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H@Hb Da60TBII OLICHUTDb BJIMAHHC OTpa60TaHHOFO MalIMHHOI'O Macja Ha

x)xuzHenearenpaocts M. eduliS W BO3MOXKHOE MOJOXKHUTEIBHOE BIUSIHAE Ha

YCTOWUYHBOCTH COBMECTHOTO UX KYJIbTUBUPOBAHHSI.
3anaun: 1.M3yunts muTepaTypHble HCTOUHUKHU IO MPOOJIEME UCCIIEIOBAHNS.

2.00BITHBIM MyTEeM OIEHUTh TOKCMYHOCTH OMM nnst Mytilus edulis, kpacHoi
Bomopocnn Palmaria palmata wu 3enénoii Bomopociaum Ulvaria obscura B

1a00pPATOPHBIX YCIOBUSIX

3.0npenenutb TokcndyHOCTh OMM 111 0OBEKTOB MPU COBMECTHOM COJECpPKAHUU
BOJOPOCIIEN U MOJUIFOCKOB.

['mnore3a: MamIMHHOE MacJl0 TOKCUYHO Ui MHIUMHA W BOJOPOCIEW, HO HX
BBDKMBAEMOCTH TIOBBIILIAETCS B IPUCYTCTBUM JIPYT Apyra.

OOnekThl _uccnenoBanus: Bogopocan Palmaria palmate » Ulvaria obscura,

moJsuttocku Mytilus edulis.

[Ipenmer wmccaenoBanus — BebKHBaeMocTh M. edulis mpu BosneiicTBumM Ha HUX

He(TENPOTYKTOB.

B pabore oueHnBamach TOKCHMYHOCTh OTPa0OTaHHOTO MAIIMHHOTO Macia
mis Mytilus edulis u Bomopocneit Palmaria palmata u Ulvaria obscura mo
OTAEJIBHOCTH U cOBMeCTHO. CMepTHOCTh Muiuii coctaBuia 100% na 20 cyTku npu
BO3/ICHCTBUM MalIMHHOTO Macia. B mpucyrctBum U. 0bscura cMepTHOCTh MUIMIA
cHmwkanachk 10 0%, a B mpucyrcteun P. palmata — no 10%. Camu Bogopocian ot
MaIIMHHOTO Macja NOorudand Ha BTOpPblE CYTKM, HO B TNPUCYTCTBUM MHIUHN
BbDKMBaIU. MHTEHCMBHOCTH (hOoTOCHHTE3a Obla BBINIE Yy BOAOPOCIEH MpHU
COBMECTHOM cojepkaHuu ¢ mMuausMu. Camoe BBICOKOE cojep:kaHHe Oenka B
BOJIOPOCIISIX OBLTO TPU COBMECTHOM cojiepkanHuu oboux BumoB(P. palmata u U.
obscura). Takum oOpa3om, OTpabOTaHHOE KOpPAOCIbHOE MAIIMHHOE Maciio
TOKCUYHO JJIsi THUAPOOMOHTOB, a MEXIY BHJAMHU BBISABICHO IMOJIOXXKUTEIHLHOE
B3aHUMO/JICHCTBHUE.

Knioueevie cnosa: muauu, BOAOpOCIU, HePTENpPOAYKTHI, O€NOK, (OTOCHUHTE3,

Konbckuii 3a1uB.



BBenenue

[To6epexnbe bapeHiieBa MOpst HAXOAUTCS B 30HE aKTUBHOTO XO3SHCTBEHHOTO
OCBOCHHUS, B CBSI3U C 3TUM MPOUCXOIUT PETYJISIPHOE 3arps3HEHHE MPUOPEKHBIX U
BOJHBIX HKOCHUCTEM 3ammBa HedTenpoayktamu [1]. AKTyaabHOCTh HW3YYCHHS
BIIMSIHUSL TIOBBIIIICHHBIX KOHIEHTpAlUM HEPTENPOAYKTOB Ha MAaCCOBBIC BHJIBI
TUAPOOMOHTOB  OMNpENEeseTcss  BO3MOXKHBIM ~ H3MEHEHHEM  YCIOBHH  HX
CYILIECTBOBaHMUSI, KOTOPbIE MOTYT IPUBECTH K JIeTpafalluy NPUPOJIHBIX COOOIIECTB.
B nutepaType B OCHOBHOM IPHUBOJATCS JaHHBIE O BIMSHUM HE(TEIPOIYKTOB Ha
OTIIeTIbHBIC BUABI THAPOOHOHTOB [2],[3].

