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BIVIUB Zn** BOJJHOI'O CEPEJIOBUIIA HA JIOBOBY
HOUKJ/ITYHICTDb ANXAHHSA AJTOBUAIB PLANORBARIUS
CORNEUS S. L. MOLLUSCA, GASTROPODA, PLANORBIDAE)

JIoCIi/KEHO BIUIMB pi3HMX KOHIEHTpauii iomiB Zn** (0,5 T'IK-3 T'JIK) Ha XpoHOJOriuHi
0COOJHMBOCTI JIETEHEBOTO 1 MPSAMOro AM(Y3HOTO AWXaHHS KOMIIOHEHTIB HaJIBHAOBOIO KOMILIEKCY
BUTYIMOK Planorbarius corneus s. 1. — aloBHUIIB «3axiJHOTO» 1 «CXiTHOTO» TipoMepexi YKpaiHu.
Bcranosiieno, mo ionu Zn®*, BIUIMBAIOYM HA 3HAYEHHs MOKA3HUKIB 000X CMOCOOIB JMXaHHS y IUX
MOJIIOCKiB, IPOBOKYIOTh Y HUX CTPIMKHH PO3BUTOK MATOJOTIYHOTO MPOLECY — OTPYEHHS. 3’ sICOBAaHO
0co0aMBOCTI OOOBOT LIMKIIYHOCTI MOKA3HUKIB JIETEHEBOrO OUXaHHA P. corneus s. 1. y puTMi «IeHb-
HiY» K Yy HOpMI, TaK 1 3a Jii Ha HBOTO 3TaJlaHOTO BHUIIE TOTIOTAHTA. AJIOBUJ «CXiJHUW» BHUSIBUBCS
OLIBLI YYTJIMBMM | MEHII BUTPMBAJIUM 0 BIUIMBY Ha HbOrO iOHIB Zn’* y MOPIBHSHHI 3 alOBUAOM
«3axX1IHAM».

Kmiouosi crnoea: anosuou sumyuiox, Zn**, nezenese i oughysne ouxauns, 00606a yukiiuHicmo.

3rifHO 3 OCHOBHMMH MOJOXEHHSAMH OiopuTMmodorii (xpoHoOiojorii), yci ¢izionoriuni ¢yHKUii B
OIOHTIB TBAPUHHOTO MOXO/KCHHS IiJMa1al0Th MIEBHIN IUKIIYHOCTI (J00O0BIH, CE30HHIH, pidHil Ta iH.)
[24], dopma siKOT 3yMOBIIOETHCS TPUBATICTIO XKUTTSA 0coOuH [16], a MOYAaTOK 1 3aBEpIICHHS IMKIIiB
PETYIIOIOThCS 1X O10JOTIYHUMYU TOAMHHUKAMH [23].

Y anoBumiB BUTymok Planorbarius corneus s. 1. mpouec IWXaHHA 3IIHCHIOETHCA
KoMOiHOBaHUM, OiMoAanbHUM criocoOoM. KuceHb aTMocgepHOro moBiTps HAAXOOUTH B iX OpraHizm
yepes JiereHi — HOBOHAOYTHH y TpoLeci eBOJIONIT yciMa JIeTeHEBUMHU MOJIIOCKAMH OpraH 3a TPHUBAJOl
ajanTamii iX 10 HOBHX, HE3BUYHMX JISl HUX YMOB iCHYBaHHS, a came: 3a nepeOyBaHHA iX y Ha3eMHO-
MOBITpsIHOMY cepenoBuIi [26]. Maiike Taka * KiUIBKICTh KHCHIO, PO3YMHEHOTO Y BO1, HAJAXOUTh Y
iX opraHi3M HEepKyTaHHO — Yepe3 MOKPUBH IX Tila B pe3ysibTari 3MIHCHEHHS HUMHU AH(Y3HOTO
Croco0y TUXaHHS.

