistomidae)?
Uryadova A.*, Kremnev G., Krupenko D.

Saint Petersburg State University, Department of Invertebrate Zoology, Saint Petersburg
* e-mail: sashaur@gmail.com

Adults of the digenean Fellodistomum fellis parasitize in the gallbladder of the wolffish Anarhichas lupus where
they feed on blood. They have a unique structure of the digestive system. To understand whether that is an adaptation to
hematophagy, we compared F. fellis with non-hematophagous close species — S. furciger.
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Muxpoanaromus 3H0napasuTu4deckoii konenoabl Nucellicola sp. (Crustacea: Copepoda)
Envwuna M. K.'* Ilynamoea H. H.!, Kpynenxo JI. F0.", Kpemnee I A.", Muponio6oe A. A.*

! Cankr-TleTepOyprekuii roCyaapCTBEHHBINA YHUBEPCUTET, Kadeapa 300I0THH OECIIO3BOHOYHBIX
2 3oonorudeckuii uHCTUTYT PAH, 1a60paTopHs 110 H3y4EHHIO Iapa3uTUIECKHX YEPBEH U IPOTHCTOR
* e-mail: ienshinal458@gmail.com

Becnonorne pakoobpasueie wiam komenoxsl (Crustacea: Copepoda) BkiIrogaioT OombIioe pasHOOOpazne
napasuTnieckux oprann3MoB. Cpenn Hux cemerictBo Chitonophilidae o6senuaseT, ITaBHBIM 00pa3oM, ME30IIaPa3UTOB.
B mero takxe Bxomut poxa Nucellicola, mpencraBuTeny KOTOPOTO SBJISIOTCA SHAONAPA3UTAMHU U CUUTAIOTCA OTHUMH U3
HauOoJee CIEeMUATM3NPOBAHHBIX MMApa3suTHYECKUX Komemon. Biapocipie ocobu Nucellicola sp. pa3nenbHONIONB H
OOHMTAaIOT B BUCLEPAJIbHOM MeIlIKe MoJultocka. OCHOBHOW Tapa3HTHUUECKOW CcTaguei siBisiercss camka. E€ Teno, B
pe3ynbrare nepexosia K dHA0Mapa3uTHIeCKoMy 00pasy JKH3HH, ITPeTepresio 3HaYNTeIbHbIE H3MEHEHHUS KaKk BO BHEIIHEM,
TaK M BO BHYTpPEHHeM cTpoeHuH. KommuecTBo paloT, MOCBAIMIEHHBIX IpeAcTaBuTeNsIM poma Nucellicola, oueHb
orpanndeHHo. OmnucaHus B3pOCIBIX 0co0el MpPOBOIMINCH TOJNBKO Ha CBETOONTHYECKOM YPOBHE M COAEpXKar
MIPOTUBOPEUNBYIO HH(POPMALIUIO.

Ienpro Hame# paboTHI CTaIO0 H3YYEHUE CTPOCHUS MOI0BO3pEbIX caMOK Nucellicola sp. J]ys 3Toro 0buM cOOpaHEI
3apaxxéHHBIE OproxoHorme Momrockn Buccinum undatum (Linnaeus, 1758), oOHapykeHHBIE B OkpecTHOCTAX YHB
«benomopckas» (bemoe mope, Keperckuii apxunenar). HccienoBanust NpOBOJMINCEH C HCIONB30BAHUEM CTAHIAPTHBIX
THCTOJIOTHYECKUX METOJ0B, TOM M KOMIBIOTEPHOI TOMOTpad .

B tene camku Nucellicola sp. BeiaenseTcs qBa otaena: TpopuaecKkuii — B BUAE Pa3BETBIEHHON CETH OTPOCTKOB,
MIPOPACTAIOIINX MPAKTUIECKN BO BCE OPraHbl XO3MHA, M PETPOLYKTUBHBIN — OTIET YepBeoOpa3HOi (hOPMBI, HECYIITHH
opraHbl MONOBOI cucTeMbl. Tpodudeckuil oTaesn BKIIOYAET JBa (YHKIMOHANBHBIX YYacTKa: NPOKCHMAJIBHBIN M
nucTanbHblid. [IpoKcMMasbHBIH y4acTOK MacCHUBHBIM, OT HErO OTXOISAT MHOTOYHUCICHHbIE TPO(UUECKHE CTOJIOHBI,
KOTOpbIE MPOHU3BIBAIOT BCE TEJIO X031MHA. J{MCTANBHBIM Yy4aCTOK IOKPHIBAET PEIPOAYKTUBHBIN OTAE] CaMKH CO BCEX
CTOPOH KaK 4YyJIOK W MPOJOJDKAETCsI B KaUuecTBe siilieBoil TpyOku. SlifeBas TpyOka B CBOIO ouepe/b MPOJ0JIKAETCS 10
CTEHKH MaHTUIHOW IOJIOCTH MOJITIOCKA, TJIE OTKPHIBAETCS TEPMUHAIILHOM MOPO.

CreHka TpouUeCcKoro oTena 00pa3oBaHa OJHUM CIIOEM TMIOIEPMaJIbHBIX KiIeToK. Kakaas Takast KileTka Meet
BBIPOCTHI, HalpaBJICHHbIE BIIyOb Tena mapas3ura. [IpocTpaHCTBO BHYTpH Tela 3alOJIHEHO KIIETKaMH, KOTOpBIE MBI
Ha3bIBa€M «OCHOBHBIMIY». OCHOBHBIE KJIETKH HECYT OTPOCTKH, KOTOPBIE CONPHKACAIOTCA KaK APYT C IPyroM, Tak H C
OTPOCTKaMH TUIIOZIEPMAJIbHBIX KIIETOK, (GOpMUpPYS TpEXMEpHYIO ceTh. KyTuKyia, TOKphIBatomas TpopuIecKne CTOIOHHI,
CXOJIHA MO YIBTPACTPYKTYPE C KyTHKYJIOH HEKOTOPBIX ME30Mapa3sUTHIECKNX KOIETIO 1 MTapa3uTHIECKUX PakooOpa3HbIX
W3 NIpyTUX TaKCOHOB (HampuMmep, w3 rpymmsl Rhizocephala). Kyrukyma aByxcroifHas, e€ ammkanbHash MOBEPXHOCTH
(hopMupyeT MHO)KECTBO MHKPOBBIPOCTOB B CTOPOHY TKaHEH XO35HHA.

PernpoayKTUBHBIN OTJEN COAEPKUT DIIEMEHTHI MOJIOBOM CUCTEMBI. Ero qUCTaJIbHBIN KOHEIl 00pa3yeT CKIaaKy —
MeMOpaHHBIH MEIIOK, OXBaThIBAIOIIUKA camila, B 3TOT XK€ MEMOpaHHbBII MEIIOK OTKpPBIBAETCS TOHOIMOP CaMKH.
l'unonepmasbHbIe KIETKH BHYTPEHHEH CTOPOHBI MEMOPAaHHOIO MEIKa, NO-BUIUMOMY, SIBIISIIOTCS CEKPETOPHBIMU. MBI
MIPEAIIoIaraeM, 4YTo OHH BBIJICISIOT B ITOJIOCTH MEMOPaHHOTO MEIIKA BEIeCTBa JUIsl IMTaHUs CaMIia.

Microanatomy of an endoparasitic copepod Nucellicola sp (Crustacea: Copepoda)
Enshina L'*, Shunatova N.", Krupenko D. I Kremnev G.', Miroliubov A.°

! Saint Petersburg State University, Department of Invertebrates Zoology, Saint Petersburg
2 Zoological Institute RAS, laboratory of parasitic worms and protists, Saint Petersburg
* e-mail: ienshinal458@gmail.com

The female body of Nucellicola sp. is divided into two parts. The trophic part consists of a massive proximal
area that gives numerous rootlets and an egg tube that bears embryos. The reproductive part is vermiform and lies inside
the proximal part of the egg tube. Its distal end forms a fold (membrane sac) enclosing the male.
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7Ku3HeHHBI HUKJI 3aralouyHbIX OeoMopcknx MoHCTpoB (Copepoda: Monstrilloida)
FOpukosa /. A.*, Casuenxo A. C., Ilpyoxosckuii A. A.

MocKOBCKHH TOCYIapCTBeHHBIH YHUBepcuTeT uM. M. B. JlomoHOCOBa, Kadeapa 30010run 6€CImo3BOHOYHBIX, MOCKBa
* e-mail: dariayurikova@gmail.com

Monstrilloida Sars, 1901 — 3T0 oTpsig Komemnoj, MpPeACTaBUTENN KOTOPOIO HAa PAaHHUX CTAIHUAX PAa3BUTHS
SIBIISIIOTCSL DHJONApa3uTaMyd HEKOTOPHIX JIOHHBIX OECHO3BOHOYHBIX. MOHCTPWIUIOHIBI MMEIOT KpaiHe HEeOOBIYHBIN
JKM3HEHHBIH IUKJI, B KOTOPOM IEPBBIM HAYIUIMYC MNpEACTaBIsieT co0oi mHGeknnoHHyto craguio. Ilocnemyromme
JIMYUHOYHBIE CTaJUH MOHCTPWIIION] SIBIISTIOTCS SHAONAPA3UTHYECKUMH, a B3POCIBIE 0COOM — CBOOOIHOKUBYIIUMH
IDTAHKTOHHBIMH Opranm3MaMi. CaMITbl ¥ CAMKH MOHCTPHIUTIOHNT HE TUTAFOTCS, TAK KaK OHH IIOJTHOCTHIO JINIICHBI POTOBBIX
KOHeuHocTel. B3pocible 0coOM mepeqBUraroTcs HCKIIOYHUTEIFHO C TOMOIIBIO IHIABATEIBHBIX HOT, MOCKOJBKY WX
AHTEHHYJIB HETIOIBIKHEI.

MoHCTpHITONARl IMHUPOKO PACIPOCTPAHEHBI B MHPOBOM OKE€aHE, BCTPEYAIOTCS B PA3HBIX MIMPOTAX, JTOCTUTAS
BBICOKOTO pa3HO0Opa3ust B Tpomuyeckoi 30He. Ha cerogHsmHmi JeHb OCHOBHASA YacTh paboT 10 MOHCTPUIUIOUIHBIM
KorreroaM Obuta BeImoTHEHa B CeBepo-BocTouHoi ATnaHTHKE, BKIIIOYAas BOJBI EBPOIBI, M CeBEpO-3aragHON dacTH
ATIIaHTUYECKOTO OKeaHa. HamMeHee M3y4YeHHBIMH OCTAIOTCS PErMOHBI I0)KHOTO TONYIIApHs, a TaKkKe apKTHUECKHe
panioHBL.

B Bemom Mope BcTpedaroTes npeAcTaBuTesid Hebombioro poaa Monstrillopsis. B 2004 romy 1mo B3poCiibIM CaMKaM
6611 ontucan Bua Monstrillopsis ferrarii Suarez-Morales and Ivanenko 2004. OnHako, ocTajbHBEIE CTaJIUH KU3HEHHOTO
[UKJIA IO CUX ITOP OCTaBaJIUCh HEM3BECTHBIMU. B X0/1e BECCHHUX TUIAHKTOHHBIX COOpOB B okpecTHOCTsX BEC MI'Y Hamu
ObLTH OOHAPYKEHBI CaMIlbl MOHCTPHIIION, TIPEIONIOKUTEIBHO OTHOCsIIMeCs K M. ferrarii. B Xone nHOYepniaTenbHBIX
c6opoB B cerTs10pe 2016 roma B mpobax ObLTa HaliieHa Tapa3UTHIECKas CTa il MOHCTPHIIIONIEI, BBITIABIIAS U3 XO3SHHA.

JJIs comocTaBeHUS caMOK, CaMI[OB U Mapa3uTUIECKON CTaIuH, a TakXkKe IS YTOYHEHUS UX MPUHAIIIE)KHOCTH K
OJHOMY BHY OBII IPOBENICH MOJIEKYJIIpHO-TeHeTHUecKkui ananmn3 o mapkepam COI, 18S, 28S. Bremnss mopdomorus
camIoB OeJIOMOPCKUX MOHCTPHIIIONA OBLIa MCCIEIOBaHA MPH MOMOIIM CBETOBOH, KOH(POKAIHHON M CKaHUPYIOMIEH
9IEKTPOHHOH MHKPOCKONHUH. BBIMaBmias M3 X035 MHAa MOHCTPHIUIONAA TPEACTaBIIeT cOO0M KOMIETIOAUTHYIO CTaIHIo.
BHemHee cTpoeHne napa3uTH4ecKON CTaIuK UCCIIEOBAHO 10 MakpodoTorpadusm.

Paboma svinonnena npu noodepacke epanma PH® 22-24-00182.

Life cycle of the enigmatic White Sea monsters (Copepoda: Monstrilloida)
Yurikova D.*, Savchenko A., Prudkovsky A.

Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
* e-mail: dariayurikova@gmail.com

The complete life cycle of the White Sea monstrilloid copepod Monstrillopsis ferrarii Suarez-Morales and
Ivanenko 2004 is described for the first time based on the infective naupliar stage, the parasitic copepodid and planktonic
males. The conspecificity of the various stages of the life cycle was confirmed using molecular methods.
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ITOCTEPHBIE JJOKJIATBI
OKOJIOI'A

IIposiBiienne kaHHUOAIN3MA y 0eJIOMOPCKOI TPeXHIIoi KooIkH (Gasterosteus aculeatus) B nepuon
HepecTa
Hoonesckux A. J1.*, [lemuyx A. C., Heanoe M. B., Hseanosa T. C., Jlatiyc /. JI.

Cankr-IletepOyprckuii rocyIapcTBEHHBIH YHUBEPCUTET, Kadelpa UXTHOJIOTUU U Tuapoduonoruu, Cankr-IlerepOypr
* e-mail: ann-vesta201395@yandex.ru

Tpexurnas xomomka (Gasterosteus aculeatus) Ha TaHHBIA MOMEHT SIBJISIETCS. CAMBIM MHOTOYMCIICHHBIM BHIIOM
pei6 benoro Mopst u, cienoBaTenbHO, OKas3bIBaeT OOJNBIIOE BO3/EHCTBHE HAa BCE KOMIIOHEHTHI €0 JKOCHUCTEMBI.
[Ipenpinynme nccnenoBaHUs MUTAHUS KOJIIOMIKM TTOKa3allH, YTO JUIS 3TOrO BHAA XapakTepeH KaHHuOammM. Llemsio
JAHHOTO HCCIIEOBAHUS SIBIISIETCS] CPaBHEHHE HEKOTOPHIX XapaKTEPHCTHK KaHHHOATM3Ma CaMOK M CaMIIOB TPEXHITION
KOJTIOIIKH.

Matepuan misg uccienoBanus otoupaics B utone 2018-2019 rr., B Havyane, cepeAnHe U KOHIE HEpecTa BOIM3N
YHbB CIIoI'Y «benomopckas» B Keperckom apxumenare Kangamakmickoro 3ammBa benmoro mops. O6bpeM BBIOOpKH
cocTtaBui 595 ocobeit, n3 KoTopbix 329 camioB U 266 camok. P16 dukcupoanu 4% dhopmanaunom. [lanee u3 xeayakoB
U3BJIEKAIIU COAEPIKUMOE M aHAIM3UPOBAIM COCTOSIHUE UKPBI B COCTAaBE MHUILEBOTO KOMKA.

WxpuHky ObUTH 0OHApYKeHBI B jkenykax 236 poi6 (40% ot obiero uncina), u3 kotopbix 139 (59%) camios u 97
(41%) camok. CpenHee KOJIMYECTBO MKPHHOK y CaMIIOB M caMoOK cocrtaBisuio 10,68 + 2,18 (max =95) u 15,39 + 2,35
(max = 111) cooTBeTcTBEHHO U A0CTOBepHO oTimuanoch (ANOVA, F1,234 =9,12, p =0,003). Bo Bcex HaOr0IeHUSIX
3HAYUTEIbHYI0O YacTh COCTABJSIM TOBPEXKICHHBIE SMOPHOHBI, CTaJWIO Pa3BHTHS KOTOPBIX HEBO3MOXKHO OBLIO
orpenenuTh. VX 1oms y caMok ObUTa JOCTOBEPHO HIDKE, 4eM y caMioB — 49,3 + 3,9% u 64,2 + 2,8% cooTBEeTCTBEHHO
(ANOVA, F1,230 =12,5, p = 0,0005).

Taxoke, B elyAKax HEKOTOPHIX PHIO0 HAXOAWIACh B HEOONBIINX KOJIMYECTBAX HEOIUIOZOTBOPEHHAs HMKpa. Ee
MOJKHO OBLTO MIEHTH(UIIPOBATH IO OTCYTCTBUIO 00OIOYKH OIIIOAOTBOpeHHs. CaMIbl B CpeIHEM ChEHal Topasio
OonpIle HEOIUIONOTBOpEeHHOM WKpbI, uyem camku (15,1 +3,27% wu 4,9+ 1,75%, coorBerctBeHHO) (ANOVA,
F1,179=17,04, p = 0,008).

[Tpum aHanM3e KoJIMUECTBa CTAANH Pa3BUTHS HEMOBPEXKICHHOMN OILIOIOTBOPEHHOM HUKPBI B JKEIY/IKaX CaMI[OB ObLIO
YCTaHOBJICHO, YTO OHM MOTJIM COZIEPKaTh B ce0e OJIHOBPEMEHHO MKPUHKH JI0 6 Pa3HBIX CTAAMN pPa3BUTHs, TOTJA KaK B
caMKax MOTJIM OJTHOBPEMEHHO HaXOAUThCS UKPUHKH 10 9 CTaJiuii pa3BUTHSI.

Takum o00pa3oMm, XapakTep KaHHHOAIM3Ma Yy TPEXWUIVIOW KOJIONIKK pPa3HBIX MOJOB pasznuuaercs. Jlomu
TTOBPEK/ICHHON M HEOIUIOJOTBOPEHHOI MKPBI B JKEITyIKaX CaMIIOB BBIIIIE, YEM y CaMOK, TOTJIa Kak pasHooOpasue cTauii
ChEICHHOH MKPBI Y HUX OoJblIe. DTH pa3iniusi MOTYT OBITh OOBSICHEHBI Pa3HBIM HEPECTOBBIM ITOBECHUEM, OOJIbIICH
TTOJIBIKHOCTBIO CAMOK M POANTENLCKOH 3a00T0H 00 MKpe y caMIioB. [Ipy 3TOM 1y cCaMOK, U y CaMIIOB KOJIMYECTBO Pa3HbIX
CTaJMii CheICHHOW MKPBI YBEJIIMUNBACTCS B TEUCHNE HEPECTOBOT'O MIEPHO/IA.

Paboma 6vina evinonrnena npu noodepacke epanma PH®D 19-14-00092.

Characteristics of the three-spined stickleback (Gasterosteus aculeatus) cannibalism during the
spawning in the White Sea
Podlevskikh A.*, Demchuk A., Ivanov M., Ivanova T., Lajus D.

Saint Petersburg State University, Department of Ichthyology and Hydrobiology, Saint Petersburg
* e-mail: ann-vesta201395@yandex.ru

Three-spined stickleback (Gasterosteus aculeatus) is the most numerous fish in the White Sea. Sticklebacks are
known for cannibalism during the spawning season when adults consume eggs of own species. In this study we analyzed
variation in cannibalism characteristics between male and female sticklebacks that demonstrate opposite patterns of
spawning behavior.
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Ce30HHBIC N3MeHEHHs MATAHUS eBponelickoro kepuaka (Myoxocephalus scorpius) B Keperckom
apxunenare Kanganakuickoro 3aiausa besoro mopst
Meneumves /]. A.*, [emuyx A. C., Usanosa T. C., Heanoe M. B., 3eaenckas A. E., Jlauyc /1. JI.

Cankr-IlerepOyprckuii rocy1apcTBEHHBIA YHUBEPCUTET, Kadepa UXTUOIOTuU U rupoduosoruu, Cankr-IlerepOypr
* e-mail: danil.melentev.00@gmail.com

EBponeiicknii kepuak (Myoxocephalus scorpius) — IUPOKO paclpOCTaHEHHBIH BUJ KaK B aDKTHYECKUX, TaK U B
OopeasbHBIX BOAAX CEBEPHOM YacTH AHTIAHTHYECKOTO OKeaHa M npuiexamux yactax CesepHoro JlenoBuToro oxeana.
B benom mope obutaer Ha riyoune m0 20-25 meTpoB, u3peaka A0 59 M, M HpEeNNOYNTaeT KaMEHHCTBIE TPYHTHI C
3apocisiMu OypBIX BOJOPOCIEH, YacTo ¢ MPUMECKIO mmecka u mna (Armpusmies, 1954). V3-3a 60nbIIoil YiCICHHOCTH U
IIMPOKOTO CIIEKTPa MOTPEOISIEMBIX OOBEKTOB SBIISETCS BAXXHBIM 3BEHOM B TPO(UUECKOM CETH MPHOPEKHBIX IKOCHCTEM.
OnHako u3-3a OTCYTCTBHS XO3SIMCTBEHHOTO 3HA4YeHWS OMOJNOTHS €ro M3ydeHa OTHOCHTENBHO cIab0, OCOOEHHO B
XOJIOHBIE CE30HBI. BBUIO MOKa3aHO, YTO CHEKTP IMOTPEOISIEMBIX OPraHU3MOB MOXKET 3HAYUTEILHO MEHATHCS B
3aBucuMoOCTH OoT ux noctymHocTH (Epmos, 2010; Bakhvalova et al., 2016). Llexs 3To#t paboThl — H3ydeHUe MUTAHUA
Kepyaka B pa3Hble CE30HbI ISl JIyYIIEro MOHUMaHHS ero TPOQUIECKUX CBs3EH C IPYTUMH BUIAMH.

Jls cObopa marepuana MCIOJIb30BAIUCH kabepHbie ceTr ¢ sueei 40, 30, 20 u 16 MM, KOTOpbIE YCTaHABIUBAJIH
HepIeHANKYJIISIpHO Oepery. Y ToiMaHHbBIX pBIO OIPEASISIIN TOJ, MU3MEPSUIM JUIMHY Teja OT Mepe/IHEr0 KOHIA TOJIOBHI 10
Hayvaja Jiydeil XBocToBoro ruiaBHuka (SL), oburyro maccy tema (TW) u maccy Tenma 6e3 BryTpennocter (W). Ilocme
BCKPBITHSI QUKCUPOBAJIH JKETy 10K B 4% dopmanune. Bee nuiieBbie 0OEKTHI U3 COAEPIKIMOTO HKEITy/IKa B3BEIIHNBAIICH
1 U3MEPSUINCH, Y XOPOILIO COXPAHUBILIUXCSI AK3EMIUIIPOB U3MEPSUIIN JUINHY. OpraHu3Mbl ONIPEessUTICh 110 BO3MOKHOCTH
7o Buma. Ha ocHOBE MONYyYEHHBIX JAHHBIX OBUIM pacCUMTaHBl WHAEKCHI HAIIOJHEHHS, CHEKTPHl NMUTAHUS, a TaKkKe
BCTPEYaeMOCTh TAKCOHOB. BBUTH BEISBIICHBI CE30HHBIE M Pa3MEpHBIC Pa3INyMsl B TUTAaHUN OETOMOPCKHX OBIYKOB.

YacToTa BcTpeuaeMOCTH KOPMOBBIX OOBEKTOB B XKEIyAKaxX peIO Oblia paznnyHoil. B xaxmoil BEIOOpKE HH OAWMH
opranusM He Bcrpedaincs y 100% pb16. 3To MOXKET TOBOPUTH O BEICOKOM Pa3zHOOOpPa3HH AUETHI, KaK HA Pa3HBIX CTAHLIUIX,
TaK ¥ Ha MPOTSHKCHUM Pa3HbIX Ce30HOB. CHEKTp NMUTAHUS M 4YacTOTa BCTPEYAEMOCTH IHUILIEBBIX OOBEKTOB CHIJIBHO
MEHSIETCS B 3aBHCUMOCTH OT CE€30HA M MecTa MOUMKH pbI0. CHEKTp MUTaHMS KePUIaKa 3aBHCUT TAKKE OT pa3Mepa phIObI.
Jlerom, npu myuHe Tena MeHee 12 cMm, Kepuakd MUTAIOTCsA OECIO3BOHOYHBIMH, a 0ojiee KpyIHbIE 0COOU MOTPEOIAIOT B
OCHOBHOM TpPEXHIJIYI0 KOMIOMKY. TakuM o00pa3oM MOXHO BBIICIHTh, KaK MHUHHMYM, 2 pa3MEpHbIC TpYIIIIb,
Ppa3nyaroIIrecs 10 CIEeKTPY MUIIEBbIX 00beKTOB. CpeiHu HHIEKC HAIIOIHEHHS OblT HAUOOJIBIINM JJIsL PBIO U3 JeTHEe!
MpoOBI, YTO CBUAETEILCTBYET 00 aKTUBHOM ITUTAHUH B JICTHUH MEPHOI.

Ipoexm svinonnsiemcs npu nodoepoicke epanma PH® Ne 19-14-00092.

Seasonal changes in the diet of the shorthorn sculpin (Myoxocephalus scorpius) in the area of
the Keret archipelago of the Kandalaksha Bay of the White Sea

Melentyev D.* Demchuk A., Ivanova T., Ivanov M., Zelenskaya A., Laius D.

Saint Petersburg State University, Department of Ichthyology and Hydrobiology, Saint Petersburg
* e-mail: danil.melentev.00@gmail.com

Shorthorn sculpin (Myoxocephalus scorpius) is a common fish in the White Sea. It is an important link in the
trophic network due to the large number and wide range of prey. The purpose of this work is to study the nutrition of the
shorthorn sculpin in different seasons.
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KonnyecTBeHHOe pacnipeesieHHe NSITH TPy MaKP03000eHTOCa #xke100a CBATOH AHHBI
(Kapckoe mope)

Jluxauesa I'. B."*, Jlenuxuna IT. I1."7, Kysneyos I1. Al benos JI. A, Konosanosa O. I1°,
Cmenanosa H. 5.**

! MockoBcknii 'ocymapcTeennsiii Yausepeurer umenn M.B.JlomonocoBa, Mocksa
2 Uucturyt okearnonoruu uM. ILI1. Iupmosa PAH, Mocksa

3 Lleatp Mopckux Uccnenosanuit MI'Y umenn M.B.JlomoHOCOBa

* MocKoBCKHi (PU3MKO-TEXHUYECKUH MHCTUTYT, Jloaronpy aHbIit

* e-mail: lihagayka@gmail.com

I'my6okoBonHbIe paifonsl Kapckoro Mopst pakTHYECKH He HCCIIEI0BAHBI M3-3a CYPOBBIX JIEOBBIX yCIoBHiA. Panee
paboTsI mpoBoAMIHCEH B bapeHtieBoM Mope B 1m1enb(hoBOi 30HE OKOJIO JKeno0a, a TakKe Ha KOHTHHEHTAJIFHOM CKIIOHE, HO
TepexoJHast 30Ha MEXy HUMH He Obuta n3ydeHa. Llenpro Hallero ucciaenoBaHms ObUIO 0XapaKTepHU30BaTh OCHTOCHBIE
coobmectBa xemoba Csarorr AHHBL. Marepuan cobpan B xone 58-oif sxcmemnnmnu HUC «Axamemuk HModde» mo
nporpamme [TmaByunit yausepcurer MO PAH u MOTU B aBrycre 2021 roxa B cesepHoii uactu Kapckoro u bapennesa
Mopeii. Becero 65110 0T0Opano 36 KonmmuecTBEHHBIX U 11 KadecTBeHHBIX Tpo0 Ha 12 cranmusax B jxenode CBATOM AHHBI
nHouepnareneM «Okean» ¢ momasio 3axsara 0,1 M2, Jlanee 0CyLIECTBIANACH IPOMBIBKA Yepe3 CHTO ¢ sueeit 0,5 My,
¢uxcamus B 4%-HoM pacTBope (opMairHa, ONpe/ieieHHe JKUBOTHBIX B paMKax KPYIHBIX TaKCOHOB, B3BELIMBAaHHE I10
TpynmaM, noaCYCT KOJINYECTBA ) KUBOTHLIX B HpOGe N CPEAHETO IO TPEM KOJIMYCCTBECHHBIM np06aM.

MaxkpoOeHToC COPTHPOBANCS O MSATH OCHOBHEIM rpymmaM: Polychaeta, Mollusca, Crustacea, Echinodermata u
ocranbHbie (Rest). [IpencraBurenn Bcex MATH TPy HAlIEHBI HA JBYX CTaHIMSX. [10JIMXETH M MOJUTIOCKH HaM/ICHBI HA
BCEX CTaHIMX, pakooOpasHble Ha 9 u3 12, uriokoxue — Ha 6 n3 12. CpeaHsis YUCIeHHOCTh cocTaBmia 311 9k3./M2
(Bappupys oT 110 mo 820 sk3./m?). 10 YHCIEHHOCTH JOMUHMPOBAIH MOJUIIOCKH (B cpemHeM 173 2K3./M2) U IOIHXETHI
(109 5x3./mM2). B cooOmmecTBax JOMHHUPOBAIN CECCHIbHBIC WM BarmibHBIC CEIUMEHTATOpPEl. J[aHHBIE cOrIacyloTcs C
JUTEpaTypPHBIMH, IMEIOIIMMUCS 10 I0T0-3aMaJTHOMY paiiOHy HCCIIeIOBAHHOW HAMHU aKBAaTOPHH.

Cpennsisi cymmapHasi Omomacca cocrasmia 23 /M2 (Bapeupys oT 5,3 1o 59 r/m2). Hanbonee Bricokne 6noMaccs
O oOHapyxeHbl Ha craHmmsax 4035 u 4025, 9ro cBsA3aHO ¢ OONBIINM KOJMYECTBOM MOJUTIOCKOB (270 3Kk3/M2) U
KpPYTHBIX TOJMXET W IOBEHWJIBHBIX MOJUTIOCKOB (737 5K3/M2) COOTBETCTBEHHO. TakuM 00pa3oM, TJIaBHBIA BKJIA B
oromMaccy BHOCWIM MOJUTIOCKM M moyiuxersl. CpenHss Ouomacca MOJUTIOCKOB coctaBmia 8,9 /M2 (39% ot obmeit
o6uomaccel), a nonuxeT — 9,4 r/mM2 (41% ot obuieit 6Gnomaccel). OTMeUYeHa TEHICHIUS YMEHbIICHUS! OHOMAcChl OT
eab(oBOI 30HBI K KOHTUHEHTAJIBHOMY CKJIOHY, YTO COTJIACYETCS C JIMTEPATyPHBIMH JaHHBIMH.

Ha ocHOBe 1mory4eHHBIX JaHHBIX OBLIH CHIEJIAHbI CIEAYIOIINE BBIBOJIBI:

* JloMuHUpYIOLIas rpyIia MaKpo3000eHTOCa Ha MCCIIEAyeMOH akBaTOpuu B ceBepHoW yactu Kapckoro mopsi B
paiione >xeso6a CBATONH AHHBI — MOJUTIOCKH.

* OCHOBHOI1 BKJIa] B OMOMAacCCy M YHCIICHHOCTh COOOIIECTB BHOCST CECCHIIBHBIE MIIN BarvjIbHBIE CEJUMEHTATOPBI
(MOJLTIOCKH, TIOJIMXETHI).

* [lomy4eHHbIE TaHHBIC COTNIACYIOTCS C JIMTEPATYpPHBIMHU: B TIEPEXOAHON 30HE OT mIenbda K CKIOHY Onomacca
CHIKAETCH.

PaboTta BeIMONIHEHA B paMKax mporpammsl [lnaByune yHUBEpCHTETHI MpH MoAepKKe MHUHHCTEPCTBA HAYKH H
Beiciiero oopaszosanust 1 OO0 «llentp Mopckux uccnenoanuii MI'Y umenn M. B. JlomoHocoBay.

The quantitative distribution of the five macrozoobenthic groups of the St. Anna Trough (Kara Sea)
Likhacheva G.'*, Lepikhina P. 12" Kuznetsov P.', Belov D.?, Konovalova O.%, Stepanova N>

! Lomonosov Moscow State University, Moscow

2 Shirshov Institute of Oceanology RAS, Moscow

3 Lomonosov Moscow State University Marine Research Center, Moscow
4 Moscow Institute of Physics and Technology, Dolgoprudny

* e-mail: lihagayka@gmail.com

Macrozoobenthos were collected from the St. Anna Trough and classified for five big groups. Dominant group is

Mollusca; main contribution to the biomass and the quantity is made by sedentary animals that feed on sedimentary
organics. The biomass decreases in the transition zone from the shelf to the slope.
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Maxkpo300nJ1aHKTOH kes100a CBaToii AnHbI (Kapckoe Mope): BUI0BOI1 cocTaB M pacnpeiesieHne B
aBrycre 2021 roga

Jlunyxun 3. B."* Ocunosa JI. 1>, FOpuxoea J]. A.*>, Konosanosa O. I1.°, Kocoboxoea K. H.?,

Ocaouues A. A.*°, Cmenanosa H. B.*’

! Poccumiickuit Hayuno-Hccnemoparensckuit Menuuunckuii Y ausepcutet uM. H. Y. Iluporosa
2 Mockosckuii [ocymapcTeennsiii Yuusepcutet uM. M. B. Jlomonocosa

3 Llenatp Mopckux Uccnegosanuit MI'Y um. M. B. JlomoHOCOBa

* Uncruryt okeanonoruu um. I1. T1. Illupmosa PAH, Mocksa

> MOCKOBCKHH (hU3HKO-TEXHUUECKUI HHCTUTYT, JlOAronpyaHbIit

* e-mail: lipukhin.e@gmail.com

Cesep Kapckoro mopsi, rae pacmonoxeH xeno0 CBAToil AHHBI, SBISETCS OOMIMPHBIM MAJION3yYCHHBIM PETHOHOM
C BBICOKHM pa3HO00OpazneM OnoTomnoB. B HeM cTankuBaioTcs noToku Box 3 bapenuesa, Kapckoro mopeit n CeBepHoro
JlenoButoro okeana. L{enpio Hamel paboThI MBI TOCTABUIIN OLIEHKY IPOHUKHOBEHUS MAKPOIIIAHKTOHHBIX OPIaHU3MOB C
aTIAHTHYECKUMH BOAAMH B apKTHUYECKHE aKBAaTOPHMM Ha IPUMEPE MPEACTABUTENCH WICHHCTOHOTHX, MOJUIIOCKOB,
IIETUHKOYETIOCTHBIX, CTPEKAIOIINX U TpeOHEBUKOB, OOMUTAIONINX B paiioHe kenoda CBATOW AHHEIL.

Pa6oTs! mpoBoawiKch B koMmIutekcHOM peiice Ne58 HUC «Akanemuk Modde» B aBrycre 2021 roga B ceBepHOU
yactu Kapckoro n bapeniieBa Mopeii. B xone axcrieannyy Ob110 0ToOpaHo 64 KOJIMUECTBEHHBIX U 7 Ka4eCTBEHHBIX P00
Ha 22 cTaHuax B xkeitobe CBAToil AHHBI M Ha OJHOM TOYKE Ha KOHTUHEHTAJIBHOM CKJIOHE.

B oOpaboTraHHBIX 3a BpeMs SKCIEIUIUH podax 10 BHIa ObLIO onpeneneHo 16 menarnyeckux )KUBOTHBIX, €Ie
JIBa — JI0 PO/a, OJWH — JI0 OTpsija, U OAWH — 10 Tuna. Ha GonbIIMHCTBE CTaHIMKA JOMUHHPOBAI IIENb(OBBIA B
cTpenok Parasagitta elegans. B mpo6ax, B3STHIX U3 ¢JI0s1 O0Jiee TETUIbIX aTJIAHTUYECKHUX BOJI, OBUTH HalIeHbI OOKOIIABHI
Themisto abyssorum. B 0Gomnee XoJomHbBIX Bomax oOHapykeHbl Moiuttocku Clione limacina, Limacina helicina u
ookomnassl Themisto libellula.

KonmgecTBo >XMBOTHBIX, HalJAEHHBIX C IMOMOINBIO Kamepsl boropoBa, OBLIO IEepecYMTaHO HAa KOJINYECTBO
OpPraHU3MOB B €OMHHUIIE 00beMa. VICTOoNb3ysl MOJydeHHbIE XapaKTEPUCTHKU OOMIIHS ONPENCICHHBIX HaMH BHIOB U
ruapodu3ndecKre JaHHbIE, MBI BBITTOJIHIIIN KJIACTEPHBIN aHAIN3 HAa OCHOBAaHMH MHIEKca cxoicTBa bpas-Kepruca. Ml
pa3zenuim MaTepHal co BceX 00pabOTaHHBIX CTaHIMI Ha 4 TPYMIIbI, TPOAHATU3UPOBAIN UX BUJOBOW COCTaB U BBIIBUIN
3aKOHOMEPHOCTH PaCIIPEIeNICHUs] MaKPOIUIAHKTOHHBIX BHJIOB B COOTBETCTBHHU C BOJHBIMU MacCaMH, BBIJEJICHHBIMH 110
THPOJIOTMYECKUM POdUIIsm.

PaboTa BeINosHEHa B paMKax mporpammbl [naByune yHUBEpCHTETHI MpH Mojepkke MUHUCTEPCTBA HAYKU U
Beicurero oopazosanust 1 OO0 «LlenTp Mopckux uccienoBanuii MI'Y um. M. B. JlomoHnocoBay.

Paboma evinonnena npu ghunarcosoui noodepaicke epanma POOU No 19-04-00955.

The structure and distribution of the macrozooplancton community in the St. Anna Trough in the
Kara Sea
Lipukhin E'* Osipova D.?, Yurikova D.>?, Konovalova O.%, Kosobokova K., Osadchiev A.*°,

Stepanova N.*’

! Pirogov Russian National Research Medical University, Moscow

2 Lomonosov Moscow State University, Moscow

3 Marine Research Center, Lomonosov Moscow State University, Moscow
4 Shirshov Institute of Oceanology RAS, Moscow

> Moscow Institute of Physics and Technology, Dolgoprudny

* e-mail: lipukhin.e@gmail.com

St. Anna Trough is a poorly explored region with high ecological diversity. Fluxes from the Barents, Kara Seas,
the Arctic Ocean interfere there. Our study’s aim was estimating of macrozooplanctonic ingress rate with Atlantic waters
into the Arctic region using organisms inhabiting St. Anna Trough (Arthropods, Molluscs, Chaetognatha, Cnidaria,
Ctenophora).
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BunoBoii cocTtaB M pacnipenesneHne Me30300IJIAHKTOHA xke100a CBaToi AHHBI (Kapckoe mope)
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* e-mail: daria.osipova@post.bio.msu.ru

Kapckoe Mope — KpyIHBI 1 OHOTONMIMYECKH Pa3HOOOPA3HBIA PETHOH, MPEICTABITIONINNA OOJIBIION HHTEPEC IS
rccienoBateneii. BompmmMHCTBO paboT MO 300MMIaHKTOHY Kapckoro Mopsi HOCBSIICHBI W3YyYSHHUIO IDIAHKTOHHBIX
coo0mIecTB 3CTyapueB, [EHTPATFHON YacTH Mops W 3aimuBoB apxumenara Hosas 3emis. JKemno6 CB. AHHBI sBiseTCS
OIHUM W3 Hamboiiee TITyOOKOBOIHBIX paioHOB Kapckoro mops (>500 M), pacmojoXeHHBIX B CEBEpPO-3alaJHON YacTH
MOps. ¥, OJHOBPEMEHHO, HauMeHee W3y4YeHHBIM ero paiioHoM. Uepes kenod CB. AHHBI B ApKTHYECKHil OacceliH
MOCTYTIAET IBE BETKU ATIAHTHYCCKHUX BOJI: Terias hpaMoBcKast (IpoXoauT K ceBepy oT 3emin @panna-Mocuda) u 6onee
XOJIO[THAS ¥ 3alerarolas riryoske 6apeHneBomMopckas (Ipoxoaut yepe3 bapeHiieBo Mope k ceBepy ot apxurnenara Hosas
3emns u K tory ot 3emun @panna-Uocuda). Llenpto maHHOro nccienoBaHus ObLIO U3y4YEHHE BHOBOTO COCTaBa,
CTPYKTYPBl M paclpelesieHus] 300IUIaHKTOHA jkenoba CB. AHHBI B CBSI3M C TUAPOGU3MUECKHMH YCIOBHSMH B
HcCleI0BaHHOM paifoHe.

C6op 300mnankToHa mpoBoammu B 58-# skcnenumuun HUC «Axagemuk Modde» B Kapckoe mope B pamkax
nporpammel [InaByunii yansepcurer 1O PAH u M®TU ¢ 22 no 28 asrycra 2021 roma. OT00p KOIMIECTBEHHBIX P00
3001IankToHa ocymecTBisum cetbto Jkenn (BCJ-37) ¢ mromanpio BxogHoro orBepetrs 0,1 M? U pa3sMepoM s4en
¢unpTpyromero konyca 180 Mxm. ['opu3oHTH 0TOOpa MPoO OMpEeeNsin B COOTBETCTBUH C JAHHBIMU O BEPTUKAIHLHOM
pacmpeneneHud TeMIepaTyphl H COJICHOCTH, OIydeHHBIME ¢ ToMotrsio CTD-30H1a.

B o6paboranHBIX B XOIe 3Kcrmeaunuu mpobax Opwio ompeneneHo Oomee 20 BUAOB Me30300IIAHKTOHA.
Haubounbiero pasnoobpasust B Mpo0ax JOCTHTald MPEACTaBUTEIM pakooOpasHbix u3 oTpsamga Copepoda, a Takke
npeacraButenu tuma Cnidaria. Kpome B3pocibix ocoOeil, ObUTH BCTPEYEHBI IMEJarnyeckue JIHYUHKH 4 THIIOB
opraHu3MoB. BuoBoii coctaB 300IIaHKTOHA B KenoOe CB. AHHBI B TIEPUOJI HAIIUX HUCCIIEIOBAHUIN XapaKTepHU30BaJICs
MIPUCYTCTBUEM apKTHYECKHX, 0OmMX st ApkTukd W CeBepHOW ATIAHTUKM BHJOB 300IUIAHKTOHA, a TaK)KE BUJIOB-
9KCMATPUAHTOB U3 ATJIAHTUKH, OOBIYHBIX ISl HCCIIEIOBAHHOM aKBATOPHUH.

Menkue mnpeacrasutenu Copepoda (Oithona similis, Oncaea borealis), X IOBECHWIbHBIC CTaJHU, & TaKXKE
MEpOIUIAHKTOH JOCTHTaJdM HanOOJNIbIIEH YHCIEHHOCTH B BepxHeM S50-METpOBOM clloe, YTO 3aKOHOMEpHO JUIs
TUTAHKTOHHBIX coo0miecTB B OesnexHblii nmepuona. Hekoropsle n3 oOHapyXeHHBIX BHIOB — BBIXOMIBI M3 CeBepHON
Atnantuku (Hanpumep, Calanus finmarchicus) — OBUTH IPUYPOYCHEI K CIIOSIM aTIAHTHIESCKUX BOA. APKTHYECKUE BHIBI
C. glacialis w C. hyperboreus OOBIYHO BCTPEYANNCh BBHINIE W HIDKE CIOS (PpaMOBCKOM BETBU aTIAHTHYECKUX BOI: B
ropm3onTe 0-50 M (6onee momoasie craaun) U 400-500 M (B3pocibie 0cobu). UNCIEHHOCTh 300IUTAHKTOHA B HIKHEM
cJioe BoJ| ObLIa caMoil HU3KOW; KpOME BHJOB-KOCMOIIOJIMTOB TH CJIOU 3aCENISIIIM XOJIOI0N00MBbIE BUJIbI 300IIJIAHKTOHA

Paboma evinonnena 6 pamxax npoepammel Ilnagyuue ynusepcumemsol npu noodepicke Munucmepcmea Hayku u
svicutezo obpazosanus u Q0O «Lenmp mopcrux uccreoosanusi MI'Y umenu M. B. Jlomonocosar.

Paboma evinonnena npu ghunancosoti noodepacke epanma POOU Ne 19-04-00955.

Species composition and distribution of mesozooplankton of the St. Anna Trough (The Kara Sea)
Osipova D. % Lipukhin E.?, Yurikova D.!, Konovalova O.°, Kosobokova K., Osadchiev A.*’,
Stepanova N. B.*’

! Lomonosov Moscow State University, Moscow

2 Pirogov Russian National Research Medical University, Moscow

3 Lomonosov Moscow State University Marine Research Center, Moscow
4 Shirshov Institute of Oceanology RAS, Moscow

> Moscow Institute of Physics and Technology, Dolgoprudny

* e-mail: daria.osipova@post.bio.msu.ru

Our study was aimed to study the species composition and distribution of zooplankton of the St. Anna Trough.

More than 20 species of mesozooplankton were identified with copepods being the most diverse group. The zooplankton
distribution was closely related to the water mass distribution in the study region.
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Knaccnpukanus sBjieHnii B OpraHn3anui MaKkpooeHToca B cydauTopaabHoi 30He ryosl Uyna besoro
Mopst
Tumogpeesa M. A.*, I'epacumosa A. B. Maxcumosuu H. B.

Cankr-IlerepOyprekuii ['ocynapcTBeHHBIN YHUBEpCUTET, Kadepa UXTHOIOTUH U runpoduosoruu, Cankr-IlerepOypr
* e-mail: ritatim3 1 @gmail.com

OcobeHHOCTH THIpOorHYecKkoro pexxuma ryosl Uyna Kannanakmickoro 3anuBa bemoro mops (TpexcinoiHOCTb
THJPOJIOTHYECKOW CTPYKTYpBI, BBIPa)KEHHBIC CE30HHBIE M3MEHEHHS TEMIIEPAaTyphl U COJICHOCTH BOJBI) IO3BOJISIOT
paccMaTpHBaTh ATOT BOJOEM KaK MOJENBHBIN JJI UCCIIEAOBaHMS AMHAMMKM 3CTyapHBIX dKocucTteM bopeapktuku. B
1987-90 IT. cmiamMu CTyIEHTOB M COTPYAHHKOB Kadenpsl mxtuomorum u ruppoduonoruu CIIOIY ocymiecTBieHbI
KOMITJIEKCHBIC HCCIICIOBAHUS paclpeneieHns OeHToca B JaHHOW akBaropud. B 2021 r. mpeanpuHATO YacTHIHOE
MOBTOpeHHe OeHTocHOW cheMKku 1987-1990 rr. B cyOmmropambHOW 30He TyOBI. [l TOBBIIICHUS HAIe)KHOCTH
CPaBHUTEIHFHOTO aHAIN3a PE3yJIbTATOB 000uX HaOmoaeHnid Mmarepruansl 1987—-1990 rr. 6buTH MOABEPTHYTH TIATEIHHOM
peBH3MH, a 3aTeM BHOBb 00pa0OTaHBI C HCIIOIB30BAaHHEM COBPEMEHHOTO MaTEMaTW4ecKoro ammapara. lroram
NPOBEJICHHOT' O aHaJk3a U OYET MOCBSICHO IaHHOE COOOIIEHHUE.