HanbGonee TOKCMYHBIM U3 HEPTEOPOAYKTOB MO IKCIEPUMEHTATHLHBIM
HCCIICIOBAaHUSIM, TIPOBEICHHBIM Ha madHusx [7], sBiasercas oTpaboTaHHOE
MairHHoe Maciao (OMM). [1osTomy B HallleM UCCIIEIOBAHUM MBI BO3/I€HCTBOBAIIU
Ha 00BeKT uccienoBanuss OMM.

Ieap HacTOsiIel padoThI: OICHUTH BIMSHHUE OTPAOOTAHHOTO MAITUHHOIO
Macja Ha xku3HeaesTenbHocTh M. edulis 1 Bo3MOKHOE MOJ0KUTEILHOE BIUSHUE

Ha YCTOWYHUBOCTH COBMECTHOTO UX KYJIbTUBUPOBAHMUS.
3amaum:_1.M3yuuts IuTepaTypHbIC HCTOYHHUKHU O TTPOOIEeMe UCCIEOBAHUS.

2.0nBITHBIM TyTeM OIEHUTh TOKCHYHOCTH OMM nnst Mytilus edulis, kpacHoi
Bogopocau Palmaria palmata u 3enénoit Bomopocnu Ulvaria obscura B

Ja00pPATOPHBIX YCIOBUSIX

3.0npeaenuth TokcnuHOCTh OMM 1711 00BEKTOB MPU COBMECTHOM COJIEP KAHUH
BOAOPOCIIEN U MOJUIFOCKOB.
I'mmore3a: MamuMHHOE MACIO TOKCHYHO JJII MHUJIWM W BOJOPOCJIEH, HO

BBIKUBACMOCTD ITOBBIIIACTCS B IIPUCYTCTBUU APYT Apyra.



I'nasa 1.JIuteparypHslii 0030p
1.1.CTteneHb H3YYEHHOCTH BONPOCA HA OCHOBE AHAJIM3Aa JHUTEPATyPHBIX
HCTOYHHUKOB.

Hayuynpix cBemeHMM O  BO3JEWCTBMHM JAHHOTO  BHJAA  ITOJUIFOTAHTOB
OJITHOBPEMEHHO Ha JIBa WJIM HECKOJIbKO BHJIOB PACTEHHUW WJIM >KMBOTHBIX KpaiiHe
Masio. HemoctaTouHO  M3y4eHbl MEXaHU3Mbl  B3aUMOJCHCTBUS  MOPCKHX
OpPraHU3MOB B YCIOBHUSIX aHTPONOTEHHOI'O BO3/ICHCTBUSI, BHI3BAHHOTO MU3MEHEHHEM
yCIOBUM cpenbl. B JuTepaTypHbIX HMCTOYHHUKAX paccMaTpuBajiach poJib
HEe(DTCOKUCIAIOMMX OaKTEPHil, MOTJIOMIAIONINX HEPTEIPOAYKTHI C MOBEPXHOCTH
TAJJIOMOB MakpoBojaopocieid bapenneBa mops[4]. OmHako NPaKTAYECKA HE
M3YYE€HO BO3MOXHOE BIHUSHHE MAaKpOBOJAPOCIEN HA BBDKUBAEMOCTb JIPYTHX
MacCOBBIX BHJOB THAPOOMOHTOB, Hampumep, MHAWN, B 3arpsA3HEHHOU
Hedrenponykramu Boae. Ha wmarepuane  Cpeauszemnoro u benoro wmopei
MOATBEPKIEHO, YTO 3€JIEHBIE BOJAOPOCIU CIOCOOHBI aKKyMYJIMPOBATH MPOIYKTHI
BBIJICJICHUS MUJUN, @ MUJUU CTUMYJIUPYIOT POCT HUTYATBIX BOJOPOCICH BBIIEISAS
OOJIBIIIOE KOJIMYECTBO BEIIECTB, KOTOPHIE MOCIE B3aUMOJEHCTBUS C MUKPOOHOTOM
oboramiaroT BOJy BEIIECTBAMHU, HEOOXOJMMBIMH B KadeCTBE MHUHEPAIHLHOTO
MUTaHUS JUISE  BOJOPOCHEH[5].0TO yTBEpXKJIECHHE TI03BOJIMJIO HaM CHAeaTh
MPEANOJI0KEHUE O BO3MOXKHOW PE3UCTEHTHOCTA MUJIMH K JICMCTBUIO MOBBIICHHBIX
KOHIICHTpaIui HeTenpoyKTOB B MPUCYTCTBUU BOJIOPOCIICH-MaKpO(UTOB.