B ocraHHi Kinbka JECATHIITH CHOCTEPIraeThbCsl MOTIPHICHHS SKOCTI MPHUPOAHHUX BOJ
rizpomMepexi YKpaiHu 1 3HIDKEHHA 4depe3 1ie 0i0aoriuHoi MPOAYKTUBHOCTI 11 HaceleHHs, 3yMOBJICHE
3a0pyIHEHHSM CEpEeNOBHI] HOro mepeOdyBaHHA PI3HUMH 3a MPUPOAOID Ta TMOXOMKCHHSIM
NOJIOTAaHTaMH, Y TOMY 4KCIi i ioHamu Baxxkux metanis [10, 11, 15]. I xoua y BogHux 00’ €KTax HaIoi
KpaiHM MPOTAroM mepioro AecaTHIiTTd XXI cT. BigMiueHO JesKy TeHACHIIO 0 3MEHIICHHS BMICTY
y HUX KOHIIEHTpalil IMX pe4oBHUH [8], 3HaYCHHS iX y pIUKOBil Mepexi 3alHMIIaloThCsl BCE LI TOCHTh
cyrteBuMH. OIHUM i3 HAWMOIIMPEHIMUX 13 10HIB BaXXKMX METaNiB y 00 €KTaxX TiJpOEKOCHUCTEMHU
Vkpainu € Zn**. Jl)epena HaaX0KEHHS HOTO y ii TipOMEpEKy — 1€, B OCHOBHOMY, 3MHUBHI BOJH
PYOHHMKIB Ta CTOKHM TajJbBaHIYHMX IeXiB, BUPOOHHLTB mamepy, JakiB i ¢apO, xiMmiuHux 3aco0iB
3aXHCTy POCIIHH, 2 TAKOXK YCIX I AIPHEMCTB, SIKi IIPAIIIOI0TH HA KaM’ sHoMY Byrimii [17]. Mo muHKy —
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€CEeHLIANbHUI MIKpPOENEMEHT, SIKHI BXOIUTH 0 CKJIAAy HU3KH (EPMEHTIB, MPUTAMaHHUX OaraTbomM
rigpoGionTaM. Bin Oepe yuacTp y yucieHHHX 0i0XiIMIYHUX Mpolecax, Mo 3a0e3nedyroTh HOpMaIbHUN
picT i po3BUTOK 0cOOMH [9]. Zn** peryinroe piBHI NPUCTOCYBAILHUX PEAKIiil y BOJHUX MEUIKAHIIIB
TBAPUHHOTO TOXOJKCHHS, Y TOMY YHCIi ¥ y MOJIOCKIB, CKEpOBaHI Ha 3MEHIIEHHS MIKiJAJIHMBOTO
BIUIMBY, BHUKJIMKAHOTO TOPYIIEHHSM CTaOLIbHOCTI (i3MKO-XIMIYHMX MOKa3HHWKIB ix piakoro
BHYTpIIIHBOTO CEpeNoBHIna — TeMomiMpu. Amke Zn** € HEOIMIHHOI CKJIAJOBOIO MOJIEKYII
kapOoaHrizpasu — (epMeHTa, KaTali3ylouoro siK peaklilo PO3LICTJICHHS BYTJIEKUCIOTH Ha BOAY i
BYT1BHUH aHTiIpU, TaK 1 3BOPOTHY PEAKIiI0 — YTBOPEHHS BYT1JIbHOT KUCTIOTH [12].

3a CTymeHeM TOKCHYHOCTI s TiApoGioHTIB Zn** HAJEKHUTH 10 KATEropii CHILHOTOKCHYHUX
PEYOBHH JIOKaNbHOT Aii, sIKi 32 MEPEeBUILEHHS 1X TPaHUYHO AOMYCTHMHUX KOHIEHTPaLill MOPYIIYIOTH
cTabinbHICTh iX ToMeoctasy [2, 14, 25]. Jlns BcTaHOBIEHHS (GakTy BMICTy Zn** y TPUpPOIHOMY
BOJHOMY CEpElOBHILI 1 OLIHKH KiJIBKICHOrO piBHSI HOro 3HAXO[KEHHS y HBOMY JOLIJIBHO
KOPUCTYBATHCSl BHIAMH-0101HANKATOpaMU B CHUCTEMi E€KOJOTiYHOTO MOHITOPHHTY CTaHy BOJHHX
00’ekTiB rigpochepu. Hac mikaBuio, un OO Kareropii Takux M SKYHIB JOLIJIBHO 3apaxOBYBaTH
P. corneus s. 1. rigpomepexi Ykpainu. HemjonaBHo 3acTOCyBaHHAM METOAY T'€HHOTO MapKyBaHHS
Oyno mocremenHo noeeneHo [13], mo P. corneus (Linnaeus, 1758) — He Bua, a HaABUIOBUI
KOMIIJIEKC, TIPEJICTABICHUH ABOMA T€HETUYHUMH aJIOBUIAMU-BIKApIHTAMU — «3aXiTHUM» 1 «CXiTHUM,
apeany AKuX B YKpaiHi po3MeX0oBaHi 30HOI0 iHTpOrpecuBHOI ridpuau3zanii. Lli axoBuan ctatucTuyHO
BIPOT1THO Pi3HATHCS MiXkK cO00I0 KOHXOJOTTYHIUMH, aHATOMIYHUMH, XOPOJIOTIYHUMH Ta €KOJIOTIYHUMHU
ocobnuBoctamu [4-7, 19]. Buus ionie Zn** ua 1060BHiI PUTM JUXaHHA B aJOBUIIB paHille He
JIOCITiPKYBaBCSL.

Mera poGotu — 3’sicyBaTd OCOOJMBOCTI BIUIMBY Pi3HUX KOHLEHTpamliii Zn>* BOIHOTO
CepeOBUILA HAa TOKa3HUKH JOOOBOTO PUTMY IUXaHHs aloBUAIB P. corneus s. 1. OUiHUTH NPUIATHICTH
BUKOPUCTAaHHS OTPUMAaHUX TPH LBOMY pE3yJbTaTiB s 3aCTOCYBAaHHSA LUX aJOBUMIB 5K
0i0iHAMKATOPIB y MOHITOPHMHIY CTaHY BOJHUX €KOCHCTEM, 3a0pyAHEHHX i0Hamu Zn**,