B 1987-90 rr. matepuan Obl1 coOpan Ha 9 pa3pes3ax, B IpejesiaXx KOTOPhIX MPOOBI B3SIThl HAa pa3HbIX IIyOHMHAX
(craHuMM): MaKCUMaJbHBIA IUana3oH rayouH ot 3 10 90 M. Opranusmsl B mpo0ax OnpeeNneHbl M0 BO3MOXKHOCTH 10
BH/Ia, OLICHEHBI X YMCIEHHOCTD U Onomacca. V3 abnotnueckux nokasaTesneil Ha CTaHIMAX yYTEHBI [NTyOHHA, pacCTOSHHE
OT KyTa TyOBl M XapaKTEpPUCTHKU JOHHBIX OTIOXeHHH. CpaBHEHHE CTaHIMHA MO aOMOTHYECKHM M OHOTHYECKUM
IIOKA3aTeJsIM IIPOBE/ICHO C MOMOIIBI0O MHOTOMEPHBIX METOJIOB. JIJIsl BBISIBIEHHS a0MOTHYECKUX XapaKTEPUCTHUK, JIydlle
BCET0 OOBSICHAIOIMX T'€TePOr€HHOCTh pACHpeieNeHnss MakpoOSHTOca B aHAIM3UPYEMOM paioHe, Obula IMpHUMEHEHa
npouenypa BEST nakera Primer v. 6.

Bcero B cocraBe wmakpoOeHTOca oOHapykeH 261 TakCOH, W3 KOTOpBIX 217 OTHOCHINCH K JOHHBIX
Oecro3BOHOUHBIM. HambompmmM pasHooOpasueM cpeiad Makpo3000€HTOCAa OTJIMYAINCh MHOTOIIETHHKOBHIE YEpPBH,
MOJUTIOCKH ¥ MIIIAHKH. B pe3yspTare cpaBHEHUs! CTAHIMH 110 HECKOJIBKUM MOKa3aTelsIM MakpobeHToca (6romacca BCero
OeHTroca, brmomacca U pecipaTOpHBIN (AbIXaTeTbHBIN) HHACKC JOHHBIX 0ECII03BOHOYHBIX) OBLIO BhIIENEHO OT 9 mo 14
HaJIBUJIOBBIX TpyNIUpoBoK. Hambonee 3HaYMMBIMH aOMOTHYECKHMMHU (aKTOpaMHu, OOBSICHSIONMMHU TeTepPOreHHOCTh
pactipeziesieHust MakpoOeHToca, (nmpoueaypa Best) sBisinch riryOuHa U XxapakTep rpyHTa. B LenoM, BblieneHHbIE MO
O6uomacce Bcero OEHTOCa TPYMITUPOBKH MO KOJMYECTBEHHBIM M KaYeCTBEHHBIM XapaKTEPUCTHUKaM, MECTOIOJIOKEHHIO
OKa3aJMCh BECbMa CXOJHBI C coolliecTBaMu, onrcaHHbIMU ['onmukoBeIM A. H. ¢ coaBTopamu (1985) no marepuanam
cheMKU 1967—68 IT.,  aHATOTMYHO JaHHBIM ATHX HCCIe0BaTeNe UMEIOT BhIpaXXEHHOE MOsICHOE pacipenenenue. Bee
9TO JIaeT BO3MOKHOCTB HPEJIION0KUTh CTA0MIBHOCTh OpraHu3aluk MakpoOeHToca B CyOIMTOpalIbHOM 30He IyObl Uymna
B 60—80-x romax mpouutoro Bexa. Jlerom 2021 r. Opmn gyOnmpoBanbl cOopsl Ha 3 paszpes3ax B YCTbE aHAIN3UPYEMOH
aKBaTOPHUH, YTO, HajZeeMcs, IMO3BOJHUT OLCHUTH M3MEHEHHMS, NMPOM3OMICANINE B CTPYKType CyONMUTOpanbHON JTOHHOH
OonoThI 3a mocienaue 30 ¢ JTUITHUM JIET.

Hccneoosanue svinonneno na Yuebno-uayunot 6aze CII6I'Y «Beromopckasny.

Classification of phenomena in the macrobenthos organization in the sublittoral zone of the Chupa
inlet (White Sea)
Timofeeva M. *, Gerasimova A., Maximovich N.

Saint Petersburg University Department of Ichthyology and Hydrobiology, Saint Petersburg
* e-mail: ritatim3 1 @gmail.com

The work is devoted to the analysis of the peculiarities of the macrobenthos distribution in the sublittoral zone of
the Chupa inlet (the White Sea), based on the survey materials of 1987—1990.
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Cunia npukpenieHus Ouccyca y KpUnTH4ecKuX BUAOB Muamii p. Mytilus B ycJI0BHSIX cTpecca,
00yCJIOBJICHHOTO IIOHMKEHHOM COJICHOCTBIO
Koesanee A. A."** Xaiimos B. M."

! Canxr-IleTepOyprekuii rocyIapeTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3BoHounbix, Cankt-IletepOypr
2 3oonoruueckuii uactutyT PAH, Benomopckas Guosornueckas cranuus «Kapreun, Cankr-IletepOypr

3 Kanganakiickuii rocyiapCTBEHHEBIH 3anoBeqHuK, Kannanakma

* e-mail: retard96@yandex.com

Cuna npukperuieHus ouccyca K cyocTpaTy — 3TO KIIF0ueBOH (hakTop, BO MHOTOM OIPEAEISIIONINN BEDKUBAHUE
Muauii. Psin uccieoBaHuii IOKA3bIBAlOT, YTO MHTEHCUBHOCTH BBIIEJICHHS OMCCyca MOXKET BIMATH Ha 3(QQPEKTUBHOCTH
n30eraHns XUITHUKOB M HA paclpeelieHne MOJUTIOCKOB Ha JIMTOPAIX B 3aBUCHMOCTH OT NPHUOOWHON aKTHBHOCTH. B
Berom Mope MuIUM TpeACTaBICHBI ABYMS KpPUNTHYECKUMH Bumamu: Mytilus edulis m M. trossulus. CMemaHHbIe
TIOCEJICHNsI 3THX [BYX BHJOB, CYIIECTBYIOT B YCJIOBHMSAX PE3KHX BPEMEHHBIX M MPOCTPAaHCTBEHHBIX TIPAJHEHTOB
COJIGHOCTH. MITOT KOHKYPEHTHBIX OTHOIIEHHH BHJIOB BO MHOTOM 3aBHCHUT OT TOTO, KaK KaXKIbIH M3 HUX pearupyeT Ha
CTpecCHI, CBsI3aHHbBIE C KOJIEOaHUSIMU COJICHOCTH. B mperncraBineHHoi paboTe Mbl aHATM3UPOBAIN BIMSHHE ONPECHEHUSI
Ha a0COJIIOTHYIO CHITY NPHUKPEIICHUs Ouccyca IBYX KPUNTHYECKUX BHIIOB MHIHH.

Marepuanom ucciaeqoBaHMs MOCTYXWIN KUBOTHBIE pa3MepoM OT 18 no 35 MM, oToOpaHHBIE B JBYX TOYKax
Kanpmanaknickoro 3amuBa: 0. Tensumii  (mpeumyinectBeHHO M. trossulus) w nuropans O0mm3  moc. JlyBeHbra
(mpeumytiectBeHHO M. edulis). JKUBOTHBIE OBLTH aKKJIMMHPOBAHBI K yciIoBHAM akBapuaibHoi (10 °C, 24%o) B TeueHne
IBYX Heneunb. [lanee ObuTH c(hOPMHUPOBAHBI TPU SKCIIEPUMEHTAIBHBIE TPYIIIBI, SKCIIOHMPOBABIINECS Ha HCKYCCTBEHHBIX
cybcTpaTax (KkepaMHYecKne IUTAaCTHHBI) IIPpU TTOHKEeHHOH coneHocTH (12%o, 16%o0 1 20%0), 1 oxHa KoHTpostbHAs (24%0)
rpymmna. Bpems sxcriosunmu coctaBuiio 3 cyTok. Cuita IpUKpeIIeH s K cyOcTpaTy (MMKOBOE 3HAYCHHE B MOMEHT OTPBIBA
oT cyOcTpara) wm3Mepsulach NIpH moMomM s3JiekTpoHHoro amHamomerpa (MEI'EOH 53020, Poccust). Bunosas
MIPUHAUISKHOCTh MUJIUH OIIPEAEIAIach Ha OCHOBE MOP(OIIOTHUECKUX MPU3HAKOB.

Hamm Oblma mocTpoeHa perpeccHOHHas MOJENb, OIHMCHIBAIONIAs CBA3b MEXKIY CHWJIOW TNPHKPENJICHUS |
COJICHOCTBbIO, MAacCOl MHAWM W BUIOM. JIMCIEPCHUOHHBIM aHanu3 IO0Ka3ajl JOCTOBEPHOE BIIMSHUE TPOHHOTO
B3aumoyeiicteust pakropoB (ANOVA, p <0.01). OGwasi TeHAeHINS ONMKCHIBAETCS CIIEAYIONMM o0pasoM: y M. edulis B
yCIOBUAX KOHTPOJIS (24%0) HaOMIOJaeTCs CTATUCTUYECKY 3HAUUMAsI TIOJI0KHUTENbHAS CBSI3b CHIIBI TIPUKPETIJIEHUS C BECOM
MOJUTIOCKA, C TIOHIDKEHHEM CcojieHOCTH (mpu 16%o0 u 12%o) yacTHbIe yriioBbIe KOI(D(UIIMEHTHI JHHHUN TpEHAA,
OITMCHIBAIOLIMX 3aBUCHUMOCTbD CHJIBI IPUKPEIUICHNSI OT MacChl OpraHU3Ma, He IEMOHCTPUPYIOT CTATUCTUUECKH 3HAYMMBIX
orimmuunit ot 0. B To ke Bpemst M. trossulus, HA060pOT, COXPaHSIOT XapaKkTep STOH 3aBUCUMOCTH (4eM KpyIHee MUANS,
TEM CHJIbHEE MPHUKPEIIISIETCS) TaXKe MPH IKCTPEMAILHOM onpecHeHnH. CpeiHre 3HaYeHHsI CHITbI TIPUKPETIeHUs it M.
edulis cHIKAIOTCA ¢ TIOHMKEHNEM COJICHOCTH, B TO BpeMst Kak M. frossulus Ha I3MEHEHUsI COJIEHOCTH He pearupyer. [1pu
9TOM, B LIEJIOM, CHJIa TIpUKperuieHust y M. trossulus Beime, yeM y M. edulis. Takum 00pa3oM MOXKHO clieniaTh BBIBOJ O
TOM, 4T0 M. trossulus, SBISIOUIMNACS, COTJIACHO JINTEPAType, BUIOM, KOTOPBIHA JIydIIe IEPEHOCUT MPECHBIE YCIOBHS,
COXpaHSeT COCOOHOCTH K MPHUKPEIUICHHUIO TIPH OCTPOM CTpecce, 00YCIOBIEHHOM COJICHOCTRIO, B oTIHIne OT M. edulis.

Ipoexm svinonnsemcs npu noooepaicke 2oc.3a0anus 3UH PAH Ne 1021051402749-2.

Byssal attachment strength in cryptic species of Mytilus spp. under low salinity stress
Kovalev A."’* Khaitov V."3

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Zoological institute RAS, White Sea biological station «Kartesh», Saint Petersburg
3 Kandalaksha State Nature Reserve, Murmansk Oblast

* e-mail: retard96(@yandex.com

We analyzed byssal attachment strength of two cryptic mussel species (Mytilus edulis and M. trossulus) depending

on salinity (12%o, 16%o, 20%0 and 24%o) and size. M. trossulus retains the ability to attach at reduced salinity, in contrast
to M. edulis. Large animals adhere to the substrate more strongly.
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Jpixanue 6esiomopcknx muamii Mytilus edulis Ha opranu3MeHHOM U TKAaHEBOM YPOBHSAX
T'epacumosa M. A Koeanee A. A.">, Cyxomun A. A?

! Canxr-IleTepOyprekuii rocyIapcTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3BoHounbix, Cankt-IletepOypr
2 300J10rHYECKHit unctutyT PAH, Benomopckas Guosornyeckas CTaHIAS
* e-mail: gerundinell@gmail.com

CkopocTh MeTaboIn3Ma 1 Macca Tejla )KUBOTHBIX CBSI3aHbI MEXAY cOO0H alIOMETPHUYECKOH 3aBUCHMOCTBIO WIIH,
TaK Ha3bIBaeMbIM, 3akoHOM Kiraiibepa: sHepreTndeckue TpaTsl Ha 0OMEH NMPONOPIHOHATIBHEI Macce Tejla B CTENECHHU Y.
[TpranHBl 1 MEXaHU3MBI META0OINYECKON ANIOMETPHN MHTEHCHUBHO M3Y4YalOTCS, OMHAKO €AWHON HENpPOTHUBOPEUHBON
TEOpPHUH 10 CHUX He cymecTByeT. HesicHO, B Kakol CTENEHM IOAJCP)KUBAETCS W YeM OIpEeAessieTcs alIoMeTpus
MeTabosIn3Ma Ha pa3HbIX yPOBHIX OMOJIOTHYECKOH OpraHu3alii — Ha yPOBHE II€JI0T0 OpraHn3Ma 1 CyO0OopraHM3MEHHbIX
ypOBHsX. B mtaHHOM nccnenoBaHuM MBI H3y4alil H3MEHEHUE aJUIOMETPHUYECKOH 3aBHCUMOCTH META00IM3Ma C IEPEX010M
OT OPraHU3MEHHOT'0 YPOBHS OMOJIOTHYECKOI OpraHu3aIiy K TKaHEBOMY. JlJIsl 5TOro MBI ONPENEIsiid CKOPOCTh AbIXaHUS
(Toka3aresib CKOPOCTH a’poOHOro Meraboiu3Ma) y OTACIHbHBIX ocobOell mummit Mytilus edulis, a 3ateM u3MepsLIH
JIbIXaHHUE UX )KaOepHOI TKaHH, B 3aBUCHMOCTH OT pa3Mepa Tella MOJUTIOCKOB. DKCIIEpUMEHT ObuI TocTaBieH jeroM 2021
roga Ha benomopckoii 6uocranumn 3MMH PAH «Kaprenr». Munuu Obutn coOpaHbI C MCKYCCTBEHHBIX; Pa3MEPHBIN
JTMara3oH MOJUTIOCKOB B BO3pacTe OT 2-X 10 6-Tu yiet coctaristi ot 0,6 10 17,4 r. JKuBoTHBIC OBUIM aKKIMMHUPOBAHEI B
TeueHne 15 mHel K cTaHAapTHBIM ycioBusM Jaboparopuu (temneparypa 10 + 0,5°C, conenocts 24 £ 1%o, moCTOSTHHOE
OCBEIlICHNE, eXKEAHEBHAss CMeHa Bobl). OIMH IIMKII SKCIIEPUMEHTA 3aHUMal 2 JHs. B repBbIii 1eHb n3Mepsuin CKOpOCTh
JBIXaHWSA 1IeJI0T0 oprann3Ma. Ha cienyromuii 7eHb MUIUIO BCKPBIBAJIH, NTPENapHpOBaIN YacTh XKaOphl, U ONpPeersin
CKOPOCTB MOTPEOIIEHUs KUCIOPOIa 3TOro o0pasia Tkanu. Msmepenne ckopoctu abixanus (MKrO?/9) OCyIIECTBIAIIOCH
METOJIOM TEPMETHYHBIX COCYJIOB, KOHIEHTPALMIO KHUCIOpoaa B Boge (MrO?/m) ompenensiv XUMUIECKHM METOOM
Bunknepa. ITocne skcriepuMeHTOB OMPEeNsuId Maccy LEI0ro OpraHu3Ma U MpoOsI )kabepHOH TKaHH.

ITokazaHO HOCTOBEpHOE BIHMAHUE pa3Mepa MUIMHA Ha CKOPOCTh AbIXaHus menoro opraamma (ANOVA, p <0,05).
KpynHble )XMBOTHBIE XapaKTepH30BAIUCH 0o0Jiee BBHICOKOH CKOPOCTBIO JbIxaHUs. Ha TkaHeBOM ypoOBHE OpraHu3aluu
JIOCTOBEPHO# 3aBUCHMOCTH CKOPOCTH JBIXaHUS OT pa3Mepa MHUIIUH BBISBICHO He ObUI0. J[Mamna3oHbl CKOPOCTH JbIXaHUS
cocrasisui 31,8-912,8 MxrO%/4 u 2,3—14 MxrO2/4 11l OPraHU3MOB U UX KaOEPHBIX TKaHEH COOTBETCTBEHHO. Takum
00pa3oM, COIJIaCHO HAlIMM JaHHBIM, AJUIOMETPUS MeTaboiM3Ma, NMPHUCYTCTBYIONIas Ha OPraHW3MEHHOM YpOBHE,
MporagaeT Ha TKaHeBOM. BO3MO)KHO, 3aBUCHMOCTh CKOPOCTH MeTaboIM3Ma OT pa3Mepa Tella B 3HAUNTEIbHOU CTETIeHN
OIIpeIeTIsIeTCsl CUCTEMHBIMH TIpOIleccaMi, TaKMMH Kak cep/uedneHrne, KpoBooOpalieHne, ra3000MeH, JIOKOMOTOpHas
AKTHBHOCTbD.

IIpoexm svinonnsemcs npu nodoepaicke eoc.3aoanus SUH PAH Ne 1021051402749-2.

Respiration of the White Sea Mytilus edulis at the organism and tissue levels
Gerasimova M., Kovalev A."°, Sukhotin A.>

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Zoological Institute RAS, White Sea Biological Station
* e-mail: gerundinell@gmail.com

We studied metabolic allometry in a mollusk Mytilus edulis at the organism and tissue levels of organization.
Respiration rate of whole mussels and their gills was measured in closed respirometers, oxygen concentration was
determined with Winkler method. The obtained data showed a pronounced allometry at an organismal level — bigger
mollusks had higher respiration rate, but at the tissue level this pattern was not observed.
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Effect of drilling fluids of different composition on mollusk larvae (Hiatella sp.)
Ivankovich Y. V.., Martynova D. M7
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Oil and gas mining demands using drilling fluid(s), which properties are largely associated with the environment
(sea or land). Drilling fluids promotes destruction of rocks, so they have a number of properties, which are harmful to the
environment in most cases. Sea biota is one of the most affected element of ecosystems, since drilling fluids are partly
soluble or form suspension deteriorating the habitat for many species. The consequences of possible toxic effects of
drilling fluids of various compositions have been studied in 2021 in a series of experiments. The test object were the
larvae of Hiatella sp., a widespread sublittoral bivalve mollusk. Three drilling fluids of different compositions have been
tested: (1) standard barite-based drilling fluid (“standard”), (2) experimental Saccharina-based fluid, developed at the
Murmansk State Technical University (“Saccharina”), and (3) drilling fluid used currently on the Prirazlomnaya offshore
ice-resistant oil-producing stationary platform (based on polyanionic cellulose and xanthan gum, “Prirazlomnaya’). The
mollusk larvae were placed individually into the 2-mL cells with a 6.7 mL/L concentration (250-pum and 350-pum size
classes) and 20 mL/L concentration (250-pum). The larvae behavior was checked after 3, 6, 12, 24, and 48 hours. Then the
animals were transferred to 2-mL of native seawater for another 24 hours, and their behavior was checked again. The
250-um larvae exposed to 6.7% concentration of all three drilling fluids have recovered after transferring them into native
seawater. Although, the 350-um larvae have restored their natural behavior only after being exposed to “Prirazlomnaya”.
This was the only drilling fluid that caused the death of mollusk larvae after 24 h or exposure (6.7 mL/L). A negative
effect of the 20 mL/L concentration was noted for all the studied drilling fluids, with the most pronounced for
“Prirazlomnaya”. The effect of the “standard” and the “Saccharina” drilling fluids on altering the larvae behavior was
significantly less. However, “standard” drilling fluid forms a thick layer on the bottom of the experimental cell, which
may cover small benthic organisms and thus prevents their normal respiration. Therefore, even insignificant
concentrations of drilling fluids have a negative effect on aquatic organisms in different ways.

The study was supported by the State Assignment no. 1021051402749-2.
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Bausinue yroJibHo# NBLJIM Ha YKOJIOTHIO U 3I0POBbA YesIoBeKa (Ha mpuMepe ropoaa MypmaHcka)
Kynemenxo B. I1., Koncmanmunos A. FO.

MypMaHCKHI TOCYapCTBEHHBIH TEXHUUECKUH YHUBEPCUTET, Kadeapa OMO0IOTHH U BOAHBIX OHopecypcoB, MypMaHCK
* e-mail: valentinkultenko@gmail.com, tomcat24545@gmail.com

[Ipobnema aHTPONOTEHHOTO 3arpsi3HEHUS B YCIOBHS AEATEIbHOCTH MYypPMaHCKOTO MOPCKOTO TOProBOTO IIOpTa
(yrosmpHOTO TEpMHUHAJIA) SBISETCS OJJHOM M3 aKTyaJIbHBIX, BIMSIOIINX Ha 3I0POBBE U KAUECTBA )KU3HM YEJIOBEKA, a TAKKe
Ha 9KOJIOTHIO MECTHOCTH. llenpio mccienoBaHMs CTal aHaiW3 BIMSHUS YTOJBHOW IBUIM HA SKOJOTHIO M 3I0POBBS
YeJIoBeKa.

UroOb! BBISIBUTH B3aHMMOCBSA3b MEXAy (DAaKTOM 3arps3HEHHS YTOJBHOHM IBUIBIO M 3a00J7€Ba€MOCTHIO TOPOXKAH
MIPOAHATM3UPOBAHBI JaHHBIE TOMOBBIX OTYETOB CieAylommx opranmzammii: AO «MypMaHCKHI MOpPCKOI TOPTOBBIi
OpT» — OTYeT 1o nepeBasike yris 3a 20182020 roasr 1 MuHHCTEpCTBA 34paBOOXpaHeHnss MypMaHCKOil o0macTi —
0T4eT 1o 3a00JIeBaeMOCTH OOJIE3HSIMH JIETKUX H OHKOJIOTHYECKUMH 3a00ieBaHIsIMHA skuTeneit Mypmancka 3a 2018-2019
roapl. AHanu3 3aboneBaemoctu 3a 2020-2021 roapl He MPOM3BOAMICS M3-3a MOCIEACTBUII HOBOW KOPOHABUPYCHOU
upekuun COVID-19. Kpome Toro, 0bu1 MpOBEJEH IKOJIOTUYECKHI MOHUTOPUHI CHEXKHOTO TOKPOBA, OCKOJBKY OH
SIBJISIETCSl MHAMKATOPOM 3arps3HeHHsi atMocdepHoro Bo3ayxa. [lms 3a0opa MaTepuana BBIIENEHO 5 OOBEKTOB B
Jlennackom u IlepBomaiickoM okpyrax MypmaHcka, a TakKke Ha IPOTHBOIIOJIOKHOM OT ropojaa Oepery Kombckoro
3aquBa (p-H AOpaM-Meic). C uccienyeMbIX YYacTKOB ObUIO B3ATO 15 00pasnoB CHEXHOrO IOKpOBa ISt
OPraHOJIENTHYECKOTO U (PH3UKO-XMMUYECKOTO aHaN3a.

B pesynprare (pM3MKO — XMMHUYECKOTO aHAIHM3a MPo0 CHEXHOTO MOKPOBA YCTAHOBIEHO, YTO BO BCEX Mpodax
nmeercst npessienne pH Hopmer (ot 5,8—7,1). [ToxmenaunBanne CHEKHOTO ITOKPOBA OKCHIAMH METAJIOB IIPOUCXOINUT
Omarogapst aBTOMOOMJIBHBIM BBIXJIONIAM M YTOJIBHOM NBUIM, HakamuBamomed ux. CorlacHO KaueCcTBEHHOMY H
KOJIMYECTBEHHOMY aHanmu3y oOHapyskeHo: B mpobax Ne 2.3 mammuune Ni- 3,0 u 5,0 mr/im; Ne 1,4,5 — Cr- 3,0 mr/m; Cu Bo
Bcex oOpasiax, HauOombiee ee coaepkanue B npode Ne 4 — 30 mr/in. KauecTBEeHHBIN aHANN3 MTOKA3al HATHYINE HOHOB
xkenesa (II) B obpasmax Ne 2,4, a Tawke xenesa (III) — Ne 1,3,5. Konuentparus sxenesa npepbitraet [1JIK. Bo Bcex
o0pasiax oOHapyKEHHBIC XJIOPUI-HOHBI U CYJIb(aT-uoHbl. COTM aMMOHHS 00OHAPYKEeHBI B 00pasie Ne 4.

Macca meut BOo Bcex oOpasmax mpessiraer [1JIK. Haubosnbliee 3HaueHue oOHapykeHO B oOpasue Ne 3 u
cocrapiset 35,8 Mr/i1, a HauMeHsIIee B oopasie Ne 5 — 4,6 mr/m.

AHanmm3upyst pe3yJbTaThl UCCIENOBAaHMS, MOXKHO CIEJIaTh BBIBOJI, YTO YrOJbHAs MbUIb, MPUCYTCTBOBABIIAS BO
Bcex oOpaslax HCCIeIOBaHMs, COAEP)KUT TOKCHYHBIE NPUMECH (MOHBI TSDKENBIX METAIOB M KHCIOT), KOTOpBIE
YXYIIIA0T 3KOJIOTHYECKYI0 00CTaHOBKY ropoa MypMaHCKa 1 BIUSIOT Ha 30POBbE JKUTENCH.

The impact of coal dust on ecology and human health (on the example of the city of Murmansk)
Kultenko V. P., Konstantinov A4. Y.

Murmansk State Technical University, Department of Biology and Aquatic Bioresources, Murmansk
* e-mail: valentinkultenko@gmail.com, tomcat24545@gmail.com

The problem of anthropogenic pollution in the conditions of operation of the Murmansk Commercial Sea Port
(coal terminal) is one of the most urgent, affecting the health and quality of human life, as well as the ecology in the area.
The aim of the study was to analyze the impact of coal dust on the environment and human health.
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Protective function of brown algal phlorotannins: antibiotic activity against the model unicellular
organisms
Lemesheva V.'*, Islamova R.', Birkemeyer C.%, Stepchenkova E.**, Tarakhovskaya E."?

! Saint Petersburg University, Department of Plant Physiology and Biochemistry, Saint Petersburg
2 University of Leipzig, Faculty of Chemistry and Mineralogy, Leipzig, Germany

3 Vavilov Institute of General Genetics RAS, Saint Petersburg Branch, Saint Petersburg

4 Saint Petersburg University, Department of Genetics and Biotechnology, Saint Petersburg

* e-mail: valeriya.lemesheva@gmail.com

Brown algae accumulate significant amounts of unique phenolic compounds, phlorotannins. These metabolites,
represented by a complex mixture of phloroglucinol (1,3,5-trihydroxybenzene) oligomers and polymers, have multiple
physiological functions in algal thalli. The most extensively studied function of phlorotannins is their contribution to the
chemical protection of macroalgae against diverse deleterious microorganisms, biofoulers and grazers. It is known that
different brown algal species produce specific phlorotannin molecules, which have unequal biological activity. In the
present study, we are considering effects of different phlorotannin extracts on a set of model unicellular microorganisms.

Phlorotannin extracts were isolated from seven brown algal species (Desmarestia aculeata, Pylaiella littoralis,
Chordaria flagelliformis, Chorda filum, Fucus vesiculosus, Pelvetia canaliculata, and F. serratus). The molecular
composition of the extracts was determined using HPLC-MS analysis. Microalgae Chlamydomonas reinhardtii P.A.
Dangeard (strain CC-124), Chlorella vulgaris Beijer. (strain BIN), Euglena gracilis Klebs (strain Z), gram-negative
bacteria Escherichia coli (strain KA769) and yeast Saccharomyces cerevisiae (strain LAN 201-ura3A) were chosen as
model objects for testing the phlorotannin toxicity.

All studied phlorotannin extracts exhibited higher toxicity to bacterial and yeast cells compared to microalgae.
Phlorotannin preparations obtained from D. aculeata exhibited the strongest antibiotic effect with minimum inhibitory
concentration (MIC) varying from 4—5 pg/ml for yeast and bacteria to 30—60 pg/ml for E. gracilis and Ch. reinhardtii.
Phenolic compounds of P. littoralis showed the least antimicrobial activity (MIC > 1000 pg/ml). Ch. vulgaris was the
most resistant organism, showing the highest MIC values for most of the tested phlorotannin extracts.

We may conclude that microorganism susceptibility to phlorotannins depends on both the molecular composition
of the extract and the object cell structure. Thus, the most probable reason for relatively high tolerance of Ch. vulgaris is
its unusually thick and rigid polysaccharide cell wall. At the same time, not all of the tested extracts were less effective
against this object: phlorotannins isolated from Ch. filum were more toxic for E. gracilis, than for Chlorella. Surprisingly,
Euglena, lacking cell wall and surrounded only by a plasma membrane and proteinaceous pellicle, proved to be more
tolerant to phlorotannins than Ch. reinhardtii, possessing a typical plant cell wall.

Apparently, the reactions underlying phlorotannins toxicity are much more complex, than was suggested earlier.
Examining the phlorotannin effects on the organisms used as model objects in molecular biology and genetics (such as
S. cerevisiae, Ch. reinhardtii etc.) will contribute to elucidating the mechanisms of the biological activity of these
metabolites.

This study was supported by the Russian Foundation for Basic Research (project 20-04-00944).
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Oco0eHHOCTH OMOXMMHMYECKOI0 COCTABA KPACHBIX BogopocJei mopsaakos Gigartinales u Ceramiales
Anvwun H. A.'*, Jlemewesa B. C.'?, Bupxemaiiep K.?, Tapaxoscxas E. P.""*

! Canxr-TleTepOyprekuii rocyIapCTBEHHBIN YHUBEPCUTET, Kadeapa pU3nonoruu u OHoXuMuK pactennii, Cankr-
[erepOypr

2 Yuusepcuter Hunrata, Hunrara, SInonuns

3 Yuusepcurer Jleiinura, hakyabTeT XuMuu 1 MuHepanioruu, Jleiniur, [epmanns
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B Xone 5BOJIONMH TPEICTABUTENN Pa3sHBIX TAKCOHOMHYECKHX TPYMI KPAcHBIX BOAOPOCIECH HPHOOpPENH psij
HHTEPECHBIX OHOXUMHYECKHX 0COOCHHOCTeH. B 4acTHOCTH, IMPOKO NMpEeACTaBIEeHHbIE B albroguIope CEeBEPHBIX MOpEH
BOAOpOCTH, oTHOCsmUecs K mop. Gigartinales m Ceramiales, HecMOTpsl Ha MOTYAaC OYCHHb CXOIHBIE JKOJIOTHIECKUE
MPeNNOYTEeHHS, CyIIECTBEHHO Pa3INYAIOTCS 10 OMOXMMHYECKOMY COCTaBy. | MrapTHHOBBIE BOIOPOCIH M3BECTHBI KaK
UCTOYHHMKU KapparMHaHOB, CHEHU(PHUYECKUX CTPYKTYpHbIX monucaxapunoB Rhodophyta, ¢uopunozuna u psna
YHUKAIbHBIX aMWUHOKUCIOT (Hamp., TWraptuHuHa). llepamueBble BOIOPOCIH CHUHTE3UPYIOT W HM30MpaTeNbHO
HAaKaIUIMBAIOT B CBOMX TalyIoMax MIMPOYAHIIMK CHEKTp CrHenu(UuYecKuXx HU3KOMOJIEKYJSIPHBIX METa0O0IUTOB:
caxapoCHHMpT JWT€Hea3ns, KauHOWAHBIE aMHHOKHCIOTHI, OOJbIIOE pa3HOoOOpa3we MHKOCIOPHH-TIONOO0HBIX
AMHHOKHCIJIOT, TaJIOT€HOPTraHW4eCcKHe CoeMHeHNs. JleTanbHoe n3yueHne 0coOEHHOCTEH COCTaBa Pa3iMYHbIX KPACHBIX
BoJOpOCIeil (OMOXMMHYECKUH «(MUHTEPIPUHTHHI») NPEICTABISICT 3HAYMTENBHBIA HHTEpEC KakK C TOYKH 3pEHUS
BBIABIICHUS (DYHZaMEHTAIBHBIX 3aKOHOMEPHOCTEH MeTa0ollM3Ma O3THX OpPraHW3MOB, TaK W Ui IIOBBINICHHS
3 (EeKTHBHOCTH MX MPHKIATHOTO UCHONIB30BaHUs. L{eNbro TaHHBIH paboThI SBUIOCH CPAaBHEHUE Psiia OMOXUMUYECKHX
mapaMeTpoB 15 BHIOB KpacHBIX BOZOpOCHeH, oTHocsamuxcs K mopsakam Gigartinales m Ceramiales (kimacc
Florideophyceae).

Oo6wextamu uccnenoBanus ciayxunu Ceramium virgatum, Ptilota gunneri, Phycodrys rubens, Polysiphonia
stricta, Savoiea arctica, Vertebrata fucoides, Rhodomela confervoides, Rhodomela lycopodioides, Odonthalia dentata
(Ceramiales); Polyides rotunda, Coccotylus brodiei, Euthora cristata, Furcellaria lumbricalis, Cystoclonium purpureum,
Fimbrifolium dichotomum (Gigartinales). CoaepkaHue MUTMEHTOB OBLIO OMPEIEICHO CIICKTPOPOTOMETPHUIECKH, 001IIee
cojiepkaHne OeJKa MCCIIeIoBaHo ¢ IoMolnbio Merona Jloypu-®osnHa, odmiee coepkaHue yriieBoJ0B — C TOMOIIBIO
AHTPOHOBOTO MeToAa. MeTaboNUTHBIN NpOodaiIuHr OBUT BBHITIONHEH C MOMOIIBIO METO/1a Ta30BOH Xpomarorpaduu —
Macc-CIIeKTPOMETPHH.

JocToBepHbIe pa3inyus MEeXKIY IPEICTABUTEISAMH LIEPAMUEBBIX M THIAPTHHOBBIX BOJOPOCICH OBLIH MONTYYCHBI
MPAKTUYECKH MO BCEM HCCICAOBAHHBIM HaMH MapameTpaM. [lo CpaBHEHHIO C THTAPTHHOBBIMH BOJOPOCISAMH,
npencraButeny nop. Ceramiales XapakTepu3yOTCsi OTHOCHTEIBHO BBICOKHM coJliepikanueM Oernka (1o 32% cyx. Macchl)
¥ CBOOOTHBIX aMHHOKHCIIOT (B T.4., HE3aMEHUMBIX) U COIEpKaT B ABa pa3a OoibIre Xiopoduiia «a» u GUKOIPUTPHHA.
Takke 1epaMHEBBIM BOAOPOCISIM CBOHCTBEHHO HAKOIUICHHE Psfa HEMPOTEHMHOICHHBIX aMHHOKHCIOT, OPraHUYECKUX
KHCTOT (I[UC-aKOHHUTOBAs, TPUKAPOAILTHIOBAas M Jp.) W pa3HOOOpa3HBIX (EHONBHBIX COCAWHEHHU (IIPOU3BOIHBIC
KyMapoBO#l KHUCIIOTHI, (eHmnaneranpaerun). [Ipeacrasutenu mop. Gigartinales, B 1e0M, OTIMYAIOTCS 00JIee BHICOKUM
COJICP)KaHHWEM YIJICBOJIOB, B T.4. CHEHU(UUECKHX HH3KOMOJIEKYJSIPHBIX CaxapoB M CaxapoCIUpTOB (Tperasosa,
NPOU3BOJIHBIE I'aJIAKTO3MI-TIIMIIEpHHA). TaKke rUrapTHHOBBIC BOJOPOCIHM HAKAIUIMBAIOT CTEPOJIBI U CEPOCOIepIKaIIne
METa0OJINTHI.

[MpencraBnsier ocoOblii MHTEpeC OOHapyKEHHWE CEPUH YHHKaJbHBIX HHU3KOMOJIEKYJISIPHBIX METaOOJHTOB Yy
npeacrasurenieii  ceM. Rhodomelaceae  (Ceramiales). B Hacrosmmii MOMEHT JaHHBIE COCJMHEHHS HE
UICHTU(DUIMPOBAHBI, U HX CTPYKTYpPY ¥ (PyHKIMOHAIbHOE 3HAYCHHE ClIe MPEICTOUT BBISCHUTH B XOJC JAbHEHIINX
HCCIIETOBaHNH.

Ipoexm svinonnsemcs npu noooepicke epanma PODU Ne 20-04-00944.

Specificity of the biochemical composition of red algae of the orders Gigartinales and Ceramiales
Yanshin N.'* Lemesheva V.2, Birkemeyer c’ Tarakhovskaya E1*

! Saint Petersburg University, Department of Plant Physiology and Biochemistry, Saint Petersburg
2 Niigata University, Niigata, Japan

3 University of Leipzig, Faculty of Chemistry and Mineralogy, Leipzig, Germany

4 Vavilov Institute of General Genetics RAS, Saint Petersburg Branch, Saint Petersburg

* e-mail: kolyal256@gmail.com

Though inhabiting similar environment, representatives of the orders Gigartinales and Ceramiales (Rhodophyta)
have numerous biochemical peculiarities. Ceramialean algae contain high amounts of protein, free amino acids, phenolic
compounds, and pigments. Gigartinalean species accumulate specific carbohydrates (floridoside, trehalose etc.), sterols,
and sulfur-containing metabolites.
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[puiaoxkeHne KOHIENIIUA 0 MO3AaNYHOCTH K CTPYKTYPe JJUTOPAJBLHBIX c0001ecTB JlabHe3e1eHenKoi
ryos1 bapenunesa mopst
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HeINpepbIBHOTO MaTeMaTHIeCcKoro oopazoBanus», miomanka buoTomn, Cankr-IlerepOypr

2 3oomoruyeckuii uHCTUTYT PAH, maGoparopus napasuTHYeCKuX 4epBeil u mpoTuctoB, Cankr-IleTepOypr
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4 Cankr-IleTepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET

* e-mail: vanya_fil@list.ru

BapennieBo mope — okpamHHOoe mMope CesepHoro JlemoBuroro okeaHa. B HacTosmiee Bpems HcciemoBaHUS
BEAYTCs, B OCHOBHOM, B CYOJIMTOPAJIH, @ TUTOPAIh U3YJaIOT MPUIETBHO, HCCIELYIOT SKOJIOTHIO KOHKPETHBIX BU/IOB, a HE
coobmectBa. beperoBas nuHHA uU3pe3aHa MHOTOYHCIECHHBIMK 3anuBaMud M OyxTamu. ['y6a JlanpHeseneHerkas
pacnonoxena Ha Konbckom momryoctpoBe Boctounee MypmaHncka. JIutopans ry0sl mpeacTaBisieT COO0H MEKHUN IECOK
Y M3peJIKa BCTpeyaeMble BAIYHBI. J{J1s TaKMX MPUIMBHO-OTIMBHBIX 30H Ha KOJBCKOM MOTyOCTPOBE XapaKTEPHO BHICOKOE
obmire OypbIX BOJOpOCIEH, HaJW4Yhe KOTOPBIX SIBISIETCS OJHUM M3 (haKTOpPOB, OIPEACISIONIMX TeTePOreHHOCTh
ouoreorieno3a. [lyuku (ykycoB sIBISIOTCS dJIeMEHTaM¥ OHMOTOIIA, TIO3BOJISOIIMMH MOPa3AeiIiaTh OHOTre0eH03 Ha TaKk
Ha3bIBaeMbIe TN — CyOIKocucTeMbl. KoHIenums maT4eii — 3To Moaxo/] K aHAIM3y 9KOCUCTEMBI, NOAYepKUBAFOLIHN
HEOJHOPOJHOCTh BHYTPH CHCTEMBI. TakuM 00pa3oM, OHOTEOeHO3 — MO3aKKa MIT4EeH.

Henpto Hamelr paboTHl SIBISETCS aHAIN3 XapaKTepa MO3aMYHOM CTPYKTYpBl JIMTOPAJBbHBIX COOOIIECTB
JanpHe3eneHerkoi ryosl bapeniieBa Mopst myTeM XapaKTepUCTHKH BUIOBON CTPYKTYpbI, CPaBHEHHUS KOJTHMIECTBEHHOTO
1 BHJOBOTO PacIpeieNIeHNs, BBISBICHHUS JOCTOBEPHOCTH PA3INYUM I3TIEH U UX OKPYKEHUH.

B xone pabots! 6110 B3sTO 3 cepuu n3 14 mpo6, 0TOOpaHHBIX € pa3HBIX TOPU30HTOB, C BBIACICHHEM IIITYEH U UX
OKpYy>KeHUsI. MBI CUMTAIN IITIEM IMy9I0K (yKyca ¥ BBIICIIUIN BA BUIA ITYCH — BEPXHUN M HIDKHUH CIIOH (HyKOUIOB.
[Tydox ¢pyKycoB, y KOTOPOTO CONPHKACAIOTCSA C TPYHTOM TOJNBKO PU30OHMIBRI — BepxXHUil cioil. Ecmm Gorpmas gacte
TaJUIOMa HANpsIMYIO CONPHKACAETCSl C TPYHTOM — HIDKHHM cioi. OKpyXKeHHMeM IdT4eil Mbl CUHMTald TPYHT,
HaXOJSIIIUKACS MO My4YKoM (yKyca u psitoM ¢ HuM. JIBe poObI Opaiuch B TOUKE HYJIS TIIyOMH — TaJUIOMBI BOAOPOCIIEH
U IpyHT. Bhilie Ha nuTOpany npoObl Opalluch ¢ HUKHETO, CPEHETO M BEPXHETOo TOPU30HTOB. B Kaxoil Touke ObLIO
B3ATO 10 YeThIpe MpoOkI (2 moTYa 1 2 MpoObl OKpYXKeHUs ). BeInosiHeHa moTHast KOJIMuecTBEHHas pa30opka npod, mocie
KOTOPOH NMPOUCXOANIIO OIpEeIeHUE 1 B3BEIIMBAHNE BCEX W3BJICUEHHBIX M3 MPOO )KUBOTHBIX, N3MEPEHNE MOJUTIOCKOB
JUTS JalTbHEHIIeH CTATUCTHYCCKON 00pabOTKK TaHHKIX B cpene R.

BbIsiBIeHO, YTO BHYTPH IATYAa JOMHHAHTHBIA BHJ, KaK IO KOJMYECTBY, TaKk W MO OHOMacce, pazipyaics C
JOMHHAHTHBIM BHIOM OKpYXeHHs. BumoBoii cocraB maT4ya OexHee, yeM BHJIOBOHW COCTaB OKpYyKeHHMs. B maTuax Obumm
Hal/IeHbl MaJOYHCIEHHBIE BHUJIbI, KOTOPBIE U BHOCHUIM OCHOBHOM BKIJIAJ B paslW4Ms C OKpy>K€HHEM. BEIABIEHO, 4TO
CTPYKTYypa COOOIIECTB B MPEAEIaX IIyYKOB (PyKOUAOB M BHE MX JOCTOBEPHO PA3IHYACTCS, OTINIAIOTCS TAaKXKE BEPXHUI
W HIKHAHA ciioi pykycoB. OOHapykeHO, 4TO HanOoJbIIIee BIUSHIE Ha CTPYKTYPY COOOIIECTBA UMEET COJCHOCTh. [1o
cpaBHeHmio ¢ 2018 rogom, B 2019 romy mpow3onumd 3HaYNTENbHBIE H3MEHEHHS BHIIOBOTO cocTaBa, a B 2020 u 2021
HU3MCHCHUSA 6BIJ'II/I HECYHICCTBCHHBI.

Adapting the conception of patch dynamics to the structure of littoral communities of
Dalnezelenetskaya Bay of the Barents Sea
Filimonov L."*, Efimenko E. I Diumina A.?, Bulavinova V.3, Untilova A.*

' LCME, BioTop, Saint Petersburg

2 Zoological Institute RAS, Laboratory of parasitic worms and protists, Saint Petersburg
3 Russian State Hydrometeorological University

* Saint Petersburg University

* e-mail: vanya_fil@list.ru

We have studied the structure of littoral communities within and outside of patches using the environmental
monitoring method. The structure of littoral communities within and outside of patches is significantly different; the upper
and lower layers of fucus are also different. Small numbered species are the main contributors to the differences. The
species composition of the patch is poorer than the species composition of the environment.
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H3yveHue nuieBoro noBeAeHusi XMIIHBIX OPIOXOHOTUX MOJLTIOCKOB Nucella lapillus B SIpHbIIIHOIM
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Nucella lapillus — xwiHbIA OPIOXOHOTHH MOJUTIOCK M3 ceMmeiicTBa Muricidae. DTo aTIaHTHYESCKHA, ITHPOKO
paCHpOCTpaHeHHBIﬁ BU], HBHHmmHﬁCH BXXHBIM JIMTOPAJIBLHBIM XUIITHUKOM. I/ICCHG}IOBaHI/Iﬂ IIUIICBOIr0 ITOBECACHHUA
HYIIeJUT MPOBOJMINCH HAa JUTOPAISIX ATIAHTHYECKOTO OKeaHa, okoysio AHriuu, u Tuxoro okeana, okojo CIIA, HO
HCCIICIOBAaHUI HUIIEBOTO MoBeneHus N. lapillus B BapeHnieBoM Mope, KOHKpeTHee, B SIpHBINIHOM Ty0e, He MPOBOUIIOCE.

Ienbio Hamiei pabOThI SIBISIETCS BBISIBIIEHUE BUIOB, MPEANOUTHTENbHBIX T nuTanust N. lapillus B SIpHbIIHON
ryoe Bapeniesa Mopsl.

B xoze uccnenoBanus ObUT MPOBECH YKCIIEPUMEHT, KOTOPBIH MPEICTaBIIsLUT OO0 MOCTAHOBKY 12 MIACTHKOBBIX
KOHTEHHEPOB Ha JIUTOPAJh JUIs MOCTOSHHOTO JOCTYMa CBexel Boabl. MIMenoch 3 Tuia KOHTEHHEPOB, OTIMYAOIINXCS
O0MITHEM MHUIIEBBIX 00BEKTOB («MAJI0e KOJMYECTBO IMHIIINY, KHOPMAITLHOE KOJUYECTBO MUIII» U «DOJIBIIOE KOIUIECTBO
mumm»). B KoHTelHepHl TOMEIAINCh PEANOI0KUTEIbHbIC THIEBbIe 00BEKTH Hylet: Balanus spp., Mytilus edulis,
Littorina saxatilis, Testudinallia testudinalis, Littorina obtusata, Littorina littorea — 1 caMu XAIIHUKHA B KOJn4ecTBe 4
LITyK Ha KOHTEiHEp, HE 3aBUCHMO OT ero Tuma. Dkcrmo3unus miunach 10 gueid. Iocie cHATHS KCHEpHUMEHTa Bce
00BEKTHl OCMATPHUBAINCH HA HAJMYHE XapaKTEPHBIX KPYIJIBIX OTBEPCTHH, OCTABISEMBIX HylEJUIAaMH Ha PaKOBHHAX
MOJIJIFOCKOB IIPpH HaIlaJICHUU. 3aTeM IIPOBOAUNIICA CTaTUCTUUECKHUI aHAIU3 IMOJYUYCHHBIX JaHHBIX.

