ISSN 0375-8990

[APOBIOAOTMHHH

1 (355)
ToM 60 * 2024



3acHoBHuku: HanionanbHa akafieMiss Hayk YKpaiun ta IHcTUTYyT rifpo6iomorii
HAH Yxkpainn

Bupaseus: Incruryr rigpobionorii HAH Ykpaiun

Pepakiiiina Komerisa

C.O. Aganacves, ronopumit pepaxkrop, IH-T rigpo6ionorii HAH VYxpainu;
B.I. FOpuwumeyp, 3aCT. TOIOBHOTO pefakTopa, IH-T rigpobionorii HAH Ykpainu;
JLI. Kaninina, BignosigampHuii cekperap pepaxuii, [u-r rigpob6ionorii HAH Y-
paiunm; P. banaoyx, Yu-t Cibiy, Pymynis; JI. Bypaakosa, Byddano-konemx npn
HepxaBaomy Yuisepcureri, CIIA; /I I'yokos, In-t rigpobionorii HAH
Ykpainu; M.JO. Esmywenxo, Hau. yH-T 6iopecypciB i IprpogoKOpuCcTyBaHHs,
Ykpaina; Monemyan XKy, In-1 micbkoro cepeosuma Kutaiicbkoi akagemii Hayk,
KHP; b. 30anoscvkuti, In-T pr6. roci. BHyTp. BogoimM, M. Onbinrus, Ilonbima;
O. Kapamaes, llentp 3 BuBuenna Bemukux Osep, CIIA; I1.[]. Knouenxo, In-1
rigpo6ionorii HAH Yxkpaiuw; FO.I. Kpom, Iu-t rigpo6ionorii HAH Ykpainu;
II.M. JTunnux, In-t rigpo6ionorii HAH Ykpaiuu; K. O6onescoxuii, Y-t Kasimipa
Benuxoro, ITosbuia; O.0. IIpomacos, In-t rigpo6ionorii HAH Ykpaiumn; O.B. Po-
manenko, Hau. mep. ya-T im. O.0. Boromorbiys, Ykpaina; 4. Cio6ooHik, [H-T HaB-
KOJIMIIHBOTO cepepoBuina, CrnoBanpka pecryomika; LK. Todepaw, IH-T 300m0rii
AH Monposy; M1 Y3ynoe, IH-T 6i0pisHOMAHITHOCTi Ta €KOCHCTEMHUX JjOC-
mimxeHb Bonrapebkoi akagemil Hayk; K. @eppacym, In-t 6oraHiku, bpasuis;
T.®. Illesuenko, Iu-t rigpobionorii HAH Ykpaiun; B.I I]epbak, Iu-t rifpo-
6ionorii HAH Ykpaiun; B.M. Axywun, In-t rigpo6ionorii HAH Ykpaiun

CBi[JOLITBO IIPO [lep>KaBHY PEECTPALIiI0 APYKOBAHOTO 3200y MacoBoi iHpopmarii
— cepig KB Ne 13477-236111P Big 26.10.2007

Kypnan Bxmogennit no Ilepeniky HaykoBUX (GaxoBUX BUAHb YKpaiHU 3 NIpH-
CBOEHHAM KaTeropii «A»

Kypnan nepesupaernca B]I Begell House. AnrnomosHa Bepcist «Hydrobiological
Journal» BxomuTh Ko 6a3u gaHux Scopus