Marepiajau i MeToaH 10CTiTKEHD

Martepian — OgHOBIKOBiI (OTHOPO3MipHi) ocoOmHU P. corneus s. l. (pucyHOK), 3i0paHi BpyuHy B
yepBHi-mnHI 2021 poky: aloBUA «3aximHuil (miameTp yepenamku — 25,78+0,91 mm) — 93 eks. i3 p.
Cnyu (cmT. Mupomins Xutomupcbkoi o0m.: 50°6'22"N, 27°4127.3"E) i 93 ex3. i3 p.[Huna
(c. Fopomaunss  TepHominmbebkoi 001.: 49°11'1"N, 26°6'39"E) Ta anoBuj «cXigHwii» (JiaMerp
yepenamky — 22,82+0,75 mm) — 92 ek3. i3 p. Ilcen (c. binonepkirka [TonTaBchkoi 00i1.: 49°40'16.9"N,
33°45'39.9"E) i 93 ex3. i3 p. Cyna (M. Pomam Cymcekoi o6m.: 50°4421.3"N, 33°29'56.7"E).
TOKCHKOJIOTIYHOMY AOCIIPKEHHIO TIepeayBaiia 000B’si3koBa 15-Tuno0oBa akiiMallisi TBAPHH JO YMOB
ix mabopaTtopHoro ytpumanHs [22]. Bouu Oynm Takumu: 00’eM akBapiymiB — 10 7, IIifbHICTBH
MOCAJIKH ITiIOCITITHUX 0COOWH — 4 ek3./11, Temreparypa Boau — 20-21°C, BogHeBwmii mokasHuk (pH) —
7,5-8,2, okcurenizauis — 8,2-9,0 mr Oo/nm’. OHoBieHHsS cepemoBuma — Iomo0u. ITimmocmigaux
MOJTIOCKIB TOAyBaIH M’ sIKOIO Tinpodioporo — Cladophora sp. i Myriophyllum spicatum.

. 10 mm 3
A 1 2

Pucynoxk. Uepenamku Planorbarius corneus s. 1.: A — anoun «3axigamii» (p. Ciyd,
cMT. Mupomninib XXuroMmupcebkoi 0011.); b — anoBun «cxigauii» (p. Cyna, M. PoMHH
CyMcbKoi 0011.); 1 — 3ropu; 2 — 3HH3Y; 3 — 300Ky.
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OCHOBHUY TOKCHKOJIOTIYHHMI JOCHTIJ TOCTaBICHO 3a CTaHJApTHOK Meroaukoro [1]. Sk
TOKCUKaHT BUKopuctano ZnCl, (3 MapkyBaHHSIM 4Y.1.a.) B KOHIEHTpAIlisAX, IO BiAMOBITAIOTh
saagennsm [JIKp (mr/am®) — 0,5 TJK, TJK, 2 TOK, 3 TOK (IIKp = 0,01 mr/am®). Conbosi po3unnu
3aisTHUX y OCHiAI KOHIEHTpalii (y nepepaxyHKy Ha KaTiOH) TOTyBaJIM Ha BiAcTosHIHM (2 1o6n) Boai
3 JKHTOMHUPCHKOI BOJOTIHHOI Mepexi. Excrnosumis — 7 mi6. Yepe3 koxHi 2 mobu 3miiicHIOBAIN
OHOBJICHHS TOKCHYHHUX cepeloBulll. KOHTpojieM CIyryBaiu OCOOWHH, YMIIlEHI Yy TONEPEIHBO
BIJICTOSIHY BOJIOTIPOBiIHY BOy Oe3 nonaBaHHs B Hel nmomoranTa. @otonepion: 12 C (8-20 ron) : 12 T
(20-8 ron).