1.2.XapakTepucTuka 00beKTOB HCCJIeI0BAHUS

B xauecTBe )KUBOTHOTO 00BEKTa MccienoBaHus BeiOpan Bua Mytilus edulis,
KOTOpBIM  sBjsieTCs HauOojiee pacnpOCTPaHEHHBIM BUJIOM JABYCTBOPYATHIX
MOJUTIOCKOB Kjacca Bivalvia na no6epexbe bapeniieBa Mopst [6],paCTUTEIBHBIX —
Palmaria palmata u Ulvaria obscura. Ilpeamer uccienoBanusi — BbDKHBAEMOCTb
M. edulis npu BosaeiictBun Ha Hux Hedrempoaykro. Mytilus edulis -
nByxcTBopuaThiii Moyuttock. [lIupoko pacmpoctpanéHusiii Buia. OOutaer Ha
JUTOPAIM U BEPXHEW CyONIMTOpald apKTHUYECKUX U OopeadbHBIX Mopei
Atnantuueckoro u Tuxoro oxeaHoB. B bapenHuneBoMm Mope BcTpedaercs

IIOBCEMECTHO. MecTo OOMTaHuA: JUTOpallb U cyonuropans. Yamie Bcero Muauu
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MOCEJISTFOTCSl TUIOTHBIMH CKOIICHUSIMUA (JI0 HECKOJIBKUX COTEH TBICSY JK3./M?),
OYEHBb PEIKO MOXKHO BCTPETUTh OAMHOYHBIX 0co0ei. OunbTpytomuii cecToHodar.

Palmaria palmata omna u3 campIX KpYIHBIX W3 KPacHBIX BOJOPOCIICH,
oOuTamMuX B CeBEepHBIX Mopsx Poccuu. PacTeHuws sToro BHma JOCTUTAIOT B
BeicoTy 10-30 cMm, wmHorma 50 cm. CrhoeBunie najabMapuu IUIACTUHYATOE,
JUXOTOMHYECKA WJIM TajJb4aTO-PACCEUEHHOE C KJIMHOBUIHBIM OCHOBAHUEM,
KOTOpOE TMPHU CYKEHUU BHU3Y 00pa3yeT HEOOJBIION CTEOCIeK OKAHUMBAIOIITHIICS
JUCKOBUIHOM moaomBon. Kpail miacTUHBI M €ro MOBEPXHOCTh TIIAJIKUE, UMEIOT
BBIPOCTHI-MIPOTM(PUKAIIANA, KOTOPHIE MOTYT HMMETh TaKWe K€ MPOoTudUKAIIIN
BTOPOTO W TPEThEro MOpsiAKOB. Tak Kak Mpou(UKalUuU SBISIOTCS TOJIWYHBIM
oOpa3oBaHHEM, [0 KOJHMYECTBY HX TMOPSAKOB MOXXHO ONPEIETUTh BO3PACT
naigbmapun. CioeBuIie COCTOUT OOBIYHO M3 OJHOTO LEHTPAIBHOTO Psiia KPYIHBIX
OCCIIBETHBIX KJIETOK, OOHApyXeHHBIX 1-2 psmamMu OoJjiee MEJNKUX KIETOK, U
KOpPOBOTO CJIOSi, OOpPa30BaHHOTO OJHHUM WM HECKOJbKHUMH pAJlaMH  MEJIKHUX,
OKpalnieHHbIX kieTok. Ha MypMmaHckoM moGepekbe MOBCEMECTHO BCTpPEYaeTcsl Ha
HIDKHEW JINTOpaiu, KpOME 3CTyapueB peK. Bua maccoBbIil.

