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YoukBuTHBIE BUAB Komenopa Arctodiaptomus salinus (Daday, 1885) u Calanipeda aquaedulcis
(Krichagin, 1873) — BaxkHble KOMIIOHEHTHI MUIIIEBHIX LieNeld MHOTOUMCICHHBIX MPECHBIX U COJIEHBIX
BOAOEMOB. JlaHHBIE KOMEMO/bl MPUTOJHBI AJIs1 KOPMJIEHHUSI JTUYMHOK KaK MOPCKHUX, TaK U MPECHOBO[I-
HBIX BHUJOB pbIO, OJHAKO BJIMSIHUE MUTAHWS Ha MPOAYKIMOHHBIE XapaKTEPUCTUKU ITUX BHUJOB KOIie-
OJ] U3y4YeHO HenocTaTouHo. PaHee Hamu ObLIO ONpeneeHO, YTO MOHOKYJIBTYPbl MHKPOBOAOPOCIER
Dinophyceae u Prymnesiophyceae siBistioTcsi OnTHManbHBIMA KOPMOBBIMU OOBEKTaMH JIJIS1 TIPOIYIIPO-
BaHUs sull camkamu A. salinus u C. aquaedulcis, BBIXKUBA€MOCTA U CKOPOCTY Pa3BUTHUS ITHUX KOMENON
Ha BCEM NPOTSKEHWU WX OHTOreHesa. llenb maHHOW paboTHI 3aKoyaiach B OMpPEAeIeHNH MPOIyKIIU-
OHHBIX XapakKTepucTHK konenon A. salinus v C. aquaedulcis B ONTUMAJIBHBIX TEMIIEPATYPHBIX YCJIOBU-
SIX B 3aBUCHMOCTHU OT BapUaHTa MUTAHUs CMeChI0 MUKpoBojopociielt Dinophyceae u Prymnesiophyceae.
HawuboJiee BrICOKME 3HAUCHHS BBKMBAEMOCTH A. salinus OT HayIUIMAJIbHOM JI0 B3POCIION CTaJUU Pa3BU-
tus (93-95 %) oTMedeHsl IPY MTUTAHUH KOTIETIO MOHOKYJILTY PO MHUKPOBOIOPOCTH Isochrysis galbana
(Parke, 1949) u cmecsio 1. galbana + Prorocentrum cordatum (Ostenfeld) J. D. Dodge, 1975; Hanmens-
I1ast MPOAOJIKUTETBHOCTD pa3BUTHSA (19 CyTOK) — TIpU KOPMJICHUM CMECHIO M3 TPEX MUKPOBOIOPOCIIEN
I. galbana + P. cordatum + Prorocentrum micans (Ehrenberg, 1834). HaumensInas cpeaHss NpoaoIKu-
TesbHOCTb pa3BuTHs C. aquaedulcis OT HayTIMaIBHON 10 B3pociion ctaauu pa3sutus (13 cyr.) 3aduk-
CHpPOBaHA MPH MUTAHUU CMECHI0 MUKpoBojiopochei 1. galbana + P. cordatum. HauveHbInas poosLKu-
TEJIBHOCTh HAYILIMAJIBHOIO MEPUO/a Pa3BUTHsI KOIEMOA 000MX BUIOB OTMEYeHa TOIja, KOrja B COCTaB
¥X AueTsl BXxoawia I. galbana B KayecTBe MOHO- WJIM OJJHOTO M3 KOMIIOHEHTOB cMecH. Takas e 3aKo-
HOMEPHOCTh COXPAHSETCS [Tl KOTIEMOJJUTHOTO MEPUOJIA, TOJBKO Yke ¢ P. cordatum. MakcumanbHast ab-
commoTHas rionoButoctsh C. aquaedulcis nocturana 24 sy Ha camky (I galbana), A. salinus — 16 suny
Ha caMKy (P. cordatum). Beiknes C. aquaedulcis Tpy MUTaHUM KaK MOHOKYJIbTypaMy MUKPOBOAOPOCIER
P. cordatum w 1. galbana, Tak n ux cmecoio pocturai 100 %. Ins A. salinus TOJIbKO TUTaHUE CaMOK
cMechio MUKpoBojiopociiedt 1. galbana + P. micans 00yciaBiMBaeT MaKCUMAJTbHBIN TPOLICHT BHIKJICBA.

KuaoueBbie ciaoBa: xomnenonwl, Arctodiaptomus salinus, Calanipeda aquaedulcis, BbIKUBae-
MOCTh, Ppa3BUTHE, Pa3MHOXEHHE, MHKPOBOAOPOCIH, CMeCh MHKpoBoaopocieit, Dinophyceae,
Prymnesiophyceae

B kauecTtBe MOJETBbHBIX BUAOB I JTAHHOW SKCHEPUMEHTAILHON padOThl BBHIOpAHBI JIBa Tpe.-
crapurensi Calanoida — cosoHoBaToBOIHBIE Konenoabl Arctodiaptomus salinus (Daday, 1885)
u Calanipeda aquaedulcis (Krichagin, 1873). OnHO U3 I71aBHBIX IPEUMYILECTB UCIIOIb30BaHUSA ITUX BUIOB
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B KauyecTBe OOBEKTOB MUTAHUSI B aKBaKyJbType — BO3MOXHOCTh MPUMEHEHUS] UX Ui KOPMJICHUS
KaK MOPCKUX, TaK U MPECHOBOHBIX JIMYMHOK IIEHHBIX BUJOB PBIO, TaK Kak 00a BUAA KOIEIOo I CIOCOOHHI
BBIJIEPKUBATh IMUPOKHIA crieKTp coi€éHocTd (10 50-60 %o) [4]. Cpenn Opyrux TEXHOJOTHYECKHUX Ipe-
MMYILECTB MOXHO BBIAEJIUTh TO, YTO y 3TUX BUIOB, B omiMuue oT Mopckux Calanoida, Hanpumep poaa
Acartia, OTCYTCTBYeT KaHHUOATM3M (B3pOCIIbIE KOTIETNO/Ibl HE BhIEJAI0T HU COOCTBEHHBIE sIiilla, H paHHUE
HaYTUIMAJIbHBIE CTa[IMM), BCJIEICTBUE Yero HAayIUIMaIbHbIe, KOTIEMONOAUTHBIE U B3POCIbIE CTAUU MOKHO
BBIPAIIMBATh COBMECTHO.

OCHOBHBIMM KPUTEPUSAMU MMUALIEBOM HEHHOCTU MUKPOBOIOPOCIIEN ISl KOTIENO SABJISIOTCS: IJIUTEIb-
HOCTb Pa3BUTHUSI 0COOEH P NMUTAHUU OJJHUM U TeM K€ BUAOM MUKPOBOJOPOCIIEH; BBKUBAEMOCTb Ha TIPO-
TSOKEHUH SMOPHUOHAIBHOTO pa3BUTHS (TIPOLIEHT BHIKJIEBA); YCIIEIIHOCTh JUHEK MPU Mepexoie OT OJHOM
KU3HEHHOW CTaJIMU K JIPYrOH; YCHEIIHOCTh MeTamopdo3a npu nepexojie OT Moc/eHeNd HayIIMaTbHON
CTaJMU K MEPBOM KOMENOJUTHO; BpeMsl TOCTHKEHHUs MOJIOBO3PEIOCTH; TNIOJOBUTOCTh CAMOK (CKOPOCTb
MIPOLYLMPOBAHUS UMU SIML); BBIKUBAEMOCTD JI0 MUTAIOIIEVCS HAYIUIMAIbHOM CTaIUN; YCIEIIHBIN MIEPEXO.L
HAYIJIMEB HA 9K30T€HHOE MUTAHUE.

Pe3ysbTaThl HANMX MpeablIyIIMX ucciieaoBanui [ 1 ; 3] mokazanu, 4To MOHOKYJIbTYPbl MUKPOBOJOPOC-
neit Dinophyceae u Prymnesiophyceae SBISIOTCSI ONTUMATbHBIMUA KOPMOBBIMUA OOBEKTAMU IS TIPOTYITH-
poBaHus aull camkamu A. salinus v C. aquaedulcis, BBIKUBAEMOCTH U CKOPOCTH PA3BUTHUS STUX KOMEMO
Ha BCEM IPOTSKEHUU OHTOreHe3a. Hamu BblesieHbl TeMIiepaTypHble ONTUMYMBbI KyJIbTUBUPOBAHUS KOIIE-
o (4+20...422 °C pna A. salinus n +20...426 °C ana C. aquaedulcis [2]), npu KOTOPBIX CyLIECTBEH-
HO COKpamiaeTcsi o0Iast mpoJoKUTEIbHOCTh PA3BUTUSI U JIOCTUTAOTCS HamboJiee BBICOKME 3HAUYCHUS
rokasarteJsiell BBhKUBAEMOCTH U TUIOJJOBUTOCTH OCOOCH.

Llenplo maHHOW paGOTHl OBLJIO OINpPEAETUTh MPOAYKIIMOHHBIE XapaKTepHCTUKU Komernox A. salinus
u C. aquaedulcis B onTUMaIbHBIX TEMIEPATYPHBIX YCIOBUSX NMPU MUTAHUM CMECHI0O MUKPOBOAOPOCIEN
Dinophyceae u Prymnesiophyceae.

MATEPUAJI 1 METO/IbI

DKcHepruMEeHThl IPOBOAMIIM Ha JJAOOPATOPHBIX KyJIbTypax konenoa A. salinus v C. aquaedulcis npy Tem-
nepatype (21 £ 1,5) °C. B kauectBe kopMma g A. salinus UCNOJIb30BAIM CMECh MUKPOBOAOPOCIIEN
Prymnesiophyceae (Isochrysis galbana Parke, 1949, 3—6 mxm) u Dinophyceae (Prorocentrum cordatum
(Ostenfeld) J. D. Dodge, 1975, 12—-14 wmxwm; Prorocentrum micans Ehrenberg, 1834, 28-42 mkwm).
s C. aquaedulcis rcnionb3oBaii cMecb MUKpoBojaopocient 1. galbana + P. cordatum. KoHUEHTpaluio
Ui nojjaep:xxusaiu Ha yposse 0,02—0,08 mr cyx. Macchl-MJI~' (COOTHOIIIEHNE MUKPOBOJIOPOCJIEN B CME-
CH ypaBHUBAJIH 10 CYXOMY BeCy €€ KOMIIOHEHTOB). VICTIOIb30BaHHBIE B 9KCIIEPUMEHTAX MUKPOBOAOPOCIIH
BBIPAIIMBAIM B HAKONUTEILHOM pEKMME HAa OCHOBE CTEPUIM30BAHHOW Y€PHOMOPCKOHN BOJBI, 0OOrameH-
HoW cpenoi YonHa [7], npu temneparype (24 = 1,5) °C u KpymJIoCyTOYHOM OCBELEHUH WHTEHCUBHO-
CTBIO 5 ThIC. JIK. AJaNITAMIO KOTIENO/| K MUTAaHUI0 MUKPOBOAOPOC/ISIMU OIpPeIeIEHHON CMeCH MPOBOANIIN
B Te€UEHHE MUHUMYM JBYX-TPEX HEJleJb.

B kauecTBe Ky/IbTypajbHOM Cpeibl (CYyCIEH3UsI MUKPOBOAOPOCIEN B CTEPUIIM30BAHHON MOPCKOM BOJIE)
I Korero, nmpuMeHsu Bogy Yépuoro mops [(17,8 = 0,2) %o], nporieninyio rpy0yi0 OYMUCTKY, OTCTO-
SIHHYI0, 3aT€M MEXaHWYECKU OYMIIIEHHYIO TIOCIeI0BaTeIbHON (PUIbTpAIlMEel Yepe3 KapTpUIKHbIEe (PUib-
Tpbl (pazmep nop — 10, 5 u 1 MKM), CTEPWIM30BaHHYIO C TIOMOIIBIO YbTpadguoyieTa U ABYKPaTHO Ma-
CTepU30BaHHYI0. [[J1s1 SKCMIEpUMEHTOB UCTIOIb30BAIN CTEKJISIHHBIE COCYIbI IMJIMHAPUYECKON (hOpMBI (00B-
éM — 50 Mu1), KOTOpbIE HAXOJWIKCH B YCJIOBUAX KPYIJIOCYTOYHOI'O OCBEIEHNSI UHTEHCUBHOCTBI0 2000 JIK.
[lonHyo 3ameHy KyJbTypaJbHOW Cpellbl B 3KCIEPUMEHTAJIBHBIX COCYJAaX IPOM3BOAMIN Kak[ble
ABa-TpU AHS.

s vccnenoBaHusl UIMTENbHOCTH JKU3HEHHOTO IMKJIAa KOIMEeNoJl, BBIKMBAEMOCTH M COOTHOIIIE-
HUS TOJIOB U3 JabopatopHbiXx Kynbryp C. aquaedulcis v A. salinus, agqanTUpPOBaHHBIX K TUTAHUIO
CMECBI0 MUKPOBOAOPOCJIEN ONpPEIEIEHHOIO BHUIA, OTCAKMBAJIM MO 15 BHIKJIIOHYBIIMXCS HAayIUIMYCOB
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N1 (cm. 0ObsicHeHHe HIXe) (6 TTIOBTOPHOCTEN IS KakKJIOM CMEeCH MHKPOBOJOPOCIIEN) KakI0ro BUIa KO-
nernos B 50-MJ1 cocyipl ¢ KyJIbTypaJIbHON Cpeioi. DKCIEePUMEHTHI TPOBOIMIN MPH IJIOTHOCTU KOTENOJ
B cocynax 0,3 9K3.-MT L.

BboKMBaeMOCTb KOTIETIO ] OLIEHWBAIM KaK MPOIIEHT 0COOeH, BUKMBIIMX TIPU MTPOXOXKICHUH BCEX CTa-
qui oT nepor HayrmaibHoM (N1) go mosoBo3spenon (C6). I[1poloKUTENbHOCTh Pa3BUTHSL KOTIENO
YCTaHABIMBAJIN KaK CPEJHUI BPEMEHHO MHTepBall pa3Butusi ocobeit ot N1 1o goctukenwst C6.

B skcnepriMeHTax Mo orpeaesieHuIo penpoiyKTUBHBIX XapakTepuctuk A. salinus v C. aquaedulcis 3 na-
OOPaTOPHBIX KYJIBTYp KOIEMO/I, aJalTHPOBAHHBIX K IMUTAHUIO ONpeIe/IEHHOW CMEChI0 MUK POBOJIOPOCIIEH,
B 50-MJI CTEKJISIHHBIE COCY1bl IMIMHIPUYECKON (POPMBI OTCAXKUBAIM O 1 camke ¢ aiiiaMu (n = 25 17151 Kax-
JON CMecH MUKPOBOJOPOCIIEH) KaxIoro Buaa Korenoi. IlogcunTeiBanyu KOJIMYECTBO Ul B Kiaake (aod-
COJIIOTHAS! TJIOIOBUTOCTh) M BBIKJIIOHYBILIMXCS JKM3HECTIOCOOHBIX HayruieB (% BbIKJeBa). Bece HaOmozae-
HUs 32 KonenoaaMu (Kaxable 1-3 IHsI) OCYIIEeCTBISIM MPUKU3HEHHO ¢ IOMOIIbIo Mukpockona MBC-12
IIPU YBEIUYEHUU 2X8 U 4X8.

Jlns1 cpaBHEHMST MCTIOIb30BaHbI JaHHBIE TIO0 PEMPOAYKTUBHBIM XapaKTEPUCTUKaM Komenon A. salinus
u C. aquaedulcis py TUTaHUU MOHOKYJIbTypaMu MUKpoBogopociein Dinophyceae u Prymnesiophyceae,
MOJTyYeHHbIE HAaMH B TIpebaynmx padorax [1 ; 3].

Jl1s1 Bcex MOJTyueHHbIX JaHHBIX pacCUMTaHbl cpeiHue apudmerndeckue (M), JOBEpUTENIbHbII UHTEP-
Ban (95 % CI), cranaapTHble OTKJIOHeHUs (SD) M ITOCTOBEPHOCTH (p) pas3iMuMii BBIOOPOUYHBIX CPEAHUX
¢ nnomouiplo t-kputepusi CTpoJeHTA.

PE3VJIbTATbBI

BrrkuBaemocts konenoa C. aquaedulcis v A. salinus Ha npoTskeHun auHek ot craauu N1 go C6
BapbUpOBaAJIA B 3aBUCUMOCTH OT BUJIa MUKPOBOJIOPOCEN, KOTOPHIMA OHU IIUTAIOTCS.

ITpouent BeikuBaecMoctH C. aquaedulcis coctasinsn 92,5 % npu kopmienuu P. cordatum; 83 % nipu nu-
tanuu 1. galbana; 89 % nipu kopmiieHuu cMmecwio 1. galbana + P. cordatum (puc. 1). MUHUMaJIbHYIO BbI-
KHUBaeMOCTh A. salinus Ha mpoTshkeHNH BeeX JHeK oT ctaauu N1 1o C6 (68,6 %) Habmogam npy mura-
Huu P. cordatum; makcumanbHylo — Tipu KopmiieHuu 1. galbana (94,5 %) v cMechlo MUKPOBOAOPOCIEH
L. galbana + P. cordatum (93 %) (puc. 1).

BrisiBiIeHO BiMAHME BUIa MUKPOBOJOPOCIIM Ha JJIMTEJILHOCTb Pa3BUTUs CTaAMU Komernop (puc. 2).
[Tpu xopmiieHnn MuUkpoBogopocismu 1. galbana v P. cordatum npoJOSKUTEIbHOCTh Pa3BUTHS KOTIENIOA
C. aquaedulcis coctaBuna 14 cytok, a nmpu nuranuu cMmecolo 1. galbana + P. cordatum — 13 cyt. Hau-
MeHbIlIask MPOJOLKUTEIbHOCTh HAYTIIMATIBHOTO MepHoa pa3BUTUs Korerno (6 cyT.) MojaydeHa npu KopM-
nenuu 1. galbana v I. galbana + P. cordatum. HauMmeHb11asi MpoI0JIKUTENBHOCTD KOMEMOJUTHOTO MEPUO/IA
pasButus C. aquaedulcis (C1-5) (7 cyt.) nonydena npu nutanuu P. cordatum w 1. galbana + P. cordatum.

[TpofoIKUTENBHOCTD Pa3BUTHSI OT MEPBOTrO HAyIUIMyca A0 B3POCJOW CTaJuu KOMEeroJ Jpyroro BU-
na — A. salinus — okazanach 3HAYMTENILHO OOJIbIIIe, YeM MPOJOJLKUTEIbHOCTD pasButus C. aquaedulcis,
MpU KOPMJIEHUM JTIOOBIMU TMPEIIOKEHHBIMUA BUIAMH MUKPOBOAOpocieid. [IpoJomKuTenbHOCTh pa3Bu-
T A. salinus Tpy TUTaHUM Kak MOHOKyJbTypamu I galbana w P. cordatum, Tak M CMECBIO
L. galbana + P. cordatum coctaBuna 20 cyt. Haumenbieit (19 cyT.) mpoIoKUTENIBHOCTh Pa3BUTHS ObI-
Jia TPy KOPMJIEHUH CMEChI0 TPEX MUKpoBojiopociiert 1. galbana + P. cordatum + P. micans. I1pu nutanum
cMmecsio 1. galbana + P. micans 1 MOHOKYJIbTYpoul P. micans pOAOIKUTEIbHOCTh PA3BUTHS KOIIEIIO]] YBE-
JumnBaiack A0 21 u 22 cyT. cooTBeTCTBEHHO. Hanbosbliyio poJokUTeIbHOCTD (25 cyT.) HaOmoganm
IIpU KOPMJIEHUU cMechlo P. cordatum + P. micans.

HaumMeHbiiass npoJoKUTEIbHOCTh HAYIUIMAIBHOTO Nepuoaa pasButusi A. salinus coctaBuna 7 CyrT.
(npu mwuranuu I galbana w cvmecamu MukpoBopopocneu I galbana + P. cordatum + P. micans
u I. galbana + P. micans), a HanOosbiasg — 10 cyt. (nipu kopmienuu P. cordatum + P. micans). Hau-
MEHbIIIasi MPOJIOJIKUTEIBHOCTh KONENOAUTHOTO niepuoja pa3Butus A. salinus (C1-5) cocraBuna 12 cyr.
(npu iutanuu P. cordatum v cmecsimu 1. galbana + P. cordatum + P. micans v I. galbana + P. cordatum),
a HanOoJbIass — 15 cyT. (mpu kopmienuu P. cordatum + P. micans).
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Puc. 1. BeoxuBaemocts xoreniof Calanipeda aquaedulcis (1) u Arctodiaptomus salinus (I11) B skcnepumenTe
B 3aBUCUMOCTH OT MTUTaHUSI MUKPOBOAOPOCISAMU pa3HbiX BUAOB (M; 95 % CI; n = 15)

Fig. 1. Survival rate of Calanipeda aquaedulcis (1) and Arctodiaptomus salinus (II) in the experiment depending
on being fed with various microalgae species (M; 95 % CI; n = 15)

[IpolileHTHOE COOTHOIIIEHUE TMIOJIOB TMPU JOCTUXKEHUU B3pOCIOWM craguu Komenon A. salinus
u C. aquaedulcis Takxe BapbUPOBAIO B 3aBUCMMOCTU OT BHJA MHKPOBOAOPOCJEW, KOTOPHIMUA OHU ITH-
tamuck (tadn. 1). dna C. aquaedulcis HaumeHbIMIA TIPOIIeHT caMiioB (21 %) moiydeH (JOCTOBEPHO)
MpU KopMJleHuU Konenop 1. galbana; npu nutanuu P. cordatum v cmecsio 1. galbana + P. cordatum vx no-
151 Bo3pactana 1o 43 %. s A. salinus Haudonpimii mporieHT camiioB (70 %) noydeH (HEIOCTOBEPHO)
MpU KOpMJIEHUU Komemnoj cMmecwio I galbana + P. micans, a HaumeHblui (4548 %) — npu NUTaHUU
MOHOKYJIbTypamu P. micans n P. cordatum.

VY konenon C. aquaedulcis cpennsisi BenumumHa aOCOMIOTHOM MJI0IOBUTOCTH HE3HAUUTEIbHO BapbUPOBa-
na B nipezenax ot (19,3 * 3,2) sun Ha camky (ripu kopmienuu 1. galbana + P. cordatum) no (24,2 £+ 1,8)
(I. galbana). BrikjieB pyu MUTAaHUM KaK MOHOKYJbTYpaMHu MUKpoBojpopocieit P. cordatum w 1. galbana,
Tak 1 ux cmecolo gocrturan 100 % (puc. 3).
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I

Puc. 2. JlimrensHocts passutus Calanipeda aquaedulcis (1) n Arctodiaptomus salinus (II) B sxcnepumenTe
B 3aBHCHMOCTH OT NIMTAHUSI MUKPOBOAOPOCIISIMY Pas3HbIX BUIoB (M; n = 15)

Fig. 2. Development time of Calanipeda aquaedulcis (1) and Arctodiaptomus salinus (II) in the experiment
depending on being fed with various microalgae species (M; n = 15)

Ta6émmma 1. TlpouentHoe cootHomenue camioB (M) u camok (F) komenon Calanipeda aquaedulcis
u Arctodiaptomus salinus Ipy TMTaHUA MUKPOBOJOPOCIIAMH pa3HbIX BUAOB (M £ SD; n = 15) (95 % CI)

Table 1. Percentage of males (M) and females (F) of copepods Calanipeda aquaedulcis and Arctodiaptomus
salinus when being fed with various microalgae species (M £ SD; n=15) (95 % CI)

MUKpOBOIOPOCIH C. aquaedulcis A. salinus
M, % F, % M, % F, %
L. galbana 20,8 £8,3 79,283 56,1 £ 12,7 439+ 12,7
P. cordatum 42,7163 57,3+6,3 47,710 52,3+ 10
P. micans - - 45+23 55+23
L. galbana + P. cordatum 43,3+9,3 56,7+9,3 61 £5,9 39+5,9
L. galbana + P. micans - - 70,1 £12,3 29,9+12,3
P. cordatum + P. micans - - 59,1+124 409+ 124
L. galbana + P. cordatum + P. micans — — 52,8 +12,7 472 + 12,7
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Puc. 3. CpaBHuTEIbHBIE AMArPaMMBl AOCOTIOTHON IIOZOBUTOCTH M JOJIM BBIKJIEBA JKU3HECTIOCOOHBIX HAyII-
JIEB OT OOIIero KoJM4YecTBa sull y camok komeriont Calanipeda aquaedulcis (1) n Arctodiaptomus salinus (11)
MIpY IUTAaHUU MUKPOBOJIOPOCIISAMHU PasHbIX BUIOB (M * SD; n = 15) (95 % CI)

Fig. 3. Comparative diagrams of absolute fecundity and hatching rate of viable nauplii from the total number
of eggs of females of copepods Calanipeda aquaedulcis (I) and Arctodiaptomus salinus (1II) when being fed
with various microalgae species (M £ SD; n = 15) (95 % CI)

OOHapy:XeHbI IOCTOBEPHBIC Pa3INUKsl BO BIUSIHUY BHAa MUKPOBOAOPOCICH Ha aOCOTIOTHYIO IJIOO0BH-
TOCTb A. salinus. 3HaueHHe Moka3aTesist ObUT0 MUHUMAJIBHBIM (0T (8,8 = 1,9) mo (10,3 £ 1,3) smir Ha camMKy)
npu kopmiieHuu P. cordatum + P. micans; I. galbana + P. cordatum + P. micans; I. galbana + P. micans;
1. galbana; 3nauenue 6b110 MakcuManbHbIM (0T (13,75 +2,3) no (16,4 + 2,4) v Ha caMKy) MpU MMTAHUU
Konierion P. micans; I. galbana + P. cordatum;, P. cordatum.

HawuOonee BbpakeHHOE BIMSAHHME TPOPUUECKHE YCIOBUs (XEMOTAKCOHOMUYECKHE XapaKTePUCTUKH,
CBSI3aHHbIE C BUJOM U KJIACCOM MHUKPOBOAOPOCIIEN, KOTOPHIMU MUTAIUCh CAMKH KOIIETIO/) OKa3bIBAJIU
Ha SMOpPUOHAIBHOE Pa3BUTHE Komemnon A. salinus, HOpMY KOTOPOTO XapaKTepu3yeT MPOLIEHT BBIKJIEBa
U3 S KU3HECTIOCOOHBIX HAYIJIMeB. DTOT MOKAa3aTeb JOCTOBEPHO ObLT MUHUMAIBHBIM [(62,63 * 10) %]
MpU MUTAHUU caMoOK A. salinus mukpoBogopocisiMu P. cordatum. 3aTeM 3HaYeHHe IMPOIIEHTa BBIKJIEBA
HaYTUTMEeB BapbUpOBaIO (HemocToBepHO) oT (84,9 +7,3) no (97,46 £ 2,7) %, nocturas makcumyma (100 %)
nipy rutanu 1. galbana + P. micans.

OBCYKIEHUNE

[Ipy cpaBHEHMM 3HAYEHUWIl BBUDKMBAEMOCTH U MpoAoskuTenbHOCTH pasButuss C. aquaedulcis
u A. salinus 0OHapyXeHO CXOJICTBO BIIMSIHUSI HEKOTOPBIX BUI0OB MUKPOBOJIOPOCIE Ha MOKA3aTe Ik KOOI,
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HaumeHnbIass pogoKUTEIbHOCTh HAYIUIMAIRHOTO TIEpHO/ia Pa3BUTHs OOOMX BHUJIIOB OTMEUYEHa TOrIa,
KOIJa B COCTaB MX IUeThl Bxoawna I. galbana B xayecTBE MOHO- WM OJHOTO M3 KOMIIOHEHTOB CMECH.
Takast 3aKOHOMEPHOCTh COXPAHSIETCS U ISl KONETOAUTHOTO TIeproa, TONbKO yxe ¢ P. cordatum.

Kopmnenue menkopasmepHeiMu 1. galbana oxa3anoch ONTUMAJIbHBIM JIs1 pa3BUTHS HAyIUIMAJIbHBIX
CTaJMii, OTHAKO TaKOE MMUTAHUE 33/IePKUBAJIO PA3BUTUE KOMEMOANUTHBIX CTAAUN M0 CPABHEHUIO C TUTAHU-
eM KpyrnHopasMepHbIMU P. cordatum. Cokpali€HHasi IJIUTeIbHOCTh Pa3BUTHS B TEYEHUE HAYILIMAJIbHO-
ro nepuoja npu kopmiieHuu 1. galbana HUBeNMpyeTCsl COKPAIIEHHON AJIUTEIbHOCTHIO PA3BUTHUS B Teue-
HHUE KOMEeNOJUTHOTO nepuoaa npu nutanuu P. cordatum. Takum obpa3zom, oOI1asi MpoJoKUTEIbHOCTD
pa3BUTHS (HAYIUIMAIBHBIN TUTIOC KOTIENIOAUTHBIN NEpHO/Ibl) OKa3aiach HauMmeHblen ans C. aquaedulcis
npu nutaHuu cmecvlo I galbana + P. cordatum (13 cyt.), a nna A. salinus — Tpu KOpMJIEHUU
L. galbana + P. cordatum + P. micans (19 cyt.).

W3BecTHO, YTO y OOJBIIMHCTBA KAJISTHOMIHBIX KOIIETOJI CAMKM BCerjga OOoJIbIlie CaMIIOB; MEHbIIIHE
pasmepbl camiioB Calanoida oOblYHO cBfA3aHBI C UX OoJjiee ObICTPHIM pas3BuTHEM [6]. CortacHO rumnore-
3e [11], mon BO3AEWCTBUEM HEOIATOMPUSITHBIX YCIOBUM OKPYXKAIOIIEH Cpellbl MOKHO OXKUOATh CMeIlle-
HHSI COOTHOIIEHHSI TIOJIOB B CTOPOHY Mpeo0IagaHus CaMIIOB, a MPH OJaronpusiTHHIX yYCIOBUSIX — B CTO-
pony camok. B cnyuae ¢ C. aquaedulcis v A. salinus camiipl MeHbilie camok. CrieioBaTeibHO, €Clid TH-
MoTe3a BepHa, CMELIEHUE COOTHOILIEHHS MOJIOB B CTOPOHY CaMIIOB MOKET CBU/IETEJIbCTBOBATH O HEOITH-
MAaJIbHBIX YCJIOBHSIX OKPYXKAIoLIed cpedbl — SKCTPEMaJIbHBIX TeMIIEpaTypax U/MiM BBICOKOW COJEHOCTH
00 HeaJleKBaTHOW OOECTIEYeHHOCTH MuIlieid. BeposTHO, OMOXUMUYECKHU COCTaB MUIIM MOXKET OKa3bl-
BaTh BJIMsIHUE U Ha JudpepeHIMalmio oJa pa3BUBAIOIIMXCS KOMEINO I, KaK 3TO OMPEEICHO IS APYIUX
rugpoouonToB [13]. Ha uncieHHoe cooTHOIIEHMe M0JIoB B3pociibiX Calanus spp. BIUSIIOT KOHIICHTPALIUS
¥ Ka4yeCTBO IMUINYU: YBEJWYEHHE O CAaMOK HAOJIOAIOT C MOBBIINIEHUEM KOHIEHTpAIUW MHUIIA B Cpe-
1e, B KOTOPOUM MPOUCXOIUT pa3Butue Korernoa [8]. [Ipu 3Tom mosyyeHHble TaHHBIE O MpeArogaraeMo-
My HAMU BJIMSHUIO XEMOTAKCOHOMHUYECKUX XapaKTEPUCTUK MHKPOBOJOPOCIEH Ha COOTHOIIEHHUE IMOJIOB
B 9KCIIEPUMEHTAJIBHBIX TMOMYJISIUIX KOMErmo TPeOyIoT NOMOJHUTENILHBIX KOMIUIEKCHBIX UCCIIeJOBaHUIM
uX OMOJIOTMH, COBMEIIEHHBIX C U3yYeHUEM OMOXMMHUYECKOTO COCTaBa MUKPOBOIOPOCIIEH U MUTAIOIINXCS
MMU KOIETO/I.

XeMOTaKCOHOMHYECKUI COCTaB MUKPOBOJIOPOCTIE, KOTOPbIMU MUTAIOTCS CAMKH KOTENo/, 0e3ycyIoB-
HO, OKa3bIBaeT BIMSHUE HA UX PEMPOIYKTUBHBIE XapPAKTEPUCTHUKU U OCOOEHHO Ha KU3HECTIOCOOHOCTD
HAYIUIMYCOB OOOUX BUJIOB IMpPH BBIKJEBE. B HAIMX KCIIEPUMEHTaX MAKCUMAJIbHBIA MPOLIEHT BBIKJIEBA
(100 %) nayrmmycoB HaOmoganu npu mutanun caMok C. aquaedulcis kak MOHOKyJbTypamu 1. galbana
u P. cordatum, Tak ¥ CMEChIO 9TUX MUKPOBOJOpociel. Mexay Tem mist A. salinus oOHapyKeHbl HEKOTOPbIe
OTJIMYMS BO BIIMSIHUM BU/1a MUKPOBOJIOPOCIIEH HA BbIKMBAEMOCTh HAYIUIUEB MPU BhIKJIEBE. Tak, Ipu KOpM-
nenuu P. cordatum nosy4eHbl MUHUMAJIbHBIN MPOLIEHT BBIKJIEBA HAYIUTMYCOB A. salinus 1 MakCUMaJlbHasI
a6CoII0THAS TUIOJJOBUTOCTh CAMOK.

MukpoBonopociau Dinophyceae xapakTepu3ylOTCsl BHICOKUM COJEPKAHUEM BbICOKOHEHACBIIIIEHHbBIX
JKUPHBIX KUCJIOT C TIpeo0IIaianueM Joko3arekcacHoBou (1anee — JII'K) Haj sliko3anieHTaeHOBOM (J1a1ee —
SI1K) [12], a Prymnesiophyceae — moBsiienHsiM copepxkanuem 'K ¢ auzkum conepskanuem 11K [10].
Conepxanue u cootHorenre JII'K u SI1K B coctaBe MUK pOBOIOPOCIEN — 3TO, MPEANOI0KUTETHHO, OAUH
13 OCHOBHBIX X€MOTAaKCOHOMHUYECKUX (PAKTOPOB, OKA3BIBAIOIIMX BIMSHIE Ha PEPOIYKIIMOHHBIE XapaKTe-
PUICTHKY KaISTHOUIHBIX Korenof [5 ; 9]. Coanancupoannoe npucytcreue 'K u SIIK B MukpoBogopoc-
JIEBOM JIMeTe Ha BCEM MPOTSIKEHUH OHTOTEHE3a KOIMETo| OKa3bIBAET MOJI0KUTEIbHOE BO3EHCTBHE Ha CKO-
pocts passutus C. aquaedulcis u A. salinus. B To e BpeMsl TUTaHUE CaMOK CMEChI0 MUKPOBOAOPOCIEH
Dinophyceae u Prymnesiophyceae o0yciiaBMBaeT MaKCUMaJIbHBIN TPOIIEHT BHIKJIEBA HAYILIMYCOB 000OMX
BUJIOB KOITIEMO/.

3akaouenne. Hanbosiee BhICOKME 3HAYCHUS BBDKUBAEMOCTH A. salinus OT HayIIMaIbHOU 10 B3pOC-
Jon cranuu pa3Butus (93-95 %) nosydeHsl MPU MUTAHUU KOTETNOJI MOHOKYJIbTYPO MHKPOBOAOPOCIH
. galbana n cmecwio 1. galbana + P. cordatum, HauMeHbIIask TPOJOJKUTENLHOCTD pa3Butus (19 cyt.) —
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MpY KOPMJIEHUH CMECHIO U3 TPEX MUKpoBoaopocieu 1. galbana + P. cordatum + P. micans. Haumenbias
CpedHsisl MPOAOJIKUTENILHOCTD pa3BuTus C. aquaedulcis OT HAYIUTUATBLHOM 10 B3POCJION CTAAUU PA3BUTHUS
(13 cyt.) oTMeUeHa nipy MUTaHUK CMECBI0 MUKpoBogopociae 1. galbana + P. cordatum.

s konenon C. aquaedulcis HauMeHbIIMIA TPOLEHT caMLIOB (21 %) 1oJtyyeH JOCTOBEPHO NPH MUTAaHUN
. galbana; npu nutanuu P. cordatum u cmecwio 1. galbana + P. cordatum wx nons Bo3pacrtana o 43 %.
V A. salinus TOCTOBEPHBIX OTJIMUMI MPOLIEHTHOTO COOTHOIIEHHS MOJIOB ITPU JOCTUKEHUH B3POCIION CTa N
B 3aBUCUMOCTHU OT BUJIa MUKPOBOJIOPOCIEN HE BBISIBIICHO.

HanmMeHbinas npoJoKUTEIbHOCTh HAYTUTMAIBHOTO TIEPUOAA PA3BUTHS KOTIENO 00OMX BUIOB OTMeYe-
Ha TOIJa, KOIrja B COCTaB MX JUETH Bxoawia I. galbana B KauyecTBe MOHO- WX OJHOTO U3 KOMIIOHEHTOB
cMecH. DTa 3aKOHOMEPHOCTb COXPAHSETCs U U151 KOIIENOAUTHOIO NEpPUojia, TOJIbKO yxke ¢ P. cordatum.

MakcumaibHast abcomotHast TuionoBuTocth C. aquaedulcis nocturana 24 swi Ha camky (1. galbana),
A. salinus — 16 suu Ha caMky (P. cordatum). Beiknes C. aquaedulcis ipy TMTaHUMA KaK MOHOKYJIbTYPaMU
MUKpoBogopocnen P. cordatum v 1. galbana, Tak n ux cmecoio gocturait 100 %. Ina A. salinus Tonbko nu-
TaHUE CAaMOK CMEeChI0 MUKpoBojopociei 1. galbana + P. micans 00yclaBIMBaeT MaKCUMaJIbHbBIA IPOLIEHT
BBIKJIEBA.

CnenoBatenbHO, cMecHM MuKpoBomopocienn P. cordatum + I galbana (nns C. aquaedulcis)
u I galbana + P. cordatum + P. micans (nnsa A. salinus), 6naromapsi cOaJaHCUPOBAHHOMY IPHUCYT-
CTBMIO SWKO3ANIEHTAeHOBOW M [IOKO3areKCAeHOBOUM KHCJIOT, ObUTM OmpedesieHbl Kak ONTUMAJbHBIE KOp-
MOBbIe OOBEKTHI ISl BBKMBAEMOCTU M CKOPOCTH Pa3BUTHS KOTEMNOJ Ha BCEM MPOTSKEHUU OHTOTEHE3a,
a Takxke 00yCIOBUIM MaKCUMAJTbHBIN MPOIIEHT BHIKJIEBA JKU3HECTIOCOOHBIX HAYTLIHEB.

Paboma evinonnena 6 pamxax zocyoapcmeenrozo 3adarus @UL] HnBHOM no meme «Hccaedosarue mexanuzmos
ynpaeneHus npanKL(MOHHbLMM npoueccamu 6 OUOMEXHON0UUECKUX KOMNAEKCAX C uenvro pa3pa60mlcu HAYUHbIX OCHO8

NOAYUEHUS. OUON0ZUMECKU AKMUBHBIX BEUYECE U MEXHUMECKUX NPOOYKMO8 MOPCKOeo 2eHe3uca» (Ne zoc. peeucmpayuu
AAAA-AI8-118021350003-6).
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PRODUCTION CHARACTERISTICS OF THE COPEPODS
ARCTODIAPTOMUS SALINUS AND CALANIPEDA AQUAEDULCIS
BEING FED WITH A MIXTURE OF MICROALGAE
DINOPHYCEAE AND PRYMNESIOPHYCEA

L. O. Aganesova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: la7risa@gmail.com

The ubiquitous copepod species Arctodiaptomus salinus (Daday, 1885) and Calanipeda aquaedulcis
(Krichagin, 1873) are important components of food chains of numerous fresh- and saltwater areas. These
copepods are suitable for feeding larvae of both marine and freshwater fish species; however, influence
of nutrition on the production characteristics of these species is not well understood. Previously we deter-
mined that monocultures of microalgae Dinophyceae and Prymnesiophyceae are optimal feeding objects
for egg production by females of A. salinus and C. aquaedulcis, survival rate, and development time of these
copepods throughout ontogenesis. The aim of this work was to determine the production characteristics
of copepods A. salinus and C. aquaedulcis under optimal temperature conditions depending on the model
of the feeding with a mixture of microalgae Dinophyceae and Prymnesiophyceae. The highest survival
rates of A. salinus from the naupliar stage to the adult one (93-95 %) were observed when copepods
were fed with a monoculture of microalga Isochrysis galbana (Parke, 1949) or a mixture I. galbana + Pro-
rocentrum cordatum (Ostenfeld) J. D. Dodge, 1975; the shortest development time (19 days) — when cope-
pods were fed with a mixture of three microalgae 1. galbana + P. cordatum + Prorocentrum micans (Ehren-
berg, 1834). The shortest development time of C. aquaedulcis from the naupliar stage to the adult one
(13 days) was observed when copepods were fed with a mixture of microalgae I. galbana + P. corda-
tum. The shortest duration of the naupliar stage of development of both copepod species was observed
when their diet included 1. galbana as a monoculture or one of mixture components. During the cope-
podit stage, the pattern remains the same, only with P. cordatum. The maximum absolute fecundity
of C. aquaedulcis reached 24 eggs per female (I. galbana), of A. salinus — 16 eggs per female (P. cor-
datum). Egg hatching of C. aquaedulcis when being fed with both monocultures of microalgae P. corda-
tum and 1. galbana and with their mixture reached 100 %. The highest egg hatching rate for A. salinus
was reached only when copepod females were fed with a mixture of microalgae 1. galbana + P. micans.

Keywords: copepods, Arctodiaptomus salinus, Calanipeda aquaedulcis, survival,
reproduction, microalgae, mixture of microalgae, Dinophyceae, Prymnesiophyceae

development,
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[MpuBeneHbl pe3ysbTaThl MCCIENOBAHUHA KyJbTUBHPOBAHUS KPACHOW YEPHOMOPCKOW BOIOPOCIH
Gelidium spinosum (S. G. Gmelin) P. C. Silva, 1996 (Rhodophyta) B JlaGOpaTOpHBIX yCIOBHUSIX B TO-
JIMKYJIbType MUKpoBojopocib Tetraselmis viridis — wvmpus Mytilus galloprovincialis — renmunuym
C IeNbl0 TIOBBINIEHHWS KOHIEHTpanuu R-¢ukospurpunHa B mocieaHeM. OIMCAHO MOJIOKHUTENbHOE
BJIMSIHIE SK30MEeTaOOIMTOB MUIUA Ha KOHIEHTPAINIO R-(pHKOIpUTPUHA B TeUIMyMe B TIOJUKYJIBTYpE.
AKTyabHOCTh paOOTHI OTpe/elseTCs IEHHOCThI0 (DUKOIPUTPHUHA, KOTOPBIA MCHONB3YIOT KaK MOIIHBIN
AHTUOKCH[IAHT, a TAKXKE KaK METYMK B IIUTOMETPUH U MUKpocKomuu. Llenb rccnenoBannss — yBeIMYUTh
KOHIIeHTpanuio R-pukospuTpuHa B reimauyMe ¢ MpUMEHEHUEM MeTOja IMOJIMKYJIbTYphl. B kKauecTBe
Marepuasga WCIOJb30BAIM TeIUIUYM M3 OOpacTaHusl CKasl U OeperoyKpernuTesbHBIX COOpYKEeHHI
B paiione Oyxthl KapantunHas (r. CeBacTomofb); €ro KyJIbTUBHPOBAIN B JaOOPATOPHOW YCTAHOBKE
c BoceMbl0 pabounmu 00BEMaMHU, B YETHIPEX W3 KOTOPBIX COAEpKaad MHUAMH. JIeKOHTAT MMM,
JOTIOJTHEHHBI MUHEPATBHBIMU COJISIMU ¥ OMOTEHAMM, UCTIONb30BAM KAK TIUTATEIIbHYIO CPey JJIsl Tellu-
muyma. CoueTaHue 9K30MeTa00IUTOB MUANK C pa3padOTaHHON paHee MUTATENbHON CPeloil Ha OCHOBE
YEepPHOMOPCKOH BOJIbI, 0OOTalIEHHON OMOTeHaMU U MUHEPATIbHBIME COJISIMH, TIPUBOJUT K YBEIUYCHUIO
cozepxanus R-ukospurpuna 6onee ueM BABOE, B TO BpeMs1 KAK BHECEHUE IK30META00IUTOB B UUCTYIO
MPOIIBTPOBAHHYI0 YEPHOMOPCKYIO BOJY MOBBIMIAET €ro MakcuMmym Ha 35 %. OpHeHTHpOBOUYHBIE
BECOBbBIE COOTHOIIEHUSI JIEMEHTOB TOJHUKYJIbTYPl B 1,5-TUTPOBBIX 00BEMAX, MO3BOJISIONIHE JOCTUYb
JKeJIaeMOoro pe3yJsibTaTa yxke depe3 IBe Hemend, — 3To 2 T reauauyma / 50-60 r AByXJIeTHUX MUAWN
/ 0,4-0,6 r cbIpOro BeCca MUKPOBOJOPOCITIEH.

KiaroueBbie cioBa: KyJbTUBHPOBAHUE, TOJHKYJIBTYpPa, MUKPOBOAOPOCIH, MOJUTIOCKUA, MaKpPO(UTHL,
TMTaTeNTbHAsA cpeaa

UYeprnomopckui remuauyM Gelidium spinosum (S. G. Gmelin) P. C. Silva, 1996 sBnsiercs ueHHbIM ChI-
PbEeBBIM UICTOYHUKOM OCO00 Ka4eCTBEHHOTO arapa v R-pukospurprHa — nurMeHTa-(pUuKOOUIUIPOTENHA,
KOTOPBIM IIMPOKO UCTIOJNIB3YETCS] B UMMYHHOW IMAaTHOCTUKE, MUKPOCKONUU U utometpud [13]. Bogopoc-
T, cofepxkaiive arap u R-pukosputprH, — OOBEKT KyJIbTUBHPOBAHUSI BO MHOTUX CTpaHaX A3HMATCKO-
TuxookeaHnckoro peruona [9 ; 14], npu 3rom ctouMocTh 1 T ounneHHoro R-pukospurpuna gocturaer
3250-14000 gonnmapos [12].

Hamu B mpenpiayiiue rojsl MpoBeJeHbl paOdOTHI MO OMpPeeSIeHUI0 ONTUMAIBHBIX YCJIOBUU ISl PO-
CTa reJMauyMa W HaKOIUIeHUs] B HEM R-(puKoIpUTprHA — KOHIIEHTpAIMii MUHEPATbHBIX COJie U OHo-
I€HOB, CBETOBOIO M TEMIEPATypPHOIO PEKHMMOB, HACBHIIEHUS YITIEKHCIIBIM [a30M NUTATEIbHON Cpelsl,
a TaKXke CKOPOCTHU €€ MPOTOKA U LUPKYJIALUH [2].
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W3BecTHO, YTO B NPUPOTHBIX YCIOBUSIX TE€IUAMYM YacTO BCTpedYaeTcsl KaK SMMOMOHT MOJLTIOCKOB-
(unbrpaTtopoB. Takod CHMMOMO3 BbI3BaH TMOJIOKHUTEIBHBIM BIMSIHUEM 3K30METaO0OJMTOB MOJUTIOCKOB
Ha poCT MakpouTa, B CBA3M C YeM TMOJYUUJIO pa3BUTHE BbIpAIIMBAHUE TUAPOOUOHTOB B MOJUKYJIbTYpE
[7; 14].

Panee HamMu MOJTyYeHbI pe3yJIbTaThl, YKa3bIBAIOIIME HAa OJIaronpusTHOE BO3JEHCTBIE 9K30METa00IUTOB
aHajapsl Anadara kagoshimensis, roJIoJAI0IIEN B YUCTOM YEPHOMOPCKOM BOJIE B TeUeHHe 15 CyTOoK, Ha pocT
rejmanyMa u cojiepxkanvie B HéM R-dukospurpuna. [Ipu Bo3pacranun 6uomaccsl renmuauyma va 11,6 %
coziepxanue R-pukospurprHa 1o CpaBHEHMIO ¢ KOHTPOJIEM yBeanuuiaoch Ha 40 % [4].

Llens paGOTBl — TOBBICUTH KOHIIEHTpalmio R-(pukospuTprHa Npu KyJIbTUBUPOBAHUM TEIUAMYMA
B MOJIMKYJIbTYpe. [ljis1 3TOro nocrapiieHa cienymolias 3aJayda: ornpeaesuTb ONTUMaIbHOE COOTHOIIEHUE
9JIEMEHTOB TOJIMKYJIBTYPbl MUKPOBOJOPOCIIb — MU — MaKpPO(DHT.

MATEPUAJI 1 METO/IbI

B kauectBe marepuaia ucnonb3oBanu Gelidium spinosum u3 oOpacTaHuil CKall U OEperoyKperuTeib-
HBIX COOPYXXEHHI B palloHe CceBacTOMOJILCKUX OyXT MapThiHOBa U KapaHTUHHAs, KOTOPBIA KYJIbTUBUPO-
BaJIM B JJAOOPATOPHOM YCTAaHOBKE C BOCEMbIO pabounmu oObEéMamu [1] mpu Temmepatype B Auana3oHe
+15...427 °C u oceménnoctu 10-25 kik B pexume 18 u ieHsb : 6 4 Houb. [IutaTenbHyIo cpely roTOBUIN
Ha OCHOBE (PMJIbTPOBAHHOM YEPHOMOPCKOM BOJIBI C TIOBBIIIEHUEM e€ COJNIEHOCTHU JI0 26 %o U 100aBICHU-
eM a3oTta, ocdopa, xkene3za, Marausa U mapradua [3]. Munuin (Mytilus galloprovincialis Lamarck, 1819)
pazmepom 45-50 MM CHMMAaJM C KOJUIEKTOPOB (hepMbl, PACHOJIOKEHHOM I0:kHee Bxoaa B Oyx. Ceacto-
NOJIbCKAs1, HAIIPOTUB paguodunosornyeckoro koprnyca ULl MaBIOM. MukpoBogopociu KyJIbTUBUPOBAIN
OT/IEJIbHO B IJIOCKOM KYJIbTUBATOPE.

YeThbipe 13 BOCbMH pabounx 00bEMOB YCTAHOBKH C MPABOHAKJIOHHBIM THOM OBbLITH MOJIEPHU3UPOBAHBI
0] COJIEPKAHUE MUIUI — MEPErOPOKEHBI JIEBOHAKIOHHBIMU NP OPUPOBAHHBIMU ITOJIKAMU J1J151 TOCA/IKU
OT JIBYX JIO IIeCTH ocodelt co cpetHuM BecoM 9,5—11,5 r. TToctostHHBI 6apOoTax 00BEMOB YCTAHOBKH BO3-
JyXOM PeryJMpoBaji TaK, YTOOBI (DEKaTMM MOJUTIOCKOB HE B3MYUHBAIUCh U OCTABAIUCH B 3arTyOJIeHHON
YacTH JTHA.

Muauil OT OJHOrO-ABYX pa3 B CYTKHM JI0 OJHOTO pa3a B JIBO€ CYTOK KOPMWJIM B3BECBHIO KYJIbTYpbI
Tetraselmis viridis (Rouchijajnen) R. E. Norris, Hori & Chihara, 1980 u3 my3es otnena OMOTEXHOJIOT Ui
u ¢uropecypcos PULL NHBIOM motHOCTBIO 12—17 MI chIporo Beca MUKpOBOJOpOCIer Ha 1 Ml B nipejie-
nax 5-35 mut Ha oguH 00BEM. Conepxumoe 00BEMOB ¢ MUAMSIMUA OJJMH Pa3 B IBOE CYTOK MOJHOCTBIO CJH-
BAJIM B MIPEIBAPUTENILHO OCYIIIEHHbIE EMKOCTH C TeTMANYMOM, KyJ1a 100aBysim Habop MUHEPAJIOB U Ouore-
HOB [2]. U3mepenus koHtieHTpanuu R-(pukosputpuHa B reauanyMe MpoBOAMIIN 1O CTaHAAPTHONW METOIU-
ke [10] oguH pa3 B Hezieso U B KOHIIE 3KcriepuMenTa. VicxonHeli Bec MakpodguTta cocrasisia (2,00 £0,05) r
B KaXJ0M pabouyeM oObéMe. [[1s1 n3MepeHuii ucnosb3oBaiu Beckl Sartorius L 220 S.

HccnenoBanusi NpoBOJAWIN B OCEHHUE U 3UMHME TIepuo/ibl. B mepBoM sKCriepuMeHTe B COCY bl C Teu-
AMYMOM CJIMBAJIM JEKOHTAT U3 OOBbEMOB C MUIUAMU (TIO 4 SK3EMIUISApPA B KaXJI0M), KOTOPBIX COAEPKAIIH
B YMCTOW NPO(UIBTPOBAHHON MOPCKOM BOJE, JOBEIEHHOW 0 COJEHOCTU 26 %0, U KOPMUIA MHUKPOBO-
nopocieio Tetraselmis viridis. Takum 00pa3om, MUTAHUEM IS TeTUAMyMa, Oe3 MUHEepaIU3allui CPeIbl,
KaK U B 9KCIIEpUMEHTE C aHaIapoi [4], CITyKUIM UCKITIOYUTETHHO METAOOIUTHI MUIHIA.

Bo BTOpOM 3KCIiepUMEHTe CIUTHIA JEKOHTAT HACHIIAIA KOMIIOHEHTAMH pa3pa0OTaHHON paHee Iu-
TaTeJbHON cpefpl: a3otoMm (8,54 Mr-1"' B BHE KNO;); dpocdopom (1,77 Mr-T-' B BHE KH,PO,); xe-
nesom (1,39 mrr! B Buze FeSO,-7H,0 B coueranuu ¢ 17 mr Na,9/ITA Ha 1 r comm); Mapranuem
(0,55 mr-m~! B BUzIE MnCl,-4H,0); marauem (120 mr-1! B BUIE MgSO,-7H,0) [2]. B kaxapli1 U3 4E€TBIPEX
MOJIEPHU3UPOBAHHBIX OOBEMOB YCTAHOBKH MOMEIAU 10 4 MUAUU CO CpeiHUM BecoM 9,5-11,5 1, a B ue-
ThIpe pyrux oobeéMa — 1o (2 = 0,05) r renmuauyma. Muuii KOpMHIM MUKPOBOAOPOCTbI0O — 5—20 M
CYCIEH3UH B CYTKH.
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[lepBeie ABa 3KcIEpUMEHTAa MPOBOJWIM B COOTBETCTBUM C HAIUM MATEHTOM [3] ¢ 31eMeHTOM
HEJIeJIbHOTO «/I03PEBaHUsI» TeJMJUuyMa JUlsl MOBBILIEHNs KOHUEeHTpalmu R-¢ukospurpuna. B tperbem
9KCTIEPUMEHTE U3-32 €KEHEEeIbHOI0 U3MEPEHUS KOHIIEHTPALIMHU TMTMEHTA 3TOT JIEMEHT ObLT UCKITIOUEH.

B TpeTbeM sKcrniepuMeHTe, KaK M BO BTOPOM, Ie/IMAWYM BHIPALIMBAIMA HA JEKOHTaTe MUAUN ¢ 100aB-
JICHUEM MHUHEPAJIOB U OMOTeHOB. [[J1s1 BBISIBJICHUS] TUHAMUKY HAKOTUIEHHSI TUTMEHTA B TeJTUINyMe U OTIpe-
JeJIEHNs] ONITUMAJIBHOTO BECOBOTO COOTHOILEHMS JIEMEHTOB IOJMKYJIBTYPHl B EMKOCTAX COIEPKAIN Pas-
Hoe KonmuecTBO Muauil (3; 4; 5 ocobell ¢ cyMMapHbIM HavaibHbIM BecoM 33,4; 41,4; 57 1) 1 KOpMuU-
JM X B3Becblo Tetraselmis viridis B kommuectse 15; 25; 35 mu1 cooTBeTCTBEHHO. [1710THOCTD KyJIBTYpBI
MHUKPOBOAOPOCIM cocTaBisuia 17 Mr chlpoid Maccel Ha 1 Mu1 M moAJepkuUBajiach MOCTOSIHHOM Ha MPOTS-
KEHUU BCErO dKCIEepHMEeHTa. B IBYX KOHTpOJIbHBIX padounx oObémax (Ne 1 m 5) renmanym KyJIbTHBU-
pOBAJIM HAa YNOMSIHYTOM BbIIe cpene [2] 6e3 modaBieHnst MeTabOIMTOB, HACKIAs €€ TOJbKO MUHEpasa-
mu 1 O6uoreHamu. Konnenrpaumio R-pukosputprHa onpenessui mocie AByX, TPEX U YETHIPEX Helesb
KYyJIbTUBUPOBAHUS.

OcoOeHHOCTh TPETHEro IKCIEPUMEHTA 3aKJII0YAIACh B TOM, YTO TeIUAUYM KYJIbTUBUPOBAIN B MATH
o0bémax (Ne 1-5) mpu paBHBIX UCXOAHBIX Maccax 2 r. B Tpéx u3 Hux (Ne 2—4) KOJIMUECTBO MOCTYMAOIINX
MeTa0OJIMTOB ITOCJIeIOBATEILHO BO3PACTAJIO KaK 3a CUET pa3HOTo Ynciia ocoder munwii (3;4; 5) u3 00bEMOB
Ne 68, Tak 1 3a CUET yBeIMYEHUs UX panyoHa (5; 6,25; 7 MJI KyJIbTypsl Ha 0COOB).

Pe3ynbTaTel NEpBbIX JBYX SKCIEPUMEHTOB IpelcTaBieHsl B Tadia. 1 u 2, Tperbero — B Tadm. 3
1 Ha puc. 1.

Tadamma 1. Conepxanue R-ukospuTprHa B reanyMe, BHIPAIIEHHOM Ha 9K30MeTa00IUTaX YePHOMOPCKUX
MUJIUI C pa3HBIMH PAlMOHAMY MMUTAHUS MUK POBOJOPOCIIBIO

Table 1. R-phycoerythrin concentration in Gelidium grown on exometabolites of Black Sea mussels
with different microalga diet

O06beéM KybTyphl Tetraselmis viridis KonuenTpanus
Ne ombiTa 1
IUIOTHOCTBIO 12 Mr chIporo Beca Ha 1 mi R-¢pukospurpuna, mr-r
Kontposnb 0 5,8%0,5
1 10 6,4+09
2 15 5,604
3 20 79+0,8
W3 Tabn. 1 BUOHO, 4YTO B TOJUKYJbTYpe MHKpOBOJopocib Tetraselmis viridis — wugas

Mpytilus galloprovincialis — maxpodut Gelidium spinosum Npyd KOPMJICHAN K30METa0OTMTAMKM MU TAH
KOHLeHTpalus R-(ukospurprHa B reuauyme Bo3pacrana B quana3zone 10-35 % (ecau pe3ynbraT onbiTa
Ne 2 nocuurats apredaxkrom). Ilocnennssa uudpa 6iu3ka K pe3ysbraTaM, MOJyYeHHbIM B SKCIIEpUMEHTe
c a”Hajgapou [4].

Tadomuma 2. Copepxkanue R-¢dukosputrprHa B reauguyme, BbIPAIlEHHOM Ha 3K30META00JMTAaX MUIUM
¢ JoOaBJIeHNEM B IUTATENBHYIO Cpely OMOTEHOB U MUHEPAJIbHBIX CONEH

Table 2. R-phycoerythrin concentration in Gelidium grown on mussel exometabolites with the addition
of nutrients and mineral salts into the culture medium

OO6béM KymbTyphl Tetraselmis viridis KonuenTpanus
Ne onbiTa 1
IJIOTHOCTBIO 12 MT CchIporo Beca Ha 1 mut R-¢pukospurpuna, mr-r

Kontposb 0 7,9+0,8

1 5 16,1 +1,5

2 10 203+4,4

3 15 18322

4 20 28,8 +4,5
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B tabn. 2 mpencraBiieHbl pe3ysIbTaThl SKCIIEPUMEHTa, B KOTOPOM B padoure 00BEMBI C TETUITYMOM
13 00BbEMOB ¢ MUJVSIMH TIOJIHOCTBIO CJIMBAJIM JIEKOHTAT U 0OOTamaii ero HabopoM OMOTEHOB U MUKPO-
971eMeHTOB. VcribiTaHbl YeThipe BapHaHTa pallMOHa KOPMJICHUSI MUIMI; MaKCUMaITbHbIH (20 M1 Ha 00BEM)
CMocoOCTBOBAJI BO3PACTaHMIO KOHIIEHTpaLuK R-pukosputprHa B reuanymMe 0ojiee 4eM B TP pasa.

Pe3ynbraThl JIMHAMUKM BECOBOTO POCTAa M KOHILIEHTPAlIMM THUTMEHTa B TPEThEM 3SKCIIEPUMEHTE
TnpeacTaByieHb B Ta0J1. 3, a HakoruleHus R-(pukosputpruHa — Ha puc. 1.

Ta6umna 3. JluHamMuKa BECOBOTO pOCTa M KOHIEHTpauuy R-(pHUKOIpUTpHMHA B Ta/UIOMax TeluauyMma
NIpY Pa3HOM KOJIMYeCTBe 0coOei MUAMH B TIOJIUKYJIBTYpE

Table 3. Dynamics of weight growth and R-phycoerythrin concentration in Gelidium thalli at different
number of mussels in the polyculture

.. . Bec remumuyma, r / Cofepxkanue R-(pukospurpuna, mr-r~!
No oGréua | Kon-so Muawit | Vyy, W =005 50 11.02.2019* 18.02.2019* 25.02.2019*
15 0 0 20/69+23 200/80+23 | 3,00/96+16 | 320/11,1+12
2 3 15 20/69+23 | 3.00/114+24 | 255/87+09 | 3.00/123+12
3 4 25 20/69+23 | 325/124+18 | 3,10/10,6+0.8 | 3,22/13,6+09
4 5 35 20/69%23 | 3.05/144+14 | 285/149+1,7 | 330/144%0.1

IIpumeuyanns: B OTMEUYEHHBIE aCTEPUCKOM (*) IaThl OTOMpANH MpoObl HA U3MepeHue R-(UKoIpUTprHa U BO3BpAIlIAIHU
Bec remuauymMa Kk Wy =2 1; V. — 00bEM CyCrIeH3UM MUKPOBOAOPOCIIH.