[Toka3HuKHM JIEr€HEBOTO 1 MpsMOro JU(Y3HOTO ITUXaHHS OTPUMYBaIM 3a pe3yJbTaTaMHu
CIIOCTEPEIKEHHS 3a IMIBUAKUMH IMOBEAIHKOBUMH U (Di310JIOTIYHIMH PEaKIlisiMU MOJIOCKIB 3a BIUTHBY Ha
Hux ioHamu Zn?* [3]. KinbkicTh «BOMXiB», 3IiMCHIOBaHMX OCOOMHAMHU 3a 100y, BM3HAYald 3a
YHCENBHICTIO MiAHOMIB MiJAOCTIAHAX BUTYIIOK MiJ] IUTIBKY TTOBEPXHEBOTO HATATY BOAM, IO HHKHBOT
MOBEPXHI SKOi BOHH MPHUKPIILTIOBAIUCH THEBMOCTOMOM MJIsi 3a00py TOBITPs, BUAAIOYH TPH I[LOMY
XapaKTepHUH 3BYK — XJIOMOK, 3yMOBJICHHI HOTO BiIKpUBaHHSAM. TPHUBAIIICTh «BIUXY» OIIHIOBAIU SIK
Yyac BiJi MOMEHTY XJIONKA 10 MOBEPHEHHS OCOOWHHM B TOBINY BOaU. OJHOYACHO BCTAHOBIIOBAIH
00’eM «BAUXY». I3 Mi€I0 METOO MiAMOCTiTHINT 0OCOOUHI TOHKOI TOCTPOO TOJIKOIO MIBUIKO HAHOCHIH
pi3KHil YKONI Yy M’5i3 HOTH 1 MigpaxoBYBalM YHCENBHICTh MOBITPSIHUX IyXUPLIB, AKI BUAUISUIUCS 3a
3raJjaHor0 BHIIE IMOAPA3HEHHS 13 iX JIETeHb y BOJHE cepemoBulle. Taki MOAPa3HEHHS MOJOCKY
3aB/laBalid JIOTH, JOKH OINKCaHa BUIIE peakilis Ourbiie He BigOyBamacs. [lpo iHTEHCHBHICTH
UG y3HOTO AMXAHHS CTBEP/KYBAIU 32 MOKA3HHKOM TPHUBAJIOCTI BUKMBAHOCTI IMIITOCTIIHUX OCOOWH
3a BIJICYTHOCTI Y HUX MOXIIMBOCTI 3IHCHEHHS JIETC€HEBOTO IUXaHHS. 3aJyUisl JOCATHEHHS IHOTO
MiJJIOCHITHUX TBapWH YTPUMYBAJIM B aKBapiymMaX y HEBEJIMKUX CaJikaX, BUTOTOBJICHUX 13 CITYACTOI
(TycTO MpOAipsBIEHOT) TUIACTMACOBOI AeMi, KOTpi po3MillyBayin Oe3mocepenHbo Ha ix AHi. Caaku
MIIHO YTPUMYBAJIUCSA HA HHOMY 3aBJSKH HASBHOCTI MOTY)KHUX METAJICBUX TATapiB, BMOHTOBAaHUX Y
ixHEe qHO. 3a TakWX YMOB TMiJJOCIHITHI MOJIOCKA MOTJIH KOPHCTYBATHCS BUKIIOYHO JU(PY3HUM
CIToco0OM JMXaHHS.

OTtpuMaHi pe3ynbTaTH OMUCAHUX BHINE JOCIHIJIB ONMPaIlbOBAaHO METoIaMu 0a30BOi BapiarliitHOi
CTaTUCTHKH 13 3aCTOCYBAaHHSM IaKeTy KOMI IOTEPHUX Iporpam «Statistica» 6.0.

Pe3yabTaTi A0CaiIKeHb Ta IX 00roBOpeHHs

VY anoBumiB P. corneus s. l. HasgBHI CHpaBXHI JIET€HI, KOTPl YTBOPWJIMCS Y HHMX 13 YacTUHH iX
MaHTIHHOI MOPOXXHMHU B TPOLECi AOBrOTPUBANIOl €BONIOLIi SK NMPHCTOCYBAHHS A0 BHUMYILIEHOT'O
nepeOyBaHHA iX B YMOBax Ha3eMHO-TIOBITPSHOTO cepepoBHmia. Ha3oBHI X opraHu auxaHHsS
BIIKPUBAIOTHCSI THEBMOCTOMOM, 1[0 (DYHKLIOHY€E 3aJIe)KHO BiJ AMXaNbHHUX MOTped ocoOuH. Bimomo
[21], mo y THX BUNaAKaX, KOJM BMICT KHCHIO y JIETGHSX M SKyHIB magae a0 piBHI 2,8 %,
3IHCHIOETHCS] BEHTHIIIOBAHHS iX 4epe3 JUXAIbHUI OTBip 3aBISKU MEPIOAUYHUM MigiiomMaM M’ SKYHIB
Oig TUIIBKY MOBEPXHEBOrO HATATy BOAM. KiNbKiCTh KHCHIO, IO OTPUMYIOTH BHUTYLIKaAMH i3
aTMocgepHOro noBiTps, craHoBuTh 0,025 Mr/ron Ha 1 T cupoi macu ix Tina [16].

Hamu BcTanoBieHo, mo y HOpMi B ajoBuaiB P. corneus S. 1. 4iTko BupaxeHa 10o0oBa
IUKJIIYHICT JIETEHEBOTO JIUXAHHS B PUTMI «ICHBb-HiY». Y JCHHWH mepiol AJ00M BOHU 3MIHCHIOITH Y
cepenabomy B 1,2—-1,3 pasu Oinblie «BIUXiB», a iHTEpBaNu Mixk HUMU Yy 1,3—1,4 pa3u KOpOTIIi, Hixk
yHoui (Tabm. 1). Lle 3ymMoBiIeHe 3aKOHOMIpHUM MiABULICHHSIM iX 010JI0TiYHOT aKTUBHOCTI camMe BACHBb
[18, 21].