B pe3yIbTaTe UCCIEA0OBAHNA BBIABJICHO, YTO BHI[OBOﬁ COCTaB U OGI/IHI/IC IIUIIEBBIX 06’I)GKTOB JOCTOBEPHO BJIUAIOT
Ha BbIOOp kepTBbl. B SpHbimHoi rybe Bapenmesa Mopsi Hanbosiee MPeaOUYTUTENbHBIME MTHIEBHIMUA OOBEKTAMU TS
N. lapillus sensrorcs M. edulis w Balanus spp. Nucella lapillus ataxyyot L. saxatilis n L. obtusata npu HOpMaJIEHOM U
OonpmoM obwimu munm. Hanwuwe kaHHWOamu3Ma He 3aBUCUT OT oOwmws munwm. N. lapillus atakyror T. testudinalis
TOJBKO MPH OONBITIOM OOMIINH TTHIIIH.

The study of feeding behaviour of predatory gastropod Nucella lapillus of Yarnyshnaya Bay of the
Barents Sea
Arzumanyan S. ! Efimenko E.'* Diumina A.°, Bulavinova V.*, Untilova A.".

' LCME, BioTop, Saint Petersburg

2 Zoological Institute RAS, Laboratory of parasitic worms and protists, Saint Petersburg
3 Saint Petersburg University

4 Russian State Hydrometeorological University

* e-mail: 6888008@bk.ru

We have studied that the species variety and the number of the food has a big impact on the choice of the prey. In
Yarnyshnaya bay of the Barents Sea Nucella lapillus mainly preys on Mytilus edulis and Balanus spp. Nucella lapillus
attacks Littorina saxatilis and L. obtusata at normal and big abundance of food. The existence of cannibalism does not
depend on the abundance of food. Nucella lapillus attacks Testudinalia testudinalis only at big abundance of food.
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OnbIT TpUMEHEHH KAJbIIeMHA JIJI5l CO3aHUs MPUKNU3HEHHBIX METOK Y MOPCKHX 1 MPECHOBOTHBIX
MOJLITIOCKOB
Tagpunoea E. O."?* Apucmos JI. 4.7

! Cankr-TleTepOyprekuii rocyJapCcTBEHHbIN JTECOTEXHUUECKUI YHUBEPCUTET MMeHH Kuposa
2 JlabopaTopus SKOJIOTHU MOPCKOT0 GeHTOCa (THAPOGHOIOrHHT)

3 3oonornyeckuii unctuTyT PAH, Benomopckas OHOOrudecKas CTaHIus

* e-mail: lizazavr2018@gmail.com

OnyopecleHTHBI KpacuTeldb KaJbLIEMH NPUMEHSETCS B OHOJIOTHYECKHX HCCIEJOBAHMAX JUIST CO3aHHS
TIPHKA3HEHHBIX METOK Y OPTaHU3MOB, KOTOPBIE 00Jalal0T HapyKHBIM U3BECTKOBBIM CKeleToM. J[7isi 6eCrio3BOHOYHBIX
obuTaTenell BBHICOKOIIMPOTHBIX AaKBAaTOPHUH TaKWe HCCIENOBAHMS paHee He MPOBOAWINCH. M3-3a TOTO, YTO IUIS 3THX
KUBOTHBIX XapakTepeH Ooyiee MEUICHHBIH OOMEH BEIIeCTB, BO3MOXHO, KalblleWH OyAeT Mo-Apyromy
B3aMMOZEHCTBOBATh C PACTYIIMMH NMAHIUPIMHU TaKUX OpraHn3MoB. [1o3ToMy 1enbio JaHHOHM paboThl OBIIIO MIPOBEPHUTH
3TOT CIOCOO MEYEHHs ATl MOPCKHX M IPECHOBOAHBIX OECIIO3BOHOYHBIX, KMBYIIMX B BOAAX YMEPEHHBIX MIMPOT,
CPaBHHTENIFHO C JaHHBIMU 00 YCIIEIITHOM CO3JIJaHWU METOK Yy oOWTareneil Tponnyeckux mopeil. B xauectBe 00BHEKTOB
ObLTH BBIOPAHBI MACCOBBIC OPTaHU3MBbI JINTOPAIH beoro Mopsi: IBycTBOpYaThie MOJUTIOCKU Limecola balthica v Mytilus
edulis u obuTaroIIMe BO MHOTHUX NPECHOBOJAHBIX BomoeMax CaHkr-IlerepOypra m JleHHHTpajckoit obiacTu mIapoBKU
Sphaerium sp. Matepuan cooupaincs B 2019—2021 rr. B urone 2019 r. Ha mutopanu Benoro mops 6suta coOpansr 30
JIBYCTBOPYATBHIX MOJUTIOCKOB L. balthica. CoOpaHHble XMBOTHBIE B TeuyeHHE 48 4YacoB HAXOJWIHCh B OTCaJHHKaX,
3aIl0JHEHHBIX BOJHBIM PacTBOPOM KaJbLIEMHA M MOPCKOW BOJOH, HOCIe Yero ObIIIM Ha Mecs] TOMEIIEHbI B CaJIku Ha
JUTOpaiH, MpH Temreparype Boabl 12—16 °C. lanee oHn ObutM 3a(h)MKCHPOBAHBI B STHIOBOM crupTe. MeTku Oblmn
0o0Hapy>KeHBI ¢ TOMOIIBIO (HTyOPECIIEHTHOTO MUKPOCKOIIA JIUIIb HAa OTHON pakoBuHE L. balthica. B centsope 2020 . B
Bonoemax lllyBanmoBckoro mapka (Caskr-IletepOypr) Obutn coOpaHBI M NOMEIICHBI Ha 72 Yaca B BOIHBIH PacTBOp
KaJlbIIeMHA MOJUTIOCKH Sphaerium sp. 3aTeM OHH Ha OJMH MecsI] ObUTH TEepeMENIeHbl B YHCTYIO TPECHYIO BOIY
temnepatypoii 22 °C. Ha 7 pakoBHHaX mapoBOK (M3 8 MCCIEOBaHHBIX) METKA B BHUJIE KEJITOH ITOJIOCH IO PacTyIIeMy
Kpaio paKOBHHBI OBLIa XOPOIIO Pa3nduMa IPH €CTECTBEHHOM OcBemleHnH. [Ipu cBeToamoaHoM ocBemieHnH (488 HM)
9Ta moJioca MproOpeTalla HaChIILEHHBIN 3eNeHbli 1BeT. B aBrycre 2021 rona Ha nuropanu benoro Mops 66utd coOpaHbI
5 ocobeit L. balthica u 6 ocobeii M. edulis. OH1 OBbLIN TOMEIIEHBI B PACTBOP KaJIblIEMHa Ha 72 Yaca, a 3aTeM — B YHCTYIO
MOpPCKyI0 Boxy Temmeparypoii 22 °C. Tlocie AByX MecsieB 3KCIO3UIMH METKa ObLTa YeTKO BHAHA Y BCEX COOPaHHBIX
ocobeti L. balthica v na 4 paxoBunax M. edulis. Takum 00pa3omM, OBUIO BEISIBJIICHO, YTO METOMKA MECUCHUS KATBIICHHOM
pacry1iell yacTi Hapy»KHOTO U3BECTKOBOTO CKeJIeTa MOXET OBITh YCIEIIHO TPUMEHNMA JIJIsl U3yUYEeHUs OECIIO3BOHOYHBIX
YMEpEHHBIX IIUPOT, OJHAKO, /Uil Oojiee KOHTPACTHOW BHM3yallM3allMM METOK yA00HEE MOJIb30BAThCS CBETOJIUOIHBIM
OCBECILICHHEM.

Using calcein for making marks in shells of alive sea and freshwater bivalves
Gavrilova E."?* Aristov D.>?

! Saint Petersburg State Forest University, Saint Petersburg

2 Laboratory of Marine Benthic Ecology, Saint Petersburg

3 Zoological Institute RAS, The White Sea Biological Station, Saint Petersburg
* e-mail: lizazavr2018@gmail.com

Fluorescent dye calcein has been used in numerous studies of water animals to mark their calcified skeletons. We

verified this method of making calcein marks in shells of molluscs of high latitude waters as Limecola balthica, Mytilus
edulis, Sphaerium sp. Calcein can be used for making marks in their shells.
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OKEAHOJIOI'HA, I'EOJIOIMA, IIOYBOBE/IEHUE

OxeaHoJI0THYECKHE M UXTHOJIOTHYecKHe Ha0Moaenns B Kannanakuickom 3anuse benoro mops
sumoii 2021 r.
Maxoeuxos A. ﬂ.’*, Cmaeun P. E.!, Heanoe M. B.”, Heanosa T. C.°

! Cankr-IleTepOyprekuii rocy1apCcTBEHHBIN YHUBEPCHTET, Kadenpa okeanonoruu, Caukr-IletepOypr
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* e-mail: alexmakhovikov@gmail.com

I'maponoruueckuii pexxum Kannanakuickoro 3anuBa benoro Mopst Bo MHOTOM onpeieNisieTcs ero reorpadguieckum
MIOJIOKEHHEM — OOJIBIIAs YaCTh €r0 aKBaTOPUH pacIioioxkeHa B CyOIOISIPHOM KIIMMaTHYeckoM nosice. CroJia IPOHUKAIOT
coJieHble BO/bI bapeHueBa Mopsi, B XOJIOAHBINA MEpUO] roja MOBEPXHOCTh MOKPBITA JIBAOM, 3/1€Ch XOPOIIO BBIPAXKEHBI
TIPWINMBHBIE SIBIEHUA. B psne MecT, U3-3a IPeCHOBOIHOTO CTOKa (hopMHUpYeTCst IBYCIIOWHAs CTPYKTYpa (pacpecHEHHbIN
u cosieHbl cion). TakuMu paifoHaMH SIBISIIOTCS yCTheBas o0JlacTh peku KepeTs M mpuiieraromiye akBaTOPUH C
TIPOJIUBAMH.

JlerHuii BOAHBIH pEXUM XOpPOLIO H3ydeH, Onaromaps wuccienoBaHusM Kadenpbl oxeaHonorun CIIOI'Y,
BBINOJTHSIEMBIX B XOJI€ TIOJIEBBIX NMPAKTHUK CTyAEHTOB. OIHAKO, OKEaHOJOTHYecKass MHGOPMAIUS 110 APYTUM CE30HaM
Oputa ckymHas. B mapre 2020 r. ObUH BBITIOJNHEHBI TIEPBBIE 3UMHHE W3MEPEHHUS B yCcThe peku KepeTs, a ron CIycTs
yIaJIOCh TOJNYYHTh MJaHHbBIC, OMMCHIBAIOIINE OCOOCHHOCTHM 3HMMHETO THIPOJOTHMYECKOTO0 PEXHUMAa M 10 APYTHM
axBatopmsiMm (bompmioit Keperckuit Peiin, ryba Uyma, mponms I'myOokas Camma). Beumm mosrydeHBl BepTHKaJIbHBIE
npouiM OCHOBHBIX OKEaHOJOIMYEeCKMX BEJIMYMH M CBEICHHS O JIeNoBOH oOcraHoBke. Kpome TOro, mpoBomuics
NOZJIETHBI JIOB PHIOBI HA PAa3HBIX INTyOHHAX jka0epHBIMH CETSMH C siueell pa3HOTo pa3Mepa.

B ry6e Keperb B 3uMHUI1 iepro/i HaOIIOIAETCs CIIEAYIONIasi CTPYKTypa Boj. BepxHuil pacnipecHEeHHBIN CIIOH U
HYDKHHI COJICHBIH, IIPH 9TOM OoJiee BEICOKHE TEMITepaTypbl HaOMoamuch y yeTbs peku KepeTh 1 Ha Bcell MOBEpXHOCTH
ryost Kepetb.

Heckonpko mHas curyanust HaOmonaercs B nponuBe Cyxast CanMa ¥ B MeNTKOBOJIHOHM saryHe KomonkoBoid.
[Ipomue Cyxas Canma nmeet OoJee MUPOKUE JUANa30Hb H3MEHEHUS COJICHOCTH M O0JIee TEIUTyIO BOIY IO CPaBHEHHUIO
C JIaryHOH. 3UMOH B naryHe Oblla OOHapy’KeHa TPEXHUIias KONIOMIKA, KOTOpas MaCCOBO HEPECTHTCS B 3TOW aKBaTOPUH
JIETOM.

Bommsu ry0ost JleTHss OpU10 00HAPYKEHO, UTO TEMIIeparypa C TIryOWHOH pacTeT, a 3aTeM CHOBA CHIDKACTCSA. DTOT
(heHOMEH MOXXHO OOBSCHHUTH TEM, UTO JIEJ IPETATCTBYET aKTUBHOMY BETPOBOMY IEPEMEIINBAHUIO PA3HOPOAHBIX BOJ,
MI03BOJISISl PEYHBIM BOZaM OTHOCUTEIBHO OECIPENTCTBEHHO MPOBUTAThCS MO0 JIbJIOM B CTOPOHY OTKpBITOro Mopsi. Ha
riy6uHax 40—-80 M B mpoBElICHHbBIE CETH B OOJBIINX KOJMYECTBAX MOMNaiana MoiBa.

TonmuHa npa B MapTe JOCTUTAET 55 cM, a caMblii TOHKUW JIeJ OTMEUAeTCsl B palloHe ¢ aKTUBHOM JMHAMUKON
BOJI.

Pacnpenenenne ppI6 B M3y4eHHOM pailOHE B IIEJIOM COOTBETCTBOBAJIO 3UMHEMY BEPTUKAIILHOMY pacIpeieiICHUIO
TemrepaTypbl Bobl. OCHOBHBIE CKOIJICHUSI ObUTM OOHapy)keHbl Ha IiyOmHax cBeimie 40 M, Te Temmeparypa BOJbI
npespmraia +1,0 °C. Ha rmyOunax Beime 40 M u Hmke 80 M, rme Temmeparypa omyckanach Hmwke 0°C prida He
BCTpeYaNIach, 3a NCKIIOYCHUEM €IMHUYHBIX TONMOK Kep4yakoB Ha Tiryounax 10-20 M. B ry6e Uymna Ha 1He Ha rimyOuHax
40—-60 M OpuTH 0OHAPYKEHBI CKOIUICHHS 3UMYIOIIeH OETTOMOPCKOH CeJIbAN, HacTO MONaJaiCh KOJIOUNE CKaThl, KEPYaKH,
MO¥Ba.

Paboma yacmuuno nodoepwcana epanmom Poccutickozo umayunoeo ¢onoa (epanm Ne 19-14-00092). Taxowce
asmopvwl brazooapam aomunucmpayuio YHE CII6TY «Benomopckasy 3a 603mMoicHOCMb pabomsl 8 OAHHOM pauioHe
Kanoanaxwckozeo 3anusa benoco mops 6 3ummnuti nepuoo.

Oceanological and ichthyological observations in the Kandalaksha Bay of the White Sea in winter
2021
Makhovikov A."*, Smagin R.!, Ivanov M?, Ivanova T’

! Saint Petersburg University, Department of Oceanology, Saint Petersburg
2 Saint Petersburg University, Department of Ichthyology and Hydrobiology, Saint Petersburg
* e-mail: alexmakhovikov@gmail.com

For the Keret Bay and adjacent waters of the Kandalaksha Bay (White Sea), for the first time generalized data on

the vertical distribution of water temperature and salinity, ice regime, and features of the behavior of fish communities at
the end of the winter were obtained.
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IIpocTpancTBeHHAs] K3MEHYHBOCTH HapeHIIEBOMOPCKOif BOJHOW MAacChl M0 JaAHHBIM HATYPHBIX
Ha0JI01eHn i B :xes100e CBATONH AHHBI 32 aBrycT 2021 roga
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HeOonpmioit mo miomany, pactonoxeHHbId Ha cThike bapenneBa m Kapckoro mopeid, xeno0 CBsTOH AHHEI
SIBIISIETCS] paifOHOM TpaHC(OpMalny aTIaHTUYECKUX BOJ: 311€Ch BCTpedatoTcs ppaMoBckasi M OapeHIIeBOMOPCKasl BETBU
CeBepo-ATIaHTHYECKOTO TEYeHHs, OTKyJa Jajee, yepe3 OacceitH HaHceHa, MpoJomKaOT HUPKYIHMPOBATh 110 BCEMY
CeBepHomy JlemoBuroMy okeany. OcoObli HWHTEpeC TPEACTABIsSET OapeHIEBOMOPCKHN IIOTOK, HECYIINi
OapeHIIeBOMOpCKyl0 BoaHyo Mmaccy (BBM), Beap B YCIOBHAX OTCYTCTBHSI IIOCTOSIHHOW KpPOMKH JbJa HIIH
HEpaBHOMEPHOTO €ro pacmpenesieHus B bapeHiieBom Mope OapeHIIEBOMOpPCKas BETBb CYNIECTBEHHO OXJIAXKAAETCS B
OTIIMYHE OT M30JMPOBAHHOTO TOAO JBAOM Temoro ¢pamoBckoro moroka (OBM). O6e BogHBIE MAacChl COCTABISIIOT
THIPOJIOTHIECKYIO CTPYKTYpY kenoba Cearoit AHHBL B aBrycre 2021 roga Opiia BRIIOTHEHA TOAPOOHAs (55 cTaHIwmif)
THIPOJIOTHYECKas CheMKa JKeno0a, a TaKoke MPIIIETaloNINX aKBaTopuii (pailoH KOHTHHEHTAJIbHOTO CKiIoHa (1o 83° C.111.)
U JIBa I0KHBIX paiioHa. B pe3yibpTaTe KOTOPOI MOCTPOEHBI U MPOAHATU3UPOBAHBI Pa3pe3bl 10 TEMIIEPATYPE, CONEHOCTH
U IJIOTHOCTH, a TaK)Ke COCTaBJIEeHbI TS-ArarpamMMsbl [T BEISIBICHHS H3MEHEHUH THAPOJIOTHYecKuX napameTpos BBM.

Momnbii cnoii xonoausix (0 < 0 °C) u Gonee mIOTHLIX (60 > 27,95 kr/M*) TIyOGHHHBIX BOJI, OOHAPYKEHHBIH Ha
JBYX IOXHBIX paspesax, uiaeHTuduumpyercs kak bBM, BeiTsHyTass (opma KOTOpOH OOBSICHSETCS OTKIOHEHHEM OT
reoctpoduyeckoro OanmaHca H yBenumdeHWeM Od¢dekra cuiabl Kopuomuc a  BCIEACTBHE BBICOKHX CKOpOCTEH
(OKypobac H. B, 2019). B 570 5xe Bpems 1101 BEpXHUM KBa3HOJHOPOJHBIM CJI0EM HAOIIOJAI0TCS] OCTATOYHBIE TETUIBIE BOJBI
(paMOBCKOT0 IOTOKA, OTKIIOHUBIIINECS B keno0e CBATONH AHHBI OT OCHOBHOM BETBH U IIPOJIOJDKAOIIHE aABEKIIUIO TETUIa
B bapenueso mope.

[Ipn m3yuennn TS-guarpaMm BBISICHHIOCH, 9TO HA BXOZE B JKEJI00 BEpXHsS 4acTh OApEeHIIEBOMOPCKOTO MOTOKA
noreriena. OctaTodHbIe TEIUTbe (PaMOBCKHE BOJBI MMOBBICHIN TeMneparypy Ha riryoune 100 m ¢ -0,39 °C o -0,26 °C.
B camom xenobe Temnepatypa BepxHeit yactu BBM nocturna +0,32 °C, ograko sapa BBM n3MmeHeHus B Temmeparype
He 3aTpoHyJn. [uaponornueckue mapamMeTpbl GapeHeBoMopckoro noroka (0 = -1,29 °C, S = 34,85%o, o0 = 28,05 kr/m°)
Ha riryOuHax Huke 509 M MOCTOSHHBI, BCIEACTBHE TOT0 aBTOPHI IPUXOJIST K BEIBOAY, YTO B xkenobde Cesatoit AHHpl DBM
NpaKTUYeCKH He B3anMoaencTByeT ¢ BBM. CTOHT OTMETHTB, 4TO O pa3pe3aM COJIEHOCTH B Keslo0e YeTKO BBIICIHUTH JIBE
aTJIAHTUYECKHE BOJIHBIE MACCHI U X SIIpa CI0XKHO, B OTIIMYHE OT TEMIIEPATypHI.

Crnenyst BIOJb BOCTOYHOIO CKJIOHa K CBaly INIyOMH 3a KOHTHHEHTAJBHBIM CKJIOHOM, BBM wuHTEHCHBHO
MEPEMENINBAETCS C TEIUIBIMU BOJIAMH M yXOUT Ha Tiryouny 800 M.

Paboma svinonnena 6 pamxax npozpammul Ilasyuue ynusepcumemot npu noooepicke Munucmepcmea HayKu u
sbicUe20 00pa306anUsl.

Spatial variability of the Barents Sea branch water based on in situ observations in the St. Anna
Trough in August 2021
Nurlibaeva A. S.'*, Dzhamalova A. G.", Veting K. B.?, Osadchiev A. A.°, Frey D. I.°, Stepanova N. B.**

! Russian State Hydrometeorological University, Saint-Petersburg
2 Moscow Institute of Physics and Technology, Moscow

3 Shirshov Institute of Oceanology RAS, Moscow

* e-mail: nurlibaeva.lina@yandex.ru

According to the data obtained, the hydrological structure of the waters of the St. Anna Trough has been studied,
hydrological parameters of the Barents Sea flow in the trench were identified from the constructed sections and TS-
diagrams. The Barents Sea branch is getting warmer at the entrance to the trough, which is facilitated by the residual
waters of the Fram branch, and pressed to the east by the Coriolis force. In the trough itself, the Barents Sea branch
practically does not interact with the Fram branch, on the continental slope the Barents Sea branch goes to a depth of
800 m.
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Batumerpunueckas cbeMKa MOPCKOi akBaTopun U o3ep Keperckoro apxunesara
Kaneouna A. C.* Tpaexun B. C., Kyzomuna C. K., Cmaeun P. E., [lempocsn H. B.
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* e-mail: kaledina2010@gmail.com

B xozne npaktuku Ha YHB CIIOI'Y «bemomopckas» nerom 2021 r. cTtyaeHTamMu Kadeapsl OKeaHOJIOTHH ObUTH
BBINOJTHEHB! TpoMepbl riryOuH B mpommBax Cpemuss Canma m Cyxas Canma, a Takke Ha o3epax 0. CpemHuid.
BatnmeTprueckas chbeMKa OCyIIECTBISIACH TAJICaMH, ¢ ToMoInbio yerpoiictB GPS u sxonota. B Cpenneit Canmve Obi10
BEIMIONTHEHO 168 mpomepoB rayouHsl, a B Cyxoit Canmme — 97. IlomydenHsle TiTyOHMHBI TIPUBEICHEI K YCIOBHOMY HYITIO
TITyOuH.

IIpomepsl OCyIIECTBIAINCH C BECEIBHON JIOJKHM MPU MOMOIIH dXoioTa Rivotek, kKoopauHAThI TOYeKk MPOMEPOB
3akperursinch yerpoiictBoM GPS GARMIN. JlanHble ¢ nprOopa 3aHOCHINCH B NOJIEBOH skypHa. [IpomepHbIe Tajichl B
NPOJIMBAX BBITIOJIHSUIMCH OT OAHOrO Oepera MpoJMBa K MPOTHBOIOJIOKHOMY, @ TOUYKH CTABUIIUCH Yepe3 ONMHAKOBbHIE
UHTEpBaNbl. Bo Bpemst pabOThl yUUTHIBAINCh M3MEHEHUS YPOBHS MOPSl — (DUKCHPOBAJICSI OTCUET MO PeiiKe B MOMEHT
yXoJa U MpHXojJia ¢ MPOMEPOB. 3aTeM MOIy4YeHHbIE 3HAUEHUs NMPOMEPOB MPUBOAMUINCH K cpegHeMy ypoBHIo. Ilocne
nepBuYHON 00paboTkm naHHEIX B MS Excel Oputa moctpoeHa OaTmMerpuyeckass KapTa HCCIEIOBaHHOTO paiioHa B
nporpamme Surfer. [TomryyeHHast kapTa 0ToOpa)kaeT HEOAHOPOAHYIO U BEChMa CIIOXKHYIO CTPYKTYPY IOHHOTO peibeda.

Maxkcumanshble riryouss! (36,3 M) B mponuse Cpennsist Canva 3adukcupoBansl mpumepHo Ha N 66.291, E 33.634.
Ot 3TOTO paiioHa TIyOWHBI IUTaBHO IOHM)KAIOTCS Ha BOCTOK M Ooiee pe3ko Ha 3amazn. CeBepHas 4acTh JHa B
pacumpenHoM ydactke Cpenneit Canmsbl OoJiee mooras, 9eM [0XKHasl.

ITo pesynbraTam npomepoB riryouH B Cyxoit CanMe MOKHO cKa3aTh, YTO 001aCTh ¢ MAKCHMAIEHBIMU 3HAYEHUSIMHI
riryouns! (9,3 M) pacnonokeHa B 3armaqHoi 9acTu npoiuBsa, mpuMepro Ha N 66.311, E 33.649. Jlanee Ha BOCTOK ITyOWHBI
IUTaBHO MOHMKarTcs. CeBepHBIl Oeper Ooee mojoruid, yem 10kHbI. Broms N 66.312 mapamienu 6bu10 00HapyKEHO
HECKOJIBKO OTMeIeH, Haxomsumxcst opueHTHpoBouHo Ha E 33.652, E 33.656 u E 33.660.

B aBrycre 2021 r. aHaJIOTHYHBIM CIIOCOOOM OBLIM BBITIONIHEHBI MIPOMEPHI TNIyOHH, a TaKKe OTCHsATa Oeperosas
nuHusg Ha Bosbimom u Majom o3epax o. Cpeanuid. Penbed mHa 03. Bosbiiioe mpeacTaBieH MEIKOBOIHOMN 3amafHoN u
BOCTOYHOM YacTsIMH, ITyOMHBI KOTOPHIX HE MPEBHIIIAOT 2,5 U 4 M, COOTBETCTBEHHO. L{eHTpanbHas yacts 03. bonbioe
XapaKTepu3yeTcsl pe3KUM YBEJIMUeHHEM ITyOHH 10 3HaueHui Oosee 7,5 M.

CocraBiieHHBIE OOHOBJICHHBIE OaTMMETPUYECKHE KapThl BEChMa IOJIE3HBI JUIA IUIAHHPOBAHHSA W IPOBEICHUS
OKEaHOJIOTHYECKHUX padoT B JaHHOM paiione benoro mopst.

Bathymetric survey of the sea area and lakes of the Keret Archipelago
Kaledina A.*, Travkin V., Kuzmina S., Smagin R., Petrosyan N.*

Saint Petersburg University, Department of Oceanology, Saint Petersburg
* e-mail: kaledina2010@gmail.com

We performed summer measurements of topography of the Srednyaya and Sukhaya Salma Straits and two lakes
of the Sredniy Island. The maximum depths (36.3 m and 9.3 m) are located in the central and western parts of the straits,
respectively, and in the central parts of the lakes.
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OcobGennoctn BogooomMeHa B JaryHe Komromkosas u nposmmee Cyxasa Canma
Kyszomuna C. K.* Bunoepaoos M. B., Usanos K. /[., Cmacun P. E.

Cankr-IlerepOyprekuii rocyapcTBEHHBIH YHUBEPCUTET, Kadeapa okeanonoruu, Cankr-IlerepOypr
* e-mail: so.k.kuzmina@gmail.com

IIponus Cyxas Canma pacnonoxeH k cesepy oT 0. Cpennuil, mexay o. bonbsmioi 'opensiit u Kepets [l nponusa
XapakTepeH BBIPaKEHHBIH X0/ NPWIMBHBIX KOJeOaHWH ypOBHS Mops (aMIUUTYyna KonebaHuit ypoBHs 1o 180 cMm mpu
CH3WI'MH) ¥ I3MEHYNBOCTH COJICHOCTH B ITOBEPXHOCTHOM CIIOE, 3aBHCAIIAS OT NMEPHOAMIECKOTO MTOCTYIUICHHUSI MOPCKHUX
BOJ M3 OTKpBITOH dacTu bemoro mops, a Takke paclpeCHEHHOM BOIBI M3 YCTheBOW obmactu peku Kepers. Jlaryna
KomromkoBast oTzieneHa oT mpoirBa HEBHICOKOH KAMEHHOHW TIPSO, KOTOpasi PEMITCTBYET CBOOOIHOMY BOJOOOMEHY.
OTO0 BIHAET, B TOM YHCIE, Ha MOMYJIAINI0 TPEXUIION Kook (Gasterosteus aculeatus), KOTOpas B JIETHEE BpeMs
aKTHBHO MOCEUIAET JaryHy.

20.06 m 27-28.06.2021 r. B naryne KomomkoBasg u mpoimee Cyxas Canma HpOBOAMINCH MONyCYTOYHAS U
CYTOYHAsl OKEaHOJIOTHYECKHE CTaHIIMU JJIsl MCCIEAOBaHUS OCOOCHHOCTEH BONOOOMEHA MEXIy AaKBaTOPHAMH IIpH
Pa3MYHBIX MPUWIMBHBIX YCIOBUSIX. M3MepeHHs MpOIOJDKAIOT LUK PpadoT MpebLAylx ce30HoB, u B 2021 r. oHn
NPOU3BOJIUIIUCE BO BpEMsi KBaJIpaTypHOrO M CHU3UTHIHOrO NpHinBa. B Xoje paboT Habiromancs ypoBeHb MOps,
M3MEPSUINCH TEMITEpaTypa U COIEHOCTh (BEPTHKAIBbHOE MPOQIIMPOBAHKE), OCYLIECTBIISIICS OTOOP Mpob C MOBEPXHOCTH
BOJIBI HAa COJIEHOCTh U KOHIIEHTPALIUIO JKEITOTO BELIECTBA.

AHanu3 pe3ynbpTaToOB MOKasal, YTO BO BpeMs KBaApaTypbl, KOTJa aMIUINTY/a NPWIMBHBIX KoJeOaHUH ypOBHS
MEHBIIIE, ypOBEHb B JlaryHe KoIomkoBast MpakTHIecKH He MEHSAETCS, CXOKHUX (PU3NKO-XUMHUYECKHX XapaKTEPHCTHK BOJ
B JIaTYHE M NPOJMBE HE OBIJIO OTMEYEHO. DTO YKa3bIBaeT Ha TO, YTO IIPU KBaJpaType 3aTtoka Boj n3 Cyxoit CanMsr B
JIaryHy He MPOUCXO/IUT.

OnHako BO BpeMsl CU3UTHS aMIINTY/a NPHIMBHBEIX KOJeOaHNWH ypOBHS BBIIIE, YTO MPOSBISIETCS B yBEIHUCHUH
BBICOT MONHBIX BOJ. IlosToMy Bomsl 3 Cyxoii CanMbl MOTYT MpoiTH uepe3 6apbep MexXIy MPOJIUBOM M JIAryHOH. 27—
28.06.2021 r. B naryHe HaOJIIO1JI0Ch U3MEHEHUE YPOBHS BOJIBL, HO TOJBKO B MEPHOJ BHICOKOW monHON Bojbl (BIIB).
AmmuTyna KoyiebaHull YpoBHS B JIaryHe cocTaBuia 23 cM. M3MeHeHue ypoBHS MOpsl B JIaryHe He ObLIO 3aMEYeHO B
JpyTHe CPOKU (HMU3Kasl MOJIHAs BOAA U JIBE MaJIble BOJBI).

3arok Box u3 Cyxoii Canmel B jaryHy B cpok BIIB (18.00-20.00 27.06.2021 r.) moATBEpKIEH CXOXKECTHIO
xapakrepuctuk Temmeparypsl (12,5-13,0 °C n 14,0-14,5 °C coorBercTBenHo) u coinenoctu (17,0-17,5 PSU) B
ITOBEPXHOCTHOM cJIoe 00eHX akBaTOpUi. ITO MOATBEPIKAAIOT KaK BEPTUKAIbHbIE PO(UIIN 30HIUPOBAHHS, TaK U MPOOBI
COJICHOCTH Ha IOBEPXHOCTH. TakuM 00pa3oM, B JISTHUI CE30H BOJ0OOOMEH MeXIy jaryHoi KoiromkoBast n mpojrBoM
Cyxas CanMa ITporCXOIUT TOJIBKO ITPHU CU3UTHHHBIX YCIIOBHSX M B OCHOBHOM BO BpeMs BBICOKOW TostHOH Bosibl (BIIB).

Water exchange between Sukhaya Salma Strait and Kolyushkovaya lagoon
Kuzmina S.*, Vingradov M., Ivanov K., Smagin R.*

Saint Petersburg University, Department of Oceanology, Saint Petersburg
* e-mail: so.k.kuzmina@gmail.com

During spring tides there is an inflow of water from Sukhaya Salma to Kolyushkovaya lagoon, which can be
indicated by sea level fluctuations in the lagoon that correspond with marine tidal fluctuations, as well as similar
thermohaline and hydrochemical characteristics of surface waters in the two bodies of water.
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I[IpocTpancTBeHHOE pacnpeneieHne PU3NKO-0HOTOTHIECKHAX XaAPAKTEPUCTHK YCThi pexkn KepeTh
Manviwesa A. C.* Kaneouna A. C., Penunckas H. I'., Cmacun P. E.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadeapa okeanonoruu, Cankr-IlerepOypr
* e-mail: aleksa.malyshewa@yandex.ru

B xone yueOHO# nmpakTHku cTyneHToB 3 Kypca kadenpsl Okxeanonornu Ha YHB «benomopckas» B urone 2021
rofia, C UeJNIbI0 U3Y4YEHHsI MPOCTPAHCTBEHHOTO pacIpeesieHns] PU3UKO-OMOIOTHYECKUX XapaKTEPUCTUK, OB BBITOIHEH
paspes ot yctbs p. Kepers o nponuBa Cyxas Canma. Vzmepenns nponsBoauuce 2 ntons 2021 r. mo § Toukam: Opum
TIOTy4€HBI JaHHBIE 110 TEMIIEPaType BOJIBI, COJICHOCTH M KOHIIEHTpanH XJIopodmia «a» ¢ momouisio 30H1a «OCEAN
SEVEN 316Plus CTD»; npo3paunoctu Boasl (auck CeKku); TIyOMHBI N3MEPSUTUCH 3X0JI0TOM. Takxe, IPOU3BOIHICS
0TOOp TIPOO BOABI Ha OMPEJENICHNE CONICHOCTH, KOHIIEHTPALMH KPEMHHUSI U TIOKA3aTeNs MOTJIOMIEHHS KEITOr0 BEIECTBa
(°KB). BeiOpaHHBIe TOUKH pa3pe3a 3aXBaThIBAIOT 00JIACTh PaCIIpOCTPaHEHHS MIPECHBIX BOA ¢ p.KepeTs i [Be KOTIOBUHEI
C OCTATOYHBIMH XOJIOJHBIMU 3UMHUMH BOZAMH.

Temmepatypa BoIbI Ha TIOBEPXHOCTH BapbupyeT B npezenax ot 18,9 °C no 15,5 °C, conenocts — o1 0,3%0 10
18,5%0. Ha rmybunax 20 M (nBe camble TyOOKHe cTaHIMM — 10 W mnocie Keperckoro peiina) B KOTJIOBHHAaX
3a(MKCHPOBAHBI XOJIOIHBIC U COJICHbIC 3UMHHKE BOABI ¢ TemmnepaTypamu 3,5 °C u 3,9°C u coneHocTbro 25,8%0 u 26,1%0
COOTBETCTBeHHO. V3MeHeHue B penbede (0aHKa), IpensTCTBYeT NepeMeIInBaHNIO0 IPUAOHHBIX BOA: C OJTHON CTOPOHBI —
pacIipecHeHHUE OT PEKH, C IPYroil — BOZOOOMEH C MOPEM.

Becpma nHTEpecHO pacnpeesneHre KOHIEHTPAUi XJI0podHilIa «a»: HanOoJIbIINe KOHIGHTpAuu (10 6 MKT/T)
HaOmogamiuch B cinoe 1-5 M BImIoTh A0 0. CpemHuil, ociie 4ero KOHIEHTpauu cHmkarTes (2,0-2,5 MKT/m) u crnoi
cyXaetcs ¥ 3arnyonsgercs (4—6 m). B MopuCTOI yacTH KOHIIEHTpAINH OT 2 10 3 MKT/IL.

C ynaneHueM OT yCThs peKH KOHIIEHTPALUK KPEMHUS U TI0Ka3aTess nornomeHns JKB yMeHbI1aroTcs, a COJIeHOCTb
yBeNn4nBaeTcs. BeckMa 3aKOHOMEpHO MakCHMallbHBIE KOHIIEHTpanus KpeMHus u 3HaueHus JKB nabnromatorcs B camoit
OMKHEN K YCTBIO TOYKE M COCTAaBIAOT 1323,1 Mxr/m m 16,7 M COOTBETCTBEHHO, IPH MHUHHMAJIBHOM 3HAYCHUH
conenoct 0,3%o. [Ipu ynaneHun OT yCThsl, KOHIIEHTPAIIMK JTHUX BEIIECTB YMEHBIIAIOTCS, a COJICHOCTh pacTeT (0
18,5%0), 4TO TOBOPUT O MPeOOJaTaHUH MOPCKHX BOJ, OJHAKO, Ha MocieAHed Touke, BOMu3u Cyxoi Canmbl, Tpu
JOCTATOYHO BHICOKMX 3HAYEHHs KOHIEHTpauun kpemuus v JKB (1113,4 mxr/n u 14,5 m'!) Gbita HeGosbIIas CONEHOCTD
(5,391%0). Takue nokazaTean CBHIETEILCTBYIOT O TOM, YTO BOJBI KepeTu pacrpocTpaHsIoTes 10 BBIXOJA U3 MPOJINBA
Cpennss Canma, a B TOUKaxX B CEpeHHE pa3pe3a BOAbI ObLIM IEepeMENIaHbl B IOBEPXHOCTHOM CJIOE 3a CYET BETPOBOTO
BO3/J€HCTBUS.

Spatial distribution of physical and biological characteristics of the Keret River estuary
Malysheva A.* Kaledina A., Repinskaya N., Smagin R.

Saint Petersburg University, Department of Oceanology, Saint Petersburg
* e-mail: aleksa.malyshewa@yandex.ru

A transect from the mouth of the river Keret to the Sukhaya Salma strait was made by third year students of the
Oceanography department in June 2021. Spatial distribution of such characteristics as temperature, salinity and
concentrations of chlorophyll-a, dissolved silica, colored dissolved organic matter were measured.
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O ruaposoruu 3ctyapuoro Bogoema «llonnaxra — oyxra Jle0sikbsi»
Kpviocosa K. A.*, Eoueapesa M. B., Cmaeun P. E.

Cankr-IlerepOyprekuii rocyapcTBEHHBIH YHUBEPCUTET, Kadenpa okeanonorun, Cankr-IlerepOypr
* e-mail: 2002kristin@gmail.com

PaboTa npencraBiseT aHaIM3 3aBUCHMOCTH OCHOBHBIX THAPOJIOTHYECKHX XapaKTepUCTUK B Oyxte JIeOsokbs oT
MPWINBHBIX TeueHHH. JInst bemoro Mopsi XapakTepHBIM NPOLECCOM SIBISIFOTCS NMPWIMBHBIE TEYECHUS, BBHI3BAHHBIC
BXonsme u3 bapeHuesa norycyTo4HOR BOIHOM. BaykHO pa3inndaTh KojeOaHus yPOBHS MOPS, BOSHUKAIOLINE BCIICACTBUE
BEPTHKAIBHBIX CMEIICHII BOJIHBIX YaCTHI] HA IPHIMBHBIX OPOHMTAX, U IPHIMBHBIC TCUCHUS, (POPMHUPYIOLIHECS 32 CUET
TOPU30HTANBHBIX CMEIICHHUH, KOTOPBIE CIIOCOOCTBYIOT B3aUMOOOPATHOMY IEPEMEICHHIO BOA MEXIYy PEYHOH BOJ B
Mopuctoit yacTsiMu. Takum 0Opa3oM, MPUIIMBHBIC TEUSHHUSI B YCTHEBBIX 00JIaCTX BIMAIOT Ha: TEMIIEPaTypy, CONECHOCTb,
pacnpocTpaHeHHe B3BECH M OKPAIIEHHBIX PACTBOPEHHBIX OPIraHMYECKHX BEIIECTB (HAIIPUME, JKEJITOTO BEIIECTBa).

Lenb maHHOTO MCCIEOBaHUS — IIPOAEMOHCTPUPOBATH XapaKkTep KojaeOaHHi TeMIepaTyphl, COICHOCTH U YPOBHS
BOJBI B Pa3HbIX MO YJaJC€HHOCTH OT OTKPBITOTO MOpPS TOYKax B pe3ysbTare TpaHCc(OpMaluu MOBEPXHOCTHBIX BOJ
Keperckoit 1 UynuHcko Ty6. AHaIu3upyeMble TTapaMeTpbl — 3TO HATypHbIE JaHHbIE, U3MEPEHHbIE B X0/e YueOHOU
npakTHKH ¢ ucnonb3oBanneM CTD-30u1a B 3 Toukax OyxTe Jleosokbs u nponuse [loanaxra. Touka 1 (66°17'37" C.111.,
33°35'13" B.[.) pacmonaranace B camon Oyxte. Touka 2 (66°17'37" c.ur., 33°36’'18" B.1.) — BONM3H BXona B OyXTy
Jleosxpst. Touka 3 (66°17'37" C.I., 33°36'47"” B.JI.) camas BOCTOYHAs TOYKa, HEOAJCKO OT 0. [openbrii. AHamu3
BKJTIOYAJI B Ce0sl IOCTPOSHHE Pa3pe30B 10 TEMIIEPATYpe U COJICHOCTH C AMCKPETHOCTHIO OKOJIO 6 yacoB. B pesynbrare
4ero, ISl TOYeK, 00beIMHEHHBIX IPOCTPAHCTBEHHOM OJIM30CThIO, OBLIH MPOAEMOHCTPHPOBAHBI CYILECTBEHHBIE Pa3ITHIHS
B THUIPOJIOTHYECKUX PEXKHUMAX: M3MEHEHHE CTpaTH()UKAIMK BOJA C IOCTYIUICHHEM 0oJiee XOJOIHBIX COJNCHBIX BOJ B
MIPOMEKYTOUHOM CJIO€ B IPWIIMB, PACIIPECHSIOIIEe BO3ICHCTBUE B IIOBEPXHOCTHOM CJIO€ BO BpeMs OTJINBA, a TaKXkKe
WHBEPCHH TEMIIEPaTyphl U COICHOCTH B a3y OTIHBa.

About hydrology of estuarial water body “Podpakhta —Lebyazhya Bay”
Kryzhova K.*, Edigareva M. V., Smagin R. E.

Saint Petersburg State University, Saint Petersburg
* e-mail: 2002kristin@gmail.com

In this research, we apply data from CTD profiles from three stations, to study the variability of sea water level in
the small estuarial part of the White Sea. We demonstrate the great influence of marine blends on a mean salinity level
and temperature decreases during high water and the opposite effects whilst the low tide.
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7/KenToe BemecTBo B BoAax ycTbeBoii oo6aactu p. Kepers (1o pesyastaram Habaoaenuii 2016—
2021 rr1.)
Caumupsaesa H. A.*, Yemunosa T. C., Mopososa C. M., [lempocsn H. B., Cmacun P. E.

Cankr-IlerepOyprekuii rocyaapcTBEHHBIH YHUBEPCUTET, Kadenpa okeanonoruu, Cankr-IlerepOypr
* e-mail: st076925@student.spbu.ru

XKenToe BemecTBO SBISETCS Ba)KHBIM 3BEHOM MOPCKOW DKOCHCTEMBI M MMEET CYIIECTBEHHOE 3HaueHHE NpHU
MOHHUTOPUHIE SKOJIOTHYECKOTO COCTOSHHSL BOJl, OCOOGHHO B YCThEBBIX oOnacTsx. JKenToe BemIECTBO MOXKET
paccMaTpuBaThCsl B Ka4eCTBE HaJeKHOTO Tpaccepa Uil OLEHKH TpaHC(OPMALMHM PEYHBIX BOJA B YCTHEBBIX 00JIACTSIX.
JKenteiM BeIecTBOM HA3bIBAIOT TPYIITy PACTBOPEHHOTO OPTraHWYECKOTO BEIIECTBA, IS KOTOPOH XapaKTepHO
TIOTJIONICHUE, PEe3KO BO3pacTaroliee B CTOPOHY KOPOTKUX BOJH DIIEKTPOMArHUTHOTO CIEKTpa, YTO U OOYCIIaBIMBACT
JKENTOBATYI0 OKpacKy Boja. OOpa3oBaHHE JKEITOTO BEIIECTBA CBS3aHO C Pa3pyIICHHEM MUTMEHTOB (XJIOPO(GHILIOB U
KapaTHHOWJIOB) B 3€JICHBIX BOIOPOCISIX. XJIOPO(GWIIT UMEET ABE CHIBHBIE ITOJIOCH! MOTJIOMIEHHUS CBETa — CHHIOIO U
kpacHyio. [Ipu pa3noxeHnu B IepBYIO oUepeab Mcue3aeT XI0popmni-a, ¢ KOTOPBIM CBA3aHA KpacHas I0JI0ca, M OCTaeTCs
00JIBIIIOE «CUHEE» TTOTJIOIIEHUE, XapaKTEPHOE ISl JKEJITOrO BEIIECTBA.