Note: at the dates marked with an asterisk (*), samples were taken to measure R-phycoerythrin, and Gelidium weight
was returned to W, = 2 g; V. indicates volume of microalga suspension.

Pe3ysnbTarel 4-HelleIbHOTO 9KCIEPUMEHTA TIOKa3bIBAIOT, YTO Ha 12-i AeHb KyJIbTUBUPOBAHUS B Bapu-
aHTax ¢ J0OaBJIEHUEM METa0OIUTOB U3 00BEMOB C 3, 4 1 5 MuaMAME HakorieHne R-¢ukospurpuna mnpe-
BBIIIIAET UCXOAHYI0 KOHTPOJbHYIO BesmuuHy Ha 50-100 %, a B émkocTsx 0e3 nodaBiieHrst MeTa0OIUTOB
(00BEMBI Ne 1 1 5) — numib Ha 16 %.

B KoH11Ie TpeTbell HeeM KyIbTUBUPOBaHU S HAJIMIO 3HAUYMTEIbHOE CHUKEHUE KOHLIEHTpalUY MUIMEeH-
Ta B reJmanyMe u3 oobéma Ne 2, B KOTOPBIN CIIMBAJIM JIEKOHTAT U3 00béMa ¢ 3 muausmu. I1o Ha 24 %
HIDKE TIpeIblayiero pesyiabrarta U Ha 29 % — koHewHoro. ITockosibky MuHEpanamu U OMOreHaMu BO-
J0pOCIM BO BceX 00bEMax ObLIM CHAOXEHBI OJMHAKOBO, IPUYMHON MOIVIO CTaTh U3MEHeHHe (pusHoio-
T'MYECKOTrO COCTOSTHUSI KAK MUHUMYM OZIHOM U3 TPEX 0coOel MUAMI, KOTOPOE MBI B CBOMX IKCIEPHUMEHTaX
HE OTCJIeKUBAJIH.

JlaHHBIA pe3yabTaT MOKHO CUMTATh apTeaKToOM, TaK Kak B 3TOM 00bEME HUYEro, OTIIMYAIONIErO ero
OT OCTaJIbHBIX, OOHAPYKEHO He ObUIO. B Apyrux Hammx sKCIeprMEHTaX CIy4auCh BBIOPOCHI MOJOBBIX
MPOIYKTOB MU/IMI (TaKKe BapUaHTBl MOT'YT OBbITh NPEJIONOM U1l OTAEIbHBIX MCCIIEIOBAaHUI UX BIMSHUSA
Ha cozepxaHue R-(pukospuTpuHa B remguyme).

ITo pe3ysnpTaTam 4eThIpEX HEAE b KYIbTUBUPOBAHUS OTMEUEHO CIIEyIOLIee: YPOBHU COIEPKaHUSI ITUT-
MEHTa B reJuauyMe u3 padounx o0bEMOB Ne 2—4 BBICTPOMIIMCH TIO BO3PACTAIONIECH MPSIMO IPOIOPIIMO-
HAJIbHO TIPEATOoJIaraeMoMy YBEJIMUYEHHIO KOJIMYECTBA K30MeTa0ommToB oT 3, 4 1 5 muguid. Ecim ypoBeHb
(pukoapUTpHHA B reMayme, KyJbTUBUPYEMOM IO yike U3BecTHOM Metoauke [3] B o0bémax Ne 1 u 5, nipu-
HATH 32 100 %, MOKHO 3aKJI0UUTh, YTO MPUOABKH OT UCMOJIb30BAHUS IK30META00IMTOB MU/IMI COCTABUIIN
11, 12 1 30 % cOOTBETCTBEHHO.

MakcumaibHoe cosiepxanue R-(pukospurprna, morydeHHOE BO BTOPOM KCTiepuMenTe (Tadit. 2), ObLIo
B/IBOE BBIIIIE, YeM MAKCMMAJIbHOE 3HAUYCHNE KOHIIEHTPAIIUY MMTMEHTA B TPETheM IKcIepuMenTe (Tad. 3).
IT0 00BACHAETCA T€M, UTO B MOCJEJHEM CIydae Mbl B3SUIM BOJOPOCIM Ha MU3MEPEHUsl HEeNOCPeICTBEH-
HO TOCJIe OKOHYaHMSI SKCTIEPUMEHTA U He UCTIONIb30BAIM MIPUEM «JI03PEBAHUSI», P KOTOPOM B TEMHOTE
U TIpU TMIOHMKEHHOW TeMIlepaType JUKBUIUPYETCsl OTCTaBaHME HAKOIIeHUs R-pukosputprHa B OBICTPO
pacryteii 6nomacce [3]. B maHHOM citydae yaenbHasi CKOPOCTh BECOBOTO pocTa OMOMACCHI ObLIa IOBOJIBHO
BBICOKO: OMomMacca yjiBanBajiach MeHee dem 3a 10 cyTok.
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M3meHeHne KOHIEHTpauuy R-(UKOIpUTpHHA B reimauyMe NpH pa3sHOM KOJIMYECTBE OcoOed MH-
IW{ B TOJMKYJIBTYPE HAIVIJIHO NPEACTaBIEHO Ha puc. 1. Yxke uepe3 1Be HeAeau KyJIbTUBUPOBa-
HUS TIPY MUTaHUM MakpouTa SK30METa00IUTaAMU MATH MUAWN HaOMI0AAIM BO3pACTaHUE COAEPKAHUS
R-¢puxospurpuna Basoe. [locne yeTblpéx Henesnb KyJbTUBUPOBAHUSA pa3HUILIA C KOHTPOJEM CHUKAJIach
¥ COCTaBJIsIIa IPUMEPHO 25 %. DK30MeTaO0IUTHI TPEX U YETHIPEX MUJIUI TaKKe BBI3BIBAJIM BO3PACTAHHE
KOHIIEHTpaIlMy MUTMEHTa Yepe3 ABe HeAesv KyibTuBrupoBaHus — Ha 30 u 40 %.
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CPOKHU KyJIbTUBUPOBAHUSI (HEIEIIN)

Puc. 1. /lunamuka KoHueHTpauuu R-prkosputprHa B rejmauyMe Mpy pa3HOM KOJMYECTBE 0COOe Muuii
B MOJIUKYJBType (1 — KOHTpoub; 2 — 3 Muanu; 3 — 4 Muann;, 4 — 5 MW

Fig. 1. Dynamics of R-phycoerythrin concentration in Gelidium with different number of mussels
in the polyculture (1 — control; 2 — 3 mussels; 3 — 4 mussels; 4 — 5 mussels)

CpenHuie pe3yJibTaThl IPUPOCTA TenuanyMa B 00bEMax Ne 2—4 3a rocseHue JBE HeIeU TPEThEro KC-
nepumeHTa — 1 r 3a Heneno. Takum oOpa3oM, cucTeMa, BKIIOUYAOIIASA KYJIbTUBATOP MUKPOBOAOPOCIH
Tetraselmis viridis mpousBoauTebHOCTHIO 600 MI CBIPOTO Beca B CYTKH, 1,5-TMTPOBBI 0O0BEM IS coaep-
KaHUS TATH MUIUEA oO1M BecoM 60 T 1 1,5-JMTPOBBIA KyJIbTUBATOP TeJIUINYMa, 32 CEMb CYTOK BITOJTHE
MOJeT BeIpadoTath 14,4 mr R-ukospurpuHa.

W3 nutepaTypbl U3BECTHO O MIPEUMYIIIECTBAX KyJIbTUBUPOBAHUSA MAaKPO(UTOB B MOJUKYJIbTYpE Mepe]
KyJIbTUBMPOBAHUEM B MOHOKYJIbTYpe. Tak, OHM HAKAIIMBAIOT OOJIBIITYI0 OHOMACCY U GOJIbIIIEe KOTUYECTBO
Oenka [8 ; 14], a kKauecTBO arapa y rpallMUIAPUH YIydIIaeTcs 3a CYET CO3/IaHUS ONTUMAILHOTO PeRrMa
e€ MUTaHMS B pe3yJIbTaTe BBIICJICHUsT 9K30MeTa00IMTOB OECIIO3BOHOYHBIMHU [7].

MaxkpoBoJOpOCaM MOTYT U3BJieub U3 BOIbl 40 60 % coearHeHUH a30Ta, B TOM 4ucie 10 95 % am-
MoHus [14]. Munum ke, Kak U3BECTHO, BBIENAIOT B Cpelly aMMOHMIHBIN a30T [5]. XpomodopHas rpyn-
na nurmMeHTa ((PUKOOWINH) KOBAJIEHTHO CBSA3aHA C BOJOPACTBOPUMBIM OeJIkOM Tuma riaoOymuHa [13],
Ha TIOCTPOEHHE KOTOPOro HeoOXoquM a3oT. Kpome Toro, (pMKOOMIMIPOTENHBI IIPHUHSITO CUUTATh «JIETIO»
OeJka B KJIeTKax Bojopociedi. OHU pa3pylIaloTcs B IMEPBYI0 OYepeib MPU a30THOM rojioganuu [6 ; 11].
Mesxay TeM BIOJHE BO3MOXHO, YTO Ha YPOBEHb coliepkaHus R-(pukosputpruHa BIUsSET HE TOJBKO MPU-
BHECEHHE a30Ta, HO U (pOpMa ero CoeIMHEeHUsI, OJHAKO, COTJIACHO MPEeIbIAYIIIMM UCCISAOBAHUAM, cpeaa
U1l KyJIbTUBMPOBAHUS COJIEpKaJla TOCTATOYHOE KOJIMYeCTBO a30Ta [3]. BeposiTHO, B JaHHOM cilyuyae BJusi-
I0T JIpyTve B3auMOIEHCTBYS (HaripuMmep, Ha YPOBHE TOPMOHAIBHOM peryJisiiun). Takum o6pa3om, UCTIOb-
30BaHME METAOOJMTOB, B TOM YHCIIE B TIOJIMKYJIBTYpPE, CO3AAET MPUHIMIHAILHO HOBHIM MyTh PEryJIsSIN
MPUPOJHBIX MpoLeccoB [8].

3akuaroueHne. BbisBICHO MONOKUTEBHOE BIMSHUE SK30MeTaOOJMTOB MMUIAMM Ha CHHTE3 R-¢uko-
9pPUTPUHA B MOJMKYJIBTYpe MUKpPOBOJOpoCib Tetraselmis viridis — mwunusa Mytilus galloprovincialis —
Makpour Gelidium spinosum. BHeceHrne 3K30MeTad0IMTOB MOJLUTIOCKOB B UKCTYIO MPOMUIBTPOBAHHYIO
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MOPCKYIO BO/Iy OOecrieuyrBaeT MOBbIIIEHUe KOHIeHTpalu R-(ukospurpuna B resmauyme Ha 10-35 %,
a no0aBleHre SK30METa0O0UTOB B COUETAHUHU CO CTAaHIAPTHOW MUTATENLHON CPelor MPUBOAUT K YBEJH-
YeHuIo cofepxanusl R-dukospurpuna 6onee yem B 2 paza. OpueHTUPOBOYHBIE BECOBbIE COOTHOIICHUS
9JIEMEHTOB TOJUKYJIbTYPHI B 1,5-TUTPOBBIX pabounx 00BEMAX, MO3BOJISIONIME JOCTHYDL KETaeMOro pe-
3yJibTaTa yxe uepe3 2 Hepenu: 2 r requauyma / 50—60 r apyxnernux muauid / 0,4-0,6 T ceiporo Beca

MHUKPOBOAOPOCIEH.

Paboma evinoanena é pamkax zocyoapcmeenrozo 3aoarnuss UL UnBIOM no meme «Hccaedosanue mexanuzmos
ynpaenerust NPOOYKYUOHHBIMU NPOUECCAMU 8 OUOMEXHON0ZUUECKUX KOMIAEKCAX C UYeAbl0 pa3pabomKU Hay4HbIX OCHO8
noAYy4eHUs: OUON0UMECKU AKIMUBHBIX GEULECINE U MEXHUUECKUX NPOOYKIMO8 MOPCKO20 2eHe3uca» (Ne zoc. pezucmpayuu

AAAA-A18-118021350003-6).
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INFLUENCE OF MUSSEL MYTILUS GALLOPROVINCIALIS EXOMETABOLITES
ON R-PHYCOERYTHRIN CONCENTRATION
IN RED ALGA GELIDIUM SPINOSUM WHEN GROWN IN POLYCULTURE

B. N. Belyaev and N. M. Beregovaya!

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

To increase R-phycoerythrin concentration in red Black Sea alga Gelidium spinosum (S. G. Gmelin)
P. C. Silva, 1996 (Rhodophyta), it was cultivated in laboratory conditions in polyculture microalga
Tetraselmis viridis — mussel Mytilus galloprovincialis — Gelidium; the results of the study are presented.
The positive effect of mussel exometabolites on R-phycoerythrin concentration in Gelidium in polycul-
ture is described. The relevance of the work is determined by the value of R-phycoerythrin, which is used
as a powerful antioxidant, as well as a marker in cytometry and microscopy. The aim of the study is to in-
crease R-phycoerythrin concentration in Gelidium using the polyculture method. As a material, Gelidium
from the fouling of rocks and coastal protection structures of Karantinnaya Bay (Sevastopol) was used;
it was cultivated in a laboratory installation with eight working volumes, four of which contained mussels.
Mussel decontamination, supplemented with mineral salts and biogens, was used as a nutrient medium
for Gelidium. The combination of mussel exometabolites with previously developed nutrient medium,
based on Black Sea water and enriched with nutrients and mineral salts, results in an increase in R-
phycoerythrin concentration by more than 2 times, while the addition of exometabolites to pure filtered
seawater increases it maximum by 35 %. Approximate ratios of polyculture elements in 1.5-L volumes,
allowing to achieve the desired results in 2 weeks, are as follows: 2 g of Gelidium / 50-60 g of two-year-old
mussels / 0.4-0.6 g of microalga wet weight.

Keywords: cultivation, polyculture, microalgae, molluscs, macrophytes, nutrient medium

Mopckoii 6uonorndeckuii xypHai 2020 Tom 5 Ne 2


http://ibss-ras.ru/
mailto:belyaevbob@yandex.ru

8 7 Mopckoii 6uonorudeckuii xypHai, 2020, Tom 5, Ne 2, c. 19-37
momMmOon

Tralmralm Marine Biological Journal, 2020, vol. 5, no. 2, pp. 19-37
ﬁ%ﬁﬁ%’l https://mbj.marine-research.org; doi: 10.21072/mbj.2020.05.2.03

T ISSN 2499-9768 print / ISSN 2499-9776 online

UDC 574.587.015(268.45)

BARENTS SEA MEGABENTHOS:
SPATIAL AND TEMPORAL DISTRIBUTION AND PRODUCTION

©2020 D.YV.Zakharov'?, L. L. Jergensen®, I. E. Manushin', and N. A. Strelkova'

IPolar branch of VNIRO (“PINRO” named after N. M. Knipovich), Murmansk, Russian Federation
Murmansk Marine Biological Institute RAS, Murmansk, Russian Federation
3Institute of Marine Research, Tromsg, Norway
E-mail: zakharden@yandex.ru

Received by the Editor 11.10.2019;  after revision 07.05.2020;
accepted for publication 26.06.2020;  published online 30.06.2020.

This long-term observation of the faunal composition within the Barents Sea provides a benchmark
for monitoring community changes caused by oceanographic variability, fishery activities, and crab preda-
tors (Chionoecetes opilio, Paralithodes camtschaticus), whose populations have been rapidly growing
and spreading in recent years. In the Arctic systems, megabenthic communities comprise a significant
part of benthic biomass and play an important role in carbon cycling on continental shelves. The gradual
accumulation of knowledge on megabenthos may make it possible to assess their role in the ecosystem
and ultimately contribute to a more rational management of the Barents Sea resources. This article rep-
resents an important series of long-term megabenthic observations in the Barents Sea. The main goal
of our research is to identify spatial patterns and temporal trends in the megabenthic part of communities,
including changes in the biomass and production values. As a part of the joint Norwegian-Russian ecosys-
tem surveys, benthic experts have been identifying the invertebrates (megafauna) collected by bottom
trawls during annual assessments of commercial stocks, such as Atlantic cod (Gadus morhua) and north-
ern shrimp (Pandalus borealis). The sampling equipment used was a Campelen 1800 bottom trawl, rigged
with rockhopper ground gear and towed on double warps, and standardized to a fixed sampling effort
(equivalent to a towing distance of 0.75 nautical miles (nm), or 1.4 km). The processing of the biologi-
cal material was conducted in accordance with standardized procedures, following the retrieval of each
trawl. This work represents data from 5016 stations from 2005 to 2017, with a total sampled biomass
of 238.4 tons and 14.9 million individual organisms. In total, 694 megabenthic species (1058 taxa) have
been recorded, with the greatest diversity observed in the depth range of 100—400 m, while the largest
mean catches were taken between depths of 600-800 m. The biomass (B) and production (P) values
of the benthic megafauna were approximately stable during the 9 years of investigation, although there
was a decreasing trend after 2014. The annual production P/B ratio of megabenthos was calculated to be
at 0.3. The distribution, contribution to production, and gross biomass values of the megabenthos had been
underestimated in the previous studies of zoobenthos. The results from this research show that, in the cur-
rent warm period, the majority of the Barents Sea is in an intermediate state between the Arctic and bo-
real regions due to the wide distribution of boreal species toward the north. The dynamics of the mean
biogeographical index (the border between areas of the dominance of boreal and Arctic species) within
the central-southern part of the Barents Sea suggests that a large part of the area can be characterized
as predominantly boreal intermediate since 2013.

Keywords: Arctic, Barents Sea, megabenthos, climate, Atlantic Current, production, species distribution

The effects of global climate change have been particularly noticeable in the Arctic, causing a restructur-
ing of Arctic ecosystem [19 ;25 ; 33] and a northward shift of biogeographical boundaries as a consequence
of warming [5;6;10; 12 ;18 ;21].

19


https://mbj.marine-research.org/
https://doi.org/10.21072/mbj.2020.05.2.03
http://www.vniro.ru/en/branches/polar-branch-of-the-fsbsi-vniro-pinro-named-after-n-m-knipovich
http://www.mmbi.info/eng/
https://www.hi.no/en/hi/about-us
mailto:zakharden@yandex.ru

20 D. V. Zakharov, L. L. Jgrgensen, I. E. Manushin, and N. A. Strelkova

In the Arctic systems, megabenthic communities comprise a significant part of benthic biomass [7 ; 30]
and play an important role in carbon cycling on continental shelves [23 ; 32]. Marine benthic communi-
ties are well-suited for long-term comparative investigations, as comprising species have a relatively long
lifespan and either are sessile or have low motility. These traits make it possible to measure the effects
of environmental change on communities over time. The potential impact of climate change on the marine
environment may be acute, but it is difficult to register due to the lack of baseline data. A recent analysis
showed that 34-59 % of Arctic megafauna taxa have yet to be documented [45].

The Barents Sea is a continental shelf sea with an average depth of 230 m (Fig. 1a); it is characterized
by a transitional zone from warm Atlantic waters to cold Arctic ones (Fig. 1b) [43 ; 44]. Substantial climatic
changes have been observed during the last four decades [8 ; 47]. Water temperatures in the subarctic
Barents Sea during the past decade have reached the highest rates over the period observed [8]. Ice coverage
has declined by about 10 % [4], while water temperature has risen by approximately 1.5 °C [35]. The area
covered by the warmer Atlantic water has increased [28] due to northward shifts in the polar front, where
Atlantic and Arctic water masses meet [43].

Analysis of Barents Sea benthic megafauna shows clear biogeographical patterns, with an Arctic produc-
tive community dominating in the northeast [11] and occasionally in the northwest, and an Atlantic warm
water community in the southwest [29 ; 30]. A deep-cold-water community is found in the northwestern
part of the Barents Sea shelf. A shallow bank community is predominant on the Spitsbergen Bank located
southwards of Spitsbergen and in the southeastern Barents Sea. This shallow bank community is also found
sporadically west and north of Spitsbergen [30].

It has been suggested that climate change is causing a northward shift of biogeographical boundaries
in the northern hemisphere due to the warming process [21]. The number of boreal species has increased,
while the number of arctic species have declined [31]. The range of some species has expanded, and new
boreal-subtropical species have appeared in the Arctic [52 ; 53].

The gradual accumulation of knowledge on megabenthos may make it possible to assess its role
in the ecosystem and ultimately contribute to a more rational management of Barents Sea resources. This ar-
ticle presents an important series of long-term megabenthic observations in the Barents Sea. The main goal
of our research is to identify spatial patterns and temporal trends in the megabenthic part of communities,
including changes in biomass and production values.

MATERIAL AND METHODS

Benthos sampling. Norwegian and Russian ships were used to survey the Barents Sea annually August
to November. Sampling stations were established at fixed positions along a regular grid (around 35 nautical
miles between each station), covering an area of about 1.5 million km?. The sampling equipment used was
a Campelen 1800 bottom trawl, rigged with rockhopper ground gear, towed on double warps, and stan-
dardized to a fixed sampling effort (equivalent to a towing distance of 0.75 nautical miles, or 1.4 km).
The horizontal opening was 15 m, and the vertical one was 5 m. The mesh size was 80 mm (stretched)
in the front and 22 mm in the cod end, allowing capture and retention of vertebrates (fishes) and large in-
vertebrates (megabenthos) from the seabed. All catch data presented in the article have been standardized
to 1 nautical mile (hereinafter nm).

Data. Benthos specialists from the Polar branch of VNIRO (Russian and Norwegian ships), Institute
of Marine Research, Murmansk Marine Biological Institute, and other international institutions (Norwegian
ships) were involved in the processing and identification of benthos collected by the scientific trawl during
the annual Norwegian-Russian Ecosystem Survey [1].

The processing of the biological material was conducted in accordance with standardized proce-
dures, following the retrieval of each trawl [30]. The invertebrates were separated from the vertebrate
catch in the onboard fish laboratory. Depending on catch weight, the material was processed in total
or as a subsample. Records were made using paper datasheets, to be entered into a database afterward.
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Fig. 1. The Barents Sea, with: A — a map showing place names and depth contours; B — a map of bottom
water currents with arrows showing: 1) the main streams of Atlantic water (red), 2) coastal currents (green),
and 3) cold Arctic currents (black) [49]. C — % of areas covered by water with different bottom temperatures
in the Barents Sea (N71-79°, E25-55°) (August to September in 2000-2017) [26]

Puc. 1. BapenueBo Mope: A — KapTa ¢ yKa3aHHeM TonorpauvecKux HasBaHWH W IyouH; B — kapra
MIPUAOHHBIX TEUEHUH, KPACHBIE CTPEJIKM ITOKA3bIBAIOT OCHOBHBIE TOTOKM ATJIAHTHUECKOTO TEUEHHU ], 3eJIEHbIE —
npuOpeKHbIe TeUeHUs], YEPHbIE — XOJIOAHBIE apKTuUeckue TedeHus [49]. C — cooTHolIeHHe IO THA
C Pa3IMYHON MPUAOHHON TeMIepaTypolt Boasl B bapeniieBom mope (71-79° ¢. m1., 25-55° B. 11.) B aBrycTe —
centsiope 2000-2017 rr. [26]

The total subsample weight was used to determine the adjustment factor in order to represent the full
catch. All large (> 100 g) species, as well as rare megabenthic ones, were taken from the total catch, while
the remaining species were extracted only from the subsample.

Most of the taxonomic processing was undertaken onboard to the lowest possible taxon. In cases
of identification difficulties, the species were photographed and/or preserved for further processing by tax-
onomic specialists on land. In order to develop standardized species identification across all involved ships
and throughout the entire research period, the naming of all the species was checked using photographs
of each processed catch since 2013.

Following identification, the number of individuals of each species or taxon was counted, and wet weight
was measured on electronic balances (£ 0.5 g).

Totally, 5016 stations were sampled between 2005 and 2017 (Fig. 2). The total sampled biomass of ben-
thic megafauna was 238.4 tons, consisting of over 14.9 million individuals. Some individuals were as-
signed to the genus or higher taxonomic level due to difficulties with their species identification. The final
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list included 1058 taxa, of which 694 were identified to species onboard (Table 1). As the Campelen
trawl is designed to catch northern shrimp (Pandalidae family), this semipelagic shrimp could be over-
estimated in the data, and therefore it was excluded from the analysis and used only for megabenthic data
smoothing. Similarly, all pelagic species, such as jellies (Scyphozoa), were also excluded from the analysis.
Values are presented as mean * standard error (hereinafter SE) unless otherwise stated.
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Table 1. Summary of the analyzed megafauna from the joint Norwegian-Russian Ecosystem Survey

(2005-2017)

Tadouuma 1. OO0bEM MaTepuasa, IPOAHAIU3UPOBAHHOIO B SKOCUCTEMHBIX ChéMKax 2005-2017 rr., u ero

OCHOBHBIE XapaKTEPUCTUKH

Total Average Average Amount

Year Numt.)er Abundance Biomass abundance biomass .

of stations i X 1 1 species taxa

(ind.) (tons) (ind..nm™) (kgnm™)

2005 224 107,114.0 2.6 522.5 12.7 142 218
2006 637 964,569.0 25.9 1576.0 42.1 261 388
2007 551 633,761.5 22.9 1240.2 44.6 222 351
2008 431 901,885.1 14.8 2183.7 35.7 157 244
2009 378 769,129.3 15.9 2056.4 42.2 283 391
2010 319 285,322.8 8.6 900.0 27.3 273 360
2011 391 1,333,887.2 13.4 3411.4 34.3 282 442
2012 443 4,345,807.4 55.6 9832.1 125.5 354 513
2013 487 1,888,138.0 34.8 3885.0 71.7 362 538
2014 165 463,108.6 6.0 2806.7 36.7 220 333
2015 334 606,272.4 6.6 1815.1 19.9 398 599
2016 317 1,340,958.8 11.5 4230.1 36.3 266 423
2017 339 1,277,828.3 19.8 3769.4 58.6 319 500
Total 5016 14,917,782.4 238.4 2940.7" 45.2" 694 1058

Note: * indicates the mean value across all years.

HpnMeanne: e Cp€aHEE 3HAUYCHUE 3a BCE Irobl.
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To determine whether there were any temporal differences in abundance and smoothed mean biomass
among megabenthic fauna across the Barents Sea, the mean values per grid cell (N0.5°, E2°) were calculated
both for early (2005-2011) and late (2012-2017) time periods of the study (see Figs 8 and 9).

Data smoothing. An examination of megabenthic biomass values in the Barents Sea indicated exten-
sive inter-annual variations (Table 1). Therefore, the following steps were taken to minimize the chances
of a possible sampling error and a distortion of results: 1) data collection was restricted to the area be-
tween N68-80°, E15-62° in order to exclude sectors covered only occasionally; 2) catches of > 1 ton were
excluded; 3) shrimps of the Pandalidae family were excluded from the overall calculations and analyzed
separately because all species of this family are benthopelagic, and the Campelen trawl possesses high
catchability for such shrimps [51].

A smoothing function was constructed using a second-degree polynomial equation that was considered
to minimize fluctuations in megafauna data. This was done for both Russian and Norwegian data samples,
followed by a merge into a consolidated database. The smoothing procedure was conducted in three steps:
1) smoothing Pandalid data; 2) smoothing sessile epifauna data; 3) smoothing data of two other ecological
groups (mobile epifauna and infauna).

The smoothing of Pandalid shrimp annual biomass data showed that the majority of shrimp biomass
values had insignificant variations when compared to the smoothing curve. From the adjusted Pandalid
values, correction coefficients were used to adjust the sampled biomass data of other taxa.

After this process, the megabenthic biomass was divided into three categories: “sessile epifauna”,
“mobile epifauna”, and “infauna”. Because epifauna biomass fluctuated more than biomass of Pandalid
shrimps, a second correction coefficient derived from the second-degree polynomial equation was calculated
in the same way as for Pandalid shrimp biomass.

For mobile epifauna and infauna, the real values were divided by the second correction coefficient.
Thereafter, modified biomass values of the mobile epifauna and infauna were smoothed in the same way.
Smoothed data were used for further analysis in special cases, which are discussed below.

Production was calculated by multiplying taxon biomass by production to biomass (P/B) ratio.
Two types of P/B ratio were used. The first was calculated for the major taxonomic groups from Degen
etal. [11], and the second was calculated from the Manushin formula [37] (Table 2), except for taxa Porifera,
Cnidaria, and Bryozoa, that were taken from Degen ef al. [11]. Community production was calculated
from the summarized production value of each taxon/species per station.

Table 2. Equations describing the dependence of the P/B ratio on mean body weight (W, g of wet weight)
for different taxa

Ta6umna 2. YpaBHeHWs, ONUCHIBAIOIIME 3aBUCUMOCTh Koadurmenta P/B ot cpexneit maccwl tena (W, r
CBIPOH Macchl) 11 pa3HBIX TAKCOHOB

Taxon Equation
Annelida P/B=0.365 x W37
Arthropoda P/B=2.190 x W0-276
Chordata P/B=0.073 x W57
Echinodermata P/B=0.730 x W03
Total P/B=0.694 x W03%

Biogeographical analysis. The biogeographical status of the Barents Sea can be assessed by determin-
ing the boundary lines between the Arctic and boreal communities at different points in time. The fluctuation
of these boundary lines over time reflects the effects that water temperature changes have on benthic fauna.
Here the Biogeographical Indices (hereinafter BGI) [38] are used to show the ratio between the boreal
and Arctic components of the fauna:
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Bb — Ba
~ Bb+Ba’
where Bb and Ba are biomasses of the boreal and Arctic species, respectively.

Each species from the stations was placed into one of three biogeographical categories: “boreal”, “Arc-
tic”, or “boreal-Arctic” [50]. Afterwards, all species classified as “boreal-Arctic” were excluded from further
analyses, leaving only pure “boreal” and “Arctic” species to be used in the calculation of the boreal-Arctic
ratio per station [46]. The station value of the BGI varied from —1 (only Arctic species) to +1 (only boreal
species). In the case of absence or equal amounts of boreal and Arctic species, the BGI for a station is zero.
The stations with such BGI values represent the hypothetical boundary line between the Atlantic boreal
and Arctic biogeographical regions.

To illustrate the BGI distribution, the Barents Sea and adjacent waters were divided into grid cells
(10° long., 1° lat.), and the mean values of all stations per grid cell over a 3-year period were calculated
and used as input for the map.

To show the distributional dynamics of borderlines between areas dominated by either boreal or Arctic
species (i. e., BGI = 0) 2005 to 2017, the centroid of each grid cell was used to plot the BGI in Map Viewer
(Golden Software) [20]. The inverse distance to a power method was performed for gridding, and the moving
average method was used for calculating the time series. Henceforth, the name ‘‘boreal-Arctic boundary”
is used for the hypothetical boundary lines (BGI = 0) between the Atlantic boreal and Arctic biogeographical
regions.

Dynamics of boundary shifts in the region of N69-76°, E20-55° 2005 to 2017 was described using
the BGI per cell over a 3-year period and calculated using the moving average method. The area delimited
by N69-76°, E20-55° was chosen for the analysis because it provided the most informative annual station
coverage during the research period, with the exceptions being 2005 and 2014 due to the lack of data
from the Norwegian participants of the study.

BGI (D

RESULTS

Biomass dynamics. The mean biomass 2006 to 2017 was estimated to be 31 kg-nm™. The mean
biomass varied year to year, with the highest mean observed in 2012 (54 kg-nm™") and the lowest one regis-
tered in 2010 (22 kg-nm_l) (Fig. 3A). The smoothed annual biomass reduced the maximum values of 2012
and 2017 considerably, resulting in a relatively stable curve, although variability increased after 2013, with
the lowest biomass means observed in 2016 and 2017 (Fig. 3B). The average smoothed biomass 2006
to 2017 was estimated at 27 kg-nm ™!, with annual means varying —6 kg-nm™ in 2016 to +7 kg-nm™" in 2014.
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Fig. 3. Inter-annual variations in mean (x SE) biomass (kg~nm‘1) in the Barents Sea for observed (A)
and smoothed (B) data (2006-2017)
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Biomass of different taxa. The surveys in the Barents Sea have revealed patterns in the distribution
of the megabenthic fauna. For the region as a whole, Porifera biomass dominated the fauna, followed by that
of Arthropoda and Echinodermata (Fig. 4).
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Fig. 4. Biomass distribution of the main

Porifera SR megabenthic groups from 20052017 trawl sur-
44,9% rac;;;:u " veys in the Barents Sea
Puc. 4. CootHolleHne OHOMacchl OCHOBHBIX
Chordata rpynm mMerabeHtoca B BapeHiieBoM Mope 1o pe-
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Patterns were also noted in the spatial distribution in phyla biomass within the survey area (Fig. 5).
Porifera was predominant in the western and northern peripheral areas; Arthropoda was predominant
in the central and northwestern areas, while Echinodermata dominated mostly at the northern stations
of the Barents Sea. Cnidaria dominated in the deep stations in the northern periphery but also had a notice-
able presence in several locations in the central Barents Sea. Chordata (mainly Ascidiacea) biomass was
dominant sporadically but with no apparent pattern. Areas with even phyla distribution were particularly
prevalent in the shallow areas of the Novaya Zemlya Bank (eastern Barents Sea), Spitsbergen (northwestern
Barents Sea) and other bank areas, due to the diversity of biotopes and environmental conditions there.
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Fig. 5. Biomass distribution of the main phyla (Arthropoda, Echinodermata, Mollusca, and Porifera) and other
groups (Annelida, Bryozoa, Sipuncula, Cnidaria, Chordata, and Brachiopoda) shown as mean values per grid
cell (N1°, E5°) in 2005-2011 and 2012-2017
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Several changes were observed in phyla dominance from the early period (2005-2011) to the late one
(2012-2017). The northernmost stations, adjacent to the Arctic Ocean, shifted from being dominated by ei-
ther Arthropoda or Echinodermata to becoming almost entirely dominated by Porifera. Along the west coast
of Novaya Zemlya, the previously high diversity of phyla changed to domination by Arthropoda. Mean-
while, the central-eastern Barents Sea (N72-77°, E40-50°) has shifted from mostly Arthropoda to being
dominated by Echinodermata.

Inter-annual variation in biomass (smoothed values) of five most dominant taxa revealed that Porifera
remained relatively stable, except in 2017 when the biomass increased. The biomass of Cnidaria and Echin-
odermata experienced rapid decreases from 2015, while Arthropoda and Mollusca were more variable,
ending with low values in 2017 (Fig. 6). Arthropoda and Echinodermata biomass were inversely related
(linear regression is as follows: Echinoderm biomass = —1.4 x Arthropod biomass + 19.1; R? = 0.64).
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The number of species. Species of the Barents Sea, presented as the mean number of species recorded
during 2005-2017 (Fig. 7), had the highest values around Spitsbergen, while the lowest value was found
in the northeastern region, which had the poorest coverage during the research period. However, low species
diversity was also recorded in the southern areas of the Barents Sea that had experienced regular coverage
as in the western and central areas of the sea.
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Abundance and biomass distribution during two time periods (2005-2011 and 2012-2017).
The mean abundance was generally similar for both periods (the early one — (5489 + 226) ind.-nm™'; the late
one — (5023 + 363) ind..nm™!). However, the maximum catch nearly doubled between the early and late
periods: 388,000 to 793,000 ind.-nm™. F-test shows that the differences between periods are statistically
significant (F,, (0.38) < F,,; (0.93); p-value = 0.0).

For both the early and late periods (Fig. 8), high mean abundances (up to 50,000 ind..nm™)
were recorded in the central region of the Barents Sea. However, in the late period, high abundances were
also frequently noted in the northeastern region. The lowest abundances were observed in the southern area,

particularly around Cape Kanin Nos that had regular coverage, but also in the northwest in the early period
with poor coverage.
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research periods
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The smoothed mean biomass decreased both in the early and late periods: (70.6 + 6.6) kg-nm™ in the ear-
lier period to (63.0 £ 6.2) kg nm™! in the later one (Fig 9). F-test showed that these differences were statis-
tically s1gn1ﬁcant (Fluer (1.12) > F;; (0.07); p-value = 0.0025). Meanwhile, the maximum catch increased
8.5 tnm™" in the early period to 9.8 tnm™ in the late one.

In the early period, the largest catches (> 1 ton) were obtained in the southwestern part of the Barents
Sea (Fig. 9) due to the abundant sponge fields in this area; these were intentionally avoided in the late period
due to the risk of damage to the bottom fauna and the gear. While relatively large catches have been made
within a large area of the central Barents Sea in the early period, similar catches were mostly observed
in the northeastern part of the Barents Sea during the late period. Late period data showed that large areas
of the southeastern Barents Sea had the lowest biomass amounts (< 1 kg-nm™).
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Fig. 9. Mean biomass (kgnm™', smoothed values) per grid cell (NO0.5°, E2°) across 2005-2011
and 2012-2017
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The depth-related species richness, abundance, and biomass are shown in Fig. 10A, and a sampling
frequency — in Fig. 10E. The highest sampling frequency and, therefore, more robust results were observed
at 100—400-m depth. Stations shallower than 50 m or deeper than 600 m were less frequently sampled.
In terms of species richness, the greatest diversity was seen at depths of 100-400 m (642 species), with
lower richness on stations at < 50 m (179 species) and a steady decline in richness at 500 m and deeper
(< 347 species). The largest biomasses (average catch > 100 kg-nm™) were caught at 700-m depth, while
the lowest biomasses (< 20 kg:-nm™!) — at > 900 m. The highest abundances were noted at 200-300-m depth
(more than 5000 ind.-nm™), while the lowest (less than 500 ind.-nm™) took place at < 50 m and > 700 m.

Production. When comparing the results for calculating production (see Fig. 11), the inter-annual vari-
ation showed similar trends between two methods, but at different scales, with the Manushin values being
almost twice as large as those obtained with using the Degen ef al. method (Fig. 11). Inter-annual vari-
ations of average megabenthic production in the Barents Sea in 2006-2017 reached the highest in 2008
and 2014 and the lowest in 2017. Most years showed a range 3—4 kg-nm™-year™' (Fig. 11A) with a mean
of (3.6 + 0.6) kg-nm™'.year™ or 7-10 kg:nm™!-year™! with a mean of (8.1 + 0.1) kg-nm™'.year™ (Fig. 11B).

The distribution of the Arctic versus boreal taxa of the Barents Sea. The distribution of the BGI val-
ues (see “Material and Methods”) in the Barents Sea during 2005-2017 showed Arctic species dominating
in the northern and eastern sectors of the Barents Sea, while the southern and western areas were dominated

by the boreal species. These two regions are separated by a boreal-Arctic boundary line that has varied over
time (Fig. 12).
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Fig. 11. Inter-annual variation of mean megabenthic production (+ SE) in the Barents Sea in 2006-2017
calculated with two different P/B ratios: A) Degen et al. [11] and B) Manushin [37]
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The location of the boreal-Arctic boundary line closely follows three main currents of Atlantic wa-
ter in the Barents Sea: along the western slope of the Barents Sea shelf, to the Central Bank, and along
the western shelf of the Novaya Zemlya archipelago (see also Fig. 1A).

i{ 2010-20!

1201520

Fig. 12. Temporal distribution of the Arctic (blue) and boreal (red) areas of the Barents Sea (2005-2017).
The black line shows the position of the boreal-Arctic boundary

Puc. 12. BpemeHHOE pacripejie/ieHie apKTHIECKUX (CMHUE) U GopeasibHbIX (KpacHbie) obacteii B BapeHiesom
mope B 2005-2017. YepHast TMHMS IOKA3bIBAET MOJIOKEHNE OOpealbHO-APKTUIECKOM TPAHUIIBI

The position of the boreal-Arctic boundary (BGI = 0) varied between years and locations (Fig. 13).
In the southeastern part of the sea, the positions of the boundary have changed spatially by approximately
150-200 nm during 2005-2017, around 150 nm on the Spitsbergen Bank, and less than 50 nm in the central
part of the sea.

The inter-annual fluctuation in the boreal-Arctic boundary position is most distinctive in the southeastern
part of the Barents Sea. The results show that the boundary moved towards the southwest (upper five pictures
in Fig. 12) during 2006-2010, indicating a prevalent distribution of Arctic species over boreal, while over
the course of the next six years (2011-2016) it moved back in a northwards direction.

An area-based mean BGI for the central-southern part of the Barents Sea (Fig. 14) demonstrated a preva-
lence of Arctic species during 2007-2014, with a minimum value in 2010, followed by a prevalence of bo-
real species during 2014-2017. The years 2005 and 2014 are excluded from the calculation due to the lack
of Norwegian data. The lowest and highest presence for boreal species in the constrained area is observed
in 2010 and 2015-2016, respectively. Values below zero indicate the dominance of Arctic biomass, while
values above zero indicate boreal dominance in the defined area (see embedded map in Fig. 14).
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Throughout 13 years (2005-2017) of annual monitoring of the benthic megafauna, 21 % of 3245 species

previously known [36] from Barents Sea, have been recorded. More than 5000 stations, 200 tons, and 14 mil-
lion individuals of megafauna have been sampled. This achievement has become possible with using exist-
ing annual stock surveys, already being conducted by national governmental institutions, with the addition
of benthic expertise, thereby making it possible to identify and evaluate the benthic by-catch from the com-
mercial fish/shrimp trawl. It has proven to be a time- and cost-efficient approach for conducting long-term
monitoring of the benthic habitats without additional seabed impact.

As the surveys were carried out using a trawl, animals in the catch were characterized by size

as megabenthos [1]. Previous studies of zoobenthos mainly used material collected by grabs [15], but trawls
and dredges of various design are better suited for sampling large invertebrates [17]. This was confirmed
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contribution to production, and gross biomass of 694 species (1058 taxa) studied here have been previ-
ously undervalued, it is therefore assumed that zoobenthos in previous studies had not been fully taken
into account.

In 2005-2014 (the first nine years of investigation), the mean biomass and production values
of the benthic megafauna were mostly stable, but they tended to decline after 2014.

The spatial distribution of the biomass showed that the highest values of megabenthos were recorded
on the continental slope in the areas of hydrological fronts where water masses meet [39 ; 40 ; 42]. Similar
results have previously been obtained for macrobenthos in the Barents Sea [2;9 ;14 ; 15; 34 ; 41], indicating
that the same environmental factors are structuring these two faunal components. Prior to the ecosystem sur-
vey of the Barents Sea, however, there was no data on the distribution of megabenthic organisms in the Bar-
ents Sea, thus making it difficult to compare megabenthic and macrobenthic parts of the communities.

The depth range of 100-300 m accounted for 65 % of sea area [34] and included 79.5 % of the total
number of stations used in the ecosystem survey, meaning that the investigated area was approximately
evenly covered by bottom trawling. The highest species variety was observed in the 100—400-m depth
layer, and a reduction in the number of species coincided with an increase in depth. This is also in accor-
dance with prior investigations of macrobenthos [24], and has previously been explained by the depletion
of food resources [34]. However, the mean numbers of species per trawling (Fig. 10B) show that species
diversity in general is remarkably high in both shallow coastal areas and deep sea of the investigated parts
of the Barents Sea.

The largest average catches of megabenthic fauna were taken at a depth range of 600-800 m, along
the continental slope of the western and northern parts of the Barents Sea. Communities of high benthic
biomass (predominantly sponges) have previously been reported [9 ; 34] in the area of the warm Atlantic
Current of the West-Spitsbergen branch [39 ; 40 ; 42] and in Saint Anna Trough near Franz Josef Land [22]
where they filtrate water current for food particles.

The average biomass of Arthropoda was at its highest in 2006—2007, coinciding with the introduction
of red king crab (Paralithodes camtschaticus) to the southern part of the Barents Sea, and in 2013-2016,
when the population of snow crab (Chionoecetes opilio) rose dramatically in the eastern part of the Bar-
ents Sea. The decrease in crustacean catches in recent years is most likely related to the spreading of snow
crab over a larger area and the beginning of fishing in the areas of its maximum concentrations in the eastern
part of the Barents sea in 2016 [48], where up to 8,000 tons of crab are caught annually.

It can be suggested that the decline observed in the biomass of Cnidaria and Echinodermata after
2014, was caused by predation and competition from the snow crab. Echinoderms and cnidarians are fre-
quently found in crab stomachs [54], which may indicate feeding on these animals by large populations
of snow crab.

Apart from a few exceptions, the Mollusca biomass tended to increase until 2016. Taking into account
only the area populated by snow crab, the average biomass of Mollusca has increased, while across the Bar-
ents Sea as a whole, biomass was stable, which suggests that snow crabs may have only a small influence
on the Mollusca biomass.

Molluscs are one of the main macrobenthic groups in snow crab diet [54]. However, large molluscs with
strong shells, that could be caught by trawls, were not present in its diet, which suggests that the biomass
of large molluscs is driven by other factors.

Both methods used to calculate the inter-annual variation of the megabenthic production in the Bar-
ents Sea showed similar trends; however, the use of Manushin formula doubled the resulting values of pro-
duction. Using the mean biomass (27 kg-nm™), the annual P/B ratio was calculated to be 0.14 [11]
and 0.3 [37]. There is a difference between the P/B ratio calculated by the Degen et al. method in this paper
(0.14) and the value in the original article (0.15) [11]. This difference is explained by the selection of area
of the Barents Sea (see “Material and Methods”), exclusion of catches > 1 ton, and the longer research
period. It is assumed that the values obtained from the calculation with using the Manushin method [37]
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are more realistic because his formula is based on taxonomic status and an individual average body weight
of ectothermic animals. It could be suggested that Degen ef al. [11] calculations had not taken into ac-
count small-sized groups of animals, due to the low catchability of small animals by the Campelen trawl.
In Manushin formula [37], this underestimation is minimized because both available materials and author’s
own data are used to create production equation for a wide size range of animals. Similar results were
obtained in a study of scallop (Chlamys islandica) near the Kola Peninsula, being a similar megabenthos
size group, where P/B ratio was estimated to be 0.25 [13]. Comparing P/B ratio of macrobenthos (0.2-5.3;
mean (1.44 £ 0.06) [54]) and megabenthos (0.3), the level of megabenthic production seems to be realistic.

The boreal-Arctic boundary line in the Barents Sea (also called the biogeographical border between
the Arctic and boreal regions) has been known since the mid-XIX century, but without general consensus
of its position due to different criteria for setting the biogeographical boundaries [27].

The results from this research show that, in the current warm period, the majority of the Barents Sea
is in an intermediate state between the Arctic and boreal regions due to the wide distribution of boreal
species toward the north. Dynamics of BGI mean value within the central-southern part of the Barents Sea
(see Fig. 14) suggests that since 2013, a larger part of the Barents Sea could be characterized as a predomi-
nantly boreal intermediate area. Moreover, it is suggested that the shift in the boundary line between the Arc-
tic and boreal areas toward its most southern position in 2009-2011 may have been caused by the coldest
year prior to the research period (2003, i. e., six to eight years beforehand), resulting in the largest negative
anomaly for the megabenthos biomass.

Acknowledgement. We acknowledge the joint Norwegian-Russian Ecosystem Survey of IMR and PINRO and all
colleagues and staff on the ships, in the laboratories, and in the offices. We appreciate the help of Claude Nozeres (Mau-
rice Lamontagne Institute) and Stephen Long (Zoological Society of London) who made valuable corrections and re-
marks to the manuscript. We would like to thank the anonymous reviewers of the manuscript for useful comments.

REFERENCES / CTIMCOK JIMTEPATYPbI

1. Atlas of the megabenthic organisms of the Barents 6. Blacker R. W. Recent changes in the benthos

Sea and adjacent waters. Murmansk : PINRO, 2018, of the West Spitsbergen fishing grounds. Spe-
534 p. (in Russ.) cial Publication of the International Commission
2. Anisimova N. A. Echinoderms of the southern for the Northwest Atlantic Fisheries, 1965, no. 6,
part of the Kara Sea. In: Fauna of the inverte- pp. 791-794.
brates of the Barents, the Kara and the White Seas 7. Bluhm B. A., Iken K., Hardy S. M., Sirenko B. I.,
/ G. G. Matishov (Ed.). Apatity : KSC RAS, 2003, Holladay B. A. Community structure of epiben-
pp. 111-130. (in Russ.) thic megafauna in the Chukchi Sea. Aquatic
3. Antipova T. V. Echinoderms of the southern part Biology, 2009, vol. 7, no. 3, pp. 269-293.
of the Kara Sea. Trudy of the Knipovich Polar Re- https://doi.org/10.3354/ab00198
search Institute of Marine Fisheries and Oceanogra- 8. Boitsov V. D., Karsakov A. L., Trofimov A. G. At-
phy, 1975, iss. 35, pp. 121-124. (in Russ.) lantic water temperature and climate in the Bar-
4. Arthun M., Eldevik T., Smedsrud L. H., Skag- ents Sea, 2000-2009. ICES Journal of Marine
seth @., Ingvaldsen R. B. Quantifying the influ- Science, 2012, vol. 69, iss. 5, pp. 833-840.
ence of Atlantic heat on Barents Sea ice variabil- https://doi.org/10.1093/icesjms/fss075
ity and retreat. Journal of Climate, 2012, vol. 25, 9. Brotskaya V. A., Zenkevich L. A. Quantitative
iss. 13, pp. 4736-4743. https://doi.org/10.1175/ evaluation of the bottom fauna of the Barents
JCLI-D-11-00466.1 Sea. Transactions of the Institute of Marine Fish-
5. Asplin L., Ingvaldsen R., Loeng H., S@tre R. Trans- eries and Oceanography of the USSR, 1939, vol. 4,
port of Atlantic Water in the western Barents Sea. pp. 5-98. (in Russ.) ; pp. 99—126. (Summ. in Engl.)
[Copenhagen : International Council for the Explo- 10. Cheung W. W., Lam V. W., Sarmiento J. L.,
ration of the Sea, 2001]. ICES CM 2001/W:03). Kearney K., Watson R., Pauly D. Projecting

Marine Biological Journal 2020 vol. 5 no. 2


https://doi.org/10.1175/JCLI-D-11-00466.1
https://doi.org/10.1175/JCLI-D-11-00466.1
https://doi.org/10.3354/ab00198
https://doi.org/10.1093/icesjms/fss075

34

D. V. Zakharov, L. L. Jgrgensen, 1. E. Manushin, and N. A. Strelkova

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

global marine biodiversity impacts under climate
change scenarios. Fish and Fisheries, 2009, vol. 10,
iss. 3, pp. 235-251. https://doi.org/10.1111/j.1467-
2979.2008.00315.x

Degen R., Jgrgensen L. L., Lubin P., Ellingsen I. H.,
Pehlke H., Brey T. Patterns and drivers of megaben-
thic secondary production on the Barents Sea shelf.
Marine Ecology Progress Series, 2016, vol. 546,
pp. 1-16. https://doi.org/10.3354/meps11662
Denisenko S. G. Zoobentos Barentseva morya
v usloviyakh  izmenyayushchegosya klimata
i antropogennogo vozdeistviya. In: Dinamika
morskikh ekosistem i sovremennye problemy sokhra-
neniya biologicheskogo potentsiala morei Rossii.
Vladivostok Dal'nauka, 2007, pp. 418-511.
(in Russ.)

Denisenko S. G. Ekologiya i resursy islandskogo
grebeshka v Barentsevom more. Apatity : Kol’skii
nauchnyi tsentr AN SSSR, 1989, 138 p. (in Russ.)
Denisenko S. G. Long-term changes of zoobenthos
biomass in the Barents Sea. Proceedings of the Zo-
ological Institute of Russian Academy of Sciences,
2001, vol. 289, pp. 59-66.

Denisenko S. G. Bioraznoobrazie i bioresursy makro-
zo0bentosa Barentseva morya: struktura i mnogo-
letnie izmeneniya. Saint Petersburg : Nauka, 2013,
284 p. (in Russ.)

Dyer M. F., Cranmer G. J., Fry P. D., Fry W. G.
The distribution of benthic hydrographic indica-
tor species in Svalbard waters, 1978-1981. Journal
of the Marine Biological Association of the United
Kingdom, 1984, vol. 64, iss. 3, pp. 667-677.
https://doi.org/10.1017/S0025315400030332
Filatova Z. A., Zenkevich L. A. Kolichestvennoe
raspredelenie donnoi fauny Karskogo morya. Trudy
Vsesoyuznogo  gidrobiologicheskogo — obshchestva,
1957, vol. 8, pp. 3-67. (in Russ.)

Fossheim M., Primicerio R., Johannessen E., In-
gvaldsen R. B., Aschan M. M., Dolgov A. D.
Recent warming leads to a rapid borealization
of fish communities in the Arctic. Nature Cli-
mate Change, 2015, vol. 5, iss. 7, pp. 673-677.
https://doi.org/10.1038/nclimate2647

Frainer A., Primicerio R., Kortsch S., Aune M.,
Dolgov A. V., Fossheim M., Aschan M. M.
Climate-driven changes in functional biogeog-
raphy of Arctic marine fish communities.
Proceedings of the National Academy of Sci-
ences, 2017, vol. 114, no. 46, pp. 12202-12207.
https://doi.org/10.1073/pnas.1706080114

Franke R. Scattered data interpolation: Test

21.

22.

23.

24.

25.

26.

27.

28.

29.

of some methods. Mathematics of Computa-
tions, 1982, vol. 33, no. 157, pp. 181-200.
https://doi.org/10.2307/2007474

Galkin Y. I. Long-term changes in the distribution
of mollusks in the Barents Sea related to the cli-
mate. Berichte der Polarforschung, 1998, vol. 287,
pp. 100-143.

Galkin S. V., Vedenin A. A., Minin K. V., Ro-
gacheva A. V., Molodtsova T. N., Rajskiy A. K.,
Kucheruk N. V. Macrozoobenthos of southern part
of St. Anna Trough and adjacent Kara Sea shelf.
Oceanology, 2015, vol. 55, iss. 4, pp. 614-622.
https://doi.org/10.1134/S0001437015040098
Grebmeier J. M., Smith W. O., Conover R. J. Bi-
ological processes on Arctic continental shelves:
Ice-Ocean-Biotic interactions. In: Arctic Oceanog-
raphy: Marginal Ice Zones and Continental Shelves
/ W. O. Smith, J. M. Grebmeier (Eds). Wash-
ington, DC : American Geophysical Union, 1995,
pp. 231-261. (Coastal and Estuarine Studies ;
vol. 49). https://doi.org/10.1029/CE049p0231
Herman Y. (Ed.) The Arctic Seas: Climatology,
Oceanography, Geology, and Biology. Boston, MA :
Springer, 1989, 888 p. https://doi.org/10.1007/978-
1-4613-0677-1

Hoegh-Guldberg O., Bruno J. F. The impact of cli-
mate change on the world’s marine ecosystems. Sci-
ence, 2010, vol. 328, iss. 5985, pp. 1523-1528.
https://doi.org/10.1126/science.1189930

Interim Report of the Working Group on the Inte-
grated Assessments of the Barents Sea (WGIBAR),
9-12 March, 2018, Tromsg, Norway. Copenhagen,
Denmark : International Council for the Exploration
of the Sea, 2018, 210 p. (WGIBAR 2018 Report ;
ICES CM 2018/IEASG: 04).

Jirkov 1. A. Biogeography of the Barents Sea ben-
thos. Invertebrate Zoology, 2013, vol. 10, iss. 1,
pp. 69-88.

Johannesen E., Hgines A. S., Dolgov A. V.,
Fossheim M. Demersal fish assemblages and spa-
tial diversity patterns in the Arctic-Atlantic
transition zone in the Barents Sea. PLoS
One, 2012, vol. 7, iss. 4, art. E34924 (14 p.).
https://doi.org/10.1371/journal.pone.0034924
Johannesen E., Jgrgensen L. L., Fossheim M.,
Primicerio R., Greenacre M., Lubin P., Dol-
gov A. V., Ingvaldsen R. B., Anisimova N. A.,
Manushin I. E. Large-scale patterns in community
structure of benthos and fish in the Barents Sea.
Polar Biology, 2017, vol. 40, iss. 2, pp. 237-246.
https://doi.org/10.1007/s00300-016-1946-6

Marine Biological Journal 2020 vol. 5 no. 2


https://doi.org/10.1111/j.1467-2979.2008.00315.x
https://doi.org/10.1111/j.1467-2979.2008.00315.x
https://doi.org/10.3354/meps11662
https://doi.org/10.1017/S0025315400030332
https://doi.org/10.1038/nclimate2647
https://doi.org/10.1073/pnas.1706080114
https://doi.org/10.2307/2007474
https://doi.org/10.1134/S0001437015040098
https://doi.org/10.1029/CE049p0231
https://doi.org/10.1007/978-1-4613-0677-1
https://doi.org/10.1007/978-1-4613-0677-1
https://doi.org/10.1126/science.1189930
https://doi.org/10.1371/journal.pone.0034924
https://doi.org/10.1007/s00300-016-1946-6

Barents Sea megabenthos: Spatial and temporal distribution and production

35

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jgrgensen L. L., Ljubin P., Skjoldal H. R.,
Ingvaldsen R. B., Anisimova N., Manushin L
Distribution of benthic megafauna in the Bar-
ents Sea: Baseline for an ecosystem approach
to management. [ICES Journal of Marine
Science, 2015, vol. 72, iss. 2, pp. 595-613.
https://doi.org/10.1093/icesjms/fsul06

Jgrgensen L. L., Primicerio R., Ingvaldsen R. B.,
Fossheim M., Strelkova N., Thangstad T. H., Za-
kharov D. Impact of multiple stressors on sea
bed fauna in a warming Arctic. Marine Ecol-
ogy Progress Series, 2019, vol. 608, pp. 1-12.
https://doi.org/10.3354/meps12803

Klages M., Boetius A., Christensen J. P., Deube H.,
Piepenburg D., Schewe 1., Soltwedel T. The ben-
thos of Arctic seas and its role for the organic car-
bon cycle at the seafloor. In: The Organic Carbon
Cycle in the Arctic Ocean / R. Stein, R. W. Mac-
donald (Eds). Berlin ; Heidelberg : Springer,
2004, pp. 139-167. https://doi.org/10.1007/978-3-
642-18912-8_6

Kortsch S., Primicerio R., Fossheim M., Dol-
gov A. V., Aschan M. Climate change alters
the structure of arctic marine food webs due
to poleward shifts of boreal generalists. Proceed-
ings of the Royal Society B: Biological Sciences,
2015, vol. 282, iss. 1814, art. 20151546 (9 p.).
https://doi.org/10.1098/rspb.2015.1546

Kuznetsov A. P. On the distribution of trophic group-
ings of bottom invertebrates in the Barents Sea.
Transactions of the P. Shirshov Institute of Oceanol-
ogy, 1970, vol. 88, pp. 5-80. (in Russ.)

Lind S., Ingvaldsen R. B. Variability and im-
pacts of Atlantic water entering the Barents Sea
from the north. Deep Sea Research Part I: Oceano-
graphic Research Papers, 2012, vol. 62, pp. 70-88.
https://doi.org/10.1016/j.dsr.2011.12.007

List of Species of Free-living Invertebrates
of Eurasian Arctic Seas and Adjacent Deep
Waters | B. 1. Sirenko (Ed.). Saint Petersburg : Zo-
ological Institute RAS, 2001, 129 p. (Explorations
of the Fauna of the Seas ; iss. 51 (59)).

Manushin I. E. Srednyaya massa osobi kak pokaza-
tel’ skorosti oborota veshchestva v populyatsiyakh
vodnykh ektotermnykh zhivotnykh. In: Materi-
aly X nauchnogo seminara ‘“Chteniya pamyati
K. M. Deryugina”. Saint Petersburg : KopiServis,
2008, pp. 29-34. (in Russ.)

Manushin I. E., Anisimova N. A., Lyubin P. A.,
Dahle S., Cochrane S. Mnogoletnie izmeneniya
v makrozoobentose yugo-vostochnoi chasti Baren-

Marine Biological Journal 2020 vol. 5 no. 2

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

tseva morya. In: Materialy X1V nauchnogo seminara
“Chteniya pamyati K. M. Deryugina”. Saint Peters-
burg : SpbGU, 2012, pp. 33—45. (in Russ.)
Matishov G. G., Volkov V. A., Denisov V. V.
Structure of warm Atlantic water circulation
in the Northern Barents. Doklady Russian Academy
of Sciences, 1998, vol. 362, no. 4, pp. 553-556.
(in Russ.)

Matishov G. G., Matishov D. G., Moiseev D. V.
Inflow of Atlantic-origin waters to the Barents Sea
along glacial troughs. Okeanologia, 2009, no. 51 (3),
pp- 321-340.

Nesis K. N. Izmeneniya donnoi fauny Barentseva
morya pod vliyaniem kolebanii gidrologicheskogo
rezhima (na razreze po Kol'skomu meridianu).
In:  Sovetskie rybokhozyaistvennye issledovaniya
v moryah Evropeiskogo Severa. Moscow : Pishche-
promizdat, 1960, pp. 129-138. (in Russ.)

Ozhigin V. K., Ivshin V. A. Vodnye massy Baren-
tseva morya. Murmansk : Izd-vo PINRO, 1999, 48 p.
(in Russ.)

Ozhigin V. K., Ivshin V. A., Trofimov A. G.,
Karsakov A. L., Antsiferov M. Yu. Waters
of the Barents Sea: Structure, circulation, variability.
Murmansk : PINRO, 2016, 260 p. (in Russ.)

Oziel L., Sirven J., Gascard J.-C. The Bar-
ents Sea frontal zones and water masses variabil-
ity (1980-2011). Ocean Science, 2016, vol. 12,
iss. 1, pp. 169-184. https://doi.org/10.5194/0s-12-
169-2016

Roy V., Iken K., Archambault P. Regional vari-
ability of megabenthic community structure across
the Canadian Arctic. Arctic, 2015, vol. 68, no. 2,
pp- 180-192.

Shorygin A. A. Iglokozhie Barentseva morya. Trudy
Morskogo nauchno-issledovatel skogo instituta, 1928,
vol. 3, no. 4, 128 p. (in Russ.)

Smedsrud L. H., Esau I., Ingvaldsen R. B., El-
devik T., Haugan P. M., Li C,, Lien V. S., Ab-
dirahman A. O., Omar M., Ottera O. H., Rise-
brobakken B., Sandg A. B., Semenov V. A,
Sorokina S. A. The role of the Barents Sea
in the Arctic climate system. Reviews of Geo-
physics, 2013, vol. 51, iss. 3, pp. 415-449.
https://doi.org/10.1002/r0g.20017

Sokolov K. M., Pavlov V. A., Strelkova N. A.
et al. Snow crab Chionoecetes opilio in the Barents
and Kara seas. Murmansk : PINRO, 2016, 242 p.
(in Russ.)