Editorial Board

S.A. Afanasyev, Editor-in-Chief, Institute of Hydrobiology, NAS of Ukraine;
V.I. Yuryshynets, Deputy Editor-in-Chief, Institute of Hydrobiology, NAS of Uk-
raine; L.I. Kalinina, Editorial Board Executive Secretary, Institute of Hydrobiolo-
gy, NAS of Ukraine; D. Bandaduc, Lucian Blaga University of Sibiu, Romania;
L.E. Burlakova, SUNY Buffalo State, USA; C. Ferragut, Institute of Botany Sao
Paulo, Brazil; D.I. Gudkov, Institute of Hydrobiology, NAS of Ukraine; A.Y. Kara-
tayev, SUNY Buffalo State, USA; P.D. Klochenko, Institute of Hydrobiology, NAS
of Ukraine; Yu.G. Krot, Institute of Hydrobiology, NAS of Ukraine; P.N. Linnik,
Institute of Hydrobiology, NAS of Ukraine; K. Obolewski, Kazimierz Wielki Uni-
versity, Poland; A.A. Protasov, Institute of Hydrobiology, NAS of Ukraine;
A.V. Romanenko, Bogomolets National Medical University, Ukraine; V.I. Shcher-
bak, Institute of Hydrobiology, NAS of Ukraine; T.F. Shevchenko, Institute of
Hydrobiology, NAS of Ukraine; J. Slobodnik, Environmental Institute, Slovakia;
I. Toderas, Institute of Zoology, Academy of Sciences of Moldova; Y. Uzunov, Ins-
titute of Biodiversity and Ecosystem Research of Bulgarian Academy of Sciences;
V.M. Yakushin, Institute of Hydrobiology, NAS of Ukraine; N.Yu. Yevtushenko,
National University of Life and Environmental Sciences of Ukraine; B. Zdanows-
ki, Inland Fisheries Institute, Poland; Y.G. Zhu, Institute of Urban Environment,
Chinese Academy of Sciences



HAIIIOHAJIbHA AKAJTEMIS HAYK YKPATHI
IHCTUTYT I'APOBIOJIOTTI HAH YKPATHU

MAPOBIOAOTTYHHH

MYPHA(

MDKHAPOJTHU HAYKOBUM )KYPHAJI

BUXOJINTb 6 PA3IB HA PIK 1 (355)

3ACHOBAHUI Y JTIOTOMY 1965 p.

KB TOM 60 * 2024

3MICT

3araabHa riapoGioaoria
JLawenxo A.B., Hlepbax B.I, Cemeniox H.€E., 3opina-Caxaposa K.€. KoHTunyasms-
HICTD 1 JUCKPETHICTD YIPyIOBaHb TifPOOIOHTIB y TOTUYHO-IEHTNYHII Tifpoexocn-
creMi ienbTy [lyHat0: TOHHI 6€3XPeOETHI . . . . . v v v v v vt
Iesueriko T.D., Knouerxo I1.]]., Cepeda T.M. Piuna gunamika Ta eKo/lIoriqui xapak-
TepUCcTUKM (iTOITaHKTOHY p. Ipminb (YKpaiHa) O IOYaTKy BOEHHMX G . . . . . .
Heopeyvxuti T.B. BUKOpPUCTaHHA HAaHUX JUCTAHLIMHOTO 30HAYBaHHA 3eMi I
OLIiHKM HACTifIKiB BUNIAIOBAHHA POCTMHHOCTI MmaBHeBMX exocucteM HIIIT Hiok-
HBOIHICTPOBCHKMIT (OIECPKAOOMACTD) . « . v v v v v e e v e e e e e e e e e e

Exoaoriuna ¢isioaorisa i 6ioximMia BoaHHX pocann

Iemain M.M., I6pazim X.A.X., Env 3oxm IM. IlopiBHAHHSA XiMIYHOTO CKIagy Ta
6ioyoriuHOI aKTMBHOCTI NOMicaxapupis Oypux BogopocrTeli, YepBoHe Mope, €rurer,
KYPIala. . . o o e

Exoaoriyna ¢isioaoris i Gioximis BoaHHX TBapHH

ITompoxos O.C., 3invxoscvkuit O.I., Xyoisus FO.M., Boosaniypxuii O.M., Kogporos K.,
Kpactox F0.M. Oco6mMBOCTi TOPMOHAZIBHOTO PETY/II0OBaHH:A TeMIIiB POCTY Ta reHepa-
TUBHMX QYHKIIiN pub 3a IOCUIEHOTO QHTPOIIOTEHHOTO BIUIUBY . . . . . . . . . . . .

