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Annorauusi. Panana Rapana venosa — XUlIHbIN OPIOXOHOTMH MOJIJIIOCK, BCEJIE-
Hell B YEpHOe Mope, IMTAeTCs JBYCTBOPYATHIMU MOJUTIOCKAMH, HO OCHOBHBIM TIHILE-
BbIM O0BEKTOM SIBISIOTCS MUIMH. B TeueHue roga u3yyanu paumoHsl CaMOK M CaMIIOB
pamaHsl BEICOTOM pakoBHHBI ~60 MM U 001IMM BecoM ~50 I B yCIOBHSIX, MaKCHMAaJIb-
HO NpPUOJIMKEHHBIX K NPUPOJHBIM. MHTEHCHMBHOCTb NMHMTaHMs BO3pacTajia 1o Mepe
YBEJIMYEHHUSI TEMIIEpaTypbl BOIbI M JIOCTHIaja MaKCHMMaJbHbIX 3HAUCHUH B KOHLE
HIOHS — CepelHe aBrycra mpu Temmeparype 23,5-26,8°C. MakcuManbHasi WUHTEH-
CHBHOCTb IIMTAHMS CaMOK OTMEUYEHA B INEPHOJ OTJIOXKEHHS KIaJ0K, HayMHas C
29 utonst mo 24 asrycra 2020 r. Paipionsl o6enx HonoB ObLIM MUHHUMAJIBHBIMHU TIPU
Temneparype Boabl okono 10°C. TlepepbiBbl moTpebieHus NHUIIK ObUTH OTMEUCHBI B
3uMHUI epuoa: ot 7 10 14 cyt — y camok u ot 14 10 30 cyt — y cammos. [lokazaHo,
YTO CPEHECYTOUHbIE PALIMOHBI CAMOK JOCTOBEPHO BBIIIE, YE€M Y CAMIIOB U COCTaBMIIN
coorBercTBenHO 0,3784 1 0,2750 rak3. ey .

KuroueBble ciioBa: panana Rapana venosa, CaMKu, CamIibl, ”HTCHCUBHOCTb ITH-
Tanus, YepHoe Mmope

Hcrounnk ¢punacupoBanus: paboTa BHINOIHEHA B paMKaX roCyapcTBEHHOrO 3a/1a-
Hust ®UL[ UsBIOM no teme «ccnenoBanne MEXaHHU3MOB YIPABICHUS MPOTYKIH-
OHHBIMHM TPOLIECCAMH B OHMOTEXHOJOTMYECKMX KOMIUIEKCAX C LEJbI0 Pa3pabOTKu
Hay4HbIX OCHOB ITOJIy4EHHsl OMOJOTMYECKH aKTHBHBIX BEIECTB U TEXHUYECKUX IIPO-
JIYKTOB MOPCKOro reHesucay, Ne roc. perucrpauuu 121030300149-0.

BaarogapHocTH: aBTOPHI BhIpaXkaroT OiarogapHocts aupekropy OO0 HUO «Mapu-
kyneTypay B.Jl. lllensBckoMy 3a mpeaocTaBICHHYIO BO3MOXHOCTb IPOBEICHHUS JKC-
MeprUMeHTa.

s uurupoBanms: [Tupkosa A.B., Jlagsiruna JI.B., Illypos C.B. UnTeHcuBHOCTH
MUTaHKUs CAMOK U caMIIOB pamnansl Rapana venosa (Valenciennes, 1846) (Gastropoda,
Muricidae) B Uéprom mope // BectHrk ToMCKOro rocyiapCTBEHHOIO YHUBEPCUTETA.
Bbuonorus. 2023. Ne 61. C. 134—150. doi: 10.17223/19988591/61/6

© Iupkoa A.B., Jlaxeiruna JI.B., llypos C.B., 2023



Ilupkosa A.B., Jlaovicuna JI. B., Illypoe C.B. Hnmencuenocmos RUmManus camox u camyoe

Original article
doi: 10.17223/19988591/61/6

Feeding Intensity of females and males of the veined rapa whelk
Rapana venosa (Valenciennes, 1846) (Gastropoda, Muricidae)
in the Black Sea

Anna V. Pirkova', Ludmila V. Ladygina®, Sergey V. Shchurov’®

123 4.0. Kovalevsky Institute of Biology of the Southern Seas of RAS,
Sevastopol, Russian Federation
" https:/forcid.org/0000-0002-7047-7010, avpirkova@mail.ru
2 https:/orcid.org/0000-0003-4617-093X, Ivladygina@yandex.ru
? https:/orcid.org/0000-0002-8913-2637, skrimea@mail.ru

Summary. The veined rapa whelk Rapana venosa, a predatory gastropod living
in a wide range of salinities from 15 to 32%o is indigenous to the coastal waters of
China, Korea and Japan and is an invasive species in the Black Sea. This invasion has
led to structural alterations in bivalve communities, which have changed the species
dominance and ratio (Ivanov, 1961; Chukhchin, 1984; Zolotarev, Terentyev, 2012;
Skolka, Preda, 2010), and was one of the reasons for the stocks of commercial bi-
valves — mussels and oysters — to decrease (Chukhchin, 1984; Ivanov, 1968; Chu-
khchin 1961b; Snigirov et al., 2013). R. venosa feeds on bivalves, and the mussel
Mytilus galloprovincialis is its main food.

The purpose of this work was to determine the rations of females and males of the
gastropod R. venosa throughout the year as a function of the sea water temperature.

The animals with the shell height of =60 mm and total weight of =50 g collected
in March 2020 at a depth of 9-12 m under a mussel-and-oyster farm (outer roadstead
of the Sevastopol Bay, 44°37&apos;13.4"N; 33°30&apos;13.6"E) were kept in a plas-
tic cage at a depth of 2.5 m. The cage was divided into two compartments (for females
and males) sheathed with a plastic mesh on top. The sex determination carried out at
the beginning of the experiment, when observing the rapa whelk copulation, was con-
firmed at the end of the experiment by examining gonadal smears under a microscope
(See Fig. 1, Fig. 5).

The mollusks were amply fed, and the food, which was live mussels grown on the
mussel-and-oyster farm, was replenished as needed. To determine the daily rations of
R. venosa, correlations between the weight of soft tissues of mussels and the shell
length were found in the form of the power-law equations (See Table I).