Tantsyura A. I. On seasonal changes of currents
in the Barents Sea. Trudy of the Knipovich Polar


https://doi.org/10.1093/icesjms/fsu106
https://doi.org/10.3354/meps12803
https://doi.org/10.1007/978-3-642-18912-8_6
https://doi.org/10.1007/978-3-642-18912-8_6
https://doi.org/10.1098/rspb.2015.1546
https://doi.org/10.1016/j.dsr.2011.12.007
https://doi.org/10.5194/os-12-169-2016
https://doi.org/10.5194/os-12-169-2016
https://doi.org/10.1002/rog.20017

36

D. V. Zakharov, L. L. Jgrgensen, 1. E. Manushin, and N. A. Strelkova

50.

51.

Research and Designing Institute of Marine Fish-
eries and Oceanography, 1973, iss. 34, pp. 108-112.
(in Russ.)

Vassilenko S. V., Petryashov V. V. (Eds). lllustrated
Keys to Free-living Invertebrates of Eurasian Arctic
Seas and Adjacent Deep Waters. Vol. 1: Rotifera,
Pycnogonida, Cirripedia, Leptostraca, Mysidacea,
Hyperiidea, Caprellidea, Euphausiacea, Dendro-
branchiata, Pleocyemata, Anomura, and Brachyura.
Fairbanks, Alaska : Alaska Sea Grant College Pro-
gram, University of Alaska Fairbanks ; Zoological
Institute, Russian Academy of Sciences, 2009, 192 p.
https://doi.org/10.4027/ikflieasadw.2009

Walsh S. J., McCallum B. R. Performance
of the Campelen 1800 shrimp trawl during the 1995
Northwest  Atlantic Fisheries Centre autumn
groundfish survey. Northwest Atlantic Fisheries
Organization Scientific Council Studies, 1997, no. 29,

52.

53.

54.

pp. 105-116.

Zakharov D. V., Anisimova N. A., Stepa-
nenko A. M. First record of the sea star Pora-
nia pubvillus (O. F. Miiller, 1776) in Russian
part of the Arctic. Russian Journal of Biologi-
cal Invasions, 2016, vol. 7, iss. 4, pp. 321-323.
https://doi.org/10.1134/S207511171604010X
Zakharov D. V., Jgrgensen L. L. New species
of the gastropods in the Barents Sea and ad-
jacent waters. Russian Journal of Biological
Invasions, 2017, vol. 8, iss. 3, pp. 226-231.
https://doi.org/10.1134/S2075111717030146
Zakharov D. V., Manushin I. E., Strelkova N. A.,
Pavlov V. A., Nosova T. B. Diet of the snow
crab in the Barents Sea and macrozoobenthic com-
munities in the area of its distribution. Trudy
VNIRO, 2019, vol. 172, pp. 70-90. (in Russ.).
https://doi.org/10.36038/2307-3497-2018-172-70-90

MEI'ABEHTOC BAPEHIIEBA MOPA:
NNPOCTPAHCTBEHHO-BPEMEHHOE PACIIPEJAEJIEHUE
N ITPOAYKIIMOHHAA XAPAKTEPUCTUKA

II. B. Baxapos!?2, JI. JI. Moprencer?, M. E. Manymmnn!, H. A. Crpeakosa!

Monsapawit puman ®PIBHY «BHUPO» («[TMHPO» umenn H. M. Kaunosuya),
Mypmanck, Poccuiickas ®epepanust
2MypmaHcKmii MOpckoit 6uonoruyeckuii uactutytT PAH, Mypmanck, Poccuiickas dejeparius
SWucTHTYT MOpCKMX Hccenosanuii, Tpomcé, Hopserus
E-mail: zakharden@yandex.ru

IpeacraBieHsl pe3yJsibTaThl MPOrPaMMbl MOHUTOPUHIa MerabeHToca bapeHiieBa MOpst U conpeie/IbHbIX
aKkBaTopui, BeinosHsiemoli Poccueit 1 Hopeerueit ¢ 2005 r. MeraGeHTOC SBJISIETCS] OMHUM U3 BasKHEH-
X KOMIIOHEHTOB JOHHOM COCTaBJIAIONIEN dKocHcTeMbl bapeHrieBa Mopsi, (popMHpysl 3HAUUTEIHHYIO
JOJTI0 JKUBOTO BEIECTBA, BKJIIOUEHHOTO B IMUINEBBIE IIENM W CUCTEMY IKOJIOTHUECKHX B3aMMOOTHOIIIE-
Huii. B yactHOCTH, OpraHn3Mbl MerabeHToCca UrpaloT CYIIECTBEHHYIO, a 3a4aCTYI0 ¥ OIPECISIONIYI0 POJIh
B MUTAaHWU JIOHHBIX PHIO M pakooOpa3HbIX bapeHiieBa MOpsi, B TOM YKCJIe BaKHEUIIUX MPOMBICTIOBBIX
BUJIOB: TPECKH, MUKIIK, KAMYAaTCKOro Kpabda, Kpabda-cTpuryHa onuivo u ap. Hepenko mpencraBurtesiu
JaHHOM TPyMIbl (POPMUPYIOT crielpuIecKkue OGUOTOIIB, ONPEESIONHE YCIOBUS CYILIECTBOBAHMS MHO-
KECTBa IPYrvX BUIOB KMBOTHBIX. I[TOCTeNEHHOE HAKOILIEHHE 3HAHUA O MeraDeHTOCe MO3BOJIUT OLIEHUTh
€ro poJib B 9KOCHCTEME M B KOHEYHOM HMTOTe MOCHOCOOCTBYET PallMOHATIbHOMY YIIPABJICHHIO pecypcaMu
BapennieBa Mopsi. OcHOBHasI 11eJb HAIIIETO WCCIEI0OBAHUSI — OIHCATh IIPOCTPAHCTBEHHOE pacIpeserie-
HUE U BBISIBUTD JIMHAMUKY OMOMAcCH U TIpoAyKInu MerabeHroca B bapennesom mope. C 2005 1. B pam-
Kax OIEHKM 3alacoB MPOMBICJIOBHIX BUIOB PhIO M OECIIO3BOHOYHBIX MPOBOJUTCS 00pabOTKa MpUJIOBa
MeraOeHTOCa U3 JOHHBIX TpajieHuid. 3a 2005-2017 rr. BeimosiHeHo 5016 TpaioBbIX cTaHIMi, 0OpadoTa-
HO 238,4 T BajioBOW OMOMacchl MerabeHToca, IPOCMOTPEHO OKOJIO 14,9 MJIH 3K3. KMBOTHBIX. Matepu-
ajr cobupasau ¢ moMoipio qoHHOro Tpana Campelen 1800 — HHU3KOCEIEKTUBHOIO aKTUBHOIO CETHOIO
Opy[1sl JIOBA, BBITOJHEHHOTO U3 KAIIPOHOBOM JIEJIM C IIaroM sideu 125 MM, ¢ MEJIKOSTYEUCTOM CETHOM Ky-
TOBOM BCTaBKOH C pa3MepoM stier 22 MM U Pe3UHOBBIM TPYHTPOIIOM THIA «POKXOMIEP» C AUAMETPOM
katkoB 40 cMm. [I1s1 ynoOcTBa CpaBHUTENBHOTO aHAIN3a KOJMUYECTBEHHBIE TTapaMETPhl, IPEJ/ICTABICHHBIE
B CTaThe, PACCUMTHIBAJIA HA CTAaHJAPTHYIO JAUCTAHIIMIO TpajieHus B 1 Mopckyio Mo (nm). O6paGoTKy
MaTepuasia POBOIMIM Ha OOPTY CyJHA HEMOCPEICTBEHHO MEX 1y MOCTAaHOBKaMU TpaJioB. B xoje uccre-
JIOBaHUS 3aperucTpupoBaHo 694 Buga MeraGeHTOCa; BBICOKOE BHIOBOE pa3HooOpasue 3ahUKCHPOBAHO
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Ha ryouHax 100—400 m, HauOoJibllKe CpeiHUe 3HaYeHUsT OMOMACCHl M YUCJEHHOCTA OTMEYEHbI Ha TITy-
6unax 600-800 m. bruomacca (B) u npopykims (P) merabentoca 6pUTH CTAOMIIBHBI HA TTPOTSIKEHUU TIep-
BBIX JIEBATH JIET UccieqoBaHuil, HO nocie 2014 r. mosiBuiach TeHAEHIMS K UX CHUXEHUI0. 3HAaYeHUe
koaddunimenta P/B s merabeHToca oneHuBaeTcst Ha ypoeae 0,3. [Ipenmonaraercss, yto npeapiymme
ucclienoBaHus OeHToca B bapeHieBoM Mope HeJOOLEHNBAY BKJIA]] KaK MUHUMYM 694 BIOB U3 IPYIIITH
MerabeHToca B BUI0BOe OOraTCTBO, BAJIOBYIO OMOMACCY, YMCIICHHOCTDh U POAyKIMIo. [lnHaMuKa Guoreo-
rpacgudeckoro uHAeKca (rpaHuIa Mexay OOpeabHON M apKTUIeCKOW 30HaMM) B I0’kHOM yactu bapeH-
1IeBa MOPsI TO3BOJIAET MPEAOIOKUTD, YTO ¢ 2013 I. GOJIBIIYI0 YaCTh MOPSI MOXKHO OXapaKTepU30BaTh
Kak OopeasibHyI0 TPOMERYTOUHYIO 00JIaCTb.

KuroueBbie caoBa: Apkruka, bapeHieBo Mope, MeraOGeHTOC, KJIMMAT, ATIAHTUYECKOE TeueHMe,
MPOLYKIMS, BUJOBOE OOraTcTBO
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COCTAB KUPHBIX KNCJIOT
B TPOXO®OPAX MUJUI MYTILUS GALLOPROVINCIALIS,
BBIPAIIIEHHBIX B YCJIOBUAX 3ATPA3HEHHOCTHU MOJINXJIOPEU®EHNIAMU
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CocrosiHue uepHOMOpcKuX nonyJsiiyid Mytilus galloprovincialis B ecTeCTBEHHOU cpejie OOMTaHUsI HATTPSI-
MYIO 3aBUCHUT OT Pa3BUTHS MUIWU HA BCEX CTAAMSIX, B TOM UKCJIe Ha HAYQIBHBIX CTAIUAX JIMYUHOUHBIX
opm, Hanbosee YYBCTBUTENBHBIX K 3arPSIBHEHUIO OKpYyXkatolei cpepbl. [10ToTaHThl OPraHuueckoro
TIPOMCXO’K/IEHHS OKa3bIBAIOT HETATUBHOE BJIMSIHYE HA JIMYMHKY MOJLUTIOCKA, MTPOSIBIISIONIEECs B TOPMOKe-
HUM UX POCTA U Pa3BUTHsL. 3aKOHOMEPHOCTH Pa3MHOKEHUSI MUV XOPOIIIO U3Y4YeHbl, UTO TAET BO3MOX-
HOCTh TIOJTyYaTh B KOHTPOJMPYEMBIX JTAOOPATOPHBIX YCJIOBUSX JIMUMHKHU U3 UCKYCCTBEHHO OIUIOJOTBO-
PEHHBIX SHIEKJIETOK 9TOTO BUJIa MOJUTIOCKOB. B paboTe BriepBble UCCIIeJ0BaH KUPHOKUCIIOTHBINA COCTAB
OOIIMX JUITUIOB, BBIAEISHHBIX 13 OMOMacchl TKaHer TMIuHOK M. galloprovincialis na ctaguy Tpoxodopsl
B KOHTPOJIE Y TIOCJIe UX TPEXTHEBHOM SKCIO3UIINK B Cpejie C I0OABISHUEM Pa3JIMYHBIX KOHIICHTPAIIUH T10-
XJI0pOupeHnIOB. KNPHOKUCTOTHBIA COCTAB CyMMAPHBIX JIMITMIOB B OMOMACCe TMIUHOK, TIOJTYYEHHBIX
Ha TPEThH CYTKU IKCIIEPUMEHTA, UCCIIEI0BAN METOIOM XPOMAaTO-Macc-ClieKTpoMeTpru. Beero nueHTu-
(pumpoBano 14 XUPHBIX KUCIOT: 59 % W3 HUX OTHOCWJIMCH K HACBIIIEHHBIM, 24 % — K MOHOEHOBBIM,
17 % — x noaueHoBBIM. [IJIs1 CTaTUCTUYECKOTO aHalIn3a UcIosb3oBanu nporpammy MATLAB (Bepcus
8.2). B ycnoBusix mpoBeIEHHOTO KCIEpUMeHTa B tunugax tTpoxodop M. galloprovincialis noctoBepHO
OTIMYATUCH 3HAYEHU I CYMMBI MOHOHEHACHITIEHHBIX ¥ TIOJIMHEHACHIIICHHBIX KUPHBIX KUCI0T. Cymma Ha-
CHIINIEHHBIX JKUPHBIX KUCJIOT CTATUCTUIECKH 3HAYMMO He N3MeHs1ach. OCHOBHBIMH HACHIIIIEHHBIMHA KUP-
HBIMH KHCJIOTAMH BO BCEX MCCIIEAYEMBIX TpoxodopaX MU ABJINCH madpbMuTHHOBas (C16:0) u cTea-
punoBas (C18:0). VX koHIIeHT paliy 3HAYUTETbHO He U3MEHSUIUCH TIOJT IeUCTBUEM MOJMXJIOpOU(EHIIIOB.
Hawubosee 3HaUMMBle MOHOHEHACHIIIICHHBIE JKUPHBIe KUCI0TH — osiertHoBas (C18:1w9), mansmuroneu-
HoBasi (C16:1w7) u BakueHosas (C18:1w7). Cogep:xaHne MOHOHEHACHIIICHHBIX KUPHBIX KUCIIOT MOHU-
KaJIoCh BABOE IPU ASHCTBIY TIOMUXJI0poHpeHnIoB ¢ KornenTpamusamu 0,1 u 1 Mxr-m~!'; ipu KoHuEHTpa-
mu nomxJiopoudennos 10 Mkr-1~! cyMMapHoOe cosiepikaHue THX KUCIOT OBUIO PABHO TAKOBOMY B KOH-
tpose. Cpeqy NOJMHEHACHIIIEHHBIX JKUPHBIX KUCJIOT, 00IAJAI0NIHMX MOJI0KUTENbHON OMOTOrMIeCKON aK-
THUBHOCTBIO, ObLIHM UICHTU(UITMPOBaHbI apaxuaoHoBas (C20:4w6), siiko3anenraeHosast (C20:5w3) u no-
ko3arekcaeHoBas (C22:6mw3). CymmapHoe conepxanue Omera-3 u Omera-6 KUCJIOT B JIMYNHKAX MUIAAN
B KOHTPOJILHOM OIIbITe He TIpeBhimano 12,8 %. C yBeqnyeHreM KOHIIEHTPAIMH MOJUXJI0POUDEHUIIOB
B cpejie BepamuBanus Tpoxodop ¢ 0,1 10 1 MKr-n1~! KOHIEHTpaIKs TOMMHEHACHIIIEHHBIX KUPHBIX KIC-
JIOT MOBBIATACK B 2,5 pa3a. [Tpi KOHIEHTpaIiu noiuxaopoudenrnon 10 Mxr-m~! 1 B mpode ¢ aneToHOM
CyMMapHOe cojiepkaHHe TOJMHEHACHITIEHHBIX JKUPHBIX KUCJIOT OBUIO COMOCTABMMO C TAKOBBIM B KOH-
TPOJILHOM OMbITe. Pe3ynbTaThl MCClieIoBaHUSI CBUAETEIBCTBYIOT O TOM, YTO KMPHOKUCIIOTHBINA OTKJIMK
tpoxodop muauit M. galloprovincialis MakcuManieH TIpy BO3/IEMCTBUM KOHIEHTpALMA MOJIMXJIopoude-
munos ot 0,1 g0 1 mxr-n~!. TIpu KoHneHTpamuy 3arpasuuteneii 10 Mkr-1~' 1 Bbillle GHOXMMUYECKHE
MpOIIeCChl B JIMYMHKAX, MO-BUIUMOMY, 3aMeAJIAI0TCA. Pe3ynpTaThl JaHHOTO HCCIeOBaHUS MOTYT CIIO-
COOCTBOBATH JIyUIIeMy IOHUMAHUIO NIEPECTPOEK, TIO3BOJISIONIUNX MOJUTIOCKAM Ha JIMYMHOYHBIX CTaJUsIX
Pa3BUTHUS aJAITUPOBATBCS K YCIOBUAM 3arpsI3HEHUS Cpejibl OOUTAHHSI OPraHUUECKUMH MOJUTIOTAHTAMMU.
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KuroueBbie ciaoBa: monuxiopOudeHuIsl, KUpPHbIE KUCIOTHI, JIMYMHKH, Tpoxodopa, MuIus
Mptilus galloprovincialis, Y€pHoe mope

W3yueHuio BIUAHUA 3arpsAsHEHHOCTH MUaAni Mytilus galloprovincialis, o0OUTaIOINX B IPUPOJHBIX YCIIO-
BUSIX CEBACTOINOJIbCKOW MOPCKOW aKBATOPHHU M KYJIbTUBUPYEMBIX B IPUOPEKHBIX MAPUXO3SMCTBAX, TOCBS-
IEH psil paboT, B KOTOPBIX B OCHOBHOM PacCMOTpPEeHBI B3pocbie ocodu [11 ;12519 ;24 ;31] u ux nosoBble
MPOAYKTHI [7].

W3BecTHO, YTO MUIMM YCTOMYMBBI K PA3JIMYHBIM BUAM 3arpSI3HEHUS. DTU MOJUIIOCKU SIBJIAIOTCSA (PUJIb-
TpaTOpamMH ¥ aKTMBHO HAKATUIMBAIOT MOJUTIOTAHTHI B oprann3Me. OiHu u3 HanboJsiee TOKCUYHBIX 3arpsi3HU-
TeJIeW OKpy:Kalolel cpeabl — xyopopranndeckue coeaunenus (nanee — XOC). Ilupokas ux pacrpo-
CTPaHEHHOCTh B BoJe UEpHOro Mops omnpenensia 3arps3HEHUE €CTECTBEHHBIX MOMYJISAUUN MOJLTIOCKOB
BO MHOTMX pallOHaX CEeBaCTOMOJbCKOM MOPCKOW aKBATOPWH, MOCKOJbKY MUAUU AKKYMYJIUPYIOT TMIIPO-
(pobupie XOC naxe npu OTHOCUTENIBHO HU3KOW MX KOHIEHTpAIMM B MOPCKOM Boae. B Muausx u3 Oyxt
MaprtsiHoBa, Kapantunnas u [ony6asi cymmapHoe conepsxanue nosmxaopoudenmnos (LITXB,) u3meHsi-
Joch oT 3,8 Hrr! B *abpax (3/1ech M Jajiee — Ha ChIpyl0 mMaccy) 1o 459 Hrr! B rernaronaHkpeace [6].
B 6yx. Jlacnm, e aHTpOMOreHHOe BIMSIHKE BBIPAXKEHO HE TaK CUIIbHO, KoHIeHTpamus XOC Obuia HU-
*e 1 cocraBistia ot 0,21 Hrr' B kabpax go 10,3 Hrr~' B ronagax [6]. Hakorienne XOC B opraHax
MUJIUI [TOJIOKUTEIBHO KOPPEIMPOBAJIO C COAEPKAHUEM B HUX OOIIMX JMNHUIOB [6]. DMOPUOHBI U JTMUMH-
KU SIBJIAIOTCSl HAMOOJIee 1yBCTBUTEIBHBIMU CTAJUSAMK OHTOT€He3a MUV, U BIUsHHUE 3arps3HSIONIMX Be-
LIECTB MOXKET IPUBECTH K TOPMOKEHMIO M OCTAHOBKE MX pocTa [8]. B 3KcreprMeHTalbHBIX yCIOBUAX
y’ke YCTaHOBJICHBI XPOMOCOMHBIE a0eppaliy B KJETKaX MPU BO3/IECHCTBHU PACTBOPOB TAaKMX TOKCHKAH-
TOB, KaK MOBEPXHOCTHO-aKTUBHBIE BEILLECTBA, HA OIJIOAOTBOPEHHBIE AMIEKIeTKH [9]. B mocnegnue ro-
Ibl HAMU in vivo TIOKa3aHa MOJIOKUTeIbHAsL KOppesliMOHHas cBsi3b coep:xkanust XOC B Bojie cO cMepT-
HOCTBIO TIeJIarn4ecKOo MKPBl U OTPUIATeSbHAS — C YKMCIEHHOCTHIO JIMUYMHOK pHIO HAa paHHUX 3Tanax
MOCTIMOPUOHATIBHOTO pa3BUTHs [23].

Llenb HacTosmIeN pabOTBl — OMpPeNeUTh COCTAB KUPHBIX KUCIOT Tpoxodop KyJIbTUBUpyeMou B YEp-
HOM Mope muauu M. galloprovincialis, BHIpallIeHHOW B YCJIOBHUSIX 9KCIIEPUMEHTATBLHOM 3arpsi3HEHHOCTU
MOJUXJIOPUPOBAHHBIMH OU(DEHUIIAMH.

MATEPUAJI 1 METOJIbI

OObekTOoM HMccnieioBaHnid ObUT BBIOpAaH ABYCTBOpUAThli MoJuniock Mytilus galloprovincialis La-
marck, 1819, cobpannsiii B BeceHHui niepuop 2019 r. ¢ KOIEKTOPOB MUAUNAHO-YCTPUIHOU (PEePMBI B aK-
Batopuu Oyx. Kapantunnas (r. CeBacrornosb, KpbiMckuii oryoctpoB). 11 OATOTOBKY UCCIIEIOBAHUS
oroupamu 150 3K3eMIUIAPOB MUANK C JUTMHOW pakoBHHBI 7—10 cM. B 3TOT C€30H MOJUTIOCKH HaXOJIUJINChH
MPEeUMYIIECTBEHHO Ha HEPECTOBOM CTa/IMU Pa3BUTHSI.

JIMurHKH MoJTyYay B TaOOPATOPHBIX YCIIOBUSIX; TIOMEIIEHHE He CO/IEPKaio TOKCUYHBIX MapOB U ra30B.
Temneparypa Bo3ayxa B aboparopun coctapisuia (20 + 2) °C. OcenieHue B MOMeIIEHUN ObLJI0 KOMOU-
HUPOBaHHBIM [5]. JlJI1 OUMCTKHY NUIIEBAPUTENBHOTO TpakTa 150 9K3. MU BeLAEPKUBAIN 4 4 B TPO(PUIIL-
TPOBAHHOM MOPCKOM BOJie, 0OTOOpaHHOI OaToMeTpoM B akBatopuu Oyx. KapantunHas. B paiione gpepmsl
B 1epuo1 cO6opa MUIMIA cyMMapHas KoHuenTparus [1XB B Bojie He IpeBbIaia 3 Hr-J1"!, 4TO COOTBETCTBO-
BaJIO Cpe/IHEMY 3HAUEHUIO /JIs1 OTKPBITHIX pailoHoB Y€pHoro mops [6 ; 10].

Kaxgoro mosutiocka momeniaim MakyIIKOW BHU3 B CTEKJISHHbIA cTakaH oobémoMm 0,5 1. Tlocynma
IJIs1 SKCTIEpUMeHTa OblTa XMMUYECKH YUCTOW. B Kakplii CTaKaH 3aIMBaIM OYHMILEHHYIO C IPUMEHEHUEeM
MeMOpaHHOTO (hrbTpa (pazmep mop — 3—5 MKM) 1 HarpeTyio A0 +25 °C MOPCKYI0 BOJy TaKUM 00pa3oM,
YTOOBI IOKPHITH BEPXHUH Kpail CTBOPOK MUIHIA, CTUMYJIMPYS TeM caMbiM HepecT [3]. Mopckast Bojia, B KO-
TOPO¥ MPOXOJWIM HEPECT U BhIpAIIMBAHUE JTUYMHOK, UMea clieayionue (pU3NKO-XUMUYECKre ToKas3are-
ym: Temnepatypa — +23...425 °C; Benmuunna pH — 8,1-8,3; konuentpauus Ca®t — 210-290 mr-r!;
KoHLeHTpausa Mg?t — 460-640 mr-1!; conénocts — 18 %o; HAaCHILEHHOCTh HOBEPXHOCTHOIO CJIOS
pacTBOpEHHBIM KKca0poaoM B Boje — 100-110 %.
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Bo Bpems HepecTa MOJUTIOCKOB, HACTYIUBILETO Yepe3 4 4 Mocje ero CTUMYJISILUM, SHLIEKJIETKH oca-
KJAJIMCh Ha JTHO B BUJIE IPKO-OPAHKEBOTO OCaJIKa, a CriepMa BRIMETHIBAJIACh B BOIY B BUJIe OeJI0ro 00J1aKa.
[Mocne BbiAENeHNY S TIOJIOBBIX MTPOAYKTOB MOJLTIOCKOB YIQJISUIM U3 cTakaHOB. [TosTydeHHbIe pacTBOPHI C sIidlle-
KJIETKaM¥ O0bEJUHSIIN U TIEPEHOCHITN B TPEXJIMTPOBYIO EMKOCTh. B Tpyryio TpEXIMTPOBYIO EMKOCTH COOU-
pam pacTBOpSI co criepMoii. [lasiee k pacTBopy ¢ stiinekeTkamu godasssi 10 M1 pacTBopa co criepMoi
Muni. [ToCKOJIBKY MPOoTIece OTUIO0TBOPEHHMS MTPOUCXOINT OBICTPO [16], Yepe3 3 MHH. Mmocyie CoeTUHEHH ST
PACTBOPOB B 5 OTAEIBHEIX PeakTOpoB 00bEMOM 1 aM> momemany no 0,5 1M BOABI C OMIOAOTBOPEHHEI-
MU sifilekJIeTkamu. B Tpu peakrtopa godasuim pactBop cMecu I1XB B arierone (Apokisop 1254, Supelco,
CIIIA). BoszeiicTByomas Ha TMUUHOK KoHtenTpaius [1XB B Bosie peaktopos — 0,1; 1; 10 mxr-n~!. B uer-
BEPTHII peakTop JOOABWIM PACTBOPUTEIND AIIETOH B TOM K€ KOHIIEHTPAIIMH, YTO U B pabOuMX peaKkTopax.
[TaTHIA peakTop ObLT KOHTPOJIBHBIM. DKCIIEPUMEHT ITPOBENU B TPEX TTOBTOPHOCTSIX.

TemniepaTypa B peakTopax [jis BblpallluBaHUsl JUYMHOK cocTapisuia (20 + 2) °C. OcpelieHue B pe-
aKkTopax ObUIO KaK MCKYCCTBEHHBIM (JIAMITbl THEBHOTO CBETAa), TaK M eCTeCTBeHHbIM. KoMOMHMpOBaHHAS
OCBEILIEHHOCTh, U3MepeHHas JokcMerpoM FO-116, He npesbimana 750 yik. JIMUMHOK MUAMM BbIpallivBa-
JIM TPOE CYTOK, IOKa OHM HAXOAWJIMCh Ha SHIOT€HHOM NUTaHUM. Ha 3Toi cTagum TOJBKO HauMHAIOTCS
(hopmupoBaHUE MUIIEBAPUTEILHON CHCTEMBI U YBeJIMUeHHE 00bEMa roJiocTr Tea [16].

DKCTpaKIM JIMIUIOB U MOJTyYeHNe METUIOBBIX 3(DUPOB KUPHBIX KUCIOT. COCTaB )KUPHBIX KUCIIOT HC-
CJIeIOBJIM B CYMMApHBIX JIMIUIAX, BbIIEJEHHBIX U3 OMOMACCH IMUMHOK, MOJTYyYeHHON Ha TPETbU CYTKU
9KCepuUMeHTa (in vitro). JIjist TOro TMYMHOK OTAEJISIN OT BOIB! (pUbTpalueit (pa3mep nop puibTpa —
84 MKM), a 3aT€M CMBIBAJIU C TOBEPXHOCTH (PHIIbTPA CMECHIO TAHOJI : XxJ10poopm (1:1) HECKOJIBKUMU TIOP-
vy 110 5 mur. [TonyueHHslii pactBop 06béMoM 20 mi nertpudyruposamu 10 mus. pu 1500 06.-Mun. ™!
C JBYKpaTHBIM OOBEMOM IHUCTUUTMPOBAHHON BoIbl. Kammispom orOupami HWKHUN XJIOPO(OPMHBINA
cioit. X10poopMHYI0 (ppaKIMIO TPHKIH TPOMBIBAIY BOAOH U yIIapuBaid HA pOTOpHOM HcriapuTere. [lo-
clle ynapuBaHus XJ0podopMa /jis OMBbUICHHUs JIMIMAHBIX OCTATKOB B KOJIOY MOOABIISIM 5 MJI pacTBOpa
ménoun B metaHosie (10 mut 3 H. pactBopa NaOH u 90 mn 90%-noro meraHosa). [loxydeHHslii pacTBop
KUISATHIIA ¢ 0OPATHBIM XOJIOAUIBHUKOM JIO TTOJTHOTO OMBUIEHHS B TeueHHe 2 4. [Tociie ocThIBaHuS K pacTBO-
Py JOOABIISUTH HECKOJIBKO Karesb 1%-HOoro cimpToBOro pactBopa (eHosndragenHa u TPHKIbI TPOBOANIN
9KCTPAKIIMIO TeKcaHoM (1o 5 mut). BomHo-criupToBy0 (hasy MOJKUCISIINA CONSIHOM KHMCIOTOM, NOOaBIss
300 mka 6 H. HCI. 3aTem npoBoAauIM NOBTOPHYIO SKCTPAKIIMIO rekcaHoM (1o 5 mut 3—4 pa3za). ['ekcaHoBy1o
(ppakumio ynapuBaiu gocyxa Ha poTopHOM ucnapurese npu temrneparype +30...435 °C; ning Mmetuimpo-
BaHMSI K OCTATKy 100aBJsM 5 Mt 3%-HOTO pacTBOpa XJIOPUCTOTO BOJOpoaa B MeTaHoje. CMech KUMATU-
7 2 9 ¢ 00paTHBIM XOJIOAUIBHUKOM M TIOCIIE OXJIaXJeHUS TIOBTOPHO TPHIK/IB SKCTPATUPOBAIM T€KCAHOM
(mo 5 mun). I'ekcanoBy1o ppakiuio (puUIbTPOBAIN, UCHOB3YS O0e330bHBIN (UIbTp. o ornpeneneHus me-
TWJIOBBIX 3(PMPOB KUPHBIX KUCIOT (anee — MIIKK) rekcaHoBylo (ppakLuio XpaHUIM He Oosiee CYyTOK
npu teMneparype +5 °C [4].

Wnentudukaims MeTunoBbix 3pupoB xkupHbix Kuciaot. Maentudukanms MIKK Beinosinena B LIKIT
«Cnextpometpusi u xpomarorpadpus» OULL MuBIOM Ha raszoBom xpomarorpade Kpucramn 5000.2
(3AO CKB «Xpomarsk», r. Momkap-Oia, P®) ¢ KBaApyIOIbHBIM MAcC-IeTeKTOPOM U KAIMLIAPHON KO-
sgonkor DB-5ms (Agilent Technologies) nnmuuoit 30 M, ¢ BHyTpeHHUM ArameTpoM 0,25 MM U TOJIILIMHON
wieHkU ¢asel 0,25 MKkM. VI3mepeHus mpoBOAWIIM B peKUMe MOHU3ALIMY JeKTPOHHBIM yaapom 70 3B. T'az-
HOCHTE/Ib — TeJIiii; CKOPOCTh MOTOKa — 1 Mi-MuH.™!. BBOJ MPoOKI OCYIIECTBIAIM Oe3 AeNeHus MOTo-
ka. Temriepatypa uHxekTopa coctapisiia +280 °C. Temriepatypa KOJOHKY ObIa ClIeTyIOIIei: HauaIbHasT
temnepatypa +60 °C; 3agepxkka 1 muH.; mpomexytoudas temmneparypa (1) +180 °C; ckopocTh mogbéma
20 °C-mun.™!'; mpomeskyTouHas Temnepatypa (2) +290 °C; ckopocTh noabéma 5 °C-MuH.™!'; KoHeuHas TeM-
nepatypa +325 °C; ckopocTh nogbéma 5 °C-mun.™'; 3agepxkka 10 Mu. O6bEM BBOIMMOI IIPOOBI COCTAB-
a1 1,0 mxa. HerexktupoBanue MIKK npoBoaniu no nojHoMy MOHHOMY TOKY. KauecTBeHHbIN aHam3
M37KK BbIIOJIHEH CpaBHEHMEM BPEMEH yIepKUBaHUS IKCIIEPUMEHTAJIBHBIX XpPOMATOIpPaMM C XpOMaTo-
rpammoii cranaaptHoit cMec MIJKK (Supelco 37 component FAME mix) 1 oty YeHHbIX Macc-CIEKTPOB
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M23XKK — ¢ ouomorekoit NIST 14 co crenensio coBnageHus ooiee 92 %. Pac4ér 0THOCUTENBHOTO CO-
nepxanusg M)XK B oOpasiie mpoBoAnIM O METOAY MPOLEHTHOH HOPMaIM3alMH 10 TUIOMAIsSM THKOB.
CpenHekBaapaTUYECKOE OTKJIOHEHHE BBIXOJHOIO CUTHAJIA XpoMaTorpada He nmpesbiaio 6 % [15].

Craructrueckast 00pa0OTKa JaHHbIX. [[/Is1 CTATUCTUYECKOTO aHAIM3a UCIIOIb30BAIN MaKeT (PyHKLUMA
Statistical Toolbox, nnTerpupoBanublii B nporpammy MATLAB (Bepcus 8.2). Cratuctuyecku 3Ha4M-
MbIE Pa3IMuMs MEXKIy BRIOOPKAMM yCTAaHABJIMBAJIM COINIACHO KpuTepuio Puirepa ¥ yTOYHSIONIEMY TECTy
Teiokn — Kpamepa.

PE3VIJIbTATBI 1 OBCYKJIEHNE

N3BecTHO, uTO ypoBeHb HakorieHus [IXb munusaMu 3aBUCUT OT psijia oKa3aTesei: )KUPHOCTU TKaHE,
pa3Mepa MOJUTIOCKOB, CTaJIMU TOJIOBOU 3pesiocT. HAMBUIyabHbIE OTJIMYMS 3TUX TOKa3aTeliel onpee-
JISIOT IIMPOKUE TUANa30Hbl BAPbUPOBAHUS COIEPKAHUS XJIOPOPraHUYEeCKUX TOKCUKAHTOB B 0COOSIX: KOH-
ueHtpauus [IXB B MArKuX TKaHsAX MUAUN, COOPaHHBIX B OJHOM paiioHe, u3MeHsiiach ot 14 1o 162 ar-r!
¥ B cpejiHeM coctapuia 68 Hrr! (n = 24). CpaBHeHue ypoBHs 3arpsAsHéHHocTY Muauii ¢ TIIK, paBHoi
2000 ur-r-! mna YITXB, cormacuo TexnuueckoMy pernamenTy Tamo:xeHHOro colosa [13], mokassiBaer or-
CYTCTBUE pHUCKa OT yrnorpeOsieHuss Muani ¢ depmbl s desoBeka. Kpome TOro, corimacHo KpuTepHsim,
YCTaHOBJIEHHBIM B cTpaHax EBpocoio3a, kauecTBO MUAMI 110 3TUM MOKa3aTesIsIM OIpeesisieTCsl KaK OYeHb
BBICOKO€, ITOCKOJIbKY cogepxanue I1Xb B Muausax He npessiaer 250 arr! [16].

B npoBenEHHBIX 3KCIEPUMEHTaX IO BIUSHUIO SKOJIOrMYecky 3HauuMMblX 103 [1XbB Ha nuumHKKA Mu-
JWil OTpesie/IEH UX OTKJMK Ha 3arpsi3HEHUe, MPOSIBUBILMINACSA B U3MEHEHUU KUPHOKHUCJIOTHOIO COCTaBa
(tabim. 1 u 2).

Tadmmma 1. Copepxkanue XHpPHBIX KHCIOT (% OT CyMMbl) B OONIMX JHIHIAX TPOXodop Muguu
M. galloprovincialis, BeIpallleHHOH B cpeie C pa3JIMYHON KOHLEHTpaLMel HoInxJI0porgeHmIoB

Table 1. Fatty acid fractions (% of the total) in trochophore lipids of mussel M. galloprovincialis grown
in a medium with different concentrations of polychlorinated biphenyls

WnentudurmpoBanHas KupHas KUCI0Ta Kontpois Ig()lHI_[eHTp aumi TIXB, MKF'J; 01 ALETOH
Jlaypunosas (noaexanoBas) (C12:0) 1,4+0,6 0,6+0,3 1,3+0,4 1,0+£0,3 1,4+0,5
MupuctunoBas (terpagekanoas) (C14:0) 6,2+0,2 5,7+0,6 7.7+0,7 6,4+0,4 6,5%+0,6
INenTtanexkanosas (meHrtaaeuuiosas) (C15:0) 4,4 +0,8 53+1,1 8,5%0,5 5,8+£0,2 4,7+0,7
IMamsmuronenHoBas (yuc-9-rekcapenenonas) (C16:107) | 11,006 | 6,806 | 7,0x02 | 9,6+04 | 10,8 +£0,8
IMansmutnHOBas (rekcagekanoBas) (C16:0) 293+43 33,804 [30,1£0,3 |34,7+0,6 |31,7+23
yuc-10-renragenienosast (C17:1w7) 39+1,5 1,2+0,4 1,2+0,2 1,4+0,4 24%1,5
14-metunrekcanekanoBas (anmeuszo-C17:0) 24+0,5 1,8£0,3 23+0,2 | 2,0x0,1 2,6 £0,8
ApaxuoroBas (wuc,yuc,yuc,yuc-3,8,11,14- 1,3£02 [205+1,5 [128+0,6 | 33+03 | 1,0£04
aniko3aterpaeHoBasi) (C20:4w6)

JInnonesas (yuc,uuc-9,12-oxragexkanuenonast) (C18:2w6) | 2,2 £0,6 3,0+£0,3 48%0,6 1,3£04 1,6 £0,7
OneunoBas (yuc-9-oxrageteHopast) (C18:1w9) 144+1,5 1,5+£0,2 1,2+0,2 [153+04 |146%1,1
Baxkuenosas (yuc-11-okragenenosas) (C18:1w7) 24+£0,3 5,8+£0,3 5702 | 24%£03 2,5+£0,7
CymMa IByX U30MEPOB OKTAJELIEHOBBIX KUCJIOT 16,8 £ 1,8 73+£0,5 69+04 17,7207 |17,1£1,8
CreapunoBas (oktagekaHoas) (C18:0) 14,4 +0,5 8,104 [10,3+£0,3 92+0,3 |13,3+0,5
DiiKko3aneHTaeHOBAsT (ULLC, ULLC YLLC YLC YLUC-

5,8,11,14,17-s1ko3arekcaeroBas, IIIK) (C20:5w3) 4206 3.0£0.2 40+0.1 46+03 4303
Hoxko3arekcaeHoOBast (ULLC UUC UUC UUC UUC UUC-

4.7,10,13,16,19-nok03arexcacrosas, ITK) (C22:603) | >4+ 10 | 29£02 1 3,1£02 1 2.8+04 1 2.5£0.5
CymMma HachlleHHBIX KUpHbIX KucjaoT (HKK) 58,2 55,3 60,2 59,1 60,3
CyMMa MOHOHEHACHIIIEHHBIX KUpHBIX KucnoT (MHKK) 31,6 15,3 15,1 28,8 30,3
CymMa noJiMHeHaChleHHbIX KUpHbIX KucioT (ITHKK) 10,2 29,4 24,7 12,1 9,5
CyMMa HEHACBIIEHHBIX )KUPHBIX KUCIIOT 41,8 44,7 39,8 40,9 39,8
OTHoOIIIEHHe CYMMBI HACBIIIIEHHBIX KHUCIIOT K CyMMe 1.4 12 1.5 1.4 15
HEHACHIIIEHHBIX KUPHBIX KUCJIOT
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Tadamnma 2. 3HaunmMble oTurst (0003HAYEHBI ITIOCOM) COCTABa KUPHBIX KUCIOT JIMIUJIOB TPOXOMOP MUTUH
M. galloprovincialis npy pa3HbIX KOHLEHTPALMAX 3arps3HATEIS COITIACHO OHO(MAKTOPHOMY AUCIIEPCUOHHOMY
aHanmm3y (YKciIo crenenelt cBodop! df = 4) v IpoBepKe Io arocTepuopHoMy Kputepuio Trioku — Kpamepa

Table 2. Significant differences (denoted by pluses) in fatty acid composition of mussel M. galloprovincialis
trochophores as found from one-way ANOVA (df = 4) and Tukey — Kramer post-hoc test

KonuenTpanus KonueHTpauus 3arpssHurens,
7KvpHas kucnora sarpssuutens, | Konrpons MKr-T! F D
MK 0,1 1 10
0,1 - - -
JlaypunoBas ]10 — — — 0,620 0,66
aleToH - - - -
0,1 - - -
MupuctrHoBast 110 — - — 1,81 0,20
aleToH - - - -
0,1 - - -
1 + - - 5
IlenTanexkanoBas 0 5,40 1,4-10
arleToH - + - -
0,1
IMajgbMuTOJIEHHOBAS 110 13,32 5,1-107*
aleToH - + + -
0,1 - - -
ITanemuTHHOBAS 110 — - — 1,11 0,41
aleToH - - - -
0,1 - _ _
yuc-10-renTageneHoBas 110 — — — 1,48 0,28
arleToH - - - -
0,1 - - -
14-MeTnrekcagekaHoBast 110 — — — 0,58 0,68
aleToH - - - -
0,1
1

ApaxumgoHoBas 124 1,8-1078
10 - + +

alleTOH - + + -
0,1 - - -
1 - - + 3
JlnnoseBast 6,80 6,6-10
10 - - +
alleTOH - - + -
0,1 +
OJennoBas ! + ~ * 71,3 2,6-1077
10 - + +

aleToH - + + -

[Tpopomkenue Ha ceaylolel CTpaHULIE. . .
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KupHas kuciora

Konuentpanus

3arpsAA3HUTEJIA,

MKr-1 !

Konrposs

KOHL[CHTpaL[I/IH 3arpsA3HUTEIA,

MKI-JT™

1

0,1

1

10

BaknenoBas

0,1

1

10

aleToH

23,1

4,9-107

CreapuHoBas

0,1

1

10

alCTOH

41,2

3,5-107°

DHKO3aneHTacHOBAS

0,1

1

10

aleToH

3,52

5,0-1072

JHoko3arekcaeHoBast

0,1

1

10

arleToH

0,344

0,84

Cymma HKK

0,1

1

10

allCTOH

1,00

0,45

Cymma MHZKK

0,1

1

+ |+

10

aleToH

373

5,6-1073

Cymma ITHZKK

0,1

1

+
+

10

+

+

arleToH

+

+

65,5

3,9-1077

IIpumeuanne: «+» — 3Haunmble omuus (o = 0,05; n = 3); «—» — orcyrcrBre 3HauMMbIX ommuui (a = 0,05; n = 3);
F — xpurepuit duiiepa; p — BepOATHOCTb. JKUPHBIM HIPU(PTOM BbIfIE/ICHB KOMIIOHEHTHI, UMEIOIIIE CTATUCTUYECKU

3HAYUMBIC OTJIMYMA.

Note: “+” indicates significant differences (a = 0.05; n = 3);
F indicates Fisher’s F-test; p indicates probability. The components with significant differences are in bold.

@

indicates lack of significant differences (o = 0.05; n = 3);

YcraHoBneHo, uto B aunuaax tpoxogop M. galloprovincialis TOCTOBEPHO OTIIMYAIOTCS 3HAUEHUST CyM-
Mbl MOHOHEHACBIIIEHHBIX KUPHBIX KUCIOT (nanee — MHIKK) u nosmHeHachIIIeHHBIX KUPHBIX KUCIOT
(manee — ITHXXK). Cymma HacbieHHBIX KUpHBIX KUACHOT (nanee — HIXKK) craructruecku He MeHseT-
cs. OcHoBapiMu HXK snsmcs nansmutunoBas (C16:0) (35-39 %) u creapunonas (C18:0) (8—14 %)
KUCJOThl. KOHIIEeHTpalisi HACHIIIEHHBIX KHUCJIOT C YKUCIOM YIIIEpoAHbIX atoMoB 14 u 15 cocrapisi-
na 4-7 %. CpaBautenbHo BbicOKMiA ypoBeHb HJKK B Tpoxodopax cBs3aH ¢ BBICOKON MeTaboJH-
YECKOW aKTHBHOCTBIO Y MOJUTIOCKOB B HepecToBbld BeceHHHWE mepuoj [30]. Hampumep, mpu uzyde-
HUM CE30HHOTO COCTaBa XMPHBIX KHCJIOT KeMUyxkHOH ycrpuibl Pinctada fucata martensii oripenene-
HO, YTO OCHOBHYIO YaCTb HACHILIEHHBIX KUPHBIX KUCIOT cOCTaBiisuin mupuctuHoBas (C14:0), nanbmu-
tuHOBasA (C16:0) u creapunoBas (C18:0). MupuctunoBas (C14:0) kuciora y KMBOTHBIX PEIKO BbI-
CTyIaeT B KayecTBe OCHOBHOTO KOMITIOHEHTA. B Hammx ucciefoBaHUsX €€ KOHIIEHTPALUs W3MEHsIach

B quamnasoHe 5,7-7,7 %.
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Hawub6onee pacnpocrpanénnsie MHXXK mnpencrariensl nassmutosienHoBor (C16:10w7), ojenHOBOR
(C18:1w9) n Bakuenonoii (C18:1w7) kucnoramu. [TanemutonennoBas (C16:1w7) u onennonasa (C18:1w9)
KHCJIOTH 00pa3yioTcs u3 naibMutuHOBOH (C16:0) u creapunoBoii (C18:0) [14]. Bakuenosas (C18:1w7)
KHCJI0Ta sBIIsieTcsl u3oMepoMm ojienHoBol (C18:1w9), KoTopast CUHTE3UPYETCsl B )KUBOTHBIX KJIETKaX (IH-
JOTUIA3MATHYECKUI PETUKYJIYM M METOXOHAPHH) 13 cteapruHoBoi (C18:0) KucIoTs myTéM 00pa3oBaHus
nBoriHOW cBsi3u. Haymume B mipo6ax Tpoxodop uuc-BakieHoBO# (C18:1w7) KUCIOTH, KOTOpPast B OCHOB-
HOM XapaKTepHa /Il aHadpOoOHBIX Oaktepuil [18], yka3piBaeT Ha HECTEpUIbHbBIC YCIJIOBHS MPOBEICHUS
9KCTIePUMEHTA.

MoHoHeHachblIeHHas ojenHoBast (yuc-9-okraneneHonas) (C18:1w9) kucnora, oOHapykeHHAs] HAMU
B Tpoxodopax MUJMIA, UMEET IBA BO3MOXKHBIX MPOUCXOKIEHHS — IK30TeHHOE (M3-3a YIOTpeOIeHUs -
ATOMOBBIX BOJIOPOCIIEN MUJIMSIMHM) U SHJOTeHHOe (4yepe3 rnpeBpaieHus: naabMuTuHOBO# (C16:0) u crea-
puoBoit (C18:0) kucinor) [20]. [ToBsbienHoe coaepxanue HesameHnMon osienHoBou (C18:1w9) kucio-
Thl B TPOX0O(POpaxX MOJUTIOCKOB MOXET OBITh CBSI3aHO C €€ JIOTIOJTHUTEIbHBIM CUHTE30M T10]T TOKCHYECKUM
BO3/ICVICTBUEM 3aTPSI3HSIONINX BEIECTB C LIEJbIO CBA3BIBAHUS U IETOKCUKAIIMKA KCEHOOUOTUKOB [22]. VBe-
JMYeHre YpoBHS M30MepoB OKTajerieHoBbIX (C18:1) KUCIOT MOXET CBUAETENhCTBOBATH 00 YCHIIEHHOM
MeTabOJIN3ME B KJIETKAX JIMYUHOK [14].

B munmpax tpoxodop uaeHTUPUIIMPOBAHbI CIEAYIOLIUE MOJIMHEHACHIIIEHHbIE KUPHBIE KUCIOTHI: apa-
xunoHoBas (C20:4w6), siikozanenracHoBas (C20:5w3) u qokozarekcaeHosasi (C22:6w3). CymmapHoe co-
nepxanue Omera-3 u Omera-6 KUCJIOT B IMUMHKAX MUAAUNA KOHTPOJILHOIO ONbITA He MpeBbimaio 12,8 %.
KonuenTpamms nezamenumoin apaxuioHoBou (C20:4w6) KUCIOTH B TpoX0odopax He SBIAIACH TOCTOSIH-
HOW BEJIMYMHOW U BapbUpOBaJla B IIMPOKOM auarna3oHe oT 1 1o 21 %. Jlnsa cpaBHeHuUs: B raCTpoIojax KOH-
ueHTpanus apaxuioHoBoi (C20:4w6) kucnotsl gocturana 5,73 % [25]. Kak u3BeCTHO, KUBbIE OPraHU3Mbl
MOTYT CUHTE3UPOBaTh apaxuaoHoByI0 (C20:4w6) kucaoTy u3 HezameHuMon Omera-6-HeHaChIIIEHHOW JIH-
HOJIeBOU KUCHOTHI [ 1]. BrocunTes nmuHomeBoi (C18:21w6) KMCIOTHI MOKET OCYIIECTBIATHCS TOJIBKO B pac-
TeHusIX. Jlajiee oHa Mo MUILEBBIM LIETISIM MepeaéTcs )KUBOTHBIM. Tak Kak B JIMYMHKAX MUIUM JIMHOJIEBAs
(C18:2w6) kucnora oOHapyKeHA HAMU MPAKTUYECKU B KaKAOW MpoOe, MOKHO MPEANONOKUTh, YTO OHA
HeoOxoauma i1t OnocuHTe3a apaxuaoHoBo (C20:4w6) KUCIOTH HAa JATBHEUIINX CTAAUSIX PAa3BUTUS MOJI-
mockoB. ApaxunoHoBast (C20:4w6) KUCIOTa TaKKe SABJISETCS OCHOBHBIM KOMIIOHEHTOM MeMOpaHHbIX poc-
(honmmruaoB y kuUBOTHBIX. KpoMe TOro, oHa HyXHa 1 OMOCHHTe3a MpocTariaHauHOB [29]. BeposiTHO,
OoJiee BBICOKHE YPOBHU ITOW KUPHOW KHCIOTH B TPOXO(Opax CBSA3aHBI C CHHTE30M MPOCTAIIaHIUHOB
B Muauax [21].

[MHXK yuyacTBYyIOT B ajanTalyy OpraHuM3Ma K okpysxkaiomeil cpeae [14]. BoabmmHcTBO 6ecno3Bo-
HOYHBIX He crocoOHbI cuHTe3upoBath [THXKK u nosnydaior ux ¢ nuieii, odecrneynBasi TaKUM 00pa3oM
CBOU MOTPEOHOCTU B ITUX ICCEHIMATBHBIX KOMIIOHEHTAX ISl MOAAepKaHUS HOPMAJIbHOTO (DYHKIIMOHU-
poBanusi opranusMma [28]. Hanpumep, nokozarekcaenoBas (C22:6mw3) KucaoTa MOXKET BJIUATh HA aKTUB-
HocTh Na*/K*-AT®a3b — hepmMeHTa KIETOUHBIX MEMOpPaH, KOTOPBII N30MpaTeIbHO BHIKAUMBAET U3 KJIET-
KM MOHBl HATPUs U aKKyMYJMpyeT B Heil noHbl Kanus. Co3naBaeMasi (pepMEHTOM pa3HMIIA KOHLIEHTpa-
Ml OIHOBAJICHTHBIX KATHMOHOB MMeeT OOJIbIIOe 3HAYeHUE ISl MPOTEKaHMS KITIOYEBBIX pPEaKkIUil Ku3-
HeJIeATeIbHOCTU — TeHepaliid HEpPBHOTO BO30YKAEHUS, BOJHO-COJIEBOTO OOMEHa — W ISl PeryJIsiuu
KJIETOYHOro Metadosnm3ma [26]. B Hamem uccienoBanum copepkaHue 3iiko3aneHtacHoBou (C20:5w3)
KHCJIOTH BO BCeX oOpasmax He mpeBbmanio 4,5 %, a mokosarekcaeHoBou (C22:6w3) — 3,1 %. Di-
ko3arneHnTacHoByl0 (C20:5w3) u mokoszarekcaeHoBylo (C22:6w3) KUCIOTH MPOLYLMPYET (PUTOILIAHK-
ToH [27 ; 29 ; 30], u HU3KUE UX YPOBHU OOBSCHSIOTCS, CKOpEe BCEro, SHAOTeHHBIM MMUTAHUEM JIMUYUHOK
Ha CTaJIuu TPOXO(DOPBHL.

N3BecTtHO, uTO 3arpsA3HEHHOCTH cpelpl [IXD oka3biBaeT BIMsIHME HA COCTAB KUPHBIX KHUCTOT [14].
Hamm skcniepumenTs! nokasanu, 4yro cyMmapHoe cogepxanue HXXKK B inumHKax, NOABEPKEHHBIX BIIUSA-
Huio [1XDB, u3meHsoch B 10CTAaTOYHO Y3KOM HMHTEpBasie — OT 52,2 1o 65,3 %. HakoruieHue 3Tux Kuc-
JIOT YKa3blBaeT Ha WX yYacThe B TMOAJCPKaHWUU IEJOCTHOCTU CTPYKTYpbl MeMOpaH [14]. HaumeHnsinee
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coziepxkanue creapuHoBoii (C18:0) KMCIOTH B TMYMHKAX oTMedeHo Tpu Bosaeiicteuu 0,1 mxr-m! TTXB.
Mo nefictuem 1 u 10 mxr-n~! ITXB KOoHIeHTpaimu creapruHoBor (C18:0) KMCIOTHI TPAKTUYECKH HE OT-
JIMYAJTUCh, HO CTAHOBWJIMCh HUKE, YeM B KOHTPOJIbHOM 00pasiie U B pode ¢ arleToOHOM. DTOT (pakT roBo-
PUT O TOM, YTO peaKlys JIMIMHOK Ha nossieHue B cpeae [1Xb nposBuiace B CHUKEHUH TPOHULIAEMOCTH
MIa3MaTUIeCKUX MeMOpaH, YTO MOIJIO YMEHBIIIUTh TOKcudeckoe Biusiaue [1XB.

Copepxanne MHKK cHumxkanoch mpumepHO B 2 pa3a OTHOCUTEIbHO KOHTPOJIS MPU KOHUEHTpPALM-
ax IIXB 0,1 u 1 mxr-1!, B T0 Bpemsa kak comepxanve ITHXKK yBenmuusanoch npumepHo B 2,5-3 pasa
npu KonuenTpauusax IIXB 1 u 0,1 mxr-n! u B 1,3 pasa — npu konuentpauuu [TXB 10 mxr-1~!.

Ipu HeBbicokoM coaepskanuu [TXB — 0,1 u 1 mxr-n1~! — konuenTpanms kucsior (C18:1) ymeHbInanach
110 CPaBHEHMIO C TAKOBOM B KOHTPOJILHOM OIbITe GoJlee ueM B [Ba pasa, a npu 10 Mkr-1~! ux conepkanue
OBbLIO paBHO TAKOBOMY B KOHTpoJie. BO3M0OkHO, Ipy HEBBICOKMX KoHIeHTparwmsix [1Xb n3menenve conep-
xanuss MH2KK BbI3BaHO [1€MICTBHEM HECKOJIBKUX KAaTATUTUYECKUX MEXAHU3MOB, BKJIIOUAIOIIMX MEXaHU3-
Mbl [IEPEKHUCHOTO OKHUCIIEHUS, B JIOMOJIHEHUE K LUTOXpoM P450 mMoHoOKcureHasHoMy myTu. PepMeHThI
crcteMbl IUTOXpoM P450 runpokcuupyiot cBsizu C-H cyOcTpaToB, KaTaau3upyloT OMera-oK|CIeHre Ha-
CBILIEHHBIX )KUPHBIX KUCJIOT U IEPEKUCHOE OKUCJIEHUE HEHACBIIICHHBIX KUPHBIX KUCIIOT [ 14]. [lo 3aknaaku
MUILEBAPUTENILHBIX OPraHOB TPOXO(OPbI HAXOASTCS HA SHIOTEHHOM IMUTAHUU, TIPY STOM JKHUPHbIE KUCIIOTHI
UCITOJIL3YIOTCSI B OCHOBHOM JIJIs1 (DOPMHUPOBaHUsT OMOMeMOpaH | 3arnacHbIX Junuaos [14 ;16 ;17 ; 25].

N3menenue nonet MHXXK u I[MTHKK npu noutn neusmennou posne HXXK noa neiictBuem nonu-
xJIopOMeHUI0B cBsA3aHo ¢ 3aumTHON yHkimeil HXK B opranusme uunHOK. ITOT (PakT 0ObsICHAET-
Cd TEM, YTO CHMHTE3 HEHACBIIEHHBIX XUPHbIX KHucaoT npoucxogut u3 HKK. ITHKK, nanpumep, ume-
10T 6oJiee HU3KME TOYKM IUJIABJIEHHS, YeM HACBHIIIEHHbIE KUCIIOTHI, M 00pa3yloT Oojiee PHIXIIYI0 CTPYKTY-
Py JIMIUAAHOTO OUCIOS. YBeIWYeHHe TeKy4ecTH OMOJIOTMUECKMX MEeMOpaH M BBICOKAs METa0OIMYecKast
AKTMBHOCTh MEMOPaHHBIX (DEPMEHTOB 0OYCJIOBJICHbI ACCUMETPUYHBIM CTPOSHUEM M TEMITEPATY PO IJIaB-
neHus noveHoB [14]. JleficTBHe MOTIOTAHTOB MOXKET MPSIMO, OCOOEHHO Ha PaHHEH CTaJuy OHTOTeHe3a,
WIN ONIOCPEAOBAHO, Yepe3 U3MEHEHHU S BEIIECTBEHHO-IHEPIeTUUECKUX IOTOKOB B 9KOCUCTEME, MOBJIUATH
Ha PE3UCTEHTHOCTDb U TOJIEPAHTHOCTh KYJIbTUBUPYEMbIX OPraHU3MOB K YCJIOBUSIM Cpe/ibl BIpalMBaHus [2].

VBennuenne KoHieHTpauuu apaxugoHoBou (C20:4w6) kucnotel ¢ 1,3 % B koHTposie 10 20,5 %
npu Bosaeiicteuu 0,1 Mxr-n~! ITXB Takxke 00bACHSAETCA €€ CTIOCOOHOCTBIO BHICTYNATh B KAYECTBE TOPMOHA,
AKTUBHUPYS PElenTOpbl KJIETOK U Urpasi IpU 3TOM BakXHYIO pojb B UMMYHHOM oTBeTe. [Ipu Gosee BbIco-
kux koHuenrpamusax IIXB (1 u 10 mxr-n~!) conepxanue apaxunoHoBoit (C20:406) KUCIOTH CHUKAETCH,
YTO CBUJIETEJILCTBYET O €€ MHTEHCUBHOM MCIIOJIb30BAaHMU B (pepMEHTATUBHBIX Mporeccax [14].

3akJirouenne. [loaydyeHHble JaHHBIE TO3BOJISIIOT CAEIATh BBIBOA O TOM, YTO THIl U COCTaB >KMPHBIX
KHCJIOT B TPOX0(hOpax MUANI M3MEHSIUCH ITPH Pa3InIHOM 3arps3HEHHOCTH cpeibl ux oourtanus [1XB. Co-
Aep>KaHue HACHIIEHHBIX )XUPHBIX KACJIOT, Hanpumep creapuHoBoy (C18:0), 1 n3o0MepoB OKTaJELIEHOBBIX
(C18:1) KMCIOT pe3KO CHUAKAJIOCH TIpH Bo3aeicTeuy aaxke 0,1 Mxr-n~! TIXB, XoTa cyMMapHOE cofepkKaHue
HJKK npakTuyecky He U3MeHsIoch npyu KoHuenTpatusax IIXB or 0 go 10 Mkr-17!, a conepxkanue uzome-
poB okTazeneHoBbIx (C18:1) kucnoT Bo3pacTtano noyt B 3 pasa npu yeeandeHuu KoHueHTpauuu [1Xb
10 10 Mxr-~'. Takas TeHIeHIUS CBA3aHA C 0OCOOEHHOCTAMU CTPOEHH s KaK KJIETOUHbIX MEMOpPaH JTMYUHOK,
tak ¥ MosieKky1 HKK u MHXK. Conepxanue ITHKK, nanpumep apaxunonosou (C20:4w6) KUCIOTHI,
HAIPOTHUB, YBeIMUIUBajIoch npu aekictBuu 0,1 Mxr-n~!' TIXB, 4To CBA3aHO, BO3MOKHO, C €€ CTIOCOOHOCTHIO
BBICTYNAaTh B KAUECTBE TOPMOHA B UMMYHHOM OTBETE.