CanirapHa i Texniyna rigpoGioaoria

Mopososcvka 1.0., Poeanvcoxuti C.I1., Iucyxa O.B., Tapacrox O.I1., IIpomacos O.O.
3oomepndiroH Ha aHTMOOPOCTAIOUNXK IOKPUTTAX Ta 3MIHU J1OT0 LIEHOTUYHOI CTPYK-

27

47

60

84

99

© Iucrutyt rigpobionorii HAH Ykpaiun, 2024



3arBepmKeHoO 1o ApyKy Buenow panoro iHcTuTyTy (mpotokon Ne 12 Bix 29.11.2023 p.)

Appeca pemaxkiiii Ta BUgaBIsI

Incruryt rigpo6ionorii HAH Ykpaiuu,

npoct. Bonogumupa IBacioka, 12, Kuis-210, 04210, Yxpaina
Ten. 418-60-04, e-mail: hydrobioljournal@gmail.com

Pepakropu O.B. )Kyk, O.B. Manmyposa
Komrr'iorepna BepcTka Ta MakeryBaHHA JI.€. [ecHuypka
Komrr'rorepunit Habip A.A. Cunaesa

Mign. po gpyxy 26.01.2024. ®opmar 70 x 108/16. I'apH. Minion Pro.
YM. Ipyk. apk. 8,75. O6:m.-Bup. apk. 13,7. Tupax 50 mpum. 3am. N

Bigppykosano TOB «IIpo dpopmar». Ykpaina, 04080, m. Kuis, Byn. Kupumiscbka, 86.
CBifjo1iTBO PO BHeCeHH: cy0 eKTa BugaBHU4ol cripasy JIK Ne 5942 Big 11 ciuns 2018 p.



3AI'A/IBHA I'iAPOBIO1OI'TA

YIIK 574.587.(282.243.7)

A.B. JLIIIEHKO, z. 6. H., CT. HayK. CIiBp06., IPOB. HayK. CIiBPOO.,
Incruryt rigpob6iomorii HAH Yxpaiuu,
npoci. Bonoagnmupa IBacroka, 12, Kuis, 04210, Ykpaina
e-mail: ArtemLyashenko@bigmir.net
ORCID 0000-0003-0028-4974
B.I. INEPBAK, f. 6. 1., 1pod., IpoB. HayK. cIiBpob.,
Incruryt rigpo6iomorii HAH Yxpaiuu,
npoctt. Borogummpa IBacioxa, 12, Knis, 04210, Yxpaina
e-mail: ek424nat@ukr.net
ORCID 0000-0002-1237-6465
H.€. CEMEHIOK, . 6. 1., CT. fOCIL., CT. HayK. CIIiBpob.,
Iacruryr rigpo6ionorii HAH Ykpainu,
npoct. Bonogummupa IBacioxa, 12, Knis, 04210, Yxpaina
e-mail: natasemenyuk@gmail.com
ORCID 0000-0003-4447-3507
K.€. 30PTHA-CAXAPOBA, k. 6. H., CT. HayK. CIiBpob.
Iacturyr rigpo6ionorii HAH Ykpainu,
npoct. Bonogummpa IBacioxa, 12, Knis, 04210, Yxpaina
e-mail: katerynazorinasakharova@gmail.com
ORCID 0000-0001-6159-2642

KOHTUMHYA/JIBHICTD I AVICKPETHICTD
YIPYIIOBAHD I'THIPOBIOHTIB Y
JTOTUYHO-TEHTUYHIN I'TTIPOEKOCUCTEMI
OEJIbTU IYHAYO: TOHHI BE3XPEBETHI!