3a 0,5 TIK Zn>* y BOAHOMY CEPENOBHIII 3HAYEHHS MOKA3HHKIB JEr€HEBOTO JUXaHHSA B 000X
anoBuiB Oyny B HOpMi abo myxe Onu3bkuMU A0 ii piBHA. Ll 03HaKka € XapaKTepHOIO AJIsl JaTEHTHOI
(hazu MaToNOriYHOTO MpPOIEeCy — OTPYEHHS. Y JOCHIIKYBaHHX aJOBHAIB MPOTATOM Hei TPUBANiCTh
«BIMXiB» yAeHb 3a3BHyail Oyna Oinpmroto, HixX BHOUI (p<0,01). Lle MokHa PO3LIHUTH 5K SIBHIIE
3aXHCHO-TIPUCTOCYBAILHOTO XapakTepy, IO J03BOJISiE M SIKyHaM IONOBHUTH BICHb Ty KIJIBKIiCTh
KHCHIO, SIKY BOHH HEJOOTPUMYIOTh Yepe3 CKOPOUEHHsI KiJIbKOCTI «BAMXIB» y HIUHUH mepiox mpodu. I3
IiJIHECEHHSIM KOHIEHTparii Zn** 1o pieus ['JIK MOYMHAETBCA CTHMYIIIOBAHHS JIETEHEBOTO JUXAHHS
BUTYIIOK. Y MiAJOCHITHMX OCOOWMH HpH IBOMY 3pOCTalOTh YacTOTa AWXAJIbHOTO PUTMY Ta 00 €M
KO>KHOTO 13 BAUXiB MPOTATOM 00U 1 aKTUBI3YIOTBCA X PyXOBa Ta KOPMOBA aKTUBHICTb. 301JIbIIYETHCS
TaKOX KUTBKICTh SIK JICHHUX, TaK 1 HIYHUX BOUXiB y cepenHbomy B 1,05-1,1 pasa. 3a koHIeHTpauii
2TOK Zn** BigGysanocs nojaibiie craTucTiyHo Biporigne (p<0,01%) 3pocTaHHs 3HAYEHb YCiX
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ITOKa3HUKIB JICTEHEBOT'O JTUXaHHS MOJIOCKIB. | BJICHB, 1 BHOUI SK KUIBKICTh BJIMXIB, TaK 1 IX TPUBAJIICTh
3pocii 'y HuX B 1,1-1,2 pa3a, a ix o0’em — B 1,3-1,4 paza. lle cBiqunTh mpo MOAAIBIILY

iHTeHCU(}iKalil0o [UX MpoleciB yHpoaoBkK (a3W CTUMYJSMil, MO TO3BOSUIO BHTYLIKAM
MIPUCTOCOBYBATHCS JJO HOBMX MCHII CIPUSATIMBUX NIl HUX YMOB iCHYBaHHSI.
Tabnuys 1
BIuiuB pi3HMX KOHLEHTpaliil Zn>* Ha OKa3HUKM JIET€HEBOTO JUXaHHs aloBUIIB P. corneus s. 1.
. 00’em
Kinekicts . .
. «BaXiB» 32 [aTepBan mix Tpusanicts «BIUXY>,
Konuenrparist <D0To- n 110Gy «BIUXaMU», XB «BIIUXY», XB KlHBKlC"l.“B
TOKCHKaHTa nepiof Mtm M+tm M+m IIyXUPLIB
cv. % CV, % CV, % M+m
’ CV, %
AnoBun «3axiganii» (p. Ciryd, cMT. Mupormiss)
Komrpots JIeHb 20 12,13+0,46 38,58+1,54 20,06+1,12 18,35+0,95
HiY 10,06+0,54 49,25+1,32 18,45+1,24 16,45+1,45
0.5 TJIK JIeHb 19 13,41+0,49 30,75+1,24 22,62+1,14 19,56+1,12
’ HiY 11,23+0,74 42,68+1,13 20,62+1,34 17,78+1,16
K JIeHb 19 14,12+0,64 20,46+1,56 28,34+1,23 26,29+1,48
HiY 12,16+0,75 33,85+1,25 24,62+1,34 22,85+1,16
2 TIIK JIeHb 18 15,74 0,62 17,12+1,13 29,78+1,42 34,52+1,15
HiY 13,06+0,47 28,58+1,45 25,61+1,25 30,46+1,19
3 TJIK JIeHb 17 8,34+0,58 73,76+1,49 15,32+1,14 9,58+1,06
HiY 6,45+0,18 105,16+1,67 13,16+1,22 7,76+1,05
AnoBup «cxigauii» (p. [lcen, c. bimonepkiBka)
10,14+0,74 52,69+0,78 18,89+1,46 16,45+1,47
JICHb
Konrpois 20 28,40
. 8,46+0,78 72,53+0,46 16,56+1,12 15,18+0,98
HiY
99,60
cHb 11,58+0,48 43,76+0,65 20,34+1,23 17,74+1,12
0.5 [IIK 18 98,00 94,50
’ uia 9,62+0,64 60,56+0,87 18,46+1,09 16,16+1,48
94,50 99,70
cHb 12,67+0,43 34,58+0,49 25,89+1,25 23,18+1,25
K 17 98,00 95,00 95,00
uia 10,45+0,51 49,68+0,97 21,45+1,28 19,25+1,31
98,40 95,00 94,60
cHb 13,52+0,76 26,74+0,87 27,64+1,17 31,63£1,28
2 TJIK 19 96,80 94,50
uia 11,41+0,53 40,32+0,75 23,58+1,41 27,36+1,54
97,80 94,60
cHb 7,14+0,58 88,45+0,78 12,57+1,12 8,78+1,46
3 TIIK 18 97,80 94,50
uia 5,08+0,35 132,77+0,96 10,08+1,13 6,64+1,52
99,60 94,50
AnoBup «3axigauii» (p. ['Hnna, c. TopomHuts)
Komrpos ZicHb 20 13,21+0,57 35,18+1,28 18,89+1,24 16,79+1,12
HiY 11,89+0,68 47,34+1,24 16,78+1,31 14,13+1,32
0.5 TJIK JIeHb 18 14,52+0,63 28,62+1,34 21,61+1,26 18,26+1,43
’ HiY 12,11+0,46 38,56+1,47 19,12+1,45 16,46+1,23
K JIeHb 19 15,45+0,79 24,28+1,36 23,52+1,74 21,78+1,26
HiY 12,95+0,85 20,21+1,16 20,62+1,16 18,12+1,16
2 TJIK ZicHb 19 16,16 +0,98 19,36+1,52 25,41+1,35 28,15+1,26
HiY 13,57+0,67 32,29+1,26 22,06+1,78 25,65+1,24
3 TJIK JIeHb 17 9,48+0,87 67,23+1,51 11,62+1,46 9,97+1,27
HiY 7,42+0,46 92,26+1,48 8,32+1,12 7,14+1,21
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IIpoodosarcenns mabauyi