Ulvaria obscura 3ermenas Bomopociib ¢ IUTACTHHYATHIM  OJHOCIIOHHBIM
CJIOEBUIIEM, CPABHHUTEJIBHO C JIPYTMMHU CXOJHBIMH BHJAMHU IUIOTHOE. BbIcoTa
nocturaetr 50 cm, mupuHa 30 cm. Moryr HaOmomatbes mnepdoparuu. B
OCHOBaHMU Oa3alibHbIA AUCK. [Ipukperuisercss puzougamMu, PU3OUIHBIC KIETKH
MHOTOsiZIepHbIe. [lmacTiHa oOmHOCTIOWHASA. Ha MypmanckoMm moGepexbe
pacnpocTpaHeHa OBCEMECTHO Ha HYXKHEH JIMTOPAJIM U B BepxHEl cyonuropanu. B
KOHIIE BECHBI — Ha4aJIe JIeTa MOXET CTAHOBUTHCS MaCCOBOM.

I'naBa 2. JkcnepumMeHTAJbHbIE HCCIEI0BAHUSA

2.1.MaTepuaJjibl  METOIbI
Bonopocnn u mumuu 6putn coOpanbl B Konbckom 3aymmBe. CHauyana B TEUCHUE
MecsIla UX JeprKajau B XoJoauibHOM kKamepe mipu +10° C B maboparopuw, JJ1si TOTO
YTOOBI AKKJIMMHUPOBAIUCH. 32 UX COCTOSHHEM CJICIAWIIN, U3MEPSIST KOHIICHTPAILIUIO
M0 COOTHONICHHWIO (POTOCUHTE3a/IbIXaHWsI B BOJIE, B KOTOPOW COJEPKAINCH

SKCTIEpUMEHTalbHbIe  00pas3ibl.  Eciam  coaepkaHwe  KHCJIOpoaa 3a  yac
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YBEJIMYUBAIOCh, 3HAYUT MIENT UHTEHCUBHBIN (oTocuHTe3. Ecnu kucimopon B Boje
yYMEHbILAJCS, TO JAbIXaHHE MPeo0aanano y 3KCHEPUMEHTAIbHBIX OOBEKTOB.
OTMeTHM, YTO MPOCTO BOJA TAKXKE IOKa3ana Haludue QoTrocuHTe3a. Mbl MOkKeM
INPEANOJIOKUTE, YTO 3TO JMATOMOBBIE U JAPYrde€ IIJJAHKTOHHBIE BOJOPOCIIH,
KOTOpBIE MOTJIM MONAcTh M3 Mops Aaxke npu (uiusTpauuu Boabl. Kuciopon
U3MEPSUIM TOJIBKO B UMCTOW BOJIE, MOCKOJIBKY 3TO MCIOPTUIO OBl JaT4MK. 3a
COCTOSIHUEM MMAMM cleawnu, usMepss Maccy. IlapametpoMm cmeptn muauin

ABJIAJIOCH YTpaTa MBIIICYHOT'O pe(bJIeKca H OTKPBITHUC CTBOPOK.

2.2. Ouenka TokcuauHoctu OMM nist Mytilus edulis, Palmaria palmata
Ulvaria obscura B onbiTe IpH COAEP:KAaHUM B JIA0OPATOPHBIX YCJIOBUAX
Paznoxunu Bomopocid W MUAMM 1O OaHkaM U 100aBWIM OTpabOTaHHOE
MamuHHOe Maciio (OOM) ¢ ogHOro U3 MOpCcKUx cyaoB. B Oanke Haxoaunuch 45-
49 rp muguit u 15 rp Bogopocneil. banka o6bémMom 1 auTp. OOBEM MAITUHHOTO
MacJja B oJiHO# Oanke coctaBisii 10 M. B koHIle skcriepuMeHTa u3Mepsiian ooiiee
coziep>kanue Oenka B oOpasuax no merony Jloypu. Cxema skciepuMeHTa MoKa3aHa

B Ta0mmme 1.

Tabnuua 1. Cxema 3kcriepuMeHTa

BapuaHTsl OOBEKTHI TokcukaHT

1 Palmaria palmata+ Mytilus edulis | —

1+ Palmaria palmata + Mytilus| OMM

edulis

2 Ulvaria obscura + Mytilus edulis | —

2+ Ulvaria obscura + Mytilus edulis | OMM

3 Mytilus edulis —

3+ Muytilus edulis OMM

4 Palmaria palmata + Ulvaria|—




obscura

4+ Palmaria palmata + Ulvaria| OMM

obscura

OnbiT nponomkancs 4 Henenu. B KoHIlE KaxaoW Henelu U3MEPSIM Maccy

BOJIOPOCJIEN U MUJIUUU.

