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TTokasaHo, uto cozxepkanue Cu B msarkux tkausx M. galloprovincialiS3aBucut ot JMHEHHBIX MapameTpos,
Ce30Ha, T0JIa M CTaJUM 3PENIOCTH I'OHAJ MOJUIIOCKA. B Muausax c¢ anuHo# pakoBuHbl 30 1 50 MM B JieTHHUI
CE30H, [IPY MHTEHCHBHOM COMATHYECKOM POCTE, COACPIKaHHEe MEOH B MITKHMX TKaHsiX Bbime (xo 156 mxr/r),
yem ocenbio (10 63,8 Mkr/T). Koadduimentsr Bapuamu (CV %) KOHIEHTPHPOBAHUS MEIH B MSITKMX TKaHIX
CaMIIOB BBIIIIE, YeM Y CAMOK.

Kroueswte cnosa: Mytilus galloprovincialis koxuenTparmst Meau, WHIUBUAYaTbHAS U3MEHUYUBOCTH, UEPHOE
Mope.

BBEJIEHUE

Muzunu Mytilus galloprovincialisLam., kyasruBupyemas B UépHOM MOpe, SIBISETCS
MEPCIIEKTUBHBIM CBIPHEM IS MHUIICBOH, (papMaKOJIOrHYeCKOd M CEIbCKOXO03IHCTBCHHON
MPOMBINUICHHOCTA. MUIUH COAEPKAT MUKPOIIEMEHTHI, BATAMHHBI, UIMMYHOMO Y ISITOPHI,
paauonpoTekTopel ¥ T.JA. OIHAaKO, MPHUTOJHOCTh MOJUTIOCKOB JUIS MOTPEOICHUS
perIaMeHTHpyeTcsl YPOBHEM WX 3arpsA3HEHUs, OJHUM W3 OCHOBHBIX ITOKazaTeien
KOTOPOTO SBJISICTCS KOHIICHTPAIUS TOHKENBIX METAUIOB B MX TKaHAX. Meap 3aHMMaeT
0c000€ MECTO CPEIM TSHKEIBIX METAJUIOB, SBIISISICh OITACHBIM TOKCUKaHTOM. M3BeCcTHO, 4TO
noHsl CU moryT OjokupoBath (ocdarHple W amuHHBIE Tpynmsl B Moiekyne JIHK,
M3MEHATh €€ CTPYKTypy M OBITh TOTEHIMAIBFHBIM MyTareHoM. B To ke BpeMs Menn
BEICTyIaeT Kak KO(aKTOp HEKOTOPHIX ()EPMEHTATHBHBIX CHCTEM, oOOecreunBas HUX
¢yHknronuposanue [1].

Nmeercst oOmmpHas nuTepaTypa MO HU3YYEHHUIO COAEPKAHUSA MEAW B TKaHIX
MOJUTFOCKOB B 3aBUCHUMOCTH OT pa3IHYHBIX (DaKTOPOB OKpyXaromied cpeabl |
(DU3HONOTHYECKOTO  COCTOSHHSL ~ Moyutiocka [2—6]. Opnako B aTHX  paborax
aHAJTN3UPOBAIHCH 00OOIIEHHBIC MPOOBI MATKUX TKaHEH, B3SATHIX OT HECKOJBKHX OCOOCH,
MpH 3TOM WHAMBHUYyadbHas OCOOCHHOCTh OTACIBHBIX OPraHU3MOB KOHIICHTPUPOBATH
MUKPOIJIEMEHTBl HE yYUTHIBaNach. MccienoBaHus MHANBUIYAILHOTO CONCPIKAHUS METU
B MSTKHX TKaHSIX MOJUTFOCKA MOTYT OBITh TOJIC3HBI JJISl OIICHKHU TMOJUMOp(HU3Ma MHIHIA,
KadyecTBa MPOMYKIMUA (epMbl M BO3MOXKHOCTH YHU(DHUKAIMK MpoAyKImH. Hamnune B
MOMYJIAIMA ~ M3MEHYMBOCTH  TMOATBEPXKIACTCS  (DEHOTUITMYECKHM  pa3HOOOpaszueM
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IPU3HAKOB, CBSI3aHHBIX C TCHETHYECKOW jaeTepmuHanuedl [7, 8], mosTomy okpacky
PAaKOBUHBI MOJUIIOCKa HEOOXOJMMO YYUTBIBATh IPU H3YYCHUH OMOXUMHYECKHX
xapakrepuctuk M. galloprovincialis B wacTHOCTH, NpH HaKOIUIGHMH MOJUTIOCKAMHU
TDKENBIX MeTa/uioB. Llens paboThl: H3ydeHHE COACPKaHHS MEOH B MATKHX TKaHSIX
kynsTrBEpyeMoro M. galloprovincialis ¢ mnmmmoit pakoBuasr 30 MM u 50 MM B
3aBUCHMOCTH OT OKPAaCK{ PaKOBHHBI, 110JIa U CTAJIUH 3PEIIOCTH TOHA/I B JICTHUH U OCCHHHI
HIEPHOJIBI TO/IA.