3anpononosano eusHaueHHs OUCKPEMHOCII Ma KOHMUHYATbHOCMI CIMPYKIYpPHO-
PYHKUIOHATOHUX XAPAKMEPUCIUK PIYKOBUX CUCTNEM 3a O0NOMO2010 CIAMUCINUYHUX 1ec-
Mi8 MHOMUHHO20 NOPIBHAHHA. 3a pe3ynvmamamu 0azamopiurux 00cnioHeHb 2i0pono-
20-2i0pPOXIMIMHUX NOKAZHUKIB, 81008020 CKNIAOY MA KiNbKICHUX XAPAKMEPUCUK OOHHUX
besxpebemHux po3ensIHymMo NPos6U OUCKPEMHOCHI Ma KOHMUHYANbHOCHI iXHb020 npo-
CMopo8oeo po3nodiny 6 nomuuno-nenmuuniii cucmenmi Kiniiicokoi denvmu IJynato. Bcma-
HOB/IEHO KOHIMUHYATIbHICMb SIK A0I0MUUHUX, MAK | GI0MUUHUX NOKASHUKIS, 1T NOPYLUeHHS
8i0MiteHO Ha nepedHvboMy Kpaio Oellbmu, 6 MiCUix HecmabinvHozo 2idposnoziutozo ma
2idpoximiurozo pexcumy. Knouosumu yuHHUKAMU HOPMYBAHHI CIPYKMYPU OOHHUX 6e3-

'Po60Ty BMKOHAHO 32 paxyHOK O10fpKeTHOI mporpamu «IlinTpuMKa po3BUTKy Ipiopu-
TeTHUX HaIpsMiB HaykoBux pocnimkens (KIIKBK 6541230)».

IImtyBaHH s Jlamenko A.B., lllepbax B.I., Cementox H.€., 3opina-Caxaposa K.€.
KoHTuHyaIbHICTD i JUCKPETHICTD YIPYIIOBAaHb IiIPOOIOHTIB y TOTHYHO-TEHTUYHII Tifpo-
exocucreMi fienpTy JlyHato: oHHI 6esxpeberni. [idpo6ion. xypu. 2024. T. 60, Ne 1.
C.3—-26.
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XpebemHux 6U3HA4EHO COTOHICb 800 MA NOX00NeHHS (wmyute abo npupooHe) 600HUX
06’ekmis.

Kntouosi cnosa: mHosxcurHe nopisHAHHS, NPUpooHi ma wimyuni 800Hi 00 exmu, no-
0ibHicmb, conOHicCMb 600.

CporopiHi oprasisanilo €KOCUCTeM pidOK OINUCYIOTb 33 JOIOMOIOIO Jie-
Ki/IbKOX KOHIIIIil1, 1Bi 3 IKMX, HA HAIIl ITOIJIAJ], MOYXKHA BBa)KaT/ OCHOBHUMM:
KoHIenifo piukooro koHtuHyyMma [40] (KPK) Ta koHmenuiro puHaMikn
M/ ocepenkis (KIIT/O) [39]. Kpim Toro, ajs pidok, pycio SK1X 3a3HaIO0 aH-
TPOTIOTEHHMX 3MiH, pO3pO0JIEeHO KOHILENIiI0 CepiifHOI HeKOHTMHYa/IbHOCTI
[41] Ta KOHIeNIIi}0 KOHTMHYYMY KacKagHMX Bojocxosui [11]. Bigznaunmo,
110 IIi KOHLEIIIII Ma/Io CTOCYIOTbCA IebT BEIMKNX Pid4OK, IO TOTrO XK IXHE 3a-
CTOCYBaHHS CTOCOBHO 6iotu menpTyt JlyHaro He IpOBOAMIOCH. PasoM 3 TuM,
ocTaHHA (menbTa [lyHao) 3aBAsAky 36epe)KeHHI0 HeIOTOPKAHHOCTI PUpOf-
HIX XapaKTePUCTUK, CKIAHII Ii[POIOTiuHill CTPYKTYpi, I€PENIETEHHIO Pi3-
HOTUITHUX 6i0TOMIB i IXHiX 6i0IleHO031B AB/IsIE COOO0I0 MOTYXXHY HIPUPOLHY JIa-
6opatopir. Lle Hajjae yHiKa/MbHI MOXIMBOCTI /11 BUBYEHHS IIVPOKOTO KOJIA
dyHIaMEeHTaIPHNX Ta NMPUKIAAHUX IUTAHb Cy4acHOI Ti[pOeKoIorii, B TOMY
YMCTi 11 MOXK/IMBOCTI 3aCTOCYBAaHHA PiYKOBUX KOHLIETILIN [/1 BUSHAYEHHA 32-
KOHOMipHOCTelT PyHKIIIOHYBaHHA Ta GOPMyBaHHSA CTPYKTYPY BOZHUX €KOCH-
CTeM JIe/IbT 3ara/IoM Ta IXHIX CK/IajoBuX (pisHOTMIIHI 6io1eHO3M, 6i0TNYH] yT-
PYIOBaHHA TOILIO) 30KpeMa.