In the experiment, R. venosa individuals applied several methods of attacking
mussels: smothering by pressing the valves with the foot, periodically weakening the
pressing force until the valves opened; excreting a biotoxin near the prey, causing pa-
ralysis of the mussel adductor muscle; pressing a mussel with the foot to the edge of
their shells, breaking off a piece of the mussel valve and violating the mussel shell in-
tegrity. The proportion of the damaged mussel shells was about 17% over the study
period. The rest of the mussel shells were opened without damage to the shell. What-
ever the attack method was performed, the gastropod ate out mussel’s soft tissues af-
ter the mussel slightly opened its valves.

During the study period, the daily rations of females and males varied, respective-
ly, in the ranges 0—1.0390 and 0-0.9012 g'ind."-day" (See Fig. 2). Breaks in the food
intake were noted in winter, from 7 to 14 days for females, and from 14 to 30 days for
males. The feeding intensity rose with the increase of water temperature and reached
its highest in the late June till mid-August at a temperature of 23.5-26.8 °C. The max-
imum feeding intensity of females was noted during the laying of egg capsules, from
June to August. The food intake was uneven, being related to the feeding rhythms.
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The feeding intensities of R. venosa females (See Fig. 3) and males (See Fig. 4) were
fitted with third-order polynomials as a function of water temperature in the sea.

The mean values of the linear or weight characteristics of females and males at the
beginning and end of the experiment did not differ significantly. It was established
that the average daily rations of females are significantly higher than those of males.
The calculated average daily ration of females with a shell height of 63.9 mm and a
total weight of 45.97 g was 0.3784 gind."-day’', or 0.82% of their total weight. For
males with a shell height of 61.2 mm and a total weight of 47.1 g, the calculated aver-
age daily ration was 0.2750 gind. day!, or 0.67% of the total weight.

One R. venosa female consumed 100.28 g of mussel soft tissues per year, or
45 commercial-size mussels (L = 50 mm; mean soft tissue weight = 2.21 g), which is
2.0 times the total weight of the gastropod female. One R. venosa male consumed
72.88 g of soft tissues of mussels (or about 33 specimens) per year, which is 1.5 times
its total weight.

The data obtained are necessary to study the population structure of R. venosa and
assess the impact of this predatory gastropod on the local populations of the mussel
M. galloprovincialis in the Black Sea. The analysis of the feeding intensity data shows
that ecological damage from the predator will be noticeable for a mussel population
with the density of 500 grm™ (or 50 ind.-m™; mean shell length = 50 mm) if the rapa
whelk density in this area is 25 g'm™. The mussel biomass will then have decreased
by 50% over the year. The mussel settlement density can be restored within 2—3 years.
It is known that the largest number of larvae enters the pelagial from the mussel bio-
cenosis because M. galloprovincialis has very high fecundity and its spawning periods
are extended in time (Kiseleva, 1981). The soft-bottom (silty) habitat of this mussel is
limited by the depth range from 30-40 m to 5060 m and its rocky shore habitat ex-
tends to a depth of 30 m (Zaika, 1998). R. venosa inhabits mainly sandy-shell and
shelly seabeds to a depth of 26-30 m (Chukhchin, 1984; Bondarev, 2016; Danilov et
al., 2018). Consequently, the range of the mussel M. galloprovincialis only partially
overlaps with the range of R. venosa in contrast to the range of the oyster Os-
trea edulis which exhibits full overlap with that of the rapa whelk (Chukhchin,
1961b). Mussel farms in the Black Sea are also an important source of larvae. In the
last decade, the annual production of mussels in Russia amounted to about 200 tons
(Kholodov et al., 2017). On farm collectors, mussels grow to a commercial size within
1.5-2 years. During this period, they can spawn 3—4 times since they become sexually
mature in the first year of life. Hence, the experimental results on the feeding intensity
of R. venosa and the analysis of the benthos state monitoring results do not confirm
the hypothesis about ecological threat to the population of mussels in the Black Sea.

Key words: Rapana venosa, females, males, feeding intensity, the Black Sea

The paper contains 5 Figures, 1 Table, and 35 References.

Fundings: The work has received financial support within the governmental research
assignment “Study of Control Mechanisms of Production Processes in Biotechnologi-
cal Systems for Developing Scientific Foundations for the Production of Biologically
Active Materials and Technical Products of Marine Genesis” for IBSS RAS, State
Registration Number 121030300149-0.

Acknowledgments: The authors are grateful to Vladislav D. Shenyavsky, Director of
Research Organization LLC Marikultura, for the opportunity to conduct the experi-
ment.

For citation: Pirkova AV, Ladygina LV, Shchurov SV. Feeding Intensity of females
and males of the veined rapa whelk Rapana venosa (Valenciennes, 1846) (Gastropo-
da, Muricidae) in the Black Sea. Vestnik Tomskogo gosudarstvennogo universiteta.
Biologiya = Tomsk State University Journal of Biology. 2023;61:134-150. doi:
10.17223/19988591/61/6

136



Ilupkosa A.B., Jlaovicuna JI. B., Illypoe C.B. Hnmencuenocmos RUmManus camox u camyoe

BBenenne

Pamana Rapana venosa — XMITHBIA MOPCKOW OPIOXOHOTHI MOJUTFOCK, OOHTA-
oIl B mpuOpexHbIX Bogax Kutas, Kopen u SAnoHun B MUpoKoM AWama3oHe
conérnoctr: oT 15 mo 32%o [1-3] — Bcenener B Uéproe mope. Briepsrie o0HApY-
xeH B HoBopoccutickoii 0yxte B 1947 r. [4]. B Teuenue aByx necsaTuieTuii pac-
MIPOCTPaHMIICS IO BCEMY MOPIO, KpOMe HanOoee ONMPeCHEHHBIX YIaCTKOB CEBe-
po-3amanHoit yactu [5]. O6nagas BBICOKOH PENPOAYKTHBHON CIIOCOOHOCTBIO M
OBICTPBIM TeMIIOM pocta [6, 7], yepe3 20 meT mocie BceneHus B UépHoe mMope
pamnaHa B HEKOTOPBIX palOHax JOCTHTaJIa 3HAYMTENILHOW OnomMacchl [8] u crana
4acTelo J0HHOTO OumorieHo3a [9]. Beenenne pamaHbl MPHBENO K CTPYKTYPHBIM
W3MEHECHHUSIM B COOOIIECTBAX JBYCTBOPUATHIX MOJUTIOCKOB: M3MEHUIIOCH TOMH-
HHUpOBaHWE U cooTHOmEeHNE BUAOB [1, 2, 9, 10], uTro SBHIIOCH OIHON U3 MPUYHH
YMEHBIIICHHSI 3aI1aCOB KOMMEPUECKIX IBYCTBOPYATHIX MOJUTIOCKOB — MHIUH U
ycrpun [2, 7, 11, 12].