Obpabomka 0anmbix
[To pe3ynbpTaTam OmbITa PACCUUTHIBATIN CKOPOCTH POCTA AKCIIEPUMEHTATBHBIX
o0pa31oB 1o ¢opmyiie

M = mye—my
At

['me M — ckOpoCTh pocTa IKCIIEpUMEHTAIBHBIX 00BEKTOB, I/CYT., M, - Macca
B HayaJje OmbITa, I, M, - Macca B KOHIIE OIbITa, I, At —BpeMs omnbITa, CyT.

Bce nonyyeHHble naHHble 00padaThIBAIA C UCIIOIB30BAHUEM MPOTPAMMHOIO

maketr MS Excel 2010.

Toxcuunocmos OMM

[Tpu 3a1aHHOM KOHLIEHTpALMK MAIIMHHOTO Maclia MUAMM Hadalld Iorudathb
Ha 5 aeHb, k 20 cyTkam Bce MOTuOiIn. A B KOHTPOJIBHOM Bapuante norudio 60 %
3a 9TO e BpeMs B TeX ke caMbIX ycloBusaX. KyiabTuBUpyembie BOAOPOCIH pOCIU
MHTEHCUBHO (puc.2). Bomopocnu noru6dmnu B ckissake ¢ OMM Ha 2 cyTku —

MOYEPHENH CTAIA PA3PyLIaThCA.
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Puc.1 BepkuBaemocTh 00beKTOB 1101 Bo3acrcTBueM OMM u 0e3 B omnbiTe, %

2.3.0uenka Ttokcuaynoctu OMM 17151 00bEKTOB PU COBMECTHOM
CoJep:KaHUU BOAOPOCIE U MOJLIIIOCKOB

CamMas BbICOKasi BBDKMBAEMOCTh y MHIUH B ipucytcTBre U. obscura.
BepkuBaemocts 90% y munuii B npucytctBuu P. Palmata (puc.1).

MosxHO mpeAnoa0xuTh, uTo U. obscura nasaia 6oJiee CHIIbHBIA (OTOCHHTE3,
yem P.palmata, mostromy BepKHMBaeMocTs Muuii ¢ U. obscura ropasmo Beiiie, yuem
muauii ¢ P. palmata.

Pesynprarel ombita ¢ OMM otpaxensl Ha pucynke 2. 3a 20 cyTok
MPOBEJECHHUSI OIbITAa MHTEHCUBHO POCIH BOJIOPOCIHA B KOHTPOJBHOM BapUaHTE, a
KOHTpOJIbHBIE Muauu (06e3 Bogopocieit u 6e3 OMM) mnorubamu. Ilansmapus
YMEHBIIIWJIA CBOIO Maccy IpU COAEPKAHUU C MUAUSMU. YIIbBapusi IpuU
COZIEp’)KaHMM C MUJUAMHU pOcCia B YMCTOW BoAe, B npucyrcteBue OMM macca He
U3MEHsJIach. MUJIUM YBEJIUYUIIN CBOIO MAcCy TOJIbKO B MPUCYTCTBUU YJIbBApHUU,
naxe npu godasineann OMM. be3 Bogopocield MUIUN HE TOIBKO XYACIH, HO MPU

n00aBJIEHNN TOKCUKAaHTa Bce morudym k 20 cyTkam.



B myanuv

W BOogoOpoOCAH
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-0,05 - OMM
_0’1 u
-0,15

Puc. 2. BbKHBaeMOCTh PU COBMECTHOM COACPKAHUH OOBEKTOB, T/CYT.

PG3YJIBTEITLI TaKXKC

IIOKa3aJIni  ITOJIOXKHTCIIBHOC

BJIMSIHHC

HA pOCT

BOI[OpOCJ'IGﬁ. B »stOoM ombiTe MBI U3MCPAJIM COACPKAHHUC KHCIOpOoda B BOIAC U

CMOTJIH ONPEeUTh Hannuue ¢potocuHTe3a. [Ipu coBMECTHOM cofepKaHUU MUIAN

n BOI[OpOCJ'IGfI, BOJa 060ramanaCL KHCJIOPOJIOM H NAaKC MHTCHCHUBHCC, YCM IIPOCTO

IIPU COAEPKAHUU BOAOPOCIEN.