MATEPUAJIBI U METO/IbI

OKCIEepUMEHTANBHYIO YacTh PadOTHl MIPOBOAMIIN B JIETHUH U oceHHUH niepuoasl 2007
u 2010rr. Munuu cobupamu ¢ qmHo# pakoBuHbl 30,20+0,02vm u 50,3020,04mm c
BEPEBOYHBIX KOJUIEKTOPOB (riayOmHa 3—4 M) OKCIEPUMEHTAILHOW MHUAMHAHON (EepMBI,
pacnionoxxeHHol B OyxTe MapteiHoBa (r. CeBacromnosnb). JlaHHBIA BBIOOP MO3BOIHII
OTPaHUYNTh  BapuabeNnbHOCTH  MOJUIIOCKOB 1O  JUIMHE  pakoBHHBL.  Bcero
MIPOaHAIM3UPOBAHO 6543K3eMILIIPOB.

B un3yuaembIX pa3MepHBIX TIpymIax MOJUIFOCKOB OIPENEsIM OKPAacKy pPaKOBHUHBI,
10JI, CTaJuI0 3pENIOCTH TOHAll, BeC MSTKUX TKaHel, comepxkanue CU B MATKHX TKaHSX.
OkpacKy pakOBHHBI MOJUIIOCKA ONPECISUIA 110 METOAMKE, npeuioxkeHHoi Jparomu [9].
Jlis onpeneneHyst MoJla U CTaJUK 3pEJIOCTH T'OHAJl UCIIOIb30BAIM METOIUKY BU3YaJIBHOTO
M3yYEeHNsT Ma3KOB TOHaJ mpu momomu Mukpockorna MBU-6. [10]. Tlocie ompenencHus
10J1a U CTaJUH 3pesIOCTH FOHAaJ MUAUHN, MATKHE TKAaHU OTIEJISUIM OT CTBOPKH IPU ITOMOIIU
TUTACTMACCOBOT0 HOXKA, YAaJssl MaHTUHHYIO >KUAKOCTh. MSTKHE TKaHU NMperBapUTebHO
oOcymuBany QUIBTPOBAIBHON OyMaroil ¥ B3BEIIMBAJIM HA aHAIUTHYECKHX Becax BJIP—
200. MamBHuayansHOe CoAepKaHue MEIN B MATKHUX TKAHSIX ONPEIENSUTH METOIOM aTOMHO-
a0COPOLIMOHHOM CIIEKTPOCKOIUH MOCIIE KUCIOTHON MUHEPAIN3AIMH, BBIPAXKAIU B MKT/T CYX.
TkaHu [11]. [TomydeHHbIe pe3ynbTaThl 00padaThIBAIN CTATHCTUYECKH [12].

PE3YJIbTATBI U OBCYXKIEHUE

Panee Hamu ObLTH MPOBEACHBI UCCIICIOBAHUS HHIMBUIYAIbHOTO COJICPKAHHS MEIU B
MSTKUX TKaHsX pasHopa3MepHbix M. galloprovincialiSe 3aBucuMocTy OT 1mojia MOJUTIOCKA
u cesoma roma [13]. B Hacrosmein pabore  mpoBeméH 0Oollee TIIYOOKHM aHaIn3
OTMEUYCHHBIX 3aKOHOMEPHOCTEH, a TaKXKe MOKA3aHO BIMSHUC CTagHi 3PEIOCTH TOHAT W
OKPACKH PAKOBHHBI HAa KOHIICHTPUPOBAHHUE MEIH MATKUMH TKaHSIMH MOJUTFOCKOB.

C menpi0 OIEHKH HMHIAMBUIYalbHONW H3MEHYMBOCTH H3ydeHO conepkanue CuU B
MSITKHX TKaHSIX MUAAN IBYX pa3MepHbIX rpymi (puc. 1).