3a3HaueHi KoHIenIii 6a3yl0TbCs Ha BU3HAYEHHI (IlepeBa3i) KOHTUHYa/Ib-
HocTi (KPK) Ta muckpernocti (KJII1/O) cTocoBHO CTpyKTypHO-PYHKIiOHAD-
HIUX XapaKTePUCTUK PIiYKOBUX €KOCUCTEM, OLIiHII XapaKTepy iXHiX 3MiH Bif
BUTOKIB /10 ToHN334. [lenbTa [lyHato, [pyra 3a BeNMUMHOI fle/ibTa EBpOIN, He-
BeJIMKA, BITHOCHO YCi€l JOBXXVHM, YaCTVHA PiuKM, CKIafjaeThcs 3 6esiui 1o-
TUYHO-JICHTUYHUX TiIPOEKOCUCTeM, 3a0e3Iedyroyy MO3aiKy pi3HOTUIIHUX
6ioromiB Ta ixHix 6ioreHo3iB. IleBHY ponb TYT BimirpaioTb i IITy4Hi BOAHI
00’exTy (KaHa/IM, €PUKY, 3aPYAM TOLIO). 30KpeMa, Ije ipUramiifHuil KaHal
Hynait — Cacuk (KJC) ta mryyHo mopudikoBaHWUI y BOZOCXOBUINE Ha-
npukinmi 70-X — Ha mo4atky 80-X pOKiB MUHYIOTO CTOPIiYYsA MOPCHKUI JIU-
MaH Cacuk. CKiajiHa rifposnoriyda cucreMa febTH, llepelieTiHHA BOJOMM i
BOJOTOKIB, pisHOBU/M 6iOTOMIB IOPOPKYIOTh BIUCOKE pi3sHOMaHITTA 6ios0-
TiYHUX CUCTeM pi3HOTO piBHA opraHisanii. BusHauenns ixHpoi moOyoBy, 3Ha-
qyocTi 6i0TMYHMX Ta abiOTMYHIX YMHHMKIB Y GOpMyBaHHI LiNTiCHOCT] i3 3a-
CTOCYBaHHAM KOHIENIi/l KOHTMHYQJIBHOCTI Ta AUCKPETHOCTI € OHUM 3 ac-
1eKTiB Haiol poboTu. BracHe, 11e IpoJOBXKEHHS JOCI/KEHb, CIIPSIMOBAHUX
Ha [Ti3HaHHA OpTraHi3awii 6i0Ty pisHNX TPoiYHNX PiBHIB Ta €KOJIOTIYHMX IPYII
Kiniitcpkoi genbru [IyHato, a TAKOXK BCTAHOBJIEHHS 00 €KTMBHOCTI iCHyBaHHSA
iXHIX yrpymoBaHb, BUSHAYEeHHSA MeX Ta IEPeXifHUX 30H, B3a€EMO3B A3KiB,
iepapxii opranisanii, OCHOBHMX YMHHMKIB, IO HiATPUMYIOTH (YU TO, HABIIAKM,
HOPYUIYIOTh) iXHIO LiTiCHICTD (22, 23,27, 28, 36].