Pe3ynbTaTel paboThl MOTYT OBITh MCIOJIB30BAHBI B YIIPABJICHUH MPOAYKIIMOHHBIMHU MTPOIIECCaMH B XO-
3AMCTBaX IO KyJbTUBUPOBAHUIO MOJUIIOCKOB. M3yuenue nozozaBucumoro BiusHusA [1Xb Ha cooTHOmIE-
nue HXXK, MHKK u I[THXK B TkaHAX JTMUYUHOK MHUIUI MOXKET CIIOCOOCTBOBATH JIy4llIeMy NOHUMAHUIO
OUOXMMHUYECKUX MEPECTPOEK, MO3BOJISIIOIIUX MOJLTIOCKAM aIalITUPOBATHLCS K IEHCTBUIO HEOIarONpPUSTHBIX
(pakTOpOB Ccpenpl.
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Paboma evinonnena 6 pamkax zocyoapcmeeniozo 3adarust PUL] UnbIOM no memam «Pynoamenmanviivie uc-
CNe008aHUSL NONYASIYUOHHOU OUON02UL MOPCKUX ICUBOMHDLX, UX MOPEPHON02UMECKO20 U 26HEMUUECK020 PA3HO0OPA3UsL»
(Ne zoc. peezucmpauuu AAAA-A19-119060690014-5), «Moaucmonroeuueckue u OUO2eOXUMUUECKUE OCHOBbL 20MEOCHA-
3a mopckux skocucmem» (Ne AAAA-A18-118020890090-2) u «Hccredosarue mexanuamos ynpagaeHusi RPoOYyKUUoH-
HBIMU NPOUECCam 8 OUOMEXHON0ZUMECKUX KOMNAEKCAX C Ueablo pa3pabomKy HAYUHbIX OCHO8 NOAYHeHUs Ouorozute-
CKU AKMUBHBIX BEUECNE U MEXHUUECKUX NPOOYKMO8 MOPCKoz0 zeHe3uca» (Ne AAAA-A1S8-118021350003-6).
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FATTY ACID COMPOSITION
IN TROCHOPHORES OF MUSSEL MYTILUS GALLOPROVINCIALIS
GROWN UNDER CONTAMINATION WITH POLYCHLORINATED BIPHENYLS

L. L. Kapranova, L. V. Malakhova, M. V. Nekhoroshev, V. V. Lobko, and V. I. Ryabushko

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: lar_sal980@mail.ru

Status of Mytilus galloprovincialis populations in the natural habitat is known to directly depend on de-
velopment of Black Sea mussel at all its stages, including initial stages of larval ontogenesis, which
are very sensitive to environmental pollution. Organic pollutants adversely affect mussel larvae by in-
hibiting their growth and development. Patterns of mussel reproduction are well studied, which makes
it possible to obtain larvae from artificially fertilized eggs of this mollusc species in controlled laboratory
conditions. In this work, the fatty acid composition of M. galloprovincialis larvae at the trochophore stage
on the 3" day in the control experiment and under artificial contamination with polychlorinated biphenyls
(PCBs) in different concentrations is studied for the first time. The fatty acid composition of total lipids
in the biomass of larvae obtained on the 3 day of the experiment was studied by means of gas chro-
matography — mass spectrometry. Totally, 14 fatty acids were identified in the samples; 59 % of them
were saturated fatty acids, 24 % were monounsaturated fatty acids, and 17 % were polyunsaturated fatty
acids. Statistical analysis was performed using Statistical Toolbox of MATLAB software (version 8.2).
The totals of monounsaturated and polyunsaturated fatty acids significantly differed in lipids of M. gal-
loprovincialis trochophores in the experiment with different PCB concentrations. The totals of saturated
fatty acids did not significantly differ. The major saturated fatty acids in all mussel trochophores stud-
ied were palmitic (C16:0) and stearic (C18:0) acids. Their concentration did not significantly change
under the exposure to PCBs. The main monounsaturated fatty acids were oleic (C18:1w9), palmitoleic
(C16:1w7), and vaccenic (C18:1w7) acids. The fraction of monounsaturated fatty acids was twice as low

when exposed to the PCB concentrations 0.1 and 1.0 ug-L™!. However, when the PCB concentration was
10 ug-L™, the total of these acids did not differ from the control. Among polyunsaturated fatty acids hav-
ing biological essentiality, it was possible to identify arachidonic (C20:4w6), eicosapentaenoic (C20:5w3),
and docosahexaenoic (C22:6w3) acids. The total fraction of omega-3 and omega-6 acids in mussel larvae
in the control did not exceed 12.8 %. With an increase of the PCB concentration in the growth medium
0.1 to 1.0 ug-L™!, the fraction of polyunsaturated fatty acids increased 2.5-fold. At the PCB concentration
10 ug-L™! and in the sample with pure acetone added, the total fraction of polyunsaturated fatty acids was
comparable with that in the control. The results of the study indicate that fatty acid response is the highest
when the medium is exposed to the PCB concentrations ranging 0.1 to 1.0 ug-L™'. At the PCB concentra-
tions equal to 10 ug-L™! or higher, biochemical processes in larvae seem to slow down. The results of this
study will contribute to a better understanding of biochemical rearrangements that allow molluscs at larval
developmental stages to adapt to environmental pollution with organic xenobiotics.

Keywords: polychlorinated biphenyls, fatty acids, larvae, trochophore, mussel Mytilus galloprovincialis,
Black Sea
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BiusiHMe HM3KOYACTOTHOrO 3JIEKTpOMarHuTHoro usnydenus (HOMMU) Ha pacTeHMst M KMBOTHBIX,
BKJIIOYAsl YEJIOBEKa, JOCTATOYHO CMOpHO. Maso u3BecTHO W O BoziedctBun HOMMU Ha runpoOHoH-
TOB. MBI M3yunM [OEWCTBHE MPSIMOYTOJIBHBIX MMITYJbCOB HAMPSUKEHUS Pa3JIMUHON aMIUTUTYABL, AJIH-
TEJIBHOCTH U CKBaXHOCTH, IPOMYIIEHHBIX 4Yepe3 MOPCKYI0 BOXLy, Ha Tpuxoruakca (tun Placozoa)
KaK Ha BO3MOXHYIO TECTOBYIO JJaDOPaTOpPHYIO MOJie/b. B onbiTax vcrnonb3oBanu Tpu mramma Placozoa,
Trichoplax adhaerens (H1), Trichoplax sp. (H2) n Hoilungia hongkongensis (H13), oroOpaHHBIX Ha CTa-
LMOHAPHOM CTaguy pocTa KyJbTYphl. [l reHepauuu mociefoBaTeIbHOCTH MPSIMOYTOJIBHBIX HUMITYJIb-
COB 3aJaHHOH JIMTEJBHOCTH M CKBaXKHOCTU C 4acTOTOHM 10 2 K[l MpUMEeHsIM anmapaTHylo miatdop-
My Arduino Uno. Cpegnee 3HaueHue HanpskeHus 1o 500 MB peryaupoBaiy ¢ HOMOILIBIO CXEMBI A€H-
Tess HarnpspkeHus. i Joka3aTesnbcTBa CHelM(pUYHOCTH JAEHCTBUS JIEKTPUUYECKUX UMITYJIbCOB Ha MO-
TEHIMAI3aBUCHMBIE KaJIbIIEBbIe KaHabl TPUXOIIAKCA UCTIONB30BAIM MHTMOUTOP aKTUBHOCTH KaJlblIUe-
BBIX KAHAJIOB aMJIOAUITHH. KMBOTHBIX CTUMYJIMPOBAIIN IEKTPUIECKAM TOKOM I10]] CTEPEOMUKPOCKOIIOM.
DNEKTPOABI PACIIOJaraiy B HEOCPEACTBEHHON OJIM30CTH OT JKMBOTHOTO. Vccie1oBaim comyTCTBYONINE
W3MEHEHHUs NOBEIeHUSI 1 MOP(OJIOTHH TUIACTUHKY TPUXOIUIAKCa. Beiensim cTumMmyaupyomue 1 nojas-
asoie Bo3zaeiicTBus. HabmoneHns JOKyMEHTHPOBAIM ¢ MOMOIIBI0 (pOTO- U BUIEOCHEMKU. OTCIIEKH-
BaJIM TPAEKTOPUM ABWXXEHHS OTHENBHBIX 0CcOOEH. YBeJMUeHUE HAMpsDKeHHs Ha JIeKTpoJax Mmpu (puk-
cupoBaHHO# Yactote 20 Il MpUBOAMIO K TOMY, YTO KMBOTHBIE IITaMMa H2 mokuaanm «30Hy 3J1€KTpo-
JIOB» B T€YEHHE HECKOJIBKMX MHUHYT MpH 25 MB, 0HAKO TEpsUTH MOJBUKHOCTH MPOMOPLHUOHAIBHO PO-
CTy HanpsbkeHUs U ode3nrkuBauch mpu 500 MB. MIMEeHHO MO3TOMY B JaJbHEWINUX OIMBITAX MpHMe-
Hs HanpspkeHue 50 MB. B skcnepuMeHTax ¢ AByMs 3JIEKTPOJaMy, HaXOASIIMMUCS C OAHOH CTOpO-
HBI TPUXOIUIAKCA, Y KMBOTHOTO OBLIIO OOJIbIlIe BO3MOKHOCTEN IIEPEMELIAThCS B pa3HbIX HAPABJICHUSIX,
YeM B ciIydyae pacliooKeHUs JIEKTPOJIOB 10 00eUM CTOpOHaM IUIaCTUHKHU. HanpasneHnue 1BMKeHHs UC-
MOJIb30BAIM KaK XapaKTepUCTUYECKU Mpu3HaK. OTMEUYeHO, YTO TPUXOIUIAKCH MUTPUPYIOT B 00JIacTU
C HU3KOM TUIOTHOCTBIO JIMHUH 3JIEKTPUIECKOT0 OIS, KOTOPBIE PACIIONIOKEHBI BAAIY WM 32 SJIEKTPOAAMHU.
7KMBOTHBIE U3 CTAPOM KYJIBTYPbl OTIIMYAIMCH MEHBIIIEH YyBCTBUTEIBHOCTHIO K JIEKTPUIECKOMY paspa-
xutemo. [lItamm H2 6bi1 Hanbosee YyBCTBUTENIBHBIM U JEMOHCTPHUPOBA OoJiee BhIpakeHHbIE (pr3no-
Jlornveckue peakuuu Ha 4yactorax 2 ['m u 2 k[t ¢ Hanpsixennem 50 MB, yem mramm H1 u ocobeHno
mramm H13. B 3aBUCMMOCTH OT AJIMTEIBHOCTH CTUMYJIMPYIOLIMX MPSIMOYTOJBHBIX MMITYJIbCOB, MX YHMC-
Ja, aMIUTUTY/Bl U BAPbUPYIOLIEH YaCTOThl MEHSUIUCH JIBUraTesbHbIe PEaKIMU U MOP(MOJIOTUsI )KUBOTHBIX :
OT HaNpaBJIeHHOW WM CTOXACTHUECKOW MUTPALK B CTOPOHY aHOAA/KaToa WM OT HEro 10 00e3BHKH-
BaHMS KMBOTHBIX, YBEJIMUYEHHS ONTUYECKON MJIOTHOCTH MO Nepudepur U B LIEHTPE TUIACTUHKH U JIO CBO-
pavMBaHuUsI TPUXOIUIAKCA W OTHENICHUsI ero oT cyOcTpara. B momonHutenbHbIX ombitax Ha Trichoplax sp.
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H2 nokazaHo, 4To NMpu JAJIMTEILHOCTA UMITYJILCOB 35 MC M 3ajiepXkKe UMIyJbcoB oT 1 mc g0 10 ¢ jo-
71 00e3BIKEHHBIX XUBOTHBIX yBenmuuBaercs 10 80 % mpu MUHMMaNbHOU 3anepxke. TeM He MeHee
B CJIy4ae MPUMEHEHHs aMJIOJUIMHA B KOHLIEHTpauuu 25 HM NpakTUYeCcKU BCe TPUXOIUIAKCH B TEUEHUE
HECKOJIbKAX MUHYT COXPAHSUIM TOABUKHOCTh HECMOTPSI Ha 0OPaOOTKY 3JIEKTPUUECKUMU MMITYJIbCAMU.
Me:xay TeM MpH UCHOTb30BAHUN aMJIOAMIIMHA B KOHIIEHTparuu 250 HM KUBOTHBIE JIBUTAJIMCH TUCKO-
OPAMHMPOBAHHO ¥ HE MOTJIM MOKUHYTH «3JIEKTPOJHYIO JIOBYIIKY». Jlajee miiacTHHKA TPUXOILIaKca CTa-
HOBWJIACh PUTHIHOM, YTO BBIPAXaJOCh B HEM3MEHHOCTH (pOPMBI JKUBOTHOTO TIpU IBWXeHWH. Hakowerr,
aMJIoWIMH B KoHIeHTpanuu 50 MKM BBI3BIBAT OBICTPOE CBOpAYMBAHME KPaEB TPUXOIUIAKCA B PO3ET-
KY B BEHTPaJIbHO-I0PCATIbHOM HAIpPaBJIECHUH U MOCIEAYIOIIYI0 JUCCOLIMALMIO ITACTUHKY Ha OTAEJIbHbIC
KJIETKU. B 11esioM npumeHsieMoe 3JIeKTPUUYEeCKOe BO3JCHCTBUE UMENIO KYMYJISITUBHBINA, HO 0OpaTUMBIT
3(pdexT, KOTOPBI, KaK MPEeANoIaraeTcs, MOXKeT ObITh CBSI3aH C PabOTOM MOTEHIIUAT3aBUCUMBIX KaJIbIIU-
€BbIX KaHAJIOB. AMJIOIUIUH B 00JIbIION KoHIeHTparmu (50 MKM) BbI3bIBAJ pa3pyllieHre TPUXOIUIAKCa,
B ymepeHHO# (250 HM) oH Hapyman, BepOsTHO, PaCHpOCTpAaHEHHE BOJIH aKTHBAIMH, YTO MPHUBOAWIO
K TUCKOOPIMHAIINY ITBHMKEHUH XUBOTHOTO, a B MaJIor (25 HM) mipegoTBpaIal JIeKTPOIIIOK.

KioueBbie ciioBa: MMPpAMOYTOJIBHBIE  JICKTPUYECKUE HMITYJILChbI, TPUXOIUIAKC, IUIACTUHYAThIC,
IMOTCHIMAJI3aBUCUMBbIC KaJIbIIMEBBIE KaHAJIbI

DNEeKTPOMArHUTHOE W3My4YeHHe B AMANa3oHe OT eJUHMI] IO HECKOJBbKMX ThicAY [11 HEe OKa3biBa-
€T MpsIMOro TEIUIOBOTO BO3JEWCTBUS HA JKMBYIO TKaHb, a JEHCTBYET OINOCPEJIOBAHHO Yepe3 ollpeje-
JIEHHbIE KJIETOUYHbIE MEXaHW3Mbl U BbI3BIBAET COOTBETCTBYIOIIME (puznosnornyeckue 3pdekrtsl [18 ; 29].
OOHapyXeHO, YTO HU3KOYACTOTHBIE JIEKTPOMAarHUTHble u3inydeHus (naiee — HIMMU; extremely low
frequency electric and magnetic fields, ELF-EMF) moryr unayuupoBarh 3Kcrpeccuio reHos [41 ;
48] w BBI3BIBaTH Tposeparmio kietok [43]. JlabopaTopHele MccienoBaHus Mokasanmd, yro HIMU
BJIMSAIOT HAa KJICTOYHbIE MeMOpaHbl M MOHHBIE KaHAIbl [22], B OCOOCHHOCTH Ha TOTCHIIMAI3aBUCUMbIC
KaJIbIIeBBIEe KaHaJHI [12].

WHTepecHO, 4TO OJOKATOPHl KAJIBIMEBBIX KAHAJIOB 3HAYUTEIBHO CHUKAIOT pasiuyHble 3(eKTh
H3MMU [26]. Kpome Toro, 6nogusnyeckrie CBOMCTBA MOTEHITUAI3aBUCHMBIX KAHAJIOB MOTYT OOBSICHUTH
MOJICKYJISIpHbIE MeXaHU3Mbl Onosiormueckux 3ddexkro HOIMU. Hanpumep, HUCXOISIIUN peryisaTop-
HbI KJIETOYHBIA OTBET Ha TaKWe BO3JEHCTBHSA MOKET OBITH onocpeaoBaH yepes Ca’t/KaabMOLy/IMH CTH-
MYJIAIMI0 cuHTe3a okcuna aszota (NO), ¢usnonornyeckue peakldyd MOTYT ObITh Pe3yJIbTaTOM CTUMY-
s NO-3aBucumoit cGMP-niporennkuHasbl G, a matopU3MOJOrMYecKre Npolecchl — CIeICTBUEM
NO-NepoKCUHUTPUT-OKUCITUTEILHOTO cTpecca. OmucaHbl U Apyrue onocpenobannbie Cat peryasaropHbie
MyTH, KOTOPbIE HE 3aBUCAT OT OKcuaa azorta [11 ; 16 ; 25].

CylecTByeT HECKOJIBKO TUIOB KaJIbIIMEBBIX KaHAJIOB: BBICOKOIIOPOTOBBIE KaHAJbI, C IPOMEXKYTOY-
HBIM IIOPOTOM aKTHUBALMM, HU3Komoporossle [27]. Kanpuuesble kaHansl L-, P- 1 N-TunoB aktuBupyorcs
NIPY BBICOKMX 3HAYEHHSIX MeMOpaHHOro noreHnmana. K kanamam L-Tumna npuHaiexar dyeTbipe mpoTeu-
Ha ¢ MHO)ecTBOM u3odopM Ca,1.1-Ca, 1.4, komupymomuecs y yenoseka renamu CACNALS, CACNAIC,
CACNAID u CACNAIF; oHM 3KCIIPECCUPYIOTCS IVIaBHBIM 00pa3oM B CKEJIETHbIX MBIIILAX U OTBEYAIOT
3a COKpalleHue cepaeuHoi 1 maakux muiiil [21]. Kanasnsl P- u N-Tuno npescraieHsl B HelipoHax Oet-
kamu Ca,2.1 u Ca,2.2 cOOTBETCTBEHHO; OHU OTBEYAIOT 32 BBICBOOO:XKAEHUE HelpoMeanatopos. K kab-
LIMEBBIM KaHaJaM R-Tuna ¢ mpoMeXyTO4HBIM IOPOroM akTUBalMu oTHocuTcs nmpotenH Ca,2.3 [24 ; 35].
HwuskomnoporoBeie KasibleBble KaHAIB! pHHAAIeRAT K T-Trrmy. MMy o0naaoT KJIETKH ¢ IeCMeKepHOM
AKTMBHOCTBIO, HAIIPUMEP BOAMTENN PUTMa CepAla 4esoBeKa [S5]. DTH KaHasbl MPeACTaBIeHb! OeKaMu
Ca,3.1-Ca,3.3 u xogupytorca reHamu CACNAIG, CACNAIH n CACNA1I coorBercTBeHHO [46]. Oue-
BuaHas posb Ca,3-kaHayoB T-Tuna nposiBiseTcs B KJIETOYHON BO30YyIMMOCTH, II€ UX HU3KUE HalpsiKe-
HUS aKTUBALIUK TIO3BOJISIIOT JIETKO OCYIECTBUTH AENONISIpU3aIiuio MeMOpanbl. Takke kaHasbl T-Tuma urpa-
I0T POJIb B 3aITyCKe MEXaHM3Ma SK30LIMTO3a y MO3BOHOUHBIX M 0eCrO3BOHOYHBIX [32 ; 45]. Ca,3-kaHasbl
MIPUCYTCTBYIOT Y IPUMUTHUBHBIX KMBOTHBIX U B OJHOKJIETOYHBIX OpraHusMax [23 ; 40].

[MonesHoi Moaenbio A uzydenus 3¢gppexkroB HIMU moryTt ObiTh mpejacraButesnu Tumna Placozoa,
B yactHoctu Trichoplax adhaerens [30]. Tpuxoruakc umeer Tejo HeNpaBWIbHOU (hOpMbI (pazMep —
okoJI0o 1 MM); OHO ChOPMHPOBAHO OBYMS CJIOSMH SMUTEIUS, MEXKIY KOTOPBIMU HAXOAMTCS PHIXJIBIA
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KJIETOYHBIM CJIOW. DTO KPOIIEYHOE MOPCKOE >KMBOTHOE IMOCTPOEHO M3 IIIECTM OCHOBHBIX THUIIOB KJle-
ToK [7 ; 39]. Ilocne nepBoHavanbHOro onucanus, caenanHoro ®. . Mlynsue B 1883 r. [31], Tpuxomnake
BBI3BAJI MHTEPEC C TOUKU 3PEHUs] MUHUMAJIbHBIX TpeOOBaHUH K MeTazoa. OTCyTCTBHE CUMMETPUM Opra-
HOB, HEPBHBIX U MBIIIEYHBIX KJIETOK, 0a3aJbHOW TUIACTUHKYA Y BHEKJIETOYHOTO MaTpUKCa HE OCTaBJISIIO
COMHEHUI B JPEBHOCTU MPOUCXOKICHUS ITOTO KUBOTHOTr0. OHAKO, HECMOTPsI HA TPUMHUTHUBHOE CTPO-
eHMe, TPUXOIUIAKCHl CIIOCOOHBI KOOPAWHUPOBATD JBUIATE/ILHYI0 aKTUBHOCTh TIpU KopMyieHuH [37] u ne-
MOHCTPUPOBAaTh XeMOTakcuc [13], moareep:xaas CynieCTBOBAaHUE CJIOKHBIX MEXAHU3MOB MEKKJIETOUYHOTO
B3aUMOJIeNCTBUS U UHTerpaimu. OOHapyKeHbI ObICTPhlE PUTMHYECKUE COKPAIEHHS JOPCATbHOIO SMHTe-
JIUs1 TpUXOIUIaKca [2] v mpeiokeHa Moies b ABMKEHU S )KUBOTHOTO, OCHOBaHHasl Ha quarpamMmax BopoHno-
ro [38]. Ctpykrypa, PyHKIMS U MIOHHAS CEJIEKTUBHOCTh OJIMHOYHOTO KaJbIIMEeBOro KaHasia T-Ttumna u3 Tpu-
xortakca (TCa,3) OpUTH OXapaKTepr30BaHbI C TOMOIIBI0 METOIMKH patch-clamp mociie ero KIOHMPOBaHUS
B SMOPUOHAJIBHBIX KJIeTKax Moyku yesoBeka juHuM HEK-293T [36]. C yuétom Toro, uro Ca,-KaHasl
UIpaloT PelIaIyi0 pojb KaKk BO BHYTPUKJIETOYHOM, TaK U B MEKKJIETOYHOM Mepegadye CUrHajioB [23],
U TOTO, YTO TPUXOILIAKC MMEET B CBOEM reHome nojHblil Habop renos Ca,l, Ca,2 u Ca,3, xogupywo-
mux Ca,-kasainsl [15 ; 40], nosiBuIack BO3MOKHOCTb U3yUYEHUsI MOJIEKYJIIPHBIX MUIIEHEW M MEXaHU3MOB,
nexanmx B ocHoBe 3¢gexkroB HOMU Ha MHOTOKJIETOUHBIE OPTaHU3MBI.

Lesbio JaHHOU pabOTHI OBUIO U3YUYHThH PEAKIIMIO TPUXOILIAKCOB Ha TOCIIEI0BATEILHOCTH M-00Pa3HbIX
EKTPUUECKUX MMITYJILCOB, IMUTHPYIOIIUX BO3/IEHCTBUS, HEOOXOAUMBIE JIISI OTKPBHIBAHUS KATBIIMEBBIX
KaHAJIOB in vivo. IMITyJIbChl IPSIMOYTOJIbHOW (DOPMBI BHIOPAHBI JIJIS1 BO3/IEHCTBU S HA TPUXOIJIAKCOB IIOTOMY,
YTO OHHU BBI3BIBAIOT OOJIbIIIee pa3pakeHre Y OMOJOTMYECKUX OOBEKTOB, YeM KOJIeOaHHUsl JTOObIX JAPYIUX
popM. MBI Takke COWIM YMECTHBIM MCIIOJIb30BaTh MPSMOYTOJIbHbIE UMIYJIbChl KAK MICAIM3UPOBAHHYIO,
«IUCKPETHYI0» MOJEJIb JIEKTPOMArHUTHOTO U3JTy4YEHHS.

MATEPUAJI 1 METO/IbI

KyabTuBupoBanmne. B padote ncronb3oBanmy Tpu mramma Placozoa, takue kak Trichoplax adhaerens
(rarnotun H1), Trichoplax sp. H2 (rannotun H2) u Hoilungia hongkongensis (rarnotun H13), u3 Kotopbix
MOCJIEAHUI IIITAMM MOKHO OTHECTH K OTAebHOMY BUAY [8 ; 9]. JKMBOTHBIX KyJbTUBUPOBAIU B CTEKJISH-
HbIX yamkax Ilerpu quamerpom 90 cM Ha MaTax OJHOKJIETOYHOH 3eJ€HON Bogopociu Tetraselmis marina
B UCKyccTBeHHOM Mopckoi Bojie (ASW, Red Sea Salt, Red Sea Fish Pharm L'TD, U3paub) ¢ conéHoCThIO
35 %o ipu Temriepatype +25 °C 1o crangapTHoMy IpoTOKoJy [17]. MopcKyio Boly MEHSLTH He pexe OJTHO-
ro pasza B Hegemo. 3Hauenue pH nognep:xuBanu B quanaszone 7,8—8,0. 3a 1 yac 1o Havasia sKciepuMeHTa
’KUBOTHBIX OTCaXMBAIM B ASW Ha IJ1aCTUKOBBIE YallIKK 0e3 BOJOPOCIIEN.

IMoaroroBka amuiogunuHa. [lo0aBisUIM  MPOW3BOAHOE  AWTHAPONMPHUINHA  AMJIOIUIUH
(CyoH,5CIN,Os, 2-[(2-ammuHO3TOKCH)MeTIN]-4-(2-X10pdennn)- 1,4-iurugpo-6-metun-3,5-MMpuanuH  1u-
KapOOHOBOI KHUCJIOTHI 3-9THJI 5-METHIOBbIN 3up B Buae Oe3miata, TeBa) B 96%-Hblil STUIIOBBIA CIMPT
wii B Boay (ASW) u mepecuuThiBaid KOHIIEHTPAIIMIO COTJIACHO PACTBOPUMOCTH ITOTO COETUHEHUS
B YKa3aHHBIX paCTBOPUTEJISIX.

AuaekTpocTumMyasiuus. i reHepaluyl MocjaeJoBaTeIbHOCTU MPSIMOYTOJIbHBIX MMITYJIbCOB 3aJaH-
HOM JJIMTEJIbHOCTM M CKBAXXHOCTU IMPUMEHsUIM cTaHzapTHylo ruiatgopmy Arduino Uno R3 Ha 6aze
8-6utHoro mukpokoHtposiepa AVR ATmega328P. [Ins BU3yaJIbHOrO KOHTPOJISI HCHOJIBb30BATIM CBETO-
auon LED1, nis npepoTBpaltieHus cay4ailHOro KOPOTKOTO 3aMbIKaHUS BCTPOMIIU NTOCJIEJOBATENIbHO TUO/
(D1, 1N4001). Cpennee 3HaueHME HANIPSIKEHUS PETYJIMPOBAIH C TOMOIIIbIO noteHimomerpa R2 (10 kOm)
ot +10 MB 110 +1,5 B Ha nenutesne HanpskeHUs, Kak MMOKa3aHO Ha pUC. 1. DNEeKTpopl MOMEIaIn B MOP-
CKYIO BOJly B HEMOCPEACTBEHHON OJIM30CTU OT KMBOTHOTO HA PACCTOSIHUM MPUMEPHO 1 MM ApYr OT Ipy-
ra. B kauectBe TeCT-KOHTPOJIsI BOZMOKHOIO BJIMSIHASI IOCTOPOHHUX IPEJMETOB HA U3MEHEHUE IOBejle-
HUS1 )KUBOTHOT'O MICTIOJIb30BAJTH TUIACTHKOBBIE WJIH JIEPEBSHHbIC MAIOYKH JTMOO METATMUECKHE TEKTPOIBI,
OTKJIFOUYEHHBIE OT KOHTPOJLIEPA.
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Puc. 1. DnekTpoHHas cxeMa JUIs JeKTPOCTIMYJISILIMN TPHXOIIIAKCOB
Fig. 1. Electronic circuit for Trichoplax electrical stimulation

IIporpammubiii Meanap. [IpoaoKUTETHFHOCTh (UTUTEILHOCTh) MMITYJILCOB U 33JEPXKKY (CKBaX-
HOCTb) 3a/1aBaJIM IporpaMmMHoO B uHTepBajie ot 0,5 mc 10 10 c; mporpaMma BHIITOJHSIIACH HA KOHTPOJLIEpe
B OeckoHeyHOM IukJje (cM. [pwmoxkenue 1: https://doi.org/10.21072/mbj.2020.05.2.05). Ilepecuér Bpe-
MEHHBIX MHTEpBaJIOB (MC) B yactoTy (I') mpoBoaniu ¢ yuérom Toro, uro 1 I'y coorserctyer 1000 mc.
JI71s1 co3anms MakeToB M-00pa3HBIX UMITYJIbCOB C U3MEHSIOIIECHCS UIUTEIbHOCTBIO U 3a/IEPKKOM BHYTPH
[IaKeTa MCIOJIb30BAJIM MHKPEMEHTUPYIOIIUI U IeKPEMEHTUPYIOIIMI TPOrpaMMHBIE LIUKJIbI € aroM 1 mc
(cm. [Mpunoskenue 2: https://doi.org/10.21072/mbj.2020.05.2.05).

Muxkpockonusi 1 00padoTKa JaHHBIX. JKUBOTHBIX CTUMYJIMPOBAJIH SJIEKTPUUECKUM TOKOM IO CTe-
peomukpockonoM ZEISS Stemi 305 npu yBenmuenuu X8 u x40. OueHnBaiv n3MEHEHUe MOBeIeHus (J1BU-
ratejibHasi akTUBHOCTb, HATPaBJIEHUE U TPACKTOPUSI IBUKEHH ) 1 MOP(OTIOTUUECKUX XaPAKTEPUCTHK Tesa
(onanecueHuys, popma). Boiaensnm ctTuMympyoiye U NOAABIAIIME BO3AECUCTBHUS, T. €. BEJYIIUE K I10-
BBIIIIEHHUIO IBUTATEIbHON AaKTHBHOCTH )KUBOTHOTO WJIHM K €ro 00e3BHKMBAHMIO, IIOKY U napanmmay. Ctpoe-
HUE TPUXOIUIAKCOB M3ydasn Mol MHBepTUpoBaHHBIM MUK pockorioM Nikon Eclipse Ts2R ¢ IMK-ontukoi
IIpY MaKCUMaJIbHOM yBenmueHuu x600. OOnmil BUI U MOBEJEHYECKYI0 aKTUBHOCTh KMBOTHBIX JOKYMEH-
TUPOBAIU C MOMOUIBIO (POTO- U BUAEOCHEMKH. OOpabOTKY BUAEOMATEpUaia MPOBEIU C TOMOIIBIO YTH-
qutel FFmpeg Ha cepeepe Huawei Fusion Server RH2288 V3. Tpaektopun OBUKEHUS TPUXOILJIAKCOB
oTciexkuBaIu ¢ nomolnpio mwiaruia wrMTrck nporpammbl Imagel (National Institutes of Health, USA)
Ha rpaguueckoit cranimu Dell Precision T5810.

PE3VIJIbTATbBI

JuHamMuka pocrta KyJbTypbl. [locsie mepeceBa JKMBOTHBIX Ha CBEXHUE MAThl U3 BOJOPOCTIEH KYJIbTY-
pa TPUXOILJIAKCOB B TEUCHUE HECKOJIbKHUX THEW HaXOJWJIACh B COCTOSTHUM a[aNTallii K HOBBIM YCJIOBHSM,
YTO BBIPAXKAJIOCh B OTCYTCTBUM MPUPOCTA YUCICHHOCTH U pa3mepoB ocobeil. 1o mporiecTBur Takou Jiar-
(hasbl TpUXOIUIAKCH HAYMHAIM PAcTH C IOCeyonmM nenenneM. Ha crieytomem atare, KOTOpbIid MOKHO
COOTHECTH C SKCTIOHEHIIMAIBHOM (pa30il pocTa KyJbTYpPhl, TPUXOIUIAKCH AKTUBHO POCIU U JISJTHITHCH TIOTIO-
JIaM OJIUH pa3 B TPU-YETHIPE JIHS IMyTEM 0O0pa30BaHUS MEPETSIKKU C YMEHBIIIEHHEM pa3MepoB JI0YSPHUX
ocobeii. [Tepexo B cTaiioHapHyI0 (ha3y pocTa KyJIbTypbl OTMEUAIU Yepes3 JBEe-TPU Hee I, YTO COITPOBOXK-
AaJIOCh ABYKPATHBIM YMEHBIICHHUEM CPEOHUX PasMEPOB KUBOTHLIX U PE3KUM 3aMCIJICHUEM TEMIIOB ITpU-
pocTa MX YMCIEHHOCTH. B cTapelonmx KyibTypax HaOM0AaMM U3MeNIb4YaHue ocooeid, M3MeHeHne ux op-
MbI (BBITATHBaHUE JIMOO, HA0O0OPOT, 00Opa3oBaHUE MEJKUX cep, KOTOphle OTKPEIUISIOTCS OT cyOcTpara
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Y BCIUIBIBAIOT), & TAK)KE OTMUPAHUE KUBOTHBIX. VIMEHHO OTOMY Yepe3 MATh-IIECTh HEAEb KYJIbTUBUPO-
BaHUs TPUXOIUIAKCOB MEPecakrBajIi Ha CBEKUE MaThl U3 BoJopociieil B konmuectse 10-20 ocobeli Ha vari-
Ky, U MPOLIECC KyJIbTUBUPOBAHUS MOBTOPsUICA. [l SKCIEPUMEHTOB HCIOJIb30BAIM MPEUMYILIECTBEHHO
KUBOTHBIX, OTOOPAHHBIX HA CTAIIMOHAPHOM CTaIUM POCTA KyJIbTYPHI.

JKcnepuMeHThI € OJHUM JIEKTPoA0oM. B Tectax ¢ npuMeHeHneM MaJleHbKUX CTep:KHEH U3 IJ1acTh-
Ka, IPEeBECHUHBI WJIM MeTajla He ObLJIO 3aMEYEHO SIPKO BBIPAKEHHOW PeaKlIMu )KUBOTHBIX Ha MIOCTOPOHHUE
npeaMeTsl. B citydae ncnosib30BaHus 3JIEKTPOIOB, MOJKIIOUEHHBIX K KOHTposuiepy Arduino Uno, U3 KoTo-
PbIX OJMH (QHOJ WJIM KaToJ) pacroJaraics BOIM3u Tpuxoruiakca (mramm H2), a apyroii — Ha 3Ha4YMTeb-
HOM paccrosiHuu (6osiee 1 ¢m), KMBOTHOE OOBIYHO YIQISIIOCH OT JEKTPHUECKOTO pa3pakuTesisi Ha Au-
CTAHIIMIO JUTMHOW OT OJJHOTO JIO TPEX pa3MepoB cBoero Tena (1-3 MM) 1 mpoaoIKaio MeIJIeHHO TiepeMe-
aThCA B CIy4aiiHOM HanpasieHud. [Ipu npopokurensHocTy uMiyibcoB 100 Mc u 3anepxkke 1 Mc Tpuxo-
TUIAKCHI yOerasu cpasy, a B cllyyae 3a[IepKKu | ¢ — OTIOoN3a/I1 OT 3JIeKTPOAOB C 3aMa3/IbiBAHUEM B HECKOJTb-
KO JIECATKOB CeKyHI. OTMEUEHO, UTO KMBOTHBIE, B3SIThIE B KCIIEPUMEHT U3 CTAPOM KYJIbTYpPbI, OTJIMYA-
JIUCh MEHbINIEN YyBCTBUTEIBHOCTBIO K JIEKTPUUECKOMY Pa3IpakKUTEII0, YTO BHIPAXKAJIOCh B YBEJIMYEHUU
BpEMEHHU 3a/IePKKU PEaKIMK U B YMEHBIIIEHUH PACCTOSTHUS, HA KOTOPOE OHU TePEABUTAIUCH.

JKcnepuMeHTHI ¢ ABYMsI JeKTpoaamMu. B ciiyuyae pa3MelieHus IByX CTEp;KHEN U3 METAJIOB C pa3-
HBIM 3JIEKTPOXUMHUECKUM MOTEHIMATIOM, 0Opa3yIolIvX rajJbBaHUYECKYIO Mapy BO3Jie TPUXOILIAKCa, KU-
BOTHOE MPOSIBJISUIO IBUTATEJIbHYIO AKTUBHOCTh — HAYMHAJIO «UCCIIeJOBATh» MMPOCTPAHCTBO, PUOIIMIKASICH
Y YIQJISACH OT JIEKTPOOB, IMOKa He HaXOAUIO «KOM(pOPTHOE» TMOJIOKEHHe B 00pa30BaBIIEeMCs cl1aboM
3JIEKTPUYECKOM MoJIe (puUc. 2).

[Tpu wWCMONB30BaHMM HKCTOYHUKA MOCTOssHHOro Toka (200 MB) Tpuxoruiakcel u3deranm KaTof,
HO He MPUOMIKATIMCh K aHOAY, a OTIOJI3aI B CTOPOHY, MHOT/IA OpOoAMIM MexX Iy diekTpoaamu. Eciu xu-
BOTHBIE TIOJINOI3AIM CJIUIIKOM OJIM3KO K aHO/AYy, OHM OCTABAJIUCH BO3JIE HETO M Yepe3 HEKOTOpoe BpeMs
CMOPLIMBAINACE. BO MHOIOM CKOPOCTB pEakLiMy ¥ HAIIPABJIEHHUE ABUKEHHS 3aBUCENIM OT HAYaJIbHOTO MOJIO-
’KEHUS1 KUBOTHOTO U OT PacCTOSIHUS Mexk 1y dekTpogamu. Hanpsikenue 1,2 B ObU1o JieTanbHBIM 1S JKU-
BOTHBIX, T. €. OHU 00€3[IBUKUBAIUCH, KAPAUHATBHO MEHSLIN MOP(OJIOTHI0, OTKPEIUISTUCH OT cyOcTpaTa
Y B JAJIbHEHILEM Pa3pyIlaIKCh.

Puc. 2. JIuanM 3JEKTPUYECKOTO TIOJS B «3JIEKTPOIHOU JIOBYIIIKE» JJIs TPUXOIUIAKCOB: (a) «30HA 3JIEKTPO-
JIOB» C PAcCTOSIHUEM MeX]ly 3JieKTpojamu He 6osiee 1 Mm; (b) 30Ha 00e3/IBHKMBAHUS COOTBETCTBYET PACCTO-
STHMIO B OJUH KOPILyC TpUxoIruiakca (1 Mm) OT LeHTpa JIOBYLIKH; (C) MpoMexyTouHas 30Ha; (d) 30Ha BIanu
OT 3JIEKTPOJOB; (€) «30Ha KOM(OpTa» HEMOCPEACTBEHHO 32 3JIEKTPOJaMH (CM. TEKCT)

Fig. 2. Electric field lines in “electrode trap” for Trichoplax: (a) “electrode zone” with electrode gap no more
than 1 mm; (b) immobilization zone corresponds to one Trichoplax body size (1 mm) from the center of the trap;
(c) intermediate zone; (d) zone away from electrodes; () “comfort zone” just behind the electrodes (see the text
for details)
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TecTtoBble nccie10BaHNs TPOBOAMIIN B MOPCKOM BOJIE C COTIEHOCTBIO 35 %0; TPUMEHSIIA JUTUTETbHOCTh
U 3aJepkKy uMIysbcoB no 35 mc (~ 30 I'n) co cpennum 3HaueHuem HanpspxkeHuss SO MB. MHrtepecHo,
YTO B CJTy4ae IPOMBILUIEHHON 4acTOThI (50 I'l1) TpUXOIUIAKChl HE MEHSUIN CYILECTBEHHO CBOI0 MOP(OJIOTHIO,
Ha4MHaJIM JABUraThCS, MPEANOYUTAINA aHO/, OTIIONI3AJIN B CTOPOHY OT 3JIEKTPOJOB, MHOI/IA BO3BPAILIA/INCh
Y CHOBA yJIAJISUIUCh OT 3JIEKTPOJIOB.

JleficTBue HanpsikeHUsT Ha TPUXOIUIAKCOB OLIGHUBAJIM, Bapbupysl aMIUIMTYAYy HMILYJIbCOB
C TIOMOIIBI0 AenuTeNss HanpsbkeHuss Tnipu ukcupoanHor yacrore 20 I (cm. [lpunoxenwe 1:
https://doi.org/10.21072/mbj.2020.05.2.05). OCHOBHBIM KpUTEpUEM OIIEHKM CIyXKWda OO0 00e3-
JBWKEHHBIX JKUBOTHBIX, KOTOpPBIE HE TOKHMHYJIH «30HY 3JEKTPOIOB» B TEYEHHWE HECKOJIbKUX MUHYT.
JIOTIOSTHUTEIbHBIM KPUTEPHEM ObLIM MATOJOTMYECKUe U3MEHEHUsT MOP(OIOrMU KUBOTHBIX — YTOJIIIE-
HHE 00OJKa TUIACTUHKH, OKpYyIJIeHHe (POpMbl U YMEHbILeHHE onajiecieHmu. ol TaKuX >KMBOTHBIX
YBEJMUMBAIACh IPONOPLMOHANIBHO pocTy HamnpsikeHus (puc. 3). Ilpu Hanpsikenuun 25 MB npaktuyecku
BCE )KMBOTHBIE B KOHEUYHOM HWTOre MOKHMIAIU «30HY 3JIEKTPOJOB», a npu HarpstkeHuu 500 MB oHw,
HalpoTHB, OCTABAJIMCh B €€ IPaHULIaX, IPUOOpeTas MaToJIOrMYeCKUe MPU3HAKH, XOTs Ha CIIeAYIOIUi IeHb
T10CJIe CHATHSA BO3AEUCTBUSA BOCCTAHABJIMBAIN MHTAKTHBIM BUJ. Ha OCHOBaHMM MOJIyYEHHBIX PE3yJIbTaTOB
B JAJbHEHMIIMX ONbITaX NpUMeHsIM HanpsikeHue 50 MB.
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Puc. 3. [lons o6e3aBUKeHHBIX TPUXOIUIAKCOB Trichoplax sp. H2 10 OTHOIIEHUIO K MOIBUKHBIM KUBOTHBIM
MIpU Pa3IUYHBIX 3HAUEHUSIX HAMPSDKEHUs MPsSMOYTOJIbHBIX UMIYIbcoB Ha yactote 20 ['u. B skcnepumente
HCIO/IL30BAHO 59 KUBOTHBIX

Fig. 3. Fraction of immobilized Trichoplax sp. H2 versus active animals at various voltage values of rectangular
pulses at a frequency of 20 Hz. Totally 59 animals were used in the experiment

B 0CHOBHOM MBI KCMOJIL30BANIHY JIBA AKTUBHBIX JIEKTPO/IA, PACTIONIOKEHHBIX B HEMOCPEICTBEHHON O~
30CTU MO0 00€ CTOPOHBI TUIACTUHKU TPUXOIUIakca. B kauecTBe OMHOrO W3 JIECTBEHHBIX BapUAHTOB MPH-
MEHSUIM UMITYJIbCHI ¢ TpooskuTebHOCTBIO 100 Mc 1 3anepsxkkoit ot 1 mc g0 10 c. [I1s skcriepumeHTOoB
rcnosp3oBad 139 xuBoTHBIX mTamma H2. B cpeHeM 1151 pa3HbIX 3HaYEHHI CKBAXHOCTH B 67 % cliyuaeB
HaOmogaM 00e3IBIKMBAHUE JKMBOTHBIX, TOMYTHEHHE IO Nepruepuu 1 B IEHTPE IJTACTUHKY C TIOCIIeTyI0-
[IIUM YMEHbIIIEHUEM pa3MepOB M CMOPIIMBAHUEM WM CBOpAYMBAHUEM TPUXOIUIAKca. [JaHHbIe N3MEHEeHH s
(puzmonornyeckoro cocTosiHUS ¥ MOPOIIOTH KUBOTHOTO HE ObLUTH JIETATBHBIMU. TPUXOTTAKCH BOCCTAHAB-
JIMBAJIUCh YePe3 HECKOJIbKO JIECATKOB MUHYT TOCJIE CHSTUS BO3JCHCTBUS Pa3APAKUTEN S, UTO MTPOSIBIISLIOCH
B UX PaCIUIACThIBAHUM Ha CyOCTpaTe U B MPHOOPETEHUH JBUTATEIbHOW aKTHBHOCTH.
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B omnbiTax ¢ IByMs 9JI€KTPOAaMH, HAXOJSAUIMMUCS C OAHOUN CTOPOHBI IJIACTUHKH, BEPOSTHOCTD MOKU-
HYTb 30HY CTUMYJIUPYIOLIHX JIEKTPOIOB YBETUUMBAIACH, TPUUYEM Y )KUBOTHOTO MOSIBIISLIACH BOZMOKHOCTD
JBVKEHUSI B Pa3HBIX HAMPaBJIeHUsAX. DTOT (PAKT MO3[IHEE UCIIOJIH30BAIM KAK XapaKTePUCTUUECKUN MpH-
3HAK IS Pa3HBIX IMTaMMOB. B 30He 00e3BUKMBaHUs BO3JIe JEKTPOJOB OCTABAIOCH B cpefHeM 56 %
TPUXOILJIAKCOB.

JI71s1 yTOUHEHH S TIOJTyYeHHBIX IaHHBIX ObLIa TIPOBE/IeHA IOTIONTHUTE IbHAS CEpUs OMBITOB Ha 121 XKUBOT-
HOM C MCHOJIb30BaHUEM JIByX 3HAYUTENIbHO OTIMYAIOIIMXCS 3HAYEHUI CKBaXXHOCTH, a UMEHHO 3a[ePKKU
B 1 mc u | ¢, npu yurenbHocTy uMmiybcoB 100 Mc. B ciaydae pazmerieHus: 3JeKTpoJOB Ha 00eHUX CTO-
POHAX TUIACTUHKY TPUXOILIAKCA I0JISI YIIOJI3IINX U3 30HbI BO3AEUCTBUSI KMBOTHBIX OblIa HE3HAUUTEIbHOM
u cocrasisuia 30 % nipu 3aaepxke 1 Mc u 52 % — npu 3auepxke 1 c. B cnyuyae pacnosioxkeHust JIeKTpo-
JIOB C OJIHOM CTOPOHBI ITACTHHKY TPUXOIUIAKCA JI0JIs1 yOeKaBIIUX KUBOTHBIX ObLIA OOJIBINIE ¥ COCTABIISLIA
47 % nnsi 3aJepKKU Kaxaoro uminysibca B 1 mc u 76 % — nad 1 ¢ (puc. 4). CTOUT OTMETUTB, UTO B OIbITAX
C IByMsI JIEKTPOJAMHU IO 00€ CTOPOHBI JKUBOTHOTO TPUXOILIAKCY TPeOOBATIOCHh BpeMsl JIJIsl «IIPUHSITUS pe-
IIEHUsT» O TOM, B KAKOM HAMpPaBJIEHUH YIIOJI3aTh U3 «JIEKTPOTHOM JOBYIIKW». Yalle TPUXOIUIAKC IBUTATICS
B CTOPOHY OOJIbIIIEH YacTH CBOETO TeJla, PACIOJIOKEHHOM 3a MpeesiaMy 3JIeKTPOIOB.
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Puc. 4. Jlons moaBMKHBIX TpUXOIUIAKCOB Trichoplax sp. H2 mo oTHOIIEHNO K 00E3BMKEHHBIM KUBOTHBIM
MY AJMTENbHOCTH MITYJIbcoB 100 Mc 1 3aepxkke 1 Mc v 1 ¢; 6ebiid IIBET — JIEKTPO/Ibl HA OJJHOM KpPalo
TUIACTUHKY TPUXOIUIAKCA; CEPIA IIBET — JIEKTPOJbl Ha MPOTUBOMOJIOKHBIX KPasiX IUIACTUHKYU TPUXOILIAKCA.
B skcnepumente ucnosb3oBano 121 KuBOTHOE

Fig. 4. Fraction of active Trichoplax sp. H2 versus immobilized animals at pulse duration of 100 ms and delay
of 1 ms or 1 s; white color indicates the electrodes on one side of Trichoplax plate; gray color indicates
the electrodes on opposite sides of Trichoplax plate. Totally 121 animals were used in the experiment

TecTupoBaHNe pa3HbIX MITAMMOB TPUXOILIAKCA. B cpaBHUTENIBHBIX OMbBITAX MO BO3JEUCTBUIO MpSi-
MOYTOJIbHBIMU MMITYJIbCAMH CO CPEAHUM 3HaueHreM HampsikeHus: S0 MB, koadduimeHTom 3anoaHeHus
0,5 u vacroroii 2 I'm m 2 k[ Ha pa3Hble MTaMMBl TPUXOIUIAKCA BBISBIEHO Pa3sHOOOpa3ue MaTTepHOB
MOBE/IEHNs] )KUBOTHBIX. [10/ICUNTHIBAIN KOJIMYECTBO OCOOEH, MEePEeIBUTAIOIINXCS OT aHOJa K KaTOLy WU
HAaoO0OPOT — OT Karoja K aHoay. B sKcmepuMeHTax UCIONb30BaM 143 0cOOM TPUXOIUIAKCOB; U3 HUX:
mramm H1 — 51 oco0b, mramm H2 — 47, mramm H13 — 45. B kax)xJ0M OnbITe ;KUBOTHOMY MTPEJCTOSIIO
BBIOPATHCS U3 «3JIEKTPOJHON JIOBYIIKW», TIPEJICTABIIAIONICH OO0 ABa JEKTPOoa Ha MPOTHUBOIOIOKHBIX
Kpasix Tena (puc. 2). [IpoBoauay AnuTesbHOe HaOMoieHNE 32 U3MEHeHUEM (DOPMBI U 32 TPAeKTOpHEN ABU-
KeHusl TpuxoruiakcoB (cm. [Tpunoxenue 3: https://doi.org/10.21072/mbj.2020.05.2.05). IIpeacraButenu
mrammoB H1 1 H13 nepemertianick B CTOpOHY YMEHbIIEHHU S TVIOTHOCTH CHJIOBBIX JIMHUI HANPSIKEHHOCTH
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JIEKTPUYECKOTO TIOJISI ¥ MHOT/IA BHITATUBAIUCH BJOJIb 3THX BOOOpakaeMbIX JMHUE (puc. 5). JKuBoTHbIe
mramMa H2, He ynanssich 3HAUUTENBHO OT JIEKTPOJOB, NEPENOI3aIM Ha UX OOPaTHYI0 CTOPOHY — B «30-
Hy KoMpopTa» ¢ Maoi IIOTHOCTBIO CUJIOBBIX JIMHUU 5ieKTpudeckoro noss (tadia. 1). Tak, npu HU3KOM
yacrtote (2 ') ocobu mramMma H1 B GoSbIIMHCTBE ClydaeB yAaIsINCh OT 9JeKTPOJIOB TI0 BBITSHYTOW Tpa-
€KTOPHUM Y YacCTO 3aI0JI3aJIM 32 OJJUH U3 JIEKTPOJOB B «30HY KoMdopTa». JKuBoTHele mtamma H2 npen-
MOYHTAIM TIepEMeNaThCsl 32 KaToll, XOTsS MHOT/IA OyKIATH MEXKIY IEKTPOJAMU M OTIOJ3aIM B UTOTE
Ha HeOOJTBINIOE PACCTOSTHUE WJTH YXOAWM 3a aHo. [IpeacraBurenu mramma H13 vaine ynansimch ot aHoaa
B CTOPOHY KaToJia ¥ MepeMeIianich 3a Hero. [1pu nucnosnb3oBaHuy BEICOKOU YacToThl (2 KI'ir) ocobu mram-
Ma H1 nmpeanountany aHOA, YacTO OCTABAIUCH B «30HE JIEKTPOJIOB», TEPSUIA JBUTATEIbHYI0 AKTUBHOCTD
u cMopumBaiuck. Ocodu mramma H2 ObIcTpo MOANON3amy K aHOJy WM OCTaBAIUCh HEAATIEKO OT JIeK-
TPOJIOB, UTO HEPEJIKO MIPUBOAMIIO K UX 00e3nBrknBaHmo0. Ocodm mramma H13 00BIYHO yaasisIich OT aHO-
Ja K KaToJy W 3aroJi3ajiv 3a Katof. g HUX Takke OTMEYEHBl 3aMe/JICHUE pPeakiuu, 0O0e3BIKIBaHIE
¥ CMOpIIMBaHUe MpH yactote 2 Kl

C k -‘-,.“ — d —

Puc. 5. Uzmenenue opmsl Trichoplax adhaerens H1 u TpaeKTopum IBUKEHUS U3 «JIEKTPOJHON JIOBYLIKW»
(a) MOMCKOBOE IBUKEHUE U BHITATMBAHUE TPUXOIUIAKCA BAOJb JMHUN HANPSKEHHOCTH SJIEKTPUUECKOTO OIS
HarpaBJ/IeHHOE JIBUKEHHE TPUXOIUIAKCOB B «30HY KOoMcopTa», pacrnosioxkeHHylo: (b) 3a aHomoM, (c) B oTha-
JIEHUM OT 3JeKTpoAoB, (d) 3a kaTtomoM. CTpeskM yKa3blBalOT HalpaBleHUe IBMKEHUS TPUXOIUIAKca; HU(pPBI
Ha PUCYHKe 00O3HAYAIOT MPUCBOCHHYIO KUBOTHOMY METKY; «+» — aHOJ; «—» — KaToJ; [UIMHA OTpe3Ka —
1 MM; rpacdpudeckast BCTaBKa B JIEBOM BEPXHEM YIUTy OOBSICHSET M300pakeHNe

Fig. 5. Change of Trichoplax adhaerens H1 shape and motion trajectory from the “electrode trap”: (a) seeking
activity and elongation of Trichoplax along the line of electric field intensity; the directed motion of Trichoplax
into the “comfort zone” located: (b) behind the anode, (c¢) far from the electrodes, and (d) behind the cathode.
Arrows demonstrate Trichoplax motion direction; numbers in the figure indicate identification code assigned
to the animal; “+” is the anode; “-” is the cathode; every bar length = 1 mm; graphic insert in the upper left
corner explains the image
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Tadamma 1. [larTepHsl MOBeACHUS TPUXOIUIAKCOB MEXY JIEKTPOAAMU NIPU BO3AEHCTBUM MPSIMOYTOJIbHBIMU
MMITYJIbCAMU pa3HON YacTOTHI

Table 1. Behavioral patterns of Trichoplax between electrodes when exposed to rectangular pulses of various
frequencies

YacToTa NpsIMOYroJibHbIX HMILYJIbCOB
Tanyiorun
2T 2 k'
H1 JIBYIKETCS IO YIAJIEHHOW TPaeKTOPUN yIAJIAETCs OT KaToja B HANIPABJICHUU aHO/A
32 OJIH W3 3JIEKTPOJIOB JIO0 OCTAETCSI B «30HE IJIEKTPOIOB»
m Oy KIaeT MKy IEKTPOIaMH, OBICTPO NPHOITIIKACTCS K AaHOLY, OJTyKIaeT,
repeMeniaeTcs 3a KaToj WM aHO/I, OTIIOJ3aeT pacriosiaraercsi OJIM3KO K JIEKTPoaam
HI13 OTITOJI3aET OT aHOJA OTYETIMBO yIAISAETCS OT aHOJA,
Y MHOT/IA TIEPETIONI3aeT 3a KaTojl 3aI10JI3a€eT 3a KaToI

KcnepuMeHTHI B pe:kuMax (pyHKIMOHHPOBAaHNSI KAJIbI[HEBBIX KAaHAJIOB. YTOO PEANONOKH-
TEJIbHO OTKPHITh KaJIbIUeBble KaHasbl Tpuxomuiakca TCa, 3 in vivo, Mbl IPUMEHSIM IPSAMOYTOJIbHBIE UM-
MyJILCHI CO cpeiHuM HanpsikeHuem 50 MB, ¢ koaddurmentom 3anoanenus 0,5 u vactoramu 2,5 ', 5 I
u 2 kI, YactoTsel 3auMcTBOBaHb U3 padot [3 ; 20 ; 33]. BeipaxkeHHble pa3inuus B 3¢ deKkTax oOHapyxe-
Hbl Ha yacrotax 2,5 ' u 2 kI'u. Ilpu yacrore 2,5 T'iy Tpuxomuiakchl He MEHsIM MOP(OJIOTHI0, MEAJIEHHO
OTIIOJI3aJIM OT aHOJA B CTOPOHY KaToja U nepeMeniaauck 3a karof. Ilpu yacrore 2 kI'u, HanpoTuB, Tpu-
XOIUIAKChI, TPEUMYIIECTBEHHO JBUTAIMCh K aHOAY, OJHAKO HE YAAJISUIMCh JAJIEKO OT JIEKTPOIOB, MEHSIN
OOIIUI1 BUJ KJIETOYHOW MAcChl C MMPO3PAYHOro U OJECTSIIEro Ha HEMPO3PAYHBIN U TYCKJIbIN, B KOHEYHOM
UTOTE YMEHBIIIATNCh B pa3Mepe, CBOPAYMBAIIUCH U OTIEIISUIMCH OT CyOcTpara.

[Tpu npuMeHEeHUU YacToT, UCHOJb30BAHHBIX B MeToauKe patch-clamp [33], a UMEHHO TpU AJUTENb-
HOCTH ¥ 3ajepkke ummyiabcoB 1o 2 mc (500 I'm) mim 500 mc (2 '), Tpuxomiakchl B ciy4ae 4acTo-
Tl 2 'l He MeHsIM BUAMMONW MOP(OJIOruy U MOJ3IM OT aHOAA K KaTony, a B ciaydae yactotsl 500 I
OHU MPEUMYIIIECTBEHHO JBUTAJIUCH OT KaTO/a 3a aHOJ JIMOO OCTABAJIMCH HETIOIBIKHBIMU U CKPYUYHBAJIHC.

J1st Toro 4TOOBI MPEANONIOKUTENIPHO OTKPBITh KaJIbLIMEeBBe KaHaubl Tpuxoruakca TCa,3 in vivo,
Mbl MIPUMEHSUIA MPSMOYTOJIbHbIE UMITYJILCHI CO cpeaHuM HampsikeHueM ot 10 no 120 mB, cootBetcTBYy-
foiue 3aaep:xkkam ot 10 ¢ go 1 mc. nuTenbHOCTh UMITYJILCOB cocTaBisiia 35 Mc, Kak B pabdote [36].
JI71s1 OLleHKH KyMYJISITUBHOTO JEWCTBUSI T-0O0pa3HBbIX MMITYJIbCOB Ha TpuxXoruiakca Trichoplax sp. H2, ono-
cpepoBaHHoro kaHajioM TCa, 3, ucnosb3oBansl 3aaepkku oT 1 mc 10 10 c. Pusnonornueckuid 3pdexr
OT CyMMAapHOTI'O ISMCTBUS UMITYJIbCOB IPOSIBIISUICS Y€PE3 HECKOJIBKO JIECSATKOB CEKYH/1 M BHIIVISAEN KaK 3a-
BUCHMOCTb TMOJBMKHOCTH JKUBOTHBIX OT CKBAXKHOCTH B IOCJIEJOBATEIbHOCTH MMIYJIbCOB. [Ipy HU3KOI
CKB)XHOCTH, T. €. TIPU BBICOKOM 4acTOTe W OOJBIIOM KOJIMYECTBE MOCTYMAIIIMX CUTHAJIOB, A0JIS 00e3-
JBVKEHHBIX )KMBOTHBIX ObLIa Bemka — 78 u 80 % nns 3apepxek 1 u 10 Mc cootBeTcTBeHHO (puc. 6).
ITo mepe pocTa CKBaXXHOCTH J10JIs1 TAPAJIM30BAaHHBIX TPUXOIUIAKCOB MOHMKajtack 10 44 % u 17 % B ciy-
yae OJITHOro UMITyJibca B 1 ¢ 1 ofHOTrO uMItyJibca B 10 ¢ COOTBETCTBEHHO. B KOHTPOJIBHBIX SKCIIEPUMEHTAX
0e3 MEKTPUIECKOTO BO3/ICHCTBHS 00E3IBUKEHHbIE TPUXOTUIAKCH OTCYTCTBOBAJIH.

buoknpoBka kajblueBbIX KaHAJOB. [ nokaszarenbcTBa celUMPUUHOCTH AEUCTBUSI UMITYJIbC-
HBIX TOKOB Ha MOTEHIMAI3aBUCUMBIE KaJlbIIUeBble KaHalbl Tpuxorakca TCa,3 ucnosab30BaH UHTUOUTOP
AKTUBHOCTHU 3TUX KaHAJIOB aMJIOJUIIVH.