AnoBup «cxigauid» (p. Cyna, m. Poman)

11,36+0,55 48,28+0,75 15.98+1.65 14.85+1.24
JCHb
Koutpo 20 98,00
pob . 9.16+0.46 64.2120.37 14.65+1.24 12.26+1.28
HI1Y
98,60
. 12.14%0.67 40.58+0.49 18.36%1,79 16.42+1.18
0.5 [IIK AICHE 9 98,00 94,60
’ : 9.24+0,35 62,27+0,95 16.85+1,29 13.67+1.34
i 94,80 99,40 94,50 94,60
. 12.82+0,62 38.6740.34 20.56+1.25 18.23+1 41
- n 8 94,60 98,00 94,50 94,60
. 10,32+0,64 52,68+0,97 18.16=1.13 16.89+1.20
HI1Y
99,40
. 13,78+0,52 32.59+0,67 21.42+1 34 26.24+1,13
> TIK AICHE . 94,60 97.40
. 11.20%0.74 43.8540.29 20.64+1,52 23.26+1 47
HI1Y
97,00
8,8740,58 78,21%0,95 9.97+1,68 8.48+1.28
JCHb
3 TJIK 17 98,00
. 5,64+0,79 134,78+0,69 7.69+1.42 579+1.28
e 99,60

3a xonuenrpanii 3 TJIK Zn** y miggocmigHux M sKYHIB IMIBHAKO PO3BHBAIUCA CHMITOMHU
TOCTPOTO OTPYEHHs, NMpUTaMaHHI ACNpPEcHBHIH Qa3l maTtonoriyHoro mpouecy. B o0ox amoBuzaiB
BiOynocs pi3Ke 3HMKEHHS 3HaYCHb YCiX JOCTiIKyBaHUX IMOKA3HUKIB auxaibHOI (yHkmii. [Ipuaomy
piBeHb BHUSIBICHUX 3pYLICHb B aJOBUAY «CXiZIHOTO» OyB BHIIKMM, MOPIBHSHO 3 TaKHUM B AJOBHIY
«3aximHoro». [Ipn npoMy 00’€M BAMXIB y APYroro 3 HUX SIK YACHb, TaK 1 BHOUi BUABKBCA y 1,2 pasza
MEHIIUM, HiX y repmioro. Y 18 % anoBuuy «3axigHoro» iy 21 % anosuny «cxignoro» 3a 3 TJIK Zn?*
BiIMIU€HO O3HAKH, XapaKTEpHi AJs CyOseTanbHOi Qa3u OTPYyEHHS, IO COPUYMHSIIOCS 10 YaCTKOBOTO
BigMHpaHHs iX momyJsinii. [Iporec oTpyeHHs 3aBepiyBaBcs JeTaIbHOIO (a3010, 3a K01 BigOyBantocs
BigmupanHns 100 % M’ SIKyHIB YHACIIIZJOK CTPIMKOTO PO3BUTKY B HHUX ac(ikcii.

3a mpsmoro AuQy3HOrO OUXaHHA KUCEHb, PO3YMHEHHHA Y BOJIi, OCMOTHYHHUM CIOCOOOM
HAJIXOAMTH 10 OPraHi3My MOJIIOCKIB Yepe3 emiTeliaibHi MOKPUBH X TiJla i MACUBHY JIMCTKOMOIIOHY X
ajanTUBHY 3s510py, 3HA4HO 30iNbIIYyIOUY 3arajbHy IUIOMIYy iX OuxanbHoi moBepxHi. EdexTuBHICTH
IOT'O CIIOCO0Y AWXaHHS CTaHOBUTH y cepenubomy 0,03 mr/rox Ha 1 1 3aranbHOi cupoi Macu Tina [16].
ToOTo y mporieci qu¢py3HOTO AUXAHHS IIi TBAPUHU OTPUMYIOTh KUCHIO Mai>kKe CTUIBKH K, CKIJIBKH i 3a
JUXaHHS JIeTeHeBOro (Tadi. 2).