UzBectHO, uTO R. venosa TpOSBISIET BHIOBYIO M Pa3MEpHYIO M30HMpaTelb-
HOCTh K TmHUOIeBBIM o0ObekTam [2, 13-15]. Ilommmo wmummu  Mytilus
galloprovincialis (Lamarck, 1819) u ycrpunsl Ostrea edulis (Linne, 1758) pa-
MaHBI IUTAIOTCS W IPYTUMHU JBYCTBOpUYATEIMH Mosuttockamu: Cardium, Pecten,
Tapes n Venus [8, 16—19]. M30uparenbpHOe HalTaIeHHE palaHbl Ha IPyryue BUIBI
IBYCTBOPYATHIX MOJUTIOCKOB, KpOME MHIUI, MOKET UTPATh BAKHYIO POIb B pe-
TYJIMPOBAHUN YHCICHHOCTH WX TOMYILIUA M W3MEHEHHH CTPYKTYPHI TOHHBIX
€000111ecTB MOJUTIOCKOB [15]. McTOIIUB 3amachl IMINEBBIX OOBEKTOB B OJHOM
MeCTe, paraHbl IepeMeIaloTCs B IPYTHe MecTa, COBEpIIasi MATPAIi Ha 3HAUH-
TenbHbIe paccrostHust [11]. Jletom pamaHpl KOHIIEHTPUPYIOTCS Ha HEOONBIIHX
nIyOuHaX, 3UMOM yXomaT TiyOxke [2]. MHTEHCHBHOCTh THWTAaHHS paraHbl
R. venosa B 3HAUNTENHHON CTENICHHW 3aBUCHT OT Pa3MEPOB MOIIIIOCKA M TEMIIe-
paTypsl BOIBI; B 3UMHHI NEPHOA IPU HHU3KOH TeMIlepaType BOIBI HHTEHCHB-
HOCTb ITATaHHUS MOJUTFOCKOB pe3ko cHikaercs [2]. Haubonee akTHBHO MOJITIOC-
KU MHATAIOTCS B JeTHUW nepuon [8, 14]. DxcneprMeHTanbHO MOKa3aHo, U4TO C
MOBBINIICHHEM TeMIiepaTypbl BoAbl 10 22°C moTpeOiieHHe MUINA MOJITHOCKaMH
pasHbBIX pa3MepoB yBenmanBaiock [20, 21]. Ograko B TuTepaType HET CBEICHUN
00 MHTCHCUBHOCTH NHUTAHMsI PallaH Pa3HOro Ioja.

R. venosa — pa3fenbHONONBIA MOJUTFOCK. PasMHOXkaeTcsi B mrolie—CceHTsIOpe,
YTO COOTBETCTBYET TeMIlepaTypHOoMy auama3ony ot 19 mgo 25°C [2, 5]. Cnapu-
BaHHE 0CcO0CH B MPHPOIHBIX YCIOBHAX B MACCOBOM KOJIIMYECTBE MPOHCXOIUT B
ampene—wtone [2, 5, 8]. CooTHOIIEHNE TIONIOB PaBHOE BO BCEX BO3PACTHBIX
rpynmnax [2, 12, 22, 23]. [1lo naHHBIM OPyTUX aBTOPOB, B FOTO-BOCTOYHOM YaCTH
UépHoro Mops [24, 25] u y 6epero Kpeima [16, 17] B monmyssmusx mpeobiaa-
JIM CaMIIBL.

[oreHnmanesHOE BO3ICHCTBHE paraHbl HA KOMMEPYECKH IIEHHBIC 3aIlachl
JIBYCTBOPYATHIX MOJITIOCKOB M Ha HM3MEHEHHWE OHOpa3sHOooOpas3us OSHTOCHBIX
COOOMIECTB BBI3BIBACT CEPbE3HYI 03a004eHHOCTh [26]. I[loaTomy pamany
R. venosa OTHOCAT K OIMACHBIM YY>KCPOTHBIM BHAM, H3yYCHHIO OMOIOTHH KO-
TOPBIX CIEAYET YAEISITh IepBooUepeiHoe BHUManue [ 15, 27].
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enb HacToOsiIeH pabOThI — ONPENETUTh PALMOHBI CAMOK M CaMI[OB PallaHbl
R. venosa B TeueHue roja B 3aBUCHMOCTH OT TEMIIEPATypbl BOJIBI B MOpe. DTH
JIAHHBIE HEOOXOAWMBI HPH H3YYSHHUHU TMOMYJSIUOHHOA CTPYKTYPbI pamaHbl U
OLICHKU BIIMSIHHSI XUIMHOTO OPIOXOHOTOr0 MOJUTIOCKA HA JIOKAJIbHBIC MMOCETICHHSI
munn M. galloprovincialis B YépHOM MoOpe.