[Tpu HaMMYMK MAJIOroO KOJIMYECTBa aMmyioauiiuHa (25 HM), HecMOoTpsi Ha 00padOTKY 3JIeKTPHUYECKUMU
MMITYJIbCAMH JIUTUTETIBHOCTBIO 35 Mc ¢ 3amepxkkoil 10 Mc, mpakTHUecKu Bce TpUXOoruiakcsl (mramm H2)
B TEYEHHE HECKOJbKMX MHUHYT COXPaHSIM HATUBHYIO MOPQOJIOTMI0 U TMOJBUKHOCTb, IMPEINOYUTast
ABUTaThCSl K aHOMAY, a MOTOM YHAISThCSA OT HEro, YTo CBUJETEJbCTBOBAJIO O MPEAOTBPAIICHUU 3JeK-
TPOILIOKA, HAOJI0JAeMOro MPU HU3KOW CKBAXXHOCTU (puc. 6). IlJis BBISIBIEHUST BO3MOXXHBIX MUIIIEHEH
Mbl BO3JEVCTBOBAJIM Ha TPUXOIUIAKCOB MAKETAMM IPSMOYIOJIbHBIX MMIIYJIbCOB IEPEMEHHON HIMPUHBI
Y CKBAJKHOCTH C IIaroM 1 mc, oxBarbIBaOMUMHK Arana3oH yactoT ot 1 'y go 1 k' (em. Tlpunoxenue 2:
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https://doi.org/10.21072/mbj.2020.05.2.05). OT™MedeHbl 00e3IBIKUBaHKE )KUBOTHBIX U 00pa30BaHUE PO-
3€TOK, JI0JIs KOTOPbIX YMEHbIIAIACh MU HAIMYuM 25 HM amuoaunuHa. Mexay TeM uyepe3 HEeCKOJIbKO
YacOB BCE TPUXOIUIAKCHI JUCCOLMUPOBAIIH MO/ AEUCTBUEM aMJIOAMIIMHA HA OT/IE/IbHbIE KJIETKU.
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Puc. 6. [ona o0e3nBUKEHHBIX TPUXOIUIAKCOB Trichoplax sp. H2 1o OTHOIIEHMIO K MOABMXHBIM KHUBOT-
HBIM TIpY JJIMTENIBHOCTH UMITYJIbcOoB 35 Mc M 3ajepxkke oT 1 mMc go 10 c. B akcriepumeHTe MCHOIB30BAHO
65 XHUBOTHBIX

Fig. 6. Fraction of immobilized Trichoplax sp. H2 versus active animals at pulse duration of 35 ms and delay
of 1 msto 10 s. Totally 65 animals were used in the experiment

B 3aki0unTeNIbHOM CEPUU OIBITOB U3YYasy BIUSHKE HA TPUXOIUIAKCOB aMJIOJUIMHA B OOJIBIIUX J0-
3ax. AMJIOJUITHH B KOHIeHTpary 50 MKM BBI3BIBAJI OBICTPOE CBOpaYMBaHKUE KPAEB TPUXOILIAKCOB B PO-
3€TKy B BEHTPAJbHO-J0PCAJILHOM HAIPABJICHUU U NOCJIEAYIOIIYI0 AUCCOLUMALMIO IJIACTUHKU HA OTHEJIb-
Hble KJIeTKU (puc. 7). [Ipy NOHMKeHNH KOHLIEHTpaLMY aMJIOJUIMHA 10 2,5 MKM dopMupoBaHue po3eToK
IIPO/IOJIKAJIOCh B TEUEHHE HECKOJIBKMX MMHYT; 3TO MO3BOJIWIO 3apErMCTPUPOBATh JIBUKEHHUE KUBOTHBIX
K aHOJy IIPU JUIMTEIbHOCTH U 3aJIePKKe UMITYJIbcOB 10 35 Mmc [36], uto coorBercTBYeT YactoTe 28,57 I'.
[1py ncronb30BaHNM KOHIEHTpAmy amnoaunuHa 250 HM HaOumofany mocTeneHHoe NOTEMHEHNE TPUXOo-
IUIAKCOB — CHavajia no nepudepud, a MOTOM U B LIEHTpe IUIACTUHKU. HapyXHbI 000IOK yTOIIACs,
TPUXOIUIAKCHl OKPYIJISUTMCh, 00pa3ysl U3pe3aHHbIl (DeCTOHYATHIA Kpai, JIONacTh KOTOPOro OTPhIBAIUCH
oT cyOcTpaTa, 3arudaarch BBepx U (popMupoBaiu po3eTKy. Haxosich B «3/1€KTPOJHOH JOBYILKE», )KUBOT-
Hbl€ JBUTAJIUCH AUCKOOPIMHUPOBAHHO M HE MOIVIM MOKHUHYTh JEKTPOHHYIO 3amnajHio. Jlanee HacTynaga
PUTMIHOCTD TUIACTUHKY TPUXOILIAKCOB, YTO BBIPAKAJIOCH B IIOCTOSIHCTBE (DOPMBI )KUBOTHBIX IIPU JIBUKE-
HUU. TlaTTepHBI NepemMeleHus OTIeNbHBIX 0CO0el B JIEKTPUUECKOM I10JI€ TEM HE MEHEe COXPAHSINCH:
TPUXOIUIAKCHI JBUTAJIMCh MPEUMYILECTBEHHO K aHoAy. [lo3nHee Kpas IIaCTUHKM, HAIIOMMHABIIKE JIOIa-
CTH, 3arudayuch BBEpX U BHYTpb. [IpuMepHo uepe3 1 u mocie poOaBiieHUst aMJIOJUITMHA TIPOUCXOMIA
AMCCOLMALIMS )KMBOTHBIX Ha OT/IEJIbHbIE KJIETKH, CHavasa 1o nepudepuu, a moToM — U BCEro OpraHu3ma.

Itammbr Tpuxortakca H1 u H13 mnokaswiBanmm, nopo6Ho mramMmy H2, mamenenuwe mopdosiorun
1oy ieficteueM 25 HM amiiofiunyHa ¥ HapyIueHue aMEOONIHOTO JBIKEHNS C TeYeHHEM BpeMeHH. B sxc-
nepuMeHTax 0e3 amMJIOJWIMHA aHAJTOTMYHBIX SIBJIEHMH He HaOmongamu. B oTcyTcTBHE XMMHYECKHX BO3-
AENCTBUIA )KUBOTHBIE OJTyKAaIM MEXKILY JIEKTPOAAMH, Pa3MELIAIMCh B «30HE KOM(pOPTa» UM yAAJSIUCH
Ha 0e30IacHOe pacCTOsTHUE OT EKTPoJoB. CeyeT OTMETHTh, YTO HeJUTH PO PUANHOBBIE OJIOKATOPBI
Ca-kaHaJIOB, TakMe€ KaK Bepanamul U auiTtuaszeM B KoHueHTpauuu 100 MkM, He oKa3blBad 3aMETHOTO
BO3/ICHICTBHSI HA TPUXOIUIAKCOB mMTamma H2, KoTopblie COXpaHsIIM )KU3HECTIOCOOHOCTD TIPY HATTMYMU TUX
BELIECTB B TEYEHUE CYTOK [[JaHHBIE HE IIPECTABIICHBI].

Mopckoii 6uosnornyeckuii xkypHaia 2020 Tom 5 Ne 2


https://doi.org/10.21072/mbj.2020.05.2.05

60 A. B. Ky3renos, O. H. Kyznemosa, A. 0. IIponosun, O. B. Kpusenko, O. C. 3aBbsoBa

T : 100 v [ ¥ S 100 py

Puc. 7. TlocnenoBarensHoe aericteue amnoaumnuaa (50 MkM) Ha Trichoplax sp. H2: (a) MHTaKTHOE )XUBOTHOE;
(b) cBOpaurBaHue TPUXOILIAKCA B po3eTKY yepe3 30 MuH.; (C) AUCCOLMalysl TPUXOILIAKCA Ha OTE/IbHbIE KIETKU
yepe3 60 MuH.; JyinHa oTpe3ka — 100 Mkm

Fig. 7. Time-dependent effect of amlodipine (of 50 uM) on Trichoplax sp. H2: (a) intact animal; (b) folding
into a pan after 30 minutes; (c) dissociation into individual cells after 60 minutes; bar length = 100 um

OBCYKIEHUE

B cBA3M ¢ MOBCEMECTHBIM PaclpOCTPAaHEHUEM HU3KOUYACTOTHBIX JIEKTPOMArHUTHBIX WM3JyYEHUN, BbI-
3bIBAIOIIMX MHOXECTBEHHbIe pusnosornueckue 3¢p@exTsl y yenopeka [26 ; 44], akTyaleH MOUCK TeCT-
00BEKTOB IS U3yyeHus1 MmexanusmoB jeiictBusts HOIMMW. Trichoplax adhaerens O nipe[iokeH B Kave-
CTBE TECTOBOM JlabopaTopHO# Mozaeu HepaBHO [1]. Hamu u3ydeHo eicTBre MPSIMOYTOJIBHBIX 3JIEKTPHU-
YEeCKUX UMITYJIbCOB PA3IMYHOMN aMIUTUTY/bI, JUTATEILHOCTH U CKBAKHOCTH Ha TPH JTAOOPATOPHBIX ITaMMa
tpuxorakca (H1, H2, H13).

B KOHTpOJIBHBIX TECTaxX C UCIOJIb30BAaHUEM CTepKHEW U3 JepeBa, TUIacTHKa MM MeTaslia He ObLIo 3a-
MEYEHO peaKklMH KMBOTHOIO Ha IOCTOPOHHHUE MPEAMETHI, pa3MEIIEHHbIE BO3JIE HEro, 32 UCKII0YEHUEM
ciyyaeB 0Opa3oBaHMs rajibBaHUuYecKoy napel. [log Bo3aericTBreM cadoro mMoCTOSTHHOTO TOKA ¢ HarpsiKe-
aueMm 200 MB Tpuxoruiakcsl mrtamMMa H2 oTron3amm oT 3J1eKTPOIOB, OJHAKO OBICTPOTA PEaKIMK U Tpa-
€KTOpHS JIBUKEHUSA BO MHOIOM 3aBUCEJM OT MEPBOHAYAIBLHOIO IOJIOKEHUS KUBOTHOTO MO OTHOLIEHUIO
K 3JekTpojaM. Korjna npuMeHsuin akTUBHBIE SJIEKTPO/Ibl, OIMH U3 KOTOPBIX (aHOJ WJIM KaToll) pacroJia-
rajai BOJMM3M TPUXOIUIAKCA, )KUBOTHOE OOBIYHO YIAISJIOCHh OT pasipaxutess. [Ipy nmo3uimMoHMpOBaHUA
000X 3JIEKTPOJIOB BO3JIE TUIACTUHKY TPUXOIUIAKCA 3aPETMCTPUPOBAHbI Pa3IMYHbIE MATTEPHbI JIBUKCHUS
K QHOJY WJIM KaTOAy B 3aBUCHMOCTH OT pPeKHUMa CTUMYJISILIMY U IITAMMA )KUBOTHOTO — «I10JIOKUTEJIbHAS»
MUTIpalys K aHOAY, «OTpULIATEbHAS» MUTPALIUA K KaTOAY U «[IEPEMEHHAs» MUTPallUs, KOI/a KUBOTHOE
HECKOJIbKO pa3 MEHsUIO MPeANovTeHne aHoJ — KatoJ. B ciydae momagaHus TpUXOIUIaKca B 30HY HEIo-
CPE/ICTBEHHOH OJIM30CTH K 3JIEKTPOJaM KMBOTHOMY HE BCETZa YAABAJIOCh BBHIOPATHCS U3 «3JEKTPOAHON
JIOBYUIKHW», YTO HAMPSIMYIO 3aBUCEJIO OT YBEIMYESHHUS aMIUIUTYAbl U YMClia UMITYJIbcOB. Banu ot anekTpo-
J0B TPUXOIUIAKCHI MHOT/IA BBITATUBAINCH B/IOJIb JIMHUI HAIIPSKEHHOCTU JIEKTPUUYECKOIO MOJIS M HAIlpaB-
JISJIUCh B TPEANOJIaraeMyio «30Hy KoMdopTa» ¢ HaMEeHbIIEH HAMPsKEHHOCTHIO JEKTPUYECKOTO MOJIs
Ha 0OpaTHOM CTOPOHE JIEKTPOJIOB.

B cpaBHUTE/IBHBIX KCIEPUMEHTAX 10 BO3JEHCTBUIO MPAMOYIOJIbHBIMA UMIyJIbcaMu yactoTor 2 Iy
u 2 k['11 Ha pa3Hble MTaMMbl TPUXOILIAKCa BhIsABIEHO, uTo Trichoplax sp. H2 sBnsiercs: Oojiee peakTuB-
HBIM U JJEMOHCTPHUpYET OoJiee BbIpakeHHble (PU3HOIOrMYeckre OTBeThl Ha yactoTtax 2 I u 2 kI, yem
mramM H1 1 ocobenno mramm H13, B OCHOBHOM MUTpUpYIOIIMI OT aHoJa K Kartogy. IMeHHO moaToMy
OOJIBIIMHCTBO SKCIEPHUMEHTOB MpoBeeHO Ha mramMe H2. HecMoTpst Ha mpeArnoyTuTesbHOe TBIKEHHE
TpuxoIrulakcos mramma H2 B cropoHy KaTtoga npyu HU3KMX YacTOTaX MMITYJILCHOIO TOKa (okouto 2 I'1), oT-
MeYeHa TeH/ICHIIM sl TIOCTENIeHHOTO U3MEHEHUs1 HAallPaBJIeHNsI MUTPALIMU B CTOPOHY aHO/1a MTPU MOBBIIIIEHUH
4acToThl UMIYJIbCOB (o 2 k['m). Tem He MeHee ciieyeT 0OpaTUTh BHUMAHUE HA HEOKUAAHHO IUPOKYIO
WH/IMBU/1yaJIbHYI0 U3MEHUYUBOCTH B MOBEICHUY TPUXOIUIAKCOB, UTO 3aTPYAHSET NOAOOHbIE MHTEPIIPETAIIIH
1 TpedyeT aTbHEHIITNX UCCIIeI0BaHHA.
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JloctatouHOe BHUMaHME YAEJeHO BPEMEHHHIM pekUMaM, paHee UCIIOJb30BAHHBIM APYIMMHU aBTOpa-
MU TIpU JETaJbHOM HM3Y4YEHMM KajblieBbIX KaHaioB L- u T-tunos [3 ; 20 ; 33 ; 34 ; 36]. Mul uccre-
JOBAJIM BO3JEUCTBUSA B auana3zoHe yactoT or 2 I'y go 2 kI'u. [loBeneHyeckue peaklvy TPUXOIUIaKca
He ObLTM OJHO3HAYHBIMH: SKCTPEMAJIbHbIE YACTOTHI MOPOI HE OKA3bIBAJIM OKMUAAEMOTO BO3/CHCTBUS JIU-
00 TPUBOIWIM K 3JIEKTPOIIOKY TPUXOIUIAKCA, BHIPAKAIONIEMYCS B OTCYTCTBHU JBVIKCHUsI, TIOMYTHECHUN
IUTACTUHKH, YMEHBIIEHUH Pa3Mepa U CMOPUIMBAHUM )KMBOTHOI'O, YTO CBA3aHO, BO3MOKHO, C (PU3HOJIOTH-
YECKMM COCTOSTHMEM TPUXOILUIAKCa U/WIM C HAYaJIbHBIM MIOJIOKEHUEM )KUBOTHOTO B «3JIEKTPOAHOM JIOBYILI-
Ke». DT BO3/IENCTBUS ObLIM OOpATUMBI; MO MPOIIECTBUKM BPEMEHH WM TOC/Ie BO3BpAIEHHS KMBOTHOTO
Ha MaT U3 BOJOPOCIIEN TPUXOILJIAKChl BOCCTAHABIMBAINA CBOIO JBUTaTEIbHYI0 aKTUBHOCTD.

B 3aBuCMMOCTH OT JUIMTEIBHOCTU CTUMYJIMPYIOIIMX UMIYJIbCOB M UX YMCJIa MEHSUIUCh BUTaTeIbHbIE
peakiuu 1 MOpOIOrusl )KUBOTHBIX: OT CTOXaCTUYECKOUN WJIM HANIPABJIEHHOW MUI'PAllMM K aHOAY/KaToay
WM OT HEro JI0 00e3BKUBAHNS )KUBOTHBIX, YBEJIMUCHHUSI ONITUYECKON IIOTHOCTH, CHavasa 1o nepude-
Py, 2 TOTOM U B LIEHTPe TUIACTUHKHU, 0 CMOPIIMBAHUS TPUXOIUIAKCA U JaXe JI0 OTIEJISHUsI ero OT cyOcTpa-
Ta. [IpuMeHsieMoe BO3eiCTBIEe UMENIO KYMYJISITUBHBINA XapaKTep, KOTOPHIN CBSI3aH, BEPOSATHO, C pabOTOi
KaJIbLIMEBBIX KAHAJIOB M AKTUBHOCTBIO HUCXOJSIIMX PEryJISTOPHBIX Kackalos [10]. 3BecTHO, uTO *ene3u-
CTbI€ KJIETKH, PACIOJIOKEHHbIE HAa IepU(pEeprH TPUXOIUIAKCA, IKCIIPECCUPYIOT MOTEHIUAT3ABUCUMbIE KaJlb-
uueBble KaHaubl [32 ; 39]. Habmogaemble Mopgoiornyeckie M3MeHeHUsI B KpaeBOM 000JIKe MIaCTUHKU
TPUXOIUIAKCA MOTYT OBITh CBSI3aHBI C ONIOCPEJOBAHHBIMU KAJIbIIMEBBIMU KaHAJIAMH OTBETAMU CEKPETOPHBIX
KJIETOK, COJIEPKALIMX PETYJIATOpHbIe HeriponienTuabl [42]. C qpyroil CTOpoHBI, OKA3aHO, YTO MAaTO(pU3HO-
nornueckue 3pdextsi HIMMU conpsikeHs Ha MONEKYJIAPHOM ypoBHe ¢ TyTém peryssamun Ca2*/okcus
a30Ta/TIEPOKCUHUTPHUT, a TMOJIOKHUTENIbHOe pusnoyiornueckoe aevicteue HOIMU oObscHsIeTCS anbTepHa-
TUBHBIM MYTEM Ca?*/okeun azora/cGMP/niporennkunaza G [19]. Bzanmouckmovaloiiye nopejeHYecKre
peaKklMy TPUXOIUIAKCOB, KAK, HAIPUMEDP, MOJOKUTENbHAS U OTpULIATE/IbHAS JIEKTPOMUIpALIMs, Ha Ba-
PBUPYIOIIHE PEXUMBI NEKTPUUECKOTO BO3IEHCTBUSA (TaOd. 1) MOryT OBbITh OOYCTIOBIEHBI BOBJIEUEHUEM
B [IOBE/ICHYECKUE PEAKIIMU PA3IMUYHbIX CUTHAJIBHBIX MYTEH C y4aCTHEM MOHOB KaJIbIIUSI.

Cuwnraercs, YTO aMJIOJIMTIVIH, CBS3BIBASCH C AUTHIPONUPUINHOBBIMU PEIETITOPaMU, OJIOKUPYET Kallb-
1yeBble KaHasbl L- 1 T-TUMNOB, 4TO NPUBOIUT K YMEHBIIEHUIO MIEpeHoca Ca%*s KJICTKY. AMJIOJWITHH, OJ1ar0-
laps perysyK KOHIEHTpaluy MoHoB Ca®" B KJIeTKe, Takxke 00J1aJaeT aHTHOKCHAAHTHBIMU CBOCTBAMU
U CIOCOOCTBYET BbIpaOOTKe HelpoMeauaTopa okcuaa azora [4 ;3 11 ;14 ;16 ; 25]. [lonoiHUTeIbHbIE IKC-
MEPUMEHTHI C AMJIOJUIMMHOM TIOKA3aJTU, YTO ITOT OJIOKATOP KAJBIIMEBBIX KAHAJIOB CIIOCOOEH B HU3KHUX KOH-
HeHTpauusx (25 HM) KpaTkoBpeMEHHO HUBEJIMPOBATh IIOKOBBIN 3(P(EKT NEKTPUUECKUX UMITYJIbCOB IPSi-
MOYTOJIbHOM (POPMBI B peXXUMe UTUTETLHOCTH 35 Mc 1 3aepkKku 10 Mc, TpUBOASIIUT OOBIYHO K 00€31BU-
xuBanuio Trichoplax sp. H2 6e3 npuMeHeHus: amiouiiHa. Mcnob3ys mporpaMMHBIN MeaHIp C IaroM
1 MC ¥ U3y4ast OTBEThl TPUXOIUIAKCOB HA MAKETHI TPSMOYTOJIbHBIX UMITYJIbCOB, Mbl [IPOCKAaHUPOBAJIM MIOTEH-
[MaJIbHBIE KJIETOUHblE MUILIEHU B MHTepBajie yactoT oT 1 ' 1o 1 k['u. CHukeHue HeraTuBHOTO 3 heKra
H3MMU B 3T10M AMana3oHe ¢ NOMOIIBI0 aMJIOIMIIMHA B KOHUEHTpauuu 25 HM MoXkeT CBUJETeIbCTBOBATh
o ToM, uto HOMMU neiictByeT Ha KaiblueBble KaHabl L- u/unu T-tuna Tpuxoruiakca.

Kpome cHATHA BO3AEMCTBUSA SJIEKTPUYECKOTO pa3IpaKUTelIs Ha KUBOTHBIX C TOMOUIBIO aMJIO/IAIIVHA,
MBI HaO oA 1 apyrue 3gexTol. Tak, MpUuMeHeHre JaHHOTO aHTAaTOHUCTA KAJIbIHUSI B BHICOKOM KOHIICH-
Tpauuu (> 2,5 MKM) NpUBOAWIO K AMCCOLIMALIMM TPUXOIUIAKCOB HAa OTAEJbHbIE KJIETKH, UYTO HEMOCPE/-
CTBEHHO BBI3BIBAETCS Pa3pyIIEHUEM KaJIbLMEBbIX MOCTUKOB [28]. IIpu McIoap30BaHUM 3TOTO KaJIbIIMEBO-
ro GJiokaropa B yMepeHHOW KOHIeHTpaluu (< 250 HM) oTMe4YeHO HapylleHue aMEOOUTHOTO JBKCHUS
TPUXOIUIAKCOB, YTO MOXET OBITh MPOJVKTOBAHO TaJeHNueM (DYHKIIMOHAIBHON aKTMBHOCTH KJIETOK, WHU-
LMUPYIOLIUX JBUKEHUS, HAPYIIEHUEM paclpOCTPAHEHUs BOJIH AKTUBALIMY WJIM HAPYIIEHUEM CUHTE3a OK-
cHUJia a30Ta, UTPAIOIIEr0, BO3MOXHO, OMPEeNEHHYIO POJIb B OBICTPBHIX COKPAIIEHUSX JOPCAIBLHOTO SMUTe-
aus [2 ;11 ;16 ; 25]. Cnenyer 3aMeTUTh, UTO MPU 3TOM COXPAHSUIACh OCTATOYHAsI MOABUKHOCTh PUTH-
HBIX )KUBOTHBIX, OOecTieunBaeMasi pECHUUYKaMH, YTO YKa3bIBAaeT HA HE3aBUCUMOCTD YIIOMSIHYTOTO IpOoIiecca
OT PEryJISIliMA MOHAMHU KaJIbITUS.
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[MoryueHHbIE HAMU JITAHHBIE CBUZIETEILCTBYIOT O TOM, YTO aMJIOJIUIAH TOPMO3HT PadOTY KaJIbIIUEBBIX
KAaHAJIOB Y TPUXOILIAKCA, YTO MPOSABJISAETCSA KaK B CHUKEHUU PEAKTUBHOCTH )KUBOTHBIX ITPH HU3KOM KOHIIEH-
Tparuu 61okatopa Ca>*-kaHasoB, TaK U B AUCCOLMALINN KJIETOK, COCTAB/IAIONINX KUBOTHOE, TIPH BHICOKO
KOHIIEHTpAIMK aHTaroHucTa Kaibluys. ClieayeT OTMETUTD, YTO IEHCTBUE aMJIOAUITMHA CXO/IHO C TAKOBBIM
rkommayHaa ML218 — criermrueckoro 610kaTopa KaablMeBbIx KaHaioB T-Trma y yenoBeka. Tak, asiex-
TPO(PU3MOJIOTUYECKHE MCCIICIOBAHUS HEHPOHOB CYyOTaIaMUIeCKOro siapa pu Hammand ML218 BeiaBUIM
uHruoupyioniee nevicrene ML218 Ha kanbpliveBbie KaHasbl T-THIIa, IOIaBJIeHHE HU3KOTIOPOTOBOTO OTBETA
Y TOPMOKEHHUE BCIUIECKA AKTUBHOCTU HEMPOHOB [47].

Ipeanonoxenve B nons3y Ca’*-kananos T-TUMa GBUIO MOATBEPKAEHO B JOMOTHUTEILHBIX IKCIIEPH-
MEHTaxX Ha TpUXOIUIakcax mramMma H2, rae, noMuMo aMJIOJUNKHA, KOTOPBIA SIBJISETCS OJHUM U3 AWTH]I-
POITUPUIMHOBBIX OJIOKATOPOB KaJIBIIMEBBIX KaHAJIOB, UCIIBITHIBAIA HEIUTHAPOITMPUINHOBBIE OJIOKATOPHI
KaJIbLIMEBBIX KAHAJIOB, TAKME KaK Bepanamul U AWITHA3eM. AMJIOJUINH IPUBOJWI K JAUCCOUMALMMA TPU-
XOILJIAKCOB Ha OT/IEJIbHBIE KJIETKHU, B TO BpEMSI KaK BepanaMul U JUITHA3eM HEe OKa3bIBaJIM TAKOTO BO3JEH-
CTBUS HA KUBOTHBIX. [laHHBIN (DaKT CIIy:KUT MOATBEPKAEHUEM TOTO, YTO aMJIOJUMHUH OJIOKUPYET HU3KO-
noporospiit Ca**-kanan TCa,3 TpUXOIUIaKca: aMJTOJIUIHMH ABJIAETCS GIOKATOPOM KaIbLMEBBIX KAHAIOB L-
1 T-THUIOB, a BeparnamuI ¥ JUITHa3eM — OJIOKATOpaMH BHICOKOIIOPOTOBBIX KaJIbIIMEBBIX KaHAJIOB L-THTa.

CrietyeT OTMETHTh, 4TO JBHKEHHE TPUXOIUIAKCOB He ObLIO CTPOTO IeJICHATIPABICHHBIM, 2 HATTOMIHAJIO
«CTOXaCTUYECKMil» Takcuc [38], KMHe3UC Win JBMKEHUE K 1€ METOJOM MPod U OMIMOOK. DTO TOBOPUT
00 OTCYTCTBUM Yy TPUXOIUIAKCA HEKOETO IIEHTPAILHOTO PEryJsiTopa U YKa3blBaeT, BO3MOKHO, HA pacrpe-
JeJIEHHOE YITpaBJIeHUE U KOJJIEKTUBHOE NIPUHSITHE PELIEHUI Mek/1y KIETKaMU, YTO B HEKOTOPBIX CIIydasix
MPUBOAMT K 3aTSATMBAHUIO OTBETA CUCTEMbI HA CTUMYJIBI [6].

3akJrouenne. Vzyuenue 31eKTpoU3M0I0ruy TPUXOILUIaKCa SIBJISIETCS BAXKHBIM B CBSI3U C IIMPOKUM
pacrpoCTpaHEHUEM HU3KOYACTOTHOIO 3JEKTPOMATHUTHOIO U3JIYYEHUS U BBI3BIBAET UHTEPEC U3-3a IPO-
CTEUILEero CTPOEHUs KUBOTHOTO U JIETKOCTU €ro KyJbTUBUPOBAHUS, YTO B MEPCHEKTUBE JAET BO3MOXK-
HOCTh TIOHUMAHUSI MEXaHU3MOB €ro MoBeJieHHs U aBxkeHuss. OOHapyKeHHbIE B HAIIMX YKCIIEPUMEHTAX
pa3zHOOOpa3Hble OTBETH TPUXOIUIAKCA HA SJICKTPUYECKHE Pa3IpakKUTEeNd CBUCTEILCTBYIOT O CKPBITHIX
BO3MOHOCTSIX 9TOI'O OPraHM3Ma, OCHOBAHHBIX Ha KOJIJIEKTUBHOM JEUCTBUU COCTABJISIOIIMX €T0 KJIETOK.

Paboma evinonnena 6 pamxax zocyoapcmeernnozo 3adanuss PUL HnBIOM no meme «3akonomeprocmu ¢pop-
MUPOBAHUS. U AHMPONOEHHAS MpaHcghopmayus OUopasnoodpasus u ouopecypcos Azoeo-lepromopckozo baccetina
u opyeux pationos Mupogozo oxearia» (Ne zoc. pezucmpavuu AAAA-A18-118020890074-2) u npu noddepoicke epanma
TIpasumenvcmea Poccuiickoii @edepauuu no Iocmaroenenuro Ne 220 (dozosop Ne 14.W03.31.0015 om 28.02.2017).

Baaromapuoctb. K. A. B. Beipaxaer npusHatensHocTs [opOyHoBy P. B. u Moposy JI. JI. 32 BO3MOXHOCTh
paborath B Jlabopatopun 6uopa3sHooOpasust U (PyHKIMOHAIBHON reHoMukn Muposoro okeana PULL «MuctuTyT
6uosiornu 10xHbIX Mopel umenn A. O. Kosanesckoro PAH»; xpaHuTeIsiM KOJIIEKITNIA — 3a [ITAMMbI TPUXOIUIAKCA;
cotpyanukam Jadopatopun basamuHoi FO. C., Bogscosoii E. A. u Kupuny M. I1. — 3a momorip 1 mognepxky; Poma-
HoBoii [I. 10., Yenebuenoii 3. C., [Tonomapépoii A. A., Konecuukosoii E. 3. u Kapramosy JI. E. — 3a koHcysbTanmu.
ABTOpBI 6J1aroJapHBl AHOHUMHBIM PEIIEH3eHTaM 3a MOJIe3HbIC 3aMeYaHHUs], TIO3BOJIMBIIHNE YIYUIIHTh PYKOIHUCH.
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EFFECTS OF LOW FREQUENCY RECTANGULAR ELECTRIC PULSES
ON TRICHOPLAX (PLACOZOA)

A. V. Kuznetsov'3, O. N. Kuleshova!, A. Yu. Pronozin?, O. V. Krivenko!, and O. S. Zavyalova®

'A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
Institute of Cytology and Genetics, Novosibirsk, Russian Federation
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The effect of extremely low frequency electric and magnetic fields (ELF-EMF) on plants and animals
including humans is quite a contentious issue. Little is known about ELF-EMF effect on hydrobionts, too.
We studied the effect of square voltage waves of various amplitude, duration, and duty cycle, passed
through seawater, on Trichoplax organisms as a possible test laboratory model. Three Placozoa strains,
such as Trichoplax adhaerens (H1), Trichoplax sp. (H2), and Hoilungia hongkongensis (H13), were used
in experiments. They were picked at the stationary growth phase. Arduino Uno electronics platform
was used to generate a sequence of rectangular pulses of given duration and duty cycle with a fre-
quency up to 2 kHz. Average voltage up to 500 mV was regulated by voltage divider circuit. Am-
lodipine, an inhibitor of calcium channel activity, was used to check the specificity of electrical pulse
effect on voltage-gated calcium channels in Trichoplax. Experimental animals were investigated under
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a stereo microscope and stimulated by current-carrying electrodes placed close to a Trichoplax body.
Variations in behavior and morphological characteristics of Trichoplax plate were studied. Stimulating
and suppressing effects were identified. Experimental observations were recorded using photo and video
techniques. Motion trajectories of individual animals were tracked. Increasing voltage pulses with fixed
frequency of 20 Hz caused H2 haplotype individuals to leave “electrode zone” within several minutes
at a voltage of 25 mV. They lost mobility in proportion to voltage rise and were paralyzed at a voltage
of 500 mV. Therefore, a voltage of 50 mV was used in further experiments. An animal had more chance
to move in various directions in experiments with two electrodes located on one side instead of both sides
of Trichoplax. Direction of motion was used as a characteristic feature. Trichoplax were observed to mi-
grate to areas with low density of electric field lines, which are far from electrodes or behind them. Ani-
mals from old culture were less sensitive to electrical stimulus. H2 strain was more reactive than H1 strain
and especially than H13 strain; it demonstrated stronger physiological responses at frequencies of 2 Hz
and 2 kHz with a voltage of 50 mV. Motion patterns and animal morphology depended on the dura-
tion of rectangular stimulation pulses, their number, amplitude, and frequency. Effects observed varied
over a wide range: from direct or stochastic migration of animals to the anode or the cathode or away
from it to their immobility, an increase of optical density around and in the middle of Trichoplax plate,
and finally to Trichoplax folding and detach from the substrate. Additional experiments on Trichoplax sp.
H2 with pulse duration of 35 ms and pulse delay of 1 ms to 10 s showed that the fraction of paralyzed
animals increased up to 80 % with minimum delay. Nevertheless, in the presence of amlodipine with
a concentration of 25 nM, almost all Trichoplax remained fast-moving for several minutes despite expo-
sure to voltage waves. Experimental animals showed a total discoordination of motion and could not leave
an “electrode trap”, when amlodipine with a concentration of 250 nM was used. Further, Trichoplax plate
became rigid, which appeared in animal shape invariability during motion. Finally, amlodipine with a con-
centration of 50 uM caused a rapid folding of animal plate-like body into a pan in the ventral-dorsal
direction and subsequent dissociation of Trichoplax plate into individual cells. In general, the electrical
exposure applied demonstrated a cumulative but a reversible physiological effect, which, as expected,
is associated with activity of voltage-gated calcium channels. Amlodipine at high concentration (50 uM)
caused Trichoplax disintegration; at moderate concentration (250 nM), it disrupted the propagation of ac-
tivation waves that led to discoordination of animal motion; at low concentration (25 nM), it prevented
an electric shock.

Keywords: rectangular electric pulses, Trichoplax, Placozoa, voltage-gated calcium channels
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In the second half of the XX century, Black Sea ecosystem has undergone significant changes: a number
of storm winds and upwellings decreased, precipitation abundance increased, coastal waters salinity de-
creased, temperature increased; moreover, ctenophores invaded. As a result, in the late 1980s, Black Sea
pelagic ecosystem abruptly got restructured. This research is based on the studies performed in 1965-1966
and 2007-2012 near Sevastopol (Western Crimea) using the remote sensing data. Analysis of satellite data
over the past 20 years showed the presence of positive dynamics in surface water temperature in Sevastopol
water area. In the mid-1960s, the annual bioluminescence was characterized by seasonal peaks of dino-
phytes luminescence. In recent years, this thythm has changed due to ctenophores invasion. The increase
in Mnemiopsis leidyi abundance leads to a decrease in bioluminescence of luminous microalgae being con-
sumed by these ctenophores. Due to Beroe ovata invasion and reproduction, M. leidyi biomass decreased;
as a result, bioluminescence increased.

Keywords: Black Sea, bioluminescence, ctenophores, salinity, monitoring

Biophysical studies in the Black Sea began in the 1960s when D. Sc. E. Bityukov (IBSS) made the first
annual measurements of bioluminescence in Sevastopol area [2]. Thus, in 1965-1966, 18 expeditions were
carried out for instrumental measurements, and 72 net samplings of plankton were taken. Continuation
of these works was initiated by D. Sc. Yu. Tokarev (IBSS); the studies were carried out in 2008-2015.
So, it became possible to evaluate the long-term changes of coastal water bioluminescence under conditions
of climate changes.

The climate changes in Black Sea ecosystem have led to the invasion of huge number of new lumi-
nous species: they were brought in with ballast waters from other regions. Therefore, all past experience
and knowledge about Black Sea bioluminescence are subject to minor adjustments.

Before ctenophores invasion, bioluminescence field in Black Sea photic layer was formed by luminous
dinoflagellates [4]. In the early 1980s, ctenophore Mnemiopsis leidyi A. Agassiz, 1865 invaded the Black
Sea, which led to a significant reduction in plankton base and fish food [18]. In the late 1990s, another
ctenophore, Beroe ovata Mayer, 1912, invaded the Black Sea and began to consume Mnemiopsis leidyi [6].
Now, the system is balanced: when the number of one species increases, the number of other species
decreases. Therefore, it was suggested that these invader species should make a significant contribution
to changing the seasonal dynamics of coastal water bioluminescence.

The aim of this work is to determine influence of these two species on the seasonal dynamics of coastal
water bioluminescence.
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MATERIAL AND METHODS

The fieldwork was carried out at the 10-mile station off the Kruglaya Bay (No. 1) and at two
stations in the Sevastopol Bay (No. 2 and 3) (Western Crimea) (Fig. 1). The research was based
on the real-time instrumental measurements of bioluminescence amplitude-frequency parameters, as well
as on the determination of their spatial conjugacy with biological and hydrophysical characteristics
of water masses.
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Station No. 1, located near the Kruglaya Bay (depth of 60 m), has water exchange with the open sea
and is characterized by a fairly stable stratification of water column, which determines the vertical structure
of temperature and salinity. Stations No. 2 and 3 are located in the Sevastopol Bay, and water exchange with
the open sea is limited. In addition, the Sevastopol Bay includes the mouth of the Chernaya River, which
is the flow of fresh water into the bay; this results in mixing of river water and seawater [15]. Depending
on the volume of river flow, the impact of fresh water extends to different zones of the bay, which sig-
nificantly affects region ecological conditions. Water area of Konstantinovskaya Bay (station No. 2, depth
of 19 m) is relatively clean. Gollandiya Bay (station No. 3, depth of 18 m) is located in the central part
of the Sevastopol Bay in the zone of active mixing of river water and seawater [8].

Bioluminescence intensity and background parameters were recorded using a submersible complex
“Salpa-M” [21]. It allows taking simultaneous measurements of bioluminescent potential, temperature,
hydrostatic pressure, turbidity, and photosynthetically active radiation. “Salpa-M” has four rows of black-
ened impellers, consisting of two groups of rows mutually perpendicular to attack angles and forming
a moving light trap. This ensures the attenuation of light energy by 2-107 times, which is especially im-
portant during the daytime. The weight of the submersible complex does not exceed 15 kg; it is designed
for autonomous power supply of 24 V.

Discreteness of the measurements during the “down” operation at a speed of 1.2 m-s~! was about 0.25 m.
To construct graphs of vertical profiles, the data were integrated up to 1 m. The method of collecting
and processing the data using the “Salpa-M” complex was previously described in details [21]. On processing
its data, profiles of bioluminescence, temperature, salinity, and conditional density of water were calculated.
Results of the measurements were processed and added to a database [13].

Simultaneously with measurements with the “Salpa-M” complex, phytoplankton samples were taken
using a bathometer. The fieldwork was carried out both at night (the period of maximum bioluminescence)
and at daytime (the period of minimum bioluminescence). At each station, measurement with the “Salpa-M”
complex was carried out twice. During several cruises of RV “Professor Vodyanitsky”, 10 to 30 continuous
soundings were made by the “Salpa-M” complex at station No. 1.

Marine Biological Journal 2020 vol. 5 no. 2
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Changes in sea surface temperature (hereinafter SST) in Sevastopol area were analyzed for 20082017
based on the analysis of remote sensing data. Under the conditions of a sea expedition, methodologi-
cal approaches described in this article were tested, which will be applied in the scientific researches
in the Antarctic region.

RESULTS

Mean annual SST values (°C) have a negative trend since 1982 reaching its minimum in 1987; then,
the period until 2017 is characterized by a significant positive trend (Fig. 2). Since trend lines were con-
structed by least squares calculation, the accuracy of the approximation was estimated by the coefficient
of determination. This graph clearly shows that during the period of ctenophores invasion in the area studied,
substantial warming of surface waters occurred.
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Fig. 2. Mean annual sea surface temperature values (°C) calculated for 1982-2017 with a spatial resolution
of 0.0417° in latitude and longitude. R-squared (R?) is the coefficient of determination; F is Fisher’s F-test;
Fecrit is the critical value of Fisher’s F-test for the data considered at the accepted confidence probability o [14]

Puc. 2. Cpennerofossie 3HaUeHUs TeMniepaTyphl mopepxHocty Mops (°C), paccuntannsie st 1982-2017 rr.

¢ mpocTpaHCTBeHHBIM paspemenneM 0,0417° mo mmpore m gonrore. R-squared (R?) — kosdduumeHt
JnerepMuHanuy; F'— F-kputepuil @uiuepa; Ferit — KpuThudecKkoe 3HaueHue F-kputepus Puiepa 1jis1 TaHHbIX,
paccMaTpUBaeMbIX ITPU MPUHSTON JOBEPUTEIbHON BEPOSTHOCTH ¢ [14]

Data analysis showed that in 1965-1966, two seasonal peaks of bioluminescence were ob-
served (Fig. 3A), which were associated with spring and autumn phytoplankton blooming [5]. In recent
years, global warming has changed this rhythm. Thus, in 2008-2012, the seasonal dynamics of biolumi-
nescence on Sevastopol coast was characterized by the appearance of additional peaks in the warm sea-
son, associated with the outbreaks of warm-water invader ctenophores — M. leidyi and B. ovata (Fig. 3A).
Under favorable conditions, abrupt outbreaks of B. ovata abundance are possible, often alternating with
recessions up to its complete disappearance (this, for example, is typical of North America coast [11]).
It resulted in significant imbalance in the seasonal dynamics of the coastal water bioluminescence
near Sevastopol.
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Fig. 3. A - seasonal dynamics of bioluminescence intensity; B — inter-annual dynamics of bioluminescence
(mean values are indicated by a blue line) and water temperature (red line) in Sevastopol coastal waters
in 55-m layer (1966, 2008-2012)

Puc. 3. A — ce3oHHas OMHAMUKA MHTEHCHBHOCTH OWOJIOMHHECLEHLMM; B — MexrogoBas AWHaMHKa
OMOIOMUHECIEHIMHM (CpeJHUE 3HAYeHUs] — CHUHSS JIMHWUS) W TeMIEepaTrypbl BOAB (KpacHas JIMHUA)
B IprOpeskHbIX Boaax Cepacrormodns B 5S5-merpoBoM cioe (1966, 2008-2012)

The inter-annual dynamics of temperature and bioluminescence (Fig. 3B, Table 1) was characterized
by the presence of a positive annual mean trend — an increase in mean values of water temperature in 0-55-m
layer from +12.11 °C (2008) to +12.89 °C (2010). The maximum summer values of the mean temperature
increased from +18.00 °C (August 2008) to +22.62 °C (August 2011).

The peaks of bioluminescence (Fig. 3B) were observed in June 2008 (3594-1072 W-cm™L™), in July
2009 (4200-1072 W.cm™.L™), and in September 2009 (6029-1072 W.cm™.L™), as well as in spring
and autumn regularly due to phytoplankton blooming (Table 1).

The vertical structure of bioluminescence in all the seasons was determined by hydrological conditions,
especially thermocline layer location. Bioluminescence is mainly represented by a structure of two maxima
separated by a water column where bioluminescence is reduced. The upper stationary layer was almost
always observed at a depth of 0-6 m; the lower layer with a higher luminosity migrated within 15-64 m
and was located in thermocline area.

Marine Biological Journal 2020 vol. 5 no. 2



Influence of invader ctenophores on bioluminescence variability off the coast of Western Crimea 71

Table 1. Mean values of water temperature (T, °C) and bioluminescence (B, 10712 W.cm™2.L1) at station
No. 1 (I-XII indicate months January till December)

Taouuma 1. Cpennue 3HadyeHus: mokaszaresedl Temmeparypsl Boasl (T, °C) M OHOMIOMUHECUECHIIUH
(B, -10712 Br-em™2-17 1) Ha crammumm Ne 1 (I-XII — mecsipi ¢ STHBAPSI 10 JeKadph)

Year 1966 2008 2009 2010 2011 2012

Index T B T B T B T B T B T B
I 8.5 1094 9.3 8.62 929 | 10.16 | 1204 | 10.45 | 2048 8.35 42
I 7.7 781 7.7 859 8.38 | 2643 9.42 | 1326 8.5 691 7.29 17
I 7.7 703 7.7 352 7.9 1274 8.72 | 1233 8.07 544 7.94 68
v 8.7 1016 9.0 391 10.84 733 9.62 | 1801 8.92 850 9.58 618

\Y% 10.2 3516 11.3 781 11.75 700 | 11.48 | 1754 | 12.04 | 1104 | 10.06 76
VI 11.3 3047 12.3 3594 | 17.03 371 16.81 974 | 11.27 412 | 11.88 249
VIl 15.4 781 17.7 1172 | 14.9 1011 13.43 | 4200 | 12.89 772 | 13.46 248
VIII 17.2 703 18.0 195 14.91 1970 | 17.24 126 | 22.62 | 1534
IX 15.9 1094 17.0 469 | 16.62 | 6029 | 17.07 386 | 16.92 | 1898 13.71 1254
X 15.2 2344 16.2 781 19.36 675 16.81 | 2257 | 13.30 | 2410
XI 13.0 2574 13.3 5000 | 13.57 608 15.87 | 6545 11.37 | 2256
XII 9.8 2188 10.2 2813 12.00 900 | 12.00 | 4000 9.70 | 1304

Studies of the inter-annual dynamics of invader ctenophores abundance near Sevastopol
in 2009-2010 [1] showed that seasonal peaks for M. leidyi and B. ovata do not coincide (Fig. 3)
due to differences in diets of these species. Increase in B. ovata abundance leads to decrease in M. leidyi
abundance, which restores the number of luminous dinoflagellates. Recently it has been found out [20]
that even M. leidyi larvae and post-larvae are likely to consume significant amounts of microphyto-
and zooplankton including dinoflagellates, ciliated infusoria, and other flagellates.

B. ovata is the main consumer of M. leidyi in the Black Sea. Peaks of its seasonal abundance oc-
cur at the end of summer, when M. leidyi biomass reaches its maximum value. After density of food
resource reduces, Beroe populations continue to persist due to a decrease in the mean body size
of individuals [12].

Using the statistical analysis (Pearson’s correlation coefficient, r) on the data on invader ctenophore
abundance and bioluminescence dynamics showed that correlation between M. leidyi traits studied
and the bioluminescence is low (—0.49) (Figs 4, 5). Correlation between B. ovata traits studied and the bi-
oluminescence was assessed as strong (0.71). It can be concluded that in cases of r = —0.49, the increase
in M. leidyi biomass moderately affects the decrease in bioluminescence intensity. In cases of r = 0.71,
the increase in B. ovata biomass significantly affects the increase in bioluminescence intensity. Correla-
tion between these data was measured by the Chaddock scale. Criteria for evaluation were as follows:
0.1 < r < 0.3 (weak); 0.3 < r < 0.5 (moderate); 0.5 < r < 0.7 (noticeable); 0.7 < r < 0.9 (strong);
0.9 <r <1 (very strong).

DISCUSSION

Because of the global warming, intensive distribution and development of gelatinous plankton has oc-
curred in various marine areas of the world in recent decades. Significant secular trends of increasing
air temperature (by 0.4—0.8 °C per 100 years) are observed along Black Sea coast, which corresponds
to global warming estimates [9]. During the second half of the XX century, the recurrence of strong
winds and upwellings decreased three times; a significant increase in precipitation and a decrease in evap-
oration were observed [10 ; 14]. This created the conditions for the resettlement of invader species,
which have radically changed Black Sea ecosystem.
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In the Black Sea, warm-water ctenophores appeared about 40 years ago [17 ; 18], as well as in the Sea
of Azov [12] and the Caspian Sea [19]. Everywhere, M. leidyi invasion led to catastrophic changes
in marine ecosystems [23]. For a decade, due to the absence of natural predators, M. leidyi de-
velopment in the Black Sea was controlled only by temperature and food availability [7]. In 1997,
its consumer, new carnivorous ctenophore B. ovata, was firstly discovered in the Black Sea; in 1999
and 2000, Mnemiopsis population density began to decline rapidly due to Beroe mass development [22].
Before the invasion of this predatory ctenophore, Mnemiopsis had abundance peaks in warm sea-
son. Now, in the summertime, the second minimum of its abundance is formed, due to B. ovata
intensive development.

Till now, there are practically no studies on the effect of these invaders on the overall variability
of Black Sea bioluminescence. Prior to their invasion, the total luminosity of coastal waters was deter-
mined by seasonal peaks of dinoflagellates development [2 ; 3 ; 4 ; 5]. Invader ctenophores do not only
actively luminesce on their own, but also have a decisive influence on species composition and abundance
of other bioluminescents.

According to the results of the detailed study of the long-term variability of bioluminescence
in 2009-2012 in the research area [16], seawater luminescence in winter occurs due to the develop-
ment of microalgae Ceratium fusus Ehrenb., C. tripos Ehrenb., C. furca Ehrenb., Protoperidinium diver-
gens (Ehrenb.) Balech, P. crassipes (Kof.) Balech, P. pallidum (Ostenf.) Balech, P. depressum (Bailey),
and Balech oblongum (Auriv.) Parke & J. D. Dodge. The second peak of the development of microalgae,
Gonyaulax, Scrippsiella trochoidea (F. Stein), Scrippsiella Balech ex A. R. Loeblich III, 1965, and Lingulo-
dinium polyedrum (F. Stein) J. D. Dodge, was observed during the springtime. This study has shown that
the seasonal variability of total bioluminescence occurs in spring and autumn till now, as it was observed
in the 1970s. Meanwhile, now bioluminescence peaks are sometimes twice as high as they were 50 years ago.
It is likely that, in addition to microalgae contribution, in certain seasons of the year, the total area of lu-
minous water increases due to ctenophores bioluminescence contribution. The authors of the present study
very often register rapid increases of bioluminescence level in areas of ctenophores swarms in Sevastopol
coastal waters. However, the incompleteness of these data does not allow one to estimate direct ctenophores
contribution to the total water luminosity. On the other hand, ctenophores abundance is not comparable with
that of phytoplankton determining the total bioluminescence of coastal waters.

Thus, the results of this study showed that differences in food modes of ctenophores have a significant
impact on the seasonal dynamics of the bioluminescence of Black Sea coastal waters. The invasion of a new
predatory species has led to the emergence of a balance, that depends on the nature of regional climatic
and seasonal changes in the aquatic environment.

This work was carried out within the framework of government research assignments of IBSS “Superposition of phys-
ical, chemical, and biological processes in the formation of the quality of the marine environment and the functional
state of aquatic organisms in the Sea of Azov — Black Sea basin” (No. AAAA-A18-118020790154-2) and “Functional,
metabolic, and toxicological aspects of the existence of hydrobionts and their populations in biotopes with different
physical and chemical regimes” (No. AAAA-A18-118021490093-4) and partly supported by the grant of the Rus-
sian Foundation for Basic Research (No. 18-45-920015). Method development was carried out within the frame-
work of the project “Comprehensive studies of the current state of the ecosystem of the Atlantic sector in the Antarctic”
(No. AAAA-A19-119100290162-0).
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BJIMAHUE 'PEBHEBUKOB-BCEJIEHIIEB
HA USMEHYUBOCTDb BUO/JTIOMUHECHEHIINN YV BEPEI'OB 3AITIAJTHOI'O KPBIMA
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denepanbHbI UCCIEAOBATENLCKII IEHTD «HCTUTYT Grostorun 10xkHbIX Mopeit uMenu A. O. KoBanesckoro PAH»,
Ceacronodb, Poccutickas ®epepanus
E-mail: melnikalexsand@gmail.com

Bo Bropo# nomopuHe XX Beka MPOM3OIUIN 3HAYUTENbHbIE N3MEHEeHUsI B 9KocucteMe UEpHOTO Mopsi.
Tak, 4iCc/IO ITOPMOBBIX BETPOB U AlBE/JIMHIOB YMEHBIIMIIOCh, OCA/IKU CTAIM OOUJIbHEE, CONEHOCTD IPU-
OpeKHBIX BOJ, CHU3MJIACh, TEMIIEpAaTypa BOAHBIX Macc MOBbICUIAchk. Kpome Toro, Npou3oIuio BceaeHue
rpe6HeBUKOB. B utore B koHne 1980-x rr. nesarnveckas skocuctema YEpHOro Mopsi pe3Ko MepecTpou-
nack. [JaHHast paboTa OCHOBaHA Ha UCCIIEJOBAHUSIX, BHIMOJIHEHHBIX TIPH MMOMOLIY AUCTAHMOHHOTO 30H 1~
poBanus B 1965-1966 u 2007-2012 rr. B paitone r. CeBacronos (3anagHbiii Kpeim). AHaIN3 CIyTHUKO-
BBIX JaHHBIX 32 nociieqHre 20 JeT moKa3aal HAIMIMe TOJIOKUTEIBHON JUHAMHUKY TEMITEPATYPhl TOBEPX-
HOCTHBIX BoJ1 B akBatopuu CeBacronoiisl. B cepenune 1960-x IT. ronoBast ITMHaMHUKa OMOTIOMUHECLIEHLIN
XapaKTepU30BaJIaCh CE30HHBIMU MTUKaMH CBEYEHUSA JUHO(DHUTOBHIX MUKPOBOAOPOCIe. B nmocnennue ro-
Ibl STOT PUTM U3MEHMJICS U3-3a BCeJIeHWs IPpeOHEBUKOB. YBeJMUeHue YncieHHOCTH Mnemiopsis leidyi
MPUBOAUT K YMEHBIIEHHIO OMOTIOMUHECLIEHIIN CBETSIIMXCA MUKPOBOJOPOCIEH, KOTOPBIX 3TOT rpeOHe-
BUK moTpedJsier. Beenenue u pasmuoxeHue Beroe ovata 0OycloBUIIO pe3Koe YMeHbIIeHHe OMOMACCHI
M. leidyi u, KaK clie[ICTBUE, POCT OUOTIOMUHECLICHIINH.

KioueBble cioBa: YépHoe Mope, OMOIOMUHECLIEHINsI, TPEOHEBUK, CONEHOCTh, MOHUTOPUHT
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VYBenuueHre aHTPOTIOTEHHOM HAarpy3KU Ha MPUOPEXHbIe aKBATOPUH TpeOyeT MOCTOSHHOTO OTCIIekKHUBa-
HUS COCTOSIHUSI X 9KOCUCTeM. YTOOHBIMU OMOMHAMKATOPAaMH Il ONIOCPEIOBAHHON OIIEHKW KauecTBa
MOPCKOH Cpefibl CIy:KaT JOHHBIE JUAaTOMOBBIE BOJOPOCIH, SIBJISIIOIIMECS KJIIOYEBHIM 3BEHOM MOPCKHUX
IPUOPEKHBIX COOOIIECTB U 00JIaJaI0IIMe BHICOKON Y1yBCTBUTEILHOCTBIO K BJIMSIHUIO 9KOJIOTMUYECKUX (hak-
TOpoB. VI3MeHeHre TIoKka3aresel pa3BUTHs MAKPOBOJOPOCIIEH O] BO3AEHCTBUEM Pa3JIMIHBIX TOKCUKAH-
TOB MOXET OBbITh MOAXOMASANIMM HHCTPYMEHTOM NMPU MOHUTOPUHIE KAYeCTBA MOPCKOHM Cpefbl, OJJHAKO
HAYYHO-METOIUYECKUE TIOAXO/Abl UCTIOIb30BaHNUS OSEHTOCHBIX AUATOMOBBIX KaK TeCT-OOBhEKTOB OCTAIOT-
Cs1 HEJIOCTaTOYHO pa3padoTaHHbIMU. OIHON M3 BaXKHBIX MPOOJIeM SIBJISIETCS OLIEHKA TOCTOBEPHOCTH BbI-
OOpPOK MpH MOACYETE OOMIINS KJIETOK B COCYJaX Ha Pa3HbIX 3TAanaxX TOKCUKOJOTMYECKOro SKCIepUMEH-
ta. lleap pabGoOThl — MPOBECTH CTATUCTUYECKYIO OLIEHKY JOCTOBEPHOCTH PaBEHCTBA CPEIHEro0 MCXOjI-
HOTO YHCJIa KJIETOK MHOKYJISITA KJIOHOBOM KYJIBTYPhI, BHOCHMOIO B KaXAyl0 W3 TIOBTOPHOCTEH, a TaK-
e JOCTOBEPHOCTH PAaBHOMEPHOIO paclpenesieH!sl KJIETOK MO Bcell momaan aHa vamek [lerpu. Hc-
TIOJIb30BaHbI KJIOHOBBIE KYJIBTYPBHl TPEX BUIOB OEHTOCHBIX NHUAaTOMOBBIX Bopopocielt — Thalassiosira
excentrica Cleve, 1903 (Coscinodiscophycea), Ardissonea crystallina (C. Agardh) Grunow, 1880
(Fragilariophyceae) u Pleurosigma aestuarii (Bréb. in Kiitz.) W. Smith, 1853 (Bacillariophyceae). 91u Bu-
JIbl OTHOCATCS K pa3HbIM KJlaccaM Bacillariophyta n 3HaunTe1HO pa3nnyaioTcs o MopgoIoruu NaHuMpst
1 00pa3y KU3HU (Mapsiiye B BOAHOW Macce, PUKPEIIEHHbIE, MOABUKHbIE). CTaTUCTUYECKOE CPaBHEHUE
BapUATUBHOCTH YHCJIA KJIETOK B 9KCIIEPUMEHTE TIOTBEPAMUIIO OTCYTCTBUE JJOCTOBEPHBIX Pa3IMIUN MEXKTY
CpeHUMH 3HAYEHHUSIMH HCCIIeJyeMOTo TapaMeTpa y BCEX BUOB MPU CTAHAAPTHOM ypOBHE 3HAUMMOCTH
(0,05). [NokazaHo, 4yTO, HECMOTPSI HA BUAOCTIEUM(PUUECKUE OTIMYMS B TEMIIE IPUPAIIECHUS YHCIA KIETOK,
BapHATHBHOCTH YKCJIA KJIETOK B TIOJISIX 3PEHUsI MUKPOCKOIIA B XOJIe SKCIIepUMEHTa MEHSIeTCS] He3aKOHO-
MepHo. Haubosblas BapuaTUBHOCTh OTMEUEHa Ha 5-€ CYyTKU Y Melikopa3mepHoro Buaa 1. excentrica
(Cv=42...55 %), a HaumeHbIIasi — y KPYMHOKJIETOUHOTO BUaa A. crystallina (Cv = 27...31 %). Ycra-
HOBJIEHO OTCYTCTBHE JOCTOBEPHBIX PAa3IMUMil B UYMCJIEHHOCTH KJIETOK MEXIy TpeMs IMOBTOPHOCTSMU
(s KaKI0TO M3 BUIOB) KaK TMPH UCXOJHOM BHECEHWH MHOKYJIATA B YAIIKH, TAK M B TOC/IEYIONIHE THU
orbITa. BEIBOJ CIipaBesIB [T KaXJOTO M3 M3YYEHHBIX BUIOB JUATOMOBBIX, YTO ITO3BOJISET PaccMar-
pHBaTh BCE MOBTOPHOCTH KaK BHIOOPKU OJHON COBOKYITHOCTU W OCPEIHSITh PE3yJIbTaThl, IOTyUEHHBIE
Ha Pa3HbIX CTA/IUSAX TOKCUKOJIOTMYECKOTo KcrepuMeHTa. CTaTUCTHUECKH JIOKa3aHa paBHOMEPHOCTh pac-
MpeieNieHus] KJIETOK M0 JHY IKCIIEPUMEHTAIBHBIX YallleK, KOTOpasi He 3aBUCHUT OT BUJIOBOM MPUHAIJIEK-
HOCTH KJIETOK M UX a0COJIIOTHOM YMCIEHHOCTHU. Pe3yIbTaThl MO3BOJISAIOT HA/IEKHO OLICHUBATh NU3MEHEHHMSI
YUCJICHHOCTH KJIETOK TECTUPYEMBIX BHIOB JMATOMOBBIX BOJOPOCIEN Ha pa3HBIX dTaraxX SKCTIIepUMEHTa
MO BBIOOPKAaM, MOJTyYeHHBIM HA OCHOBE MOJICYETA KJIETOK B OTPAHUYEHHOM YHUCJIC MOJIeH 3peHUs.

KiroueBble CJI0Ba: TOKCUKOJOTMUECKUE IKCIIEPUMEHT, METO/MKA, CTAaTUCTHYECKass OIeHKa,
Bacillariophyta, Thalassiosira excentrica, Ardissonea crystallina, Pleurosigma aestuarii, YépHoe Mope
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B cBs13u cO 3HAUMTENILHON aHTPOIIOTEHHOM Harpy3koi Ha Y€pHoe Mope, 0COOEHHO MPOSIBIISIOMIEHCS
B MpUOPEKHBIX aKBATOpUsIX y 6eperoB KpeiMa, HE0OOX0AUMO OTCI€KUBATH U3MEHEHHUsI COCTOSIHUSI TJIAHK-
TOHHBIX M OEHTOCHBIX COOOIIECTB. B KauecTBe OZHOIO M3 HAuOosee MOAXOIAINUX OOBEKTOB Iy OHO-
TECTUPOBAHUSI M OMOMHIVKAIIMK IIHUPOKO MPUMEHSIIOT MUKPOBOAOPOCIH, B YACTHOCTU ILIAHKTOHHBIE,
IO UCTIOJIL30BAHUIO KOTOPHIX UMEIOTCSI MHOTOUMCIICHHBIE MeToInYecKkue pa3padboTku [3 ;8 ; 12 ; 19].

OOmpHbIe TUTEPaTyPHBbIE JaHHbIE N0 U3YUYSHUIO BO3JEUCTBUS Pa3IMUHBIX TOKCUKAHTOB HA Pa3BUTHE
MUK POBOJIOPOCIIEN TPeUMYyIIEeCTBEHHO MocBsiiieHbl mpeacrasutesisim Chlorophyta [10] u Cryptophyta [17 ;
25]. Mexay TeM BKJIaJ1 JaHHBIX OTIENOB (23 1 2 BUJIa COOTBETCTBEHHO) B JIOHHBIE MUK POJILIOLIEHO3bI YEp-
HOTrO MOpsI COBCEM HE3HAUMTENIEH, B OLINYME OT BKiaga otaea Bacillariophyta (1094 Buna u BHyTpUBU-
JOBBIX TakcoHA) [ 13], mpencraBuTe I KOTOPOTO COCTABIISAIOT 10 99 % YMCIIeHHOCTH ¥ OMOMAcChl B MUK PO-
(putobeHTOCHBIX coolIecTBaXx MupoBoro okeaHa [29]. YoMsHyThIi (pakT yKa3blBaeT Ha HEJOCTATOUHbIN
yPOBEHb 3HAHWU JIJIs1 TIOTyYEHUsI BCEOOBEMITIONIEH KAPTUHBI BO3/ICUCTBUSI TOKCUKAHTOB Ha COOOIIeCTBa
MUK pOopUTOOEHTOCA.

MHorue MaccoBble BUbl IOHHBIX AuaTomoBbiX (Bacillariophyta), siBisifick BaXHbIMU CTPYKTYPHBIMU
KOMITOHEHTAMH MOPCKHUX KOCHCTEM, XapaKTepU3YIOTCs PHYPOUYSHHOCTBIO K OIpeIeIEHHBIM MUK POOUO-
TOMaM U BBICOKOM 4yBCTBUTEJIBHOCTBIO K BJIMSIHUIO HEOIArONpHUATHBIX 9KOJOTMYecKuxX (paktopos [14]. 1o
TMO3BOJISIET MCIIOJIH30BATh IMATOMOBBIE BOJIOPOCIIA OSHTOCA B KAUeCTBE MePCIeKTUBHBIX TeCT-00bEKTOB, Ta-
paMeTpbl U3MeHEeHUsI (PU3UOIOTMYEeCKUX ToKa3aTeiell KOTOphbX (yAeabHasi CKOPOCTh pOCTa, CMEPTHOCTD,
COCTOSIHHE XJIOPOIUIACTOR) TIO/T BO3JICHCTBIEM PA3IMYHBIX IMOJUTIOTAHTOB CITyXKaT YAOOHBIM HHCTPYMEHTOM
TIpY OMOCPEI0BAHHOM OlIeHKe KauecTBa cpenbl [3 ;105125 18 ;24 ;25 ; 27].