B nanHoi#t paGoTe mpuBeleHB! pe3yIbTaThl U3MEPEHUN paclpelleNleHus XKeITOro BElIecTBa B JIETHUN MEPHOA.
Paiion uccnenoanusi — mecto BrageHus peku Kepers B benoe mope. 3aecs HabmogaeTcst 4eTkoe paszelieHue BOJIHON
CTPYKTYPBI — IIPECHBIE U cIa00CONIeHbIe BOJIbI, KaK MEHee IUIOTHBIE, JIeKaT Ha MOPCKHUX, T. €. B IIOBEPXHOCTHOM CJIO€
peo0IIaialoT BOJBI C PEYHBIMH XapaKTEpPUCTUKAMHM — KaK MPaBHIO, C BBICOKHM COJIEp)KaHHEM DacTBOPEHHOTO
OpraHMYecKoro BeuiecTBa U OnoreHoB. [1o Mepe yaaneHus oT yCThs BOJBI CMEIIMBAIOTCS M UX CBOHCTBA CTAHOBSITCS BCE
6ostee O1M3kUMHU K MOpckuM. OT60p 1pod mpoBoamitcs B netHuH nepuon 2016—2019 rr. u 2021 1. ITpoOsr Boxs! ObLIH
B3STHI TOJIBKO C MMOBEPXHOCTH, TaK KAaK BIHSTHHE JKEJITOTO BEIIECTBA Ha ONTHYECKUE CBOMCTBA BOJA BAYKHO UMEHHO IS
MTOBEPXHOCTHOTO CIIO. [IOCKONBKY JKelITOe BEMIeCTBO O0JIAaeT XapaKTepHBIMH CBOWCTBAMH MOTIIOMICHHS, TO IS
HCCIIEOBaHMI OBUTH HCIOJIB30BAHBI ONITHYECKHE METOIBI. B HacTosIee BpeMsi B OKEaHOJIOTHH HET HPSMBIX METOZOB,
MTO3BOJISIOMINX OIPEACIUTh KOHIEHTPAIMIO PACTBOPEHHOTO OPraHWYECKOTO BEIIECTBA B BOJAE, MOITOMY IPHHSITO
XapaKTepU30BaTh €r0 COJIEPIKAHNE [0 ONTHYECKOMY MPOsIBICHHUIO. [IpOBOIMIINCE CIEKTPO(HOTOMETPHYECKIE H3MEPEHHS,
B pacueTax MCIIOJIb30Ballach OJHA U3 HauOosee pacnpocTpaHeHHBIX — 355 HM. [lomydeHHbIE ONTHYECKHUE MIIOTHOCTH
NepeBOIMIINCH B MIOKa3aTeH MOTJIOICHHs NpU aHaiu3e (QUIbTPOBAaHHOM BOJBI. AHAIM3 MMOKa3ajl, YTO MaKCHMaJIbHOE
KOJIMYIECTBO JKENTOro BemectBa (26,715 m!) mpuxomurcs ma kowern nera, munumyMm (8,982 m!) — ma mauaso;
HauOoJblIee KOJIMYECTBO JKEJITOr0 BEIIECTBAa NPHXOAMTCS HAa YCThEBYIO 00J1acTh M yOBIBaeT NO HANpaBJICHHIO K
MOPHCTOH YacTH, JOCTUrasi MUHUMAaJIbHBIX 3HAYEHHH.

Ilpoexm evinonnsiemcss npu noodepacke Poccuticko-I'epmanckot Jlabopamopuu nOMSAPHLIX U MOPCKUX
uccneooganuti um. O. FO. [lmuoma.

Colored dissolved organic matter in the waters of the mouth area of the Keret River (according to the
results of observations in 2016-2021)
Saimirzaeva N.*, Ustinova T., Morozova S., Petrosyan N., Smagin R.

Saint Petersburg State University, Department of Oceanology, Saint Petersburg
* e-mail: st076925@student.spbu.ru

During the summer practices of 2016, 2017, 2018, 2019 and 2021, data were collected to obtain information on
the change in the light absorption rate of of Colored dissolved organic matter (CDOM) in the surface layer of the Keret
river mouth by sampling water and determining the absorption rate.
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Mopdoaornueckue u GuU3NMKO-XUMHYECKHE CBOIICTBA 3TAJIOHHOI0 arpo3ema Simana
Huzamymounos T. U.'*, Mopeyn E. H.?, Cynetinanos A. P.

! Canxr-TleTepOyprekuii rocyapcTBEHHBIN YHUBEPCUTET, Kadenpa Ipukiaason skoioruu, Cankr-IletepOypr
2TKY SHAO «Hayunblii nienTp uzyuenns Apkrukm», Canexaps
* e-mail: timur_nizam@mail.ru

ApKTudeckoe 3emilefiesiie MMeeT OoraTyio MCTOpPHIO, HalpuMep, HCCIeAOoBaHUs Ha SIManbCckol 30HABHOM
oBowHOM onbITHOU cTaHu BACXHWJII BHecnu He TOJNBKO BKJIAJ B Pa3BUTHE MOJSIPHOIO OBOLIEBOJCTBA, HO U JAJIU
KOCBEHHBII Pe3yNIbTaT B BUE€ CKOHCTPYHPOBAaHHBIX YHUKAIBHBIX TIOYB.

Ceituac fImanbckas onbITHas craHuus BXxoaut B coctaB Tromenckoro HII PAH u 1o 2019 roga 3aeck BblpaiiBaiu
kapTodens (ypoxxaiiHocTs 10 120 1/ra). HeHe mose nmpeacrapiseT co0oi ABYXIIETHIOKO 3aJIEKb.

ITo pe3ynpraTam HamMX COOCTBEHHBIX UCCIIEA0BaHNH OBLIO BBISIBICHO, YTO MHOTOJIETHEE CETIbCKOXO3SIHCTBEHHOE
HCTIONIb30BAaHNUE yYacTKa MPUBEIO K (POPMHUPOBAHNIO YHUKAIBHOTO IOYBEHHOT'0 MPO( 1T, KapAUHAIBHO OTJINYAIOIIET0Cs
OT (POHOBBIX MMOYB PEernoHa. 3a MPAaKTHYECKH BEKOBOI MEPHO]l arpONpPOMBIIIICHHBIX MEPONPHUATHIA ObLT chopMHUpOBaH
MourHbIH (10 30 M), arpocBeTnorymycoBbii (PY) ropu3oHT, KOTOPBIHM MOACTHIIAETCS MOIIHBIM (45 cM) WILTIOBHAIBHO-
xene3ucTbiM ropusontom (BFg,ff), nepexomsimm B ropusontsl BCg,ff u Cg,ff ¢ penokcumopdHbIME NsITHAMH U
3aTeKaMu.

[ouBa SImanbckoit onbiTHOM craHumu kucnas (pH H>O 4,8-5 B moBepXHOCTHBIX ropuzoHTax). KucioTHOCcTh
cHIDKaetcs BHU3 110 mpodmtto 1o pH H,O 6,6 B ropusonte Cg,ff. ConepkaHue opraHmIecKoro yriepoaa B TyMyCOBO-
aKKyMYJISITHBHOM TOpPH30HTE JocTuraer 2%, a ero 3amac paBeH 6912 r/M2. B cpequHHBIX U TIIyOMHHBIX TOPH30HTAx
coziepkaHue yriepona pesko camkaerces 10 0,02%.

[TouBa oOoramieHa OCHOBHBIMH 3JIEMEHTaMH NUTAHUS, COAEp)KaHWE MOABMXKHOTO (ocdopa B ropusonte PY
nocturaet 450 Mr/Kr, 0OMeHHOT0 Kamwst — 60 MI/KT, mpudeM TUKOBEIe 3HAUSHS IIPUXOIATCS Ha HIKHIOIO TpaHuIy (20—
30 cM) TyMyCOBO-aKKyMYJIATHBHOTO TOPH30HTA, YTO CBHJCTEIBCTBYET O HAIWYMU JIIIOBHAIBHBIX IIPOIECCOB.
Coneprkanre MUHEPaJIbHBIX ()OPM a30Ta HA HU3KOM YpOBHE: aMMOHHWIHBIA a30T — 6 MI/KI B BEPXHHUX TOPH30HTaX,
2,6 MI/KT B ITyOWHHBIX; HUTPATHBIH a30T — 21,5 MI/Kr B BepxHUX, 0,22 MI/KT B TJIyOMHHBIX TOPH30HTAX.

BekoBas nctopus Hay4dHO-0OOCHOBAHHOW 0OpaOOTKH JejaeT MoYBy SIMaabCKOW OMBITHON CTaHIIMU MOMCTHHE
YHHUKaJIbHOM, OHa 3acly>KUBaeT HE TOJNBKO BCECTOPOHHEIO H3y4YeHMs, a BO3MOXKHO Jake M IPUCBOEHUS cTaTyca
OXpaHseMoro npupoHoro oosekra. Ha Beeit Teppuropun Apkrudeckoii 30Hb1 Poccuiickoit deneparyy Takux 00beKTOB
MPAKTUYECKH HE OCTaJOoCh M UYPE3BBIYAMHO Ba)KHO HE JAOMYCTUTh €ro MOTEPH B CBA3M C PACTYLIMMU TeMIaMU
ypOaHHu3auy B apKTHYECKOM TI0sICe.

IIpoexm svinoansemcs npu noodepaicke HLIMY «Aepomexnonozuu 6yoyuezon Ne075-15-2020-922.

Morphological features and physicochemical properties of the benchmark agrosoil of Yamal
Nizamutdinov T.'*, Morgun E’ Suleymanov Al

! SPBU, Department of Applied Ecology, Saint Petersburg
2 Arctic Research Center of the Yamal-Nenets Autonomous District, Salekhard
* e-mail: timur_nizam@mail.ru

We describe morphological features of unique Arctic agrosoil, which have been in active agricultural usage for

almost 100 years. In addition, we provide their main chemical and physical-chemical properties, such as organic carbon
content, pH and main nutrients concentration.
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OO0mas xapakTepuCcTHKA KCEHOJMTOB MHPOKCEHUTOB M3 aeK N TPYOOK B3pbIBa, Kannanakmcekuii

rpaden, beiomopne
Apxosa /]. [1.*

Cankr-IlerepOyprekuii rocyapcTBeHHBINH yHHBEpcUTeT, MHCTHTYT Hayk o 3emite, kadenpa nerporpadun, CaHkT-
[etepOypr
* e-mail: st063689@student.spbu.ru

OOBEKTOM HCCIEeIOBAHUN SIBIIAIOTCSI KOMIUIEKCHBIE KCEHONMUTH Kanmanakmickoro rpabeHa, KOTOpbIE KpaifHe
BaYKHBI 7151 ONPEAETICHUS IPOUCX0XKIEHHS HIPKHEKOPOBBIX MTOPOJ M UX IPOTOJIUTOB.

Kanpganakmckuii rpabeH SBIseTCS 4YacThio pudeiickoll puTOTeHHON CTPYKTYPHI, aKTHBH3aLUs KOTOPOH B
nasieo3oe (JIeBOH) OIpe/IeNInIIa CTAHOBJIEHHE HECKOIBKUX KapOOHATUTOBBIX MACCHBOB M IAHKOBBIX cepuil. OJJHa U3 TaKUX
JaWKOBBIX cepuil MpHypoUeHa K 30He pa3IoMoB, obpamistromux Kannanakmckuii 3anus. IIpocTupanue naek koiaebnercs
OT MEPHIUOHATIBHOTO IO CEBEPO-BOCTOYHOIrO, TAaJeHHUE KPYTOE, 4acTO BepTHKaIbHOE. MOIIHOCTH COCTABISIET OT
HECKOJIBKUX CAaHTUMETPOB 10 1,5-2,4 M; IPOTSKEHHOCTh A0 HECKONBKHX JECATKOB METPOB. BeTpeuaroTes Tena oBajibHON
¢dopmel B rortepedHoM cpese (0. Enossrit, Kannanakmickuii apxumnenar), KOTopble SIBISIOTCS TpyOKaMu B3pbIBa. I 'paHuna
Moxo non Kapenbckum KpaToHOM, K KOTOpOMY OTHOcUTCsl Kanpanaknickuii rpabeH, HaXoauTCsl Ha IIyOHHE Mopsiika
55 KM, B CTPOE€HUH KOPBI BBIIENAIOT HIDKHEKOPOBBIM CJIOM MOIMHOCTBIO 12—15 kM. DTOT c10oi MO JaHHBIM HEKOTOPBIX
HCCIIEOBATENEe CI0XKEH I'PaHAaTOBBIMM I'paHYIMTAMH M INMPOKCEHHUTaMH. JIallku M AuaTpeMa COAEP:KaT KCEHOJUTHI
Pa3HOTO COCTaBa, B TOM YHCJIE, KIMHOIMPOKCEHUTHI, TSI KOTOPBIX CIIOXKHO ONPEAEIIUTh YCIOBUSA 00pa3oBaHusl.

bnaronaps HaxoaxaM KOMILIEKCHBIX KCEHOJIMTOB MOXKHO MPEITIONOKNTD, YTO JaHHBIE KIMHOIMHPOKCEHUTHI MOTYT
OBITH CBSI3aHBI C I'PaHyJIUTaMH, U1 KOTOPBIX BO3MOXKHO ompeaenuts PT-mapamerpsl. Beugy Toro, uro Bmemiaromue
MOPOABI OTHOCSTCSA K INENOYHOMY psy, MHOTHE OOpasIbl CHIBHO IIOJBEP)KEHBI BTOPHYHBIM HM3MEHCHUSIM U
KOHTAMUHALIUK; 3TO CYIIECTBEHHO YCIOXKHJET OIpEAEICHHE BaJlOBOIO COCTaBa KCCHOJIHTOB C IIOMOIIBIO
MHCTPYMEHTAJIBHBIX METOJOB aHann3a. B Takux cilydasx HCHOJNB3YIOTCS NaHHBIE IO JOKAJIBHBIM COCTaBaM 3€peH U
KOJIMYECTBEHHBI MUHEPAJIOTUYECKUI aHAIIU3.

B pesynbrare nccnenoBaHuid 00pa3loB M3 KOMILUIEKCHBIX KCEHOJHUTOB IOJYYEHBI HOBBIE JaHHBIE O BaJIOBOM
COCTaBe, COCTaBE€ MUHEPAJIOB I'PaHATOBBIX KIMHOMUPOKCEHUTOB U CHENaHbl NIPeIBapUTENIbHbIE BEIBOABI 0 PT-ycnoBusx
nX 00pa3oBaHMUs.

IIpoexm gvinoansemcs Ha 060py0osanuu pecypcrnozo yenmpa « Mukpockonuu u mukpoananusa» Hayunoeo napka
Criery.

General characteristics of pyroxenite xenoliths from dykes and volcanic pipes of the Kandalaksha
graben, the White Sea
Yarkova D. D.*

Saint Petersburg University, Institute of Earth Sciences, Department of Petrography, Saint Petersburg
* e-mail: st063689@student.spbu.ru

During the Kandalaksha graben Paleozoic reactivation, alkaline dike series developed within the graben. Many
dykes belonging to Kandalaksha gulf contain xenoliths of various compositions. There are complex xenoliths associated
with granulites for which thermodynamic parameters can be determined. These xenoliths are important for determining
the origin of lower-crust rocks.
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CpaBHHTe/IbHASI XaPAKTEPHCTHKA CTPYKTYPHI M 3BOJIONHH YJIbTPa-MelJeHHbIX XpeoToB ["akkess u
KOro-3anagnoro Unauiickoro
Canuec Poopuzec C. X.'*, Meprypves C. A."?

! Canxr-TleTepOyprekuii rocynapcTBEHHBIN YHUBEPCUTET, Kadenpa reodusuku, Cankr-IlerepOypr

2 Canxr-TlerepOyprekuii pumman MHCTHTYTa 36MHOTO MarHeTH3Ma, HOHOC(EPHI U PacpOCTpaHeHus paarosoan PAH
(CII6® U3MUPAH), Cankr-Iletepoypr

* e-mail: juliocesarsanchez954@gmail.com

CpenrHHO-OKeaHNYeCKHe XpeOThl MPOTATHBAIOTCS Yepe3 BCe OKeaHbl, 00pa3ysl eANHYI0 CUCTEMY JJIMHON OKOJIO
70000 kM. KiroueBBbIM apamMeTpoM, OIIPEAEISIONIM MOP(OIIOTHIO penbeda AHA U ITyOMHHOE CTPOSHHE CIIPEANHIOBBIX
30H, SABJIETCS CKOPOCTH cripeanHra. Cpean THITMYHBIX IPUMEPOB XpeOTOB C YIbTPaMeJIEHHOW CKOPOCTBIO PacKpBITHS
(<2 cm/rox) moxkHO BbImenuth xpeder akkens (XI'), pacnomoxxennsnii B CeBepHoM JlemoButom okeane m IOro-
Samaguerit Unaniickuit xpeber (FO3UX) B Muamiickom okeane. O0e CTPYKTYpHI SIBIISIOTCS CEBEPHBIM U IOKHBIM
npoaomkeHneM CpeaInHHO-ATIIaHTHIECKOro XpeoTa.

OcHOBHasi LieNb JIaHHOW pPabOThl — 3TO TPOBEACHHE CPABHUTEIBHOIO aHalIW3a OCHOBHBIX OCOOEHHOCTEH
CTPYKTYPBl W DBOJIOLUMH JIBYX YJbTPaMeIUICHHBIX XpeOTOB, KOTOPBI BKIIOYAET, INPEKAE BCEro, CpaBHEHUE
KMHEMaTHYeCKUX  XapaKTepUCTUK W WX COOTHOUIGHHS C  Teosioro-reo@u3uuecKMMH  HapaMeTpamMyd |
MOP(OTEKTOHUIECKIMHU OCOOEHHOCTSIMH.

B xopze 310 paboTh! OBIIIM TOTYUYESHBI CIIEAYIONIIE Pe3yIbTaThI:

- BBIJICJICHBI CIPEIUHIOBBIE CEIMEHTHI, Ha KOTOpHIE Pa3OMTHI OCH 00OMX XpeOTOB Ha OCHOBE aHAIM3a HX
mopdosornu (GEBCO, ETOPO1) u Tekrorndeckoro crpoenus (Sandwell, 2014);

- oTIpeieNieHbl TeOMOP(OITOTHYECKIE TTapaMeTPhI THX CETMEHTOB;

- paccUMTaHBl JMHEHHBIE CKOPOCTH CHPEIMHTa IS KaXXIOTO CErMEHTa IO OITyOIMKOBAHHBIM KHHEMAaTHIeCKUM
mozensM asmxenus it (Merkouriev, S., C. DeMets, 2014; DeMets C, S Merkouriev, D Sauter, 2021);

- TIOCTPOEH NPO(MITh N3MEHEHHS TITyOMHEI THA BJIOJIB OCH 000X XpeOTOB U MapaMeTPOB CETMEHTOB.

BerInonHeHHBIH aHaIN3 TO3BOJIMII BBISIBUTH P OOIIUX YEPT U CYIIECTBEHHBIE PA3JINYUsI MEXIY XpeOTaMH.

Hcropust dopmupoBaHusi M TreoJMHaMHUuUeckas OOCTAaHOBKAa Ha HHUX CYIIECTBEHHO pasnuyaercs. XI' ObL1
chopmupoBaH 0koiio 60 MITH. JIET Ha3aJ MPH PAcKoJIe KOHTHHEHTAIBHOM uToCchepsl B pacxoxaeHun EBpazuiickoit u
Cesepo-AMepukaHckoii mmmt, Toraa kak FO3MX o0pa3oBasics mpu packose OkeaHn4ecKon TUTochepsl, KOTOpasi B CBOIO
odyepens OblIa cOpMUpOBaHa IOCJIE pacnajga cynepkoHTHHeHTa ['oHaBaHbl 160 MIIH. JIET Ha3aJ M PaCXOXKICHUS
AQprKaHCKO 1 AHTapKTUYECKOH IIJIUT, B PE3yJIbTaTe KHHEMAaTHYECKUX IIEPECTPOEK U MEPECKOKOB OCEH crpeiuHra.

Jlnama3oH U3MEHEHHUsI CKOPOCTEH CIPEHHTa BJOIb OCeii 000UX XpeOTOB MPUMEPHO OJMHAKOB U COCTABJISET OT
1,2 no 0,5 cm/ro.

Crpoenue u mopdonorus FO3UX 6onee paznoodpasznsl o cpaBHeHuto ¢ XI'. Ha XI” MOKHO BBIAEIUTH BCETO TPH
«TIPOBUHIIMMY: 3allaJHasl ByJIKAHIMUYECKasi, ICHTPaIbHAsl aMarMaTHIHAasl ¥ BOCTOYHAsI, B IIPEAETaX KOTOPBIX MPAKTUIECKH
He HaOmomaercs TpancopMHBIX pa3nomoB. Ha FO3UX MOXHO BBLAEIHTH CEMb MIIN OOJiee «IIPOBHHITHIN», KaXaas U3
KOTOPBIX XapaKTepHU3yeTcs ITyONHON ocr XpeOTa, IMUPHUHON pr(TOBOH JONHHBI, a TAK)KE XapaKTEPOM 30HBI PAa3JIOMOB:
HIMPUHOM CErMEHTOB, aMILUTUTYION cABUTa ocu XpeOTa, hopmoii penbeda, rinyOuHoit pudroBoit gonunsl u T.1. FO3UX
OTJIMYACTCS TaK)Ke OOJIBIICH PAaCUICHEHHOCTRIO penbeda BI0JIb OCH XpedTa.

Hepqu/ICHeHHBIe BBIIIC PA3JINYUA paCCMaTPUBAECMBIX YIIbTPAMCIJICHHBIX Xpe6TOB, 110 BCen BUAUMOCTH, CBA3AHBI
¢ teM, yro FO3UX, a ocobeHHO ero kpaiiHe 3amajHasi, LIEHTPaJbHAs W BOCTOYHAS YaCTH HAXOAATCS IO BIUSHUEM
rOpSAYMX TOYEK, TOrJa Kak B (JOPMHPOBAHMHU M Pa3BUTHU X HaJIMUUs M, COOTBETCTBEHHO, POJH TOPSYMX TOYEK HE
BBISIBJICHO.

Comparative characteristics of the structure and evolution of the ultra-slow Gakkel and Southwest
Indian ridges
Sanchez Rodriguez C. J.'* Merkuriev S."*

! Saint Petersburg State University, Department of Geophysics, Saint Petersburg

2 Saint Petersburg Branch of the Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS
(SPBF IZMIRAN), Saint Petersburg

* e-mail: juliocesarsanchez954@gmail.com

Analysis of the morphology, tectonic structure and kinematics of ridges with an ultra-slow rate of spreading

(<2 cm/year) including the Gakkel Ridge located in the Arctic Ocean and the Southwest Indian Ridge in the Indian Ocean
made it possible to identify a number of common features and significant differences between them.
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OMBPUOJIOI'MA, MOJIEKYIIAPHAA BUOJIOT'UA

Actin cytoskeleton in calcareous sponge cells: regulatory proteins and involvement in the regeneration
Skorentseva K.'*, Saidova A., Lavrov A.°

! Lomonosov Moscow State University, Biological Faculty, Department of Cell Biology and Histology, Moscow
2 Pertsov White Sea Biological Station, Biological Faculty, Lomonosov Moscow State University, Moscow
* e-mail: skorentseva.ksenya.2016@post.bio.msu.ru

The healing process in multicellular animals starts with the restoration of the epithelial cell layer, as it is crucially
important to isolate the inner environment from the external damaging influence. Two mechanisms are underlaying the
epithelium restoration: the actin “purse-string” contraction and the collective cell crawling accompanied by the formation
of migration structures — filopodia and lamellipodia.

Sponges (phylum Porifera) are extant multicellular animals; they represent a sister group to other metazoans and
have unique regeneration abilities. This study aimed to reveal alterations in the actin cytoskeleton and its possible
regulation by special proteins during the regeneration in calcareous sponge Leucosolenia variabilis. Such an object allows
us to obtain unique data on the evolution of healing mechanisms in multicellular animals.

To initiate regeneration oscular tube was transversely cut into rings 1-3 mm wide. These rings have two wound
areas located at the cut planes. The regeneration process starts with the formation of a temporary structure, the regenerative
membrane (RM), and leads to the formation of new body walls closing the wounds’ orifices. RM has a thickness of 10—
15 um and consists of three cell layers: exopinacoderm, endopinacoderm and the narrow mesohyl layer. The RM appears
at ~12—24 hours post-operation (hpo) and its formation relies on the transformations of the pre-existing cell layers, without
any contribution of proliferation. The complete RM usually forms at ~48 hpo but its transformation into the intact body
wall begins already at ~24-30 hpo. The central event in this process is the substitution of endopinacocytes with
choanocytes at the internal side of RM.

The immunocytological studies allowed us to visualize and characterize the actin filaments in the cells of the intact
body wall and the RM. We also quantitatively measured changes in cell morphological parameters (area, circularity and
aspect ratio) that attendant cell layer transformations during regeneration.

We also found and annotated the mRNA sequences of RhoA, cdc42, Racl, ROCK and LIMK from the
transcriptome and evaluated mRNA expression (by RT-qPCR) of the typical proteins that regulate actin filaments in
eukaryotic cells and are known to contribute to actin network rearrangement.

The obtained data expand our knowledge about mechanisms of epithelial healing in basal multicellular animals,
contributing to the field of evolutional and developmental biology.

This work was supported by the RFBR grant no. 21-54-15006.

47



DIx gene expression during morphogenesis of the colony in a marine hydroid Dynamena pumila
Vetrova A.’, Kupaeva D. ! Petri N.°, Bredov D."?, Luchinskaya N. ! Kremnyov S. L2

! Institute of Developmental Biology RAS, Laboratory of Morphogenesis Evolution, Moscow
2 Lomonosov Moscow State University, Department of Embryology, Moscow
* e-mail: lalavetrova@gmail.com

DIx genes are a highly conserved family of homeobox transcription factors, noted for their function in the
proximal-distal patterning of appendages in animals among different phyla. DIx orthologs were identified within
cnidarians, which form different kinds of “appendages” such as tentacles and branches of the colony. However, the DIx
function is still unknown in cnidarians.

We studied DIx gene expression in a colonial marine hydroid, Dynamena pumila. The D. pumila colony consists
of stolons spreading over the substrate and upright shoots. Stolons attach to the substrate with anchoring disks, subdivided
into several lobes. Shoots consist of repetitive modules: two lateral hydrants and a coenosarc in-between. Growth and
morphogenesis of shoots and stolons proceed by the activity of terminally located growth tips.

We detected DpDIx expression in all morphogenetically active regions of the D. pumila colony using in situ
hybridization. During the formation of lobes in the anchoring disk, DpDIx expression accompanies inward-folding of the
ectoderm epithelial layer. In stolon and shoot growth tips, DpDIx is expressed on the sides in ectodermal cells, which
repetitively change their shape during growth morphogenesis. In the shoot growth tip also, DpDIx expression corresponds
to the boundaries between the hydrant primordia and the new shoot growth tip in the center. These boundaries are formed
via active epithelial morphogenesis. During the novel shoot formation, DpDIx is expressed firstly in the site of future
outgrowth and later around, demarcating the growing shoot from the rest of the colony. Hydrants and the most terminal
parts of growth tips are demarcated from the colony by rings of DpDIx expression either.

Spatial expression pattern of DpDIx suggests that this gene participates in the establishment of boundaries between
different parts of the developing colony. To test this hypothesis and analyze evolutionary conservative functions of
DpDlx, we expressed DpDIx in Xenopus laevis embryos and examined the boundary specification between neural and
epidermal tissues. Previously, it has been shown that Xenopus DIx establish this boundary.

N-tubulin is a marker gene of lateral neurons, forming on the boundary between neural and epidermal tissues.
Thus, expression of N-tubulin marks specification of this boundary. Injection of DpDIx in Xenopus embryos disrupts N-
tubulin expression and blurs the boundary between neural and epidermal tissues.

Thus, highly likely, the conservative function of the DIx gene is not the development of “appendages” but the
specification of boundaries between parts of the developing organism.

The study was funded by RFBR, project number 20-04-00978a.

48



Spirorbis spirorbis (Linnaeus, 1758) — nepcneKTHUBHBbINA MOJe/IbLHBII 00bEKT AJIs1 HCCJIEI0BAHUSA
IBOJIIOIMHA MEXaHM3MOB CTAHOBJICHHS JIeBO-NIPABOIl acHMMeTpHH TeJjia y Spiralia
Anoponosa E. U.'*, Konbacosa I'. J.°, Kpemnes C. B."”?

! MockoBckuii rocynapctBennbii yauepeurtet uM. M. B. Jlomonocosa, Mocksa
2 Uucturyt 6uostorun passutus uM. H. K. Koneniosa PAH, Mocksa
* e-mail: comatrichandronova@gmail.com

AcHMMeTpHsI OTHOCHTEINIBHO IIepeiHe3a{Hel OCH TeJa SBIISIETCS] BAKHOW YepTOH IUIaHa CTPOSHHMs OMtaTepaibHO-
CHMMETPHYHBIX >KMBOTHBIX (Bilateria). HanbGonee sipko 3Ta 4yepTa y B3pOCIBIX OPraHU3MOB IPOSIBISIETCS B TPYIIIE
Spiralia y OproxoHorux momtockoB (Gastopoda) m BbIpakaeTcsi B 3aKpYUHBAaHHM PAKOBHHBI B IPaBYIO WIIH JIEBYIO
cTpoHy. B kmacce Gastropoda paHHHME TpOSBICHHS >MOPHOHAIBHOW XHPATBLHOCTH KOHTPOJHPYIOTCS TMHAMHKOMN
LUTOCKeNeTa B XOA€ CTaAnil JpoOIeHI SMOPHOHA U MOCIIEAYIOIIeH aCHMMETpHYHON akTuBanuell reHoB Nodal n Pitx,
(GyHKUMOHAJbHAs aKTHBHOCTH KOTOPBIX, B CBOIO OYepelb, ONpeaesisieT MOP(OIOTHYECKYIO JIEeBO-TIIPaBYI0 aCHMMETPHIO
Tella MOJUIIOCKOB M HAIIPaBICHHE 3aKpy4UBaHHs PAaKOBHHBL HecMoTps Ha OonbliMe NOCTH)KEHHS B IOHUMAaHUH
MEXaHH3MOB CTaHOBJICHUS JICBO-IIPABOM OCH Y MOJIIIOCKOB, MBI MJIO YTO 3HaeM O (hopMUPOBaHMY JIEBO-IIPABOH ocU y
npejcTaBuTeNeld Apyrux TakcoHoB Spiralia. JlaHHbIE O HanM4YMKM M (QYHKIMOHAILHOM pOJM 3JIEMEHTOB KAacKasa,
peanu3ytolero curnan reHoB cemeiictBa Nodal y Takoit kpyIHO#t ¢uioreHeTHueckoit rpymisl kak Spiralia (kpome kak
y OpIOXOHOTHX MOJUIIOCKOB), KpaiHe ()parMeHTapHBI M Jlake NMpOTUBOpedMBEL. [IpencraBurenu poxa Spirorbis (Tum
Annelida) omHM M3 HEMHOTHX >KMBOTHBIX TpymHmbl Spiralia, KpoMe MOJUTIOCKOB, MPOSIBISIOIINX SPKYIO XHUPAIBHOCTh
B3pOCIIOTO TeNa: y CHHpPOpOMCca, NOMHMO acHMMETPUYHOTO PACIOJIOKEHHS PECHUYHOTO KeJoOKa M ONepKyJIoMa,
CIIUPAbHO W30THYTO BCE TENO, KOTOPOE 3aKIIOYCHO B CIUPATbHO 3aKPYUYCHHYIO PaKOBHHY. B KkadecTBe MOIENBHOTO
00beKTa IS HCCIIETOBAHUS MOJICKYIISIPHBIX MEXaHU3MOB JIEBO-TIPABOM aCUMMETPHH y Spiralia MbI HCTIONB3yeM Spirorbis
spirorbis (Linnaeus, 1758). HamMu ObIT mMpoaHaNM3UpPOBaH MATTEPH CIHPAIBHOTO NMPOOJCHHS Y HAIIET0 MOJCIBEHOTO
00BeKTa, a Takke HadaThl paboThl 1Mo ucciemoBanmuio poir Nodal curHampHOTO Kackaga B CTAaHOBIICHHUH JIEBO-TIPABOM
aCHMMETpHH Telna. Pe3ynbTaThl, NOydeHHBIE B XO€ BBHIIOJHEHHS HaIllei paboThI, II03BOJIAT CYIIECTBEHHO PacCIIUPUTh
3HaHUS O POJIM JJIEMEHTOB CUTHAJIBHOIO IyTH, akTHBUpyemoro Nodal-momoOHBIMU JMTaHIaMH y TpencTaBUTENeH
rpymnnsl Spiralia.

Spirorbis spirorbis (Linnaeus, 1758) is a promising model object for studying the evolution of
mechanisms for the formation of left-right asymmetry in Spiralia
Andronova E.'* Kolbasova G.?, Kremnyov S.12

! Lomonosov Moscow State University, Faculty of Biology, Moscow
2 Koltzov Institute of Developmental Biology, Moscow,
* e-mail: comatrichandronova@gmail.com

Currently, the mechanism of the formation of left-right asymmetry among Spiralia has been studied in detail only

for Gastropoda. In our work, we propose to use a segmented worm Spirorbis (Annelida) as a model organism to study
evolution of molecular mechanisms of left-right body axis establishment in Spiralia.
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Kierounsie HcToYHNKH (OPMHUPOBaHNS 0JIACTEMBI B X0/1€ PereHePAIU CeIEHTAPHOI aHHEIUAbI
Pygospio elegans (Spionidae)
Acmep K. 3."°, Cmapynos B.B.**, Cmapynoea 3. U.°, Hosuxosa E. JI."?

! Canxr-IleTepOyprekuii rocyIapCTBEHHBIN YHUBEPCUTET, Kadeapa SMOPHOIOTUU

2 Canxr-IlerepOyprekuii rocy1apCTBEHHBIN YHUBEPCHTET, Kadeapa 30010rHH OECII03BOHOYHBIX
3 3oomoruyeckuii uacTUTYT PAH, M1aGoparopus SBOTIONUOHHON MOp(OoIorun

* e-mail: clem.aster1218@gmail.com

B mn3yueHun pereHepanuy aHHEIHIbl — BaXKHAS TPYIIA, B KOTOPOI MOTEHINH K PereHepanuy U ee MEXaHU3Mbl
OYEHb Pa3sHOOOpa3HbI U MOTYT pa3lMyuaThes Jake y PasHBIX BHUAOB OJHOTO pona. Hamie BHMMaHme mpusiek Pygospio
elegans — HeOoONbIIas, TETEPOMHO CErMEHTHPOBAaHHAs aHHENHOa M3 ceMmeilicTBa Spionidae, kKoTopas 3a JOBOJBHO
KOPOTKHUH CPOK MOKET BOCCTAHOBUTH W MEPEAHUH, ¥ 3aHNI KOHIBI TeNa. B paMKax n3ydeHns KJIETOUHBIX MEXaHU3MOB
pereneparu P. elegans Mpl 00paTiiyu BHUMaHHE Ha MPoOJeMy KIETOYHBIX MCTOYHHKOB (POPMHPOBAHUS OIACTEMBL.
bnacteMa — 3TO CKOIUIEHHE AKTUBHO IEISIIUXCS HeXU(QepeHIMPOBaHHBIX KIETOK, KOTOPbIE BIIOCIEICTBHU JaxyT
HavyaJio HOBBIM BOCCTaHABIMBAIONIUMCS CTPYKTypaM. Tak, /Uit HEKOTOPBIX BUAOB aHHENU/ OIHCaHa POJIb COMaTHUECKHX
CTBOJIOBBIX KJIETOK B pemapaniy yTpPadeHHBIX 4YacTeil Tesia; OHH MUTPUPYIOT K paHe, NpoiaudepupyroT U 3aTeM
muddepenuupyrores. B To e BpeMsi MHOTHE UCCIIE0BaHMs YKa3bIBalOT Ha AeAn((HEepEeHIMPOBKY NPHISKAIIMX K paHe
KIJICTOK U MX MOCIEAYIONYI0 peaudHepeHITUPOBKY.

Knerounast mponmudepausi B MHTAaKTHOM TeJle YE€PBS MOXKET CIIY>KUTh MapKEepPOM HAJIMYMs CTBOJIOBBIX KJIETOK, a
MOSIBJICHUE TPONIN(EepaTUBHOIN aKTHUBHOCTH TOJIBKO B OTBET Ha IOBPEXAEHUE — MapKepoM nenuddepeHunposku. s
TOTO, YTOOBI M3yYUTh STH IPOIECCH W OMPENEIUTh MCTOYHUKH HPOIH(EPUPYIONINX KIETOK B XO/A€ pETeHEpaluu y
P. elegans, Mbl BIOpany METOA BKJIIOUEHHS S-3THHMI-2'-ne30kcuypuanHa (EdU) B uUBBIX yepBeil Ha pa3HbIX CTAAMAX
pereHeparu. B nanpHeiimeM Mbl IUTaHUPYEM NPOAHAIM3HPOBATh SKCIIPECCHIO TEHOB — MApKEepOB IIOJIOBBIX H
MyJIBTHIIOTEHTHBIX Ki1eToK (Germline/Multipotency Program genes, GMP), Tak Kak HaIW49ue WX MPOAYKTOB B KIETKAX
MOJKET CIIyXKHTh ITOKa3areneM HeauddepeHIpoBaHHOTO COCTOSHUSI KIETOK.

Hccneoosanue noooepacano epanmom PHD 21-14-00304.

Cellular sources of the blastema formation in regeneration of sedentary annelid Pygospio elegans
(Spionidae)
Aster K., Starunov V.3, Starunova Z.°, Novikova E."3

! Saint-Petersburg State University, Department of Embryology

2 Saint-Petersburg State University, Department of Invertebrate Zoology
3 Zoological Institute RAS, laboratory of evolutionary morphology

* e-mail: clem.aster1218@gmail.com

Pygospio elegans is a sedentary annelid that has an ability to regenerate both anterior and posterior body parts. We
study cellular mechanisms of its regeneration, particularly cellular sources of blastema formation after an injury.
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Towards deciphering signaling interactions, cellular populations, and ultrastructural changes at the
early stages of Alitta virens regeneration
Shalaeva A.*, Denisova S., Kozin V.

Saint Petersburg State University, Saint Petersburg
* e-mail: shalacva.sasha@gmail.com

The earliest events in response to amputation have the most significant role for successful regeneration. Those
events involve wound closure through muscle contraction and formation of the wound plug ensuring that regeneration
may happen. Later, when the wound epithelium is formed, underlying cells proliferate and the main event in the
epimorphic regeneration, the blastema formation, begins. The source of those cells in many annelids is known to involve
cellular dedifferentiation in the tissues of the wound-adjacent segment and in some instances stem cells migration from
segments that are further away from the amputation site. Dedifferentiation and the subsequent proliferation of the
blastemal cells are the main events, occurring in the posterior regeneration in the nereid polychaete Alitta virens.

EdU incorporation immediately after amputation demonstrate that the cells of the regenerative bud, forming after
two days, are actively proliferating, which we can tell by the EdU label dilution. In the growing regenerate we were able
to find two populations: epithelial cells of the bud and some blastemal cells are more mitotically active, whereas others
are labeled more vividly and thus represent slowly dividing blastemal cells. EdU incubation before the operation
demonstrate that individual EQU+ nuclei were present in the muscle fibers and in the ventral nerve cord. When blastema
is formed by 2 dpa, blurred label was found in there, which means that those precursor cells were actively proliferating.
Transmission electron microscopy of the early-stage regenerates agrees with our experimental observations. Wound
epithelium, which is formed through contact of the gut and segment epithelium loses its differentiated state. By 2 dpa
latest, extensive masses of cellular debris as well as some morphotypes of dedifferentiated mesenchyme cells were found
underneath the wound epithelium. We were also able to uncover some stratification in the cells that form the regenerative
bud: smaller loosely located cells in the dorsal and lateral parts and bigger and more compactly packed cells contacting
the neuropil in medial ventral part. Pharmacological suppression of the FGF pathway, which is crucial on the early stages
of regeneration, and subsequent in situ hybridization for genes involved in the early response such as vasa, piwil, twist
allow us to assume that the induction of the mesodermal cell sources through dedifferentiation is severely disturbed after
FGF inhibition.

Altogether our data allow us to estimate the importance of the early stages of the regeneration and evaluate the
morphogenetic events happening at the ultrastructural, molecular, and cellular levels, which broadens our knowledge of
those processes and helps to move the regeneration research forward.

This research was funded by the RSF grant 21-74-00055. We are grateful to the research resource centers
“Microscopy and Microanalysis”, “Molecular and cell technologies” and the Educational and Research station
“Belomorskaia” of Saint Petersburg State University for technical support.
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Onpenenenne BoBJIe4eHHOCTH Wnt-CHTHAJIMHTA B MpoLecchl (OPMUPOBAHUS JAPBAJLHBIX H
NMOCTJIAPBAJILHBIX CerMeHTOB Y Alitta virens
Kaiipos A. U.*, Kocmiouenxo P. I1., Ko3un B. B.

Cankr-IlerepOyprckuii rocy1apcTBEHHBIA YHUBEPCUTET, Kadenpa amOpuosiorun, Cankr-IlerepOypr
* e-mail: kayrov.tw@yandex.ru

CerMeHTalus — sBICHUE, HAONIOAAEMOE y TAaKUX TPYII XKUBOTHBIX, KaK UYICHHCTOHOTHE, MO3BOHOYHBIC H
aHHenuIbl. J[0 CHX TOp OCTaeTCs HESCHBIM, SIBISCTCS M CErMEHTALHS MPEIKOBBIM MPU3HAKOM, YHACIEAOBAHHBIM OT
Urbilateria, wiu e OHa BO3HHKJIA ITyTeM KOHBEPreHIMH. MoOeKyISIpHbIE MEXaHU3MbI, 00JIAIAI0T KaK CXOJCTBAMH, TaK
U PA3IHYKSIMU, YTO HE MO3BOJIET OJIHO3HAYHO FOBOPHUTH O €€ MPOUCXO0XKICHUH. ECITH CTPOTo MpUIePKUBATHCS TIPUHITUIIA
MapCUMOHUH, TO HanOOJIee BEPOSTHO HE3aBUCUMOE BO3HUKHOBEHUE CETMEHTALIUH.

B mHamie Bpemsi HauOoyiee H3YYEHHBIMU SIBJISIOTCS TPOIECC CErMEHTALMHM TMapaKCHAIbHOW Me30JepMbI
(comuTOreHe3) y MO3BOHOYHBIX )KUBOTHBIX M 3aPOJIBIIIEBOM MOJOCKH y HaceKoMbiX. C CerMeHTalel CBs3aH Mporecc
TEPMHHAIBHOTO POCTa, B X0JI¢ KOTOPOTO 30HA POCTa MPOAYIMPYET MaTepral Ui HOBBIX cerMeHToB. Ha MonekyspHoM
YPOBHE B IpOIIECCe TEPMHHAIBHOIO pocTa mpuHUMaroT ydactue Wnt u Delta\Notch curnanuur, a Takke reH cdx, ¢
KOTOPbIM Wnt-CHUTHAJIHHT 00pa3yeT METII0 0OpaTHOM CBA3M. DTOT MEXaHU3M SBJISIETCS TOCTATOYHO KOHCEPBATHBHBIM
cpenu Bilateria. Ilpu HapymeHun paOOTBI 3THX KOMIIOHEHTOB IPOUCXOAWUT HApYyIICHHE CErMEHTAllud U
MATTePHUPOBAHUSI TeJIa 3apPO/IbIIIA BJONb epeIHE3aHEH OCH.

JL71s1 IOJTHOTO TIOHUMAHMS SBOTFOLIMOHHOTO MIPOUCXOXKICHHS CETMEHTALIIH HEOOX0TIUMO TTOIPpOOHEe UCCIIeNI0BATh
MpEeICTaBUTENCH TPEThel TPYINBI KUBOTHBIX, UMEIOIIUX CETMEHTAIMI0, 8 UMEHHO aHHENUA. XOPOIIUM MOJETbHBIM
00BEKTOM JIJISl 3TOTO SBJISIOTCS HEPEUTHBIC MOJIMXEThI, B YaCTHOCTH, 00BEKT UCCIIEIOBAHHS — OEIOMOpCKas MOJIMXeTa
Alitta virens. CermenTaIust y HoJiMmxeT BOHUKAET B 7Ba 3Tamna. CriepBa Ha HECETMEHTHUPOBAHHOU JTMIMHKE OJTHOBPEMEHHO
(dbopMupyroTCs MapBajbHbIe (IMUUHOYHBIE) CErMEHTBI, MOCIE 3TOr0 00pa3yercs 30Ha POCTa M IOCIEIOBATEIHHO
HAYUHAIOT 00Pa30BBIBATHCS MMOCTIIAPBATIBHBIE CETMEHTBI.

Lenbto paboOThl SBISIETCSl OMpEIETICHUE BOBJICYCHHOCTH Wnt-CUTHAMHIA B IPOIECCH  (HOPMUPOBAHUS
JIApBAIIBHBIX W MOCTIAPBAIBbHBIX CErMEHTOB. OCHOBHBIM METO/IOM PabOTHI SIBIISICTCS MHTUHOUTOPHBIN aHAIK3, KOTOPBIA
IMO3BOJIACT THUIICPAKTUBHUPOBATL WJIN IMOJABIATH ‘Wnt-CUTHAJIUHT. HeCMOTpSI Ha TO, YTO JlapBajJIbHaA 1 MOCTJIapBajibHaA
CETMCHTAM Yy aAHHCIUIA HMECT PA3HOC IMPOUCXOKACHUE, IMOJTYUYCHHBIC HaMWU JaHHBIE TOBOPAT 00 yuacTumn Wnt-
CHUI'HAaJIUHI'a B 06OI/IX mpoueccax. HpI/I TUTIEpaKTUBALIN Wnt-curnanusra B Nepuo paHHETO JJMYMHOYHOI'O pa3BUTHA
BMeCTO MeTaTpoxo(hop 00pa3yroTcs BBITSHYThIC THYMHKH, JHIICHHBIC CerMEHTAlnK. VI3MEHEHUs B 9KCIIPECCHH TCHOB
cermMeHTauun wntl u engrailed Ha dtane TPoxo(opbl MOIHOCTBIO COTJIACYIOTCS € (PEHOTUIAMHU y MeTaTtpoxodop.
O6paboTka MOJYJIATOPaMH B MepHOA QYHKIIMOHHPOBAHUS 30HBI POCTA MPUBOMT K 3aJiepiKKe (GOPMUPOBAHHS IEPBOTO
MOCTIAPBAILHOTO CErMEHTa W K MPAaKTHYCCKH MOJHOMY IOJABICHUIO KICTOYHBIX AencHuil. [lomyueHHbIe NaHHbBIC
MOKA3bIBAIOT KOHCEPBAaTHBHYIO poJjb Wnt-CHTHAJIMHIa B IMpOLECCax CErMEHTAlUM, YTO BaKHO ISl TIOHUMaHHS ee
BO3HHKHOBEHHUSI B XO/I€ IBOJIOLIUH.

Paboma svinonnena npu noodepacke epanma PH® 21-74-00055 na 6aze MEC CII6I'Y u PL] MM CIIoI'Y.

Concerning the role of Wnt signaling in larval and postlarval segmentation in Alitta virens
Kairov A.*, Kostyuchenko R., Kozin V.

Saint Petersburg University, Department of Embryology, Saint Petersburg
* e-mail: kayrov.tw@yandex.ru

Segmentation is a character which origin in the evolution remains unknown. Wnt signaling plays a key role in this
process. Here we evaluate its role during larval and postlarval segmentation in the marine annelid Alitta virens. Our data
provide insights into conservatism of the molecular regulation of segments development.
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Jyminkanusa ParaHox reHoB B JIHHUH 0JIUTOXET
Amocos A. B."?* Kocmiouenxo P. I1.