1,5

1

0,5
MKr/r
0

B =

1-nanbmapuma 2 -yNibBapua u VI 4-nanbmapua

5-Boga

n MUams

MUamna W ynbBapua

npocTo

Puc.3 3meHeHue coaepkanusi KUCIOPOIa B BOJIE 3a YAC B KOHIIE OMbITa

(xpome BapuantoB ¢ OMM)

Tabnuua 2. Conepxanue 0enka B TAZIOMaxX BOJAOPOCIISX.

BapI/IaHTBI OKCIICPUMCHTA Cpe,uHee 3HAYCHUC QKCTI/IHHI/ISI
1.Palmaria+Ulvaria 57 0,545
0,519
2.Palmaria+Ulvaria 15,2 0,581
0,265
3.Palmaria+Muytilus 6,9 0,504
0,484
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4.Ulvaria+Mytulis 4,5 0,366
0,551
5.KOHTPOJIb 4 0,243
0,169
6.xkoHTpOJIL ¢ OMM 4.2 0,289
0,216
7.Ulvaria+Mytulis+OMM 8,3 0,282
0,251
8. Ulvaria+Mytulis 9,1 0,299
0,267
9.Palmaria+Ulvaria 4,3 0,268
0,299

[To nanHBIM TAOMUIBI 2 MOXKHO CKa3aTh, YTO HAMOOJIbIIIEE COICP’KAHUE
Oenka ObUTO B oOpasiax u3 Bapuanta 2. Haumensbliee cogepkanue Oeyka ObLIO B
koHTpoJie. [lpu comepkaHuu BOJOpPOCHEH € MHUIUAMH COJEpKaHUE Oeyka
CTAHOBUTCSI BBIIIIE.

[Ipu coBMECTHOM coziepKaHUU BOJOPOCIE B BapuaHTax 1 u 2 poTocuHTE3
OblJT MHTEHCHUBHEW, 4YeM B JIPyrMX BapuaHTax. OJTO JOKa3bIBACT YTO MEXKIY
Palmaria u Ulvaria mojaouTellbHOS B3aMMOJCHCTBHE, BEPOSTHO OHU BBIACIISIOT

KaKHC TO BCIICCTBA IIOJIC3HBIC APYT IJIAA Apyra.

BbiBoabI
Takum 00pa3om, JaHHBIM OMBIT MOKa3ajl, YTO OTPaOOTAaHHOE KOpaOeIbHOEe
MAaIlIMHHOE MacCJ0 TOKCHUYHO NI MuAui: jietanbHOCTh 100% mpu 10 Mt Ha nuTp B
teueHue 20 cytok. B mpucyTcTBHE BOIOpPOCIEH CMEPTHOCTh PE3KO CHUKAETCH.
[Tanpmapusi Takke MHTEHCHMBHO 00OOTalaeT BOAY KHUCIOPOJOM U CIOCOOCTBYET
BbDKMBAHUIO MHUIUW Ja)X€ MPU BO3JECUCTBUM CUJIBHOIO TOKCHKaHTa. BeposTHo,

OHa HEUTPAIU3YET €TO0.

3akJIroueHue
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BrIsBIIIM BBICOKYHO TOKCHYHOCTH OTPabOTaHHOTO MAalIMHHOTO Macna aius Mytilus
edilus, Palmaria palmata u Ulvaria obscur , a Taxxe moKa3ajaw, 4TO TpH

COBMCCTHOM COICPKAHNN MUIUU U BOI[OpOCJ'IGﬁ TOKCMYHOCTh OMM cHmKaeTcs.
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IIpuioxenue.

®doto pabounx momentoB. 1 — Ulvaria obscura B skcmepemente, 2 —
9KCIICpUMEHTaIbHBIC cocyabl B ombiTe 2, 3 — Mytilus edulis B omeite, 4 —
IKCIIEPUMEHTATBHBIE COCYJbl B OIBITE 3, 5 — U3MEpPEHHE KOHIICHTPALUH

PACTBOPECHHOI'O KMCJIOPOJa B OIIbITC 3.
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