B pamkax 3asa4 rugpoOHOIOrnIeckoro MOHUTOPUHTA MTPUOPEKHBIX aKBATOPHIA MCIIOJIb30BaHUE OeH-
TOCHBIX JIMATOMOBBHIX B KaUeCTBE TECT-OOBEKTOB SIBJISIETCS MaJl0 pa3padOTaHHON Hay4YHO-METOIMYECKON
npobaemont [9 ; 23]. E€ permieHrie MO3BOJMT MOTYyYUTh HOBBIE SKCIIEPUMEHTAJIbHBIC JaHHBIE O JHaria-
30HaX TOJIEPAHTHOCTU Pa3HBIX BUJOB MOPCKHUX JAMATOMOBBIX BOAOPOC/]EH MpU BO3AEUCTBUU MOAEbHBIX
TOKCHUKAHTOB (MEJIHBIN KYIOPOC, CHHTETUYECKHE MMOBEPXHOCTHO-AKTUBHBIE BELIECTBA, IECTULIUIBI U TIP.)
B XOJIe MOJIOCTPhIX U XpoHudeckux onbIToB [1 ; 10 ; 11 ; 24 ; 25]. Takke BO3ZHUKHET BO3MOXXHOCTb pe-
IIeHUsI Psila BOIPOCOB METOJMUYECKOrO XapakTepa, OT Yero 3aBUCHUT HAAEKHOCTh BBIBOJIOB IO MTOTaM
TOKCHKOJIOrMYeCcKHX TecTtoB [19].

OIHOM M3 OCHOBHBIX METOJIMYECKUX MPOOJIEM SIBJISIETCS TIPOBEPKA TOCTOBEPHOCTH BHIOOPOYHBIX Olle-
HOK TP IOACUYETE OOMITUS KJIETOK B SKCIIEPUMEHTAIBHBIX cocynax (Jarku [leTpu B HalieM cirydae) Ha pas-
HBIX 9TarlaX MHOT'O/IHEBHOI'O TOKCUKOJIOTMYECKOTO IKCTIepuMeHTa. Ha ToOUHOCTh pe3yibTaTOB MOT'YT BJIUSTH
HEOJMHAKOBOE YMCIIO KJIETOK, KOTOPbIE HCXOIHO COAEPKATCS B IO3UPOBAHHOM 00BbEMe MHOKYJIATA (1 M),
BBOJMMOIO B HayaJie KaXJOro SKCrepuMeHTa B Jamiku IleTpu, a Takke BeposiTHas HEPAaBHOMEPHOCTb
pacripefesieHrsi KJIETOK I0 JHY YallleK B MOCIeAYOIINe THU SKCIIO3UIINY.

BcenectBre MalibIX pa3smMepoB U BBICOKOM YMCIEHHOCTH AUATOMOBBIX BOAOPOC/IEH MPSIMON TOTaIbHBIN
YUY€T KJIETOK B KaXIOH YaIllke Ha Pa3HbIX ITANax dKCIEepUMEHTa HepeaieH. IMeHHO Mo3TOMy MOJCUET
Yymclia KJIETOK BeJETCS MO/I MUKPOCKOTIOM B KOHEUHOM YUCIIe UCKPETHBIX MOJIEN 3pEHUsI U3BECTHOM ILI0-
I1a]J1, a 3aTeEM MO TyUYeHHbIEe JaHHbIE NIEPECUUTHIBAIOTCS HA BCIO IUIOIA b THA SKCIIEPUMEHTATIBHOTO COCYIa.
B ciiyuae Takoro HempsMoro rnoacu€Ta ooIei YMCIeHHOCTH KJIETOK B YalllKaX UTOTOBBIE PE3YJIbTaThl MOTYT
CWJILHO BapbUPOBaTh, YTO CIIOCOOHO MPUBECTH K UCKAKEHUIO BHIBOJIOB O CTETICH! BO3/ICHCTBUS TOKCHUKAH-
Ta HA U3MEHEeHUE YUCIEHHOCTH KJIETOK. YKa3aHHBIE CIOKHOCTH OMPEAesTHIIN HEOOXOJUMOCTD MPOBEJCHUS
CHelMATLHOTO METOJIMIECKOTO UCCIIeIOBAHUS, Pe3yIbTaThl KOTOPOTO MOTYT OBITh MCIOJIb30BaHBI JIsI OI-
TUMU3AIMHA TIOCTAHOBKU TOKCHUKOJIOTUYECKUX SKCIEPHUMEHTOB C JIOHHBIMH JIMATOMOBBIMU M OOECTICUUTD
OOJIBIITYI0 HAEKHOCTD BBIBOJIOB MTPHU MHTEPIPETAILIUU MTOJTYYSHHBIX KOJIMYECTBEHHBIX JAHHBIX.

Llenb paGoThI, MPOBEAEHHON C MCIOJIL30BAHUEM KJIOHOBBIX KYJIBTYP TPEX pa3HbIX BUJIOB TOHHBIX JIU-
ATOMOBBIX BOJOPOCJIEH, — MPOBEPUTH CIPABEAJIUBOCTb CIEAYIOIIUX METOJUYECKUX TMIIOTE3 Ha OCHOBE
CTaTUCTUYECKOU OIEHKHU JIOCTOBEPHOCTH MOJyUYEHHBIX PE3YJIbTATOB:
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1) cpemHee 4MCIIO KJIETOK MHOKYJISATA KJIOHOBOM KYJIbTYPBI, BHOCMOE B Kakayio damiky [lerpu B Hauase
9KCMEePUMEHTA, JOJKHO ObITh MPUMEPHO PABHBIM, TO €CTh UCXO/HBIE YNAC/A KJIETOK B KQXKAOH U3 TPEX
MIOBTOPHOCTEN, KOTOPBIE 3aKIAAbIBAIOTCS B KAKAOU JIMHUM, HE JOJIKHBI CTATUCTUYECKH PA3JINYaThCs
MeXIy cOOOi;

2) pacripesesieHre KJIETOK B KaXJI0H Yallike, KOHTPOJUPYEMOE B XOJle MHOTOKPATHOTO TMOJCYETa B TO-
JIAX 3peHHs MO BCEH IUIOMAAU JIHA, SIBJISIETCS CPaBHUTEJIBHO PAaBHOMEPHBIM, TO €CTh OTCYTCTBYET
CTaTUCTUYECKY 3HAUMMasl MPOCTPAHCTBEHHAS] HEOTHOPOJHOCTD M0 YMCIEHHOCTH KJIETOK in Vitro.
Bo3MoskHasi arperipoBaHHOCTh pacrpeesieHusl KJIETOK MPH MPOCUYETe ONPeAeIEHHOTO Yuciia moJjen

3peHus (MX CyMMapHasi IJIOIIadb COCTABIsAET He Ooiee 4—5 % Bcel TuIomaau JiHa Jarku [letpu) ripu rie-
pecuére Ha OOIIyIO IJIOIMAAb JHA SKCIEPUMEHTAILHOTO COCY/Ia MOKET IPUBOIUTD K 3HAUUTENILHOM Tepe-
olieHKe (MJIM HEJIOOLIEHKe ) OOIIETo YKcia KJIETOK U, COOTBETCTBEHHO, BJIUATH Ha BHIBOBI O CTEIICHU BO3/IEH-
CTBUSI Pa3HBIX KOHIEHTPAIMIl TOKCUKAHTOB M CPOKOB KCIIO3UIIMM HA UTOTOBbIE U3MEHEHUSI YUCIICHHOCTH.

MATEPUAJI 1 METO/IbI

OO0bekThl HcciaeqoBaHuil. [y OLEHKM pachpesiefieHHs] KJIETOK B IKCIEPUMEHTAIbHBIX COCY-
Jax WCIOJb30BaHbl TPU BUAA OEHTOCHBIX JUATOMOBBIX Bonopociei: Thalassiosira excentrica Cleve,
1903 (Coscinodiscophycea), Ardissonea crystallina (C. Agardh) Grunow, 1880 (Fragilariophyceae)
u Pleurosigma aestuarii (Bréb. in Kiitz.) W. Smith, 1853 (Bacillariophyceae). Beibop BumoB 00ycC/IOB-
JIeH ceyIoUMMU NMpUurMHaMu: 1) 3HauMTesbHbIe pa3inyuusi MOpQOJOruy NaHuups (AUCKOBUIHbIE, Ia-
JIOUKOBU/IHBIE, CATMOMIHBIC); 2) Pa3HBIil 00pa3 KU3HMU (TUIAHKTOHHBIE — TapsIye B BOAHON Macce, OeH-
TOCHBbIE — IPUKPEIUIEHHBIE K CyOCTpaTy, MOABMKHBIE — TepeaBUralIpecs o cyocrpary); 3) Hauu-
YyMe WIM OTCYTCTBUE CHOCOOHOCTH OOpa30BBIBATH KOJOHMU; 4) BUIOCTEL(pHUUECcKass CKOPOCTh Pa3MHO-
KEHMS, a CJIEeJOBATEIbHO, U NPEANOJIOKUTEIBHO Pa3HblE XapaKTep paclpe/ieieHusl KJIETOK IO JHY va-
IIeK ¥ TEMII [IPUPOCTA YUCIEHHOCTU B XOJE [UIUTEJIBHOTO SKCIIEPUMEHTA; 5) NMPUHAJIEKHOCTh K TPEM
pa3HBIM TaKCOHOMHYECKMM Kiyaccam Bacillariophyta (B COOTBETCTBMM C KCIIOJIb30BAHHOW HAMU CHUCTe-
Mol [28]). CpaBHUTEIbHAS CTATUCTUYECKAS OLEHKA XapaKTepa paclpelesIeHHs] KJIETOK, UMEIOIIMX Kapau-
HaJIbHBIE PA3JIMUus B 00pa3e )KU3HH, [I03BOJISET IPOBEPUTh OOBEKTUBHOCTb PE3YJIbTATOB MPH MPOBEAECHUN
B JIQJIbHEMILIEM TOKCUKOJOTMYECKUX IKCIIEPUMEHTOB C UCTIOJIb30BAaHUEM IIPEICTaBUTENIEN Pa3HBIX KJIACCOB
Bacillariophyta.

ITo pe3ysnpTatam MOJIEKYJIAPHO-TEHETUUECKUX MCCIEAOBAaHUNA M SKCIEPUMMEHTOB IO IIOJIOBOMY BOC-
MPOU3BE/ICHUIO, CUCTEMATUUYECKOe MOJIOKeHUe Buaa A. crystallina, paHee nepeMelEHHOrO U3 KJjacca
Fragilariophyceae B kiacc Coscinodiscophycea, mocTaBjaeHO MOJ COMHEHHE. Bbicka3aHO Npennosoxe-
HUe, 4To Ardissonea (1 vHble TpeAcTaBuTesnM Toxariales) MOryT HpPEACTAaBIATh YHUKATIbHYIO SBOJIOLM-
OHHYIO IpyHITy, 000COOJIEHHYIO OT TIEHHATHBIX JMAaTOMOBBIX Bojgopocieit [22]. YuuteiBas T0O 00CTOSATEb-
CTBO, YTO O (pOopMe MaHUIUPs U CHOCOOHOCTU K OOPAa30BAHUIO MYUYKOBUIHBIX KOJIOHUM, MPHUKPEIUIEHHBIX
K cyOcTpaTty, AaHHbIA BUJ OoJiee cxoxk ¢ npencraButessiMu Fragilariophyceae (kK KOTOPbIM OH M OTHOCHJI-
csl 10 HEJABHETO BPEMEHM), B LIEJISAX HAILEro SKCIEepUMEHTa Mbl paccMaTpuBaeM A. crystallina IMEHHO
B COCTaBe 3TOro KJiacca.

BriOpaHHble BHIbI AMATOMOBBIX BOAOPOCHEN BbIIENEHbl B KJIOHOBbBIE JIMHUM IYTEM W30JMPOBAHMS
C TIOMOIIIBI0 MUKPOIMIIETKH U CEMUKPATHOW MPOMBIBKY OIMHOYHOW KJIETKH 10J] OuHOKYIsipoM MBC-10
nipu yBesmuenuu x40 [2 ;5 ; 18].

Thalassiosira excentrica BblIeJIeH U3 COCTaBa MUKPO(MPUTOOEHTOCA PHIXJIOrO cyOcTpaTa, OTOOpPAaHHOTO
B Oyx. Jlacnu B cents6pe 2017 r. Ha rryOune 9 M. Bug MOpcKo#, OEHTO-TJIAHKTOHHBIN, CIIOCOOEH Ta-
pUTH B TOJIIIE BOJBI WJIM OIYCKAaThCS Ha JHO, XapaKTEPU3YeTCs] MACCOBOW BCTPEYAEMOCTHIO B CyOJIMTO-
panbHOI 30He YEPHOro MOpsi; KJIETKM 00pa3yloT LETIOYKOBHIHBIE KOJIOHMU U3 4—6 ocobeil, coequHEH-
HBIX TOHKMM Ipo3payHbIM TsokeM [13 5 15]. CTBOpKM MJIOCKOIMIMHAPUYECKHE, TUaAMETP JAUCKa 25 MKM ,
BbicOTa 3 MKM (puc. 1A, D).

"3rech U Jajiee pa3Mepbl KJIETOK YKa3aHbl HA MOMEHT Ha4alla SKCIIEPUMEHTA.
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Ardissonea crystallina BrieneH u3 cocraBa (puronepupUTOHa UCKYCCTBEHHOTO CyOCTpaTa, OTOOpaH-
Horo B Oyx. Kazaubs B anpene 2018 r. Ha rmyoune 5 M. Bujg Mopckoii, GEHTOCHBIH, YacTo BCTpevaeTcst
B MPUOPEKHBIX PaiOHAX; KJIETKU MPUKPEIUISIIOTCS K MOBEPXHOCTU CyOCTpaTa, 00pa3ysi MyYKOBUAHBIE KO-
nounu u3 4-30 ocobeit [4 ; 13]. CTBopku y3konuHelHbIe, amrHa 410 Mk, mmpuna 18 mxMm (puc. 1B, E).

Pleurosigma aestuarii BbIA€TIEH U3 COCTaBa MUKPO(PUTOOEHTOCA KAMEHHUCTOTO CyOCTpaTa, OTOOpPaHHOTO
y MbIca Aisg B utosie 2018 r. Ha myOuHe 3 M. Bug Mopckoii, OeHTOCHBIN, BCTpeYaeTcsl B Macce B YEPHO-
MOPCKO# CyOIUTOpaIN; KJIETKA OJIMHOYHBIE, TIO/IBHKHBIE, OBICTPO TIepeMeIaloTcs 10 MOBEPXHOCTH CYO-
ctpata [13 ; 16]. CTBOpKHM Y3KOJaHIETHbIE, CATMOBUJHO U30THYThIE HAa KOHIAX, [UIMHA 135 MKM, IIMpuHa
22,5 mxm (puc. 1C, F).

Puc. 1. Vcnonb3oBaHHbIE B 9KCIIEpUMEHTE BUIbI OEHTOCHBIX TUAaTOMOBHIX Bogopociei: A, D — Thalassiosira
excentrica; B, E — Ardissonea crystallina; C, F — Pleurosigma aestuarii. CBetoBoil Mukpockon — A, B, C
(macirrabHast mHeiika — 10 MKM); CKaHUPYIOLIHIA JIEKTPOHHBIA MUK pOCKo — D (MaciiuraOHas JuHenKa —
5 mkMm), E (macmurabnaas munerika — 50 Mxm), F (Maciradbnas nuaeiika — 20 MKM)

Fig. 1. Benthic diatoms used in experiment: A, D — Thalassiosira excentrica; B, E — Ardissonea crystallina;
C, F — Pleurosigma aestuarii. Light microscope — A, B, C (scale bar = 10 um); scanning electronic
microscope — D (scale bar = 5 um), E (scale bar = 50 um), F (scale bar = 20 um)

Coaep:xanue KyJbTyp. KIIOHOBBIE KyJIbTYpHI cOAEpIKaiy Ha mUTaTenbHOM cpene [ompnoepr [7 ; 21],
MOJU(PHULIMPOBAHHON AJI1 KYJbTUBUPOBAHUSA MOPCKMX OEHTOCHBIX AMATOMOBBIX, IPH MOCTOSIHHOM TEM-
neparype (22 + 2) °C npu paccessHHOM €CTECTBEHHOM OCBEILEHUMH Ha CEBEPHOM OKHe JiabopaTtopuu
UL NuBOM. Mopckyio BoIy [Uisi IPUTOTOBJIEHHS cpeibl OTOMpaau B 12-MUIIbHOHN 30HE U (PUIIBTPO-
Bau 4epe3 puwibTp 0,45 MKM, 3aTeM TPYOKABI MacTepu3oBasi mpu temrieparype +75 °C; najiee B Heé
N00AaBJISIA TUTATEIbHBIC BEIIECTBA B COOTBETCTBUY C TIPOTOKOJIOM (TadiI. 1).
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Taduuma 1. Cocra moauduippoBaHHo# cpebl [01ba0epr Ha MOPCKOU BOjie
Table 1. Recipes for modified natural seawater media by Goldberg

KonnyectBo BemiectBa Ha 100 mut KonnyectBo pactBopa
Ne pactBOpa BemectBo . .
JVCTAUTMPOBAHHOM BOIBI Ha 1 1 MOPCKO# BOJIBI, MJT

1 KNO; 10,1 r 2,0

2 NaH,PO,x2H,0 1,421 r 0,5

3 MnCl,x4H,0 0,01979r 10
CoCl,x6H,0 0,02379r ’

4 Na,3[1TAx2H,0 0,244 10
FeCl;x6H,0 0,144 r ’

5 FeNH,-uutpar 0,072 0,5

6 Na,SiO;x5H,0 I5r 2,0

7 Tuamus (ButamuH B)) 0,05 mr 0,5

8 IInankobanamuH (BUTaMuH B ) 0,5 mr 5,0

Cxema skcnepuMenTa. B omnbiTe ¢ KIOHOBBIMM KyJbTypaMH TPEX BUIOB JUATOMOBBIX BOAOPOCIEN
OLIEHEHbI BO3MOKHbIE PACXO0KACHUS MEXAY TPEMsI IOBTOPHOCTSIMU IO CPEIHEMY UHMCITy KJIETOK B KaKI0M
yaike [leTpu yepe3 ofHU U MATh CYTOK SKCHO3ULIMU. [IJ151 KakaA0ro BUIA OMBIT MPOBOAUIM C UCIIOJNIB30-
BaHMEM MOAM(UIIMPOBAHHON NUTATEILHON cpebl [obadepr, Oe3 go0aBlieHUsT TOKCHKaHTa. B Kakayio
13 Yallek (BHyTPEeHHUI JuamMeTp — 85 MM, IUIoIagb AHa — okosio 5700 MM2) BHeceHO 1o 30 MJI MUTaTEb-
HOW cpeibl M 10 1 MJI MHOKYJIAATA KJIOHOBOM KYJIbTYPBI, I10CJIE YErO COAEPAKUMOE TIIATEIBHO IEPEMELIAHO.
3arem yarika 3arepMeTU3MpoBaHa TuieHKo Parafilm Bo uzbekaHue ucnapeHust KUJKOCTH.

JlJ1s1 KOHTPOJISl PABHOMEPHOCTU pacipeie/ieHrsl CIydailHbIX MoJIel MpOoCcMOTpa Mo BCel IO THO
YalllK{ pa3JeJIeHo JUHUAMU Ha 8 paBHBIX yacTed (puc. 2). B rpanuiiax kaxaoro ceKTopa nposejeHa poro-
(pukcanusa 8-9 noneit 3peHus, paHAOMU3UPOBAHHO BHIOPAHHBIX MO TUIOIIA/IN HA, TO €CTh B KaXIOW Yalll-
Ke yuTeHo 1o 64—72 noss. MukpogororpaprupoBaHue OCyIECTBIEHO 0] CBETOBBIM MUKpockornom Carl
Zeiss Axiostar Plus ¢ o6bekTBOM Achroplan x10 ¢ momormsio udppopoi kamepbl Canon PowerShot A640
(ULl NubIOM, r. CeBactomnosib), a Takke MOJ CKaHUPYIOIIMM 3JIEKTPOHHBIM MHUKpockornoM JEOL
JSM-6390LA (LIKIT Boranuueckoro mHcturyta umenu B. JI. KomapoBa PAH, r. Cankr-IletepOypr).
TakcoHomMnueckas uaeHTU(UKalKA BUA0B IPOBEJEHA Mo onpenenutesisam [6 ;15 ; 16 ; 26].

Puc. 2. OueHka HepaBHOMEPHOCTH paclpejiesieHrs Cy4ailHbIX MoJed MpOocMOTpa MO BCel MJIOIaAn JHA
vawky Iletpu B skcriepuMeHTe

Fig. 2. Estimation of distribution heterogeneity of random viewing fields over the entire Petri dish bottom
area in the experiment
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[Noacuér kieTok npoBoAnaM No ¢gororpadpusaM Kaxaoro cekropa. Inomanas oqHOro noss 3peHus co-
cTaBuIa okoso 4,0 MM?, To ecTh B XOJie IPOCMOTPOB CyMMApHO MPOCUMTHIBAK 4,5-4,9 % miomany JHa
Kaxaon Jyamku. [Ipu olileHKke paBHOMEPHOCTU pacIipe/ieieHUs KJIETOK TMaTOMOBBIX BOJOPOCIIEN MO JHY
YallleK Ha pa3HbIX dTanax KCIEepUMEHTa CPABHUBAJIM CPEIHUE 3HAUCHHU S YKCIIa KJIETOK B MOJISIX TPOCMOT-
pa B 4 cekropax aHa vamek (A, B, C, D), npu 3T0M nosydeHHbIe paHee JaHHbIE PacYETOB ISl MOJen
3peHMs U3 BOCBMHU CMEKHBIX YacTel oObeuHsuH nonapHo: 1 + 2,3 +4, 5 + 6 u 7 + 8. YkazaHHble Me-
TOAMYECKUE OCOOCHHOCTHU CBSI3aHBI C TEM, YTO aOCOJIOTHAS BAPUATHBHOCTD YHCJIA KJIETOK IPU CPAaBHEHUH
OT/IEJIbHBIX TOJIEH MPOCMOTpa JIake B MpejesiaXx OJHOrO U3 BOCBMU CEKTOPOB MOIJIA ObITh 3HAYUTENILHOM,
0CcOOEHHO Ha 5-e CyTKU Kkcno3uiu. Tak, Hanpumep, 1ist A. crystallina pa3max Bapraliuyl COCTaBWI OT 16
no 41 knetku, qis 1. excentrica — 1148, nns P. aestuarii — 36+91. KoadpuiipeHnT Bapuanuu npu pac-
YETax KOJIMYECTBA KJIETOK B OTIEJIbHBIX CEKTOPAX, PA3AEJEHHBIX JMHUAMU, Takxke Mor gocturats 70-78 %.
[Tpu cpaBHUTENBHBIX pacuéTax Mo YeThipéM cekTopaM (A—D) ¢ y4éToM 0ObeTUHEHHBIX JaHHBIX U3 CMEK-
HBIX YacTel JHA YaIlleK MoKa3aTeId BapuaTUBHOCTH YKCJa KJIETOK (AMCrepcusi U CTaHAapTHas OIIMOKA)
CTAaHOBWJIMCh 3aMETHO HIKE M3-32 y4€Ta YIBOGHHOTO YMcia M3MEPEeHHi 1o KaxJoi BbIOOpKe. [11s1 oeH-
KM CTETIEHU PacXOkJIEHUS MEkKAY MOBTOPHOCTAMM (YalllkaMy) PaCCUUTHIBAJIM CTATUCTUYECKYIO 1I0CTOBEP-
HOCTb MAPHBIX Pa3IUyMil CpeJHEN YUCIEHHOCTH KJIETOK KaK MeX/y YeThIpbMs CEKTOpaMH U3 OJIHOW Yalll-
KM (TO €CTh OLIEHMBAJIX CTETIEHb arPETMPOBAHHOCTHY KJIETOK B IIPEJeax JHA OOHOM YAILKH), TAK U MEXITY
CEKTOPaMH, OTHOCSIIMMUCS K Pa3HbIM YalIKaM.

[TockoJibKy MCClleIOBaHHBIE BUBI AUATOMOBBIX XapaKTEpU3YIOTCSl pa3HbIMU TEMIIaMU IPUPOCTa YKC-
Jla KJIETOK B XOJIe IKCIIEPUMEHTA, JIJI1 KOPPEKTHOM OIIEHKHM CTATUCTUYECKHUX Pa3JIMYUil M0 CPeIHEN Juc-
JIEHHOCTH PaCCUMTHIBAIM CKOPOCTh OTHOCHUTEJIBHOIO IMPUPAILEHUS YUCICHHOCTH KieTok (V) s Bcex
MCCJIEJOBAaHHBIX BUIOB 10 (popmysie [19 ; 20]:

V= (N(t+At) - Nt) / (At ) Nt) >

rae N, — cpeaHss 4MCIEHHOCTb KJIETOK B KyJbType B yalike [letpu B MOMeHT BpeMeHH t (1-e cyTku
9KCIIEpPUMEHTA);

N t+Ar) — CPEAHSISI YUCIEHHOCTh KJIETOK B KYJIbTYPE B MOMEHT BpeMeHH t+At (5-e cyTKnm);

At — nepuoj SKCHo3uLuu (4 CyTOK).

CraTucTnyeckas oopadorka maHabix. Ctatuctudyeckass 00pabOTKa pe3yIbTaTOB SKCIIEPUMEHTOB
IIPOBEZICHa C MIPUMEHEHUEM CTaHJAPTHBIX aJITOPUTMOB BapHALIMOHHOIO NIAPAMETPUYECKOTO U PaHTOBOTO
AQHAJIM30B, BXOJAIIMX B MAKET CTaTUCTUYECKUX MporpaMm SigmaPlot 12.5 [30].

HopmatbHOCTB pacnipesiesieH!s BAPHAHT B BHIOOPKE (YHMCIIO KJIeTOK B 64—72 MOJISAX MPOCMOTpa B Kax-
noi yanike Ilerpu) onenuBanu no kpurepusm lanupo — Yunka mim Konmmoropoa — CMmupHOBa ¢ npef-
BapUTEJIbHBIM TECTUPOBAHUEM JAHHBIX M UCKTIOUEHUEM U3 PACUETOB PE3KO BbIICIIAIOIIMXCS 3HAUEHUH (BbI-
OpOCoB) B KaXI0i BBIOOPKE MO MeToy KBaHTHW/IeH. Takue arperaii ¢ aHOMaJIbBHO BBICOKMM OOWITIEM
KJIETOK HE SIBJIAIOTCS UTOIOM €CTECTBEHHOI'O HapacTaHUs UX KOJMYECTBA B XOAE SKCIIEPUMEHTA, HO UHO-
I71a BO3HUKAIOT JMOO BCJIEICTBUE UCXOIHOTO BHECEHMs JO3aTOpOoM B vaiky Ilerpu mHOKynsTa, B KOTO-
POM Y3Ke IPUCYTCTBYIOT COSAMHEHHBIE MOJIFCAXapUIAMHK arperaluy KJIETOK, JTMOO0 B pe3yIbTaTe KojeOaHus
COJIEP)KMMOTO YalIKU B X0JI€ MaHUMYJISIUN NpU (OTOrpachupoBaHUU.

CpaBHeHue aucnepcuil TpEX M OoJjiee HE3aBHCHMBIX BBIOOPOK MpPOBEJEHO MO Kputepuio Puinepa
(ANOVA), a Takxe no paHroBoMmy kpurepuio Kpackena — Yosuteca (1py OTCYyTCTBUM HOPMAJIbHOCTH
B pacrpe/ie/ieHuu BapuaHT) Jyist ypoBHs 3HaunMocTH P = 0,05. [Tocneaymoree cpaBHeHUE Y TPEX BUIOB JIU-
ATOMOBBIX JIOCTOBEPHOCTH Pa3IMyMid CpeIHMX 3HAYEHUI MPU3HAKa (CpeIHee YHCIIO KJIETOK B CIIy4YaiHbIX
MOJISIX IPOCMOTPA IO YETHIPEM CEKTOpaM YallleK ¢ YYETOM pa3IM4HbIX NEPUOIOB IKCIO3ULIUM) BBIIOJ-
HEHO Ha ocHOBe f-Kputepusi CThiofieHTa (B Cllyyae HOPMaJbHOCTH paclipelesieH!sl BApUaHT B BHIOOpKaxX
Y paBeHCTBA AucniepcHit). [1yist cpaBHEeHHs HE3aBUCHMBIX BHIOOPOK, B KOTOPBIX pacipesieieHle BapuaHT OT-
JIMYAJIOCh OT HOPMAJILHOTO, IPUMEHEHBI HellapaMeTpuieckue kpurepun Xoama — Iunaka (a1 paBHbIX
1o 0ObeMy BHIOOPOK) 1 [laHHa (TIpy cpaBHEHMH pa3HOpa3MepHBIX BHIOOPOK) [30].
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PE3VIJIbTATBI 1 OBCYKIEHUE

Pe3ynbTaThl aHaIM3a MOKa3au, 4YTO BAPUATUBHOCTh JAHHBIX MPU MOJCUETE YMCIIa KJIETOK B MOJISAX 3pe-
HUSI MOKET 3aMETHO Pa3JIn4aThCs KaK MPU CPABHEHUM Pa3HBIX BUIOB, TaK U Yy OJHOTO BU/A, HO B pa3HbIe
MepUObI SKCMO3ULIUU (TabII. 2).

Taouuma 2. BapuanoHHble XapaKTepUCTHKK I TPEX BUIOB JOHHBIX AMATOMOBBIX BOJOPOC/IEH, OTpakKa-

omue O0COOEHHOCTH M3MEHEHUS Cpem-xeﬁ YUCJICHHOCTHU KJICTOK B YalllKax HeTpI/I (TpI/I HOBTOpHOCTI/I) Ha l-e
u5-e CYTKHU IKCIIEPUMECHTA

Table 2. Variation characteristics for three benthic diatom species reflecting the changes in mean cell number
in Petri dishes (3 replicates) on the 1% and 5™ days of the experiment

Bun IloBTOPHOCTH I-e cyrku 5-€ CyTku

n N £ SE Cv, % n N = SE Cv, %

I 65 6,16 £ 0,41 51,3 63 22,70 £ 0,82 31,4

Ardissonea crystallina I 63 6,82 +0,41 44,8 62 24,71 £ 0,90 32,2
11 62 6,79 £ 0,42 46,2 68 24,65 £ 0,76 26,7

1 63 9,19 £0,39 34,1 63 20,68 £ 1,42 54,6

Thallassiosira excentrica 11 64 9,67 £0,44 37,3 63 20,91 £ 1,21 46,1
111 62 11,45+£041 28,3 62 24,00 £ 1,26 41,6

I 65 17,37 £0,38 29,6 72 63,44 + 1,37 22,3

Pleurosigma aestuarii I 67 18,55 £ 0,54 24.0 72 60,78 + 1,71 23,9
I 72 19,79 £ 0,52 22,8 72 61,83 £ 1,80 24,7

IIpumeuyanune: n — cymMMapHOe YHCJIO MPOCMOTPEHHBIX TMOJEH 3peHus B Kaxaol damke [lerpm 3a BeIUETOM pe3-
KO BBIICJISIONIMXCs BapuaHT (BbIOpock); N + SE — cpelHee 4MCIO KJIETOK * cTaHAapTHas OIIMOKa IO BBIOODKE;

Cv — k03 pULIMEeHT BapUalUH.
Note: n — total number of examined viewing fields in each Petri dish minus the sharply distinguished values (statistical
outliers); N = SE — mean cells number * sampling standard error; Cv — coefficient of variation.

Bo3MokHbIE CTATUCTUUECKUE PA3/INUKs B XapaKTepe pacipeaeseHrs JUaTOMOBbIX 110 IHY YalllKU B pa3-
HbIEe TIEPHO/IBI SKCTIIEPUMEHTA MOTJIM OBITh BBI3BaHBI TEM, UTO B 1-€ CYTKM pacrpe/iesieHue KJIETOK B OCHOB-
HOM OIIpeJIeNIsIOCh THIATEIbHBIM MEXaHUYECKUM NepeMeIMBaHEeM MHOKYJISATA IO U [10CTIe €r0 BHECEHUS
B YaIlIKy, YTO TEOPETUYECKU OOYCIIaBIMBAIO OOJiee paBHOMEpPHOE pacipejieieHne KJIeTOK B TOJSIX 3pe-
Hus. Ha 5-e cyTku skcno3unum xapakTep pacnpeieeHus 1o JHY Yallky KJIETOK JUaTOMOBBIX BOAOPOCIIei
B OCHOBHOM OIIpee/IsIeTCs] UX UHAUBUIYAIbHOM JIBUTaTEeIbHON aKTUBHOCTBIO U CKJIOHHOCTBIO K TIPUKpEI-
JICHUIO ¥ 00Pa30BaHMUIO arperanyii 1Moo K MacCUBHOMY MApEHUIO B TOJIIIE MUTaTeIbHOU cpebl. [lepeunc-
JIEHHbIE (PAKTOPBHl MOIJIM OKa3bIBaTh BJIMSIHUE HA HEPABHOMEPHOCTb 3HAUEHWI NPH YUETE YMCIEHHOCTH
KJIETOK B CJIyYaiHBIX MOJISIX 3PEHUSI.

HauGonbmmii ko3¢ duiimeHT Bapuanmm OTMeUYeH B BBIOOpKax A. crystallina B 1-e CyTKY SKCIiepUMeHTa
(45-51 %), a Takxe B BeIOOpKax 7. excentrica Ha 5-e cyTkH (42—55 %). CneyeT y4ecTh, YTO CpeJHee ncC-
JIO KJIETOK B IOJISIX 3pEHUS Y ITUX BUJIOB Pa3Inyaoch B 3,5 pasza. Beicokasi BApHaTUBHOCTD TaHHBIX MOTJIa
OBITH BBI3BAaHA HEPABHOMEPHOCTBIO paclpe/ie/ieHrsI KJIETOK STUX BUJIOB, KOT/Ia HAPSIy C OJJMHOYHO pacrio-
JIO’)KEHHBIMU KJIETKAMHM B TOJISIX 3PEHUS] TIPUCYTCTBYIOT M X arperaiuu, B KOTOPHIX KJIETKU COSAUHSIOTCS
TnoJIrcaxapuIHbIMK BbiieieHusMu (1. excentrica) ma00 0Opa3yloT MyYKOBUIHBIE KOJIOHWH (A. crystallina),
NPUKPEIUIEHHbIE K JHY Yalllki B OJHOM TOYKe. B cBOIO ouepesb, BHIOOPKH KJIETOK P. aestuarii B TOJSAX
3peHUsI XapaKTepU3yI0TCs] MUHUMAILHON BapuaTUBHOCTHIO (23-29 %) 1o mapameTpy YMCIeHHOCTH Oe3-
OTHOCHTEJILHO TIEPUOJIa IKCIIO3ZUIINH, YTO OOBSICHSETCS MOJBUKHOCTBIO KJIETOK JAHHOTO BHUAA, CBOOOIHO
NepeMeIaloLIMXCs B XO/I€ ONbITA 10 BCEMY JHY YalllKH, HE KOHIEHTPUPYSCh B OJHOI TOUKE.

Pe3ynbTaThl IMCTIEPCHOHHOTO aHaIM3a ISl UCCIIE0BAHHBIX BUJOB AUATOMOBBIX MMOKa3ajiM, YTO JHC-
NIepCHUM BHIOOPOK TIPH CPAaBHEHUH TPEX TIOBTOPHOCTEH HE Pas3IMUaiOTCs: BEPOSITHOCTD (P) MpUHATHS HYJTb-
rurnoTe3s MHOTO Bbilre Kputuueckoi (0,05) u cocrasnser 0,27-0,49 B 1-e cytku u 0,16-0,47 Ha 5-e CyTKH.
PesynbTaThl monapHoro cpaBHeHUsI CpEAHMX 3HAYEHUH YKcia KJIETOK B Kaxou yaiike [lerpu (cpaBHeHue
MEX/1y IOBTOPHOCTSIMU) Ha Pa3HbIX CTAJMSIX SKCIIepHMEHTA IPUBECHBI B Ta0I. 3.
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Tadamma 3. Pe3yibTaThl TECTUPOBAHMS Pa3INyUMil MEXY CPEIHUMH 3HAYEHUSIMU YMCJIEHHOCTH KJIETOK B Yall-
kax Ilerpu mpu monmapHOM CpaBHEHMH TPEX MOBTOPHOCTEH AJI U3YUYEHHBIX BUJIOB JAWATOMOBBIX BOJOPOCIHEN
Ha pa3HbIX dTarax SKCIEPUMEHTA

Table 3. Results of testing the differences between the mean cell numbers in Petri dishes under pairwise
comparison of three replicates for diatom species at different stages of experiment

Bz [Tapa Cpennee 3HaueHUE P Cpennee 3HaYeHUe p
MOBTOPHOCTEN (1-e cytkm) (5-e cytkn)

I-11 6,16 6,82 0,252 22,70 24,71 0,090

Ardissonea crystallina I-111 6,16 6,79 0,283 22,70 24,65 0,092
II-1I1 6,82 6,79 0,951 2471 24,65 0,747

I-11 9,19 9,67 0,416 20,68 20,91 0,906

Thallassiosira excentrica I-110 9,19 11,45 0,000 20,68 24,00 0,084
m-1a 9,67 11,45 0,003 20,91 24,00 0,080

-1 17,37 18,55 0,163 63,44 60,78 0,077

Pleurosigma aestuarii I-111 17,37 19,79 0,001 63,44 61,83 0,200
nm-1I 18,55 19,79 0,135 60,78 61,83 0,671

IIpumeuyanne: P — BepOsITHOCTb CHPaBEAIMBOCTH HYJIb-TUIOTE3Bl 00 OTCYTCTBHM PA3jMuMii MEXIY CPEAHMMH 3Ha-
YeHUsIMH YHCIICHHOCTH KJIETOK B CpaBHUBaeMbIX BbIOOpKax (P, = 0,05). CTaTUCTHYECKH JIOCTOBEPHO pa3JIMYaloIIfecs
Pe3y/IbTaThl BbIICJCHB! KUPHBIM IIPUPTOM.

Note: P — probability of acceptance of the null-hypothesis that there are no differences between the mean values of cell
number in samples compared (P, = 0.05). Statistically significantly different results are indicated in bold.

s A. crystallina Bce nonapHble pa3ianuus 1O CpeHEN YUCIEHHOCTH KJIETOK MEX/ly TOBTOPHOCTSIMU
KaK B 1-e, Tak ¥ Ha 5-€ CyTKM 9KCHO3ULUU HeAOCTOBEPHHI (P, ., >> 0,05).

Hnsa T. excentrica B 1-e CyTKM JOCTOBEPHBIE PAa3/IMUMsA CPEIHETO YMCIIA KJIETOK B MOJIAX 3PEHUS BbI-
ABJIeHbl Mexay napamu nosropHocreit I — I u II - II (P, ., < 0,003). Mexny napou I — II pasmnuus
HejocToBepHsl (P, ., = 0,416). Ha 5-e cyTku 1O0CTOBEpHBIE pa3iInyus CpeJIHUX 3HAYEHWH YUCiIa KJIETOK
ME:X/1y BCEMHU IapaMu IOBTOPHOCTEN OTCYTCTBYIOT.

s P. aestuarii B 1-e CyTKU JOCTOBEPHBIE pa3IMyusl CPEIHUX OTCYTCTBYIOT IIPY MONAPHOM CPaBHEHUU
nosropHocted | — II u I — III. Tonbko npu cpaBHeHuu napsl 1 — I paznuuusa cpegHux 3HaYeHU 4YKMC-
Jia KJeTok gocrosepHsl (P, < 0,001). Ha 5-e cyTku 1OCTOBEpHBIE Pa3IMyMs CPEJAHUX 3HAYECHUI YHCIIA
KJIETOK IIPYA CPAaBHEHMU BCEX MOBTOPHOCTEU OTCYTCTBYIOT (P, ., > 0,05).

CKOpOCTb OTHOCUTENILHOTO MPHUPAILEHUsT YUCICHHOCTH KJIETOK B Cpe/iHeM Oblia Bhllle y P. aestuarii
(0,59) u T. excentrica (0,40), yem y A. crystallina (0,37), 4T0 MOTJIO IOBJIUATH HAa TIOKA3aTeJIM BAPUATUBHO-
CTH, XOTSI UTOTOBBIE Pa3Muus B YACIEHHOCTH KJIETOK MEKAY IOBTOPHOCTSIMU SKCIIEPUMEHTAa OKa3aJICh
HE/IOCTOBEPHBI y 000UX BUIOB (CM. TaldI. 3).

Takum 0Opa3oM, MOXHO CUMTATh, YTO BAPHATUBHOCTD CPEIHEN YMCIICHHOCTH KJIETOK y KaXKIOTo BHIA
B pa3HbIX IOBTOPHOCTSIX KCIIEPUMEHTA B OOJIBIIMHCTBE CITyYaeB HE BHIXOAUT 32 MIPE/Iesbl CTATHCTUYECKON
norpemHocTy. JJaHHbIA (haKT 1a€T OCHOBAaHHUE PacCMaTPUBATh BCE HOBTOPHOCTH (CITy4daiiHble BHIOOPKY KJIe-
TOK) KaK COOTBETCTBYIOILUE OJHOW UCXOAHO B3ITOM COBOKYITHOCTH (MHOKYJIAT KJIETOK KaKJ0TO U3 BUIOB)
CO CXOJHBIM XapaKTepOM BapHUaTUBHOCTU NOKA3aTeNIEH.

Pe3ysipTaTsl OLIEHKM PaBHOMEPHOCTH PACIIPENENIEHUSA YUCiIa KJIETOK 110 YETBIPEM CEKTOpaM JHA Yallek
Iletpu nokazanu cieayolee.

[lepBole cyTku. Iisi BceX M3YYEHHBIX BUJOB JUATOMOBBIX BOJIOPOCIIEH HE OBUIO BHISIBIICHO CTATHUCTH-
YECKU JOCTOBEPHBIX oTmuumid (P >> 0,05) Mexay cpegHUMH 3HAYEHUSIMHU MapameTpa (YMciio KJIeTOK
B 16—18 noJisAx mpocMoTpa) npu NONapHOM CPABHEHUH 12 CEKTOPOB, TO €CTh TPEX MOBTOPHOCTEM (I10 YEThI-
pe cekTopa B Kaxaou yanike — A, B, C, D). CiienoBatesibHO, Ha HAYaJIBHOM 3Tarie KCIIEpUMEHTA paclipe-
AeJIEHUE KJIETOK MO JHY YallleK CTaTUCTUYECKM pPaBHOMEPHO; 3aMETHBIX PACXOXKICHUN MEX]Y YallKamMu
B pe3yJibTaTax pacuéra oOIIero 4ncia KJIeToK MO CPeJHUM 3HAYSHHUSIM U3 BBIOOPOUYHBIX MOJIEH MTPOCMOTpa
HE MPOUCXOIUT.
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[Tareie cytku. C yu€ToM TOTO, YTO pacrpee/ieHre Ynciia KJIeTOK B BHIOOPKax BO MHOTHX CEKTOPax OT-
JmyaeTcst oT HopMasibHOTO (TecT Kommoroposa — CmupnoBa: 0,125-0,210) 1 iMeeT JOCTOBEPHO pa3Hbie
AMCHIEPCUU, TECTUPOBAHUE JIOCTOBEPHOCTH BO3MOXKHBIX Pa3IMYMil MEXAY CEKTOPAMU YalleK MPOBEAECHO
Ha OCHOBE paHroBbIx kpurepues (Tect Kpackena — Youeca).

Ardissonea crystallina. Pe3ynbTathl 66 MONapHBIX PAHIOBBIX CPABHEHUW CPEJHEr0 MEJUaHHOTO 3Ha-
YEeHHs] 4YMClia KJIETOK B KaXJAOM CeKrope AHa yvamiku [leTpu mokasaium OTCYTCTBME CTaTUCTUYECKU
3HaYMMBbIX pasnuuuil (P, ., = 0,067) kak MexIy CEeKTOpaMM [IHa OJHOW YalllKM, TaK U MEXIy YallKaMmu
(HOBTOPHOCTSIMH).

Thallassiosira excentrica. Pe3ynbTathl 66 MONMapHBIX PAHTOBBIX CPABHEHUU CPEJHUX MEIUAHHBIX 3HA-
YEeHUI YMClia KJIETOK B KaK/IOM CEKTOpPE CBUACTEICTBYIOT 00 OTCYTCTBUM CTATUCTUYECKU JOCTOBEPHBIX
pasmauni (P, ., = 0,071) kak MeXIy cEeKTOpaMH JHA OJHOW YallKH, TaK U MEXKy YallKaMu.

Pleurosigma aestuarii. [Ipu Bcex 66 nonapHbIX PaHrOBbIX CpaBHEHMSAX 12 CEKTOPOB U3 TPEX MOBTOPHO-
CTe TOJIBKO B Iapax CEKTOPOB, I1le paCCMOTpPeHbI AaHHble 3 cektopa 1D (1D vs 2A; 1D vs 2B; 1D vs 3B),
pas3ynuus Mo CpeJHeMy 4MCIy KJIETOK Oblmi pocroBepHsl (P, ., 0,001; 0,003; 0,008 cooTBETCTBEHHO).
JI71s1 OCTabHBIX MOMAPHBIX PAHTOBBIX CPABHEHUI MEAUAHHBIX CPEJHUX, BHITIOJIHEHHBIX 0 aJlrTOpuTMy JlaH-
Ha, Pa3IMyusa MeXIy ceKTopaMu ObutM HexocTtoBepHsl (P, > 0,05). B ciayyae uckimoudeHus u3 aHaju-
3a cektopa 1D, eqUHCTBEHHOro C aHOMAJIbHO BBICOKOUM YHMCIEHHOCTBIO KJIETOK B IMOJISIX MPOCMOTPA, CTa-
TUCTUYECKU TOCTOBEPHBIX Pa3IMyMil KaKk MEXJy CeKTOpamMH JHA OAHOH YalllKd, TaK U MEX[y YallKamu
He BbIABIEHO (P, ., = 0,272).

[Tony4yeHHble JaHHBIE MMOATBEPKIAIOT CTATUCTUYECKYI0O PABHOMEPHOCTb paclpesesieHust KJIETOK OeH-
TOCHBIX IMATOMOBBIX BOJIOPOCJIEN MO AHY SKCIIEPUMEHTATBHBIX COCYAOB J1aXke B TOM Clly4yae, KOr/a MpsiMbIM
BU3YaJIbHBIM MOICYETOM YUTEHO He OoJiee 5 % Ha yaluku. Pe3yibTaTel COXpaHSIOT CIIPAaBEAIMBOCTb He3a-
BHCHMO OT BHJIa MUKPOBOJIOPOCIIEH, UX MOP(OJIOTHIECKOTO CTPOSHUSI M 00pa3a )KU3HH, a TaKKe OTIHUIHNA
B 3HAYEHMSIX MX aOCOJIIOTHOW YMCIICHHOCTH B YaIllKaX Ha Pa3HbIX CTA/IUSAX SKCIIEPUMEHTA.

3akJro4enne. Pe3ynbTaTel CTATUCTUYECKOTO CPABHEHH S CTENIEHU BAPMATUBHOCTH YUC/Ia KJIETOK B 9KC-
MEePUMEHTATbHBIX YaIIKaX y TPEX U3YUEHHBIX BUAOB MOPCKHUX OEHTOCHBIX JUATOMOBBIX BOAOPOCIEH, OT-
HOCAIMXCS K TpEM pas3HbM KjaccaM Bacillariophyta (Thalassiosira excentrica, Ardissonea crystallina
u Pleurosigma aestuarii), TOATBEPIUIN, YTO B AOCOIIOTHOM OOJIBIIIMHCTBE CTy4aeB OTCYTCTBYIOT IOCTOBEp-
HbIE PA3IMYMS MEXKIY CPEJHUMH 3HAUYEHUSIMU UCCIIEAyeMOro apamMmeTpa py CTaHAApPTHOM ypOBHE 3HAUYU-
mocTtH (0,05). [TokazaHo, 4T0, HECMOTPSI Ha BUAOCTIEIIM(PUYECKUE pa3/Inuisl B MHTEHCUBHOCTH HApaCTaHU
YKCJIEHHOCTH KJIETOK B XO/I€ 9KCIIEpUMEHTa, BAPUATUBHOCTh MapaMeTpa MeHsieTcsl HezakoHoMepHo. [Tocre
5-CyTOYHOU KCIIO3UIIUM caMasi BbICOKAsl BADUATUBHOCTh YMCIIA KJIETOK B NOJIsAX 3peHus (Cv =42...55 %)
OTMeueHa y OEHTOTUIAHKTOHHOTO MeJIKOpa3MepHOro Buja 7. excentrica, mapsmiero B BOJHOM cpejie, a ca-
Mas Huskas (Cv = 27...31 %) — y KpYNHOKJIETOUHOTO A. crystallina, NpUKpeIUIAIONIErocs K JHY YallKy.

YcTaHOBIIEHO, UTO pacu€THasi CpeHsIsl YUCIEHHOCTh KJIETOK AMATOMOBBIX MEXAy Tpemsl MOBTOPHO-
CTSIMM JOCTOBEPHO HE pa3jiMyaeTcsl Kak Ha MepBble CYTKU MOCJE UCXOIHOrO BBEIEHHS B YAIIKM MHOKY-
JIATa, TaK ¥ Ha 3aKJII0UMTESIbHOUN CTaauu OombiTa. BeIBOJ cripaBeAsiuB ISl BCEX BUAOB JUATOMOBBIX BOJO-
pOCJIeld, CIOJIb30BAHHBIX B KAUYECTBE TECT-OOBEKTOB, UTO MO3BOJISIET PAaCCMATPUBATh BCE MOBTOPHOCTH
KaK BBIOOPKM OJJHOM COBOKYIHOCTH M OCPEIHSITh MOJyYEHHBIE 110 HUM PEe3yJIbTaThl Ha Pa3HbIX CTaIUsIX
TOKCHKOJIOTUYECKHUX IKCIIEPUMEHTOB.

CraTtucTryecky MoATBEePKJeHA PABHOMEPHOCTD pacrpe/iesieHus KJIETOK B MpeJiesax JAHA SKCIepUMeH-
TAJIbHBIX Yallek (Jaxe npu yuére He Oosee yeM S5 % ruiolmaau AHa). PaBHOMEPHOCTh pacmpenesieHus
HE SBJISIeTCS] BUIOCTICIIM(PUYHON M HEe 3aBUCUT OT aOCOJIOTHOW UMCIEHHOCTH KJIETOK B yamkax. [loiy-
YEeHHBIE PE3yJIbTAThl O3BOJISIOT CTATUCTUYECKHU HA/IEXKHO OLIEHUBATh U3MEHEHHU I YUCIIEHHOCTH KJIETOK Te-
CTOBBIX BHJIOB Ha Pa3HBIX ITANaX IKCIIEPUMEHTA IO BHIOOPKAM, TIOJTyUYEeHHBIM Ha OCHOBE TIOJICUETA KIIETOK
B OTPaHUYEHHOM YHCJIe TIOJIel 3pEeHus .

KCn

Paboma evinoanena 8 pamxax zocyoapcmeenrozo 3adanusi PUL] UnbIOM no meme «3axonomeprocmu ¢hop-
MUPOBAHUS U AHMPONOZERHAST MPAHCPHOpMayust OUopasHoodpasus u buopecypcos Azoso-Uepromopckoeo bacceiina
u opyeux pavionos Muposozo okeara» (Ne zoc. pecucmpayuu AAAA-A18-118020890074-2).
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ESTIMATION OF CELL DISTRIBUTION HETEROGENEITY
AT TOXICOLOGICAL EXPERIMENTS
WITH CLONAL CULTURES OF BENTHIC DIATOMS

A. N. Petrov and E. L. Nevrova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: alexpet-14@mail.ru

An increase in anthropogenic pressure on coastal water areas requires regular monitoring of marine
ecosystems. The appropriate bioindicators for indirect assessment of the quality of the near-shore en-
vironment are benthic diatom algae, which are a key element of coastal communities and are highly sen-
sitive to environmental impact. Changes in the development of diatoms under the influence of various
toxicants may be used as relevant tool for monitoring of marine environment quality. However, scien-
tific and methodological approaches to application of benthic diatom algae as test objects remain unstud-
ied. One of the important methodological problems is the assessment of the significance of the samples
in experimental vessels when counting cells abundance at different stages of toxicological test. The study
is focused on assessment of the statistical significance of the equality of the initial mean number of cells
of clonal culture inoculum placed into each of the replicates, as well as the statistical uniformity of cell
distribution over the entire bottom area of Petri dishes. We used clonal cultures of three benthic diatom
species belonging to different classes of Bacillariophyta: Thalassiosira excentrica Cleve, 1903 (Coscinodis-
cophycea), Ardissonea crystallina (C. Agardh) Grunow, 1880 (Fragilariophyceae), and Pleurosigma aes-
tuarii (Bréb. in Kiitz.) W. Smith, 1853 (Bacillariophyceae). They significantly differ in valve morphology
and life history (floating in water mass, attached to substrate, and motile). The results of statistical compari-
son of cell number variability in the experiment for all studied species confirmed the absence of significant
differences between the mean values of the tested parameter at a standard significance level (0.05). It was
shown that despite specific differences in cell growth rate during the experiment, the variability in cell
number in the microscope viewing fields varies irregularly. The highest value of the variability coefficient
was observed on the 5" day for the small-sized species T. excentrica (Cv=42...55 %), and the lowest vari-
ability — for the large-cell species A. crystallina (Cv =27...31 %). The absence of significant differences
in cell number between three replicates (for each species) was established both during the initial placing
of inoculum into the dishes and on the following days of the experiment. The conclusion is applicable
for each of diatom species studied, which allows to consider all replicates as subsamples of the replicate
sample and to average the results obtained at different stages of the toxicological experiment. The uni-
formity of cell distribution throughout experimental dishes bottom, which does not depend on species
and absolute cell number, was statistically proven. The results obtained allow to statistically reliably es-
timate the changes in cell number at different stages of toxicological experiment according to replicate
sampling, based on cell counting in a limited number of viewing fields.

Keywords: toxicological experiment, methodology, statistical estimation, Bacillariophyta, Thalassiosira
excentrica, Ardissonea crystallina, Pleurosigma aestuarii, Black Sea
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Tema B3auMOAEICTBUII IIACTHKA U IPUPOIHBIX COOOIIECTB K HACTOSIIEMY BPEMEHU aKTyallbHa KakK HH-
korga npexje. ITocterneHHOe HAKOIUICHUE U3/IENUIA U3 MCKYCCTBEHHBIX MOJMMEPOB M UX (hparMeHTOB
B IIPUPOJHON Cpele AOCTUIVIO TOTO YPOBHS, IPU KOTOPOM Y€ HEBO3MOXKHO HE CUMTATHCS C BIIUSHHU-
€M 3TUX MaTepuaJioB Ha JKUBbIE OpraHuW3Mbl. B mepBylo odepenp BO3AEHCTBUIO MOABEPraloTcs cooodle-
CTBAa MUKPOOPraHU3MOB, HACEJSIOMIMX pa3Hble OMOTOIBI (KaK BOAHbBIE, TaK M Ha3eMHbIE). DTH CyLIecTBa
HaXOASATCS HA TIepeAHEeM Kpae B3aMMOJEHCTBUS C MJIACTUKOM, B TOM 4YMCJIe B MOPCKHX SKOCHCTEMaX.
Tem He MeHee /J1s1 MOHUMaHUs JaHHBIX MPOIECCOB HEOOXOUMO MPUHUMATh BO BHUMaHUE HECKOJIBKO
ACTIeKTOB TAKUX B3aUMOJICHCTBUIA: BIIMSHUE Pa3HbIX BUJOB IUIACTHKA HA COOOIECTBA MUKPOOPraHU3MOB
yepe3 BbIIEIECHUE B Cpely NPOLYKTOB MX pa3jiokeHus1, (POpMbl UCIIOIb30BAHUS IJIACTUKA CAMUMH MUK-
POOpraHM3MaMH, B TOM YMCJIE MEXaHU3Mbl KOJIOHU3ALUK €r0 MOBEPXHOCTH, & TAK)KE BO3MOXKHBIE IPO-
Hecchl OMOJECTPYKLMU MOJIMMEPOB 34 CUET OesITeNIbHOCTH MUKpPOOpraHn3MoB. IIpu 3ToM pa3Hble BUABI
[UIACTHKA MOTYT OTJIMYATBCS HE TOJIbKO MEXaHUYECKOH MPOYHOCTBIO, HO U YCTOWYHMBOCTBIO K OMOECTPYK-
II1M, BBI3BIBAEMON MHKPOOPraHU3MaMU. DKCIIEPUMEHTHI ¢ KOJIOHM3alKel TOBEPXHOCTH BUIOB IUIACTH-
Ka, pa3HbIX 10 COCTaBYy U MEXAHUYECKOH MPOYHOCTH, MO3BOJISIIOT MOJYYUTh IMUPOKUI CIIEKTP pe3yiib-
TATOB, aKTyalbHBIX HE TOJBKO JJIsI IOHMMAHKs COBPEMEHHBIX MPUPOIHBIX MPOIIECCOB C YYaCTHEM ILa-
CTHKA: 3TH Pe3yJIbTaThl BAKHBI U JJIsI IPIMEHEHUs] B HEKOTOPBIX 00JIACTSAX Pa3BUTHsI TEXHOJOTMH (Ha-
MpUMep, NpU CO3JaHMM KOMIIO3UTHBIX MaTepHasoB). B yacTHOCTH, MpeACTaBasAOT OOJIBIION MHTEpec
uccneioBaHus OopM U MEXaHM3MOB YCTOMYMBOHM KOJOHHU3ALMKM OCOOO MPOYHBIX MOJMMEPOB BUAAMU
JMATOMOBBIX BOZIOPOCJEH M3 COCTaBa MPUPOAHBIX cOOOLIECTB. 3a cu€T oOpacTaHus MOBEPXHOCTH OCO-
60 MPOYHBIX CHHTETUYECKUX MOJIMMEPOB AMATOMESIMUA BO3MOKHO (POPMUPOBAHKE EIMHOTO THATOMOBO-
MOJIMMEPHOTO KOMITO3UTA, OOIIHE CBOMCTBA KOTOPOTO ykKe CYNIECTBEHHO OTIMYAIOTCS OT CBOUCTB MOJIH-
Mepa Kak TakoBoro. Hampumep, ipu oOpactanuy nosmMepa JUaToMesiMH, TUIOTHO YeP:KUBAIOIIIMHUCS
Ha €ro MOBEPXHOCTH 3a CUET (PU3HOJIOTMUYECKMX MEXaHU3MOB, 00ECIIeUMBAIOIINX UM HAIEKHYIO (prKca-
LI1I0, CyMMapHasl TUIOIIA/Ab TOBEPXHOCTH KOMIIO3UTA BO3PACTAET Ha 2—3 MOPSIKA 110 CPABHEHUIO C TAKO-
BOM roJioro nojimMepa. Takre KOMIIO3UTHI U UX CBOKCTBa (POPMUPYIOTCS 32 CUET MEXAHU3MOB KOJIOHH-
3aliK CyOCTPATOB, UCHIOIB3YEMBIX AUATOMESIMU U3 €CTECTBEHHBIX MOPCKHX LIEHO30B, — IPU NepeHece-
HHUM 3THX MEXaHW3MOB Ha HOBBIH, MEPCHIEKTUBHBIN I 3aceIeHUs JUaToMesIMH MaTepuaj. BozMoxHo-
CTH TPAKTUYECKOTO MPUMEHEHHUS STUX KOMIIO3UTOB JIeXaT B cepe Terio- U 3ByKOU3OJIAINH, a TAKKe
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B 00JIaCTH CO3/IaHUS POTE3UPYIOIIEH TKaHH IPU ONepalysX Ha KOCTAX. B Hammx skcrnepuMeHTax ot-
CJIEKEHBI TTOC/IEOBATE/IBHOCTH Pa3BUTHSI YCTOMUMBOIO KOMIIO3UTA MPHU KOJIOHU3ALUM JTUATOMESMH TO-
BEPXHOCTU 00Pa3LoB 0c000 MPOYHOIO CHHTETUYECKOTO MOJIMMEpa, CTOMKOro K kopposuu. [Iponecc 3a-
cesieHusI 00pa3loOB MPOUCXOIU Ha Ga3e cooOIIecTB, cYOPMUPOBAHHBIX B HAKOMUTEIBHBIX KYyJIbTypax
U3 MPUPOAHON MOPCKOi cpenpl. OOpasibl CBEpXBBICOKOMOJIEKYJISIPHOTO MOJIMITUIICHA HU3KOTO JaBJie-
Hust (CBMIID) ¢ maakoi v moprCcTol CTPYKTYPOR MOBEPXHOCTH (C OTKPHITON sTYeiKoH, 10 80 0ObEM-
HBIX % MOPUCTOCTH) OBUIH TTOABEPTHYTH! KOJIOHM3AILMY MaTOMOBBIMH BojiopocisimMu Karayevia amoena
(Hust.) Bukht., 2006, Halamphora coffeaeformis (C. Agardh) Levkov, 2009 u Halamphora cymbifera
(W. Greg.) Levkov, 2009. JlabopaTopHble 9KCIIEpMMEHTHI POIOJIKAINCE TP Heneau. HakonmresbHble
KYJIbTYPBl MUKPO(UTOB, Ha Oa3e KOTOPBIX MTPOBOIMIIM IKCIIEPUMEHTBI, ObUTH NOJTy4YeHbl 13 Bantuiickoro
Mopsi (paiioH r. bantuiicka, Poccust) u ApaBuiickoro mops (paiioH r. MymOau, Uuaust). Tumsl u cra-
VY Pa3BUTHS KOJOHHUAJIBHBIX MOCETEHUI Ha pa3fIMUHBIX JIEMEHTaX MHUKpopenbeda (PpoHTATBHON TO-
BEPXHOCTH M B MOMJIEKALIMX TTOJOCTSIX W3yUYaTd C TIOMOIIIBI0 CKaHMPYIOMIETO JIEKTPOHHOTO MUK POCKO-
nma Ha oOpaslax, MOABEPTHYTHIX IMOCTAJUAHON TepMUUecKoil cymke. OtaensHble KiIeTku K. amoena,
H. coffeaeformis u H. cymbifera, ux 1LIeIOYKOBUIHBIE arperaThl U pacrnpocTéPThie KOJIOHUAJbHBIE TO-
CeJIeHHsI 3aHUMAIOT Pa3/IMYHbIe MO CTENIeHH HEOTHOPOJHOCTH 3JIEMEHTH IOBEPXHOCTH MUKpOpenbeda,
00pa3ysi CTPYKTYpPbl MOLTHOCTBIO B 1—2 cJ1051 cO cpeaHeil BbIcOTOi nocesienus 1—1,3 BBICOTHI €IMHUYHON
ocobu. Knetku K. amoena nnotHo (pUKCHUPYIOTCS Ha MOJIMMEPHOM CyOCTparte, UCIIOJb3Ysl TIOPOBBI arl-
napat HWKHEH CTBOPKHM maHiupsi. [Ipy 3ToM HaOMOAEHHS ¢ TIOMOIIBI0 CKAHUPYIOIIETO JIEKTPOHHOTO
MUKPOCKOIIA BHISIBIJIM OTIIEYATKH MAHIMpPEN Ha cyOcTparte, SIBISIONINECS MPU3HAKAMH BHEAPEHUS TO-
JIMMEPHO MOIUIOKKH B APE0JIbl THIIOTEKU. PaccMOTpeHB! MeXaHU3Mbl paclipoCTpaHEeH!sI AMATOMEN TPEX
YKa3aHHBIX BU/IOB 10 pa3IMuHbIM 35ieMeHTaM nosepxaoctu CBMIID, a takxe ¢hopMUpOBaHUS XapaKTep-
HBIX JIEMEHTOB KOJIOHHAJIBHBIX TIOCEJICHUH, B TOM uucie aisi K. amoena — nocnenoBatebHO B hopMe
«TOPUIKOB» U chep, MOCPEACTBOM B3aUMO/IENICTBH S C TOBEPXHOCTHIO MIOJIMMeEpa U €€ PacTsKEHHs 110 Mepe
HapacTaHus KOJIMYECTBA IJIOTHO MPUKPEIUIEHHBIX KJIETOK B KOJIOHMAIbHOM MOCEJIEHHUM.