Y nonepenHiii crarTi [35] 6y po3rAHyTi 3aKOHOMipHOCTI hOpMyBaHHA
KOHTMHY/IbHOCTi Ta JAVCKPETHOCTi (iTOIVIAHKTOHY B JIOTMYHO-/ICHTUYHII
rigpoexocucreMi «pykasu Kiniitcbkoi genpru Jynaro — KIIC — Cacunbke Bo-
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Konmunyanvnicmo i duckpemmuicmo yepynosatv 2iopobiornmie

JIOCXOBMIIe» B OCIHHbO-3MMOBUII ITepiof;. Mera 11i€l pob6oTu: 3a aHaIi3oM pe-
3y/IbTaTiB 6araTOpPiYHMX JOCIIIPKEeHb BCTAHOBUTY IPOSBY KOHTUHYA/IbHOCTI
Ta JJUCKPETHOCTi IIPOCTOPOBOTO PO3IO/iTy abiOTMYHNUX MOKAa3HUKIB Ta 6io-
TUYHMX XapaKTEePUCTUK JOHHUX 0e3XpeOeTHNX B PI3BHOTUITHNX BOJHUX €KOCH-
creMax Kiniiicbkoi genptu Jlynaro.

Marepian i MeTOgMKa JOCTiI)KEHDb

Indopmalis Mpo XapakTepUCTUKM CTAHLiN Bifoopy mpo6b, BOgHI eKocu-
creMy, gocnijpkeni BupomosxX 2009—2020 pp., 4aCTKOBO HaBefleHa paHille
[35]. B wiit po6oTi Bukopucrani gani 3a 2009—2012 pp. cnocrepesxensb. s
OKpPeMIX CTaHIiJl 00paHi IO TPU POKY, ie JOC/IiIKEeHHs OXOIUTIOIOTS I1i/INii Be-
reTaliifHuii ce30H (BeCHa, JIiTo, ocinb) (Tab. 1, puc. 1). PesynbraTn, oTpuMaHi
Ha Ki/IbKOX CTaHIIiSIX IeBHOTO BOJHOTO 00’ €KTY, 00’ €/[HaHi Ta ycepeJHeHi B Me-
JKaxX Ce30HY Ta POKY JJOCII/PKeHb, TOOTO /IS aHAJIi3y 3a/ydeHi cepefHbOPivHi
BUOIpKM (CYKYITHOCTI) 32 TP POKY OKPEMUX XapaKTePUCTUK BOJHMX 00 €KTIB
3 BiIMOBIZIHOIO CTaTUCTUYHOK 0OPOOKOIO.

AHajli3ylo4y IpOSABM JMCKPETHOCTI Ta KOHTMHYa/IbHOCTI IOKa3HUKIB,
KpiM 3arajibHOTO IyJTy CTaHLii (AVB. pyc. 1), MU IIPOBE/IN TAKOXK JOCTiKEHHS
B3JIOBXX YOTVPbOX OKPEMUX IIOTOKiIB piukoBux Boj: 1) Bif pyk. Kiniricpkmit ge-
pe3 KIIC no Cacuiubkoro BogocxoBuig; 2) yepes pyk. OuakiBCbKuil B 3aTOKU
HemoxiB Kyt ta IToranis Kyt; 3) uepes pykasu CrapocraMbynbcbKuii ta buct-
puit B migximHuit kaHan rambokoBogHoro cygHosoro xopy (ITK I'CX) Ta
3aT. buctpuit Kyt; 4) uepes pykasu CtapocTamOynbcbkuit Ta BocTounnii fo
3aT. AHaHbKiH KyT.