3a 0,5 TIK Zn** y anoBuaiB BUTYNIOK TOPIBHAHO 3 KOHTPOJIEM HE 3ayBa)KEHO 3DPYIIEHb Y
TPUBAIOCTI iX BM)KMBAHOCTI 3a BiJICYTHOCTI JIETEHEBOTO IWXaHHSI, IO € MPOSBOM JIATEHTHOI (azu
npoiecy otpyenns. 3a BBy Zn** piBas [JIK migBumryBaaucs pyxoBa Ta KOPMOBA aKTUBHOCTI
TBapuH. 3 mWigHeceHHsSM TokcukanTa g0 2 ['JIK y cepemoBuIi >KUTTEBa AKTHUBHICTH OCOOMH
IPOJIOBKYBala MOCHIIOBATUCH. VY miama3oHi konuentpauiii Zn** TJIK-2 TIK y P. corneus s. l.
BiIIMIYEHO MPOSIB TAKOTO PiBHS aJanTailii JO TOKCHYHUX YMOB CEPEIOBHINA, KOTPHU BiAmoBigae asi
CTUMYJIAIIIT IATOJIOTIYHOrO OTPYEHHS 1 BHKHUBaHICTH ix 3pocna B 1-1,2 pasu. 3a 3 TJIK Zn** y Hux
SICKpaBO BUPaXECHOIO Oyia aenpecuBHa (aza OTPYEHHS, 3a SKOI crocTepiranocs HaOpsKaHHSI TKaHUH
TiNa WAJOCTIAHUX OCOOMH 3yMOBJIEHE OOBOJHEHHSM oOcTaHHBbOro. Kpim Toro, y 18 % anoBumy
«3aximHoro» iy 21 % anoBuay «CXigHOTO BiZOyJIUCS CTPYKTYpHI Ta (DYHKIIOHaNbHI ypakKeHHs
NOKPUBHOTO EMITENII0 1 CIOCTepiranocss YacTKOBE BiMHpaHHS HaWOIMbImI ocialiieHMX 0coOWH
(cyOneranbHa ¢aza). Ilisnime BigOyBamacst 3aru0enb YCiX MiATOCTIIHUX M AKYHIB YHACHiJOK
MIBUJKOTO PO3BUTKY y HUX ac(ikcii (;ietansHa (aza).
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Tabnuys 2
BIumB pi3HUX KOHIIEHTpaLiil Zn** Ha 3HAYEHHS IPAMOro JU(y3HOTO IUXaHHS AOBUIIB P. corneus s. 1.
BmxuBanicTh 0cOOMH 32 BIICYTHOCTI
KoHnieHTparis Tokcukanra n JIEFEHEBOI'0 JIMXaHHS, CV, %
Mzm
AnoBup «3axigauit» (p. Ciyd, cMT. Mupomnisb)
KoHnTpoin 20 56,30+£2,48
0,5 TJIK 19 57,82+2,11
1 TAK 19 58,14+2,52
2 TJIK 18 61,83+5,31
3TJK 17 30,46+4,56
AnoBun «cxigauii» (p. [lcen, c. binonepkipka)
KoHnTpoan 20 48,22+1,56 97,00
0,5 TJIK 18 50,26+2,43 96,60
1 TAK 17 52,16+3,41 96,40
2 TJIK 19 59,86+4,67
3TJK 18 20,74+3,42 97,50
AnoBun «3axinauii» (p. [auna, c. l'opogauis)
KoHnTpoan 20 54,16£2,78
0,5 TJIK 18 55,41+2,86
1 TAK 19 57,23+4,56
2 TJIK 19 63,76+4,21
3TJOK 17 28,14+3,04
AnoBua «cxigauid» (p. Cyna, m. PomHn)
KoHnTpoin 20 50,42+3,04 95,00
0,5 TJIK 19 51,15+2,64 95,00
1 TAK 18 52,34+2 .34 96,00
2 TJIK 19 59,41+3,41 95,40
3TJOK 17 22,62+2,24 95,80

V HOpMi Ta 3a BIUIMBY pi3HHX KOHIEHTpAl(iii Zn** anoBuj «3axiiHuit» 3a BiICYTHICTIO
JIETEHEBOTO JIMXaHHS 30epiraB >KUTTE3AATHICTH Y 1,1-1,2 pasa moBie, HiX anoBuj «cxigHuit». Lle
XapaKTepu3ye OCTaHHIM i3 HUX SK MEHII BUTPUBAIMKA Ta OB YyTAMBHHA A0 Aii HA HBOTO
BUKOPUCTAHOT'O TOKCUKAHTA.

BucHoBku

P. corneus s. 1. — nereneBuil MOJIOCK i3 OiMOTANbHUM crmocoOOM AuxaHHs. llepeBakHy yacTUHY
KACHIO BIH OTPUMYE, KOPHCTYIOUHCH JIETEHSMH (KHCEHb aTMOC(QEpHOrO TMOBITPs), a MEHIILY
(pPO3UMHEHHUH Y BOAI KHUCEHb) — MEpKyTaHHO. JlereHeBe MUXaHHA 3AIHCHIOETHCS HUM Y IUPKAJTHOMY
put™i. YaeHs migmociiiHi ocoOMHU poOISATH OUIBIIY KiJIBKICTh «BIWXiB» 1 iHTEpBald MIXX HUMH
KOPOTIIi, HI)K YHOUI.