! Canxr-TleTepOyprekuii rocynapcTBEHHBIN YHUBEPCUTET, Kadeapa smopuonoruu, Cankt-IlerepGypr
2 Yuusepcuter UTMO, Cankr-Tletep6ypr
* e-mail: artem221199@mail.ru

PazHooOpasne MexaHM3MOB pa3BUTHSI M CIIOCOOHOCTH K pereHepanuy U OecrosoMy pasMHOXKEHHIO y Metazoa
MIPENCTABIAET COOOH MHTPUTYIOMIYIO MPOOJIEMY sl ABOTMIOIMOHHOM Omonoruu. [lupokas TakcoHOMHYECKast BEIOOpKa
BaKHA JUTS YIYYIICHWS HAIICTO TOHMMAHHUS Pa3IMIHBIX SMOPHOHAIBHBIX U TOCTIMOPHOHANBHEIX MOp(OreHe30B, a
WCCIICIOBAHNUS BHE TPATUIIMOHHBIX MOJCIBHBIX OPTaHU3MOB SIBIISIOTCS Ype3BbUAiiHO WH(pOpMATHBHEIMHA. OTHUM W3
HauboJilee BaXKHBIX MEXaHHM3MOB ABOJIOIHMH MPOTPaMM Pa3BUTHA, AWBEPCH(PHUKANNHU TUIAHOB CTPOCHUS KUBOTHBIX U
CHOCOOHOCTH K Pa3sNUYHBIM (opMaM TOCTIMOPHOHATIBHOTO PAa3BUTHA SBIIETCS OYIUIMKANWSA — KITIOUEBBIX
TPAHCKPHUIIIUOHHBIX PETYISATOPOB, MX 3KCIIAHCHS U KOOI B HOBBIE MOP(OTEHETUIECKHAE COOBITHS.

I'omeobokc-conepxarue redsl Gsx, Xlox u Cdx otHOcsiTCs K cemelicTBy ParaHox kimacca Antennapedia. Briepsoie
B KayeCTBE CEMEWCTBa OHHM OBUIM ONKCAHBI y JIAHIIETHHKA B COCTaBe IOJHOIEHHOTO KjacTepa M, Kak OKa3alloCh,
KJIacTepu3alus SIBISIETCS UX XapakTepHoi uepToil. [1o coBpemenHbIM npeacTaBieHussM ParaHox u Hox-reHsl, noaBunuch
TIpY AYTUIMKAUK peaKoBoro ProtoHox kitactepa, BKIIIOYABIIETro OT ABYX JI0 YETHIPEX TEHOB Y 00IIIEro rnpeKa KHUIapui
n Ownatepuii. [Ipn BceM MHOr000pa3uy N3y4eHHBIX MOAEIIEH, 3HAHUS IKCIIPECCHU U (DYHKIMIA JaHHBIX T€HOB OCTAIOTCS
HETIOJIHBIME M B OCHOBHOM KacaioTcs ponu ParaHox-reHoB B smOpuoHanbHOM pasBuThd. OnHAKo Ha NpHMepe
MTO3BOHOYHBIX TOKA3aHO, YTO JAHHBIC TEHBI aKTHBHO SKCIPECCHPYIOTCA M B IMOCTAMOPHOHAIBFHOM TIEPHOAC M MOTYT
BEITIOJTHATE (DYHKIINH, BaXKHBIC B TOM YHCIIE C TOUYKH 3PCHUS TPUKIIaTHONH HAYKH.

B macrosmeit pabore MBI HACHTU(GUIMPOBATN W KIOHHPOBAIM TOMOJOTH Bcex Tpex ParaHox reHoB mis
HECKONBKUX BHUJIOB aHHENHI, ICMOHCTPHPYIOUINX pas3Hble CTpaTerdll 3MOPHOHATIBHOTO W IMOCTIMOPHOHAIBFHOTO
pasButus. Hamm pe3ynbTaTsl CBUACTENBCTBYIOT B OJB3Y AyIUiHKanui ParaHoxX TeHOB B IMHUN OJITOXET.

IIpoexm evinonnsiemes npu noooepoicke epanma PH® 22-24-00443 ¢ ucnonvzosanuem obopyoosarnusi PL{ PMuKT
Criory.

Duplication of ParaHox genes in the oligochaete lineage
Amosov A.12* Kostyuchenko R/

! Saint Petersburg University, Department of Embryology, Saint Petersburg
2 University ITMO, Saint Petersburg
* e-mail: artem221199@mail.ru

The diversity of developmental processes across the Metazoa present an intriguing challenge in evolutionary
biology. One of the most important mechanisms for the evolution of developmental programs is the duplication and
expansion of key transcriptional regulators. Our results suggest a duplication of the ParaHox genes in the oligochaete
lineage.
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Investigation of mobile elements expression at different stages of trematode Himasthla elongata life
cycle
Smolyaninova A."*, Solovyeva A."?, Podgornaya 0.

! Institute of Cytology RAS, laboratory of noncoding DNA, Saint Petersburg
2 Zoological Institute RAS, Saint Petersburg

3 Saint Petersburg State University, Saint Petersburg

* e-mail: sar28sirl4@rambler.ru

Mobile genetic elements (MGE) occupy from 20 to 80% of the eukaryotic genomes and play an important role in
genomic instability. In some animals, several different phenotypes are realized on the basis of the genome, for example,
in insects with a complete transformation, coelenterates and parasitic flatworms. The life cycles (LC) of trematodes, which
include the alternation of parthenogenetic and hermaphroditic generations, are of great interest. Regulation involves
complex molecular mechanisms, and MGE seem to play an important role in it.

In this work, we validated primers specific for MGE for real-time PCR. Rediae and cercariae of Himasthla
elongata (Trematoda. Himasthlidae) were selected to assess the expression of MGE. The MGE database of H. elongata
was created earlier and used to pick primers. Primers specific to five MGE from the RTE-BovB family, the most
numerous, five unclassified elements (Unknown), as well as the transposons Pao, Gypsy, Penelope, Perere, Zenon, CR1-
renegade, Rex\Babar, L2, Tcl and mariner were tested on redia and cercariae cDNA by PCR. It was determined that the
cDNA of rediae and cercariae contains transcripts of all studied MGEs. Amplification with three primers specific for the
RTE-BovB family and one primer for unclassified elements (Unknown) resulted in multiple PCR products. This is due
to the fact, that mobile element copies can have different lengths in the genome due to imperfect retroposition mechanism,
and, accordingly, different sizes of transcripts. Single PCR products were obtained for: two RTE-BovB transposons, two
unclassified elements (Unknown), Pao, Gypsy, Penelope, Perere, Zenon, CR1-renegade, Rex\Babar, L2, Tcl and mariner.
Primers for these transposons were selected for further experiments. Actin was chosen as a reference gene for evaluating
the expression of MGE by real-time PCR, since according to the results of test real-time PCR, the GAPDH gene was not
expressed uniformly.

Thus, the expression of MGE is present in at least two stages of H. elongata life cycle. The results obtained will
be used in the future to quantify the transposons’ expression in vitro at different stages of the life cycle.

The study was supported by RSF grant No. 19-74-20102.
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AHTHMHUKPOOHasi AKTUBHOCTD B TKaHAX Littorina littorea
Tagaposa E. P.*, Manvyesa A. JI., [ panosuy A. Y.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 3000ruu Oecrio3BoHOUHbIX, CaHkT-IIeTepOypr
* e-mail: orhidea-palma@yandex.ru, st047483@student.spbu.ru

B3anmoaelcTBHs MKy MHOTOKICTOYHBIMHU 3YKaPHOTAMHU U TIPOKAPUOTAMH Pa3HOOOPa3HBI U 3a4aCTYI0 BHOCST
pelIaronuid BKIaJ B aJanTallii0 MHOTOKJIETOYHBIX X035€B K 3aHMMAaeMOl 3Koiorudeckoi Hume. [IpokapuoTHyeckue
OpraHU3MbI JKEIYJOYHO-KUIIIEYHOTO TPAKTa MMO3BOHOYHBIX M OECIIO3BOHOYHBIX MOIYT BO3JCHCTBOBATH Ha OOMEH
BEIIECTB, BIMATH HA PA3BUTHE HE TOJBKO MHUIEBAPUTEIHLHOM, HO TAKIKE UIMMYHHOM, KDOBEHOCHOMN M HEPBHOM CHCTEMBI,
CYIIECTBEHHO MEHATh (PU3MOJOTHIO M MOBEJCHHE J>KHUBOTHBIX. B CBOIO oOuepenb, JUIMTEIBHOE COKHTEIBCTBO C
MHOTOKJIETOYHBIMH MOXKET BBI3bIBATH U3MEHEHUs B reHome Oaxtepuil. Hampumep, CHMOMOHTBHI MOTYT YTpadMBaTh
AJIEMEHTHI KAaCKaZ0B OMOCHHTE3a aMHUHOKHUCIIOT, LIEJbIe OJIOKH SHEPreTHIeCKOro MeTaboIn3Ma H Tp.

B kauecTBe 00BbeKTa HCCIIEIOBaHMI HAMH ObLTH BBIOpaHbI MOJUTFOCKH poJia Liftorina n acCOIMUPOBAaHHbBIE C HUMU
MHUKPOOHBIC Co00IIecTBa. JIUTTOPUHBI — HWH(POPMATHUBHBIA MOICIBHBIA OOBEKT U1 aHAIW3a Pa3HOBO3PACTHBIX
SBOJIIOIMOHHBIX TIPOIIECCOB, CBA3aHHBIX CO CICHUANM3AIMCH M OCBOCHHEM HOBBIX 3KOJOTMYCCKHX HHUII. AHaIH3
KOMILIEKCOB MHKPOOPTaHM3MOB, C KOTOPBIMH pa3Hble BHIBI poja Littorina GOPMUPYIOT CTaOHIbHBIC ACCOIMAIINH, a
TaKKe MEXaHU3MOB PETYJISIMH ITHX aCCOIUAIMN — aKTyallbHasl 33]1a4a ¥ B KOHTEKCTE YACTHOW OMOJIOTUHU TUTTOPUH, U
C 0OIIECONOIOTHYECKOW TOYKH 3pEHHs. BBIXOJ B HOBYIO JKOJOTHUYSCKYIO HUIINY COIPOBOXKIAETCS CMEHOW Habopa
MHKPOOPTaHU3MOB, C KOTOPHIMU OPTaHU3M KOHTAKTHPYET, YTO BIHUSCT Ha (DU3UOJIOTHIO M MTOBEJICHHUE X03UHA, U MOXKET
MMETh 3HAYCHUE ISl TUBEPTeHIIUH.

PaHee MbI BBISIBHJIM, YTO COCTaB ACCOIMHMPOBAHHBIX C JUTTOPUHAMHU MUKPOOHBIX COOOIIECTB OTIMYAETCS OT
CPE/IOBBIX, YTO B COCTaBE aCCOILMUPOBAHHBIX COOOIIECTB €CTh BBHIPAKEHHO JOMUHHUPYIOIINE M0 OOMIHIO OaKTepuu, HO
OCHOBY pa3HOO0pa3usi aCCOLMUPOBAHHBIX COOOIIECTB COCTABIAIOT MAIONPE/ICTABICHHBIE TAKCOHOMUYECKHE €/IMHUIIbI;
MpUYeM UMEHHO Takue OakTepuu crieliu)UUHbI I ONPEACICHHBIX BUOB MOJUTIOCKOB.

CTaOWIbHOCTh  ACCOI[MMPOBAHHBIX €  JUTTOPUHAMU  OaKTEPHAIBHBIX  COOOINECTB  IOAPa3yMeBacT
(HYHKIIMOHMPOBAHUE MEXaHHM3MOB, PETYJIHUPYIONIMX COCTaB TaKHX acCOIMAaIUii. B 4acTHOCTH, MHTEpEC MPEICTABISIOT
aKkTUBHBIC S()(EKTOPBI, MPOSBIAIONINEC AHTHUMHKPOOHYIO aAKTHBHOCTb, CpEIM KOTOPBIX Haubojiee H3yUYCHBI
AHTHUMUKPOOHBIC MENTHUIBl. OJTH BEIIECTBA MOTYT HMETh IIMPOKHH CIEKTP JCWCTBUS W Yepe3 MpPOSBICHUC
OaKTePUIIMTHOTO WM OaKTePUOCTAYeCKOro A(QeKTa B TKAHAX XO3IUHA OCYIICCTBIATH  PETYJIHPOBAHUE
ACCOLIMMUPOBAHHOTO COOOIIECTBA.

JIJis BBIAIBIICHUS TIPUPOJIBI I MECTA aKKYMYJISIIMHA aHTUMHUKPOOHBIX KOMIIOHCHTOB B OpPTraHU3ME JINTTOPUH OBLITH
3aUKCHPOBaHBI YaCTH Tela MOJUTIOCKOB L. [ittorea, 3MATENNN KOTOPHIX 3acelCHBI OaKTepusMU (KaOpbl, KUIICYHHUK,
MPOTOKH TIOJIOBOW cucTeMbl). Cepur aHTUMHKPOOHBIX TECTHPOBAHUHA TOKAa3aM, YTO SKCTPAKTHI TKaHeW L. littorea
MPOSIBIISIIOT aHTUMUKPOOHYIO aKTHBHOCTh B OTHOILICHHHM TPAMIIONIOKHTENBHBIX M TPAMOTPHIATEIBHBIX OaKTEpPHId.
[Ipuposa akKTUBHBIX KOMIIOHEHTOB OTACIBHBIX (PPAKIM 3TUX IKCTPAKTOB B HACTOSIIHIA MOMEHT YCTAHABIHMBACTCS C
HCIOJIb30BAHUEM MAaCC-CIIEKTPOMETPHH.

Antimicrobial activity in several Littorina littorea tissues

Gafarova E.*, Maltseva A., Granovitch A.

Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
* e-mail: orhidea-palma@yandex.ru, st047483@student.spbu.ru

This study is an analysis of microorganisms forming stable association with Litforina snails. Our previous results
showed some patterns in associated microbiome composition. This implies the presence of the regulatory mechanisms in
the system, apparently antimicrobial peptides produced by host. We use a series of antimicrobial tests and mass
spectrometry to study these substances.
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Hossblii Bua poaa Vannella Bovee, 1965 (Amoebozoa, Discosea), u3 CpeaquseMHoro mopsi: MopgoJiorus,
(ustoreHus ¥ OTHOLIEHHE K COJTEHOCTH CPe/IbI
Boumunckuu @. I1.

Cankr-IletepOyprekuii rocyaapcTBEHHBIN YHHBEpCUTET, bruonorndeckuii dpaxynsrer, Kadenpa 3oomorun
0€CII03BOHOYHBIX
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OpnHuM U3 HanboJIee U3YUCHHBIX POJIOB IOJIBIX JO003HBIX ame0 sBisercs Vannella Bovee, 1965, npencraBurenu
KOTOPOTO PacrpoCTPaHEeHbI TOBCEMECTHO. B TaHHOM COOOIEHNN MBI IPE/ICTABIISIEM PE3YIIbTaThl UCCIIEJOBAHHS HOBOTO
mramMma ame0 3TOro poja C MCIOJb30BaHHEM METOJIOB CBETOBOM M DJIEKTPOHHOM MHKPOCKOIHMH, M MOJEKYJISIPHO-
¢unoreHeTHYECKOro aHanmu3a. J[Mama3oH COJEHOCTHOM TOJIEPAaHTHOCTH INTaMMa OMPEACIIN SKCIEPHUMEHTAIBHO,
BBICEBAsI KIIETKH M3 CPEJIBI C CONEHOCThIO 40%0 B MCKYCCTBEHHYIO MOPCKYIO BOJTY € Jirana3oHoM coseHocTu 10—90%o (Tpu
MOBTOPHOCTH HA KaXI0€ JKCIEePUMEHTANbHOe 3HaueHue). Jlarmee CKOPOCTh Pa3sMHOXEHHUSI KIIETOK OMPENeIsid B
Mpollecce MHKYOAIlMK SKCIEPUMEHTAIBHBIX M KOHTPOJBHBIX KYJIBTYp MPH MOCTOSHHOW Temieparype. M3yueHHbIN
mTaMM OBIT BBIIENEH W3 CMBIBOB MPHOPEKHBIX MaKpOBOIOpOCieH, coOpaHHBIX Ha IunpKe Axportupu (Kump,
CpenmzemHoe Mope), koopaunatsl: 34,63777N, 33,00949E, conenocts Ha MOMeEHT cbOopa 40%o. PesymbpraTsl
CBETOONTHUYECKOTO HCCIICJIOBAHUS YKa3bIBAIOT HAa MNPUHAJISKHOCTh INTaMMa K poay Vannella, o 4yemM TOBOpUT
XapakTepHasl JIOKOMOTOpHasi (opMma: KJIETKH YIUIOUICHHbIE U LIMPOKUE, 00pasyloT HIMPOKYI0 (POHTAIBHYIO 30HY
THaJIOIIa3Mbl C 3aKpPYIJICHHBIM TIEPEAHUM KpacM. Pe3y.]'H)TaTI)I QJICKTPOHHO-MHUKPOCKOITMYCCKOTO0 HCCICIOBAHUA
MOKa3aJu, 4To MOP(OJIOTHs N3yYEHHOTO ITaMMa TUIIMYHA JUIsl [TpeAcTaBuTelei poaa Vannella. OnHako NOKPOB KIETKU
MpeCTaBlieH aMOP(HBIM TTUKOKATUKCOM KOTOPBIA HE COMEPKUT XapaKTEPHBIX IS APYTUX BaHHEIUT IEHTArOHAIBHBIX
TIIMKOCTHIIEH WK (HUiIaMeHTOB. Pe3ynbTaThl (GHIOT€HETHYECKOrO aHan3a MOKa3all, YTo OJIVDKakIe poJCTBEHHUKU
M3y4aeMOro ITaMMa, UMCIOIIUE BHIOBBIC Ha3BaHUs, 3T0 Vannella aberdonica w V. devonica, xoTopble, HECMOTPS Ha
CHJIbHBIE MOP(HOJIOTUUECKUE Pa3Inius 00Pa3yIOT KJIaay C BRICOKHM YPOBHEM IMOICPXKKH. DTa KIIaJla TAK)KE BKIIOYALT B
ce0s1 HeCKOJIbKO HeHIECHTH(HUIIMPOBAHHBIX MTaMMOB (B 9acTHOCTH, Vannella sp. ISOKONT JQ271741 u Vannella sp.
DB282 AY929920). IlpoBeneHHBIE HCCIEIOBAaHUA MOP(OIOTHYECKAX NPHU3HAKOB M aHATN3 (DHUIIOTEHETHYECKIX
B3aWMOOTHOIICHHI U3Y4YEHHOTO IIITaMMa MO3BOJISIOT OTKUCATh €ro Kak HOBbIH Bua pona Vannella. Jlns Mopckux ame0, B
0COOCHHOCTH BaHHEIUIHM]], XApaKTEPHbI MIMPOKHE HANa30HbI COJICHOCTHOW TOJIEPAHTHOCTH. MHOTHE BaHHEIIbI,
BBIICJICHHBIC M3 MOPCKHX OHOTOINOB, CIIOCOOHBI BBDKMBATh M Pa3MHOXKATHCS B auama3oHe 3HadeHuil 7,5—30%o
(V. douvresi, V. langae, V. murchelanoi) wiu naxe B Oosee mmpokux (Hanpumep, 12—122%o y V. mira). U3yueHusie
HaMH MPEICTABUTEIH POJia B OKCIIEPUMEHTE 110 COJICHOCTHOMN TOJIEPAHTHOCTH TIOKA3bIBAIM HAMOOJIBIIYI0 HHTCHCUBHOCTh
pasmHuoxenus B auana3zone 30—40%o, mpekparias pa3MHOXKECHUE B Boje ¢ coeHOCThIO 10 1 50%o, 9YTO MOXKET OBITh
OOBSCHEHO OJBOJIIOLMOHHOM HWCTOpHEH IITaMMa, B XOJ€ KOTOPOH OH pEIKO KOHTaKTHPOBaJ C MPECHOW WU
pacrpecHeHHON BOJIOM, a Takke ¢ BOJOW BBICOKOM cojleHOCTH. Takol y3Kuil IuMama3oH COJEHOCTHOM TOJEPaHTHOCTU
TIPECTaBIsET OCOOBIM MHTEpeC JUIS HMCCIIEIOBAHUS 3aKOHOMEPHOCTEH pacHpOCTpaHEHUsl BAaHHEIUIMZI B MOPCKHX M
COJIOHOBAaTOBO/IHBIX OMOTOMAX.

Hccredosanue svinonneno npu noooepoicke epaunma PH® 20-14-00181 ¢ ucnonvzoeanuem obopyodosanus LIKIT
«Taxcon» 3UH PAH.

A new species of the genus Vannella Bovee, 1965 (Amoebozoa, Discosea), from the Mediterranean:
morphology, phylogeny and response to the salinity of the environment
Voitinsky F.

Saint Petersburg State University, Faculty of Biology, Department of Invertebrate Zoology
Zoological Institute RAS, Laboratory of Cellular and Molecular Protistology
* e-mail: veles-2015@yandex.ru

One of the most studied genera of naked lobose amoebae is the ubiquitous Vannella Bovee, 1965. In this report,

we present the data on morphology, molecular phylogenetic relationships, and salinity tolerance range of a new strain of
this genus isolated from the Mediterranean coastal biotope.
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Pa3nooOpa3ne ¢peHOTHIIOB TOHO(OPOB y reHeTHYECKH MOJUMOP(HBIX THAPOUI0B Sarsia lovenii
(Hydrozoa: Corynidae) u3 Besioro mopst
Kpemnes C. B. 12 Jlebeoesa T. C.12, Bemposa A. A Ipyoxosckuii A. Al

! MockoBckuii rocynapctBennbii yausepeurtet uM. M. B. Jlomornocosa, Mocksa
2 Yuusepcuter Benbl, Bena, Asctpus

3 Uuctutyt Guosnoruu passutus um. H. K. Konsiosa PAH, Mocksa

* e-mail: tatiana.bagaeva@univie.ac.at

CJ0XXHBIN JKU3HEHHBIH IIMKJ THAPOUIHBIX BKIIOYACT IMEJIATNYECKYI0 METy30HIHYIO U JOHHYIO IOJHUIIOUIHYIO
cTaguu pa3BuTusa. Meny3onaabie 0co0H, TOHO(OPHI, pa3BUBAIOTCS HA JOHHBIX THAPOUAAaX U (OPMHUPYIOT TOHA/BI TIOCIIE
OTpbIBa MeIy3bl OT MATEPHHCKONH KOJOHWH. PemyKims Memy30MAHOTO IOKOJIEHHS — IIUPOKO pPACIpOCTPaHEHHAsS
SBOJIONMOHHAS TEHISHIUS CPEAN THAPOWIHBIX. PenylpoBaHHBIE MEXy30WAHBIE 0COOM yTPAadWBAIOT MHOTHE YEpPTHI
CTPOCHHMSI CBOOOAHOIUIABAIOIIEH Mey3bl M (POPMHUPYIOT HOJIOBBIE MIPOAYKTHI, HE OTPBIBASICH OT MATEPUHCKON KOJIOHHU.
MomnekynspHble MEXaHU3MBl PEAYKIIMH MEAy3bl y THAPOMIHBIX MOKa Mayo u3ydeHbl. Panee mis bermoro mops Gwuia
OIMCaHa CJIOKHAS TOMYJSIHOHHAS CTPYKTypa THAPOUAHBIX S. [ovenii, KOTOpasi BKJIOYAET JIBE raluIOrPyIIibl C Pa3HBIMU
TUIIaMH TOHO(OPOB, a TaKXKe J0Ka3aHa BO3MOXKHOCTb TMOPWAM3AIMU MEXAY 3TUMH ramiorpynmnamu. Llensio Hamen
paboThl ObUIO OoJiee MOJIHOE ONMCAHHE BHYTPUBHIOBOTO FEHETUYECKOro pasHooOpasus y S. lovenii B benom mope ¢
ucnons3zoBanueM MutoxonapuansHoro (COI) u simepHoro (ITS) dparmenror JJHK, a Takxke morck MopghoIornaeckux
OTIIMYMH B cTpoeHUH roHodopos. B pabore ncrnonbp30Banuch KOJIOHUN THAPOUIOB S. lovenii, cOOpaHHBIE B aKBaTOPHUU
6enomopckoii bnocranumu M. H. A. [eprioBa, a Taxxe KOJOHHH, ITOTyYSHHbIE 3KCIIEPUMEHTAIBHO MIPU CKPEIIMBaHUT
TIOJIOBBIX IPOIYKTOB TOHO(OPOB pasHBIX THHOB (Memy3 W Mexy3ounoB). IIpm anammse crpoeHus roHO(OpOB OBLIO
BBIIBIICHO 4eThIpe Mop¢oTruma: 1) cBoOOOAHOIMIIABAIOMNE METy3bl, KOTOPBIE PAaHO OTIOYKOBBIBAIOTCS OT MAaTEPHHCKON
KOJIOHMM W (OPMHUPYIOT TOH3Abl B MpoOLEcce JUINTEIBHOTO MEepHOAa >KM3HM B menaruand; 2—3) nBa Mop¢oTHIa
roHO(OPOB, KOTOPBIE JOJTOE BpeMsl YIACP)KUBAIOTCS HA MAaTEPUHCKOM KOJIOHMU M (POPMHPYIOT TOHAIbI IO MOMEHTa
OTpbIBA OT KOJIOHWH, a B CIydac OTPhIBA OT MAaTEPUHCKOH KOJOHHM OHU CIIOCOOHBI K aKTUBHOMY ABHXKEHUIO; 4)
MeTy30HU/1bl, KOTOPBIE HE OTIOYKOBBIBAIOTCS OT MATEPHUHCKOM KOJIOHUH U HE CTIOCOOHBI K aKTHBHOMY JIBIDKCHUIO B CITydae
cilyyaiiHOro OTpbiBa. I[lepeuricieHHble MOPQOTHIBI OTIMYATUCH (OPMOM M pa3MepaMH KOJIOKOJIA, CTPOSHHEM
HIyNalbleBbIX 0yIb0, HAIMYNEM WK OTCYTCTBUEM IIIa3KOB U Irymanell, Gopmoit ManyOopryma. Kaxkplit U3 BHISIBICHHBIX
MOp}OTUIOB TOHOGOPOB HMMEN CBOM XapaKTepHBI IepHOJ IMOSBICHUS Ha KOJOHMSAX THAPOMIHBIX B Mope. [lo
pe3ynbraram ananuza MutoxonzapuaibHoro (COI) m sneproro (ITS) ¢dparmenroB JHK Obuto ycraHoBieHO, 4YTO
BBIJICJICHHBIE MOP(OTHITBI KOPPETUPYIOT C BBISIBICHHBIM M€HETHYECKUM MOIMMOp(H3MOM BHa. [[si cekBeHUpOBaHMs
THOPUIHBIX (OPM MBI HCIIOJIB30BAIM METOAMKY KIIOHUPOBAHUS P NPoayKTa. Takke, HAMH TPOBEICH 'MCTOIOTHIECKUN
aHaIM3 TOHOPOPOB Pa3HBIX MOP(OTHIIOB.

Paboma noooepcana epanmom PH®D Ne 21-74-00129.

Diversity of gonophore phenotypes in genetically polymorphic hydroids Sarsia lovenii (Hydrozoa:
Corynidae) from the White Sea
Kremnyov S."?, Lebedeva T."?, Vetrova A.°, Prudkovsky A."

! Lomonosov Moscow State University, Moscow

2 Vienna University, Vienna, Austria

3 Koltzov Institute of Developmental Biology RAS, Moscow
* e-mail: tatiana.bagaeva@univie.ac.at

The aim of our work is to identify the molecular mechanisms of speciation which are related to the evolution of a
complex life cycle. This issue is included in the framework of EcoEvoDevo. To resolve the problem, we started from
comprehensive phylogenetic analysis of the polymorphic populations of Sarsia lovenii with morphologically various
gonophores.
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MopdoJioruyecknii aHAJIN3 HEPBHOM M MbIIIeYHOI cucTeMbl ponanounosB Haliclystus auricula
(Cnidaria: Staurozoa) — HOBBI B3IJI8/X Ha PYHKIUM AITe3NOHHBIX OPTAaHOB

Hompaveea M. M.'*, Xa6u6ynuna B. P.?

! Cankr-TleTepOyprekuii rocy1apCTBEHHBINH YHUBEPCHUTET, Kadeapa 300510THU 6ecro3BoHOUHbIX, CankT-TleTepOypr
2 PecypcHelit entp «KynbTuBMpoBaHne MUKpoopranu3mMoB» Hayunoro napka Cankr-IleTepOyprekoro
rocyapcTBEHHOTO yHUBepcuTeTa, CaHkT-IleTepOypr

* e-mail: m.domracheva2000@yandex.ru

Staurozoa — HeOombILIAs TPYIIIA MOPCKUX CHISTYUX MEMy3. VIX Te0 cOCTONT M3 cTeOeNbKa, IPUKPETIIIONIErOCs
K cyOCTpaTy C MOMOIIBIO TIOIOMIBHI, M YAIIEUKH C BOCEMbIO PYKaMH, OKaHIMBAIOIIUMHUCS IyIKaMH BTOPUYHBIX [IyIIaJeIl.
MHorwue npecTaBuTeNy Staurozoa HECyT BOCEMb POTIATIONI0B — BHIOM3MEHEHHBIX NMEePBUYHBIX Iymnanel. Cuuraercs,
YTO EIUHCTBEHHas (YHKIUS DTUX OpPraHOB — BpPEMEHHOE MPHKPEIUICHHUE 4Yalledykd K CyOcTpaTy BO BpeMs
nepeaBwkeHns. OIHAKO CYIIECTBYIOT MNPEANOJIOKEHHS O TOM, YTO POMAJIOMIBI MOTYT BBIIONHATH PELENTOPHYIO
(YHKIHMIO, TTOT00HO POTTANIMSIM APYTHX MEIY3.

MBI nccnetoBany opraHu3aniio HEPBHOM M MBIILIEYHOH CHCTEMBI B pontaionnax Haliclystus auricula, coOpaHHBIX
B 3enenenkoii ryoe bapennesa mops B utose 2021 r., ¢ momonisio okpacku damtonnuaom u anturenamu K FMRFamuny,
TyOynuHy u HelporeH3uHy. Ponanounsr H. auricula nMeroT B O0OOBUIHBIX CTPYKTYp ¢ OOPO3AKOH Ha ANCTAITBHON
yacti. OHU COEAMHEHBI C YalIeuKoil HeOOIbIION HOXKKOM, B KOTOPOH MPOXOANT KaHAT TaCTPOBACKYIISIPHON CHCTEMBI.
MBplIedHble 3JIEMEHTHI porajionaa 00pas3yroT JBe TPYHIIEI — BeepooOpa3HOE CKOIUIEHWE BOKPYT OOpPO3IKH M Iy4OK
KOPOTKHUX TIPOAOJILHBIX BOJIOKOH B HOXKKE porajiona. BeepooOpa3sHo pacnonokeHHass MyCKyIaTypa OOpO3JKH MOXKET
BBINOJHATE (PYHKIHUIO TPHCOCKH, OOECIeunBasl MEXaHNIECKOE NMPHUKPEIIEHHE Yalledku K cyOcTpary. MyckynaTtypa
HOKKH, BEPOSTHO, PETYIHPYET MOJI0KEHUE PONAION]a OTHOCUTENBHO YaIllEUKH.

OCHOBHBIE HEPBHBIE DJIEMEHTHI PONAJIONa CKOHIIEHTPUPOBAHbI B 00JIaCTH OOPO3JKH B BUJE CETH, B KOTOPOI
FMRFamua- u TyOyIMH-MMMYHOPEaKTHBHBIE JJIEMEHTHI KOJIOKann30BaHbl. B ocHoBannn Hoxk FMRFamunepruueckue
HEepBHBIE JJIEMEHTHl 00pa3yloT OoJiee IUIOTHBIN IUIEKCyC. B ammaepManbHOM clloe HOXKKH 3ajeraer ceThb TyOyJIuH-
MMMYHOPEaKTUBHBIX KIJIETOK, He CBs3aHHbIX ¢ IulekcycoM FMRFamunepruueckux kinerok. Bepostno, FMRFamun- u
TyOYJIMH-UMMYHOpPEaKTHBHbIE HEPBHBIE 2JIEMEHTHI PETYJIMPYIOT paboTy MyCKYIaTypbl OOPO3IKH U HOXKKH POIAJION/a.
B snuaepmMansHOM ciioe ponanonsa pacnonaoxkensl oquHodHble FMRFamun-uMMyHOpeakTHBHBIE KIIETKH, PACIIMpEHHAs
4acTh KOTOPBIX JIEXKHT Y MIOBEPXHOCTH, @ OTPOCTOK HAIIPABJIEH K HEPBHOH ceTH OOpPO3IKH, OJJHAKO COCANHEHNUS ¢ Hel He
BBIABIEHO. OOWHOYHBIE KIETKH IO JIOKAIM3alUH M CTPOEHHIO CXOXKHU C PELENTOPHBIMU KJIETKaMU M, BEPOSATHO,
00ecIeunBaOT PENENTOPHY0 (QYHKIMIO pornanonaa. HelpoTeH3nH-IMMYyHOPEAaKTHBHBIC JIEMEHTHI JIOKATH3YIOTCSA B
OCHOBAHMM PONAJIONJa U B CTEHKE IacTPOBACKYJSIPHOTO KaHaja, y HEKOTOPBIX M3 HUX YIAllOCh BH3YyalM3HPOBATh
oTpocTKu. HelipoTeH3nHeprudecknue KIETKH, MPEATON0KUTENBHO, PETYIUPYIOT BBIIEICHUE aAre3MBHOTO CEKpeTa U
NHIIEBAPUTEIBHBIX (EPMEHTOB.

Takum 00pazom, MOpGHOIOTNUECKHIA aHATU3 MBILICYHOW U HEPBHOM CHCTEMBI pOonasionioB H. auricula no3Bosiser
HPEIONI0XKNTE, YTO 3TH OPTraHbl UCIOIB3YIOTCSA HE TONBKO JUISI IPUKIICUBAHUS, HO U JUII MEXaHUYIECKOTO MIPUKPEIUICHHUS
Yalnieyky K cyOCTpaTy, a Tak)Ke, BEpOsTHO, CIIOCOOHBI K PELETIIUH.

Paboma evinonnena ¢ ucnonvzosanuem obopyoosanus PIL] CIIOIY «Kynemusuposanue MuKpoopeanuzmosy u
L[KII «Taxcon» 3UH PAH.

Morphological analysis of muscle and nerve organization in rhopalioids of Haliclystus auricula
(Cnidaria: Staurozoa) — a new look at the functions of adhesive organs
Domracheva M.'* Khabibulina V.’

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Saint Petersburg State University Research Park Centre for Culture Collection of Microorganisms
* e-mail: m.domracheva2000@yandex.ru

Staurozoa is a group of stalked jellyfishes, which often have adhesive anchors, so-called rhopalioids. It is assumed
that anchors can provide a sensory function. Our research includes morphological analysis of muscle and nerve
organization in rhopalioids of Haliclystus auricula by labeling with phalloidin and antibodies to FMRFamide, tubulin and
neurotensin.
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Hogble naHHbIe 00 yIHTPATOHKOM CTPOCHUH dNIMTeEHEB rpedHeBUKA Beroe cucumis
AHroenesa A. U.*, I[Ipyoxosckuii A. A., Bopyennesa E. B.

MockoBckuii rocyaapcTBeHHbIN yHHBepcuTeT uM. M. B. JlJomoHOCOBa, Ononorndeckuii pakyspreT, Kageapa 300710ruu
0ecro3BOHOYHEBIX, MOCKBa
* e-mail: jakovleva ana@mail.ru

®opMUpOBaHUE MUTEINATLHON TKaHU CTajlo, MOXAIyH, OTHOM M3 BaKHEUIIUX BeX B 3BoJoUMU Metazoa. s
HU3MAUX OCCIIO3BOHOYHBIX DIUTENUI CTal BaKHEHIINM TpHOOpEeTEeHHEM, KOTOpOE IIO3BOJIACT pPa3TPaHUINBATH
BHYTPEHHIOIO CPETy OpraHM3Ma OT BHEIITHEH CpeIbl i OTHOBPEMEHHO OIICPKUBATh X (D)YHKIIMOHATHHYIO B3AUMOCBS3b.
CoBpeMeHHBIE TIPEICTaBICHUS O CTPOCHUM OIIUTENNEB TPEOHEBUKOB Oa3UpyIOTCS HAa HEMHOTOYHCICHHBIX U
Pa3pO3HEHHBIX YIBTPACTPYKTYPHBIX NAHHBIX, ITOJyYEHHBIX BO BTOPOH MoJOBHHE XX BeKa. DTH JAaHHBIC TOIYYEHBI
TONBKO U HECKONBKUX BHIOB U HE OXBATHIBAIOT BCETO PAa3HOOOpa3Ws SMHUTEIHAIBHBIX CTPYKTYpP, KOTOPhIE MOXKHO
WOCHTU(UIMPOBATE B AaHATOMHYECKOM CTPOCHUH TPeOHEBHKOB. TakuM 0O6pa3oM, B HACTOSIIEE BPEMS TPYIHO OTBETUTh
Ha BOIPOC, KaK YCTPOCH THITUYHBIA SMUTEIUN TPeOHEBUKOB M HACKOJIBKO MOTYT OTJIMYATHCS SIMUTEIHH Pa3IHUHBIX
AHATOMHUYECKUX CTPYKTYD.

[enpro Halero MCCIeNoBaHMs CTANIO JETalbHOE OMHCAaHWE SIUTENNEB TpeOHEBHKA Beroe cucumis U3 pa3HbIX
y4acTKOB Teja. Hamu morydeHpl HOBBIC TaHHbBIE IJIs1 HEKOTOPBIX paHee HEN3yUCHHBIX SITUTEINEB rpeOHEeBHKA B. cucumis,
BKJTFOYAsI TIOKPOBHBIHN SMUTEIHIH MEXTY PSIIaMU IPEOHBIX TUIACTUHOK, STIUTEIUN PTa U AITUTEIIUN BOPOHKH.

IToKpOBHBIN SMUTENHIA MEXKIY psaaMH TPEOHBIX TUIACTHHOK COCTOUT U3 JKEJIC3WCTHIX W TOINCPKUBAFOIINX
KIIeTOK. JKele3ncTrie KIeTKH CeKPETUPYIOT CIIN3b, MOKPHIBAIOIIYIO MIOBEPXHOCTH Tea rpebHeBrKa. [loqnepxuBarome
KIIETKH UMEIOT OTPOCTKH, KOTOPBIE OKYTHIBAIOT allMKAJbHBIC YaCTH HE3PEIIOH KEMe3UCTON KIeTKA. B sammrennu pra Mbl
OOHApY>XWUJIM HOBBIA Ui TPEOHEBHUKOB THUI KIETOK — MAJIOYKOBUAHBIC, KOTOPHIE, IPEANIONOKUTEIHHO, SBISIOTCS
SITOBUTBIMH.

Hamu BmepBpie ObUT MOAPOOHO OMHCAaH ASUHUTEIHHA BOPOHKH — IIEHTPAJIBHOTO OTJENIa TacTPOBACKYIISPHOM
cuctemsl (I'BC), KOTOpBIN MHTETPUPYET MEXIy cOO0N BCe KaHalbl. ['acTpojgepMuC BOPOHKU COCTOUT M3 JKEJIE3UCTHIX,
MOJIJIEP>KUBAIOIIINX M PECHUYHBIX KIIETOK. JKene3ucThie KIEeTKH BHEITHE MTOX0KH Ha YIUIOIIEHHbIE TPaHyJSIPHbIE KJIETKH
pTa ¥ TJIOTKH, U3 Yer0 MOXKHO MPEIOI0KUTh, YTO B BOPOHKE MPOJIOJDKAETCS MPOIIECC BHEKIETOYHOTO MUIEBAPEHUS,
KOTOPBIN HAUYMHAETCSI BO PTY.

OnuTenuu TpPeOHEBUKOB IOJOCTIAHBI PBIXJIOW TOMOTCHHOM 0a3ajdbHOM IUIACTUHKOW 03 BhIpakeHHOU
ciouctoctd. Pukcanus Marepuala € HCIOJNb30BaHUEM Kpacutenss PyTeHMil KpacHbI MMO3BOJIMIA OTYETIIMBEE
BH3YQJIM3UPOBATh BHEKIICTOUYHBIA MAaTPHUKC, BKIIFOUAst 0a3aibHYIO IUIACTUHKY. Ee TONIIMHA B 3MUTENUSAX BapbUPYET OT
100 mo 500 aMm.

B snutenusx Beroe Hamu ObUTH OOHAPYXKCHBI alre3WBHBIC, MICIIEBHIC M «IUIOTHBICY» MEKKICTOYHBIC KOHTAKTHI.
AHaNorn4aeie 10 MOP(OIOTUHU TIOTHRIE KOHTAKTHI cpen Metazoa BCTPEdaroTCsl TONBKO Y TIO3BOHOYHBIX JKUBOTHBIX. Y
0ECITO3BOHOYHBIX IIOTHBIE KOHTAKTHI OTCYTCTBYIOT, 4 HX aHAJIOTOM SIBIISIOTCS CENTHPOBAHHBIC KOHTAKTHI, KOTOPHIE Y
rpeOHEBUKOB OTMEUCHBI HE OBLIH.

Takum 00pa3oM, CTPYKTypa SMUTEIINEB I'PEOHEBUKOB 3aBUCHUT OT MECTOMONIOKEHUS U (QYHKIIMOHAIBHON poJn
snuTenaus. B meaoM A M3yYCHHBIX DIHMTEIMEB MOYKHO BBIACAMTH OOIIHME YEPTHhI CTPOCHHS, 3aKITHOYAIOIINCCT B
PacCIOIOKECHIH MEKKICTOYHBIX KOHTAKTOB U MOP(HOIOTHH 0a3a1bHOM MITACTHHKH.

New data on the ultrafine structure of the epithelia of the ctenophore Beroe cucumis
lakovleva A.*, Prudkovsky A., Vortsepneva E.

Lomonosov Moscow State University, Faculty of Biology, Department of Invertebrates Zoology, Moscow
* e-mail: jakovleva_ana@mail.ru

The undescribed parts of the epithelial linings, including covering and gastrodermal epithelium in ctenophores,
were studied. A new potentially poisonous cell type was found in the mouth epithelium. The morphology of basal lamina
was described and Intercellular contacts using transmission electron microscopy were shown.
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AHaToMus nepeaHero kouua Arctostemma arcticum (Monostilifera, Nemertea)
Jluxauesa I'. B.*, Yepnesa U. A.

MockoBckuii rocyaapcTBeHHbIN yHHBepcuTeT uM. M. B. JlomoHocoBa, buonornueckuii gpakynsrer, Kadenpa 3oomorun
0€eCrI03BOHOYHBIX
* e-mail: lihagayka@gmail.com

HeMmepTHHBI — B OCHOBHOM MOPCKHE HECEIMEHTHPOBAHHBIC YepBeOOpa3HbIe OPraHU3Mbl. XapaKTepHOU 4epToil
9TOW TPYNIBI SBJIACTCS BBIBOPAYMBAIOIIUICS XOOOTOK, PACIOJIOKEHHBIH B 3aIllOJHEHHOW KUAKOCTBHIO IMOJOCTH
(puHXOLENM) Hal KHIIKOW. B Hacrosiiee BpeMs THI HEMEpPTHHBI MOApa3Aeisercs Ha TpH kiacca: Palaconemertea,
Pilidiophora u Hoplonemertea.

Arctostemma arcticum — HemepTHHa u3 kiacca Hoplonemertea, panee oTHocsmasics K OOJNBIIOMY SIBHO He
MOHOHIeTHIECKOMY pony Tetrastemma. AHaTOMHUYECKUE UCCIIENOBAHNE MIPEACTAaBUTENCH pona Arctostemma HAKOTJa
He mpoBowiock. Llens Hamiell paOOThl — H3y4YeHHE MUKPOCKOIIMYECKOTO CTPOSHHUS IIEPEJHEro KOHIA HeMEpPTHHEI
Arctostemma arcticum.

Marepuan Obu1 coOpaH TpajgoMm Onu3b benomopckoii Ouosnorumueckod cranumumu MIY serom 2021 ropa,
paccnabieH, 3apUKCUPOBaH B MIyTapalbAerHIe Ha MOTU(PHIIMPOBAHHOM KaKoAuIaTHOM Oydepe. J[Ba sx3eMIuIsipa mocie
CTAaHJAPTHOI NMPOBOAKK OBLIM MOMELICHBI B CMOJY M PA3JOKEHbI HA CEPHH MOJTYTOHKHX CPE30B TOJIIHMHON B OJIHH
MHKPOH.

[oBepxHOCTH TeMa Arctostemma arcticum MOKPBITA YTUTEIUEM: BBITSIHYThIC PECHIYHBIC MTUICPMAJIbHBIC KIIETKU
YepeayloTCS C CEHCOPHBIMH M MHOTOYHCICHHBIMH JKEJIC3MCTBHIMH KieTkamu. [log nepMucoM JeaT TOHKHE
OTHOCHTENBHO JPYTUX TPYII HEMEPTHH CIION MYCKYJATyphl. BHYTph OT MyCKynaTyphl pacroaraeTcsi mapeHxuma.

[MumeBon u mpocBeT X000Ta OTKPHIBAIOTCS B PUHXOCTOManeyM. KpymHble 1iepeOpajbHble TaHIIIMH COCTOST U3
JOPCaTTbHOM M BEHTPAIbHOW HaphI goel (Kak u 'y 6Im3koro pona Tetrastemma, TpaHUIa MEXIY HIMH TPOCIICKUBACTCS
cnab0) M COSNUHAIONIMX HMX KOMHCCYp, W3 KOTOPBHIX JOpcalibHAs pacloJIoKeHa BEIIIE, a BEHTpalbHas — HIDKE
punxorienst. lepeOpanpHblii OpraH pacrmojoKeH BIEpemd Mo3ra. MHOTOYHCICHHBIE COCYIbl W HEPBBI HAYT OT
1epeOpabHOTrO TaHTIIUS K TIEpeIHEMY KOHITY TeJa.

3a 1epeOpaybHBIM TaHTJIUEM, Ha YPOBHE BBIPOCTOB €r0 MOJICH, MPOMCXOIMT pa3[eiieHHEe KHIIKH M X000Ta ¢
puHXoLeneM. B x000Te Mo BHYTPEHHHUM dMUTENHEM MPOXOauT 10 KPYMHBIX HEPBOB, MOTPYKAIOIIUXCS B MBIIICYHBII
cioil. Xopouio MpoCMAaTPUBAIOTCS MAIMILIBI X000Ta ¢ MOIIHO Pa3BUTBIM JKEJEC3UCTBIM SIHUTEIMEM. PHHXOUETbHBIX
KapMaHOB, KaK U y IpezicTaButelneit pona Tetrastemma, HeT.

Kumeynnk 6e3 OOKOBBIX BBIPOCTOB. [lapa KPOBEHOCHBIX COCYAOB PacHONIOKEHA MEXAY HHM U KPYITHBIMH
natepajJbHBIMHA HEPBHBIMHU CTBOJIAMH. [ OHAJIbI IBYIONACTHBIE.