[TpuitMarouy BiTHOCHICTb KOHTMHYa/JIbHOCTI Ta JUCKPETHOCTI IIPOLIECIB i
apuiy [8, 10, 17, 31], My po3ymMieMO KOHTMHYAa/IBHICTB SIK 6e3lepepBHICTD, 260
CITIJIBHICTD, IEBHUX XapPaKTePUCTUK B IIPOCTOPI Ta 4Yaci, a JUCKPETHICTh — AK
iXHIO IepepBHicTh, 00 pO3[iIbHICTD, HENOAIOHICTD, Y BubOpaHiit Mmipi. Ilpu
IIbOMY Mipa CIIJIBHOCTi He € 3araJbHO BU3HAHOIO, 3arajioM ii obupae moc-
migauK [31]. IMCKpeTHMMY MM BBa)KQEMO IIOKAa3HMKM, 3HAUEHHs SKMX JO-
CTOBipHO Bifjpi3HAOTECA (Ha o6paHOMy piBHi), a KOHTMHYa/IbHIMMM, HaBIIAKI,
Ti, AKi JOCTOBipHOI pi3sHUI]i He MaloTh. OLiHKa O3HAK IVICKPETHOCTI Ta KOHTU-
HYa/IbHOCTi JIOTMYHO-/IEHTUYHOI TifI[POEKOCUCTEMI YKPAIHChKOI YaCTUHH Jie-
nbty Kinivicbkoro pykasa mposezieHa 3a abioTuaHyuMu (ConoHicTh, pH, Temrre-
parypa, KOHIIeHTpalis KVCHIO Y BOfAi) Ta 6ioTyyHuMM (Ki/IbKiCTh BUJIB, 4u-
ceNbHiCTh, OioMaca, iHgekc [IleHHOHA) MOKAa3HMKAMI, a TAKOXK Ha OCHOBI aHa-
i3y nonibHocCTi BOMIHYIOYMX KOMIIJIEKCIB BUJIIB.

BusHaueHHA NPUHAIEXHOCTI TOKA3HUKIB Ha Pi3HUX CTAHILiAX IO OFHOTO
KOHTMHYYMY BUKOHAHO 3a JOIIOMOTOK CTAaTUCTUYHMX TECTiB MHOXXMHHOIO
nopiBHAHHA. []/14 KiNbKicHMX TTOKasHMKIB Ta iHfekcy lllenHona 6yB BUKOpU-
cranmit kputepnit Kpackerma — Yosrica [18], saxuit € 6araroBumipHuM y3ara-
npHeHHAM U-Kputepito ManHa — VitHi [29] i nmepeBipsie HynboBY rimoresy
HOXO/KEHHA 00paHMX BUOIPOK i3 CYKyITHOCTell 3 OHAKOBUMY 3HAUYEHHAMMU
MegiaHu (a60, 32 YMOBM OJJHAKOBOTO TUITY PO3IIO/iTY BUOIPOK, 3 OMHAKOBUMMU
cepefHiMN 3HaYeHHAMN). SIKio 3aranbHMIT piBeHb 3Ha4ymiocTi p>0,05, TO
BUOIPKI TOXOATH 3 CYKYITHOCTEI 3 OJHAKOBMMIU cepeHiMu (abo Mefianamn)
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i He Biffpi3HAIOTBCA MK cobolo, sK1[o p<0,05, TO 3 BiporiguicTio 95,0 % — 1€
BUOIpKM 3 Pi3HMX CYKYIHOCTel. B ocTaHHbOMY BUITAfKY /I BUSHAYEHHS, AKi