KuaroueBble caoBa: nuatomed, JUaTOMOBBE Bojopociu, Bacillariophyta, konoHu3anusi miactuka,
CBMIID, ycroitunBbie MaTepUabl, TNIACTUK B MOPCKOH cpelie, aKBaKyJIbTypa

JluaTomen MHOTMe AECATWIETUs] NPUBJIEKAIOT BHUMAHUE IIMPOKOrO Kpyra Y4YEHBIX M3-3a CBOEH po-
JIM B 9KOJIOTMU OUOChEpHl B 1EJIOM — KaK MPOU3BOJUTENM MTPUMEPHO Y4 3eMHOTr0 OPraHMYecKOro Be-
IIECTBA U TOYTH Y3 BCEro reHepupyeMoro Ha ruiaHete kuciopojga. CpaBHHTENbHO HeAaBHO B cdepe
MaTepHuaJoBeIeHUsI HAYaI0Ch U3yUeHHe UepapXrUuecKod MHOTOYPOBHEBOM OpraHu3aliviu, HaOI0aaeMoi
B YCTPOICTBE MaHIMpEl ITUaTOMOBBIX BOAOPOCIEH, M, KaK CJEJCTBHE, UX OMOMEXaHWYECKUX XapakTe-
puctuk. [TogpoOGHO paccMOTpEeHbl MHOTHE aCTIEKThl B3aMMOIEHCTBUS KJIETOK C pa3iMYHBIMHU CyOcTpaTa-
Mu [6;7;14;15;16; 17 ;24], onHaKO aAEKBATHOTO OTBETA Ha Psiji BOIIPOCOB /IO CUX MOp HeT. bosee riy-
O0KOe MOHMMaHKe YIOMSIHYTHIX aCMIEKTOB OKHIAIOT MOIYyYUTh Oarogapsi UCMOIb30BAHUIO COBPEMEHHBIX
metooB FIB-SEM (focused ion beam scanning electron microscopy, CKaHUpYIOLIasl 3J1€KTPOHHAS MHUK-
pockomnus ¢ (POKyCUpPOBaHHBIM MOHHBIM ITy4ykoM) [6 ; 20 ; 25]. [IpuMeHeHne TEXHOJIOTUI aKBaKyJIbTY b
MOET PacIIMpPUTh UCTIOIb30BAHUE JUATOMEN B KAUeCTBE YCTOMUMBOIO pecypca Uisi OMOTOILIMBa, OMOMU-
HepaJIM3aliy U MPOU3BOJICTBA MaTepUasioB. Kak BaKHYIO 9KOJIOTHUYECKYI0 IPOOJIEMY paccMaTpUBaIOT Celd-
Yac v MOTEHIUATbHYI0 OMOJIETPaIalMIo 3ar PS3HSIOIIUX THAPOcdepy MOJMMepOB C TIOMOIIIbI0 0OpacTaHus
HUX guatoMesmu [2 ;6 ;22 ;23 ;26].

CBepXBBICOKOMOJIEKYJISIPHBII MOJIMITUIIEH HU3KOro aaBieHus (aanee — CBMIID), kommepuuanusu-
poBanHbIi Kommanuei Celanese [9], mpencrapiser coOOH MoaMMEp ¢ BHICOKUMH MEXaHUYECKUMH Xapak-
TEPUCTUKAMH, UCIIOJIb3YEMBIN B MOPCKOW MPAKTHUKE ISl U3TOTOBJIEHUS KaHATOB M mapycoB ¢ 1990-x rr.
B cuity 6vonHepTHOCTH, a TaKKe MPUEeMIIEMbIX MEXaHUYECKUX CBOWCTB M M3HOCOCTOMKOCTHU PacTET ce-
pa npumeHenusi CBMIID B xupyprum — 1npu CO34aHUM UMIUIAHTOB KOCTEM U CYCTaBOB, a B MOCJIE/IHEE
BpeMs U B IIpolieccax PeKOHCTPYKLMM Ha KJIETOYHOM YPOBHE, B KauecTBe ckad@oJi10B 151 TKAHEBOU WH-
xeHepuu [13]. Byayun KOJOHM3MPOBAHHBIMM ME3€HXMMAJIbHBIMU CTPOMAJIbHBIMU KJIeTKaMu, ckaddoJ-
apl 13 CBMIID ¢ OTKPBITON MOPUCTOCTHIO JIEMOHCTPUPYIOT BBICOKYIO CITIOCOOHOCTh K OCTEOMHTETrPAIUH
Y BackyJisspu3auuu [21].

OcHOBHas ujess JAHHOTO MWCCIIEIOBAHUS COCTOUT B CIEAYIOIIEM: €CJIM OTIEJIbHbIE BHIBI AUATO-
Mell M3 MPUPOAHBIX MOPCKUX COOOIIECTB CHOCOOHBI KOJIOHU3UPOBATh TOBEPXHOCTh PA3IMYHBIX BHUIOB
mactuka [4 ;5 ; 6], B Tom uricie CBMIID, To B psizie ciaydyaeB 3TOT MPOIECC MOXKHO KBaTU(DUIIMPOBATD
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Kak croco® CO3[JaHusi HOBOTO Kjlacca OMOKOPPO3MOHHO- M Ae(OpMAaIIOHHO-YCTOWYHMBBIX MaTepH-
QJIOB — JIMATOMOBO-TIOJIMMEPHBIX TUOPHUIOB. TeopeTHueckn MOXHO PacCMOTPETh pPsifl IMPOIIECCOB,
COIPOBOKAAIIINX KOJOHU3AIMIO CUHTETUYECKOTO TIOIUMEpa:

A. «IToBepxXHOCTHas OJHOCJIOMHAS KOJIOHM3ALWs» MPONIET Oe3 CyImecTBEeHHON nposdepany IuaTo-
Mell B ITyOuHy cyOcTpata 3a CY€T OTCYTCTBUSI €ro MOPUCTOCTH. B ciiyyae eciu KOJOHU3MPOBAaHHAS
MIOBEPXHOCTh OyJEeT pa3pyIiaThCsl B pe3ysibTaTe OMoaerpagaliu, C TeYeHUEM BPEMEHU 3TOT MPoIiecc
3aBEPIIUTCS JE3MHTErpalvei MOJIMMEPHBIX U3JIe/IUi Ha (PparMeHThl pa3IMYHOrO pa3Mepa, YTo MOKET
OBITh MCTIOJIB30BAHO KaK TEXHOJIOTHsI OOPBOBI € 3arpsi3HEHUEM CPebl MAKPOCKOITMYECKUM TLTACTHKOM.

b. B npoTHBOIIOJIOKHOCTH «TTOBEPXHOCTHOM OIHOCJIOMHON KOJIOHU3AIIUW», HA TIOBEPXHOCTU OMOCTOMKHUX
MOJIMMEPOB BO3MOKHO Pa3BUTHE TOBOJILHO TOJICTOTO, TNIOTHOTO M MEXaHUYECKHU IPOYHOTO MHOTOCJION-
HOT'O TIOKPBITHS ¢ OapbepHBIMU U IPYTUMH CBONCTBAMU, [IEHHBIMH /151 TPAKTUYECKOTO MPUMEHEHHU .

B. «Kononuzaius o0béma» U3-3a MHTEHCHBHOW Nposvdepaltuy B IIIyOUHY MOPHUCTOrO (SYErCTOro) mo-
JIMMepa CO3JacT, KaK OXKHMIACTCs, YCTOWIUBBIA OOBEMHBINA JHATOMOBO-TIOJIMMEPHBIA KOMITO3UT C IIIU-
POKMM CIHEKTPOM TEXHUYECKUX XapaKTepPHCTHUK, MMEIONIMX OOJIbIIOe 3HAYCHUE /ISl PelleHUs] KOH-
CTPYKITMOHHBIX, TPHOOJIOTHUECKUX, (PHIBTPAIIIOHHBIX M TETUIOBBIX 33]1a4, a TaKXke [UIsl UCTIOJb30Ba-
HUSA B cepe BUOPO- U 3BYKOM3BOJIALIMU. Paciimpenue crekTpa BO3MOKHBIX TPUMEHEHU 00yCIIoBIIe-
HO CYIIECTBEHHBIM POCTOM CYMMAapHOM IMOBEPXHOCTU KOMITO3UTa — Ha 2—3 MOpsIKA MO0 CPAaBHEHUIO
C HEKOJIOHM3UPOBAHHOW MOBEPXHOCTHIO TIOJIMMEDA.

[Mockoneky CBMII3 o6aagaeT 3HaUMTEIbHOM XUMUUECKOIN U OMOJIOTMUECKOI YCTOMUMBOCTBIO, OH SIB-
JIsIeTCsl BaXHBIM KaHAUJATHBIM MaTepUaoM Jisi U3y4YeHHsl Mpolecca KOJOHU3AIUU ero MOBEPXHOCTU
1 00bEéMa. B 3TOM HcciieioBaHIM MbI OOCYIMM TIEPBbIe Pe3yJIbTaThl IO CTPYKTYPHBIM aCIIEKTaM B3aMMO/IeH-
CTBUSI MOPCKHX IMATOMOBBIX BOJIOPOCIIEH U3 TPUPOIHBIX COOOIIECTB MUKPO(PHUTOOSHTOCA C IIOBEPXHOCTHIO
nopucroro CBMIID.

MATEPUAJI 1 METO/1bI

Jlns1 u3yueHus rporiecca KOJIOHU3AIUY MMOBEPXHOCTU UCTIOIb30Bau 00pasiibl CBMITD aByx TunoB —
aKkue ¥ nopuctbie. OOpasibl 000MX THIIOB SKCIIOHMPOBAIM B HAKOMMUTENBHBIX KYJIbTypax AWATOMEH,
BBIJIEJIEHHBIX C TIecuaHol smtopa: | — B p-He 1. MymOan (Apasuiickoe mope); Il — B p-He 1. BanTwii-
cka (Kanuuunrpanckuii 3auB, bantuiickoe Mope). B 06erx HakOMUTeNTbHbIX KYJIbTYpax JUaTOMEU POCiH
MIPU €CTECTBEHHOM PACCESITHHOM CBETE, B YCJIOBHUSIX YepelIOBaHUsI AHS U HOYM (HA MOJIOKOHHHKE B JIabo-
patopuu MHctutyTta okeanosorun PAH), B inanazone tremneparyp +5...+30 °C (ot Haubosiee X0JOAHBIX
3UMHHX MecCsIeB K HanOoJjee TEMIbIM JIETHUM), TOKPbIBAsI CTEHKU |-JIMTPOBBIX JIAOOPATOPHBIX COCYIOB
13 nojuaTwieHtepedranata (nanee — [IITP) u nonmustunena Huzkoro gasienus (nanee — [TH]L). Pocr
KyJIbTYP IPOUCXOIUIT O€3 JIOTIOJTHUTETLHOM a3palliy, B TOM ke 00bEME BOJIBI, B KOTOPOM OHM OBLTH JIOCTAB-
JIeHbl U3 MIPUPOJHBIX O1OTOMOB. CONEHOCTh MOPCKOM BOJIBI B TIEpBOM cocyae coctasisiia 30 %o, BO BTO-
poM — 5 %o. Bo3pacT KysibTypsl I K MOMEHTY Hauyalla 9KCIIEpUMEHTOB 10 KOJIOHU3AIMU cocTaBui 21 me-
cau, KyapTypsl II — 20 mecsues. B kysbtype I nomununposanu npencrasurenu poaa Halamphora (Cleve)
Levkov — Halamphora coffeaeformis (C. Agardh) Levkov, 2009 (puc. 1c—e) u Halamphora cymbifera
(W. Greg.) Levkov, 2009 (puc. 1f); B kynsrype Il — Karayevia amoena (Hust.) Bukht., 2006 (puc. 1a, b).

Bri0op ycnoBuii KyJbTUBHPOBAHKS — JOCTATOYHO KECTKUX JJII MOPCKMX OCHTHUYECKHMX TUATOMEM,
B3STHIX M3 MPUPOAHON Cpefbl, — ObUI MPOAMKTOBAH HEOOXOAMMOCTBIO TOJyYeHHUS] CMEIIaHHBIX HaKO-
MUTEJIbHBIX KYJIbTYP U3 HECKOJbKUX BUJOB, MAKCUMAIILHO MPUCIOCOOIEHHBIX K COBMECTHOMY Pa3BUTHUIO
Ha MPOTSKEHUU JAJIUTEIbHOTO BPEMEHHU MPHU OTCYTCTBUU JOTIOJHUTEILHON adpaliuyl U OAKOPMKHU OHore-
HaMM U3BHE U IIPU CYLIECTBEHHbIX U3MEHEHUAX YCIOBUI OCBELIEHUS U TeMIIepaTypsl cpefibl. PakT Koo-
HU3ALMHU TOBEPXHOCTH CTEHOK COCYJOB Pa3HBIMU BHJAMU JUATOMEH 3aCTyKUJI 0COOOTO BHUMAHUS U CTaJl
OCHOBOM /ISl 9KCHIEPUMEHTOB ¢ Kosionn3aruein CBMITD.

O6pa3upl magkoro CBMIID nosydeHsl MyTEM TEPMHUYECKON Hape3KH IJIOTHOTO (HE MOPUCTOro) Liu-
JUHIpA AUAMETPOM 26 MM Ha «TaOJeTKW» BBICOTOM 2—3 MM C BHIIJIAKEHHBIMH 32 CUET OIUIABJICHHUS
MOBEPXHOCTSIMM.
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Puc. 1. HauGonee maccoBbie BB AUATOMEH, CPOPMUPOBABIIIX OOPACTAHUS HA TOBEPXHOCTH 00Pa3IOB IIOPH-
croro CBMIID: a, b— Karayevia amoena (B HakonutesbHOU KyJbType I1); c—e — Halamphora coif feaeformis;
f — Halamphora cymbifera (B HaKOnUTEIbHOU KybType I)

Fig. 1. The most common diatom species that formed fouling on the surface of porous UHMWPE samples:
a, b — Karayevia amoena (in storage culture II); c—e — Halamphora coif feaeformis; f — Halamphora cymbifera
(in storage culture I)

Oo6pasis noprctoro CBMIID M3roToBieHsl B COOTBETCTBUM C METOJIOM, TipeAcTaBieHHbIM B [12]. Cme-
mmBasii opomok CBMITD (4120 GUR Ticona®) u nuineByio kamenHyio cojib (NaCl) ¢ pazmepom yacTuil
nopoika 80-700 mkm. Cyxyio cMech C BECOBBIM COOTHOIIIEHHEM KOMIIOHEHTOB 1 : 9 OCTOpOXKHO Tiepe-
MeIIMBaJIM C UCNOJIb30BaHUEM IUIaHeTapHO mapoBor MenbHULB! Fritsch Pulverisette 5 (Fritsch GmbH,
I'epmanusi) B aratoBeix 6apadanax (00bEM — 500 MIT), 3aMOTHEHHBIX IAPHUKAMHU KOPYH/IA C JUAMETPOM
8 MmMm. Tepmuueckylo npeccoBKy ocyiecTsisaau noa Harpyskor 70 MIla npu +180 °C. Janee ynaneHue
COJIM NTPOBOJIMJIM C UCHOJIb30BAHUEM JTUCTUILIMPOBAHHOW BOJIbI IIpU +60 °C ¢ MOMOIIBIO YJIbTPa3ByKOBOM
MOWKH. [JaHHBIH mporiecc MpUBENT K 00pa30BaHMIO IOPUCTBIX CTPYKTYP C OTKPHITHIMU MOPaMH, C 0OBEMHON
MOPUCTOCTHIO OKOJIO 80 %.

JI71s1 oJTyYeHnsT SKCIIEPUMEHTATBHOTO 00pOCTa MOBEPXHOCTH iagkoro v nopucrtoro CBMII (c pas-
HBIM MHUKpPOpebeOM MOBEPXHOCTH) Pa3INYHbIe €ro 00pasiibl — MO TP MOBTOPHOCTH JJIST KAXKA0TO —
ObLIM SKCIIOHMPOBAHbI B HAKOMUTEIBHBIX KYJIbTYpax Ha Mepuop 21 cyTKU MpU MOCTOSTHHOM PacCessHHOM
ocBelleHuu ceeroguonHor gammnoi LED1106 G2 2.3 W, 18 mA, 35 Im/W. Pazmepsl IpsAMOYroJIbHBIX
o6paznos nopucrtoro CBMIID cocrasisim 40x19x3 MM, quameTp riaagkux oopasnoB — 25 mwm. Ilo aBa
nabopatopHbix cocyna u3 GectieTHoro [I9T® u [TH]L €mkocTbio 1 J1 ¢ HAKONUTENLHBIMU KYJIBTYPaAMU
pacrosiaraJiuch Ha pacCTOsIHUM 45 cM OT UCTOYHHMKA cBeTa. VIHTEeHCMBHOCTB OCBeLeHus cocTaBiisiia 135 Jik.

TpéxHenenpHas MPOJOLKUTEIBHOCTh SKCIIEPUMEHTAa OOBSCHAETCS TEM, YTO K KOHILy 3TOrO NepHo-
Ja Ha moBepxHOCTU 00pa3noB noprctoro CBMIID chopmMupoBamuch oOMIMpPHBIE POCCHIMU OYpbIX Tsi-
TeH OOpacTaHWsi, XOPOIIO pPa3IMYMMble HEBOOPYKEHHBIM IJIA30M. DTO TO3BOJIIO TEPEUTH K CTaJuu
MHUKPOCKOIIMPOBAaHUS MaTepHaa.

B cocynax 1 u 2 Ha crenkax (II9T®) pociu kosloHMAIbHBIE TOCEJEHHS AUATOMEN U3 HAKOITUTEIbHOU
KyJbTypsl II; B cocynax 3 u 4 Ha crenkax (ITH]I) — kosioHuasbHbIE OCEJEHUS TMaTOMEN U3 HAKOIUTE b-
HOM KyJbTyphl 1. B cocyne 1 axcrionnpoBanbl: nopuctsiii CBMITD, o6pasiisl Ne 8 1 9 — 1o Tpy HOBTOpHO-
CTH, B [IBa ps/ia, IO TpU B psid. B cocyne 2 sxcrionnpoBanbl: mopuctsiii CBMITD, obpazer Ne 10 — tpwu mo-
BTOPHOCTH, BEPXHUM PSIOM, U «TabjeTku» riagkoro CBMIID — Tpu NMOBTOPHOCTH, HUKHUM PSIZIOM.
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B cocyne 3 3KCIOHMPOBaHBI, TIO AHAJIOTUH C cocyaoM 1, oopasisl moprucroro CBMIID Ne 1 u 2. B cocy-
e 4 SKCIIOHUPOBAHBI, TIO AHAJIOTHUH € cocyoM 2: obpasernt mopuctoro CBMIID Ne 3 B Tpéx mOBTOPHOCTSIX
U Tpu «TadneTku» ragkoro CBMIID. Oo0ias cxema sKCriepuMeHTa MpUBe/ieHa Ha puc. 2.

Puc. 2. O6mas cxema sKcrnepuMeHTa ¢ 00pacTaHueM IMOBEPXHOCTU 00pa3LoB opuctoro 1 magkoro CBMIID
MOPCKMMHM BHJIAaMM AMATOMEN M3 COCTaBa PA3MYHbIX HAKOIUTENbHBIX MOJUKYJIbTYp. la — cxema 3Kclie-
pPUMEHTa, BUJ CBEpXy: A — MuHH-akBapuyMmbl (1-murpoBbie OyToUIKH) U3 [I9T®; b — MuHU-akBapuyMbl
(1-marposeie OyThuiki) w3 [MTHI; B — oOpasiipl, pacnosiokeHHble MOj yIIOM K HCTOYHUKY OCBELICHWS;
I' — c70ii KOJIOHMAJIBPHBIX MOCEIEHUH JUaTOMel Ha CTeHKe OyThUIKHM; [ — BEKTOp HalpaBJIeHHs] CBETOBOTO
HIOTOKA OT UCTOYHMKA. 16 — cxema pacnosioxeHHst 00pa3noB B OyThuikax Ne 1 u 3: E — o6pasipl mopucto-
ro CBMII3; 3 — rpyHT co nHa mMopsi; I — MmenHas npoBosioka, ¢ukcupymomas odpaseny CBMIID B Boge,
y cTeHKHU OyThUIKH; K — ypoBeHb MOpCKO# BOIIbL. 1B — cxema paciiosiokeHus 00pasuoB B OyTeuikax Ne 2 u 4:
K — o6pasus ragkoro CBMITD

Fig. 2. General scheme of the experiment with colonization of the surface of porous and smooth UHMWPE
samples by marine diatoms from various storage polycultures. 1a — scheme of the experiment, top view:
A — PET-mini-aquariums (1-L bottles); b — HDPE-mini-aquariums (1-L bottles); B — samples located
at an angle to light source; I — layer of diatom colonial settlements on the bottle wall; I — vector of the direction
of the light flux from the source. 16 — layout of samples in bottles No. 1 and 3: E — porous UHMWPE samples;
3 — sea soil; U — copper wire fixing UHMWPE sample in water, near the bottle wall; K — seawater level.
1B - layout of samples in bottles No. 2 and 4: 2K — smooth UHMWPE samples

B xone axcniepumenTa o6pasipl CBMIID Obutn noaBelieHsl B TOJIIE BOJbBI, HA MPOJIEBHBIX METIAX
u3 MeaHou nposoiioku (Glorex, 20 m X 0,4 MM, ¢ aHTUKOPPO3MOHHBIM TOKPBITMEM) Ha PACCTOSIHUU
5-10 MM OT CTEHOK aKBapHUyMOB, IMOKPHITHIX UATOMOBBIMU OOpacTaHusIMH, 1of yrioM 30—40° Kk ucrod-
HUKY cBeta. OOpoct BuoB pona Halamphora nonyden Ha oopasiax Ne 1, 2 u 3 (110 Tpy MOBTOPHOCTH
Ui KaxkJoro), Buna Karayevia amoena — na oopasiax Ne 8, 9 u 10 (tak:ke B TpEX MOBTOPHOCTSAX). B xo1€e
9KCIePUMEHTOB He MPOU3BOJMIN KOHTPOJIbHBIX MU3BJICUEHUI 00pa3IOB HAa MPOTskeHUH 21 CyTOK KCMo-
3ULIMU, TIOSTOMY HE MPEJCTABISETCS BO3MOXKHBIM OIPEAETUTh BPEMsI U MECTO IMOSIBJICHUS MEPBbIX KJIETOK
AMaTOMEN Ha KOHKPETHBIX oOpa3iiax.

[Tpu moarotoBKe 0OPa3LOB A1 MUKPO(DOTOCHEMKH C MOMOIIIBIO CKAHUPYIOIIETO IEKTPOHHOTO MUK PO-
CKOIA MPUMEHSTM HOBYIO aBTOPCKYI0 METOJUKY TPEXCTAAUINHON CYLIKU: SKCIIO3UIUS B CYIIMJIBHOM IIIKa-
¢y mpu +50 °C — 8 u; npu +80 °C — 3 y; npu +100 °C — 1 u. [IpennoxeHHass MeToguKa, HUTJE
He OImyOJIMKOBaHHAsI MTpex /e, Oblla OCHOBAHA:
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1) Ha pe3yabrarax 3xkcnepumeHToB ®@. B. CanoxHUKOBA MO CYyIIIKE IUATOMOBOIO MEpU(PUTOHA HA HUT-
YaThIX BOAOPOCISX B CYIIMIBHOM IIKady, MpoBeAEHHBIX B 1996 1. Ha BenoMopckoi G1oIornyeckoi cran-
1 MI'Y, 11e1610 KOTOPBIX OBLITO CO3/IaHKE MOCTOSTHHBIX MTPENapaToB U3 BBICYIIIEHHBIX TAHIIMPEn AUaTOMEH
Ha MOBEPXHOCTU HUTYATOK O3 MOTepy MPOCTPAHCTBEHHOW OpraHU3aIvy nepuuToHa;

2) Ha JaHHBIX 00 m3MeHeHuw cBoiictB CBMIID npu HarpeBe, MO3BOJISIONIMX OILIEHUTH CTETEeHb
TUIOTHOCTH ACCOIMAIMY TAHIMPEN ¢ IOBEPXHOCTHIO 00pasiia.

Temrieparypa +80 °C — 1ot nipenei, 3a koropsim CBMITD HaunHaeT pa3MAryarhes, mpuoopeTas CBOu-
cTBa ryctoi cMojibl. OHAKO MeJIKMe AUaToMeH, Takue Kak K. amoena (ayHOU A0 15 MKM), Ipu 3TOM
HE MOTYT IOTPYyXkaThCsl B TOJIIY JAHHOTO IMOJIMMepa 3a CYET COOCTBEHHOTO Beca, MOCKOJIbKY MX Macca
CJIMIIKOM MaJa, yaesibHasi TOBEPXHOCTh IIMPOKUX OBAJIOMIOB BPAIeHHUsI, KAKOBHIMU F€OMETPUUECKU SIB-
JISIOTCS UX MAHLMPH, JOBOJBHO BEJIMKA, a MATKOCTh CaMOTro cyOcTpara Jyist 9TOro HegocraTtouHa. JJokasa-
TEJILCTBOM CJIYKUT U TOT (PaKT, UTO OOJIee KPYIMHOKJIETOUHbIE BU/IB TUATOMOBBIX, HCIIOJIb30BaHHbBIEC B IKC-
nepumenTtax (Halamphora coffeaeformis u H. cymbifera, umeromue nnuHy meHee 30 u 50 MKM cCOOTBeET-
CTBEHHO M TeOMeTpUYecKyio (hopMy HMIMPOKOro OBAIOK/A BPAIIEHHUsI) HE MOTPYKaIKCh B TOJIILY MOJIMMe-
pa npu Harpese cBbile +80 °C. oGaBum, uto npu +90 °C Ha oOpasuax CBMIID HauMHaeT cKa3blBaThb-
cs apdext namaTu popmbl (pacxoxee MaTepuaioBeJIeckoe 0003HaAUEHUE ITOTO MpoIecca — «IHIUHIP
CYXaeTcsl ¥ BHITATUBACTCS» ), 32 CUET Yero MeJIKHe MPeIMEThI, MOrPy3UBIIMECS B HETO MO/ COOCTBEHHOM
TSKECTBIO, BBITAJIKUBAIOTCS HApYyKy. TakuMm 0Opa3oM, Tocsie (prHATBHOTO STara CYIIKH Ha TPOTSKEHNH O1-
Horo 4vaca npu +100 °C nHe ciegoBayio oxuaath 3¢g¢eKTa CIIOHTAHHOTO BIUIABJICHUS MAHIIUPEN AUATOMEN
B TIOBEPXHOCTb ITOro nojumepa. Ckopee, pu HETUIOTHOW acCOLMAIIMY C TTOJTMMEPOM OHU Obl OTAEIUIINCH
OT TIOBEPXHOCTH 3a CYET BHITATKUBAIOIIETO 3hdekTa namsatTi opMbl.

O06pa3siipl, SKCIIOHUPOBABIINECS B HAKOMUTEIbHON KyabType I, mocie nepBUYHON CYIIKU ObUTH CHITh-
HO TIOKPBITHI COJIBIO, TIOSTOMY MX JIOMOJIHUTEIbHO OTMBIBAJIM MOCPEICTBOM JIBYXCYTOUHOU IKCMO3ZUIIUU
B IUCTUJLISATE, a 3aTeM CHoBa cymuau 4 4 ripu +60 °C.

MukpodOTOCHEMKY AUATOMOBOTO 0OPOCTa MPOBOAWIH ITpH yBemueHuH oT X500 1o x700 ¢ moMompio
TPEX CKaHUPYIOIIMX IeKTPOoHHBIX MUKpockonos: Hitachi TM 1000, Tescan LYRA u Tescan MAIA3.

[Moacuér maHuperd Ha moBepxHOCTH 0Opasnor CBMIID mpoBoauiM BPy4HYIO MO MUKPOGOTOrpa-
(pusiM, momeuasi yUTEHHBIE FK3EMIUISIPhl B COCTaBE KaK IIEMOYEK, TaK U «IUIAIEBUIHBIX>» MOCEICHUI.
[Tpu BbIAETIEHUU TUCKPETHBIX MATEH UCIOIb30BATM MapKEphl pa3HbIX IIBETOB. KolmvyecTBO MHTEPBAJIOB
MIPU BbIJIEJIEHUU PA3MEPHBIX KJIACCOB MSATEH MPUMEPHO MOJCUYUTHIBAIM 110 (hopMmyie:

h=2(IQ)n"'/3,

rae h — anuHa uHTepBaIa;
(IQ) — pa3HuIa Mex 1y BEpXHUM U HUKHUM KBapTuiiem (1o popmyiie @punmana — JInakonuca [8]).

PE3VIJIbTATBI 1 ObCY XJIEHNE

Kosonuzaruu noBepxHocTH 00pa3ioB miaakoro CBMITD He mpou3oluio HM B OJHON M3 HAKOIH-
TEJIbHBIX KYJBTYP JUATOMOBBIX Bojopocieil. [ToydyeHHblil pe3yabTaT BakeH B CUJIy €ro MOTeHIMAIbHO-
0 IPUMEHEHHMS TTPU KOHCTPYMPOBAHUU MOPCKUX HEOOPACTAIONIMX TOABOIHBIX KOHCTpYyKImi n3 CBMITD
C IJIAAKOM MOBEPXHOCTBIO.

DKCIEPUMEHTHI C KOJIOHU3AIMel oBepxXHOCTH 00pa3ioB nopuctoro CBMIID nokazanu psif BaKHBIX
0COOEHHOCTEH TOro MPOoIecca, B TOM Yuciie OOIIMX, Y Pa3IMuHbIX BUJOB AuaToMel. Tak, B HAKOUTEb-
HBIX KyJIbTYpax, IJe Ha MeCYaHoM cyOcTparte pa3BUBAIMCh MHOTHE BUIBI TUATOMEN, a HA CTEHKAaX SKCIepHU-
MEHTAJTBHBIX COCY/IOB MOCEIISIIMCH TOJIbKO HECKOJILKO BUJIOB C TIPe00JiaJaHieM Ha3BaHHBIX BBIIIIE, TIEPEILTHA
Ha 00pasiel CBMITD nuiib oT/Ie/IbHbIE TAKCOHBI.

Tak, HakormTenbHass Kyiabrypa Il HacumthiBana 10 BumOB OeHTHMYeCKMX [uatomei. M3 HUX
Karayevia amoena 06pa30BbIBaJl MHOTOUYHCIICHHBIE U TUIOTHBIE KOJIOHUAIbHBIE TIOCEIEHHS HA CTEHKaX CO-
cynoB u3 [I9T® u pazpexeHHble TIOCEEHUsI — Ha TIECUMHKAX Ha AHe EMKOCTH, Melosira nummuloides
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C. Agardh — HeMHOrOYMCJIEHHBbIE KOPOTKHE LIETTOYKH, a OCTaIbHBIE BUbI U3 poaoB Amphora Ehr. ex Kiitz.,
Diploneis (Ehr.) Cleve, Nitzschia Hassall u Fallacia Stickle et D. G. Mann 4acto BcTpedasluch Ha TIECKe
M M3peJKa — Ha CTeHKax cocyna. 13 HakonurenbHO# KyabTypsl 11 nepernum kK oOuTaHuio Ha HOBOM Cyo0-
cTpate (MMOPUCTOM MOJIAITUIEHE) TOJBKO J1BA NIEPBBIX YIIOMAHYTHIX BUIa — K. amoena n M. nummuloides.

HWccnenoBanus ¢ TOMOIIBIO CKAHUPYIOIIETO JIEKTPOHHOTO MUKPOCKOIA HE BBISIBUIM Pa3BUTHS Ha 00-
pasuax CBMIID GakTepuanbHbIX KOJOHUI. B cBolo ouepens, K. amoena cropmupoBaia Ha TOBEPXHOCTH
pa3muHbix 0OpasiioB CBMII kojioHUaIbHBIE TIOCEJICHHS PA3HBIX THIIOB.

B cocraBe HakONMTENBHOW KYJIbTYphl I oTMeuensl Tpu Buaa us poga Halamphora, nsa — Karayevia
Round et Bukhtiyarova ex Round, nBa — Nitzschia, onun — Navicula Bory. Bce 6eHTHYecKHe AuaToMen
KWIM HE TOJIBKO B MECKe Ha JJHE COCY/a, HO U Ha CTeHKax, 00pa3ys Ha HUX IUIOTHBIE MATHA KOJOHHAb-
HBIX [TOCEJIEHUH, B COCTaBe KOTOPBIX AoMHUHUpoBaia H. coffeaeformis. Ha obpa3uax nopuctoro CBMIID
MOCEIMIIUCh TOJBKO H. cymbifera, H. cof feaeformis u K. amoena. Tpetnii Bug B KyibType [ nmen mopgo-
JIOTUYECKHME OTVIMYMS OT TAKOBOTO B KyJsbType 1l 1 BCcTpeyascs penko, OTIENbHBIMY KJIETKAMHU, B TO BPEMS
Kak MepBble JBa BU1a 00pa30BaIi KOJOHUAIbHBIE IOCEJIEHUS Pa3IMYHbIX TUMOB. JJOMUHUPYIOLMM BUIOM,
(popmupoBaBiM HauboJiee OOIIMPHBIE KOJOHUAIbHbIE MocesieHns Ha nopructom CBMIID, 3nech Takke
apasinack H. coffeaeformis. Ha noBepxnoct oopasuios CBMIID u B 1aHHOM 3KCIiepUMeHTe He ObUIO 3a-
(pukcupoBaHO GaKTEpUATIbHBIX KOJIOHUM, HO BCTPEYAIUCh OT/IE/IbHbIE KJIETKU NAJOYKOBUIHBIX OaKTEpUil.

Bce Tpu Buja, mokasaBmme akTuBHBIA pocT Ha mopuctomM CBMIID (K. amoena, H. coffeaeformis
u H. cymbifera), sBnsiotcst 06HTUYECKMME U BEAYT B IPUPOJIE MPUKPETUIEHHBIA 00pa3 KU3HH, KOJIOHU3H-
Py pa3iandHble CyOCTpaThl (MOBEPXHOCTh MUHEPAIBHBIX IECYNHOK U PACTUTENIBHBIX OCTATKOB, XUTHHOBBIE
MAHIMPU OTMEPIIUX OECIIO3BOHOYHBIX ). [Ipr 3TOM 1Mo Makpo- ¥ MUKpOMOP(OJIOTHH TTAHIUPS, CIOCOOHO-
CTH K aKTMBHOMY JIBUKEHHIO U CIIOCOOY 3aKpervieHusl Ha cyOcTpate TpeacTaBuTenu poaa Karayevia cy-
MIECTBEHHO OTJIMYAIOTCS OT TaKOBbIX Halamphora [3 ; 10 ; 11 ; 19]. Kpaitne manononsuxHas K. amoena
MIPUKPETUISETCs K MOBEPXHOCTH CyOCTpaTa BechbMa IJIOTHO, M BCE TIEpeMEINeHUs €€ KJIETOK CBOASITCS K TO-
My, YTO BEpXHsIs IOUEPHsisl KJIETKA MOC/Ie JeJIeHUs OTIOI3aeT OT HUKHEW Ha pacCTOsIHUE, HE MTPEeBbILIAIo-
11ee, Kak MpaBuJio, e€ UIMHbL. [{o HacTosIIero BpeMeHu He COOOIIAI0Ch O CAMOCTOSITEIbHOM NepeMelIeHIN
K. amoena Ha paccTOsTHHSI 3HAUMTENILHO OOJIbIIIE JAJTMHBI €€ TaHIMPs1. [lepeHoC KIIETOK STOro BUJa Ha HOBbIE
MecTa OOUTaHUS, CyIIeCTBEHHO yAaJIEHHbIE OT MPEKHUX, MPOUCXOIUT UCKITIOUUTENBHO 32 CUET JeWCTBUS
BHEITHUX (DAKTOPOB MPH ABWKEHUHM BOJIBI MJIH TIPY MEPEMEIeHUH YaCTHUI] yKe 3aCeJIEHHOTO MU cyOcTpa-
Ta. B 4acTHOCTH, MBI paccMaTprBaeM BO3MOKHOCTB IEPEHOCa KJIETOK Ha noBepxHocTb CBMIID (u3 co-
CTaBa KOJIOHMAJIbHBIX MOCEJIEHUI Ha CTEHKaX COCYJOB M C MOBEPXHOCTH MECYAHOIO TPYHTA) C MOMOIIIBIO
My3bIPbKOB BbIIEJISBLIETOCS MUKPO(UTAMU KUCIOPOJa, TaK KaK CTEHKH 3THX ITy3bIpbKOB, OTAEISIBIIMXCS
oT 00pocTa, yacto nmesn OypoBatsiii iBeT. Hanpotus, knetku H. cof feaeformis v H. cymbifera Benyt nipu-
KPETUIEHHBIA 00pa3 KU3HU U MAJIOTIOABKHBI, OJJHAKO BCE K€ CIIOCOOHBI NIepeMeIaThCsl Ha PacCTOSTHHUS,
BO MHOI'O pa3 MpPEeBbILIAIOIIME JAJUHY X MaHLKPS, YTO MOKET OTpakaThCsl Ha XapakTepe (popMUpyeMbIX
AMU nocesieHun [18].

Mpbl HaOo1aIu TP OCHOBHBIX BHUJA KOJIOHUAJIBHBIX MOCEJIEHUH, MEXKAYy KOTOPHIMHU CYLIECTBOBAIU
nepexoiHsle (pOpMBl. ITO MO3BOJIAET MPEAIOJIOKNTh, YTO 3aceneHue nopucroro CBMIID K. amoena
IIPOMCXOAUT B TPU MOCJIENOBATENbHBIX cTaauu. CHavana KJIETKM JaHHOW JUAaTOMEW PaclpOCTPaHSIOTCA
no cyocrpary, (opMupysl LENOYKM MEepBUYHON KOJOHM3auuu (puc. 3). s TOro OHM HMCHOJIB3YIOT
BEPXYIIKU (TpeOHU) WM K€ KpaeBble 00JIACTH CKJIAJOK M XJIONBEBUAHBIX (PparMeHTOB MOBEPXHOCTH.
LIernoyky 3TOro TUNa XapakTepU3yITCs TEPMUHAIBHBIM (BEPXYILLEUHbIM) POCTOM: OHU 00pa3yIoTCs BCIIE/I-
CTBUE [JEJIEHUS KJIETOK M AAJBbHEMILIEro NEepEMEILEHNs KakJOM BEPXHEU JOYEPHEN KJETKU OT HMKHEW
Ha HeOOJIbIIIOE PACCTOSIHUE IO MOBEPXHOCTH HanOoJiee BHICOKO BBICTYNAIOIIMX 3JIEMEHTOB MUKpOpebeda
oOpasua. MHTepKasissipHOE yIBOEHHE KJIETOK B TAKOH LIENOYKE MPOMCXOIUT JIOKAIBHO U TOJIBKO B MECTax
«BETBJICHUS1» MHKpopesbeda: K OCHOBHOMY HANPABJIEHUIO POCTa JOOABISIOTCA OOKOBBIE OTPOCTKH,
TaKXKe yIJIMHSOIINECS TEPMUHAIBHO. MOXHO IIPEANOJIOKUTh, YTO (DOPMUPOBAHUE JAAHHBIX LIETIOYEK —
3TO HE TOJIbKO NEPBUYHAS KOJOHM3ALMs IOBEPXHOCTH, HO U IPOLECC MOUCKA YYaCTKOB, Ha KOTOPBIX
BO3MOXHO 00pa3oBaHue 0oJjiee KOMINAKTHBIX KOJIOHMAIbHBIX TOCETIEHU.
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[Tpu 1OoCTHKEHUU TAKUMHU LIETIOYKAMHU Y4aCTKOB pe-
nbeda, XapaKTepu3yoIuxcs MO0 BBICOKOW TUIOTHO-
CTBIO PACHOJIOKEHUSI CKIIAJOK (B OCOOEHHOCTU Ha XOJI-
MOBHIHBIX MMOJHATHSAX), MO0, HA0OOPOT, OTHOCUTEITh-
HOW TJIAJKOCTHIO MMOBEPXHOCTHU (BKJIIOYAsl THO HEOOJIb-
MIMX JIAKyH), HAYMHAeTCsl 00pa30BaHUE IETOYeK BTO-
PUYHON KOJIOHU3AIMU. DTU CTPYKTYPbl (POPMUPYIOTCS
3a CYET yIBOCHUS yKe HE TOJIbKO TePMHUHATBHOU KIIET-
KM B IIETIOYKe, HO U BCEX OCTAJbHBIX €€ KJIETOK, JIO-
CTHUTTIIMX TAKOTO ydacTka. B pe3synbrare oOpasyworcs
MIPOI0JITOBATHIE U3BUJIMCTHIE WIIU BETBSIIMECS CTPYKTY-
Pbl U3 KJIETOK, PACHOJIOKEHHBIX B JJBa PsAa «IO MPUH-
Uy €104ku» (mapker «€énouka») (puc. 4). Ecim ne-
MOYKa MEePBUYHON KOJIOHU3AIMU UMeJia CYIIIEeCTBEeHHBIE
(umHOM X0Ts1 OBl B 1-1,5 KJIeTkM) UHTEpBaIBI (pa3pbl-
BbI), TO U3 HEE€ MOTYT 0Opa30BaThCs HECKOJIBKO IIETIO-
YeK BTOPUYHON KoJIoHU3aimu. [Ipy KBa3noJHOPOAHOM
XapakTepe MUKpopelbeda HEenouKy MepBUYHOMN, a 3a-
TeM ¥ BTOPUYHOUN KOJIOHU3AINH CTIOCOOHBI TOKPBITH T10-
BEPXHOCTh CyOCTpaTa JOBOJILHO I'YCTOH CEeThIO (pHC. 4).

[lenoyky BTOPUYHON KOJIOHM3ALMM [AIOT Haya-
JIO «sIIpaM», WM HauboJiee TUIOTHBIM, WHUIMATbHBIM
rpyImnaM KJIETOK, IIPU pa3pacTaHuU KOJOHUATbHBIX T10-
cenenuid. [Ipogokas yacTo yiBauBaThCs B COCTaBE I1e-
MOYeK BTOPUYHON KOJIOHM3ALMH, KJIeTKu K. amoena
3(ppeKTUBHO PaCTIPOCTPAHSIOTCA TO YYacTKy C BHI-
COKOH IUIOTHOCTBIO CKJIQAOK (YacTO MO «XOJIMY»)
WJIY e N0 OTPAHUYEHHOMY YYaCTKY OTHOCUTEIBHO POB-
HOW MOBEPXHOCTH, 3aTOJHSIS BCIO IOCTYITHYIO €ro IUI0-
manap. Tak hopMupyercst TpeThsl CTa U KOJIOHU3AIHH,
WJIH «TUTAIIEBUIHOE» TIocesieHue (puc. 5).

O06nactb, MOKpHIBaEMasi TAKUM TTOCEJIEHUEM, 3aBU-
CUT OT MacmTaba MpPOCTPAHCTBA 3IJIEMEHTOB MHKPO-
penbeda, obecrieunBaloliero ero passurue. OTMeTuM,
YTO 3TH OOLIMPHBIE MOCETeHUs], 00pa30BaHHbIC 3aya-
CTYIO U3 COTEH U TBICSTY KJIETOK, COCTOAT U3 OoJiee MeJl-
KUX (DparMeHTOB MO3AWKH, WU «IISITEH» CXOAHON KOH-
(uryparmu [1]. «IIsTHa» OBIBAIOT XOPOIIIO PA3THUUMBI
MO Y3KMM WM3BWJIACTHIM 3a30paM MeXIy HUMH, a TaK-
e M0 HalpaBJIeHUI0 OCell KJIETOK, U3 KOTOPBIX COCTO-
AT. DTH «IISITHA», KaK MPABUJIO, BRIJIAAAT OyropkaMu
B COCTaBe IMOCEJIeHHs], PACHOIaralTcs Mo OTHOIIEHUIO
ApYr K JIpYry MOJ pa3HbIMU YIJIaMU U COOTBETCTBY-
10T OYaraM MHTEHCUBHOTO JieieHusl KieTok. [Ipu pas-
BUTHU OCOOEHHO T'YCTOTO «ILIAIEBUIHOTO» TIOCEJICHUS
OHU OTOOPAXKAT OCOOEHHOCTH MOBEPXHOCTH MUKPO-
penbeda, Ha KOTOPOW MPOUCXOANT UX (hOPMUPOBAHME.
Ha o6pasmax CBMIID pa3nn4HOl MOPHUCTOCTH TaKue
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Puc. 3. llenoyku mnepBUYHON KOJOHMU3ALUU
nopuctoro CBMIID knetkamu  Karayevia
amoena. Ha nepesiHeM Iu1aHe HENOYKU MPOXOIAT
1o rpeGHsAM CKJIaIoK cyOcTpara (zp)

Fig. 3. Primary colonization chains of porous
UHMWPE by Karayevia amoena cells.
In the foreground, the chains pass along

the crests of substrate folds (zp)

Puc. 4. llerouku BTOPUYHON KOJOHU3AITUH
(yn2) nopucroro CBMIID nuatomeeit K. amoena.
CTpyKTypHl U3 KJIETOK, PACHOJIOXKEHHHIX B JIBa
psAJa <10 NPUHLIKITY EJIOUKHA» (IIAPKET «EJIOYKa» ).
Cy0OcTpatr HpeacTaBieH MEeJKUMU XJIONbEBH/IHbI-
MU (pparMeHTamul (x.171) OTHOCHUTEJHHO POBHOM
MOBEPXHOCTHU

Fig. 4. Secondary colonization chains
(yn2) of porous UHMWPE by diatom K. amoena.
Cell structures arranged in two rows according
to  “herringbone principle” (“herringbone”
parquet). The substrate is represented by small
flocculent fragments (xan) of a relatively flat
surface
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«IISITHA» pa3nryaoTcs oounmeM kietok. [Ipu noctmxe-
HUU Tpe/Ie/IbHOM TUIOTHOCTH YIAKOBKH, KOIJa KJIETKH
NOCeJIeHU s yiKe MOKphIBAIOT cyocTpar B 1—1,3 mIOoTHBIX
CJIOSl U HAYMHAIOT MPUIOJAHMMATHCA HaJ HUM B BUJE
Oyrpa, OHM MEPECTAIOT MACCOBO JIEJTUTHCS, KaK OTMeYe-
HO B COCTaBe OOUIMPHBIX PaCHpPOCTEPTHIX «IUIAIECBU-
HBIX» MOCEIEHUN. 3a(PUKCUPOBAHO TaKXkeE, YTO NEPHO-
AWYECKH, B YCIOBUAX MAJIOW IUIOIIAAN JOCTYITHOM OT-
HOCUTEJIbHO POBHOM MOBEPXHOCTHU, KJIETKU MPOJOJIKA-
I0T Y/IBOGHHE ¥ HAYMHAIOT aKTMBHO MPeoOpa3OBHIBATH
cyOcTpart, Kak 310 Oy/IeT OIUCAaHO HIKE.

Ha yuyactkax noBepxHocTH oOpasua Ne 8, kotopas
IIPEJCTaBIEHa B OCHOBHOM OTHOCHUTEJIBHO ITIAJKUMU
xyonbssMu wmpuHOn 20(30)-80 MKM, HM30pBaHHBIMHU
M0 KpasiM, pa3Mep LIENOYeK NEepBUYHON KOJIOHM3ALUU
kosiebascss or 2 o 12 kietok (B cpegHeM — 1o 3),
¢ mpeobOnagaHueM nenovek 1o 3—4 kietku. Pasmep
HeNoYeK BTOPUYHOW KOJIOHM3AIMM Ha CTaJuu OOWJIb-
HOro (hOpMHUPOBAHUS «EJIOUEK» U MOKPITUS CyOCTpa-
Ta T'YCTOW CEThI0 BapbUpoOBal 31ech OT 3 10 23 Kie-
TOK (B cpegHeM — 9,94), ¢ npeoOiialaHueM TeTroveK
no 6-11 kieTok (Ha UX JOJIO0 MPUXOIUIOCH CyMMap-
HO 48,75 %) (puc. 6). B cBoo ovepenp, pa3mep «Iis- ;
TeH» Kosebdancsa or 9 no 73 KJIeTok (B cpeaHeM — — o
31,01); nanbosiee KpyrnHbIE U3 HUX UMEJIM BETBHCTHIC
OuepTaHUS.

Puc. 5. BremHuil B yYacTKOB «IUTAIEBUM-
HBIX» TOCeNneHnit K. amoena Ha TOBEPXHOCTH
Me:xny TeM B CTPyKType «IUTALICBUAHBIX>» HOCENe-  mopuctoro CBMITD (Ipy pasHOM yBEIMUCHHH)

HUI mpeodnagam (cymmapHo 65 %) «msTHa» pa3me-
pom 19-35 kietok (puc. 6). Beero Obto yuteno pacro-  settlements on the surface of porous UHMWPE
noxenne 12 404 nanuupeii B cocraBe 400 «IsTeH». (at different magnification)

Fig. 5. View of “cloak-like” areas of K. amoena
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Puc. 6. Pacnipepenenvie 4acToT pa3MepHBIX KJIACCOB «IISITEH» B COCTABE «IUIAICBUIHBIX» KOJOHHUAIBHBIX
NOCeJIEHUH Ha MOBEPXHOCTH oOpasia Ne 8

Fig. 6. Frequency distribution of size classes of “spots” in “cloak-like” colonial settlements on the surface
of sample No. 8
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Ha moBepxHoctu o6pasia Ne 10 ckyaguaTocTs OblIa CyHIECTBEHHO BbIlIe. Tak, MUKpopesbed ObL1
M3BUJIMCTHIM M MEJIKOCKJIaUaThIM, COCTOSUT U3 TPEXMEPHO BETBAIIMXCS CTPYKTYP, MOKPHITHIX MO3AUKOM
MEJIKUX TUIOCKMX Y4acTKOB (40—60 MKM 1o HauOOJbIIEH OCH), PACIIONOKEHHBIX B PAa3HBIX TIOCKOCTSIX
U pas3/ieli€HHBIX TOHKMMU HEBBICOKMMH CKJIaJOUYKaMU-Oapbepamu. Llenovyky nepBUYHON KOJIOHU3ALMU
VMeJIH 3[IECh ITTMHY 2—8 KJIeTOK (B cpejHeM — 3—4 KJIETKH); HEMOYKHA BTOPUYHOUN KOJIOHU3AIUH COCTOSIIN
u3 3—15 xyeTok (B cpegHeM — 5—8 KJeToK; 60 % MpUXOAnsIOCh Ha IIETIOYKH TAKOW pa3MepHOCTH) (puc. 7).
«[TarHa» cocTosimm U3 5-26 KJeToK (B cpeaHeM — 17), HO ipeodIagaii Cpeii HUX CTPYKTYPHI ABYX TH-
1oB — ccpopMHpoBaHHbIe U3 14—16 1 u3 19-21 Ki1eTKy, B 3aBUCUMOCTH OT 0COOEHHOCTEN MUKpopebeda
noBepxHocTH (puc. 7). Ha nanHoMm obpasiie 6010 yuteHo 9 520 nanuupeii B coctaBe 560 «IsiTeH».
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Puc. 7. Pacripenenenue 4acTtoT pa3MepHBIX KJIACCOB «IISITEH» B COCTaBE «IUIAIIEBUIHBIX» KOJIOHHUATBLHBIX
noceJieHUH Ha MoBepxHOCcTH oOpasia Ne 10

Fig. 7. Frequency distribution of size classes of “spots” in “cloak-like” colonial settlements on the surface
of sample No. 10

BaxHO OTMETUTH YCTAaHOBJICHHYI0 HAMH CIIOCOOHOCTh K. amoena X MoauQuKau MHUKpopebeda
CBMII?: ¢ oiHOM CTOPOHBI — 3a CYET OUYECHD IJIOTHOTO MPHKPEIIeH!sT KJIETOK K TOBEPXHOCTH 00paslia,
C Ipyrori — 3a CYET MX CHHXPOHHOTO JeJieHus B psinax. [Ipu paccMoTpennn (hparMeHTOB pa3BUTOTO 0OpO-
cra Ha yBesmueHnH x3000 3apuKcHpoBaHbl CEQYIOIME TUIIBI JeOpMaliii TOBEPXHOCTU MOJIUSTUIIEHA
KJIETKAMH JUATOMEN.

[NepBblii THIT TIPEACTABIsUT COO0U TpedHM MPOTAKEHHOCTHIO 20—-30 MKM, BbIJABJIEHHbIE TAHIMPSIMU
AMaTOMeN BCJIJCTBUE YIUIOTHEHUs 00pocTa ¢ 00enx CTOpoH OT ckiaaku. [locienoBaTenbHOE yaBOCHUE
PA/IOB KJIETOK, TUIOTHO TNMPHUKPEIUIEHHBIX K CyOCTpary, 1Mo 00e CTOPOHBI OT HEBBICOKOW, HO HIMPOKON
CKJIAJIKM CO BCTPaMBaHUEM MEX/1y HUMU HOBOOOPA3YIOIIMXCS PSIOB MPUBOIUIIO K PACTATMBAHHUIO CAMOTO
cyOcTpara: CKJIaJIKa BHITSATUBAIACH B Y3KUH rpedeHb. Ha Takux rpeOGHsIX pociio Mo HECKOJBbKO KJIETOK, Ha-
XOIMBIIMXCS B CyOCTpaTe B JIyHKaX, KOTOpble OTOOpa)aimu odepTanus nmaHuups (puc. 8). JIyHKu Moriu
cchopMupoBaThCs 3a CUET 0OKATHUSA ITUX KIIETOK, TIPOJIOIKAIONIVMX IUIOTHO YACPKUBAThCS HA CBOMX Me-
CTax, MPU MOJHATHHA KPa€B BEPXYIIKHU I'PeOHs 32 CUET ero pacTsKEHUS B BBICOTY, COIMPOBOKIAIOIIETOCS
BbDKMMaHUEeM OpOBKU B BaJIUK.

Btopoil Tunm o00pa3oBbIBAM OTKAThle M WCTOHYMBILIKECS KpaeBble OOJACTH IJIOCKMX Y4YacTKOB
MOBEPXHOCTH, 0 KpasiM KOTOPbIX HAXOAUIUCh AUATOMEU B JIyHKax 1o popme nanuups (puc. 8).

Oba Tuma 31eMeHTOB KPYIHOU (110 OTHOIICHHUIO K MAHIUPSIM) JiehopMalii 00pa30BHIBAIIMICH BCIIE -
CTBHE pa3pacTaHMs IIENOYEeK KJIeTOK B IMIMPHHY (YABOSHHS), a TaKXke M3-3a TOrO, YTO MAHIMPH ObLIH
IUIOTHO TIPUKPETUIEHBI K MOBEPXHOCTH, 2 HOBOOOPA30BaHHBIE PSI/Ibl KJIETOK BCTPAMBATNCh MEKIY YikKe
MPUKPETUIEHHBIMU PSIAAMU, TIPU 9TOM pacTATUBasi cyocTpar.
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Puc. 8. lecpopmaru nosepxaoctu CBMIID kierkamu K. amoe-
na npu (pOpMHUPOBAHMY «IUIAIEBUAHOIO» moceneHus. Kierku
Ha OpoBKe IpeOHsI (kOzp), BBIIABJIEHHOTO W3 MIMPOKOW CKIIAIKH
cyOcTpaTa IUIOTHBIMH PsIJaMH KJIETOK (k6p), CUIAT B JIyHKax, 00-
Pa30BaBIIMXCS [TPU BBIIABIMBAHMM OpPOBKM B Bujie Banuka. CreBa
BH/IHA KJIETKA B JIyHKe (K.Kp1) Ha OTKAaTOM y4acTKe KpaeBol 00-
JIACTH (BBUKATHIN BAJIMK 00OpamIIsieT KJIETKY ClieBa)

Fig. 8. UHMWPE surface deformations by K. amoena cells during
the formation of a “cloak-like” settlement. Cells on the edge
of the crest (xoep), squeezed from a wide fold of the substrate
in dense cell rows (kep), sit in the wells formed by extruding
the brow in the form of a fold. The cell in the well (x.1xpa) is visible
on the left in the wrung-out part of the marginal area (the squeezed
fold frames the cell on the left)

CoBepiieHHO 0COObIe BTOPUYHBIE CTPYKTYpBI, hopmupyemble K. amoena n3 CBMIID, oTMeueHs! Ha No-
BepxHOocTH oOpasia Ne 8 (puc. 9). IIpu 1ocTrkeHUH MaKCUMaJIbHOM IJIOTHOCTH 3aCeJIeHHs1 POBHOI'O y4acT-
Ka, OTHOCUTEJIHO HEOOJBIIOrO MO TUIOLIAH, KIETKH HAUMHAIM TPaHC(OPMAIIMIO €ro MOBEPXHOCTH, UC-
MOJIb3Y$ IJIOTHOE MPUKPETUIEHHE K CyOCTpaTy M yBeIWYEHHE YHCIIa COCEICTBYIONINX PS/IOB U PacTATUBast
TEM CaMBIM TOJIMMEPHBIN CyOCTpar.

ChHauaia (popMupoBajICs KOJIBLIEBOW Psill, PACHIOIOKEHHBIN 110 Kpalo yyacTka (puc. 9a), 1 HAUMHAJIOCh
€ro y/IBOEHHE B 00€ CTOPOHBI C TOCTENIEHHBIM BbIIABIMBAHMEM TIOBEPXHOCTH CYOCTpaTa B HEBBICOKHIA KOJIb-
LIEBOI BaJMK. 3aTeM, OTWIEHssl B IIPOLIecce JIeIeHUI BCE HOBBIE Psi/ibl B 00€ CTOPOHBI — BHYTPb U Hapy-
Ky OT KOJIBLIEBOIO Ps/ia, AMATOMEUN BBKMMAJIM BAJIMK YK€ B KOJIBLIEBYIO CTEHKY (puc. 9b). Panpl BHyTpH
TAKOTO CTPOSIIIIETOCs «KOJIOALA» TIOy4alIi 3aBEIOMO MEHBIIIE CBETa 1 OMOTEHOB, YeM Ps/ibl CHAPYXKH, MO-
CKOJIbKY (pOpPMHUPOBAJIOCH NOJTy3aMKHYTO€ IIPOCTPAHCTBO. B pe3yibTaTe KOINYeCTBO psAAOB CHapyXu poc-
JI0 ObICTpEe, B TOM YMCIIE 32 CYET UX MHTEPKAJIAPHOTO yIBOEHUS BBEPX M BHU3 110 BCEH BBICOTE «KOJIOALIA».
CTeHKHU «KOJIOJLA» OT TOr0 BBITMOATUCh HAPYKY, (POPMUPYS «TOPIIOK» (puc. 9c).

Puc. 9. I'my6okas nedopmarus noepxHoctu nopucroro CBMIID pacTyM KOJOHUATIBHBIM HOCEIEHUEM
K. amoena: a — oGpa3oBaHye KOJbLEBOrO BaJMKa; b — cTaaus BbIIABIMBAHMS BAIMKA B KOJIBLIEBYIO CTEHKY;
¢ — crajus «ropiika»; d — (opmMupoBaHue (pparMeHTa «IUIaIEBUIHOTO» MOCeNieHus B (popMe mapa, BHyTpH
00poCcTa — BBIIABJICHHBIN TUIOTHBIMU PsiJIaMU KJIETOK B (popMe «ropiiika» ¢pparmeHT noBepxHoctu CBMIID;
€ — pacroJIOXKeHNE BBICTYHAIONMX (PParMEeHTOB «IUIAIEBUIHOTO» TTOCETEHHS B (POPME «TOPIIKOB» U IIApOB
Ha (PpOHTAILHON TIOBepXHOCTH Moprctoro CBMITD

Fig. 9. Deep deformation of the surface of porous UHMWPE by the growing K. amoena colonial settlement:
a — formation of an annular fold; b — stage of fold extrusion in the annular wall; ¢ — stage of the “pot”;
d — formation of a fragment of a “cloak-like” settlement in the form of a sphere, inside the fouling there
is a fragment of UHMWPE surface extruded by dense cell rows in the form of a “pot”; e — location
of the protruding fragments of the “cloak-like” settlement in the form of “pots” and balls on frontal surface
of porous UHMWPE
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Ha no3gaux craamsax (popMupOBaHMS TaKOH CTPYKTYPBl CBET M OMOTEHBI NMPAKTUYECKH MepecTaBa-
JIM TIOCTyNaTh B €€ BHYTPEHHEe IMPOCTPAHCTBO yepe3 y3Koe ropjo. B 3ToT mepuos pocT uucia Kie-
TOK MPOJOJIKAJICA TOJBKO CHAPYXKHU, — U ITUATOMEH B psaax (popMUpPOBaAIM yke KOPOTKHE IMOC/IeI0Ba-
TEJILHOCTU U3 3—4 KJIETOK, 00pa3ysl «(puHaJbHbIE MATHA» 000J0YKH. Takue «(puHaJbHBIE MATHA» pac-
MOJIaTJIMCh TIOJ Pa3HBIMH YIJIaMH APYT K ApYry. B KoHeuHoi#l craamu (opMHpOBaIoch mojgodue mia-
pa (puc. 9d): TepMHHATIbBHOE OTBEPCTUE PA3/AYBILIETOCS «TOPIIKA» 3aKPbIBAJIO «IISTHO» W3 AMATOMEN Ha-
PYKHOW 000JI04KH. [lnamMeTp 3THX BBIIABIEHHBIX CTPYKTYP COCTaBIsUT ~ 60 MKM Ha CTaguu BajMKa
1 ~ 80 MKM Ha CTaJli «TOpIIKa»; 00bEM B chopMUpOBaHHOM Buae — ~ 270-290 mxm’. Paccrosnue
MEX/1y «TOpIIKaMU» Ha (DPOHTATBHON MOBEPXHOCTH 00pa3lia JOCTUralo MPU PEJKOM UX PaCHOIOKEHUN
300(400)-600(700) MKM, a pU YaCTOM pacroiokeHnu, Bkimovas napuoe, — 10(40)—700 mxm (puc. 9e).