Mouutrocku 6oJiee HHTEHCHBHO HakarutiBand CU B MATKUX TKAaHSX B JICTHUI MEPHO,
1OCJIe BECEHHET0 HEpecTa, B MPOIECCe COMATHYECKOTO POCTa, YTO paHee OTMEYaaoCh
Hamu U ApyruMu aBTopamu [11, 3, 14, 15]0OTMeueHHas 3aKOHOMEPHOCTD, TI0-BHIAMOMY,
CBSI3aHA C THUIPOJIOTO-THAPOXMMHYECKHMH OCOOCHHOCTSIMU aKBaTOPHH PACIIONIOKCHUS
bepmbl. B netHuii nepuoj roga Ha B3Mopbe T. CeBacTOMOsE 4aCTO OTMEYAKOTCS CTOHHBIC
SIBJICHHS, TOCJIC Yero HaOIOMA0TCs «BCIIBIIIKUA» Pa3BUTHA (DUTOIUIAHKTOHA, KOTOPBIH
SBIIICTCSI AKKYMYJIATOPOM COCIMHEHUI MEAU U JPYrHX THKENBIX METAIUIOB, Oiaromapst
BBICOKOH ILIOIIAAM MOBEPXHOCTH OpraHu3MoB [16]. CroHHBIE SIBICHHS CHOCOOCTBYIOT
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mepexoay MeI W3 JOHHBIX OTIOXEHHH B BOAHYIO Tommny [17, 14],a mpu pasmokeHun
BBICOKOW Oromacchl (PUTOTUIAHKTOHA B BOJY TaK € BBIJICISIOTCS PACTBOPEHHBIE MOHBI
Meu. B sieTHUI ce30H aHTPOTIOTeHHAs Harpy3ka Ha akBaTOPHH B3MOpPhs T. CeBacTomos
BO3pAcTaeT, 3TO KacaeTcs U TOKCUYHBIX METAIOB. BO3MOXKHO, UTO U 3TOT (hakTop BHEC
OTIpeIeNIEHHYIO POJb B 00JIee BBICOKOE COJICPKAHNE ME/IM B TKAHIX MUIIHH.
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Puc.1. Konrentparuss Cu B MATKHX TKaHsIX camiioB u camok M. galloprovincialiss
3aBHCHUMOCTH OT CTaJWH 3PEJIOCTH TOHAI B pasHble ce3oHa roga (A — mero, 30 mm; B —
ocenb, 30mm; C —nero, 50mm; D —ocens, 50Mm).

[Ipu cpaBHeHnu conepxkanusi CU B MSATKHX TKaHSX MOJIONHM M B3POCIBIX 0cobei

HaOJoanacy Oonee BBICOKAs CIIOCOOHOCTh MEJKHX MOJUTIOCKOB HakarummBath CU, 4To
yke oOcyxknganoch Hamu panee [14]. ¥V wmumamit ¢ pasmepom pakoBurn 30 Mm
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SHEPreTHYECKUE MPOIecChl U (PHIBTPAllMOHHAS aKTUBHOCTH MPOTEKAIOT ObICTpee, YeM Y
MOJUTIOCKOB TOBapHoro pasmepa (50 mm). Dtum, mo-BuauMomy, oOBsCHSETCs Oojee
BBICOKOE COJCpKaHUE MEIU B MATKHX TKAHSIX MUAHHA MEJKOTO pa3Mmepa. Y caMOK 00eHx
pa3MepHBIX TPYHI, MO0 CPaBHCHHIO C CaMIlaM¥, MPOCIIEKUBACTCS TEHACHIHUS K Oomee
BbICOKOMY cojeprkannio CU,Kak B JIETHUH, Tak U OCEHHUH Tepro bl roja. KoHienTparus
Cu B MArKMX TKaHSIX CaMIOB M CaMOK H3MEHSIaCh B 3aBUCUMOCTH OT CTafuH
raMeTOreHe3a MOJUTFOCKOB, yBENWYMBasCh Ha 3 U 4 craamsx 3penoctu roHan. K 5-of,
HEPECTOBOW, CTaJuH, HAONIO/ANlach TEHJCHIUS K HEOONBIIOMY YBEIUYCHUIO WIIH
coxpaHeHuto cojepxkanuss CU Ha OJHOM YpOBHE y CaMOK W HE3HAYUTEIHHOMY
YMEHBIIIEHUIO ero y caMiioB. CTaOWiIbHOE YBEIIMYCHHUE COACPIKAHUS MEIU Yy CaMOK IpHU
nepexojyie OT 2-0i K 4-0i CTaauu PenpoIyKTHBHOTO IMKIIA CBA3aHO C POCTOM OOIMTOB B
TOHaJIaX, P KOTOPOM BO3paCTaeT COJEPKAHUE JIUTTHIOB, HU3KOMOJIEKYJISIPHBIX OCITKOB H
YIJIEBOIOB, C KOTOPBIMH Meb 00pa3yeT mpounsie cBs3u [18]. Ctabmimsanust comepKaHms
MEIU B MATKHMX TKaHSIX MHIHHA WK e€ yMeHbIIeHue K 5-0if ctanuu (Hepecty), cBs3aHa ¢
BBIXOJIOM TSDKENBIX METAJUIOB, B YaCTHOCTH MeEIHW, B MOPCKYI) Cpely C MOJOBBIMHU
npoxyktamu [19]. TIpoTHBOMONOKHAS KAapTHHA MO COACPKAHUIO TSDKENBIX METAIJIOB B
MSTKHMX TKAHSIX MOJUTIOCKOB B 3aBUCHMOCTH OT Ce30Ha roja monydena qis Mytilus edulis
[20]. ABTOpHI OTMEYaIM MHHHUMAJIBHOE COJCPKAHHWEC MEAM B MSTKHX TKAHAX JICTOM U
BO3pacTaHue €€ cojepKaHuWs K 3uMe. Takue pa3nuyus B KOHIEHTPUPOBAHUH MEIU
MoJUTFOCKaMu poaa Mytilus cBsi3aHbl, MO-BUAMMOMY, C Pa3UYUAMH B CE30HHOCTH
PasMHOXKEHHUS M3ydaeMbIX 00bekToB. M3BecTHO, uro Mytilus edulisSuepecturcs metom u
OCHOBHO# MK HepecTa MPHUXOAUTCS Ha Hadayio Hiojs [21], Koraa aBTOpbl U OTMEYAIH
MUHUMAIILHOE COJICPKaHUEe MUKPOIJIEMEHTA B TEJIC MOJLTIOCKA.