B 1nes1oM, npociIeKuBarTCs CXOAHbIE MOP(HOIOTHYECKIE YepThl ¢ poAoM Tetrastemma, 9TO 0KUIAEMO B CBSI3H C
UX POACTBOM M COTJIACYETCS C MOJIEKYJIAPHO-(PHUIOTeHETHUECKUMU PEKOHCTPYKIHMAMH.

Anatomy of the anterior part of Arctostemma arcticum (Monostilifera, Nemertea)
Likhacheva G.*, Cherneva L.
Lomonosov Moscow State University, Faculty of Biology, Department of Invertebrate Zoology, Moscow

* e-mail: lihagayka@gmail.com

Arctostemma arcticum, a newly dedicated nemertean related to the genus Tetrastemma, was studied via series of
semithin sections. The cerebral organ is located ahead the brain. Ten large nerves pass under the inner epithelium of
proboscis. Intestine lacks lateral excrescence. Paired blood vessels are located between the intestine and nerve cords. The
gonads have two lobes.
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CTpoeHue Mo3ra 1 HHHepBanus kadepHO-J1y4eBOoro anmnapara BeepHnix yepseii Sabellidae
(Sedentaria, Annelida)
Humenos T. I1.*, Pumckas-Kopcaxoea H. H.

Mockosckuii ['ocynapcteennbiit Yuusepcuretr um. M. B. Jlomonocosa, Buosoruueckuii haxynsrer, kadeapa
300JI0T'MH OECTIIO3BOHOYHBIX, MOCKBa
* e-mail: bioclassnik@yandex.com

BeepHble uyepBu — cuasune KojbuyaThle uepBU cemeilicTBa Sabellidae, obutator B TpyOKaX M HCIIOIB3YIOT
xabepHo-nmyueBor ammapar (JKJIA) mns nurtanust B3Becblo. CylecTBYeT B IOJISIPHBIE THITOTE3bI OTHOCHTEIIBHO
nentpanbHoil HepBHOU cuctembl (IIHC). CroponHmkM mnepBoi rumoressl cumurtaioT crpoerne [[HC sBomronnoHHO
3HAYMMBIMH KOHCEPBATUBHBIMU ITpH3HaKaMu. CTOPOHHUKHU BTOpoi runoressl — crpoenue [IHC miactuyHo, aganTuBHO
K YCIIOBHAM cpebl. i1t mpoBepKy 00enX THIoTe3 MBI BIIEPBBIE U3YUIIIIN cTpoeHue TonoBHoro otaena [LIHC ¢ nomomsio
METO/la TPEXMEPHBIX PEKOHCTPYKIMH y JBYX BHIOB BEEPHBIX UEpPBEH, MMEIOIINM CXOJIHBIE Pa3MEphl M PA3HBIEC THIIBI
MectoobOutanus: Euchone analis, Hacensiome 3acTOWHBIE 30HBI U CTPOSAIICH TpyOKy W3 ocanka, u Bispira manicata,
JKUBYIIEH Ha TEYCHUH Ha TBEPJBIX I'PYHTAX M HCIIOJB3YIOIIEH TOJBKO B3BeCh. M0O3T y 000MX BHIOB OpPraHM30BaH I10
€IMHOMY IUIaHy U BKJIIOYAeT B ce0s JBe Mapbl CKOIUICHUH MTEPUKapUEB U TPH TNIaBHbIE KOMHUCCYPBI, CBSI3aHHBIE C IBYMSI
napaMu KOPEIIKOB OKOJIOTJIOTOYHBIX KOHHEKTHBOB. E. analis MeeT KOMIIaKHbIE CKOTUICHHUS NIEpUKapHEB Ha TOPCATbHON
cTopoHe Heliporwis. [lepukapuu y B. manicata MIMPOKO KOHTAKTHPYIOT ¢ HedpormmieM mosra. JXKJIA oboux BUIOB
WHHEPBHUPYETCSl TpPeMs MapamMH KPYIHBIX HEPBHBIX CTBOJIOB: JBYMs IapaMu CTBOJOB (CIMBAIOTCS B OJHY Mapy),
WHHEPBUPYIOIINX OpPaJIbHYIO CTOPOHY JIy4eil, 1 0JTHOI mapoit — abopaiibHOM cTOpoHbl Jiydeld. Kaknast mapa pacmagaercs
Ha KOPOTKHE MEXITy4eBble HepBbl. OT HUX B KayKABIH JTyd 3aXOANT Iapa OpalbHBIX HEPBOB U Mapa a00pabHBIX (OITHMCAHBI
BriepBeIe). Y E. analis KpymHBIE CTBOIIB a00paTbHOM CTOPOHBI HAYT IO HapykHOU cTopone ckenera XKJIA. YV B. manicata
OHM TIPOJIETAlOT BJOJNb CTBOJOB OpaJbHOM CTOPOHBI. BrepBble Npocneannn WHHEPBAIMIO AOpPCAIbHBIX TYO,
Y4YacTBYIOIIMX B IUTAaHWH, CBA3aHHYIO C MHHEPBALUEH OpaIbHOM CTOPOHBI )kKaOepHBIX Tydeil. OOHapyXEeHBI pa3Iudns B
CTPOCHMU )aOepHbIX Iydel: y E. analis COpPTHPOBOYHBIE ITUILEBBIE XKETOOKN Pa3BUTHI ciaabee, a MMHHYIBI [JUIMHHEE, YeM
y B. manicata. E. analis nMeeT 00b€MHYIO POTOBYIO ITOJIOCTh CO CJIETIHIMU KapMaHaMu, a 'y B. manicata oHa HEOTITHINMa
oT mumeBoja. MccnenoBaHHblE BHIBI MPU CXOXKHX pa3Mepax, HO Pa3HBIX MECTOOOMTAHHUSX HMEIOT Pa3iHyMs B
Mopdosioruy Mo3ra 1 epeiHuX NPUIATKOB: hopMa CKOIUICHHH MepUKapUeB, X0 CTBOJIOB aDOpalIbHOM CTOPOHBI JIy4eH,
NUIIEBbIEC JKENOOKH JIydel W JJIMHA NMHHHYJ, CTPOCHHE POTOBOW MosiocTH. [Ipu 3TOM Hanuyue JNByX map CKOIUICHUH
MEePUKAPHUEB, TPEX TJIaBHBIX KOMHCCYp, TpeX Map KOpPEHKOB HepBHbIX CTBOJOB JKJIA, momapHoe clMsHUE CTBOJIOB
OpaJIbHOW CTOPOHBI JIyyel, MHHEPBaIHs JIOPCAIBHBIX I'y0, MEXKJIy4eBble HEPBBI U BE Mapbl HEPBOB B KaXIOM JIyue
SIBIISIFOTCS 9BOJIFOIIMOHHO 3HAYMMBIMU OCOOEHHOCTSIMH JIJIs TPYIIIBI BEEPHBIX YepBEH.

IIpoexm svinoansemcs npu noooepaicke epanma PHD Ne 18-14-00082-P.

The structure of the brain and radiolar crown innervation in Sabellidae (Annelida) fanworms
Pimenov T.* Rimskaya-Korsakova N.

Lomonosov Moscow State University, Faculty of Biology, Department of Invertebrate Zoology, Moscow
* e-mail: bioclassnik@yandex.com

The anatomy of the brain and the innervation of the radiolar crown of two species of Sabellidae (Euchone analis,
Bispira manicata) were reconstructed for the first time. The aboral radiolar nerves were described for the first time. The
brains and radiolar crown nerves possess a single organization plan in both species.
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CTpoeHue KaTexoJaMHHEPru4ecKoii HepBHOIl cucteMbl Pygospio elegans
Bapmacoea I'. A."**, Cmapynos B. B."?, Cmapynosa 3. U.?, Hosuxoea E. JI.**

! Canxr-IleTepOyprekuii rocyIapcTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3BoHounbix, Cankt-IletepOypr
2 3oonoruueckuii uacturytT PAH, naGoparopus sBosrononHoi Mmopgosorun, Cankr-ITerepOypr

3 Cankr-TleTepOyprekuii rocy1apcTBEHHBINH YHUBEPCHTET, Kadenpa smbpuonoruu, Cankr-IletepOypr

* e-mail: st054827@student.spbu.ru

TpamunuoOHHO KaTexojJaMWHAM Yy Pa3IMYHBIX OECHO3BOHOYHBIX >XMBOTHBIX IIPHITMCHIBAETCS PpEIENTOpHAS
(YHKIHSI, OTHAKO KOHKPETHBIE JETAIN CTPOEHHS KaTEXOJAMHHEPIHYECKUX CHCTEM M BBIOTHAEMBIX MMH (QyHKIWH
OCTAfOTCSl HEM3yUCHHBIMHY U1 MHOTHX TPYIIT )XHUBOTHBIX. CTpOoeHHE HEPBHOI CHCTEMBI KOJIbUAThIX YepBeil OTIIYaeTCs
BBICOKMM YPOBHEM BapHaTHBHOCTU KaK B pPaMKaxX BCETO TAaKCOHA, TaK M CPEIH MPEICTaBUTENEH OTIACIBHBIX CEMEHCTB.
[IpuroM wu3ydeHBl MOAPOOHO JHINH HEKOTOPHIE MOZETBHBIE OOBEKTHI, HANpHUMep, U3 ceMeicTBa Spionodae —
npencTaBuTeny poaoB Polydora n Laonice.

Pygospio elegans Claparéde 1863 — 3T0 HeOombIIas celeHTapHast MOJNIUXETa, MPOBOJIIAS KHU3Hb B MECYaHOU
TpyOKe. /laHHBII BHJ IIMPOKO PACHpPOCTPAaHEH B CEBEPHBIX MOPSIX, B TOM uuciie B beixom n bapeHueBoM Mopsix, Te Mbl
NPOBOAMIIM cOOp MOJOBO3pENbIX ocoOeil. Jlyisi BBIABICHUS JAeTalied CTPOEHHs KaTeXOJaMUHEPTHYECKONW HEepPBHOM
CHCTEMbl HaMH OBUI HCIIOJIB30BaH TMCTOXMMHYECKUI METO]] KOHJEHCAlMd MOHOAMHMHOB C TJIMOKCHUIIOBOM KHCIIOTOM.
Buzyanuzanuro pe3ysibTaToB IpOBOIWIIH ITPU IIOMOIIH KoH(pokamsHOro Mukpockona Leica TCS SPS5.

KarexonaMUH-TIONOKUTENbHBIE CTPYKTYPHl OBUIM OOHAapy)KeHbl Kak B COCTaBE€ LEHTPAJIbHOW, TaKk U
nepudepuyeckoii HEpBHOM CHCTeMBl. B mepBoM cilydae cpend KaTexXOJaMHUHEPTHYECKHX KIIETOK MPUCYTCTBYIOT
YHUINOJISPHBIE KJIETKH, PacIloj0)XKEHHbIE B CETMEHTapHBIX TAHIJIMAX TYJOBHIHOTO MO3ra M B HAJATJIIOTOYHOM T'aHIJIHH.
Tena OMMONAPHBIX KIETOK pAcIONararoTCsl HMPEHMYIIECTBEHHO B CTEHKE Tela JKUBOTHOTO, OCOOEHHO MHOTO HX
00Hapy>KUBAeTCs] BOKPYT Mapanouii, HEIOCPEICTBEHHO B MapaIloyiX, B TOJIOBHOH JIOMACTH,B TajblIaX U B JOMACTIX
nuruaus. JJIMHHBIE OTPOCTKU ATHX KJIETOK OOHApYKUBAIOTCSI KaK B COCTaBE HEPBOB MEPUPEPHIECKUX HEPBOB, TaK U B
HEHTPaJbHBIX OTJeNax HepBHOW cucTembl. Ilomo0HOE pacmono)keHue KIETOK IO03BOJIAET IMPEANOI0XKHUTh, YTO OHHU
BBITIOJIHSIOT PELENTOPHYI0 QyHKIHI0. OTCYTCTBHE KaTEXONIaMHEPrHYeCKUX CTPYKTYP B 00JIACTH HYXallbHBIX OPraHOB
MOJKET CBUETENbCTBOBATH O TOM, YTO KaT€XOJaMHHBI HE IPUHUMAIOT YYaCTHs B XeMOPELEIIINH.

KarexonaMuH-1on0KUTEIbHBIE KJIETKU MPUCYTCTBYIOT B TOJIOBHOM JIONMACTH B COCTAaBe KJIETOK HAAIVIOTOYHOTO
TaHTJIHS, OKOJIOTJIOTOYHBIX KOHHEKTHUB, NMAJBIAPHBIX M OJMHHA/ILATH TOJIOBHBIX HEPBOB. bojbias 4acTh KaTexoJaMHUH-
TMIOJIOXKUTEIIBHBIX CTPYKTYP COCPEIOTOYECHA B CTEHKE Tella M 00pa3yeT CIOXKHYIO CETh OTPOCTKOB MEXaHOPELENTOPHBIX
KJeToK. OTIENBPHOTO OOCYXIEHHS 3acCily’KMBAaeT CTPOECHHE KaTeXOJaMHHEPTHYECKOM CHUCTEMBI Maibll, B KaXTIOW U3
KOTOpPBIX HaMu ObUTa OOHapyXeHa Iapa aCHMMETPUYHO PACIIOJIOKEHHBIX HEPBOB — KPYITHOTO, aCCOIIMPOBAHHOTO C
MTUIIEBOH OOPO3/IKOH W HEOOJBIIOT0, PacIION0KEHHOTO MEANAHHO, a TAK)KE MHOTOUMCIICHHBIE OTPOCTKU PELENTOPHBIX
KIIETOK, MOJXOJSIINX K HUM. [loiTydeHHbIE TaHHBIE HE COTJIACYIOTCS ¢ KITACCHYECKUMHM ONMCAHUSIMU HEPBHOM CHCTEMBI
TANBIl y IpeACTaBuTeNel cemeiicTBa Spionidae.

Paboma svinonnena npu noodepacke npoexkma PH® Ne 21-14-0030 ¢ ucnonvzoganuem ob60py0o8anus pecypcHuix
yenmpos «Kyiemusuposanue MuKpoopeanuzmosy u «Xpomacy nayunoco napka CII6I'Y, a maxoce LIKII «Taxcony
3oonozuueckozo uncmumyma PAH (http://www.ckp-rf.ru/ckp/3038/?sphra se_id=88790 24).

Structure of catecholaminergic system of Pygospio elegans
Barmasova G."?*, Starunov V.2, Starunova Z.>, Novikova E.>?

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Zoological Institute RAS, laboratory of evolutionary morphology, Saint Petersburg
3 Saint Petersburg University, Department of Embryology, Saint Petersburg

* e-mail: st054827@student.spbu.ru

Our research was devoted to the investigation of organization of catecholamine system of Pygospio elegans
Claparede 1863 from Spionidae family. Using histochemical method of monoamine condensation with glyoxylic acid we
discovered unipolar and bipolar catecholamine-positive cells, the latter mostly belonging in the body wall and presumably
performing mechanoreceptor function.
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Ctpoenue Tpodocombl (ppenyasTHbIX morounogop (Siboglinidae, Annelida)
Kanaguna M. M. *, Pumckas-Kopcaxosa H. H.

MockoBcKuii rocyapcTBeHHbIN yHIBepcuTeT uM. M. B. JlomoHOCOBa, kadenpa 30010ruu 6€Crio3BOHOYHBIX, MOCKBa
* e-mail: mariankanafina@gmail.com

3UOOTITHHUIBI — 3TO CHASYME OCCKHIICYHBIC YSpPBH, MUTAFOLIMECS 33 CYET CMMOMO3a C XEMOAaBTOTPOGHBIMH
6akrepusimu. [lanHas rpymnma Bkirogaet Frenulata (Pogonophora), Vestimentifera, Sclerolinum (npeBortounsr) u Osedax
(koctoensl). B xoHme XX croyeTus moka3zaHo, YTO JMYMHKH (QPEHYIAT 3apakaroTcs OaKTepUsMU aJMMEHTapHO, MMPU
9TOM KIETKM KHUIIKH CTaHOBATCA Oakrepronutamu. OIHAKO TO3KEe OBUIO MOKa3aHO, YTO y OCEBLIMX JIMYHMHOK
BeCTUMEHTH(ep OaKTepUH MPOHHKAIOT Yepe3 KoKy M MHULUHPYIOT Pa3BUTHE Me30JepMabHOW TPOPOCOMBI de novo.
J71st TOro, YTOOBI HOHATH MPOUCXOKACHHE TPO(OCOMBI MBI HCCIIEIOBAIN TOHKOE M YIBTPATOHKOE CTPOSHUE TPODOCOMBI
oIHOTO U3 Hanboee 0azaIbHBIX BUIOB (ppeHyIATHBIX 3ubornuHun, Oligobrachia haakonmosbiensis ¢ ICTIOIB30BaHUEM
METOJIOB CBETOBOHM W INPOCBEYMBAIOIICH AJIEKTPOHHONH MHKpPOCKOMUH. MaTepuaioM i paOOTHI MOCIYXKHIIN OCOOH
O. haakonmosbiensis, coopannsle B paiione cuna byop-Xas (mope JlanteBbix).

Cuuraercs, uyto TpodocoMa y GpeHyIATHBIX 3MOOTIIMHI/ PACIIONIaraeTcsl B 3a/IHEH YaCTH TyJIOBUIIHOTO CETMEHTa,
HAYMHAETCS OT aHHYJIBI M TSHETCS 10 OnmucTocoMbl. OHAKO, B XOJIe HAIIEr0 MCCIIE0BaHUs ObUIO OOHApPYXKEHO, YTO
tpoocoma O. haakonmosbiensis HadMHaeTCS paHbIIIE U PACIIONAraThCs MapalIeNbHO ¢ IO0N0BOM cucTeMoil. Tpodocoma
O. haakonmosbiensis TOBOJBHO CHJIBHO BHIOM3MEHsSET (OpMYy Ha BCEM CBOEM IPOTSIKCHUU. Briepeau oHa mMeeT
HeOONBIION pa3Mep U CUITbHO OTTECHEHA KPYITHBIMU T0P3aJIbHbIM M BEHTPAIBHBIM COCYAaMu. B 3a/iHel 4acTH TynoBHIIa
TpodhocoMa 3HAUUTENBHO Pa3pacTacTcs U 3aHUMAeT MPAKTUISCKU BCe IPOCTPAHCTBO TYJIOBUINHOTO HesioMa. Tpodocoma
MPEeNCTaBIIET cOOOM MOJIOCTHOM OpraH, Blepean 00pa3ys eIUHBIN LIHHIP, a B 3aJHAX YYACTKAaX CHIEHO Pa3BETBISCTCS.
Crenka Tpohocombl 00pa3oBaHa IBYMsI CIIOSIMH SIIUTENNS: BHYTPEHHUM U Hapy>KHBIM. C BHEIIHEH CTOPOHBI TpodocomMa
OKPY)KCHAa IIEJIOMHYECKUMHU KJICTKaMH BHEIIHEW OOKIagKH ¢ KPYMHBIMHU SIpaMH, MHUTOXOHIPHAMH, MHOXECTBOM
9JIEKTPOHHO-IUIOTHBIX T'PaHyJl, JUIUAHBIX Karelb, TPaHy) IJIMKOTeHa W aMHJIOMIOHBIMH TelblaMH. JlaHHBIE KIETKH
COCHUHEHbI MCXKKJICTOYHBIMH aIllMKAJIbHBIMU KOHTaKTaMH. I/ISHyTpI/I TpO(I)OCOMa BbICTJIaHA KPYIHBIMU KII€CTKaMH CO
CBETJION IIUTOILIa3MOM, B 0a3alIbHBIX YaCTAX KOTOPBIX PACIIONIAraoTCsl MaJIOYKOBUIHBIE BHYTPHBAKYOJIIPHBIE OaKTEpHH.
B nuTomnnazme 0aKkTepHONMTOB PACHONAraloTCs 3JIEKTPOHHO-CBETIIbIC TPAaHYJIbl M KOHIIEHTPHYECKHU-CIOUCTHIEC TPaHyJIbI
(MPeANONOKUTEBHO € KajblueM # (pocdopom). BakTepHOLUTH COCAMHEHBI KOHTAKTaMH. B caMbIX 3aJHUX
HCCIIEIOBAaHHBIX HAMH y4acTKax TPO(OCOMBI MbI OOHAPYKUIH ACTPAIUPYIOIINX OAKTEPUil ¢ KPYMHBIMH CBETIBIMH
BE3UKYyJIaMH (IPEMOI0KUTEIILHO IIEMEHTAPHOU cepoid). MKy CIIOSMH KIIETOK BHELIHETO M BHYTPEHHETO SMUTEIHEB
3aJIeraloT KPOBEHOCHBIE KAIMJLIAPHI, KOTOPBIC OTXOAAT OT BHEIIHEH KPOBEHOCHOH OOKIIaIKH OPIOIIHOIO KPOBEHOCHOTO
cocy/a, a Ha CIIMHHOW CTOPOHE Tela KanHJUIIPbl TPO(GOCOMBI BIIAAAIOT B CIUHHOM cocyA. CTONb CIOKHO pa3BeTBICHHAS
apXUTeKTypa TpodocoMsl y Hanbomee 6a3ambHOrO IPeACTaBUTENS (PPEHYIATHBIX 3UOOTTMHIA YKa3bIBaeT Ha OOJBIIYIO
BEPOSATHOCTh ME30JCPMAIILHOIO MPOUCXOKACHHS TPO(OCOMBI, YTO MOXKET CBUACTENLCTBOBATH O ME30/EPMAalbHOM
MIPOUCXOKICHAN TPO(HOCOMBI y OOIIEro ImpeaKa 3HOOTIIHHIL.

Hccneoosanue svinonneno npu gpunancosoii noooepoicke PH® 6 pamxax nayunozo npoexma No 20-74-10011.

The trophosome organization in Frenulate Siboglinidae (Siboglinidae, Annelida)
Kanafina M. 1*, Rimskaya-Korsakova N.

Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
* e-mail: mariankanafina@gmail.com

The aim of this research was investigation the origin and structure of the trophosome in Oligobrachia
haakonmosbiensis. The trophosome has different structure in different parts of the trunk. The intricate and branched
architecture of the trophosome indicates mesodermal origin of the trophosome.
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HexoTopsle acnekTbl BHyTpeHHero crpoenust Caobangia billeti Giard 1893 (Sabellida, Fabriciidae)
Kponenxo B. u'* Llemnun A. b. 12 Konbacosa I'. ,ZZ.Z

! MockoBCKkuit TocyiapcTBEHHbIH yHuBepcuTeT uM. M. B. JlomoHOCOBa, Kadeapa 300510ruu 6eCrI03BOHOYHEIX, MOCKBa
2 Benomopckas 6uostorndeckas cranius MI'Y um. H. A. Tlepuiosa
* e-mail: vikrolenko@gmail.com

[pencrasurenu pona Caobangia umeroT BecbMa abeppaHTHOE CTPOCHHE AK€ MO CPaBHEHUIO C OCTAJIbHBIMHU
Sabellida. BrmepBrie ommcanHble Oolee Beka Has3ald, JIMIIh HEJABHO OHH OBUIM BHOBb HAIEHBI B pPaKOBHHAX
MPECHOBOJHBIX MOJUTIOCKOB u3 HOro-Bocrounoit Asum. Caobangia — CUMOHOHTBI, NPOJEIBIBAIOIINE HOPKH B
KaJIBIIUTOBOM CJIO€ PAKOBHHBL. VX TEIO COCTOMT M3 TPEX MMap KOPOTKHUX IIyIANell )a0epHOro BEeHYNKa, CEMH CETMEHTOB
TOpakca 1 abJJOMeHa, KOTOPbI MOXKET BKJIIOYATh OT TPEX M0 TPUIATH ceMH cerMeHToB. Haima pabora ocHOBaHa Ha
Matepuaie o Caobangia billeti Giard 1893, cobparnnom Bo Bpems 3kcriequunu B CeBepo-3anagHyro yacTh BeeTHama B
2016 . Obpa3nsl Opum (pukcupoBansl B PBS ¢ asmmom HaTpus, 3aTeM A M3TOTOBJICHUS IMOJIYTOHKHX CpPE30B
nepeBeieHsl B 2,5% riyTtap-popmanus (1:1) wiu 2,5% riaytapansaerua ¢ 0,05 M PBS. Hcnonbs3oBanne COBPEMEHHBIX
MeTol10B 3D-peKOHCTPYKIIMU MO CEpHsM MOJYTOHKHX CpPE30B II03BOJIHMJIO IPOBECTH HCCIEOBAaHWE BHYTPEHHETrO
CTPOEHHMSI U B3aMMOPACIIONOKEHHs cucteM opraHoB B Tene Caobangia. Tak, nuineBapuTenpHas cucreMa uMeer Gopmy
TIETIIH, TPUYEM aHAJIBHOE OTBEPCTHE PACIIONIOKEHO B TOPAKATILHOM OTAEINE, 8 OOJIBIIYIO YaCTh OJIOCTH Tejla B abloMeHe
3aHUMaeT kellyJoK. KpoBeHOCHast cucTeMa npeicTaBIeHa OOIMPHBIMHU JJaKyHaMH, aCCOLMUPOBAHHBIMHU C KHIIKOH, THO0
JIeKAIMMU TIOTIepeK Tella B ero 3aaHel yactu. HepBHas cuctemMa BKIIIOYAeT OOBIYHBIHN IS cabesuti KpyHHbIH MO3T U
CerMEHTApHbIe FAHTIINK B TOpakce, HO He B abmoMene. [lonoBast cucrema repMadpoanuTHas, My»KCKasi «TOHaa» JICKUT
I0]T XKCHCKOU, M 00€ OHM HAXOJATCS CHU3Y OT JKENy/IKa, TO €CTh B a0/IOMEHE; 110 OOKaM OT JKEHCKOM «TOHA b UMEIOTCS
JIMYUHOYHBIE TPOTOKH, HA3bIBAEMbBIE TAKIKE MATKOI, B KOTOPBIX Pa3BUBAIOTCS JTMUYMHKU. Bce 3T0 BechbMa HEOOBIYHO ISt
cabemnua. [lpu 3TOM CTpOeHHE BBIACIUTENBHOW CHUCTEMBI TAaKOE K€, KaKk U Yy HpPOYMX MPEACTABUTENEH OTpsja.
PexoncTpynpoBanue mpoBoamiock B mporpamMe Amira 5.2.2. Hapsny c xapakTepHpIMH I Bcex Serpulomorpha
MOp(]0-aHATOMHUYECKHMHU YepTaMHU, OCHOBHOW Cpell KOTOPBIX SIBISIETCSI JOP30BEHTPAIbHAS WHBEPCHS PACTIONOKEHUS
MIETHHOK W QekanbHol Ooposnku, Caobangia 00NanalOT yHUKAIBHBIM pa3BuTHeM. MX Teno dQusnyecku
HepeKpyYHBaeTCs B MPOLIECCE OHTOreHe3a; TakuM 00pa3oM, COCTOSIHHE HHBEPCHUH JOCTHUTaeTcs HampsiMyro. EcTb
OCHOBaHMS 110J1araTh, 4TO OoJiee eTanbHOe H3yYeHHe aHaTOMUH MPEJICTaBUTEIICH STOH 3araJlouHOM IPyIIITBI MOXKET CTAaTh
KITFOYOM K TIOHMMAHUIO CYTH WHBEPCHU TENa BCEX OCTANBHBIX mpencTapureneii Sabellida.

On the internal structure of the Caobangia billeti Giard 1893 (Sabellida, Fabriciidae)
Krolenko V.'* Tzetlin A."?, Kolbasova G.?

! Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
2 Pertsov White Sea Biological Station, Lomonosov Moscow State University
* e-mail: vikrolenko@gmail.com

The genus Caobangia (Fabriciidae) is the only ones currently known sabellids twisting and folding during the

development. Thus, caobangiids may be the key to understanding inversion in the order Sabellida. Our work is dedicated
to the first detailed anatomical investigation of caobangids using 3D-reconstruction methods.
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Integrative taxonomy and phylogeography Eubranchus rupium-exiguus (Gastropoda: Nudibranchia)
species complex
Grishina D.*, Schepetov D., Ekimova 1.

Lomonosov Moscow State University Department of Invertebrate Zoology, Moscow
* e-mail: dairiagrishina00@gmail.com

Nudibranch molluscs of the Eubranchus rupium-exiguus species complex have similar external morphology.
Based on the published data, it is impossible to conclude whether they are separate species or should be reduced to
synonyms. The representatives of this complex show an amphiboreal distribution. Species with this type of distribution
often represent complexes of cryptic or pseudo-cryptic species. It makes them an appropriate model to study modes of
speciation in boreal and Arctic regions.

A total of 199 samples, collected from the White, Barents and Japanese Seas, and Norway were used to investigate
species identity of studied groups and phylogenetic relationships between them. Integrative taxonomy approach was
performed including molecular genetic methods (phylogenetic analysis using sequence COI, 16S and 18S as markers),
haplotype networks and morphological analysis (specimen dissection, light and scanning electron microscopy).

Our analysis recovered Eubranchus rupium and E. exiguus as separate distinct species. They can be distinguished
by coloration, radular and reproductive system morphology. Both are recovered as supported monophyletic clades in our
phylogeny reconstruction. Additionally, we found two pseudocryptic species — one is sister species to E. rupium and
another — to E. exiguus.

The E. rupium has a wide amphiboreal distribution with a break in the Arctic. A similar species was found in the
Sea of Japan. This new species is 4.7% different from E. rupium in COI marker and is also characterized by the specific
coloration.

The second pseudocryptic species, similar to E. exiguus, is found sympatrically with true E. exiguus. This new
species is 11% different from E. exiguus in COI marker. Morphological differences are found in the coloration of
individuals and the structure of the digestive gland enclosed in cerates.

The possible reason for this observed biodiversity pattern is the paleodynamics of the Bering Strait separating the
water areas of the Pacific and Atlantic Oceans. Eubranchus taxonomy should be revised to accommodate these new
findings, and two new species should be described.

This study was supported by Russian Science Foundation, grant no. 20-74-10012.
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®unoreorpadust Mopckux yepreil Limacina helicina (Gastropoda: Pteropoda) u3 ApkTH4ecKux
Mopeit
Ilanxuna A. O."** A6wvizosa I. A.°, Huxumun M. A.°, Hepemuna T. B.?

! Canxr-IleTepOyprekuii rocyIapeTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3BoHounbix, Cankt-IletepOypr

2 UuctutyT okeanonoruu um. I1. T1. Illupmosa PAH, naGoparopust cTpyKTyphl ¥ IMHAMUMKM TUIAHKTOHHBIX COOOLIECTB,
Mocksa

3 MockoBcKuii rocynapcTBeHnbIi yausepeuter, HUU ®usnko-xumuueckoit 6uonoruu um. A. H. Benosepckoro,
Mocksa

4 MockoBckuii rocynapcteennbiii yausepeutet, BBC um. H. A. Iepuosa, Mocksa

* e-mail: anya.shapkina@gmail.com

Mopckue ueptu Limacina helicina (Gastropoda: Pteropoda) — BakHEWIINMH WCTOYHHMK INUINM UIT MHOTHX
IUTAHKTOHHBIX JKUBOTHBIX, B TOM YHWCJIE JJIS PHIOBI, KNUTOB M ITHI. VX O6nomacca B Apkrudeckux n CyOapKTHUeCKHX
OacceifHax MHOTIA MIPEBEIIAET OnoMaccy Komerno. Teno MOPCKUX YepTel MOKPHITO PaKOBUHKOI 13 KapOOHAaTa KaJIbIIHs,
YTO JIeJIaeT UX IOIYJIIPHBIM 00BEKTOM JUISl M3Y4EHHs IPOLECCOB 3aKUCICHUS OKeaHa U BO3/EHCTBUS KIMMATHYECKUX
U3MEHEHUI Ha MOPCKHE SKOCHCTEMEI.

O reneTrueckoi CTpyKType L. helicina nmeeTcs KpaiiHe Majio JaHHBIX, B TO BPeMs KaK MCCIICOBAHUS B JaHHON
00J1acTH TOMOTJTH OBbI pa300paThCsl B NCTOPUH SBOJIIOIMHU U PACCETIEHUS] MOPCKUX OpraHM3MOB. M3BeCTHO, 4TO B APKTHKE
L. helicina npucyTcTByeT B BHJE ABYX OCHOBHBIX raruiorpymi, rnepsas u3 koropbix (H1) BcTpeuaercs: moBcemecTHO B
ApKkTuKe n ceBepHOW yacTh Tuxoro okeana, a Bropas (H2) Obuta oOHapykeHa TOJIBKO B ATIAQHTHYECKOM CEKTOpE
Apktuku (y apxwumenara Ilnun6epren u B Kapckom mope). MmMerommecs naHHble CBUAETEIBCTBYIOT O HAJIWYIHU B
Bocrounoii u 3amagHoW dYacTAX ApKTUKM JABYX MONYJSUUI, HMEIOUIMX THXOOKEAHCKOE M aTJIAHTUYECKOE
MIPOMCXOKACHNE, COOTBETCTBEHHO. B npyrux mopsx Cubupckoit m EBporeiickoif ApKTHKH, 10 HacTosmeld paboThI
nccienoBanmii punoreorpaduu L. helicina He MPOBOIUIOCE.

Hamu 6putn TosTydeHs!l ¥ IpOaHaTH3UPOBAHBI ITOCIEA0BATEILHOCTH MUTOXOHApHansHoro reHa COI msa ocobei
L. helicina n3 natn apkrudeckux mopeit: Bocrouno-Cubupckoro, Kapckoro, mopsi JlanteBbix, a Takxe bemoro u
bapeHnuesa mopeii.

Kak u mpemmonaraioch, Cped PacCMOTPEHHBIX mNpeactaButeneh L. helicina w3 3amamHod ApPKTUKHA ObLIH
oOHapyxeHbl nipesicTaBuTeny ramwiorpynn H1 u H2, npuuem ¢ npubimkenrnem k THXOMY OKeaHy MPOIEHT T€HOTHIIOB
u3 rpynnsl H2 B kax1oM Mope CTAaHOBHUTCS HIDKE. DTO MO3BOJSET CAETIATh BHIBOJ O CXOACTBE CTPYKTYPHI MOMYNALUN B
Mope JlanteBbix, Kapckom u BapeHneBom Mopsix, a Takxke 00 MX ATJIAHTUYECKOM INPOUCXOXkJeHuH. B Bocrouno-
CubupckoM Mope, Kak M OXHMIaJoCh, ObUTM OOHApy»EHBI TOJNBKO MpeicTaBuTeNu ramiorpynnsl H1, cxomusie c
obpasnamu u3 Tuxoro okeana. OrcyrcrBre B Boctouno-Cubupckom mMope rpynmsl H2, MaccoBoit B ATIIaHTHYECKOM
CeKTope APKTHKH, yKa3bIBaeT Ha MOCTENEHHOE 3aceneHne CHONpCKNX MOpeH MpeACTaBUTENSIMH JaHHOH TaruIorpy I

Paboma evinonnena npu noodepacke epanma PH® 14-50-0029.

Phylogeography of marine butterflies Limacina helicina (Mollusca, Pteropoda) in Arctic seas
Shapkina A2 Abyzova G.°, Nikitin M.°, Neretina T.*

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg

2 Shirshov Institute of Oceanology RAS, Moscow

3 Belozersky Institute for Physico-Chemical Biology, Lomonosov Moscow State University, Moscow
4 Pertsov White Sea Biological Station, Lomonosov Moscow State University

* e-mail: anya.shapkina@gmail.com

Sea butterflies Limacina helicina (Gastropoda: Pteropoda) are shelled pelagic mollusks widespread in Arctic and
Subarctic ecosystems and play an important role in trophic networks. Although population structure of L. helicina is
understudied the species was shown to consist of two populations through all the Siberian Arctic seas. In this research,
we analyze populations of some Arctic seas in order to clarify their biogeographic and evolutionary history.
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Mukpockonuyeckass aHATOMHS IJIABAKIINX H MOJ3AKNINX JHYHHOK Entoprocta Ha npumepe BuaoB
Barentsia gracilis (Sars, 1835) u Loxosomella varians Nielsen, 1964
Usanosa O. B.*, Bopucanosa A. O.

MockoBcKuii rocyapcTBeHHbIN yHIBepcuTeT uM. M. B. JlomoHOCOBa, kadenpa 30010ruu 6€Ccrio3BOHOYHBIX, MOCKBa
* e-mail: ivanova.olga.angel@gmail.com

Tun Entoprocta (= Kamptozoa) wii BHyTpunopommmessie — 3TO TpyIIa ¢ HEBbIICHEHHBIM (DHIIOT€HETHYECKUM
nojioxkeHreM. PosicTBo ¢ apyrumu rpymnmnaMu Spiralia cJI0KHO YCTaHOBHUTH M3-32 HEXBATKH TOJTHBIX M NCUEPIIBIBAIOIINX
OITMCAaHWH TpeNCTaBUTENEH TPYIIBI, OCOOEHHO MX JIMYMHOYHBIX CTaIWH, MONYyYEHHBIX COBPEMEHHBIMH METOJIaMHU.
HoBble naHHBIE IO MEKPOCKOITMYECKOH aHATOMHH MO3BOJISIT CPABHUTH Pa3HbIE TUITHI IMYMHOK BHYTPHUIIOPOLIHIEBBIX U
c/ienaTh HEKHE BBIBOABI 00 0OIIeM IjiaHe, YTo OOJETYNT CPaBHEHHE C JIPYTUMH TakcoHamH. Llenmbro maHHOW paboThI
SIBISUIOCH MICCIIEAOBAaHNWE WM OIMCAaHWE MHKPOCKOIIMYECKOM aHaTOMWUM IMYUHOK Barentsia gracilis (Sars, 1835) n
Loxosomella varians Nielsen, 1964. Marepuan 6sut cobpar Ha BBC nm. H. A. Tlepriosa B asrycre 2018 u 2021 romos,
3aUKCHPOBaH IS TPAHCMHUCCHOHHOM AI1eKTpoHHOH MIKpockomnui (TEM). BeiBoabl naHHO# paboTHI cefiaHbl Ha OCHOBE
CepUIHBIX YJIBTPATOHKMX CpPE30B C IIAroM MeXJy cpe3amu B 5 MkM. Takke mnpousBojuiach (ukcanus s
UMMYHOLIUTOXUMHHU B KOH(DOKAIBHOW MUKPOCKOITUH C LIEJIBI0 BU3YaJIH3alUH MBIIIEYHON M HEPBHOM CHCTEM.

s Entoprocta xapakrepHa TpoxodopHas JTMUUHKA. [1o TuTepaTypHBbIM TaHHBIM BHYTPH THIIA Pa3JIMYatoTCs 1Ba
TUIIa CTPOCHHUS JIMYMHOK: IUIABAIONIMH M TIOJI3AIOIIMI, TIpelCTaBIeHHble Yy BHIOB B. gracilis w L. varians,
COOTBETCTBEHHO. MBI MOKa3ajy, 4TO MOKPOBBI dMHCHEPHl JINYWHKH MPEACTABISIOT CO00I OJHOCIOWHBIA AIINTEIHH,
MTOKPBITHIN MUPOBHLISIPHOM KyTHKYJIOH TonIHOM nopsiaxa 1 pM. KyTukyna cocTout u3 Tpex ciioeB pa3HOH INIOTHOCTU
1 CXOJHA TI0 CTPOCHHIO ¢ KYyTHKYJIOH BEPXHMX 30H YaIIEYKH B3POCIONW ocodW. s MMYMHOK 00OMX THIIOB CTPOCHHUS
XapaKkTepHO HaIW4Xe Ha 3Muchepe anuKalIbHOTO ¥ (POHTAIBHOTO PECHUYHBIX CEHCOPHBIX OPTraHOB. ANTMKaIbHBIH OpraH
HECeT PECHUYHBIN CynTaHuMK. KpymHbIe KJIETKH alMKaIbHOTO OpraHa MMEIOT OOJIbIINE spa U 00pa3yloT CKOIUICHHE B
snmuaepmuce smuchepsl. B 0oCHOBaHNM CKOIUICHUS pacioyioskeH Helipornniab. OpoHTATBHBIN OpraH HMEeT aHaJIOTHIHOE
anMKalbHOMY KIIETOYHOE CTPOEHHE, OH pACMONIOKEH Takke Ha smucdepe, O1m3ko k mportoTpoxy. IIpoToTpox
pacIoNoXeH Ha KPYITHOH KOJIBIIEBOM CKJIAJIKE, KOTOpasi MOXKET COKpamarbesi. OH MpeACTaBlIeH KIETKaMHU, HECYIMMU
MHOT'OYUCJICHHBIE PCCHUYKH, OT KOTOPLIX OTXOAAT HCYCPUYCHHBIC KOPCHIKH. FI/IHOC(i)epa IMOKpbITa TOHKHUM CJIOEM
BOJIOKHHCTOT'O MAaTPUKCa, IPOHU3aHHBIM TOHKUMH MUKpOBOpcHHKaMu. Ha rumocgepe pacrosokeHbl peCHUUHbIE 30HbI,
OTBEYAIOIUE 3a IBIDKCHHUE M MUTaHUE. DMHUIEPMHC THIOC(Ephl JINYNHKH OTYACTH TOXOXK Ha AIHIACPMUC aTpuyMa U
BHYTpPEHHEH, PECHUYHOM, CTOPOHBI IIlyHajel B3pociblx ocobeill. BuyTpennee crpoenue npencrasiaeHo U-oOpasHbIM
CKBO3HBIM ITUIIEBAPUTEIILHBIM TPAKTOM, COCTOSIIMM, KaK W y B3POCIBIX XMBOTHBIX, W3 IUIIEBOJAA, JKEIyIKa M
kuieyHnka. Ha runocdepe OTKpBIBAIOTCS POT M aHYC, NMPOTOKW BBIICTUTENBHON CHUCTEMBI W NPOTOKH Xkejes. B
SMHUJEPMHCE BCTPEUAIOTCS MHOSIHTENNANbHbIE KIETKH. MyCKynaTypa IOJIOCTH Tella IpEICTaBliCHa, B OCHOBHOM,
CTPYKTYPaMH, OTBEYAIOIIMMH 32 apTHUKYJSAIMIO CEHCOPHBIX OPraHoB. Y JHMYMHOK MMEETCsl Iapa NpoToHe(pHIues.
KpymHble KIeTKH nefanbHO KeIe3bl 3aHUMAIOT OONBIIYIO YaCTh Tea JUINHKI U HECYT BEPETCHOBHIHBIE 3JIEKTPOHHO-
IUTOTHBIE TPaHyJIBI, TNOO BE3UKYIBI CO CIM3UCTBIM ceKpeToM. IloirydeHHbIe JaHHbIE TTO3BOJISIIOT CPABHUBATH CTPOCHHE
mmarHOK Entoprocta m qpyrux TpoxXogOpHBIX )KUBOTHEIX, B IEPBYIO ouepenb, Bryozoa n Annelida.

Microscopic anatomy of swimming and creeping Entoprocta larvae: a case study of Barentsia gracilis
(Sars, 1835) and Loxosomella varians Nielsen, 1964
Ivanova O.* Borisanova A.

Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
* e-mail: ivanova.olga.angel@gmail.com

Phylum Entoprocta (= Kamptozoa) has an unclear phylogenetic position, mostly due to the lack of comprehensive
descriptions, especially of their larval stages. New data on microscopic anatomy is required to compare different types of
larvae and draw some conclusions about the general plan, which will facilitate comparison with other taxa.
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®Oynukyaspable Teaa Dendrobeania fruticosa (Bryozoa: Cheilostomata) kak nTMHaMu4Yeckas cucTeMa
bozoanos E. A.*, Buwnsaxos A. 3., Ocmposckuii A. H.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 3000ruu Oecrio3BoHOUHbIX, CaHkT-IIeTepOypr
* e-mail: OdFael@gmail.com

OyHUKyISpHBIE Tela — YHHUKAJIbHBIH CHUMOHMOHT-COZEpXAlUi opraH, OOHAapYy)XEHHbIH B ayTO300MIaX
HEKOTOPHIX XEHJIOCTOMHBIX MILIAHOK, U ITPEACTABICHHBIN IBYMS CIIOSIMU KJIETOK (BHEITHUX YIUIOLNICHHBIX M BHYTPEHHUX
MIPU3MATHIECKHUX ), OT PAHMYMBAIOIINX ITOJIOCTH, B KOTOPOH HAXOIUTCS CHMOHMOHT. By yun CBsI3aHHBIMH C QYHHUKYJISIPHON
CHCTeMOH KoToHNH, GyHHUKYIsIpHBIE Tena (PT) obecrieunBaroT muTaHNeM MHOTOYHCIICHHBIX OAKTEPH, ABIISIACH ISt HUX
nHKyOaropoM. [TogoOHBIE CTPYKTYpBI M3BECTHBI y psiia BUAOB XEHIOCTOMAT, OJHAKO 00 MX CE30HHBIX W BO3PACTHBIX
WN3MEHEHHSX, OCYIIECTBIIONINXCS IO MEPE POCTa KOJIOHUH JI0 CHUX HOpP MOYTH HUYETO HE M3BECTHO. MBI MPUBOIANM
TIepBOE YIBTPACTPYKTYpPHOE OMMMCAHNE IIOAOOHBIX N3MeHEeHNH, 0OHapykeHHBIX B OT y Buna Dendrobeania fruticosa n3
Benoro mops.

OyHuKysIpHBIE Tena — (QYHKUUOHHPYIOIIME W HE IEMOHCTPHPYIOIIME MOPQOIOTHUECKHX OTKIOHEHUH OT
UMEIOIINXCS B JIUTEpAType ONUCAHUM, OOHAPYKUBAIOTCSI B 300M/1aX B TEUCHUE UIOHS B HAUOOJIee anuKaIbHBIX Y4acTKax
kosioHuH. OHY 3aI0JHEHBI MHOTOYHCIICHHBIMH OaKTEpUsIMH, a KJIETKU BHyTpeHHero cios crenku T xapakrepusyrorcs
XOPOIIO Pa3BUTHIM OENIOK-CHHTE3UPYIOIINM aIllapaToM W MHOTOYHCIEHHBIMH MHKPOBWUISIMH, PAaCIHOJIAaTralolInMHCs
Mexay cumOnonTamu. B Gonee 6azanpHbix 300unax B OT 3aperncTprpoBaHbl HadYaIbHBIE ITAIBl K3MEHEHUI: MEXIY
JIBYMSI CJOSIMH KJIETOK CTEHKM IIOSIBIISIETCSl KpYIHas MEXKIETOYHas JlaKyHa, copaepkamas (UOpWUIIpHbE WU
TpaHyJISIpHBIE YAaCTHIBI, A TAKKe HIEKTPOHHO-IUIOTHBIE Tenbla. K aBrycTy OOmblimas 4acTh OakTepuil JTU3HpyeTcs, a
ocTaBIIecs: Haxoaarcs Ha iepudepun nogoctu OT, Giirke K CHITBHO YIDIOMAOIINMCS KJIETKaM BHyTpeHHeTo cios. Kak
U YNOMSAHYTas BBIIE JaKyHa, BHYTpeHHSs mnonocte DT conepKUT MHOTOYMCIIEHHbIE (DUOPHIUIBI M TIpaHyJIbl,
XapaKTepU3yOLINECcs] JOBOIBHO CTAaOMIBHBIMU pa3MepaMH. MEKKIETOYHOE IIPOCTPAHCTBO (JaKyHa) CTaHOBUTCS
o0beMHee, a KOHLCHTpPAIM TeX )K€ YacTUIl B HEM yBenuuuBaeTcs. IIpu sTom GuOpMIUIApHBIE SIEMEHTHI CTAHOBSITCS
3aMETHBI M BHYTpHU OaKTepHi, a B KOHIIE aBr'yCTa OHU (DOPMUPYIOT B HUX ChepHuecKre KOMIUIEKCHl. B ceHTsa0pe BHyTpH
OT Oakrepuil mpakTudecku He ocTaercs. JKHIKOCTh (M ee ComepKUMOe) B MEXKIETOYHHKE IO CBOCH 3JIEKTpOHHOM
IUIOTHOCTH COIIOCTaBUMO C BEILIECTBOM BHYTPEHHEH MOJIOCTH, KPOME TOT0, chepruuecKie KOMIUIEKCH OOHAPYKUBAIOTCS
B IIPOCTPAHCTBE MEKXKJIETHHKA.