MaTepuaﬂu H METOAUKH UCC/ICAOBAHUS

WMHTEeHCHBHOCTD TUTaHUS R. venosa W3ydaid B TEYECHWE TOJa, HAYMHAS C
18.05.2020 r. mo 18.05.2021 r. MaTepuanom mociyxunu 20 3K3. MOJIOBO3PETBIX
ocoberr. M3 Hux 10 5K3. caMOK BBICOTOM pPaKOBHHBI OT 63,88+5,76 mo
63,92+4,46 MM 1 00IUM BecoM 0T 39,94+9,74 1o 51,99+10,00 r cOOTBETCTBEH-
HO B Hayalie W B KOHIE ombITa; 10 3K3. CaMIIOB BBICOTOM PAaKOBHHBI OT
59,18+6,68 mo 63,21+7,32 MM u oOmmMm Becom oT 45,46+21,63 10
48,67+£28,95 r COOTBETCTBEHHO B Havaje M B KoHIIE ombiTa. JlnddepeHnunarms
MOJUTFOCKOB I10 TTOJIOBBIM TpH3HAKaM Obla TPOBEICHA B MapTe—amnpelie NpH
HaOJIIOJICHHH 32 KOMYJIAKEH B TaOOpaTOPHBIX YCIOBHSX, KOTJa CaMIIOB MOKHO
OTJIMYUTH OT CAMOK 10 HATMIHIO «penis» (puc. 1).

i .') ~ p
"
R

Puc. 1. Konynsitmst Rapana venosa (ctpenkoit 0003Ha4eH penis)
[Fig. 1. Copulation of Rapana venosa (the arrow indicates the penis)]

IMocne OKOHYAHHS OMBITA MOJUTFOCKOB BCKPBUIM; MPUHAIEKHOCTh K OIpe-
NeAEHHOMY TIONTy TPOBEPSUTH, TPOCMATPHBAs MA30K TOHAJ O] MHKPOCKOIIOM
«Anpramu BUO 1» (mudposas kamepa «USB 3.0-3 Mnukcy). Y caMOK TOHAIBI
TEpPaKOTOBOrO I[BeTa, HA Ma3Ke T'OHAJ| BHJIHBI OOLHTHI, ¥ CAMIIOB — XKENTOrO
[BETa, HA Ma3Ke TOHAJl — CIIEPMATOLUTHI.
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Pamanp! 66U cOOpaHbl BOAOJIa3HBIM MeTojoM B Mapte 2020 1. Ha TiryOuHe
9-12 M mox MHUIUHHO-YCTPHUYHOH (epMoi (BHEmHUHA peiin CeBacTOoONbCKON
OyxThl: 44°37'13.4"N; 33°30'13.6"E). B manpHeimemM UX comepkaid B IJIacT-
MacCOBOM CaJIKe, IIOBEIICHHOM B MOpPE y TIPHYAIFHON CTEHKH (IUIS 3alIUTH OT
BO3EHCTBUSA BOJH) Ha TayouHe 2,5 M. Caok ObUT pa3ieNéH Ha 1Ba OTCeKa (IS
CaMOK M CaMI[OB) CBEPXY OOIIUTHIN NENBIO IS MPEIOTBPAIICHHS BHITTON3aHHS
MOJLTIOCKOB.

TemrmepaTypa BoIbI B MOpEe M3MeHsUIach B ipeaenax ot 8,5°C (01.03.2021 r.)
10 26,8°C (06.07.2020 ). B pacuérax ObUIM HCITOJNIE30BAaHBI CPEIHNC 3HAUCHUS
TEMIIEPaTyPhI BOJBI 32 TIEPHOI MEKITY CMEKHBIMH HAOIIOCHASIMH.

B kauecTBe KOpMa IJIs palaHbl MOCTYKWIH KUBBIC MUUH, BRIpAIIEHHBIC Ha
MUIUIHO-ycTpruHOU (hepme. KopM monaBand B W30BITKE, YUUTHIBAS KOJIHMYE-
CTBO MOTPEOJICHHBIX MUAWN W M3MEpsisl [UIMHY IYyCTHIX PaKOBHH. BricoTy pako-
BHH pananbl (H, MM — paccrosiHHe OT BEpHIMHBI 10 cH()OHAIBHOTO KaHalla) 1
JUIMHY PaKOBHHBI MHJWH u3Mepsuii [HQPOBBIM InTaHreHupkyaem (ILIT-1
«3yop»), ¢ TouHocThio A0 0,01 MM; BeC MOJUIFOCKOB — Ha 3JICKTPOHHBIX Becax
OHAUS, ¢ Tounocteio j0 0,01 T.

PawyoH pamaH (WM aGCONOTHAS HHTCHCHBHOCTh IIUTAHKS: [, I'3K3. CyT ')
OMPENeISUTA KaK KOJMYECTBO MOTPeOAEHHON muimu (Wa.mxk., T) OTHUM DK3EM-
TIJISIPOM MOJUTIOCKA 33 CYTKH [2]:

I (WMm.TK.) - n(3K3.MUIHN)

(D

Jnst ompeneneHus CyTOYHBIX PaIliOHOB palaHbl OBUIM pacCYUTaHBI GOopMy-
JIbl 3aBHUCUMOCTEN Beca MTKMX TKaHEd MHUIUM OT JUIMHBI PAaKOBUHBI U IIpel-

n(3K3.paman) - £(cyT)

CTaBIIEHBI CTEIICHHBIMH YpaBHEHHAMH: WM.TK.=a-L", Tne: a — koo duimenT
MPONIOPIIMOHAIEHOCTH; b — MMOKa3aTellb CTENeHH; L, MM — JHala30H pa3MepoB
MHJIMH, WCHOIB3YEMBIX IS KOpMa pamaHbl. Bec MITKUX TKaHEH Muaui
(WM.TK., T) onpeaensuiv coryiacHo MeToauke [28] (Tabmuia).

I[MapameTpbl 3aBUCMMOCTH MacChbl MATKHX TKaHel MUIUH OT AJIMHBI PAKOBHHBI
[Parameters of dependence of the mussels' soft tissues mass on the shell length]