3a BBy 0,5 TJIK-3 T'JIK Zn** y BUTYIIOK PO3BHBAETHCS (Da3HMM MATOIOTIYHUIN MPOIEC —
OTPYEHHS, 3a SKOTO BiIOYyBalOTbCA CTPYKTYpHI ¥ (YHKUIOHaNbHI YpaXeHHS iX pecIipaTopHOro
JIETEHEBOTO ¥ TOKPUBHOTO EIMiTeNil0. 3a BHCOKMX KOHLEHTpaumid TOKCHMKAaHTa I BUKIHMKAE
JIeTaNbHICTh TAKUX TBAPUH YHACHTIOK acQiKcii.

ANOBHJI «CXigHUM» WmOH0 Aii i0HiB Zn?* Ha NOKa3HMKU 000X BJIACTUBUX HOMY CIIOCOOIB
JUXaHHA BUSIBUBCS Oi7bII YYTJIIMBUM 1 MEHII BUTPHUBAIMM IOPIBHSHO 3 QJIOBHIAOM «3aXigHUM». Lle
MOXKe OyTH HACIIJIKOM iCHYBaHHA iX y Pi3HMX KIIMAaTHYHUX YMOBax. Y aJOBHUAY «CXiIHOT'O» BOHHU
HECTIPHATIIMBILIL Yepe3 BUILY NOCYLUUTMBICTh KITIMaTy y Meax Horo crorodacHoro apeany. PisHuit
piBEeHb YYTJIMBOCTI aJOBUIIB BUTYIIOK A0 il B)KUTOTO TOKCHKAaHTa JO3BOJISIE PEKOMEHAYBATH X I
3aCTOCYBaHHS SIK 1HIUKATOPHUX 00 €KTIB y MOHITOPUHTY CTaHy 3a0pyAHEHHS BOAHHUX EKOCHUCTEM
Vkpainu ionamu Zn**.
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Yu. V. Babych

Zhytomyr Ivan Franko State University, Ukraine

THE IMPACT OF Zn** IN WATER ENVIRONMENT ON THE DIURNAL RESPIRATION
CYCLICALITY OF PLANORBARIUS CORNEUS S. L. MOLLUSCA, GASTROPODA,
PLANORBIDAE) ALLOSPECIES

We investigated the impact of the different concentrations of Zn** in the water (in the 0.5 MPL —
3 MPL range) on the chronological features of lung and direct diffusive respiration in representatives
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of superspecies complex of ramshorns Planorbarius corneus s. 1. (“eastern” and “western”
allospecies) from the Ukrainian river network. They have a bimodal respiration. Atmospheric oxygen
goes into their true lungs through the breathing pore — pneumostome, — during the periodical rises up
to the water surface tension film. And the oxygen soluble in the water is acquired by the osmosis
through the epithelial body coverings and the surface of adaptive gill. Both ways are almost equally
important for the oxygen supply of mollusks’ organisms.

Zn* ions are the powerful toxins of local effect for ramshorns. The excess of the MPL may
lead to the impairment of stable homeostasis. Both P. corneus allospecies s. 1. have clearly expressed
diurnal cyclicality of their lung respiration (in the “day-night” rhythm). They perform 1.2—1.3 times
more “inhales” during the day with the shorter (1.3-1.4 times) intervals. This apparently is the
consequence of physiological activity increasing in the period of their most intensive life-giving
metabolic processes.

Under the 0.5 MPL of Zn>* there were no statistically significant changes in lung and direct
diffusive respirations indexes (comparing to the control) in both allospecies during the latent phase of
their intoxication process. “Inhales” during the day were 1.1 time longer than during the night in
experimental animals. This let mollusks replenish the amount of oxygen they underreceived due to the
decreased number of night “inhales”.

Under MPL Zn** level the respirational indexes of ramshorns (number, length and volume of
“inhales” and intervals between them) increased on average 1.1 times. Their feeding and moving
behaviors visibly activated, which promoted the increasing of the daily frequency of their respiration
rhythm. Under the 2 MPL concentration of Zn?* there was further significant increase (p<0.01) of all
aforementioned respiration indexes. Both by day and at night the number and length of inhales
increased 1.1-1.2 times and their volume 1.3-1.4 times. After Zn** concentration increasing from
MPL to 2 MPL the mollusks demonstrated the symptoms of stimulatory phase of intoxication.

Under this level of environmental toxicity, the increase of physiological activity allowed the
ramshorns to adapt to new, less favorable conditions. Instead, under the toxicant concentration at 3
MPL they developed fast the symptoms of acute intoxication as last intoxication phases, quickly
changing each other: depressive, sublethal and lethal. Mollusks lost their movability quite soon due to
the water swelling of their tissues. This process was followed by structural injuries and functional
impairments appeared in respirational epithelium, which drove the partial death of the weakest
animals; later, all the experimental animals died due to the asphyxia development.

Under different Zn** concentrations, lung and diffusive respiration indexes appeared
significantly lower (p<0.01) for “eastern” than those for “western” allospecies. This indicates the
higher sensibility and lower endurance of the first allospecies regarding the toxicant used.

Keywords: Planorbarius corneus allospecies s.l, Zn**, lung and diffusive respiration, diurnal cyclicality.
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