EnuncTBeHHOE omumcanme mocienoBaTenbHbIX M3MeHeHnid DT onyoOmmkoBano Jlroto (Lutaud 1965) y Buapa
Bugulina flabellata w3 Toro *xe, 4TO ¥ UCCIIeIOBaHHbIM HaMu BHJ, cemelicTBa Bugulidae. Tem He Menee, nannas padora
BBINOJIHEHA Ha TUCTOJIOIMYECKOM YPOBHE, M OTHOCHUTEIBHO Majo nHdpopmaTtuBHa. OOHapyKeHHbIC HAMHU C(eprIecKre
KOMIIJIEKCHl OTJAJCHHO HAIOMHMHAIOT M3BECTHBIE y OJHOTO W3 BHAOB MIIAHOK MAC-KOMIUIEKCHI, YTO MOXET
MOJJpa3yMeBaTh y4acTHE BUPYCHBIX KOMIIOHEHTOB B UCCIIEAYEMOH CUMOMOTHYECKOH CUCTEME.

Hccneoosanue svinonneno npu noooepoicke PH® (epanm 18-14-00086p).

Funicular bodies in Dendrobeania firuticosa (Bryozoa: Cheilostomata) as dynamic system
Bogdanov E., Vishnyakov A., Ostrovsky A.
Saint Petersburg State University, Department of Invertebrate Zoology, Saint Petersburg

* e-mail: OdFael@gmail.com

Here we describe for the first time the seasonal changes of the funicular bodies of cheilostome bryozoan
Dendrobeania fruticosa — unique temporary organs containing prokaryote symbionts. Ultrastructural studies showed
that in June these organs play trophic function supporting development of large population of bacteria. In August both
funicular bodies and bacteria show strong signs of degradation. Bacteria disappear in September.
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Pannue 3Tanel ¢gopMupoBaHus MJIALeHTapHOro anaioray Crisiella producta (Bryozoa, Cyclostomata)
Bracos I'. C.*, bozeoanos E. A., Ocmpoeckuii A. H.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 3000ruu Oecrio3BoHOUHbIX, CaHkT-IIeTepOypr
* e-mail: gleb2kO@gmail.com

Otpsin Cyclostomata — rpynna MIIAHOK, XapaKTEepU3yIOLascs MWIMHIPUYECKUMH ayTo300MIaMu. Mx
XapaKTepHOH O0COOEHHOCTBIO TAKXKe SIBIISIETCS MTOJUIMOPHOHNS — (POPMUPOBAHUE B TOJIOCTH TOHO300MIa MHOKECTBA
BTOPUYHBIX W Ja)Ke TPETUYHBIX IMOPHOHOB, OOpasyIOIIMXCsA 3a CYET (pparMeHTAlUH ESJUHCTBEHHOTO IEPBUYHOTO
sMOproHa. Jl[aHHOE SBJIEHHE HE BCTPEYASTCs y MPOYNX MIIAHOK, U CPEIH KMBOTHBIX SBIISETCS PEAKOCThIO. Pa3zBuTHe
SMOPHOHOB H, Jajiee, JTMYMHOK Y LUKIOCTOMAT COMPOBOXKAASTCS MAaTPOTPO(QHBIM IUTAaHHEM 33 CYET IUIAIlCHTApHOTO
a"ayiora. Kak MatpoTpodus, Tak ¥ IUIAEHTH U3BECTHBI Y NPEICTABUTENeH MHOTHX I'PYIIT MHOTOKIETOYHBIX, BKIFOYAs
Ipyrue kinaccsl MraHok. Crioco6 ux o6pa3oBaHus y IMKIOCTOMAT, TEM HE MeHee, OTJIMYaeTcs OT BcexX Apyrux. [lnanenTa
oOpasyercs U3 OBapusi M MEMOpaHHOW CyMKH, KOTOpas MCXOIHO NPEICTaBIsieT cO0O0H I'MAPOCTATHYECKUH armmapar
ayTozoouzia. 3a CYeT HEOJHOKPATHO MOBTOPSIOMIErOCS KapUOKWHE3a HMX KIETKH OBapus W MeMOpaHHOH CyMKH
CTaHOBSITCSI MHOTOSIZICPHBIMU LIEHOIIUTAMU. B MPOTHBOMOJIOKHOCTh 3TOMY, B U3BECTHBIX aHAJIOTaX IUIALCHT JPYTHX
JKHBOTBIX, KaK IT03BOHOYHBIX, TaK U OECIIO3BOHOYHBIX, HAOJIIOAAETCsl CHHIIMTHAIILHOE CTPOeHUE. XOTs Pe3yJIbTaT CXOJIeH,
HCTOYHHK KJIETOK W TPOILECCHI, MPUBOIINE K 00pa30BaHMIO IUIALIEHTHI, SBIISIIOTCS YHUKaIbHBIMU Ui Cyclostomata.
Pannne sTamel popMHUpOBaHMSA X IUIAIEHTApPHOTO aHajora MCCIIEJOBAaHBl, TEM HE MEHee, KpaiiHe HEIOCTAaTOYHO.
Oco0eHHO MHTEPECHBIM SBJISIETCSI BBUSICHEHHE CTETIEHHM YYacTHsl W POJIM KIETOK PasHOTO IMPOHMCXOXKACHHS B JaHHOM
npouecce. Hama paGoTa HaleneHa Ha MOUCK OTBETOB HAa OTH BOIPOCH IPH MOMOIIM METOIOB TPaHCMHCCHOHHOM
JIEKTPOHHON MuKpockonuu. O0beKkTOM HccnenoBaHus siBisiercs: Bup Crisiella producta, KOIOHHN KOTOPOTO OBLIH
coOpaHBI B HETIOCPEACTBEHHOH Om30cTH 0T YueOHo-HayuHoU 6a3bl «bermomopcekasy CIIOIY.

Hccneoosanue svinonneno npu noooepoicke PH® (epanm 18-14-00086p).

Early stages in the formation of placental analogue in Crisiella producta (Bryozoa, Cyclostomata)
Viasov G.* Bogdanov E., Ostrovsky A.

Saint Petersburg State University, Department of Invertebrate Zoology, Saint Petersburg
* e-mail: gleb2k0@gmail.com

Cyclostomes differ from all other bryozoans in possessing polyembryony that is accompanied by extraembryonic
nutrition via placental analogue formed by multinucleated coenocytes. In contrast, the placental analogues in other
animals, both vertebrates and invertebrates, have syncytial structure. Elucidation of the role of cells of different origin in
the placenta formation is especially important and interesting. Our work is aimed at finding answers to these questions
studying early stages placental development in Crisiella producta by the transmission electron microscopy.
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Opranuzanus MyckyJaaTypbl MaHnTum Opaxuonoast Hemithiris psittacea (Rhynchonelliformea:
Rhynchonellida)
Pammnosckasn A. B.

MoOCKOBCKHIT TOCYAapCTBEHHBIH YHUBEPCUTET, Kaderpa 300J0rH1 0ecrio3BOHOYHBIX, MoCKBa
* e-mail: belkal90199@gmail.com

Bpaxuononst — rpymnma 6ecro3BOHOYHBIX KUBOTHBIX, TEJIO KOTOPHIX 3aKJIIOYEHO B JIBYCTBOPYATYIO PAKOBHHY.
PakoBuHY BBICTHIIAa€T MaHTH, KOTOpast y4acTBYeT B ee cekpeluy. CTpoeHre MaHTHH OYeHb BaYKHO ITPU MCCIIEJOBAaHUU
Opaxuomnos Kak JJIsi 300JI0r0B, TaK M JUIs IaJEOHTOJOIOB, MOCKOJBKY PaKOBHHA B MCKOITAEMOM COCTOSTHHU MOXKET
COXpaHATh OTIEYAaTKH MATKUX TKaHed. B naHHOW paboTe BIEpBBIE HM3YyYEHO CTPOCHHE MYCKYJIATypbl MaHTHH
6emomopckoil  Opaxuonionsl Hemithiris psittacea (Gmelin, 1791) MeromamMu TPaHCMHUCCHOHHOM 3JIEKTPOHHON
MHKPOCKOIIMM ¥ HMMYHOLIUTOXHMHHU B COYETaHHU C KOH(OKAIBHONH MHUKPOCKOIMEH. Bbuti M3ydeHBl IOBEHUIH IBYX
BO3pacToB (cTaausa TpoxoiopHOro u mu3onoduoro todpodopa) u B3pociasie ocodn. MaHTHA COCTOUT U3 HAPYKHOTO U
BHYTPEHHETO JIHUTEINEB, MEXKIY KOTOPBIMH PacIiONaraeTcsi COeIMHUTENbHAS TKaHb. BBIIO MMoKa3aHo, 4To MycKyIaTypa
MaHTHH H. psittacea COCTOUT U3 OTPOCTKOB MBIIICYHBIX KJIETOK, TAHYIIUXCS B TIPOJOJILHOM HAlpPaBJICHUU OT IepeaHei
CTEHKH TeJa 10 Kpasi MaHTHU. OTPOCTKU MBIIIEYHBIX KIETOK PACIIONIOKEHBI B COSJMHUTEIbHON TKAHU MAHTHU M MOTYT
OBITH cCOOpaHbl B MYYKH WJIM PaCIojiararbCs MO OTAENbHOCTU. KakIplil MBIIIEUHBIH OTPOCTOK WIIM MYYOK OKPY>KEH
0a3aJpHON TIACTUHKOM, K KOTOPOH INPHKPEIIIETCS eMUIECMOCOMaMH. PsoM ¢ MBIIMIEYHBIMH OTPOCTKAMH MOTYT
HaXOJUTHCS KJIETKHM COCAMHHUTENHHONH TKAaHH, OOraThle BKIIOUEHHSMH, KOTOPBIE, BEPOSITHO, BBIMOIHSIOT (PYHKIHIO
JIOTIOJTHUTEJIBHOTO MTUTAHHSI MBIIIEYHBIX KJIETOK. KIIeTKH MyCKynaTypbl HIMEIOT XOPOIIO Pa3BUTHIN TpanHyssipHbIid DI1P,
KPYITHBIE MUTOXOHIPHH, SIPO C SAPHIIKOM. OTPOCTKH MBIIICUYHBIX KJIETOK (POPMUPYIOT MIAAKYIO MyCKYIaTypy MaHTHH.
Toncteie MHODUIAMEHTHI UMEIOT BEpPETCHOOOpa3HYyl (opMy, MOITOMY Ha MONEPEYHOM Cpe3e KaxIOro OTPOCTKa
MBIIICYHOW KIIETKH AUaMETp TOJCTHIX MHO(MIAMEHTOB BapbHpyeT: Ha cpe3axX pacrojiaraloTcs Kak Ooliee TOHKHE
KOHIIEBBIE YYAaCTKH TOJICTOTO MHO(HIAMEHTa, TaK U HanboJiee IHPOoKast CpeAHss YacTh MUOGHIaMeHTa. MakcuMalbHbIe
3HAYECHUsI JUaMETPOB TOJICTHIX MUODHIAMEHTOB — 65 HM Yy IOBeHMIIeH U 71 HM y B3pocibIx. Takue 3HaYeHHs TTO3BOJIIOT
MIPETIOJIOKUTE BEICOKOE COJEp)KaHHE MapaMHUO3MHA B MBIIICYHBIX BOJOKHAX. JlaHHBIE KOH(POKAIBHOH MHKPOCKOIIUH
MIOKa3bIBAIOT, YTO y IOBEHHJIBHBIX 0CO0EH K Kparo MaHTUH NOAXOST MBIILICUHbIE TyYKH, COCTOSIIME U3 2—3 MBIIIEYHBIX
OTPOCTKOB, B TO BpeMsI KaK Y B3pOCIIBbIX 0C00€i y Kpasi MAHTHH ITyYKH PACIIaAaloTCs Ha OJJMHOYHBIE OTPOCTKH MBILIEYHBIX
KJIeTOK. BO3MOXHO, 3T0 cBA3aHO ¢ (opMUPOBAHMEM MYCKYJIaTypbl MaHTHU B IIPOLIECCE OHTOTEHE3a: BO BpeMs POCTa
Opaxvomno/Abl MBIIIEYHBIE ITyYKH pPAa3BETBISIIOTCS, YTOOBI MAaKCHMAalbHO 3allOJHUTh HPOCTPAHCTBO BHYTPH
COC/IMHUTENIFHOM TKaHW Ha nepudepun MaHTHU. lIpojonbHas MyCKyJaTypa MaHTHU IIO3BOJISIET Opaxuorojaam
MOJIBOPAa4YMBaTh Kpaii MaHTHH C IETHHKAaMU BHYTPb PaKOBHHBI, KOTJIa €¢ CTBOPKH 3aKpbIThl. Hannune napamMuosvHa B
TJIQIKNX MaHTHWHBIX MBIIIIAX CIIOCOOCTBYET yIepKaHUIO MAaHTHH CBEPHYTOH NTUTEIEHOE BPEMSI.

Paboma svinoanena npu noooepoicke epanma PH®D Ne 18-14-00082-P.

Mantle musculature organization in brachiopod Hemithiris psittacea (Rhynchonelliformea:
Rhynchonellida)
Ratnovskaya A.*

Lomonosov Moscow Statement University, Department of Invertebrate Zoology, Moscow
* e-mail: belkal90199@gmail.com

The structure of the mantle musculature in brachiopod Hemithiris psittacea from the White Sea was studied. The
muscle cell processes run from anterior body wall to the mantle edge in longitudinal direction and are surrounded by basal
lamina. Such organization is necessary to retract the mantle edge inside the valve.
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Investigation of limnoterrestrial tardigrade fauna of Spitsbergen using integrative taxonomy approach
Tsvetkova A.* Tumanov D.

Saint Petersburg University, Department of Invertebrate Zoology, Saint-Petersburg
* e-mail: Larsi09@yandex.ru

Tardigrada is a phylum of microscopic animals that are known for their ability to withstand extreme conditions in
cryptobiotic state. They inhabit a wide range of aquatic ecotopes, from abyssal oceanic depths to temporary microscopic
pools in cushions of mosses and lichens.

In recent years, investigations involving molecular data along with the traditional morphological approach revealed
unexpected diversity within most of the tardigrade taxa. Now the old paradigm of the wide distribution of polymorph
species has shifted, as newer investigations using a combined approach revealed the presence of numerous local species,
poorly morphologically differentiated but clearly discernible using methods of molecular taxonomy.

Spitsbergen archipelago is a high arctic territory with a relatively long history of tardigrade fauna research. The
first investigations of the tardigrades of Spitsbergen took place in the early 20th century and more than 30 papers on the
subject have been published to date. Several recent publications were devoted to integrative redescriptions of old species,
described from Spitsbergen in the beginning of 20th century. It was shown that even in such relatively small territory
several complexes of closely related and morphologically similar species can be found, which can be considered as
evidence of the intensive Tardigrada speciation process.

Our work is devoted to the investigation of semiterrestrial tardigrade fauna of Spitsbergen. Samples were taken in
Nordvest-Spitsbergen National Park and Nordenskidld Land National Park, as well as in the vicinity of Longyearbyen
settlement. Our methods include high resolution light microscopy (phase and differential interference contrast), scanning
electron microscopy, and molecular taxonomy. This approach allows us to receive high quality morphological data to
compare with previously published materials and to analyze phylogenetical relationships of discovered Tardigrada
populations. We receive not only sequences of rapidly evolving COI and ITS-2 barcode genes, which are important to
ascertain the relationships of closely related species, but also sequences of 18S and 28S rRNA genes, which, gives us a
possibility to reconstruct deep phylogeny within Tardigrada. For example, newly obtained data helped to clarify the
phylogenetic position of a rare arctic species Diphascon tenue and will lead to reassessment of the value of some
morphological characters within the superfamily Hypsibioidea.

So far, we have found 24 Tardigrada species from 17 genera, which include 8 species that have not been previously
recorded on Spitsbergen. Moreover, the genus Microhypsibius, as well as Notahypsibius, are new records for the area. A
new species of the genus Tenuibiotus closely related to Tenuibiotus voronkovi (also described from Spitsbergen) is in the
process of description.
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1IAPA3UTOJIONA

IIpu:KU3HEHHbIE CBETOMHKPOCKONMUYECKHE HADIIOIEHUS] M TOHKOe cTpoenue cnopbl Metchnikovella sp.
(Opisthokonta: Microsporidia) — napa3ura rperaput Lecudina sp. u3 kume4nuka nojauxersl Alitta
virens

®ponosa E. B. L2% Kamvruayxas O. r'? Tlackeposa I’ I Cmupros A. B.!, Haconosa E. C.'?

! Cankr-IleTepGyprekuii rocyapcTBeHHbIN yauBepeuTet, Kadenpa 3oomoruu 6ecnio3sonounsix, Cankr-IletepOypr
2 UuctutyT tmronorun PAH, JlaGopaTopust IUTONOTMH OQHOKIETOYHBIX opranu3mMoB, Cankr-IleTepOypr
* e-mail: uroborospora@gmail.com

Metchnikovella sp. OTHOCUTCS K OCO0OH TPyIIIe MUKPOCIOPHUINN — MEYHHKOBEIUIMIAM, BCE MPEICTABUTEIIN
KOTOPOI Mapa3uTUPYIOT B IperapuHax U3 KUIIEYHUKOB MOPCKUX OE€CIIO3BOHOYHBIX, TO €CTh ABJISAIOTCA TUIIepIapa3uTaMu.
CuHanoMopHbIM NPU3HAKOM MHKPOCIIOPUIWII SIBIAETCS HajdM4YMe B CHOpax oco0oro ammapata WHBa3uu. CHOpEI
MEUYHHUKOBEIUIHA HMEIOT Oojee YNPOIIEHHOE CTPOEHHE, HEXKENW CIOphl THIWYHBIX MHUKpocrmopumuil. Tak, y
MEYHHUKOBEIUIH OTCYTCTBYIOT SIKOPHBIHN JIHCK, MOJISIPOTLIACT, 3a/IHSSI BAaKyOJIb, @ BMECTO KAaHOHHYECKOM ITOJIIPHON HUTH,
MIPEACTaBISIONIEH CO00M JIMHHYIO M TOHKYIO CHHPaJbHO YJIOXKEHHYIO TpyOKy, OHM HMEIOT KOPOTKHH NpsSIMON U
MHUPOKUH MaHyOpuym. Ui HHX XapakTepHO HaJM4YHe [BYX THIIOB CIIOPOTOHHMHU: ‘CBOOONIHON’, KOTIa CIIOpHI
(opMupyIOTCS BHE TOJICTOCTEHHBIX OO0OJIOUEK, WM NHCTOOOpa3ylomieid, Koraa cropbl (OPMHUPYIOTCS BHYTPH
TOJICTOCTEHHBIX «IIHCT» (CIOPOBBIX MEIIKOB, spore sacs). Popma u pazmep LHUCT, UX MOP(HOIOTHIECKHE OCOOCHHOCTH
MIPEICTABIAIOT cO00# BrAoCTenn(pUIeCKHEe ITPU3HAKH.

[onuxeTsl A. virens, ACTIONB30BaHHBIE IS MCCIEAOBAHMUS, OBUIM COOpaHBI HA KAMEHUCTO-TIECYAHON JINTOPAIN
0. Matpennn B Kanpanakmickom 3anuBe benmoro mops B 2019-2021 rr. 13 61 BckpbITOit monuxeTsl 23 ocodu Obutn
uHpumpoBanbl rperapuHamu Lecudina sp. B nesstu (14,8%) mnonuxerax oOHApYyXWIM JIEKyJUH C BHIAMMBIMH
NpHU3HAKaMHU 3apakeHUs] MEUYHHUKOBEJIMJIAMH — XapaKTepHbIMM KJacTepaMH CIOp B IUTOIUIazMe. JIMmib B OJHOM
MoJIMXeTe ObITH 0OHAPYIKEHBI IPErapuHbI, IMEIOIIIE HE TOJIEKO CBOOOTHBIE CITOPHI, HO U 3PEJIble IICTHl MEUHHKOBEIUIUI.
Hucter uMenu oBanbHyIO (OopMy, 4acTO ¢ M3TMOOM CTEHKH IMCTHI, HAIIOMHUHAIONIMM TaIHIO, U OAHY BBIPAKEHHYIO
MoJISIpHY0 IpoOKy. Pazmep et BapsupoBai B npenenax 3,83—5,86 MxM B mmpuny u 8,79—12,24 mMxM B anuny. B ogHOM
pcTe HacuuThIBaiK 10 11 crop pasmepom 1,27-2,33 x 1,6-2,64 mxm. Okpyriibie ‘cBoO0IHBIE’ CIIOpH! pazmepoM 1,29—
2,09 x 1,6-2,5 MKM (OpMHUPOBAINCH B IUTOILIA3ME IPErapruHbl B BaKyOJISIX HEN3BECTHON NMPHUPOIBI, B KaXKI0H BaKyOJIn
HACUYHUTHIBAIIN 110 HECKOJIBKO JIECATKOB CIIOP.

Ha ynpTpaToHKHX cpe3ax, CIENaHHBIX B IUIOCKOCTH, NMPOXOJSIICH BAOIb JUIMHHOW OCH MaHyOpuyMma, opma
CBOOOIHBIX CHOp OBLIA JBOSKOBBITYKIIOW, YIIIOBaTOW B BepxHell wactu. PasMepsl cmop Ha cpe3ax coctaBimsum 1,5—
1,8 Mkm B mmpuHy u 1,3-1,6 MKM B mmHY. OTIHYHATENSHOH OCOOEHHOCTBIO CIIOp 3TOTO BHIA SBIsETCS (hopma
NOJIIPHOTO CaKa, HAMOMWHAIONIEr0 Ha cpe3ax OyThUIOYHYIO KpBILKY. Bynb0apHOe pacuiMpeHHe HaxOAWTCs B
JTUCTATBHOM YacTH MaHyOpuyMa. SIapo cropbl HMEeT XapaKTepHYIO Il MHKpocnopuauii pona Metchnikovella hopmy
MOJIKOBBI.

Paboma evinonnena npu noodepacke PH® — npoexm Ne 19-74-20136.

Light-microscopic observations and fine structure of Metchnikovella sp. (Opisthokonta:
Microsporidia) — a parasite of the gregarine Lecudina sp. from the gut of the polychaete Alitta virens
Frolova E."** Kamyshatskaya O. 12 pPaskerova G.', Smirnov A.!, Nassonova E."?

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Institute of Cytology RAS, Laboratory of Cytology of Unicellular Organisms, Saint Petersburg
* e-mail: uroborospora@gmail.com

Metchnikovella sp. is a hyperparasitic microsporidium found in the White Sea. We provided a description of light-
microscopic vital observations of the different stages of life cycle as well as data on the fine structure of free spores.
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Metazoan parasites of a few marine fish near White Sea Biological Station (Lomonosov MSU)
Logvinenko A. D."*, Gordeev I. I.'?

! Lomonosov Moscow State University, Department of Invertebrate Zoology, Moscow
2 Russian Federal Research Institute of Fisheries and Oceanography, Moscow
* e-mail: andreylogv@yandex.ru

The parasite fauna of marine fish in the proximity of the White Sea Biological Station of the Lomonosov Moscow
State University has been repeatedly studied by both employees and students of the station. However, accurate
quantitative data on infection rates are not available in most published sources. This work is devoted to metazoan parasites
(cestodes, digeneans, nematodes, acanthocephalans, leeches and copepods) of cod Gadus morhua, navaga Eleginus
nawaga and shorthorn sculpin Myoxocephalus scorpius, caught in July—August 2021 in the shore area of the Velikaya
Salma Straight. A total of 50 cods, 50 navagas and 21 sculpins were dissected using standard methods. Parasites were
fixed in 4% formalin and 96% ethanol. Specimens for the genetic analysis were stored at —20°C. So far we have only
preliminary results. Among digeneans the most common were Lepidapedon elongatum (prevalence in cod 74%, in navaga
54%), Hemiurus levinseni (prevalence in cod 80%, in navaga 18%, in shorthorn sculpin 76.2%) and Prosorhynchus
squamatus (prevalence in shorthorn sculpin 90.5%). Among tapewoms, the most common were Pyramicocephalus
phocarum (prevalence in cod 16%, in navaga 4%, in sculpin 14.3%) and Bothriocephalus scorpii (prevalence in shorthorn
sculpin 81%). The most common acanthocephalan was Echinorhynchus gadi (prevalence in cod 74%, in navaga 46%, in
shorthorn sculpin 9.5%). All fish specimens were infected with anisakids. Surprisingly, hirudineans were also present,
which is quite interesting because we only found one record of sea leeches parasitizing fish in the White Sea. On the other
hand, monogeneans that were multiply recorded before by many researchers were not found. Navaga and cod were studied
in two time frames — from July 25 to August 15 and from August 16 to 30 — 25 individuals in each period. Prevalence
of navaga with trematodes and acanthocephalans increased by 1.5-2 times in the second period, however, the intensity of
the infection was lower by 50%. The prevalence with cestodes was four times lower in the second period: the prevalence
with acanthocephalans decreased by 28% and the intensity decreased by 2 times. These values can either be a
manifestation of the seasonal dynamics of infection, or a consequence of a small sample. Further processing of the
material will provide a complete picture of the infection of the studied fish species.
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Buemnsisi MopgoJiorusi, aHATOMMS ¥ BHYTPUBUIOBAs N3MeHYNBOCTHL Pseudanthobothrium hanseni
(Platyhelminthes, Cestoda)
Xapumonos J[. 3.

Cankr-IlerepOyprckuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 30050ruu Oecrio3BoHOUHBIX, CaHkT-IIeTepOypr
* e-mail: dimonha0l@gmail.com

[Mapa3uThl TIaCTUHOXXKAOEPHBIX PHIO MPEICTABISIOT OOJIBIION MHTEpeC JUIS M3YYEHHsI, HO, BBUIY CIIOXKHOCTH
cOopa Marepuala, Ha CETOJHSALIHUI JIEHb MHOTHE acleKThl UX aHATOMHH M 9KOJIOTUH HE PACKPBITHI.

Pom6oBuansblit ckat Amblyraja radiata Donovan, 1808 — nmpkymmonspHbiii Bua CeBepHOro TONyIIapus U
€IMHCTBEHHBIN TpeNICTaBUTENb CKaToB B berom mope. Jlentounsie uepsu (Platyhelminthes: Cestoda) coctasistror oqHy
13 THITUYHBIX ¥ MHOTOYHMCIICHHBIX TPYIIT APa3UTOB XPSIIEBHIX PBIO.

Pseudanthobothrium hanseni Baer, 1956 — equHCTBEHHBIN BHJ LECTOM, MApa3UTHPYIOUINA B ckaTtax bemoro
Mopsi. MHOTHE OCOOEHHOCTH CTPOEHHS NpeZcTaBuTeNIeil 0€IIOMOPCKOI MOMyJIALMHK Napa3uTa He ObIIIM U3y4YeHbI paHee,
TeM OoJiee ¢ MPUMEHEHNEM COBPEMEHHBIX MUKPOCKOITMUECKHX METO/IOB.

Ckatbl coOpanbl B paiioHe Y3koii Cammbl (66°16'57.3"N 33°39'25.5"E) BOmu3u YdueOHO-HaydyHOU Oa3bl
«benomopckas» CIIGI'Y B asrycre 2020 r. Ilapa3uToB wH3BIeKanum W3 CHUPAIBHOTO KilallaHa M KHUIIKUA B
¢dusmnonornueckoM pactsope u ¢uxcupoBanu B 4% PFA Ha mopckoii Boze, B 2,5% rmorapoBoM anpaerune U 70%
crmpre.

Jns m3ydenust odmelt Mopdosorun ObUT NPUMEHEH MIMPOKUHA CIEKTP METOJOB, BKJIIOYAIOMIMN CBETOBYIO
MHUKPOCKOIIHIO, CKaHHPYIOIIYIO JIEKTPOHHYI0 MUKPOCKOIIHIO M KOH(OKAIBHYIO JIa3ePHYI0 MUKPOCKOIIHIO.

[MoaroroBneHHbIe MPOOBI WHKYOHMPOBAJM B MEPBUYHBIX aHTHUTENAX K CEPOTOHHHY, o,B-TyOymuHy (Molecular
Probes, USA; 1:1000) u FITC 488 (Termo Fisher Scientifc, USA; 1:1000), u o6pabaTsiBaiy BTOPUIHEIMA aHTHTEIIAMHU
Alexa Fluor 488 u Alexa Fluor 633 (Termo Fisher Scientifc, USA; 1:1000).

OcobeHHOCTH 00I1I€l aHATOMUH YCTAaHOBJICHBI B TOM YHCJIE U C TIOMOIIBIO TOTANBHBIX IIPENApaTOB, OKPAIICHHBIX
KBAaCIIOBBIM KapMHUHOM. II0BEpXHOCTH TErYMEHTA Pa3IMdHBIX OT/IENIOB TeJa IIECTOAbI M3y4eHa METOAOM CKaHUPYIOIIEH
3JIEKTPOHHON MUKPOCKOIIHH.

dusoreHeTuuecKoe MOJOKEHNE U BHIOBAs MIPUHAIUICKHOCTh COOpaHHBIX P. hanseni onpeneeHbl ¢ MOMOIIBIO
MOJIEKYJISIPHO-(DHIIOr€HETUYECKMX METONUK. AMIuTMduKanus u cekBeHnpoBanue reHoB 18S pPHK mnpowusBommim c
noMoIeio npaiMepoB WormA/WormB, rena 28S pPHK ¢ LSU5/1500R u rera COX1 ¢ ucnosip30BaHUueM IpaiMepoB
JB3/JB4.5.

[MoxyueHHbIe Ha JaHHBI MOMEHT MOJIEKYJISIPHBIE JaHHbIE MTOJTBEPIMIN IPUHAUIC)KHOCTh COOPaHHBIX IIECTOA K
Buay P.hanseni. B xozme uccrienoBaHus yTOUHEHO CTPOSHHE IOJIOBOW CHCTEMBI B 3pENBIX WICHHKAX: OTYETIHBO
Pa3IuuuM OOTHI, 3aJICTAIONINH MEANAIBEHO KIIEPEIH OT YPOBHS BEPXHET0 Kpasi YeThIPEXJIONacTHOTo sstmuHuKa. [TokazaHo
HaJIMYUe MEHNCA, BOOPYKEHHOTO IIMIAaMH. BriepBble Moy4eHbl JaHHBIE O TOMOJOTHH HEPBHOW CHCTEMBI Iapa3wuTa M
OpTaHM3aIH MYCKYJIaTypbl MU30PHHXYCA.

Hccneoosanus npogedensi ¢ ucnonvsosanuem obopyoosanusa PL PMuKT Hayunozeo napxka CIIPTY.

Morphology, anatomy and intraspecific variation of Pseudanthobothrium hanseni (Platyhelminthes,
Cestoda)
Kharytonau D. E.

Saint Petersburg State University, Department of Invertebrates Zoology, Saint Petersburg
* e-mail: dimonha0l@gmail.com

We investigated special aspects of anatomy, morphology, and phylogeny of Pseudanthobothrium hanseni — the
only known tapeworm parasite of chondrichthyean fish in White Sea, parasitizing rajid skate Amblyraja radiata.

74



IKCTEHCHBHOCTH HHBA3MH MEJKHX OPIOXOHOTHX MOJIIOCKOB Peringia ulvae TpeMaTogamMu Ha pa3HbIX
cy0cTpaTax Ha auTopaan benoro mops
3enxos E. A.', 3ypaxoe M. H.!, Apucmos J]. A."?*

! JTaGopaTopus 5KOJIOTMH MOPCKOro 6eHToca (ruapoOuonoruu), DKonoro-61oaorudeckuii nentp «Kpecrosckuii
octpoBy, Cankt-IletepOyprckuii ropoackoit J[Boperr TBopuectBa 10HbIX, CankT-IleTepOypr

2 3oomoruyeckuii uactutyT PAH, Cankt-IletepOypr, Benomopckas 6ronornyeckas CTaHus

* e-mail: amauropsis@gmail.com

Peringia ulvae — menkuit OproXOHOTHI MOJUTIOCK, KOTOPBIH MaccoBO BCTpeyaeTcs Ha JInTopaiu bemoro Mops u
BBICTYIIAeT B KA4ECTBE IIEPBOT0 NPOMEKYTOYHOTO X0O35IMHA JJIsI MHOTHX BHIOB TpeMarto[. MI3BeCTHO, 4TO Cpeiu MPOYero
HEKOTOpbIe Mapa3nuThl CIIOCOOHBI OKAa3hIBATh 3HAYMTENHHOE BIMSHUE HAa XO35HMHA, M3MEHsSS ero MOBeIeHue il Ooliee
s dexTHBHOI peann3anny coOCTBEHHOTO KH3HEHHOT0 IIMKIa. OOBIYHO, 0COOCHHO CHIIBHO ITO BIUSIHUE ITPOSBISCTCS Ha
MPOMEKYTOUYHOM XO3SIMHE B TeX CIydasx, KOrja 4YToObl 3aBepIUeHUS LHKIa Iapa3suTa HEeoOXOAMMO, YTOOBI
MIPOMEKYTOUHBIA XO3SUH ObUT ChelIeH OKOHYATEIILHBIM.

OpHako B ciydae ¢ OeIOMOPCKUME P. ulvae OONBIIMHCTBO Mapa3MTOB, UCHOIB3YIOMIMX 3TOT BHJ racTPOION B
Ka4yecTBe MPOMEXYTOYHOr0 X035MHA HE TIOMAJIal0T B OPraHM3M OKOHYATEIBHOIO HAMPSMYIO, IyTEM ITOSJaHUsI UM 3TOTO
MOJUTIOCKA (KaK MPaBUIIo, IMEETCs ellle BTOPOH MPOMEXKYTOUYHBIH X035IMH), XOTS €CTh M UCKITtoueHHs. K ToMy ke 3To He
O3HAYaeT, YTO MOBEACHNE MOJUTIOCKA HE MOKET BIHMATH Ha peasTU3alnio )KU3HEHHOTO IIMKJIa TPEMATO/IbI OIIOCPEI0BAHHO.

[Ipu sTOM 111 HEKOTOpHIX IpeacTaBuTeneil cemeiictBa Microphallidae, ncnonesyromux P. ulvae B xauectBe
MIPOMEXYTOYHOTO X0351MHa, N3BECTHA TEHJCHIMS K TOMY, YTOOBI 3aCTaBJIAThH JPYT'HX IACTPOIIO]] OCTaBaThCS Ha y4acTKax
cyOcTpara HanboJsee BEICOKO PACIIONIOKEHHBIX B TOJILE BOJBIL.

B Xoxe naHHOTO HCCIEIOBAHHUS MBI IBITAEMCS MOHATH MOXKET JIM Iapa3sdT OKa3bIBaTh BIMSHHE Ha BBIOOP
cyOcTpara 3apaxeHHBIMH 0cO0sMH. I 3TOro Mbl CpaBHHBAaeM OSKCTEHCHBHOCTh HHBa3HMH (MIPOLEHT 3apa)KeHHBIX
oco0eil) MOJUTIOCKOB TpeMaToJaMH B Ka4eCTBEHHBIX cOOpax, B3ATHIX ¢ KPYIHBIX KaMHEH, JIeKAIINX HA JUTOPAIH U C
TpyHTa B IIpelernax TOro K€ ydacTKa JIUTOpAIH Ha ocTpoBax bemoro mops. Ilpeamomnaraercs, uro BeIOOp cyOcTpaTa
MOJUTFOCKAMU MOJKET OBITh MPOJMKTOBAH HAIWYUEM 3apaxkeHHs. Taroke BO3MOXKHO, YTO pas3sIiyhe B SKCTEHCUBHOCTH
WHBa3MU MOXKET OBITh CBS3aHO C HEPABHOMEPHBIM paclipe/ieJICHUeM HHBA3MOHHOTO Havyasla Ha JIMTOPAJIH.

Prevalence of the trematode infestation of mud snails Peringia ulvae on different substrates at the
White Sea intertidal
Zenkov E.', Zurakhov M.!, Aristov D."**

! Laboratory of Marine Benthos Ecology and Hydrobiology, Saint-Petersburg
2 Zoological Institute of RAS, White Sea Biological Station, Saint Petersburg
* e-mail: amauropsis@gmail.com

We calculate the prevalence of trematode infestation of the mud snails Peringia ulvae among individuals found in
the sediment and on the boulders at the littoral of several islands at the White Sea. We try to find out whether the intensity
of trematode infestation differs among mollusks on these two types of substrates and to explain the obtained result. We
speculate that the presence of the parasite may influence the clams' substrate selection behaviour.
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IlepBast Haxoaka TpemaTtox (Digenea) B KMIIeYHOABIIIALIHUX MOJYXOPAOBBIX
Benonwberas K. U.'* Excoea O. B.', Kpynenxo /]. 107 Jlyxunvix A. U, Manaxoe B. B.!

! MockoBckuii rocynapcTBeHHbii yauepeuter uM. M. B. JlomonocoBa, buonorndeckuit pakynsret, Mocksa
2 Cankr-TletepOyprekuii rocy1apcTBEHHBIH YHUBEPCHTET, bruonorndeckuit gpaxynbrer, Cankt-IletepOypr
* e-mail: Sbeloks@gmail.com

Jo cux nop B kumeuHoasimanmx (Enteropneusta) He ObuIM 0OHApPYKEHBI CTOJb PACTIPOCTPAHEHHBIE MAPa3UTHI
Kak TpeMaro/sl. 11 KuireqHoapImamumx n3 cemeiictsa Ptychoderidae Obmn 3adnkcipoBaHbI TOIBKO CIyYau ITOPasKECHHS
KOTIETIOaMi ¥ KOKIMAWAMH, a JuId TpencraBuresieil cemeifctBa Torquaratoridae — mpearonoXnuTeabHbIE
KOMMEHCaJIbHBIE OeCKHIIeYHbIe TypOeursipun 1 korenoasl. B 2016 roxy B bepuaroBom mope B xoze 75-ro peiica HUC
«Axanemuk M. A. JlaBpeHTheB» OBUTH OOHApPY)KEHBI KHIICYHOABIIIANINE, OTHOCALINECS K HEONHCAaHHOMY pOXIy
cemeiictBa Torquaratoridae. B 2018 romy HeckoiapKo 0coOel 3THX KHIIEYHOABIIMIAINX ORI COOpaHBI Ha CKIIOHAX
MaccuBa BymnkanonoroB ¢ rimyomn 1370-2470 m ¢ npumenenuem TIIA «Komamua 18» B xome 82-ro peiica HUC
«Axkanemuk M. A. JlaBpentbeBy». Ilpu MopdonorndeckoM HCCIEOBaHHM ITUX TOPKBApaTOPHUIl BBIACHHIOCH, 4YTO
JKUBOTHBIE TIOPAXXEHbI MeTallepKapusMH TUT€HETHYecKOoH Tpemaronapl. Meranepkapuu ObUIM HaWIeHbl Ha
THCTOJIOTHYECKUX Ccpe3ax HCCleayeMoil TOpKBapaTOpHIbl. DTO MEpBBI OTMEUYEHHBIM cly4ail TpemaTojo3a cpenu
MOTYXOPpAOBBIX. Hamu OBUIO M3y4YEHO TMCTOJIOTHYECKHMH METO/AaMH 7 3K3EMIUIIPOB TOPKBAPATOPHIBI (LIETMKOM HIIN
(dparmMeHTapHO); TpeMaTo/ sl ObIIIM OOHAPYKEHBI B TpeX M3 HUX. MaKkcuMallbHOE YHCIIO MeTallepKapHii, HailIeHHBIX B
OJTHOM 3K3eMIULIpe X03suHa, cocTtaBiseT 20. Meralepkapiy 3apericTpUpOBaHbl B [eJIoMe X000TKa U BOPOTHHKA, a
TaKKe B IIeJIOMEe OpaHXMO-TEHHTAIHFHOTO OTAena TysioBhima. OnHaKo HauOOJbIIEEe YUCIO Mapa3uTOB OOHApYKEHO B
TJIOMEpYJIIoce TOPKBapaTopuasl — cpasy 11 ocobeit B 0qHOM 3K3eMIuIpe Xo3suHa. [Ipeskae mapasuTupoBaHue KaKuX-
100 OPTaHU3MOB B TTIOMEPYITIOCE TTOYXOPJOBBIX HE ObII0 onucano. Ha ocHOBe MOP(0IOrHIECKOr0 U INTEPATYPHOTO
aHalM3a BBICKA3aHO MPEAIOIOKEHHE OTHOCUTEIBHO CUCTEMAaTUYECKOW MPUHAIEKHOCTH HAMIEHHON JUTre€HETHIEeCKOM
TpemaTogsl K cemelictBam Zoogonidae wmmm Lepidapedidae, mpemmoskeHsl BapHaHTBI €€ JKHU3HEHHOTO IMKJIA W
0COOEHHOCTH Pa3MHOXKEHHUS.

Hccnedosanue vinonneno npu gunancosou noodepoicke epanma PH® No 18-74-10025 u epanma PODHU No 20-
04-00909-a.

First discovery of trematodes (Digenea) in Enteropneusta (Hemichordata)
Belolubskaya K.!'* Ezhova O.', Krupenko D’ Lukinykh A. I Malakhov V.!

! Lomonosov Moscow State University, Biological Faculty, Moscow
2 Saint Petersburg State University, Biological Faculty, Saint Petersburg
* e-mail: Sbeloks@gmail.com

Trematodes from enteropneust hemichordates are described for the first time. The metacercariae are found in the

coeloms of trunk, collar, and proboscis, and in the glomerulus of the deep-sea torquaratorid from the Bering Sea.
Assumptions about the taxonomic affiliation of the detected trematode, and their life cycle are discussed.

76



Crpoenue u pazsutue nucroGopHbIX Hepkapuii Lecithaster salmonis
Crooxuna O. A.*, Kpemnes I'. A., Kpynenxo /1. IO.

Cankr-IlerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 300y0ruu Oecrio3BoHOUHBIX, CaHkT-IIeTepOypr
* e-mail: levyyashyk@mail.ru

Lecithaster salmonis — >T0 Tpemarona n3 HajcemeiictBa Hemiuroidea. JInst »Tux dyepBel XapaxkTepeH
TPUKCEHHBIN KU3HEHHBIH IIUKJI. B KuIeuHnke peIObI Mapa3uTHPYIOT B3pOCible 0coOu repMadpoAUNTHOTO OKOJICHUS —
MapuThl. [IepBBIi TIPOMEKYTOUHBIN X03sIMH — racTporonsl Crypfonatica affinis, B KOTOPBIX pa3BUBAIOTCS MAPTEHUTH U
nepkapun. BTopoit mpoMexyTouHbIi X0351H — IJIAHKTOHHEIN pavyoK, B HeM (hOpMUPYIOTCs MeTariepkapuu. Jlanee pauka
chemacT peIda M IIUKI 3aMBIKACTCS.

Crpoenne mECTOPOPHBIX MEpPKapUil MO3BOJISET IIPEOAOJIETh XUTHHOBYIO KYTHKYIy, 9YTO HEOOXOAMMO IS
3apakeHUs WICHUCTOHOTHX XKUBOTHBIX. Llepkapuu L. salmonis pa3BHBalOTCS W3 MIapo0Opa3HBIX YMOPHOHOB, KOTOPHIE
MIEPETSHKKON Pa3IeNsaroTcs Ha IBE YacTH: TeJIO0 U XBOCT. XBOCT (POPMHUPYET MOITYIO KaICyIIy, Ha KOTOPOIl pacIoNI0KeHBI
JIBa TMpHIATKa — BbIBOIHAs TpyOKa M HUTEBUAHBIH OTPOCTOK. B Xozme pa3BuTHs BhIBOIHAs TpyOKa BTSTHBAeTCS B
Karcylly, MpU 3TOM KIIETKH, COCTABJSIOLUIME XBOCT, YaCTHMYHO JIEI€HEPHPYIOT, 00pa3ysi NMPOYHYI0 OMEpPTBEBLIYIO
cTpykTypy. Ilocne BbIxona riepkapuu B BOAY, €€ TeJI0 TOXKE MOMEIIAeTCs B KalCylly 4epe3 OTBEPCTHE, KOTOPOe IIOTHO
3aKpbIBaeTCs CPUHKTEPOM. 3apaskeHre IPOUCXO/IUT MACCUBHO — PAYOK MBITAETCS ChECTh LIEPKAPHIO, IPU ITOM CXKUMAET
Karncynny. B oTBeT Ha maBieHue BBIBOJHAs TpyOKa OBICTPO BBHIBOPAYMBAETCSl, NPOOMBAsl KYTHKYJy HepeqHeH KHIIKH
padka, a Telo LepKapuu NPOXOAUT Yepe3 Hee U MOoNaaaeT B FeMOLENb.

Lenpro TaHHOTO MCCIEIOBaHUS OBUIO ONMCAHWUE CTPOCHUS HepKapuil L. salmonis Ha pa3HBIX 3Tanax pa3BUTHAL.
Marepuan cobpan nerom 2020-2021r. B okpectHocTsix YHB «benomopckas» CIIBI'Y. Crnopomuctsl U epKapun
L. salmonis 3adUKCUPOBAHBI I JaTFHEHUIIIETO UCCIEAOBAHHS C TIOMOIIBIO CBETOBOH, AIEKTPOHHON M KOH(OKAIHHOMN
MHUKPOCKOTIHH.