Paccunransl  kod¢¢urments Bapuamun (CV) comepxkanns CU B MATKHX TKaHIX
MUIHI pa3InIHOTO pa3Mepa, mona u dena (Tadi. 1).

Taoauna 1.
HnauBuayaibHas BapuadeJbHocTh coaepskanus Cu
B MATKHX TKAaHAX MUHIi Pa3HOT0 pa3Mepa, MoJia ¥ OKPaCKH PAKOBUHBI

Cuwmkr*r cyx macchl Tkaan, CV+A CV, %

Oxkpacka 30 MM 50 MM
PaKOBHHBI g Q g Q
70,8 +16,4 76,1 +14,0 51,0+13,1 55,2 +10,2
Kopuunesas
CV=52,9+19,1 | CV=23,9+10,4| CV=58,5+21,7 | CV=36,7£120
81,9 +21,8 86,1 +16,6 56,1 +13,5 63,3+9,9
Yépnas

CV=52,3+18,7 | CV=255+7,8 | CV=54,9+19,7 | CV=35,5£15,2

[Tokazano, 4ro ko3(duIMeHTs BapHalK COICp)KAaHUA MEAW B MSTKHX TKaHAX
CaMIIOB M CaMOK MHUMH 00enx pa3MmepHbIX rpymm Beicokne. Conmepxkanne CU B MATKHX
TKaHAX camIoB Ooiiee BapuadenbHo (Tadm. 1). [Ipu cpaBHeHun kodppunuenta CV MOKHO
OTMETHUTh, 4TO conaepkanne CUy ocobeit ToBapHOIro pasMepa 0ojiee BapuadeIbHO, YeM Y
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muauit 30 MM pazmepa. OTinnunii B BapuabeIbHOCTH COACPIKAHNS MEIH B MSITKUAX TKaHIX
MU B 3aBUCUMOCTH OT OKPAaCKH PAKOBHUHBI HE BHISIBIICHBI.

3AKIIOYEHHUE

1. WupusupyansHoe comepskanre CuB markux tkaasx M. galloprovincialissasucur ot
pa3mMepa, ce30Ha, 1oJ1a U CTaIUH 3pEJIOCTH FOHAJ] MOJUTIOCKA.

2. B mugmax c gnmuuoit pakoBuHbl 30 1 50 MM B NIeTHHIl ce30H, MPH WHTEHCHBHOM
COMATHYECKOM POCTE, COAEPKaHNE MEAH B MATKHX TKAHAX BhImre (10 156 Mkr/T), yem
ocenpio (mo 63,8Mkr/T).