Min-max C
penHas
PpasMepbl Cpenmsa Macca MATKUX
i, L, JUIMHA, o
Jara MHI;/I;I I TKaHeH, a b R2*
[Date] . i W,
[Min-max [Mean length, >
. [Mean soft tissue
mussel size, L, mm] ight, 7, g]
L. mm] weight, W, g
2020 .
Maii 33,2-81,5 50,1 + 3,87 2,30+ 0,53 0,00007 | 2,6240 0,9565
Hronn 29,5-79,9 | 45,2+3,56 1,96 + 0,47 0,00009 | 2,5652 0,9259
Hrons 19,2-60,1 42,0+ 2,52 1,78 £ 0,28 0,00002 | 2,9838 0,9477
ABrycr 25,8-549 | 42,8+2,02 1,86 + 0,22 0,00009 | 2,6167 0,9547
CeHTs10pb 29,3-62,7 | 47,8+ 1,69 2,61+0,24 0,00006 | 2,7345 0,9125
OKTsI0pb 24,4603 | 454+2,71 2,16+ 0,30 0,00006 | 2,7387 0,9401
Hosi6pb 23,0-65,5 | 48,1+2,79 2,97+ 0,42 0,00003 | 2,9091 0,9495
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Min-max c
penHss
pa3mMepbl Cpennss
ML, L friany macca MXEKHX
[%zf; MM L, MM TK;I'/HeH’ a b R2*
[Min-max [Mean length, > I .
mussel size L, mm] [Meap soft tissue
L, mm] ’ weight, 7, g]
Jlexabpb 26,7-63,7 | 43,1 £2,81 1,83 + 0,34 0,00001 | 3,1138 0,9536
2021 r.

SlHBapb 18,0-64,5 | 44,4+2,94 2,18+ 0,31 0,00002 | 2,9843 0,9691
Deppaib 18,9-81,9 | 49,1 £5,46 3,07+ 0,66 0,00003 | 2,8651 0,9893

Mapr 24,6-74,5 | 50,6 3,15 3,35+0,52 0,00001 | 3,0748 0,9753
Arnpenb 28,8-72,8 | 52,2+4,18 2,82 +0,55 0,00002 | 2,9659 0,9622
Mait 27,5-75,4 | 53,1+4,16 2,91+0,55 0,00004 | 2,7611 0,9280

* R?— k03((HIHEHT IeTePMUHALIAN [* the determination coefficient].

O1eHKy JOCTOBEPHOCTH PA3IUYHMiA aOCOMIOTHOW WHTEHCHUBHOCTH IHATAHUS
CaMOK ¥ CaMIIOB palaHbl IIPOBOIIIIN MO CPEAHEH pa3HOCTH BapuaHT (KPUTEPHIA
CreronenTa) [29]. OmmOKy cpeltHeil pa3HOCTH ONMPEAeIIsUTH 1Mo GopMylie

1 Zdz e

n—1 n

md =

2)

rne d — pa3HOCTh MEXKIY COOTBETCTBYIOIIMMH BapHaHTAMU MapHBIX HaOJFOIe-

d

HMI; (d) =4 — cpenmHss pa3HOCTh; 1 — OOIIEe YUCIIO HAOITFOICHHIA.
n

CpenHue 3HAYCHUS W JIOBEpUTEIbHBIC WHTEPBAJbl JIMHEHHBIX MapaMeTpOB
MOJUTFOCKOB, a TaKXXe allpOKCHMAIlUU 3aBHCHMOCTEH CyTOYHOI'0 paliOHa pa-
MaHbl OT TEMIIEPaTyphbl BOILI B MOPE U 3aBUCHMOCTEH Beca MATKHX TKaHEH MU-
I OT JUIMHBI paKOBWHBI BBIOJHEHBI B porpamMMe Excel m mpencraBieHbl B
BH/IC yPaBHEHH.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

[Ipn HanmameHWH Ha >KEPTBY B3POCIBIE panaHBl PaCKPHIBAIOT CTBOPKU IBY-
CTBOPYATHIX MOJUTIOCKOB MBIIIEYHON CHJION HOTH W B IIENb BBOIAT OMOTOKCHH,
Mapann3yomdid 3aMbIKaTEIbHBIE MBIIIIEI [2]. B akcniepuMenTte panansl mpume-
HSUIA HECKOJIBKO CIIOCOOOB HAIaJeHUs: HOTOH CKIMAJH CTBOPKHA MUIHUN, TIEPH-
OIMUECKH MOCTA0ISIs CHITy CIABIMBAHMS, IOKA MUAWS HE OTKPHIBAJIACH; BEINIE-
Tt OMOTOKCHH BOJHM3HM SKEPTBEI, BBI3BIBAS IApalid 3aMBIKATEIBHBIX MBIIII]
MHJIMH; HOTOM MPIKUMANId MUAJTMIO K KPat0 CBOEH PaKOBHUHBI, OTIIAMBIBASI KyCOK
CTBOPKH, Hapymasi e€ LEeIOCTHOCTh. 3a IIEPHON HCCICIHOBAHMS IO IIOBpE-
JKJIEHHBIX PAKOBUH MHIHMH cocTaBmiia okoio 17%. OcraiabHble MUAMKA OBLTH
BCKPBITHI 0e3 TOBpexIeHus pakoBuH. [Ipm Bcex crmocobax HamagaeHUs MHIUH
MIPUOTKPHIBAIIN CTBOPKH U pariaHa BbIealia MATKIE TKaHU.

3a mepuoxa MCCIeTOBaHUS CYTOYHBIC PAallOHBI CAMOK W CaMIIOB COCTa-
Bunu cootBerctBeHHO oT O mo 1,0390 r‘31<3fl‘cyT71 u or 0 no
0,9012 rok3. -cyr ' (puc. 2). MHTEHCHBHOCTD [UTAHHS OOCHX T1OJI0B UG-
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JKaach K HYJIEBBIM 3HAYEHUSM mpu TemrepaTtype Boasl okoio 10°C. Ilpuyem
TepephIBBI B TIOTPEOICHUH THIIHA Yy CaMOK ObUTM OT 7 110 14 CyT COOTBETCTBEHHO
21-28 nekadps u ¢ 15 deppans g0 1 mapra; y camioB — ot 14 o 30 cyT cooTBeT-
ctBeHHO 11-25 stHBapsi 1 ¢ 1 deppans no 1 mapra. BeposTHO, HICTOYHHKOM 3HEp-
TUH JUTSI UX KA3HEACATEIIFHOCTD CITY’KaT 3allacHbIe TUTATEIbHEIE BemecTna [2].