B Terne nepkapuu pacrosioskeH roJI0BHOW TaHTIINI U 1Ba IPOIOIBHBIX HEPBHBIX CTBOJIA, B KOTOPHIX Pa3IAIHMbI
TeNa TpPeX CEPOTOHMHAIPIMUYECKUX HeHpoHOB. CTBOJBI COCTUHSIOTCA C HEPBHBIM KOJBIIOM, OKPY’KalOIIUM MOYEBOH
ny3blpb. Kpome Toro, Hecrnenuduyecku OKpacHIUCh aHTUTEIAMHU K CEPOTOHHMHY YeThIPE Psla KPYIHBIX JKEIE3UCThIX
KJIETOK (I10 TATH B KaXKA0M psiny). [IporoHedpuanansHas cucrema B Telle HepKapuH BKIIOYAET TOJICTOCTEHHBIH MOUEBOM
My3BIPEK, YEThIpe IUPTOLUTA U KaHaJbl, KOTOPble COEAUHAIOT UX. MBIIIEYHas CHCTEMa COCTOMT U3 HECKOJIBbKUX
MIPOJIOTILHBIX MBIIIEYHBIX JIGHT M CJIOS KOJBIEBBIX MBI OOHapy>KeHbl CKOIUICHUS KJIETOK — 3adaTKh OyAyIIux
OpraHoOB TOJIOBOW M MHUIIEBAPUTENIHHON CHCTEM. XBOCTOBas Karcyjia ABYXCJIOHHAs, HapyX HBIA CJIOM TOHKHH, a
BHYTPEHHHH TOJCTHIA. B Karcyne oOHapys>KeHbI MBIIIBI CHUHKTEPA, 3aKPHIBAIONINE BXOJ B HEE IOCIE BTATHBAHMS
LIEpKapyH, a TAK)KE MBIIIIBI PETPAKTOPHI 1 YETHIPE UPTOLNTA Y Pa3BUBAIOIINXCS [IepKapHi (ITOCJIe OHU AETEHEPUPYIOT).

Ha >xuBBIX Liepkapusx Mbl HaOJIIOAJM MTPOIIECC BBOPAYMBAHMS IIPH BBIXOJIE B MOPCKYIO Boxy. Tero mepkapun
BTATHBACTCS] B XBOCTOBYIO KAIICYITy MBIIIIAMH-PETPAKTOPAMH, 3aTEM BTATUBACTCS HUTEBUIHBIH OTPOCTOK, TIOCIE STOTO
Karcyiia HabyxaeT ¥ CTAaHOBUTCS MIapoo0pa3HOiL.

Paboma svinonnena npu noodepacke epanma PH® 19-74-10029, pecypcrozo yenmpa « Pazsumue MoneKyiapHuix
u xknemounvix mexnonozutty CII6I'Y, pecypcnozco yenmpa Mukpockonuu u Muxpoananuza CIIOTY u I[Jenmpa
Konekmugno2o nonvzosanus « Taxcony 3HMH PAH.

Structure and development of cystophorous cercariae Lecithaster salmonis
Skobkina O., Kremnev G., Krupenko D.
Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg

* e-mail: levyyashyk@mail.ru

Cystophorous cercariae larvae are characteristic for the digenean superfamily Hemiuroidea. Their tail consists of
a hollow caudal capsule, caudal process, and delivery tube. The structure of cystophorous cercariac of Lecithaster
salmonis is described using SEM, TEM, light and confocal microscopy.
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Tpematoasl pona Podocotyle (Digenea: Opecoelidae) B npuépe:kHbIX 3kocucTemax besoro n
Bapenunesa mopeit
Iyonep A. I'.*, Kpemneg I'. A., Cxooxuna O. A., ¥Ypsidosa A. A., Kpynenxo /1. IO.

Cankr-IlerepOyprckuii rocy1apcTBEHHBIH YHUBEPCUTET, Kadenpa 3000ruu Oecrio3BoHOUHbIX, CaHkT-IIeTepOypr
* e-mail: gubler.ag@gmail.com

Tpematonasl poxa Podocotyle (cem. Opecoelidae) BcTpedaroTcst B pbi0ax pa3HBIX CEMEHCTB B apKTOOOpEaTbHBIX
perumoHax. JlBa IIMPOKO paclpoCcTpaHEHHBIX Buaa — P.atomon wm P. reflexa — HeKOTOpoe BpeMsl CUHTAINChH
cuHoHnMuyHbIME, onHako Koiie (Keie, 1981) mokasana, 4To 3TO CaMOCTOSATEIBHBIC BHIBI C TIOX0XKHM apeayioM, XOTs
9KOJIOTMIECKH OHM PA3JEINAIOTCA: P. atomon B Ka4ecTBE IEPBOTO MPOMEXYTOUYHOTO X03IMHA UCTIONB3YET JINTOPAIbHBIX
ractponiof; (Littorina saxatilis), a P. reflexa — cyomuropansHbiX (Buccinum undatum). Pa3nwmauTh 3THX Tpemaron
MOXKHO TIO MOpP(QOJIOTHUECKHM IIpHu3HaKaM: (opma Tema, paccTOSIHME MEXIy INPHCOCKAaMH, pa3Mep CEMEHHHKOB,
pacronoXeHne KelNTOUYHUKOB. OFHAKO Takas JUArHOCTHKA 3aTPyNHSECTCS 1O LENOMY psiiy NpuuuH. Bo-mepBhIX,
P. atomon nonumMopdHBIN BUI U €r0 MapUThl HHOTJIA MOTYT OBITh IOX0XK Ha Maput P. reflexa. Bo-BTopbIx, Oonpmas
YacTh NMPHU3HAKOB MPUMEHUMA TOJBKO JUIS CPAaBHEHUS BIIOJHE PAa3BHBLIMXCS MapHUT. B-TpeThbHX, BHEIIHHUN BHJ YepBs
MOXeT ObIThb HapylleH B pe3yibrare Qukcanuu. HakoHen 1uis TOro, 4ToObl U3Y4YHTh HEKOTOpPbIE NMPH3HAKH, HYKHO
NOATOTOBUTH OKPAIIEHHBIE TOTAIBHBIE TPENapaThl.

Lenpto naHHOM paboTHI sBisieTcsl mombITKa AuddepeHuupoBats BUIbl P. atomon u P. reflexa, a Taxke uXx
MOPQOTHITBI, 110 HECKOJIBKUM MOJIEKYJISIPHBIM MapKepaM. JTO MO3BOJIMT TaKXKe YTOYHUTh MMEIOIINECS JaHHBIE M0 MX
YKM3HEHHBIM IHKJIaM.

Marepuan Obi1 coOpan B paifoHe YueOHO-HayuHOH 60a3pl «bemomopckas» CIIOI'Y u  bemomopckoit
6nonornyeckoit cranimu «Kaprenr» 3UH PAH (Kannanakmickuit 3anuB benoro mopst) B mepron ¢ 2019 no 2021 rr., a
Takke B OKpecTHOcTsX moc. Janpaue 3emenunsl (bapenmeBo mope) B mione 2021 r. Maputel poma Podocotyle
oOHapy’XKeHBl B aTJIAHTUYECKOW TpEecKe, eBPOIEHCKOM Kepdake, eBPOIEHCKON Oenmparore, HaBare, IUMaHIE U PEUHON
kxambaire. Criopoructsl ceMm. Opecoelidae HaiieHBI B Tpex BHAaxX OpIOXOHOTHX MOJUTIOCKOB: Littorina saxatilis, Lacuna
vincta u Buccinum undatum.

s Beimenenus JIHK croporuct Opanu 1equkoM, a OT B3POCHIBIX MapUT OTPE3aid YacTh POTOBOM MPHCOCKH.
[P u mocienyromiee CeKBEHHUpOBaHUE MpoBoawiIock it ¢parmenta 28S u ITS2 p/IHK. TI'omoreHodopsr ObuTH
OKpallleHbl KBAaCIIOBBIM KapMHHOM, 3aKIJIIO4YEHbI Ha TIOCTOSIHHBIE TpenapaTsl u choTorpadupoBaHbl iisl JaJIbHEUIIEro
npoBeeHust MophomeTpu. I1o 00enmM MapKepHBIM MTOCIEA0BATEIBHOCTSIM 00pasiibl MApHUT Pa3JICIIMIIICh Ha IBE TPYIIIIBL,
KOTOpBIE, I0-BUMMOMY, COOTBETCTBYIOT BuaM P. atomon v P. reflexa. ITiM IBYM IpyIiiaM COOTBETCTBOBAIN 00pa3Lbl
ciopouuct u3 L. vincta u L. saxatilis. Oxa3zanock, 4Tto cropouucra u3 B. undatum TPUHAIISKUT APYTOMY POIY
orenienuy — Anomalotrema. B nanpHelIeM MIaHUPYeTCsl TPOBECTH MOP(OMETPUIO MapHT, M BKJIIOYHTH OOJIBINE
00pa3IoB B MOJIEKYJISIPHO-TE€HETUIECKUH aHaIN3.

Paboma evinonnena npu nooodepocke epawma PH® 19-74-10029 u pecypcuoco yenmpa «Pazeumue
MONEKYIAPHBIX U KiemoyHwvlx mexuonozutiy CII0IY.

Trematodes of the genus Podocotyle (Digenea: Opecoelidae) in the coastal ecosystems of the White and
Barents Sea
Gubler A.* Kremnev G., Skobkina O., Uryadova A., Krupenko D.

Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
* e-mail: gubler.ag@gmail.com

Two species of the genus Podocotyle (Trematoda: Opecoelida) — P. atomon and P. reflexa — widely occur in

arctic and boreal seas. It can be quite difficult to define these species through their morphology. The purpose of our study
was to find genetic differences between P. atomon and P. reflexa.

78



Yro npeacraButesn poaa Neophasis (Digenea: Acanthocolpidae) MoryT pacckasaTb 0 NpuYHHAX
BO3HHKHOBEHHSI BTOPUYHO ABYXXO3SIiHBIX KU3HEHHBIX IIUKJIOB TpeMaTon?
Kpemnes I A.'* Tonuap A. I'"?, Kpanueun B. A.", Ypaoosa A. A.', Muponio6os A. A."?, Kpynenxo J. FO.'

! Canxr-IleTepOyprekuii rocyIapcTBEHHBIN YHUBEPCUTET, Kadeapa 300510ruu 6ecro3Bonounbix, Cankt-IletepOypr
2 3oonoruueckuii uacTuTyT PAH, 1aGoparopus napasurtuueckux uepseil u npoructos, Cankr-TleTepOypr
* e-mail: ekremnyov(@yandex.ru

Y tpemaron (Trematoda: Digenea) Tpexxo3siiHbIe J>XM3HEHHBIE NHKIBI MOTYT BTOPUYHO CTAHOBHUTHCS
JIBYXXO3SHHBIMU B Pe3yJIbTaTe BHINAJACHHUS U3 IyTel IUPKYJISIIH Napa3suToB BTOPOTO TPOMEXYTOUHOTO XO3sIMHA, POIIb
KoTOporo Oeper Ha ceOsl MEepBBIH IPOMEXKYTOUHBIN XO3SMH — MOJUTIOCK. llosIBIIEHWE BTOPHYHO JBYXXO3SHHBIX
KM3HEHHBIX IMKIJIOB CBS3BIBAIOT ¢ OOMTAaHMEM B 3KCTPEMAaJbHBIX YCIOBHAX: Ha3eMHO-BO3IYIIHOM cpene, MPHINBHO-
OTJINBHOHM 30HE, MECTax C SIPKO BBIPQKEHHBIMU CE30HHBIMH TIeperaziaMu Temreparyp. OJHaKo CIpaBeTMBO JIM TaKOe
00001IIeHNe I BCeX TPEeMaToxa?

OTBeT MOJKET OBITh NOJIYYEH IIPU U3Y4YEeHUN ONN3KHX BUIOB TPEMATOJ C Pa3HOM CTPYKTYPOH )KN3HEHHOTO IUKIIA.
Y 100HO# MOJIeNbIO SBJISIOTCS MpencTaButenu pona Neophasis (cem. Acanthocolpidae). Bun N. anarrhichae obnanaer
BTOPUYHO JIBYXXO3SWHBIM JKU3HEHHBIM ILIMKJIOM, €r0 OKOHYATENIFHBIM XO3SWHOM SIBIISIETCSl TIojiocaTas 3y0OaTka, a
€/IMHCTBEHHBIM MPOMEXYTOYHBIM — OPIOXOHOTHH MOJUTIOCK Buccinum undatum. YXusHeHHslld uukn N. oculata Obu1
OIMCaH B JIUTEpaType KaK TPEXXO3SHHBIM, ONHAKO CBEIEHUS O CHEKTpPEe ero MPOMEXYTOYHBIX XO035€B OKa3aJnCh
OLIMOOYHBI, YTO OBUIO MMOKa3aHO HaMH paHee. [103TOMy BBISIBUTH MPUYHMHBI BOSHUKHOBEHHS BTOPUYHO JBYXXO3SHHOTO
KU3HEHHOTO IMKIa N. anarrhichae oka3piBaeTcs HEBO3MOXKHBIM 0Oe3 IepeorncaHus )XKu3HeHHoro nukia N. oculata.

[NoTeHumanbsHbIE TPOMEKYTOYHBIE M OKOHUYATEIbHBIE X0351eBa ObIIH 0TiIOBIeHH B Kanganakmickom n OHeEKCKOM
3amuBax bemoro mops B 2018-2020 rr. M3BieueHHABIC 3 PHIO M MOJUTIOCKOB CTa/INH KU3HCHHOTO IIMKIIA TAPA3UTOB OBLIN
3a(hMKCHPOBAHBI IS TTOCIIEAYIOMIEr0 MOP(OIOTHYECKOTO U MOJIEKYIIIPHO-TEHETHIECKOTO aHAIIN3a.

CooTBeTcTBHE CTaANH, 00HAPYKEHHBIX B IPOMEKYTOUHBIX X03s51€Bax, MapuTaM N. oculata n N. anarrhichae 0110
YCTaHOBIIEHO € MOMOINBIO OBYX siaepHbIX Mapkepo (ITS1, 5.8S-1TS2 p/IHK) u muroxounpuansaoro rena COX1. Mst
MTOKa3aJd, YTO MEPBBIM MIPOMEKYTOUYHBIM XO3SIMHOM N. oculata sBnAr0oTCs OPIOXOHOTHE MOJUTIOCKH U3 ceM. Buccinidae
(Neptunea despecta, B. undatum) M OATBEPIMIIH, YTO BTOPHIM IPOMEKYTOYHBIM M OKOHYATEIBbHBIM X03SUHOM JTOTO
BHJIa MOKET BBICTYIIaTh €BPOINIEHCKUNA Kepuak. VIMeBIIascs B IUTepaType PEKOHCTPYKIMS ABYXX03IHHOIO KU3HEHHOTO
nukina N. anarrhichae Obula BepudUIMpOBaHa W JIONIOJHEHA HOBBIMH JIAHHBIMH O pa3BUTUM MaTEPUHCKHX
MapTeHOreHeTHYecKnX mnokonenui. Lepkapuu N. anarrhichae HecnocoOHBI OCYIIECTBISITH TPAHCMUCCHIO BO BHEIITHEH
cpezie, Ha UTO yKa3bIBaeT MoTepsl MyKOUJHBIX IUTOHOB U cilaboe pa3putue rina3. OHu 6e3 MHIMCTUPOBAHUS Pa3BUBAIOTCS
B MeTalepKapHii, KOTOpbIE MOTYT 3aBepIIaTh CBOE Pa3BUTHE W HAYMHATD SHIEIPOYKIHIO, BCE €Ille HaXO/SICh B IEPBOM
MIPOMEXYTOUHOM XO3SHHE.

[omy4eHHbIe pe3yibTaThl CBHUACTEILCTBYIOT, YTO IOSIBICHUE BTOPWUYHO JBYXXO3SHHOTO >KW3HEHHOTO ITHKJIA
N. anarrhichae He sBIAeTCS NMPUMEPOM aJaNTalMd K 3KCTPEMalIbHBIM yCIOBUSIM obOutanus. Ilo-Buammomy, ero
BO3HHKHOBEHHE CBSI3aHO C NMPHOOPETEHHEM HEMPEPHIBHOTO OHTOICHE3a y repMad)pOANTHOTO MOKOJEHUS MPEAKOBOH
(hopMBI, KOTOPBIH, CKOpee BCero, c(hOpMUPOBAJICS B OTBET HA WHTEHCHBHBIC B3aUMOOTHOIICHUAMH «XHITHUK-)KEPTBa»
MEXKY MOJIOCATOM 3y0aTKON U OOBIKHOBEHHBIM OYKIIMHYMOM, TO €CTh OBLJIO 00YCIIOBIICHO CKOPEe OMOTHUYCCKUM, HEXKETH
abuoTHueCcKUM (PakTopoM.

Paboma evinonnena npu noodepaicke epanma PH®D 19-74-10029, pecypcnozo yenmpa « Pazsumue mMonexyaisapHuwix
u xknemounvix mexnonozutiy CII6I'Y, pecypcnoco yenmpa Mukpockonuu u Muxpoananuza CIIOTY u [Jenmpa
Konnekmugno2o nonvzosanus « Taxcony 3MH PAH.

Representatives of Neophasis spp. (Acanthocolpidae) as a model for understanding causes of life cycle
truncation in Digenea
Kremnev G.'* Gonchar A."?, Krapivin V. Uryadova A", Miroliubov A."7, Krupenko D.!

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Zoological Institute RAS, Laboratory of Parasitic Worms and Protists, Saint Petersburg
* e-mail: ekremnyov(@yandex.ru

We redescribed the life cycle of Neophasis oculata and verified the life cycle of N. anarrhichae. We suggest that

life cycle truncation in N. anarrhichae was initiated by an acquisition of continuous morphogenesis in the hermaphroditic
generation and supported by a strong prey-predator relationship between Atlantic wolffish and common whelk.
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[ocaeacTBus 3apakeHusl TPeMaToAaMi HA MeTa00JIOMHOM U TPACKPHIITOMHOM YPOBHE B CHCTEMeE
XO03IMH—TIAPa3uT «MOJLTIOCKH Littorina—napteHuTtsl Tpemaron Microphallus spp.»

THaenoea I1. A.'* Penxun E. A.”, Manvyesa A. JI.', Hanosea M. B."”, Bapgonomeesa M. Al Jlanunos JI. r
Tpanosuu A. U.!

! Canxr-TleTepOyprekuii rocynapcTBeHHbIN yHUBEpcuteT, Kadempa 3oomornn Gecro3sonounsix, Cankr-IletepOypr
2 University of Gothenburg, Department of Marine Sciences, Gothenburg, Sweden
* e-mail: pollypavlova98@gmail.com

Wzyuenne mapa3uTo-XO3IMHHBIX B3aUMOOTHOIICHHH HA Pa3IMYHBIX YPOBHAX (T€HOMHOM, TPaHCKPUITOMHOM,
MIPOTEOMHOM, METa0OJIOMHOM) — OJlHAa W3 BAaXHBIX 3aJay I1apa3uTOJIOTHH, IIOCKOJIBKY IaHHBIE WCCIIEJOBAHMS
CIIOCOOCTBYIOT BBISIBICHHUIO KOHKPETHBIX MOJICKYJIIPHBIX MEXAaHH3MOB B3aUMOJICHCTBUII B CHCTEMAaX Mapa3uT-XO3sIHH.
BimsHue mapasuta Ha (M3HMOJOTHIO XO3SMHA MHOTOTPAHHO: HANpHMeEp, HPH 3apaKCHHH TPEeMaToJaMH y XO3seB-
MOJUTFOCKOB MOKET IIPOMCXOJUTh H3MEHEHHE OBEICHHS M MOP(OJIOTHH, YTpaunBaeTcs: CIIOCOOHOCT K Pa3MHOXKEHUIO,
MEHSIOTCS Pa3JIMYHBIE ACIIEKTHI INIACTHYECKOT0 M SHEPreTHIECKOro ooOMeHa. Hame nccneoBanne HalelleHO Ha aHAIN3
(bU3NOTOTHYECKUX SIBIICHHUH, MPOUCXOMAMINX B OpraHm3Me MOJUTIOCKOB-muTOpuH (Gastropoda, Litforina) B CBS3M C
3apakeHHeM TpeMaTomamu pona Microphallus, Ha TpPaHCKPUIITOMHOM M METaOOJIOMHOM YPOBHSIX.

TpaHCKPHUIITOMHBINH aHaIW3 MOKa3bIBaeT, YTO YPOBHH DKCIIPECCHM Y 3apaKEHHBIX IMapasuTaMd MOJUIIOCKOB
Xapakrepusyercst 0Oojiee BBICOKMM ypoBHeM nucrniepcud. Jnsg ananmuza IuddQepeHIHanbHO AKCIPECCUPYIONINXCS
TpaHCKpHUNTOB MeTo10M SPLS-DA 651510 0T0Opano 20 TpaHCKPUIITOB, OKa3bIBAIOIINX HAHOOJIBIIECE BIMSHIC HA PA3THUUS
B TPAaHCKPHUIITOMax 3apaXK€HHBIX M He3apa’KeHHBIX MOJUTIOCKOB. Cpean aHHOTHPOBAaHHBIX TPAHCKPUITOB OKa3aJloCh
HECKOJIBKO, KOIMPYIONHX OeNky, (pyHKIUS KOTOPHIX CBsI3aHA C TPAHCISILMEH U co3peBaHUEM OeIKOB, pOpMUPOBaHHEM
pubocoM, saepHO-IMTOILIa3MaTHYECKUM TpaHcropToM u penapanueid JJHK. DTo MoxeT ykasbiBaTh Ha TIyOOKHe
(YHKUMOHAJBbHBIE H3MEHEHHUsSI B OpraHU3Me 3apakKeHHOTO MOJUTIOCKa. Kpome Toro, y 3apakeHHBIX oco0el MoKa3aHo
YBEJIMYCHUE YPOBHS SKCIPECCHU I'eHAa SHIOXUTHHA3a-A-1I0ZOOHOTO (epMeHTa, BEPOSTHO, BOBICYCHHOTO B IPOIECCHI
OMOMUHepaIH3allii U CHHTE3a PAKOBUHBL; a TAK)Ke YPOBHS AKCIIPECCHH TeHa cylb(oTpancepasbl, OTBEYAIOIIECH B TOM
quclie 3a cyab(haTUpOBaHUE OJIOBBIX TOPMOHOB.

PesynpraTel MeTa0OJIOMHOTO aHalN3a TakkKe JEeMOHCTPHPYIOT OoJbIlee pa3HOOOpa3ue MeTabOHTOB,
CHHTE3WPYEMBIX B TKAaHAX 3apa)KCHHBIX 0COOEH (YTO XOpOIIO COTNNAcyeTcsl C NaHHBIMH TpPaHCKpUNTOMHKH). Cpemu
MeTaboJUTOB, OOMJIME KOTOPHIX Haubojiee CHIBHO OTIMYAET 3JOPOBBIX M 3apa)KEHHBIX JIMTOPUH, MOXXHO BBIICIUTH
CBOOO/IHBIE aMHUHOKHCJIOTHI (BaJIMH, MPOJIMH, METHOHHH M Jp.), CBOOOJHBIC JKHUPHBIC KUCIOTHI, 0a30BbIE YUYACTHUKH
a’po0HOTrO M aHA3POOHOro oOMeHa (JIaKTaT, MaJiaT, CyKIIMHAT). TakKe CTOUT OTMETUTh CHUXKCHHE YPOBHS CTEpoJia
(BO3MOYHOTO TPE/IIIECTBEHHNKA ITOJIOBBIX TOPMOHOB) Y 3apa)KEHHBIX 0COOEH, 4YTO MOXKET OBITH CBSI3aHO C aKTHBHOCTBIO
YIIOMSHYTBIX BbILIE CynbdoTpaHcdepas u/uin sSBICHUEM Mapa3uTapHON KaCTPaIUH.

TaxuMm 00pa3oM, Hallle NccIeJOBaHNE AEMOHCTPHUPYET 3HAUNTEIbHBIC U3MEHEHHMS B OpraHU3Me HH()UIIMPOBAHHBIX
MOJUTIOCKOB Ha TPAHCKPUIITOMHOM M METa0O0JIOMHOM yPOBHSIX, 3aTParuBaloIre B IEPBYIO OUEPEIb IEMEHTHI a3pOOHOTO
1 aHa’poOHOro Merabonm3ma, MeTaboiM3Ma aMHHOKHCIOT, CHHTE3a pPaKOBHHBI, a TakKe, MO BCEH BHUANMOCTH,
TOPMOHAIBHBIA (JOH B TKAHSX.

Ilpoexm evinonnsaemcsa npu noooepoicke epanma PODPU 19-04-00392 ¢ ucnonvsosanuem 000pyo0o8aHus
Kageopwr 3oono2uu 6ecnozeonounvix CI161'Y u PL] PMuKT CIIoI'Y.

Consequences of infection with trematodes at the metabolomic and transcriptomic levels in the host-
parasite system “periwinkles Littorina spp. — digeneans Microphallus spp.”
Paviova P."*, Repkin E.! Maltseva A.', Panova M."?, Varfolomeeva M.", Danilov L.", Granovitch A.!

! Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
2 Department of Marine Sciences, University of Gothenburg, Gothenburg, Sweden
* e-mail: pollypavlova98@gmail.com

In this work, we analyzed the transcriptome and metabolome of periwinkles of the genus Littorina, healthy or
infected with digeneans. Large-scale changes in the physiology of infected hosts at both the transcriptomic and
metabolomic levels have been shown. The changes affect primarily the processes of catabolism and anabolism, as well
as the level of sex hormones in the tissues of the mollusks.

80



Het BpeMeHH pacc/ia0iisaThCsi: HHBA3HOHHASA CMOCOOHOCTH PA3HOBO3PACTHBIX IePKAPHIi B YCJTOBHAX
cy0apKTHYeCKO# JUTOpaIu
Dedopos /1. ,H.]’z * Huxonaes K. E.°, Bunoepaodosa A. A2 Jesaxun U. A2, F'anakmuonos K. B.>>

'PIIIY um. A. WU. T'epuena, xadenpa zoonoruu, Cankr-IlerepOypr

2 3oonoruueckuii uacturytT PAH, Cankr-TTetepOypr

3 Cankr-IleTepOyprekuii roCyIapCTBEHHBIN YHUBEPCHUTET, Kadeapa 30010ruu 6ecrno3sonounbx, Cankr-IleTepGypr
* e-mail: leeroy.1996@mail.ru

[IpoBeneHo SKCIEpUMEHTAIFHOE HCCIIEI0OBaHNE MHBa3HOHHOH CIIOCOOHOCTH Pa3sHOBO3PACTHBIX LEPKAPHUH JIBYX
BuaoB Tpemaron Himastla elongata (Himasthlidae) n Cercaria parvicaudata (Renicolidae) mo oTHOIIEHHIO KO BTOPOMY
TIPOMEKYTOUHOMY XO3siuHY — MUK (Mytilus edulis). AKTyanbHOCTh HaCTOAMICH pabOTHI CBA3aHA C TEM, YTO U1 pAaa
BUJIOB TpeMaroi, B OCOOCHHOCTH TpeacTaBuTeneil ceMm. Echinostomatidae, mupkyaupyrommx B HPECHOBOIHBIX
9KOCHCTEMAX ITOKAa3aHo, YTO IepKaphy B MepBbie Yachl Ku3HU (1-3) dakTudecku He CIIOCOOHBI K 3apa’keHHIO BTOPOTO
MIPOMEKYTOUHOI'0 X035iMHa. B TO ke BpeMs U1 TpeMaTol MOPCKHX NMPUOPEKHBIX SKOCHCTEM TaKUX MCCIIEIOBAaHHI He
npoBoauiock. Kpome Toro, uccienoBaHHbII Hamu mnpenacraBurend ceM. Himasthlinae — H. elongata Onuzok x
9XWHOCTOMATHAM M paHee BKJIIOYAJICS B COCTaB AITOTO CEMEWCTBA. B pe3ysbraTe BBHITOJIHEHHOTO HAMU SKCIEPHMEHTA
N0 3apakKEHHI0 MOJUTIOCKOB IiepkapusaMu H. elongata u C. parvicaudata cpok »H3HU KOTOpBIX cocrasisul ot 0,5 1o 6
4acoB, OBIIO TIOKA3aHO, YTO JMYMHKHU 3TUX BHJIOB YCIENIHO 3apaykaroT BTOPOTO MPOMEXYTOYHOTO X035MHA Cpa3y Mociie
BBIXOJIa M HA MPOTSHKEHUH 6 YacOB MX MHBA3MOHHAs criocoOHocTh He MeHsieTcss (ANOVA; H. elongata: F = 1,053, df =8,
p <0,4; C. parvicaudata: F = 2,046, df = 8, p < 0.06). BeposiTHEee Bcero 0OTCYTCTBHE MEPHUOJIA IIOKOSD» (HECTIOCOOHOCTH
3apa3uTh X035MHA), OTMEYESHHOTO JUISl IPECHOBOIHBIX YKOCHCTEM CBA3aHO C HECTAOMIBHOCTBIO YCIOBH B INTOPATBHOM
30He, IJI¢ BCIECTBHE PsAa aOHOTHISCKUX (PaKTOPOB (BOJIHOBOE BO3JCHCTBIE, IPHINBHO-OTIIMBHEIC TCUCHHS) BO3ZMOXKHA
OBICTpast >JIMMHHALUS LepKapril N3 30HBI KOHTAKTA C X035SHMHOM. B TO jke BpeMsl B IPECHOBOIHBIX SKOCHCTEMAX MEPHON
«TIOKOSD» cHOCOOCTBYeT Goee YCIeIHONW AUCIICPCHU JIMYMHOK B IPOCTPAHCTBE 3a CYET COOCTBEHHON ABUraTELHOW
aKTUBHOCTH, B TO BpeMs KaK B YCIOBHSX JINTOPAJIHM AUCIICPCHS LIEPKAPHUiA IO BCeil BUAUMOCTH OCYIIECTBIIAETCS 3a CUET
THAPOANHAMHYECKOH aKTHBHOCTH.

IIpoexm @vinonnsiemcs npu noodepaicke PH®D Ne 18-14-00170.

No time to relax: the infection capacity of cercariae in sub-arctic littoral conditions
Fedorov D."** Nikolaev K.?, Vinogradova A."?, Levakin I°, Galaktionov K.>?

! Herzen State Pedagogical University, Department of Zoology, Saint Petersburg

2 Zoological Institute Zoological Institute RAS, Saint Petersburg

3 Saint Petersburg University, Department of Invertebrate Zoology, Saint Petersburg
* e-mail: leeroy.1996@mail.ru

We carried out an experimental study on the ability of cercariae of different age belonging to two trematode
species, Himastla elongata and Cercaria parvicaudata, to infect a second intermediate host, the mussel (Mytilus edulis).
We have shown that the larvae of these species successfully infect mussels immediately after release, and their infection
capacity does not change for 6 hours.
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MplmeyHasi cHCTeMa KOPHEroJ0Boro pakoodpa3Horo ¢ MoAyJIbHOW OpraHn3anueil HHTepHbI
Peltogasterella gracilis (Cirripedia: Rhizocephala)
Apbyszosa H. A."?* Jlaneyzoea A. 1.2, Jlanwun H. E.", Jlackosa E. I1.!, Mupono6oe A. A.°

! Cankr-IleTepGyprekuii rocyapeTBEHHbIN YHUBEPCUTET, Kadenpa 30010ruu 6ecrio3BoHounbx, Cankt-IleTepGypr
2300noruueckuii uHcTUTYT PAH, 1aG0paTopus Mo U3y4eHHIo NapasuTHIECKHX YePBEH U TPOTUCTOB, CaHKT-
[TetepOypr

* e-mail: arbuzovanata0211@gmail.com

Rhizocephala — rpymnmna nepeme/nmx K mapasuTHaeckoMy o0pasy )KU3HHA PaKooOpasHbIX, CIICHATH3UPOBAHHBIX
HACTOJIBKO, YTO B3POCIIbIE OPTaHU3Mbl YTPATUIIN BCE YEPTHI CXOCTBA CO CBOOOTHOKUBYIIIMMHU POJACTBEHHHUKAMHU.

Teno B3pocioil caMku TOApa3fensieTcss Ha JBa (YHKIHOHAJIBHBIX OTJENa: MENIKOBUAHYIO 3KCTEpHY,
COJICPIKAIYI0 PEMPOAYKTUBHYIO CHCTEMY I[1apa3uTa, M WHTEPHY — CHCTEMY BETBSIIMUXCS CTOJIOHOB, JIEXKAIIUX B
reMorerne xo3sauHa. B xo/ie ®HU3HEHHOTO IIMKJIa apa3uTHIecKas B3pOciiasi caMKa He HaceyeT KaKuX-u0o OpraHoB OT
cBOOOTHOXUBYIIEH IMIMHKA. Bee ee Teno ¢popmupyercs de novo, B TOM 4ucie U ciennuieckas MBIIIeYHas CUCTEMA.

K HacTosieMy MOMEHTY ObLiTa ONMcaHa MBIIIICUHAs CHCTEMa y MpeIcTaBuTeNeil Tpex ceMeicTn: Peltogasteridae,
Sacculinidae u Polyascidae. Ilenpto gaHHOW pabOThI OBUIM BU3yadH3allMsd W OINHUCAHAE MBIIICYHONH CHCTEMBI
Peltogasterella gracilis (cem. Peltogasterellidae) ¢ momoIibio KOHPOKAIBHOM Ja3epHON CKaHUPYIOMICH MUKPOCKOIIHH.

B oTinume oT paHee OMUCAHHBIX BUIOB, P. gracilis UMeeT BBIpaKEHHYIO0 MOIYJIbHYIO OpTaHU3aluI0 HHTEPHbL. B
abJoMeHe XO3SMHa JIe)KaT MHOTOYHCICHHbIE MOayiu. Kaxaplii Momynb HeceT dKkcTepHy. OHa CBsi3aHa C TJIaBHBIM
CTOJIOHOM, HECYIIMM MHOXECTBO OOKOBBIX BBIPOCTOB, U MPUBOASAIINM CTOJIOHOM, COCIHMHSIOUIAM JKCTEpHY C OOMIeH
YacThIO UHTEPHBI. TaKkKe MOXKHO OTJCIIBHO BBIACIUTH 30HY, B KOTOPOH CXOJSITCS MPUBOISIIMIA U TNIABHBIA CTOJIOHBI U
crebernek dKcTepHbl. B Topakce W 4acTu abjoMeHa XO3sIMHA JICKUT OOIasi 4acTh MHTEPHBI, HE MPUHAICKAINAS HU
OJTHOMY MOJIYJIIO U OOBETUHSIONIAS HX MEXIY COOOM.

MpllIe4HbIE BOJIOKHA B UHTEPHE PACIIOJIOKEHBI B CTEHKE CTOJIOHA, YaCTh U3 HUX UJIET OT MMOBEPXHOCTH CTOJIOHA K
LEHTPAJIbHOMY KaHaly, 4acTh HapaJuielibHa CTeHKE CTOJIOHA. MpblllieuHas cucTeMa B UHTepHe P. gracilis paznudaercs B
pasHbIX ee 4acTsx. Tak, B OOIIel 4acTH MHTEPHBI PACIIONAraroTCsl OT/ENIbHbIE MBIIICYHbIC BOJOKHA, HE 00pa3yrolue
C€ANHYIO CCTh. B MIPUBOJAAIIEM CTOJIOHE MOAYJISA KOJIMYECTBO CaMUX MBIMICYHBIX BOJIOKOH YBCIIMYUBACTCSA, TAKKE MCKITY
HUMH TOSBJISIOTCS 0OJiee YacThle aHACTOMO3bL. B TITaBHOM CTOJIOHE TOXE OBLIO OOHApPYXEHO OOJBIIOE KOIHYECTBO
AHAaCTOMO30B MEXKY BOJIOKHAMM. Taxxe 6BIJ'IO OTME€UYCHO, YTO KOJUYECTBO MBI, UAYIIUX K IEHTPY CTOJIOHA, 31€Ch
3amMeTHO Ooubiie. Kpome TOro, MblilieyHbie BOJOKHA 3aXOJSAT JOBOJNBHO J1aJI€KO B OOKOBBIC BETBU TIABHOTO CTOJIOHA,
Yero He OTMEUANIOCh JIs mpezcTaBuTeneii cem. Peltogasteridae. B HEKOTOPBIX 0COOSX MBIIICYHON CUCTEMBI B TJIABHOM
CTOJIOHE HE OOHApYKUBAJIOCh BOBCE. BO3MOXKHO, CTENEHb PA3BUTHS MBIIICUYHOH CHCTEMBbI B MOAYISIX KOPPEIUPYET C
BO3pAaCTOM CaMOT'0 MOJYJISL ¥ CTEIICHBIO PA3BUTHS €TI0 SKCTEPHBI.

B crebernbke 3KCTEpHBI MBIIIEYHAsE CUCTEMA MPECTaBIICHA CITUPAIIBIO U3 MBIIICYHBIX BOJIOKOH, KOTOPBIC 3aTeM
MepeXosIT B MYCKYJaTypy camoil 3KcTepHbl. MycCKylaTypa 3KCTEPHBI MpPEICTaBlIeHa OTACIbHBIMU MBIIIIAMH,
MPOXO/SIIIMMU Y€Pe3 BUCIEPATbHYIO MACCy, MPEICTaBISIONIYI0 cO00H COBOKYMHOCTh OPraHOB 3KCTEPHBI, a TaKKe
KOJIBIICBBIMU BOJIOKHAMH B MaHTHH, OKPY>KarOIIeH BUCIEPAIbHYIO Maccy.

Paboma evinonnena npu noodepacke epanma PH® Ne 21-74-00018.

Muscular system of Peltogasterella gracilis — a rhizocephalan with the modular organization of
interna
Arbuzova N.>* Lianguzova A2 Lapshin N.!, Laskova E.', Mirolubov A.”

!'Saint Petersburg State University, Department of Invertebrates Zoology, Saint Petersburg
2 Zoological Institute RAS, laboratory of parasitic worms and protists, Saint Petersburg
* e-mail: arbuzovanata0211(@gmail.com

Peltogasterella gracilis (Rhizocephala: Peltogasterellidae) has modular type organization of interna in contrast to

previously described species. Because of that, its muscular system is heterogeneous along the interna and is more complex
compared with previously described species. We believe it’s due to different functional loads of distinct interna parts.
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HMuTerpanusi B HePBHYIO CHCTEMY X035IMHA M CTPYKTYPA HHTEPHBI MPeICTABUTESI NAPa3UTHYECKHX
paxoodpa3HbIx Lernaeodiscus rybakovi (Cirripedia: Rhizocephala)
Janwun H. E."*, JIaneyzosa A. 1.2, Ap6ysoea H. A."?, Jlackoea E. I1.", Envwuna . K.!, Muponio6os A. A.?

! Cankr-IleTepGyprekuii rocyapeTBEHHbIN YHUBEPCUTET, Kadenpa 30010ruu 6ecrio3BoHounbx, Cankt-IleTepGypr
2300noruueckuii uHcTUTYT PAH, 1aG0paTopus 1o U3y4eHuo apasuTUIeCKuX 4epBei u mpotuctos Cankr-TleTepOypr
* e-mail: lapshin-nikita@mail.ru

KopnerosoBsle pakooOpa3Hble — mapasutuyeckue npeacrasurenu rpymnmsl Cirripedia. Teno B3pocioir ocodun
KpaiiHe MOIU(HUIMPOBAHO W TPEICTABISIET M3 Ce0sI CeTh CTOJOHOB, 3aJIETAIONIMX B TEMOIIETEe X035€B — HHTEpHY.
Xo03s1eBa KOPHETOJOBBIX PAKOB — JIPyTUe PaKOOOpa3Hble — TEPSIIOT PENPOAYKTHBHYIO (QYHKIHIO, & TAKIKE U3MEHSIOT
CBOE MOBEJICHHE [0]] BO3/IEHCTBIEM JaHHBIX Mapa3uToB. [loaToMy u3yueHue pu3oiieda npeacTaBiseT 0CoObli HHTepeC.
[Ipn m3yueHnn cTpoeHUst MHTEPHBI NpercTaBuTeseil cemeiictB Peltogastridae, Peltogasterellidae, Sacculinidae Ov1o
OOHapY)XEHO, YTO CTOJIOHBI Mapa3uTa CIOCOOHBI MPOHUKATh B TAHIJIMU XO35€B, @ HA KOHIAX TaKUX CTOJOHOB
pacmnonaralTcs ClelUaAIN3UPOBaHHbIC OOKAIOBH/IHBIC OpraHbl. 3a MOCIEIHIE MOJTOpa roja HaM YJajaoCh MONYYHTh
HOBBIC TaHHbIe 110 BULY Lernaeodiscus rybakovi (cem. Peltogastridae), KoTopblii paHee ObLIT OTHOCHUTEIILHO 1200 H3YUCH.

B xoe BBIMOTHEHHS JaHHOW paOOTHl HAM YIaJI0Ch YCTAHOBUTb, YTO CTOJIOHBI L. rybakovi Tak e, Kak U CTOJIOHBI
paHee HCCIIeIOBaHHbIX MPEICTaBUTENEH KOPHETOJIOBBIX, CIIOCOOHBI TPOHHUKATH T0]] 000JI0YKY FaHIJINS CBOETO X03i1Ha,
BeepHOTrOo Kpaba (Pachycheles stevensii). Ha KOHIIE CTOIIOHOB, ACCOI[MMPOBAHHBIX C TaHDIMAMH XO3SIMHA, OBUIA
0OHapy>keHbI OOKaJIOBU/IHBIE OPTaHbl IBYX pa3HbIX THITOB. bOKalOBU/IHBIE OpraHbl IEPBOTO THUIIA LETHUKOM 3aJIETaloT B
TOJIIIE HEPBHOW TKaHH XO3sIMHA, B TO BPeMs KaKk OOKaJOBHHbBIE OpraHbl BTOPOTO THIIA JIUIIG HAPYLIAIOT HENOCTHOCTh
0000uky TaHrus. [IoMUMO 3TOTO, OBUTH OOHAPYXKEHBI CTOJNIOHBI MApa3uTa, PACIONATAIOIIUECS B HEPBHBIX THKAX
x03siuHa. K ToMy ke ObLIO MOATBEPIKAEHO, YTO TPOPHUUECKUE CTONOHBI L. rybakovi, Kak U CTOJIOHBI paHee OMUCAHHBIX
BUJIOB, OTUIETEHBI CETHIO HEPBHBIX KJIETOK X03siHA. [IOMHMO BBIIIETIEPEUUCIIEHHBIX CAHTOB B3aUMOICHCTBHUS C HEPBHOMU
CHCTEMO¥i ObLIH OMUCAaHBI paHee HEM3BECTHBIC IETAIM CTPOCHUS MHTEPHBI. Tak, ObUT 00HAPYKEH EHTPAIbHBIN JEMEHT
WHTEPHBI — «TJIABHBIN CTOJOH», KOTOPBIA paHee HUKOTAa He YIIOMHUHAJCA B JInTepaType. | maBHbIi cronoH L. rybakovi
OTXOJUT OT cTe0elibKa SKCTEpHBI B a0J0MEHE M MPOIOIDKACTCSl Ha HEOOMbIIIOE pACCTOSIHIE B TOpake Xxo3suHa. Ha Bcem
NPOTSHKEHUH OT HETO OTXOJAT MepudepruecKre BEIPOCTHI.

Paboma evinonnena npu noodepacke epanma PH® Ne 21-74-00018.

Integration of parasitic crustaceans into the host nervous system and rootlets ultrastructure of
Lernaeodiscus rybakovi (Cirripedia: Rhizocephala)
Lapshin N.* Lianguzova A" Arbuzova N.'?, Laskova E.!, Enshina L', Miroliubov A.°

!'Saint Petersburg State University, Department of Invertebrates Zoology, Saint Petersburg
2 Zoological Institute RAS, laboratory of parasitic worms and protists, Saint Petersburg
* e-mail: lapshin-nikita@mail.ru

The aim of this study was to investigate the morphology of rootlets of Lernaeodiscus rybakovi, associated with
the ganglia of the host’s ventral nerve cord. During the study we have found modified rootlets. Meanwhile we confirmed
that trophic rootlets were enlaced by a host nervous cell. Also, we discovered the main trunk of L. rybakovi, which had
never been described earlier.
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Body snatchers that cause split consciousness in crabs: two parasitic barnacles in the nervous system
of one host
Lianguzova A.?* Laskova E.!, Arbuzova N."?, Lapshin N. I Miroliubov A.°

!'Saint Petersburg State University, Department of Invertebrates Zoology, Saint Petersburg
2 Zoological Institute RAS, laboratory of parasitic worms and protists, Saint Petersburg
* e-mail: reinhardtlennon@gmail.com

Parasitic manipulation is a widespread phenomenon in different host-parasite systems. In some cases, parasites
literally hijack the behavior of their host, altering the molecular pathways of the host’s immune and nervous systems. The
most striking example of the host manipulation is found among rhizocephalan barnacles (Cirripedia: Rhizocephala). They
are highly modified and specialized parasites of other crustaceans. The body of an adult rhizocephalan female comprises
two distinct parts: an externa (external reproductive body) and an interna (system of trophic ramifying rootlets located in
the host’s hemocoel). The rootlets of the interna carry out trophic function absorbing the nutrients from the haemocoel.
They also interact directly with the host nervous system. Some rootlets invade the host’s ganglia and form goblet-shaped
organs at the ganglion periphery. However, the exact mechanisms of this host-parasite interplay are not well-studied.
Moreover, there has been no information on the double infection of host by distinct rhizocephalan species until recently,
and our aim was to describe such a system.

In the Sea of Japan, the species described as Sacculina pilosella was known to parasitize the spider crab Pugettia
aff. ferox. A recent publication by Golubinskaya et al. (2021) reveals that this host can be infested by two different
parasites, S. pugettiae (fam. Sacculinidae) and Parasacculina pilosella (fam. Polyascidae). Typically, a host is infected
by only one parasite specimen; however, these two rhizocephelan species can infect one host at the same time. The species
S. pugettiae and P. pilosella are very similar: only minor differences have been described in the externa morphology.
Surprisingly, we have found a significant differences in the interna structure that was never thought to have
phylogenetically important features. These differences concern the structures involved in the interplay between the crab’s
nervous system and the rhizocephalan’s rootlets. In S. pugettiae we have identified the goblet-shaped organs. On the
contrary, P. pilosella has numerous thin rootlets inside the host’s nervous tissue that can be distinguished from the trophic
ones, but they never form goblet-shaped organs, like in S. pugettiae.

Our study provides the first example of the rhizocephalan double infestation in one host. This is particularly
intriguing in light of the host manipulation induced by these parasites. How do these species co-exist in one host? How
did this host-parasite system evolve? What happens with the consciousness of the crab in case of a double infection? All
of these questions remain enigmatic.

The study was funded by the RSF Ne 21-74-00018.

84



	Обложка сборника
	Сборник 2022 целиком без обложки


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 3 to page 177
     Font: Helvetica 8.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 28.35 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     1
     1
     
     BC
     
     1
     1
     H
     1
     0
     704
     210
    
     0
     1
     8.0000
            
                
         Both
         3
         SubDoc
         177
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

        
     2
     86
     85
     84
      

   1
  

 HistoryList_V1
 qi2base