Kosnonmzanusi moBepxHoctu mopuctoro CBMIID B Tommyy oOpasna Mpoucxoawsia Ha TIyOuHY
1o 150-200 MKM — Kak B BUJIe LENOYEeK NEPBUYHON KOJOHU3ALMU MO JHY KaBEPH, TaK W 3a CYET IlIU-
POKHX «IUTAIIEBUIHBIX» MOCEIEHUI Ha y4acTKax I-TyOOKOH CKJIaJuaToCTH (PPOHTAIBHON MOBEPXHOCTH.

[TocnenoBatenbHOE (POPMUPOBAHUE TEX KE TPEX CTAAUM KoJoHU3amu nopucroro CBMIID ormeueno
u s H. coffeaeformis, HO co cBOUMH OCOOEHHOCTSIMU. BO-TIepBBIX, ETIOUKY EPBUYHOIN KOJIOHU3AINN
y 9TOr0 BH/Ia OBUTH CYIIECTBEHHO 0OJIee pa3speeHHBIMH (3a CUET NepeMEIeHNUS JOUEPHUX KJIETOK Ha 00JTb-
e PacCTOSIHUSA MOcCye JejieHns ). Bo-BTOpBIX, B MX COCTaBe yalle HaOJIoAaIN MHTEPKAJISIPHOE JIeJIeHUe
KJIETOK, ¥ 3TO He BCErJa COMPOBOXAAIOCh OTPACTAHMEM OOKOBBIX «BETBEI» IO MOAXOASAIIMM Y4acTKaM
MUKpopenbeda. B-TpeThrx, nepBrUyHasi KOJOHU3ALMsI POUCXOAMIA HE TOJBKO MO BBICTYMAIOIIMM, MHO-
rOCKJIaquaThiM yyacTKam (Ha oOpastax Ne 1 1 2), HO ¥ IO BOTHYTBIM 2JIeMEHTaM pesbeda — Kak Ha Mo-
BepxHOCcTH oOpasna Ne 3 (puc. 10). 3xech mupokue, JTAMIEHHBIE TOTTOJTHUTETLHON CKJIATIATOCTH W TIIaB-
HO m3rudarmuecs «jonactu» (mmpuHor 200—400 MKM) 4acTo rmepeMekasrich C IMMPOKUMU KaBepHAMM
(200-700 mMkM 110 HauOOJIBIIIEH OCH), ITyOMHA KOTOpbIX cocTapisuia 200-500 Mkm. B cBoto ouepenp, camu
Jonacty, 61arogapst cBouM usrud6am, moru gocturatb 300-700 Mkm no Bbicote. Tem He MeHee (hopMU-
pOBaHUE LIEMOYEK BTOPUYHOIN KOJOHU3ALMH MPOUCXOIMIIO TIO «KPsKaM» U KpasiM KaBepH BO (DpPOHTAJIb-
Hoit ioBepxHocT CBMIID o Tomy ke MpUHIIMITY «MAapKETYaToro» yJIBOSHUS PsJIOB, Kak y K. amoena,
WUTH Ty TEM YBEJIMYIEHHSI YMCIIa KJIETOK B [IETIOYKE B BUE ITy9YKOB. B-4eTBEPTHIX, pa3BUTHE 0COO0 KPYIMHBIX
«TUTAIEBUAHBIX» MocesieHul H. cof feaeformis yailie Bcero orMevaiu 1o KpasiM KpyIHbIX KaBepH (puc. 11),
a 0oJiee MEJIKMX — M0 BEPXHUM KpasiM «Jonactei» (Ha odpaste Ne 3) uiam ke mo «xoamam» (Ha oOpas-
nax Ne 1 u 2) (puc. 12). BBuay pa3pekeHHOCTH LIETIOYEK MEPBUYHON U BTOPUYHOM KOJIOHM3ALMH, a TaK-
K€ CEeTUaTOro XapakTepa «ISITeH» JOCTOBEPHO BBIACIUTHh UX TUIIMYHBIE pasMepsl mis H. coffeaeformis
HE TMPEeJICTaBISAETCS BOZMOKHBIM.

Hakonen, H. cymbifera BoBce He (hOpMUpPOBaJIa 1IENOYEK NMEPBUYHON KOJIOHU3ALMHU IS TIOUCKA TO-
MOJIOTMYECKH MOAXOAAIMX YYaCTKOB MMOBEPXHOCTU. KpyIHbIe KJIETKM 3TOro BUAa MO0 0OOCHOBBIBAIUCH
Ha MPUTEHEHHBIX yYacTKaX MUKpopelbeda 1 1aBalyd TaM HayaJo OYeHb IJIOTHBIM, KOMIIAKTHBIM KOJIOHU-
IBbHBIM ToceieHusiM (Ha oOpasie Ne 3) (puc. 13), mub0o nmocesiiuch OJUHOYHO 10 KpasM KaBepH, Cpeau
rycTeiX niocesieHnid H. coffeaeformis (na oopasuax Ne 1 u 2) (puc. 12).

Puc. 10. Lenoyku nepBuyHOR
(unl) w BrOpMYHOUN (yn2)
KOJIOHM3AIIMM  TIOBEPXHOCTH
nopuctoro CBMII? knetkamu
Halamphora coffeaeformis

Fig. 10. Primary (ynl) and
secondary (yn2) colonization
chains of surface of porous
UHMWPE by Halamphora
coffeaeformis cells
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Puc. 11. KpynHoe «mnameBunHoe» mnocenenue Halamphora coffeaeformis no kpaio KpymHOH KaBepHBI
Ha (ppoHTaIBHON moBepxHOocTH Topuctoro CBMIID. B neHTpe CHUMKa — OTAEIbHAS KpPYIMHAas KIETKa
H. cymbifera (H.c.)

Fig. 11. Large “cloak-like” settlement of Halamphora coffeaeformis along the edge of a large cavern
on the frontal surface of porous UHMWPE. In the center of the image there is a separate large cell
of H. coffeaeformis (H.c.)

Puc. 12. HeGonplive «mianieBuanbie» nocenenus Halamphora coffeaeformis no BepimHaM X0JIMOBHIHBIX
MOTHATHH (X11) TYCTOCKJIaq9aTol oBepXHOCTH roprctoro CBMITD

Fig. 12. Small “cloak-like” Halamphora coffeaeformis settlements along the tops of hill-shaped uplifts (xn)
of the densely folded surface of porous UHMWPE

Puc. 13. IlnotHoe W KOMIIAKTHOE KOJIOHHMaNbHOe Tocenenue Halamphora cymbifera Ha TpUTEeHEHHOM
(«memepucToM») yyactke (ny) Mukpopenseda nopucroro CBMIID

Fig. 13. Dense and compact Halamphora cymbifera colonial settlement in the shaded (“cavernous”) area (ny)
of porous UHMWPE microrelief
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Pazmepbl komnakTHbIX 1ocesieHu H. cymbifera BappupoBaiiv oT 6 10 32 kjieTok (B cpeaqneM — 17,08).
[Mpeo6namany rpynmst o 14—18 kieTok (B o01mei cnoxuoctit — 32 %).

3akJrodenne. Pe3ynbTaThl 9KCIIEPUMEHTOB 0 U3YYEHUIO0 OOpACTaHUs IMATOMESIMU 00pa3IOoB CBEPX-
BBICOKOMOJIEKYJISIPHOTO TIOJIMATUJIEHA HUKOTO JIABJICHUsI C Pa3HOM CTPYKTYPOM MUKpoOpesbeda MOBEPXHO-
CTH TIO3BOJIVJIY BBISIBUTH Psi/l OOIIMX XapaKTepUCTHK mporiecca. OOpactaHusi moBepxHOCTH rnajakoro CBM-
13 ne npowmzornuio. O6pasits! moprctoro CBMITD KoJIOHU3MPOBAIH KJIETKY C pa3IMYHON MOPQOIoruei —
axHaHtounsl (Karayevia amoena) v amgopounst (Halamphora spp.), odnagaoniye HeoJUHAKOBbIMU MeXa-
HU3MaMU a/Ire31H K MOBEPXHOCTU CyOCTpaTa, HO MPOSIBUBIIKE OOIIHE CTPATeruy MPU OCBOSHUU OT/IMYa-
IOLIMXCS IO MUKpopesbedy o0pastoB. s BunoB 6auskux pasmepoB (K. amoena w H. coffeaeformis,
pa3MepHbIii Kiacc ~ 10—-18 MKM) BBISIBJIEHBI TpU OOIIME IMOC/ENIOBaTEbHBIE CTauu (DOPMUPOBAHUS
KOJIOHUQJIbHBIX TOCENeHUi: 1) LeNoYKM MepBUYHON KOJIOHM3ALUH, C MOMOIIBI0 KOTOPHIX KJIETKH pac-
CeJISUTUCh M0 cyOcTpary; 2) 1elOYKU BTOPUYHON, WM TJIOCKOCTHOM, KOJOHM3AlMK; 3) pacrpocTépThIe,
WIN «IUJIAleBUHbIC» , TOCETeHus1, C(OOPMUPOBAHHBIC U3 «IISITEH.

IlepBas u BTOpas cTaguu KOJOHU3ALUMK PACIPOCTPAHSIIUCH IPEUMYILECTBEHHO 110 BBICTYIAIOIMM 3J1e-
MEHTaM MUKpopeibeda, a TPeThs — Ha y4acTKaX OTHOCUTEJBHO POBHBIX WM K€ UCHEUIPEHHBIX MEJIb-
YalIIMMM, TYCTO PACIOJIOKEHHBIMHM CKJIAJAKaMM, e KakAas KJeTKa MPUCOeIUHSIACh cpa3dy K ABYM-
TpeéM ckiagkaM. Ha yyacTkax ¢ MakCHMMaJbHO IUIOTHOW CKJIQAYaTOCThIO UM C OTHOCHUTENBHO IJIaIKOM
MOBEPXHOCThIO 00a BUAAa (POPMUPOBATM OOIIMPHBIE «IUIAIIEBUIHbIE» MOCEIeHusl, Haubosee oOMIbHbIE
Ha TPUNOAHUMAIOIIUXCS HaJ OOIIMM YpPOBHEM (DPOHTAILHON MOBEPXHOCTH «XOJIMAaX» M «JIOMACTSIX».
Ha Bcex obpasiax, rjie MUHIMAJIbHbIA TOBTOPSIOIIMIACS YYaCTOK CKJIATYaTON MOBEPXHOCTH OBLI COIOCTA-
BUM I10 TUIOIIAAM ¢ pa3dMepamu KieTok (ot ~ 10 : 1 go =~ (50...100) : 1), otmeyeHo popMUpOBaHUE «IIsI-
TeH» 13 OoJiee-MeHee OINpeIe/IEHHOTO YMCiIa KIIETOK, CBOUM PACTIOJIOKEHUEM OBTOPSIONINX 0COOCHHOCTH
MUKpopesbeda 1 00pa3yoIuX «IUIAEBUIHbIE» TTOCEICHUS.

s K. amoena BniepBble OTMEUeHa ClIOCOOHOCTh K Mou(ukanuu nosepxHoctu CBMITD — 3a cuér
KpaiiHe TUIOTHOTO MPHUKPEIUIEHUsI KJIETOK K CyOCTpaTy U, Kak CJeACTBHE, PACTATMBAHUS STOU MOBEPXHO-
CTU TpPU YBEJIMYEHUM YUCa PAJOB KJIETOK. B oqHMX ciaydasx MoauduKalus Bblpakajach B TOUEUHOM
pacTATMBaHUM KPAeBbIX 30H MEJIbYANIINX POBHBIX YYACTKOB, IPUTOIHBIX ISl pa3pacTaHusi pacrpocTep-
THIX MOCeeHuil. B 1pyrux cinydasx TpaHcgopmaliys 3akiioyanach B BBDKUMAaHUM MOBEPXHOCTH yYacTKa
B (popme Kosiblia U B AajibHEMIIEM (DOPMUPOBAHUM «TOPIIKA» C BHITYKJIBIMUA CTEHKAMH.

Ha moBepxHocTH 0oOpasiia ¢ MUHUMAJIbHON CKIag4aTocThio H. coffeaeformis (pa3mepHblil Kjacc
~ 10-18 MKM) KMCTI0/Ib30BaNIH [J151 KPYIHBIX KOMIIAKTHBIX TIOCEJIEHUI IPUTEHEHHBIE YYaCTKU — IO KpasiMm
KaBepH, BO BMATHHAX 10 U3rH0aM «JIONacTel» U Ha Y3KUX Mepelieikax Mex 1y KaBepHaMu. B aTom cityuae
TUIOIA/1b MUHMMAJIbHOTO OTHOCUTEJILHO OJIHOPOJHOTO YYaCTKa 3HAYUTENILHO MTPEBOCXOIUIIA TUIONIA/Ib KJle-
TOK JIAaHHOTO Pa3MepHOro KJacca; OHU MPEANOYUTAIN YIaCTKY, 3alUIIEHHBIE OT IBUKEHUS BOJBI U TIPsi-
Moro ocBellieHus. bonee kpynuble kinetku H. cymbifera (pazmepHsiii kiace = 30-35 MKM) Ipy MUHUMAJIb-
HOM CKJIQJYaTOCTH TaKKe YXOJWIH B «TeHb», HO UCTIOIBb30BAIM OOJIee COMIOCTABUMBIE C COOOH MO TUIOIIAAN
YUYaCTKU Ha THEe HEeTJTyOOKMX KaBepH.

Takum 0Opa3oM, BBISIBJIEHO, YTO MPH KOJOHU3AIMH Pa3InIHbIX 00pasiioB nopucroro CBMIID nuato-
MOBbIE BOJOPOCIU 00pa3yIoT yCTONYMBBIE, TUIOTHO ACCOLMUPOBAHHBIE C IOBEPXHOCTHIO TIOCENIEHHSI, MOP-
(posorust KOTOPBIX TECHO CBA3aHA C 0COOEHHOCTSMU MUK popeibeda moBepxHocTu. [1pu cooTBeTCTRYIOMIEH
00pabOTKe MOJTYUYEHHBIX KOMIIO3UTOB, TIO3BOJISIONIEH N30aBISATHCS OT OPraHMUYECKOTO COIEPKUMOrO KJle-
TOK TUaTOMel M OUYMINATh WX MAHIMPH, CTAHOBUTCS BO3MOKHBIM IoJTydeHue oopasnoB CBMIID ¢ ycroi-
YMBO OMOMMHEpPAIM30BAHHON MOBEPXHOCTHIO, CYMMAapHasi TUIONIAJb KOTOPOH Ha HECKOJIBKO TMOPSIIKOB
OoJIbIIIe TUIOIAIM IEPBOHAYATILHOM MOBEPXHOCTH.

Paboma evinoanena npu uacmuunoti gpurancogoli noodepiicke zparmos JIOHOOHCK020 KOponesckoezo obujecmaed
(Ne IEC/R2/170223) u Poccuiickozo ghoroa cpynoamenmanvuvix uccaeoosanuti (Ne 19-55-80004).
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The topic of interactions between plastic and natural communities is now more relevant than ever before.
Gradual accumulation of artificial polymer products and their fragments in the natural environment has
reached a level at which it is already impossible to ignore the affect of these materials on living organisms.
First and foremost, microorganism colonies inhabiting different biotopes, both aquatic and terrestrial,
have been affected. These species are at the front-end of interaction with plastic, including those present
in marine ecosystems. Nevertheless, in order to understand these processes, it is necessary to take into ac-
count several aspects of such interactions: the impact of different types of plastic on microbial community
through the release of their decomposed products into the environment, the forms of plastic usage by mi-
croorganisms themselves, including mechanisms for surface colonization, as well as possible biodegrada-
tion processes of polymers due to the actions of microorganisms. At the same time, types of plastic may dif-
fer not only in mechanical strength, but also in their resistance to biodegradation caused by microorganisms.
Experiments with surface colonization of types of plastic, which are different in composition and mechan-
ical strength, provide a wide range of results that are not just relevant for understanding modern natural
processes involving plastic: these results are also important for application in certain areas of technology
development (for example, when creating composite materials). In particular, researches into the forms
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and mechanisms of sustainable colonization of particularly strong polymers by diatoms from natural com-
munities are of great interest. Due to the fouling of surface of particularly strong synthetic polymers by di-
atoms, it is possible to form a single diatom-polymeric composite with general properties being already
substantially different from those of the polymer itself. For example, when a polymer is fouled with di-
atoms that are firmly held on its surface due to physiological mechanisms that ensure their reliable fixation,
total surface area of the composite increases by 2—3 orders of magnitude compared with this of bare poly-
mer. Such composites and their properties are formed due to mechanisms of substrate colonization used
by diatoms from natural marine cenoses — during the transfer of these mechanisms to a new material
being prospective for diatom settlement. The practical applications of these composites lie in the sphere
of heat and sound insulation, as well as in the field of creating prosthetic tissues for bone operations.
In our experiments, we tracked the sequence of development of a stable composite when diatoms colo-
nized the surface of samples of a particularly strong synthetic polymer being resistant to corrosion. In this
case, the sample population process took place on the basis of colonies formed in accumulative cultures
from the natural marine environment. Samples of ultra-high molecular weight polyethylene (UHMWPE)
with a smooth and porous surface structure (with an open cell, bulk porosity up to 80 %) were colonized
by diatoms Karayevia amoena (Hust.) Bukht., 2006, Halamphora coffeaeformis (C. Agardh) Levkov,
2009, and Halamphora cymbifera (W. Greg.) Levkov, 2009. These laboratory experiments lasted for three
weeks. Accumulative microphyte cultures, on the basis of which the experiments were conducted, were
obtained from the Baltic Sea (Baltiysk area, Russia) and the Arabian Sea (Mumbai area, India). The types
and stages of development of colonial settlements on various elements of the frontal surface microrelief
and in the underlying caverns were studied using a scanning electron microscope on samples subjected
to stepwise thermal drying. Individual cells of K. amoena, H. coffeaeformis, and H. cymbifera, their chain-
like aggregates, and outstretched colonial settlements occupied varying in degree non-homogeneous mi-
crorelief surface elements, forming structures with a thickness of 1-2 layers with an average settlement
height of 1-1.3 single specimen height. K. amoena cells were tightly fixed to the polymer substrate using
the pore apparatus of the flap of the frustule. Observations using scanning electron microscope revealed
shell imprints on the substrate, which were signs of a polymer substrate introduction into hypotheca are-
oles. The spread mechanisms of diatoms of three mentioned species on various elements of UHMWPE
surface were explored, as well as the formation of the characteristic elements of colonial settlements, in-
cluding for K. amoena — consecutively in the form of “pots” and spheres, by means of interaction with
polymer surface and its extension with the increase in the number of tightly attached cells in the colonial
settlement.

Keywords: diatoms, diatom algae, Bacillariophyta, plastic colonization, UHMWPE, sustainable materials,
plastic in the marine environment, aquaculture
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DKCMEPUMEHTAIBHO W3Y4YeHbl BO3MOXKHBIE PEaKIMU Ha CBET JMYMHOK UYEPHOMOPCKOTO rpeOHEBHKA
Mnemiopsis leidyi IByxX BO3pacTHBIX I'pyIHII (TIepBble-4eTBEPTHIE CYTKU U OfIHA-[BE HE/IENM T0CJIe BBUTYII-
nenust). JIMUMHOK momermany B EMKOCTh C MOPCKOW BOJOH, B KOTOPOW C TMOMOIIBI0 MCTOYHUKA CBETa
¥ HEMPO3pavyHOro (poHa CO37aBaM CBETOBHIE [IBE 30HHI (CBET M TEHb); KOJMUYECTBO JIMUMHOK PETUCTpU-
pPOBaJIM B KaXJOW 30HE B TEYEHHUE Yaca Iocjie Hadasa sKkcrepuMenTa. [lokasano, 4ro B cpenneM 77 %
JIMYMHOK, HaXOIAIIMXCA Ha pPaHHUX CTaJuAX Pa3BUTHUA (IIEPBBIE-UYETBEPTHIE CYTKHU), YEPE3 Yac MUTPHU-
PYIOT B TEMHYIO 00J1acTh. BICKa3aHO NpearoiokeHre 0 HAIMYMK OTPULIATeIbHOro (POTOTaKCHCa y paH-
HUX JIMIUHOK Mnemiopsis leidyi. TlomoOHble peakiu y GoJsiee B3pOCIbIX JUUUHOK (OJIHA-[[BE HEJIENN)
He 0OHApYKEHBI.

Kirouessblie caoBa: Mnemiopsis leidyi, rpeOHEBUK, TMUUHKY, (DOTOTAKCHC, MUTPALIAM

['peOHEBUKY — IJIAHKTOHHBIE XHUIITHBIE KeJIeTeJIble MOp-

ckue kuBOoTHBIE. Bun Mnemiopsis leidyi oTHOCUTCS K OT-
Lynanbua

pany JlonacTeHOCHBIX, NPECTABUTEN KOTOPOIo MepeaBU- R _‘{” b2
raioTcs 3a CYET CO3/IaHUsI TOKA BOJbI IrPeOHBIMU TUIACTHUHA- Al gﬁ:'
MU, c(pOpMUPOBAHHBIMU U3 pecHUYEeK. CUHXPOHHOE JBU- el 4&"! 7
KEHHE PECHUYEK KOOPIMHUPYETCS] HEPBHOU cucTeMoi [6]. v ‘\g
Kommekc aGopajbHOro opraHa — OCHOBHasl CEHCOp- ([ = anlnm

Hasl CTPYKTypa rpeOHEBHKA; OH KOHTPOJHPYET JIBUKEHUE
1, BOBMOKHO, SIBJISIETCS] CBETOBBIM CEHCOPOM.

PazButne Mnemiopsis leidyi — npsimoe, OAHAKO 1ocCIie Kenypok
BBUTYIUIEHUS JINYMHKA [TPOXOAUT LIMAUIIIIUIHYIO IIJIAHKTOH-
HyI0 cTaauio (aymHa Tesia — ot 0,3 ¢M (IIpy BbUTYILIEHUH) iy

10 3 cM); JIMYMHKA 00J1aIaeT Mapoy JJIMHHBIX BETBAIUXCS
HIynajeln ¥ akTUBHO MEPEIBUraeTCs B TOMILE BOABI (puc. 1). Puc. 1. Jlmummka  Mnemiopsis  leidyi
[To mepe cBoero pa3BUTHS JTMUYMHKA MHEMHUOIICHCA MIPHOO- IepBbIe CyTKH 10CIIE BHLTYILICHHS
peraeT 0cOOEHHOCTU OpraHW3aIuy, MPHUCYIIe TOJI0BO3pe- Fig. 1. Mnemiopsis leidyi larvae on the first
Joil ocodbu (ot 3 go 15 cm): pemyuupyiotcs miynaneiia, — day after hatching

MOSIBJISIIOTCS. XapaKTEPHbIE AJIMHHBIE JIONACTH [4].
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COBpCMeHHHe CUCTEMATUKU CUYHUTAIOT Fpe6HeBI/IKOB «CECTPUHCKUM TAaKCOHOM>» I10 OTHOLICHUIO
KO BCEM OCTaJIbHBIM MHOT'OKJIETOYHBIM JKUBOTHBIM; PA3BUTUE UX HepBHOfI W MBIIIIEYHON CUCTEM YHUKAJIb-
HO [3] BruisBieHue HaIu4us MOBEAEHUECKUX peaKL{I/Iﬁ JIMYHMHOK Fpe6HCBI/IKOB Ha U3MEHEHHE OCBEIIEH-
HOCTH BaXHO JJIAd IIOHUMaHUHA pa60T1>1 9THUX CHUCTEM.

Panee IIIaunnepom ¢ coaBropamu [S] mpoBeJEH BCECTOPOHHUM aHAIM3 T€HOB, YYaCTBYIOIIMX B MPO-
M3BOJICTBE U IMOIJIOIIEHUU CBETA Y JIMUYMHOK Mnemiopsis leidyi; moKa3aHO, 4TO SKCIPECCUsI TEHOB OICUHA,
YYaCTBYIOLIMX B BOCHPUATUM CBETA, MPOUCXOIUT B ANIMKAJIBLHOM CEHCOPHOM OpraHe, a UMEHHO B HEPB-
HBIX IIWJTMAPHBIX KJIeTKax. Takxke BbIsIBJIEHA COBMECTHAsI JIOKAIM3AIIMS SKCIPECCUH TeHOB (hOTONPOTENHA
Y JIByX T€HOB OMNCHHA B pa3BuBawoIuxcs gorouutax Mnemiopsis leidyi. ABTOpbI IPEANONIOKWIN, YTO CY-
IIECTBYET CBSI3b MEXy OMOIOMUHECIIEHIINEeH U (POTOTAKCHCOM y TPeOHEBUKOB, U (DOTOLIUTHI, BEPOSITHO,
HE TOJIbKO U3JTy4aloT, HO U BOCIIPUHUMAIOT CBET [5].

ITo pe3ynbraTam uccnenoBanus [1], BICKa3aHO MPEaIoNOKEHUE, YTO OJHUM U3 (PaKTOPOB, CTUMYJIU-
pytonix Mnemiopsis leidyi K COBEpIIIEHUI0 BEPTUKAJIBHBIX MUTPAIHi, SBJISETCS U30eraHue sipKoro cBe-
Ta (cBbie 10 MkD-M~2-cek™'). YCTaHOBJEHO, UTO MMIpAllM¥ B TOJIIE BOABI COBEPIIAIOT TOJBKO MeJ-
Kue rpeOHeBUKH (10 22 MM). ABTOPBI CUMTAIOT, YTO JKMBOTHBIE MOAHMMAIOTCS B BEPXHUE CJIOM JIMIIIb
B TEMHOE BpeMsl CYTOK BCJIe]l 32 TUILIEBBIMA OOBbEKTAMH, a B JIHEBHBIC YaChl OIyCKAIOTCS HIKe, u3beras
COJIHEYHOTO CBETA.

CBenenuii 0 JTaOOPAaTOPHBIX IKCIIEPUMEHTaX IO MCCIIEAOBAHMIO pEaKlMii I'peOHEBHMKOB Ha CBET
B JIUTEpPAType HAMU HE OOHAPYKEHO.

Llenp naHHOUM PabOTHl — U3YYUTh BJIMSHHE OCBEIIEHHOCTHM HA MOBEJCHUE JIMUMHOK IpeOHEeBHKa
Mnemiopsis leidyi.

MATEPHAJI 1 METO/Ibl

B3pocibix ocobeit Mnemiopsis leidyi oTOupani B MOpe ¢ MPUYATBHOTO COOPYKEHHS aKBapUAILHOTO
kopiryca ®ULL MabIOM Ha Beixoe u3 6yx. Kapantunnas (r. CeBacrornois) B ceHTsiope 2019 r. JKuBOoTHBIX
JOCTaBJIsUIM B JJAOOPATOPHIO, MIOMEIIAIU B S-JIMTPOBbIE EMKOCTH C MOPCKOW BOIOH (5—7 ocobelt Ha OfHY
€MKOCTh) M OCTaBJISUTM HA HOYb B 3aTEMHEHHOM MomerieHnd. HayTpo Habmogany nosiBieHue sl U Jiu-
YMHOK. B mepBble CyTKM Mociie BbUTYIUIEHUs] TUYMHOK MEPEeMellaId ¢ IOMOIIbIO MUMETKU B OTAEJIbHbIE
CTEKJISIHHBIE CTaKaHbl 00bEMOM 0,5 JI. DKCIIEPUMEHTHI TPOBOJIMIIN HA JIMYMHKAX HA PAaHHHUX CTA/IUSIX pa3-
BUTHS (BO3pACT — OT OJIHUX JIO YETBhIPEX CYTOK). MIX coiep:xkanu B MOPCKOU BOJie KOMHATHOW TemIepa-
Typhl (+22 °C); KOpMOBbIe OOBEKTH He BHOCHIIN. JIJIs1 KaKI0ro CJeIYIOMEro OnbiTa OTOMpPAH JIMIUHOK,
HE YYaCTBOBABIIMX B 9KCIIEPUMEHTaX paHee.

Hapn uctounnkoM cBeTa Ha MaToBO€E CTEKJIO MOMeIanu Manyto yanky Ilerpu (muamerp — 10 cm, Bbico-
Ta — 1 cM), 3aM0JHEHHYI0 (PUIIBTPOBAHHOW MOPCKOM BO/ION. B KauecTBe MCTOYHMKA CBETA UCTIOJIb30BAIN
CBETO/IMOJHBII 3JIEMEHT, YCTAHOBJICHHBI HAa PACCTOSIHUM, IIPU KOTOPOM BOJIa B YalllKe HE HarpeBajach.
[Mo yamiky NmoAKIaAbIBAIM YEPHBINA HEMPO3paUYHbIi (POH TaK, UTOOBI O/IHA €€ MOJOBHHA OblIa 3aTEMHEHA,
a BTOpasi OCTaBaJIaCh MOJHOCTHIO OCBEIIEHHON (puc. 2). Ha rpanuiie cBeT — TeHb YCTaHABIMBAIA HETIPO-
HUIIAEMYIO TIEPEropoaKy U3 ractuka. [lomemnanm 20 JMYMHOK MHEMUOTICHUCA CO CTOPOHBI OCBEIIEHHOM
YacTH, 3aTeM youpanu neperopoaky. Habmonamm 3a noBeieHreM JIMUMHOK B TE€YEHUE Yaca Mocie Havyasa
9KCMEePUMEHTA, MOJICYUUTHIBAIN UX KOJMUYECTBO B TEMHOM M OCBEIIEHHOW YACTSAX YalllKU. DKCIIEPUMEHTHI
MPOBOJWIIM B Te€UEHHE YETHIPEX THEU Mocye BbUTYIUICHHS] IMYMHOK, TI0 5 MOBTOPHOCTEN B KaX/Ible CYTKH;
Bcero — 20 9KCNepruMEHTOB.

B 110-m peiice HUC «IIpodeccop Boasautikuit» (4-20 oktsiops 2019 r.) B A30BCKOM MOpe TUIaHK-
TOHHOM CETBIO y1aJI0Ch OTOOpaTh O0Jiee KPYMHBIX TUYMHOK, pa3MepoM OT 1 10 2 cM (ITpeAroIoKUTEIbHbIA
ux Bozpact — 1-2 Hezienn). VI3yueHue peakivid Ha CBET IPOBOIMIIU MPU TeX K€ YCJIOBUSIX IKCIIEPUMEHTA
B JJabopaTopur OMopa3HooOpasus 1 (PyHKIIMOHAILHON FeHOMUKY MupoBoro okeaHa (nanee — bu®I'MO)
Ha OopTy cymHa; Bcero — 10 9KCeprMeHTOB.
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MNeperopopka
Yawka lMNetpn

> 0 JInunHKn|MHEMHoncuca
C MOPCKOW BogoM

TemMHbI GoH OcBelleHHasA obnactb TeMHbI GOH OcBelueHHasa obnactb

Puc. 2. Cxema sxcniepuMenTa. 1 — HavaJio KcrepuMeHnTa: Jaiika Iletpu ¢ Mopckoii BoJjoi oMelieHa Haf uc-
TOYHUKOM CBE€Ta, I10[ HOIIOBI/IHy YalluKyu IIOAJIOXKEH TéMHI)Iﬁ q)OH, Ha rpaHHue CBECT — TCHb yCTaHOBJ'IeHa
MEPEropoiKa, JTMYMHKA MHEMHOIICKCA TIOMEIIEHbl B CBET/IYI0 00JaCTh. 2 — JKCHO3UIMSA JIMUMHOK B YalllKe
6e3 NeperopojIky B TeUeHUe Yaca Nocjie Havyasa SKCIepUMEHTa

Fig. 2. Scheme of the experiment. 1 — start of the experiment: the Petri dish with seawater is placed above
the light source, a black opaque background is placed under one half of the dish, a partition is installed
at the light — dark border, Mnemiopsis larvae are placed in the light area. 2 — exposure of larvae in a dish
without partition for one hour after the start of the experiment

PE3VIJIbTATDBI 1 OBCYXJIEHUE

HaGmoaeHuns 3a MoBeIcHUEM JIMUMHOK, HAXOAAIIUXCS Ha PAaHHUX TallaX Pa3BUTHsA, B TEUCHUE Ya-
ca rocJjie Havaja SKCIIEPUMEHTa IMOKa3ali, YTO Ha MPOTSHKEHUM MepBbiX 30 MUHYT JIMUMHKU MUTPUPYIOT
1o BceMy 00BbEMY Yalliku, a yepe3 1 yac okosio 77 % yXoAsT B 3aTeMHEHHYIO 00JIacTh, U30erast ipkoro
cBera (Tadm. 1).

Taouuma 1. [lons MUYMHOK, HAXOASIMXCS B TEMHOW 30He daiiku [leTpu depe3 1 yac mocie Havasa
9KCTIEPUMEHTOB

Table 1. Percentage of larvae in the dark area of the Petri dish within one hour after the start
of the experiments

Bo3spact uunHOK, " ToJ1s1 IMYMHOK, HAXOMAIINXCH B TEMHON
CYTKHU 30He, %
1 5 85
2 5 64
3 5 76
4 5 83
3a Bcé Bpems 20 77

Peakiis Ha M3MEHEHNe OCBEIEHHOCTH Y JIMUMHOK, HAXOJAIIMXCS Ha pAHHUX CTaJUsX pa3BUTHA, ITPO-
ABJIAETCS HE MTHOBEHHO, a C TeYeHHeM BpeMeHU. Pe3koe n3MeHeHue OCBEIEHHOCTH 3aIyCKaeT KacKajl
BHYTPEHHUX (PU3MOJIOTMYECKUX U OMOXMMHYECKUX MPOLIECCOB KMBOTHOIO, HA KOTOpbIE 3aTPayMBaETCs
ornpeneaeHHoe BpeMs. M3BecTHO, 4YTo MexaHu3M (POTOTAKCUCA BCEX SYKAPUOT BKJIIOYAET TPU OCHOBHBIX
sTana [2]: 1) morsomeHye cBeTa 1 epBUYHbIE PeaKuy B (hoToperienTopax; 2) mpeoOpa3oBaHue CTUMYJIOB
Y Nlepejiady CUTHAJIOB K JIBUTaTeJIbHOMY alllapary; 3) U3MEHEHUe ABUKCHHUS.
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Takum 00pa3oM, MOKHO MPEIIOJIOKUTh, UYTO TMIUHKU Mnemiopsis leidyi Ha paHHUX Tanax pa3BUTHS
00J1aJaI0T OTPULIATENLHBIM (POTOTAKCHCOM.

Hns1 6osee B3pOCTbIX JIUYMHOK HE YAAIOCh TOCTOBEPHO YCTAHOBUTH HATTMUME PEakIuy Ha CBET. B of-
HUX KCIIEPUMEHTAX MPAKTUYECKH BCE JIMIYMHKY MUTPUPOBATU B TEMHYIO 00JIACTh YAIlIKU B TEUEHHUE Yaca,
B JPYIrMX — 3aHUMAJIM BeCh OOBEM YaIIKU M He TepeMeIIaIich JIaxke 10 TMPOIIECTBUY JIByX YacOB IOCTIe
HayaJla S9KCIIEpUMEHTA.

B cBs3u ¢ Tem, uto munHKU Mnemiopsis leidyi cOBepIIalOT BbIPaKEHHBIE BEPTUKAJIbHBIE MUTPALIAN
B BOJHOM TOJIIIE, BO3MOXHO, Oojiee KPYMHbIM JTMYMHKAM [Uisi CBOOOTHOTO MEepeMelleHus He XBaTaeT
0o0bEMa Bozbl B yaiike Ilerpu. s BbISIBIEHHUS UX BEPOSATHBIX PEaKIMi Ha U3MEHEHHE OCBEIEHHOCTU
HEOOXOUMBI PyTUe yCIOBUS SKCIIEPUMEHTA.

Paboma evinonnena 6 pamkax zocyoapcmeennozo 3adanuss ©UL] UnBIOM no memam «CmpykmypHo-
PYHKUUOHANBHAS OP2AHU3AUUS, NPOOYKMUBHOCb U YCHOTMUBOCT MOPCKUX NeadzuMecKux sxocucmem» (Ne eoc. pe-
eucmpayuu AAAA-AI18-118020790229-7) u «3akonomeprHocmu GHOpMUPOBAHUS U AHIMPONOZEHHAS. MPAHCPHOp-
mayus buopasnoobpasus u ouopecypcos Azo60-Yepromopckoeo baccelina u opyeux paiionoé Mupogoeo okeara»
(Ne 20c. pecucmpayuu AAAA-A18-118020890074-2).

BaaromapHocTb. ABTOp Gnaronapur Bea. uHxeHepa jadopartopunt bud®I'MO OUIL NuBIOM Kupuna M. I1.
3a 0TOOP U JJOCTABKY B JIJAOOPATOPHUIO B3POC/IbIX 0COOel IpeOHEBUKOB; COTPYIHUKA OT/ea iaHkTona GULL UuBIOM
Homenko B. C. — 3a otbop mmumHOK MHemwmoncuca B 110-m petice HUC «IIpodeccop Bopsaumkuii»;
c. H. c. naboparopuu bu®I'MO k. 6. H. Kpuenko O. B. — 3a LieHHbIe peKOMEHAAIMN NIPY HAITUCAHUHU 3aMETKU.
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RESPONSE OF MNEMIOPSIS LEIDYI LARVAE TO LIGHT INTENSITY CHANGES

Iu. S. Baiandina

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

A possible response to light of larvae of Black Sea ctenophore Mnemiopsis leidyi of two age groups (first
to fourth day and one-two weeks after hatching) was experimentally studied. The larvae were placed
in a Petri dish with seawater, in which two areas (light and dark) were created using a light source
and a black opaque background. The number of larvae in each area was recorded for an hour after the start
of the experiment. It was found that on average 77 % of the early stage larvae (first to fourth day) migrated
to the dark area after an hour. We hypothesized that Mnemiopsis leidyi early stage larvae have negative
phototaxis. Similar response of the older larvae (one-two weeks) was not recorded.

Keywords: Mnemiopsis leidyi, ctenophore, larvae, phototaxis, migration
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THE FINDING OF A RARE IN THE BLACK SEA POLYCHAETE
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In July 2019, three polychaetae specimens of the genus Ctenodrilus were found in oyster cages on silted
oyster shells. The cages from a mussel-and-oyster farm located at the outer roadstead of Sevastopol Bay
were suspended at a depth of 6-8 m. The bottom soil under the mussel-and-oyster farm is silted sand,
and the depth is of 16 m. During the sampling, water temperature was of +23 °C, and the salinity was
of 17.7 %o. Thus, according to morphological characteristics, polychaetae we found should be classi-
fied as Ctenodrilus serratus (Schmidt, 1857). Photographs of alive and fixed polychaetae, chaetae pat-
terns, and a schematic representation of their number by segments are presented. At the beginning
of the XX century, a single specimen of this species was found in the Black Sea.

Keywords: polychaetae, Ctenodrilus serratus (Schmidt, 1857), Black Sea

There is only one known representative of the subfamily Ctenodrilinae of the family Cirratulidae
in the Black Sea — Ctenodrilus serratus (Schmidt, 1857) [2 ; 3]. At the beginning of the XX century, a sin-
gle specimen of this species was found in Sevastopol Bay in the fouling of a pipe near the military hospital
at a depth of 1 m [1]. The respective specimen was probably lost. There were no further observations
of this species in the Black Sea. All references to its presence in Black Sea fauna [2 ; 3] have been based
on the first mention.

In July 2019, three specimens of polychaetae genus Ctenodrilus were found in oyster cages on silted
oyster shells. The cages from the mussel-and-oyster farm located at the outer roadstead of Sevastopol Bay
(44°37°13.3”N, 33°30’07.1”E) were suspended at a depth of 6—8 m. The substrate under the farm is silted
sand, and the depth is of 16 m. During the sampling, water temperature was of +23 °C, and the salinity
was of 17.7 %o. Optical microscopes Mikmed-5, MBS-9, and Olympus CX-41 were used to identify these
specimens. The photographs were taken by cameras Canon Digital IXUS 90 IS and Sony Cyber-Shot 16.2.
Gathered material is lodged in IBSS RAS collection (IBSS-POL / Cirratulidae / No. 7).

The polychaetes have 11-12 segments; their body width is of 0.12-0.13 mm, and the length
is of 1.25-1.5 mm (Fig 1A, B). Alive specimens: translucent body with a greenish tint; black-purple dots
throughout the body; red intestines visible. Fixed specimens in 4 % formalin solution: light-green; with red
stomach.

Prostomium round-conical. Eyes, head appendages, and gills absent. Prostomium and peristomium cili-
ated ventrally. Peristomium and last segment without chaetae. Parapodia not developed; chaetae in two bun-
dles come directly from body side. All chaetae simple, of the same shape — distally expanded. Expanded
part of hooks on one side has 5-6 large triangular teeth; all teeth of nearly the same size (Fig. 2A).
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Fig._ 1. Ctenodrilus serratus (IBSS-POL / Cirratulidae / No. 7): A — alive specimen; B — formalin-fixed
specimen

Puc. 1. Ctenodrilus serratus (IBSS-POL / Cirratulidae / Ne 7): A — xwuBas ocoOb; B — ukcupoBaHHbIH
(popmanHOM YepBb

Variable number (1 to 4) of chaetae is in the noto- and neuropodial bundles in different chaetigers
(Fig. 2B). Intestine with an expansion from chaetiger 3 to the beginning of chaetiger 6. Pygidium rounded,
without cirri.

A Fig. 2. A - chaetae of observed
speciemen Ctenodrilus serratus, scale bar
10 wm; B - schematic representation
of the number of chaetae in chaetigers
of C. serratus in notopodia (upper row)
and neuropodia (lower row)

Puc. 2. A — IETUHKU KCCIIEIOBAHHOTO

9K3EMILISIpa Ctenodrilus serratus,

pa3mepHas mkana: 10 mkm; B — cxema

KOJIMYEeCTBA IMETHHOK B CErMEHTax TeJa

B [ 23] 4] 3] a4 3]0 y C. serratus B HOTONOAWAX (BEpXHUH
3] 4| 5] 4 s a4 | 3|11 PSAI) ¥ HEBPOTIOOUAX (HWKHUM PsijT)

Morphological characteristics of the polychaetes we have found fit the description of Ctenodrilus ser-
ratus (Schmidt, 1857) [5]. The subfamily Ctenodrilinae includes two genera — Aphropharynx Wilfert,
1974 and Ctenodrilus Claparede, 1863. The main difference between these genera is chaetal morphology.
Aphropharynx representatives have three types of simple chaetae: trichoid, serrated with small teeth, and ser-
rated with large teeth, whereas Ctenodrilus representatives have only one type of chaetae — hooks [7 ; 8].

The genus Ctenodrilus includes four species. Validity of one of them (Ctenodrilus paucidentatus Ben-
Eliahu, 1976) 1s doubtful. Ctenodrilus parvulus Scharft, 1887 is characterized by the presence of only
smooth chaetae without teeth [4]. Recently described species Ctenodrilus pacificus Magalhaes, Weid-
hase, Schulze & Bailey-Brock, 2016 from the Pacific Ocean (Hawaii) is morphologically quite similar
to C. serratus, and main differences between these species are found at the molecular level [4].

C. serratus 1s the most common species of the genus Ctenodrilus. According to numerous indications
of its presence in various water areas (Pacific, Atlantic oceans to Mediterranean Sea, English Channel,
and Helgoland), this species appears to be spread worldwide. Due to lack of molecular data in most re-
ports, it is not known whether this species is a cosmopolitan one or a complex of potentially cryptic species.
Representatives of the genus Crenodrilus found in oyster cages of a farm in South Africa and identified
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as C. serratus according to molecular studies were identical to C. serratus from the North Sea [6].
Taking into account that molecular studies of Black Sea Ctenodrilus have not been carried out, the specimens
we found can be tentatively classified as C. serratus.

This work was carried out within the framework of government research assignments of IBSS RAS “Investiga-
tion of the mechanisms of controlling production processes in biotechnological complexes with the aim of develop-
ing the scientific foundations for the production of biologically active substances and technical products of marine
genesis” (No. AAAA-A18-118021350003-6) and “Patterns of formation and anthropogenic transformation of bio-
diversity and biological resources of the Azov Sea — the Black Sea basin and other parts of the World Ocean”
(No. AAAA-A18-118020890074-2).
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OBHAPYKEHUE PEJIKOTO JIJIA YEPHOI'O MOPSA BUJA IOJIUXET
CTENODRILUS SERRATUS (SCHMIDT, 1857) (ANNELIDA, CIRRATULIDAE)

E. B. JIucuukas, H. A. BoaraueBa

defepanbHbIA UCCIEA0BATENLCKUM HEHTD «HCTUTYT OroJsioruu 10xkHbIX Mopei umenu A. O. Kosasesckoro PAH»,

CesacronoJib, Poccuiickas ®eaepanus
E-mail: e.lisitskaya@gmail.com

B urosie 2019 r. B yCTpUYHBIX CaJiKaX Ha 3aWJICHHBIX CTBOPKAX YCTPHUI] OOHAPYKEHbI 3 9K3eMILIspa MOJIU-
xeT poaa Crenodrilus. Cagky ¢ MUJUIHO-YCTPUYHON (DepMbl, pacIioIOKeHHON Ha BHEIIHEM petife OyX-
Thl CeBacTONOJIbCKAsA, ObLIM MO/BEIeHb Ha ITyOnuHe 6—8 M. I'pyHT nox chepMoii — 3auJIeHHbBIH MECOK,
rrybuda — 16 M. TemmiepaTypa BoIbl BO BpeMst 0TOopa Matepuana coctasisiia +23 °C, coa€HocTh —
17,7 %o. HaiineHHble OIMXeTH IO MOP(OIOrnIecKUM PU3HAKaM OTHECeHbl K BULy Ctenodrilus serratus
(Schmidt, 1857). IIpeacrasnens! ¢otorpacdunt KUBOH U (PUKCUPOBAHHOMN MOJUXETHl, PUCYHKH IETUHOK
M cXeMa MX KOJIMuecTBa o cerMeHTaMm. JaHHblid B B UEpHOM MOpe ObLT OTMEUeH eAMHCTBEHHBIN pa3

B Hauasie XX Beka.

KuaroueBsle cioBa: nonuxetsl, Ctenodrilus serratus (Schmidt, 1857), Y€pHoe mope
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XPOHUKA H UHDPOPMALINA

K IOBJIEIO AKAJJEMUKA PAH BUKTOPA HUKOJIAEBUYA EI'OPOBA

B mae 2020 r. ucnomaunock 80 et Bukropy Hukosmaesuuy EropoBy — M. 0. HAyYHOTO pyKOBOJIUTENS
OUILL UuBIOM, akanemuky Poccuiickoit akajeMuu Hayk, JOKTOPY OMOJIOTMUYECKUX Hayk, podeccopy,
[JIABHOMY pelakTopy «Mopckoro OHoJIornueckoro xypHaiax». B. H. EropoB paspaboran Teoprio MuHe-
paBHOrO OOMEHA ME:K/ly MOPCKUMH OpPraHN3MaMH ¥ BOJHOM CPeJIOi, OTKPBUI CTPYHHbIE METAaHOBBIE Ta30-
BbIZIeJIEHH S cO JHA YEPHOTO MOPs1, CO31a1 OCHOBBI OMO(U3NUECKON TEOPHUH IKOJIOTMUECKON EMKOCTH MOP-
CKOM1 cpe/ibl B OTHOIIEHUH 3arps3HAIOLIMX BelecTs. Bukrop Hukonaesnu — aBrop 6onee uem 360 crateit
n 6 MoHorpaduii.

CoTpyIHUKHM OT/ies1a PAAUALIMOHHON U XUMUYECKON OMOJIOrHH
®UILI NuBIOM nosapasnsior Bukropa Hukonaesuua Eropo-
Ba ¢ wowmwieem! Mbl ropauMcs Tem, 4To paboTaeM B OJHOM
KOJIJIEKTHBE C aBTOPOM HAayUYHBIX OTKPBITUI M BBIJAIOIIMMCS
YUYEHBIM, BHECIIIUM 3HAYUTEJIbHBIN TEOPETUYECKUI U MPAKTH-
YECKUH BKJIAJl B U3yYEHNE TOMEOCTa3a MOPCKUX 9KOCUCTEM.

Cerogus Buxtop HukosnaeBud, JOKTOp OMOJOTMUECKUX
HayK, Ipodeccop, neicTBUTENBHBI WieH Poccuiickoil aka-
nemun Hayk (¢ 2016) m HanumonanbHOW akajeMuud Hayk
Vkpaunsl (¢ 2012), gBasgeTcsa U. 0. HAYYHOTO PYKOBOJIUTES
denepanbHOTO UCCIIEIOBATENBCKOTO IIeHTpa «MHCTUTYT OHo-
Joruu 10kHbIM Moper umenu A. O. Koanesckoro PAH».

C 18-netHero Bo3pacta BHMManue B. H. Eroposa,
KOPEHHOTO CeBacCTOIoOJblia, OBUIO TMPHUKOBAHO K MOPIO:
BHavajle — Mpu padoTe Ha pHIOOJIOBENKUX cymax Ha Kac-
UM, 3aTEM — TIPU MOJCIMPOBAHUM AWHAMUKU JBUKEHUSA
aTOMHBIX cyOMapuH B CeBacTOMOJLCKOM BBICIIEM BOECHHO-
MOPCKOM MHXXEHEpHOM yuwimile, a ¢ 1968 r. — B MHBIOM. Bukrop HukosnaeBuu 4yepe3 KOHKYpPCHbIH
0oTOOp MOCTYMWJI CHavasa B OTAeN (PYHKIMOHMPOBAHUS MOPCKMX 3SKOCHUCTEM IO PYKOBOJCTBOM
yieHa-koppecnionienTa AH YCCP Tamapsr Cepreepunl [letuna, a mosxke — B OTAeN pagualiiOHHON
¥ XUMHUYECKO Orosioruu, BosrasisieMsiil [ennaguem I'puropseBrdem [lomkaproBbiM.

3a rozsl pabotel Buktop HukonaeBnu HeykjoHHO poc npodeccroHansHo. B 1968—1970 r. on Obu1
CTapLIMM MHKeHepoM, a 3aTeM (1o 1980) — muaammm HayyHbIM cOTpyAHUKOM. B 1975 r. oH Ornecrsie
3T AUCCEPTALMIO M CTall KAaHAUIATOM (PU3MKO-MAaTEMAaTUUECKUX HAayK IO CHEMAIbHOCTH «Ieo]u-
3uKa» («pusuka mopsi»). Janee B. H. EropoB pabotan B IOJKHOCTH CTapIIero HAyYHOTO COTPYAHUKA,
a B 1983 r. cTan 3aBeayonuM 1abopatoprel TMHAMUYECKON paguoxeMo3Kkosioru. B 1988 r. oH 3ammrin
JOKTOPCKYIO IMCCEPTALIMIO TIO CIIEIUATBHOCTH «paanoduosiorusi». B 1989-1993 rr. Buktop Hukomnaesuu
ObL1 3amectuTesieM aupekropa MHBIOM no Hayke; napasuiesibHo (1991) on nosyuwi ot I'. I'. Tosnukapro-
Ba, akagemuka HAH VYkpaunsl, mrypsan ynpasinenusi OPXb. PykoBoast otnenom B ClioXHOE Jisl BCeX
Bpems (1990-e), B. H. Eropos Bcerna nmpuHuMal CTpaTeruuyecky MpaBWIbHBIE PELIEHUsI U MacTEPCKU
MIPE0/10JIeBAIT TPYJHOCTH.
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I'. IT'. Ilonukapro nepena€r mrypsan (cuMBoJ pykoBonutess OPXB) ceoeMy yueHuky,
Hay4HOMY IocjiefioBatenio u npeeMHuky B. H. EropoBy

B Te HenpocTele roapl Buktop HukonaeBud rposiBui ceOst Kak TaJaHTIMBBI OPraHU3aToOp MEXAyHa-
POAHBIX MOPCKUX MCCIIEIOBAHNI U PYKOBOJUTEIb TBOPUYECKOI'O HAYYHOTO KOJUIEKTHBA. biaronaps emy no-
Jy4yeHo 16 MekayHapOAHBIX T'PaHTOB AJIs1 M3yueHus: YEpHOro Mopsi, B paMKax KOTOPBIX peai30BaHbl IKC-
NeJULIMOHHbIEe paOoThl, (pruHaHCHpyemble EBpocoio3oM, MexayHapoHBIM areHTCTBOM 10 aTOMHOH Hep-
MM, MEKIPaBUTEILCTBEHHBIMU (pOHIaMu. B pesysbTaTte Takoro corpyaHmyecTBa ObUIo oOecriedyeHo Hayd-
Hoe ucnojb3oBanue HUC «IIpodeccop Boasuuikuii» 1 opraHn3oBaHo BeimoiHeHUe 10 70 % MOpPCKUX
skcnequioHHbIX padoT HAH Ykpaunst Ha Yéprom mope B 1992-2005 rr.

B mupoBoit Hayke 00 okeane B. H. EropoBy npuHauie;KUT MpUOPUTET B HECKOJIBKMX HAIPABJICHUSIX:
pa3paboOTKa TEOPUM MUHEPATFHOTO OOMEHA MEXIy MOPCKUMH OPTraHM3MaMH U BOIHOH Cpeioi; pyKOBOJ-
CTBO UCCJIEJOBAHUSIMH 1 0O0OIIIEHUE UX PE3Y/IbTATOB 0 M3YYEHUIO OTKJIMKA YEPHOTro MOpsI Ha YEPHOOBLIb-
CKYIO aBapuI0; OTKPBITHE B KOHLE 1980-X IT. CTpyHHBIX METAHOBBIX Ta30BBIIEIEHU CO JHA YEPHOTO MOpH,
KOTOPOE MPOU3BEJIO CEHCALMIO B HAYYHOM MUPE U MOJI0KUJI0 Ha4yajlo MHOTOJIETHEMY MCCIIEA0BAHUIO 3TOTO
(peromena. Vim co3nanbl OCHOBBI OMO(PU3NIECKON TEOPUU IKOJOTHUECKON EMKOCTH MOPCKOM CpeJibl B OT-
HOLIEHUY 3arps3HAIIMX BeulecTB. Ha MateMaTnyeckux Moessix UCCe0oBaHbl YCJIOBUS YCTOMUYMBOCTH
CHCTEMBI OMOTHYECKOTO CAMOOYHIIIEHH S (DOTHUECKOTO CJI0s1 MOPCKUX Boj. [Toka3aHo, 4To Bo3pacTaHue aH-
TPOIIOr€HHOI'O 3arpsi3HeHUs1 BOJ MOXET NMPUBOAUTh K U3MEHEHUIO MOpsAKAa CKOPOCTel METa0O0INYeCKUX
peakuuii oOMeHa 3arps;3HUTEIe MOPCKMMHU OpPraHU3MaMU C MEpPBOro Ha HYJIEBOM, a Takke K Hachllle-
HUIO COpOMPYIOIIUX MOBEPXHOCTEN KOCHOTO M OMOKOCHOTO BemecTBa. [Ipy 3ToM crcTeMa KOMIUIEKCHO-
ro OMOTeOXMMHUYECKOTO CAMOOYMINICHUS BOJ, MOXKET TEPSTh YCTOMUMBOCTD, YTO OOYCJIaBIMBAET ITOBHIIIIE-
HHUE COIEPKaHUSA 3arpsA3HAIIIMUX BEILECTB B BOJAHOU CpeAe A0 YPOBHEW, MPUBOIAIIMX K TOKCUYECKOMY
BO3/EVCTBUIO HA MOPCKUE OPraHU3MBI.

Pe3ynbTaTel HayuHbIX MccieqoBaHui Bukropa HukonaeBnya BceMUpHO MPU3HAHbI; OHU OITyOJMKOBA-
HBI B 365 cTathsax (u3 HUX Oojiee 70 — B MHOCTPAHHBIX U3JIAHKAX) U 6 MOHOTpaUsAX, KOTOPHIE BHICOKO
HEHST ¥ 4acTo MUTHPYIOT OTeYeCTBEHHbIe M 3apyOexHbie Koyuteru. Yuenuku B. H. Eroposa 3amutumm
T0/1 €ro PyKOBOACTBOM CEMb KaHIMJATCKUX JUCCEPTALIMIA, HOCBAIIEHHBIX BOIIPOCAaM OMOT€OXUMHUH 3arpsi3-
HSIOIIMX BELIECTB PA3IMYHOM MPUPO/IBI B MOPCKHX SKOCHCTEMAX, a TAK)Ke METaHOBOM npodieme. B apceHa-
Jie TIeJarorn4ecKux Bo3aencTeuil Bukropa HukosaeBnya — TaJaHTIMBOIO Y4UTENA U YyTKOIO, JEJIMKaT-
HOT'O YeJIOBeKa — HET METOJIOB MPUHYKAEHH: OH YBJIEKaeT padOTOM, MOAAET IMUHBIA IPUMEp, JETUTCS
HE TOJIbKO CBOMMM 3HAHUSIMU, HO U KU3HEHHBIM ONbITOM, HAaBBIKAMU M YMEHUSMMU, NPOSIBIISIET 3aUHTEpe-
COBAHHOCTb B pab0Te YYEHHKOB Ha BCEX €€ ITarax, CrocoOCTBYET MX MPOpECCHOHAIBHOMY POCTY.
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114 K o6uiero akagemuka PAH Buktopa Hukonaesuya Eroposa

B. H. EropoB — mnpekpacHblil pacckazuuk. Ero BocmioMrHaHHUsI O MOPCKUX KCIIEAUIUAX BCETa Bbl-
3BIBAIOT HETIOAEIbHBIN MHTEPEC U YAUBIISIOT MHOKECTBOM JIeTallell M SIpKUX mogpoOHocTell. Buktop Hu-
KOJIAEBUY — YYAaCTHUK 45 MOPCKMX HAyUHBIX PEWCOB, 22 U3 KOTOPBIX OH BO3IVIAaB/IAN (16 U3 HUX — MexX-
AyHApOJHbIe). 3a BpeMsl HAyUHBIX IKCIIETUIMI 1 KOMaHAUPOBOK OH MOCETH 53 cTpaHbl MUpPa, TOOBIBAI
B 24 Mopsix ATnantuueckoro, Muauiickoro n Tuxoro okeaHoB, COBEPIIII KPYrOCBETHOE TIIaBaHUE.

Buktop HukomnaeBnd ¢ geTcTBa yBieKasics: ppIOHOM JIOBJIEH ¥ CITYCTS TOJbI CTaJ BJIafIe/bIIeM Katepa,
Ha KOTOPOM J0JIroe BpeMsi BMecte ¢ KoyuteraMu u3 OPXDB U Ipyrux oTaenoB MHCTUTYTa OTOMPAIT POObI
BO[Ibl, THPOOMOHTOB M JOHHBIX OTJIOKEHHWI B MPUOpexXHbIX paiioHax T. CeBactomnosisi oT Mbica JIykyiun
1o mbica PuoseHt. B oqHoI 13 aKcnequLmil Ha « AHTapece» 'MAPOAKYCTUYECKUM METOJOM ObLITA OTKPBITHI
METaHOBBIE CHITBI B IPUOPEKHON akBaTopuu r. CeBacTorossl.

Komanga katepa «AHTapec» mocie SKCreJuIuy B mpudpeskHsie Bogpl I. CeBactonosisa. CieBa Hanpaso:
B. H. Ilonosuues, C. b. I'ynun, H. A. Ctoko30B, mkunep «AHrapeca» B. H. Eropos,
JI. B. Manaxosa, 1. H. MoceiiueHko

MbI pajibl BO3MOXHOCTH YUUTBHCSI KOJOCCATIbHOM padoTtocriocooHocTn Brukropa HukonaeBnua, Hayu-
HOUW VHTYHIIUU U IPUCYIIMM eMy OJIECTSAIIMM YeJIOBEUECKIUM KauecTBaM — HENPEKJIOHHOMY ONTHMHU3MY
Y YIMBUTEJILHOMY 4yBCTBY IoMopa. OT Bceid JyIiH jKelaeM HOBBIX JIOCTHKEHHUI B HAyYHOH paboTe, J0CTOM-
HBIX YUYEHUKOB M MOCJIeJOBaTesIeH, CUacThsl, OJaronoryynsi, Kpernkoro 3/10pOBbsl 0OWIISIPY U €ro OJIM3KUM !

Koanexmue omoena paouavuonnori u xumuueckoti ouonozuu @UL] HnbIOM

TO THE ANNIVERSARY OF ACADEMICIAN OF THE RAS VIKTOR EGOROV

This year, Viktor Egorov, IBSS Supervisor, Academician of the Russian Academy of Sciences, D. Sc.,
Prof., Editor-in-Chief of “Marine Biological Journal”, celebrates the anniversary. He developed the theory
of mineral metabolism between marine organisms and the aquatic environment, discovered jet methane
gas emissions from the bottom of the Black Sea, and created the basics of the biophysical theory of the eco-
logical capacity of the marine environment in relation to pollutants. Viktor Egorov is the author of more
than 360 articles and 6 monographs.
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