VIHTeHCHBHOCTD IMTAHHS PallaHbl BO3pacTalia II0 Mepe YBEIIHICHHUS TeMIIepary-
PBI BOZBI M IOCTUTANIA MAKCUMAJIGHBIX 3HAYCHUH B KOHIIE HIOHS-CEPEUHE aBIyCcTa
npu Temmieparype 23,5-26,8°C. [Torpebnenne num ObUIO HepaBHOMEpHBIM. Tak,
CYTOYHBIE PAIMOHBI JIKe MPH ONHM3KWUX 3HAYCHHUSAX TeMIIepaTypbl Bombl: 24,7 U
24,2°C (nanHble 3a 14 ceHTs0ps 1 21 ceHTIOps) cocTaBrim cooTBeTcTBeHHO 0,5806
u 0,2272 r~31<3fl~cy"{1 s camok 10,5572 1 0,2130 r~31<3fl~cy"{1 JIJISL CaMIIOB, YTO
CBSI3aHO C pUTMaMH TUTaHus. VI3BeCTHO, UTO pamana muTaercs ¢ repepbiBamu. [1o-
CJIe HallaICHUs HA JKEPTBY HACTYIACT MEPEPHIB B MUTAHWUH B HECKOIIBKO JHEH [2].

1,20 r 30

B cavkn Y EIcamup I ——T°C

Temnepartypa Boasi, T°C
[Water temperature, T°C |

W HTEeHCHBHOCTE NMHTAHUS, l‘")l\"']."'CyT"
[Feeding intensity, g -ind."! -day]
.

JlaTa [Date]

Puc. 2. IHTeHCUBHOCTH MUTAHUS CAMOK M CaMIIOB pamnaHbl Rapana venosa
IIpU Pa3HON TeMIIepaType BOABI B MOpPE
[Fig. 2. Feeding intensity of females and males of Rapana venosa at different water temperature
in the sea]

MaxkcuManbHasi HTHTCHCUBHOCTh MTUTAHUS CAMOK OTMEUeHa B MEPHOA OTIIO-
JKEHUS KIIaJI0K, HaunHas ¢ 29 uroHs no 24 aBrycra 2020 r. AHaIOTHYHBIE CPOKU
pa3sMHOXCHHSI YKa3aHbI JJIs ParaHbl, OOUTAIOIIEeH B FOTO-BOCTOYHOM YacTH Yép-
HOro Mopsi [24] u y 3anaaHoro modepexss Kopen [22].

Cpenxue 3HAUCHHST CyTOYHBIX PALFIOHOB CAMOK M CAMIIOB parlaHbl, OIpenesiéH-

HBIE 32 MEPUOJT IICCIIEI0BAHNS, COOTBETCTBEHHO PABHBI (E) 00 =0,3784 r~31<3fl~cy"{1

u (5) a2 =0,2750 F'3K3.71'CYT71; pasuuma cocrasuna 0,1034 F'3K3.71'CYT71. [Tpu

9TOM OIIKOKA CpeiHel pa3HOCTH paBHA
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md = %(M _(0,1034)2j =/0,00052392 =0,0229 .
Ortcrona
= 21032y 5o Tlns P=0,05 wk = 46-1 = 45; 1,= 2,02.
0,0229

Iockoneky £, = 2,01 < t, = 4,52, cpeiHECYTOUHBII PaLMOH CaMOK PallaHbI
JOCTOBEPHO BBIIIE, YEM CAMIIOB.

3aBUCHMOCTH WHTEHCHUBHOCTH NMHUTaHUS caMok (puc. 3) U camioB (puc. 4)
pamaHsl OT TEMIIEPATyphl BOIBI B MOPE OMUCHIBAIOTCS YPABHEHUSMH MOIHHOMA
TpeTheil creneHu. CpenHue 3HAYEHUS JIMHEWHBIX M BECOBBIX XapaKTEPUCTHK
CaMOK U CaMI[OB COOTBETCTBEHHO B Hayalic M B KOHIIC OIMBITa JOCTOBEPHO HE
OTNIMYAIHNCh. PacyeTHBI CpeAHECYTOUHBIN pPAllMOH CaMOK BBICOTOW PaKOBHHBI
63,9 MM 1 00mmmM Becom 45,97 r cocraun 0,3784 F'3K3.71'CyT71, niu 0,82% ot
HX 00IIEero Beca. Y camIloB BBICOTON PakoBHUHEI 61,2 MM u oOmuM Becom 47,1 T
pacyeTHbIN CpemHeCYyTOUHbIA paruoH coctasmwin 0,2750 F'3K3.71'CyT71, W
0,67% ot obmero Beca. OqHa caMka parnansl morpeduiia 3a rox 100,28 T MArKux
TKaHeW MU, Wi 45 9K3. MOJUTIOCKOB ToBapHOro pasmepa (L = 50 mwm; cpen-
Hee 3HAaYeHHe Beca MATKHUX TKaHei — 2,21 1), yto B 2,0 pa3a mpeBbImacT o0mmid
Bec caMku pananbl. OIMH caMmel] panaHsl MoTpeOmt 3a roj 72,88 T MATKHX TKa-
Hel Muui (Mm ipuMepHo 33 9K3.), uTo B 1,5 pasa mpeBbllaeT ero oOmmii Bec.

y=0,0006x3-0,0288x>+0,4825x-2,4378 M
R?=0,7362 RS

0,8 -

0,6

0,4 -

0,2 4

HnrencusHocTs nutanus, I, r-ks. - cyr-!
[Feeding intensity, I, g - ind." - day " |

30

-0,2 -
Temneparypa Boabi, T°C

[Water temperature, T° C|

Puc. 3. 3aBucHMMOCTS HHTEHCUBHOCTH NMUTAHUS CAMOK parnaHbl Rapana venosa
OT TEMIIEPATYPBI BOJBI B MOPE
[Fig. 3. Dependence of feeding intensity of Rapana venosa females on sea water temperature]
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¥=0,0005x*-0,0237x*+0,4077x-2,1014

0.8 R*=0,5842

0,6

0,4

[Feeding intensity, I, g - ind. ! -day~']

0,2

HurencuBHocTs nuTanus, L, r-ox3. 1 - cyr!