3. Conepxanne CU B MATKUX TKaHsIX caMmioB BapbupyeT Oonbine (CV=57 %),4em y
camok (CV=36 %).

4. BnusHMA OKpackM pPAaKOBHUHBI Ha BAapHAOEIbHOCTH COAEPKAHUS MEAW B  MSTKHX
TKaHAX MUJIUH HE BBISBICHO.
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TTokasano, mo iHauBigyaneHuit 3mict Cu B M'skux TkanuHax M. galloprovincialis 3anexurts Bin posmipy,
CE30HY, CTaTI Ta CTAMIl 3p1JIOCTi rOHA MOJIIOCKA. Y Miisfx 3 noBxkuHOI pakoBuHu 301 50 MM B niTHIH ce30H,
IpU {HTCHCUBHOMY COMAaTHYHOMY POCTi, BMICT MiAi B M'AKHX TKaHMHaxX Buiie (Max = 156wmkr / r), Hix
BoceHn (Max = 63,8vkr / r). 3mict CU B M'IKUX TKaHHHAX camiiB Bapitoe Oinbuie (CV = 57%),Hixk y camok
(CV = 36%). BruiBu 3a0apBicHHS PAKOBHHH Ha BapiaOeNbHICTh BMICTY Miai B M'SKHX TKaHHHAX MiIii He
BHSIBJICHO.

Knrouosi cnosa: inpuBinyansHa MiHIHBiCTE, Migb, Mytilus galloprovincialis Yopue mope.

INDIVIDUAL VARIABILITY OF THE COPPER CONTENT IN THE  SOFT
TISSUES OFMYTILUS GALLOPROVINCIALIS LAM. DEPENDING ON PHENE,
SEX AND STAGE OF GONADS MATURITY

Chelyadina N.S.

Institute of Biology of the Southern Seas, Nationatademy of Sciences of Ukraine, Sevastopol,
Crimea, Ukraine
E-mail: chelydina2007 @mail.ru

The individual copper content in the soft tissueMogalloprovincialisdepending on the
season , phene, sex and stage of gonads matgigtualied. Mussels with a shell length
30,20 £ 0,02 and 50,30 + 0,04 mm was taken frontectrs of farm situated in
Martynova bay (Sevastopol) during 2007 and 201¢hénsummer and autumn seasons . It
is shown individual Cu content in the soft tissbésgalloprovincialisdepends on size,
sex and stage of gonad maturity of mollusks and atsa season. Mussels accumulated
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Cu in soft tissues more intensively in the sumnearsen after the spring spawning during
of somatic growth. The copper content in softugss of mussels was higher in the
summer season during somatic growth (up to 156 )rian in the autumn (up to 63.8
mg/g). This regularity, apparently was associatedh wthe hydrological and
hydrochemical features of the farm waters. Upwegdliroff the coast of Sevastopol are
often registered in the summer season and thenoplaytkton "bloom" follows.
Phytoplankton is an accumulator of copper and ollg&vy metals due to high surface
area of the body. Upwellings promote the transittopper from sediment into the water
column. Anthropogenic impact on the waters of thevaStopol are increases in the
summer season, this also concerns to toxic mé&taksibly this factor is introduced a role
in higher copper content in soft tissues of mussels

The small mussels have higher ability to accumuaidn a soft tissues then mussels of
market size (50 mm). Energetic processes andtfdin activity proceed faster in mussels
with shell 30 mm than in ones with shells 50 mmisTéan explain the higher copper
content in the soft tissues of small-sized mus§éis. tendency towards higher content of
Cu in the summer and autumn seasons for femald&®tbf size groups compared with
males is observed.

The Cu concentration in the soft tissues of mate famales varied depending on the
stage of gametogenesis of mussels increasing g 3 atages of gonad maturity. By the
5 stage of gonad maturity there was a tendencyslght increase or stabilization in Cu
content on the same level in females and to atdligbrease in one in males.

The females have a stable increase in the coppeemtofrom the 2 to 4 stage of the
reproductive cycle. It is connected with oocytevgitoin gonads while there are increased
content of lipid, low molecular weight proteins acatbohydrates which the copper has a
strong connection with.

Stabilization of copper content in the soft tissaemussels or its reduction to the 5 stage
(spawning) is associated with the release of heaatals particularly copper in the marine
environment with reproductive products.

The index of variation (CV, %) of the Cu contentlie soft tissues of mussels of different
sizes, sex and phene are calculated. It is shogvinttex of variation of copper content in
the soft tissues of males and females of both gipeps of mussels are high. The Cu
content in the soft tissues of males is more véiabhe Cu content in the soft tissues of
mussels of commercial sized are more variable ith&0 mm sized mussels. There are no
differences in a variability of the copper contenthe soft tissues of mussels depending
on the phene.

Keywords: individual variability, coppenMytilus galloprovincialis Black Sea
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