30

Temneparypa Boasl, T°C
[Water temperature, T °C]|

-0,2

Puc. 4. 3aBucHMMOCTs HIHTEHCUBHOCTH NMUTAHKS CaMIOB paniaHel Rapana venosa
OT TEMIIEPATypbl BO/IbI B MOPE
[Fig. 4. Dependence of feeding intensity of Rapana venosa males on sea water temperature]

HccnenoBanneM mox MUKPOCKOIIOM Ma3KOB TOHAJ| pamaHbl ObLia MOATBEp-
x1eHa audpepeHnuanys mojia MOJUTIOCKOB, IPOBEAEHHAS B HAYAJIE OIBITA MPH
HaOJIIOJICHAHN 3a Koy isuei (puc. 5).

Hanmpumep, cormacHo TaHHBIM, ITOTYYEHHBIM B SKCIIEPUMEHTE B TEUECHHE IO~
J1a, pacU€THBIN CpeIHUM PAIMOH CAMOK M CaMIIOB pamaHbl BHICOTOM PaKOBHHBI
okono 60 MM M oOmmM BecoMm okoiio 50 r coorBercTBeHHO paBeH 0,3784 u
0,2750 F'3K3.71'CyT71. [Ipu skcriepuMeHTaATbHOM U3YYEHHUH PAlMOHOB pariaHbl U3
Kepuenckoro nponuBa ObUIH HOMTYy4YEHBI ONIM3KUE 3HAYCHUS: MOJUTFOCKH pa3Me-
pamu 60—70 MM rotpetirstu 0,37 r~31<3fl~cyf1 [20]. dmst pamaHbl U3 BOCTOYHO-
ro nmobepexbs YEPHOro MOPSL IPH UCCIEAOBAHUN CKOPOCTH OIIOPOXKHEHUS JKe-
JTYAKOB, Takke yCTAaHOBJICHBI aHAIIOTHYHBIC 3HAYEHHS PALMOHOB: palaHbl CO
cpenHuM o0muM BecoM S50 T moTpebisimu okomo 0,30 r~31<3fl~cyT71 MSITKHX TKa-
Hert muauit [30]. YuuThiBas BBIIEU3IOKEHHOE, MO)XHO KOHCTaTHPOBATh, YTO
9KOJOTMYECKUH ymepO oT XUIIHUKA OyJEeT OUyTHMBIM IPH IIOTHOCTH HOCele-
Hutst MuIai 500 1M (mm 50 IK3.'M °; CpemHss JJTMHA PaKoBUHBI S0 MM), eciu
IJIOTHOCTh pamnaHbl Ha 3TOM YYacTKe COCTaBIISET 25 M . [Tpu »TOM Oromacca
MUJIMN B TeueHHe roaa ymeHbuTcs Ha 50%. PacueTsl mokas3piBaroT, 4TO BOC-
CTaHOBJICHHE IUIOTHOCTU IOCENCHHUS MHUAWNA MOXKET IMPOH30HTH B TEUCHHE
2-3 ner.

PesynbraTel MonuTopuHTa KaBkasckoro mobepexns nu KepueHckoro mpoiu-
Ba OATBEPKIAIOT, YTO HETaTUBHOE BIMSHUE PariaHbl IPOCIICKUBACTCS JIUIIH Ha
OTJIENIBHBIX YYacTKax, TJie OHa oOpa3yeT BBICOKYIO TUIOTHOCTH TocenieHui [8].
N3BecTHO, uTO B UEPHOM MOpE CE30HHBIE Pa3IUuMsl IJIOTHOCTH MOCENICHUN pa-
MaHbl 00yCIOBICHB OCOOCHHOCTSIMHU €€ )KU3HEHHOTO ITUKIIA, KOTOPBIE CBSI3aHBI C
CE30HHBIMH MUTPALUSIMU: JIETOM MOJUTIOCKH KOHIIEHTPHPYIOTCS Ha HEOONBIINX
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nIyOuHAaX, a 3UMOH YXOIT TIyOXKe WM 3apbIBaroTcs B mecok [2, 8]. Tak, B
KepueHCKOM TIpoiBe HaHGoNIee BBICOKHE YHCICHHOCTh — 0,2 3K3.M °, U OHO-
macca — 30 "M °, HaGJTIIAINCh B Mae—HIOHE, KOTa MOJUTIOCKH Pa3MHOKAIOTCS,
B amperie U CEHTAOpE MX TUIOTHOCTh CHU3MIAch B 3—4 pasa [8].

(a) (6)

Puc. 5. Iuddepentmanus panansl Rapana venosa 1o mojoBbIM IMPU3HAKAM: d — CAMKa;
6 — camell (cTpenkoit 0003Ha4YeHbI TOHA/bI); @/ — MA30K TOHA/IbI CAMKH (CTPEIIKO
0003HaYCHBI OOLMTHI); 6/ — Ma30K FOHA/bI caMIia (CTPEIKOi 0003HAYCHBI CIIEPMATOLIUTHI)
[Fig. 5. Differentiation of Rapana venosa according to sexual characteristics: () female and (b) male
(the arrow indicates gonads); a/ — female gonad smear (the arrow indicates oocytes), b/ — male gonad
smear (the arrow indicates spermatocytes)]

B pesynmpTaTe MOHHTOpPHHTA COCTOSHHS O€HTOCa BHONB modepexbst Kppmva
(1980-1990-¢ rr.), OBUTO MOKAa3aHO, YTO CPEAHEE 3HAUYCHHE OMOMACCHI paraHbl Ha
rryourax 10-30 M cocraBmio 50 r-Mfz, a MakchMajbHas OmoMacca MHUIOUHU
M. galloprovincialis 6bi1a 3aperucTpipoBata Ha ryouse 20 M (~ 900 v ) [31].

Pe3ynbraThl CE30HHBIX HMCCIEOBAHUNA B POCCHMCKHX MPHOPEKHBIX BOAAX
Uéproro mopst (HOC «AkBaHaBT») MOKa3alH, YTO yBEIHYCHHE OMOMACCHI pa-
manbi ¢ 3 M 2 B 2001 1. no ~ 3545 M 2 B 2002-2003 1T. TIPHUBEIIO K COKpaIIe-
HHIO GHOMACCHI M YHCICHHOCTH [BYCTBOPYATBIX MOJIIIOCKOB ¢ 470 ™M~ u

1292 5k3.-M > B 2002 T. 110 35-45 r-M > 1 29-61 3K3.-M > B 2003-2004 rr. O/Ha-
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ko B 2004-2005 rr. OoTCyTCTBHE JOCTATOYHOTO KOJIWYECTBA MHINM TMPHUBEIO K
COKPAILICHHIO YHCICHHOCTH palaHbl 10 (OHOBOro ypoBHs (<5 rm°) [31].
Y BocTtouHoro nodepexbst Kppima B utone 2020 r. HanOombIas YUCICHHOCTD
(1,4 ok3.-M ) 1 6roMacca (21,4 1M °) panaHbl BbISBICHBI HA [IECYAHBIX TPYHTAX
Ha riyoune 10 17 m [17].

B mocnemHue roipl OTMEYEHO CHIDKCHHE 3allacOB palaHbl, KaK CIEICTBHE
KOMMEPYECKOH 3KCIUTyaTalluy BUJA, YTO SIBJIICTCS OCHOBHBIM CITOCOOOM peryJv-
poBaHus uxX yncieHHocTd. Ha menbhe PymMbIHIM yIOBBI pamadbl yBETHYMIHNCH OT
1,718 2009 r. o 6 504 T B 2016 1. [32]. Typrust eXerogHo SKCIOPTHPYET HA
peiku Snornn o 800 T panansl [25]. B AzoBo-UepHoMopckom OacceliHe 3a 1mo-
CleiHAE 5 JIeT 00beM ©XKETOAHON JTOOBIMM PanaHbl POCCUHCKUMU ITOJIb30BATEIIS-
MU yBemmuamics B 2,8 paza (¢ 1 010,7 T8 2015 1. mo 2 831,925 T8 2019 1.) [17].

[Tocne noObIUM KPYMHBIX OCOOCH parmaHbl W COKpAICHUS TOCENICHUH IBY-
CTBOPYATHIX MOJUTFOCKOB pa3Mep B3pOCibIX ocodeld ymenbimics [18, 25]. Tak, B
Havarne 1980-x rr. pamaHbl JOCTUTAIM MOJIOBO3PETIOCTH B BO3pacTe ABYX JIET MpU
CpEeTHUX 3HAYEHUSX BHICOTHI pakOBUHBI 58 MM [2]. Uepes 20 neT cpemusist mHa
pPaKkoBUHBI B TIEPHOJ] TOJOBOM 3penocTH cocTaBuia okoio 40 mm [24].
B npuponubix ycnoBusix, kak ykaspiBai B.[[. UyxunH, HHTEHCHBHOCTH pOCTa pa-
TIaHBI B 3HAYNUTEITLHOM CTETICHH 3aBUCHT OT 00ECTICYCHHOCTH UX MUIIeH [2].

Panana 3acenser B OCHOBHOM I€CYaHO-PAKyIICYHBIE H PAKYIICYHBIE TPYHTHI
1o iryounsl 26-30 M [2, 16, 32]. TTomoca WIIOBBIX MHIIUI OrpaHUYMBACTCS Ha-
ma3onoM riryouH ot 3040 go 50-60 m; ckanpHbix — 10 30 M [33]. CrnenoBa-
TENBHO, POCTPAHCTBEHHOE pactipeneiienne Muauu M. galloprovincialis Tombko
YaCTHYHO COBIAJACT C MPOCTPAHCTBEHHBIM pacIpee]ICHHEM palaHsl R. venosa,
B otiuuue ot ycTpulisl O. edulis, rie 6bu10 ToHOe coBnianenwue [11]. M3BecTHO,
9T0 M3 OWOLEHO3a MUAWN B IeENarvaighb MOCTyHaeT HaumOoiblIiee KOINYECTBO
JUYUHOK, TaK KaK PyKOBOISIIMHA BUI — M. galloprovincialis — iMeeT o4eHb BBI-
COKYIO TUIOJIOBUTOCTD, XapaKTepH3yeTcs pacTIHYTHIMU BO BPEMEHH IIEPHOIAMHU
pasmuoxenus [34]. Mumuitabie ¢pepmMbl Ha YEPHOM MOpEe TaKKe SBJISIFOTCS BaXK-
HBIM MCTOYHUKOM JIMYMHOK. B mocnenHee mecsatuierie rogqoBoe MpOou3BOICTBO
muauit B Poccun cocraBuiio okono 200 T [35]. o ToBapHOTrO pa3smepa Ha KOI-
JIeKTOopax (epMbl MUK JOpAIIMBAIOT B TeueHHe 1,5-2 ner. 3a 3TOT CpOK OHU
MOT'YT OTHEPECTUThCA 3—4 pa3a, TaK KaK MOJOBO3PEIBIMH MHAUN CTAHOBSTCS B
TIEPBBII TOM1 KU3ZHU.

3akiouenne

OKCHepuMEHTAJIbHBIC Pe3yIbTaThl M0 MHTCHCHBHOCTH IMUTAHUS pamaHbl U
aHaJIM3 MOHUTOPHHTA COCTOSHIS OEHTOCA HE TOATBEPXKAAIOT THIIOTE3y 00 KO-
JIOTUYECKOW yrpo3e momymisiuu Muauid UEpHOro Mops, Tak Kak MPOCTpaH-
CTBEHHOE pactipenesieaue Muauu M. galloprovincialis TOIBKO YaCTHYHO COBIIA-
JIaeT C pacrpenesieHueM pamnaHbl R. venosa. VIHTCHCHBHOCTh MUTAHUS PallaHbI
3aBHCUT B OCHOBHOM OT TEeMIIEpaTyphl BOIBL. MaKCHMaibHas MHTCHCUBHOCTH
MUTAHUS CAMOK OTMEUCHA B MIEPHOJ OTIOKEHUS KIIAJOK IPH TEMIIEPaType BOIBI
B Mope 23,5—26,8°C. MuHHManbHasi HHTEHCUBHOCTH ITUTAHUS MOJITIOCKOB 00e-
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WX TIOJIOB OTMEYEeHa Mpu TemmepaType Boabl Hibke 10°C ¢ mepeppiBamMu MoTpeo-
nenus nuimu ot 7 10 30 cyT. YCcTaHOBJIEHO, YTO CPEeIHECYTOUHBIE PAIIMOHBI Ca-
MOK JIOCTOBEPHO BHIIIIC, YEM CAMIIOB.
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