caMme 3 BUOIpOK BifIpi3sHAIOTBCA, OY/I0 IPOBENEHO IOMApHE IX MOPiBHAHHA 3a

Tabnuuys 1
ITepenix BogHuX 00’€KTiB, CTaHIIill Ta NepioAiB AOCTIIKeHDb
TMHM, BOAHUX Bopgui 06’exTu Cranuii P9KM
00’eKTiB OOCTiIKEeHb
[TpupopHi BogoTo- | pyk. Kiniricbkuit — B MeXax M. Bunkose 2009—2011
Kt (pyxasu) pyk. OYakiBcbKuii | — BUTOK 2009—2011
— PO3TTy>KE€HHS Ha pyKa-
By [ToramiBcpkmii i ITpo-
pBa
pyk. Crapocram6y- |— Bullje BUTOKY pyK. bu- 2007—2009
JIbCHKMIL CTpuii
— HIDKYe BUTOKY PyK. bu-
CTpuit
pyk. bucrpuit — BUTOK 2009—2011
— TUpIIOo
pyk. BocTounmit — BUTOK 2009—2011
— IUpIIOo
[TpupopHi BogoiiMu |3at. bucrpuit Kyt — Big pyk. bucrpnit 2009—2011
(saroxm) — cepefiHa BOTOMU
3ar. [Totamis Kyt — BXiJl Bifi pyKaBa 2007—2009
— cepefyHa BOJOIMMA
3ar. Jlemokis Kyt — BXiJl Bifi pyKaBa 2009—2011
— cepefyHa BOOIMMI
3aTr. AHaubKiH KyT | — BXif Bif pykaBa 2009—2011
— cepefyHa BOOIMMA
Mopudikosanita |IIKI'CX — Big pyk. bucrpnit 2010—2012
LITY4YHi BOIHI —ce
o ekt penyHa KaHamy
— Ol st jamon
KIC — Big p. ynait 2009—2011
— cepeiyHa KaHay
— Big Cacuiibkoro Bojio-
CXOBHINA
Cacunpbke Boocxo- | — 6ins gamébu y c. ITpu- 2009—2011
BIIIIE MOpPCbBKe
— 6inst cepenyHu mambu
— 6i/1s1t ;Tam6u B paitoHi
HACOCHOI CTaHIlil BigKauyku
6 ISSN 0375-8990. Gidrobiologiceskij Zurnal. 2024. 60(1)




Konmunyanvnicmo i duckpemmuicmo yepynosatv 2iopobiornmie

Cacuiibke y
BOJIOCXOBMUIIIE ﬁ

2

dl OTariB

YOPHE MOPE

Puc. 1. Kapra-cxema perioHy JOCTiIPKeHb: YOPHi TOYKM — CTaHIii JOCTi/KeHb, YOPHi
TPUKYTHMKM — BOJHI 00’€KTU (IMB. TabII. 1); CTpiIKaMM BKa3aHO HAIPAMKIU OCHOBHUX
IIOTOKIB PIYKOBUX BOZ Yepe3 BogHi 06’ ekt (a — pyk. Kimivicpxuit — pyk. buctpuit — ITK
I'CX a6o 3ar. Bucrpuit Kyt; 6 — pyk. Kiniricbknit — pyk. OuakiBcbkuit — 3at. [loramis
Kyr ra 3a1. [lemoxis Kyrt; 6 — pyk. Kimiitcpkmit — pyk. CrapocraMbynbebkuii — pyk. Boc-
To4YHMI — 3aT. AHaHbKiH KyT; ¢ — pyk. Kinitcpxmit — KIIC — Cacnijbke BOJOCXOBHUIILE)
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tectoM JlanHa [14], saxuii, Ha BigMiHy Bix iHmmx post-hoc TecriB, 36epirae
00’efHaHy AMCIepCilo, IepenbdadeHy Hy/IbOBOIO rimoresorn Kpackena — Yoi-
mica. [l 06MeXXeHHsI MOXK/IMBOCTI OTPYMAaHHS CTATUCTUYHO 3HAYYIIOTO pe-
3y/IbTATy IIPY IepeBiplii KiIbKOX rirmores 6y/a BUKOpUCTaHa MoIpaBKa boH-
¢depponi [12], sika JOPiBHIOE BiIHOIIEHHIO PiBHA 3HAYYLIOCTI /IO KibKOCTI
rinoTes, 110 MepeBipsATbCA. PesynbraTy Bupa)keHi K cepeJHE 3HAUE€HHA Ta
cTaHjapTHe BigxuaeHHA (x+SD) I MOKasHUKIB KiIbKOCTi BUJiB, 3arabHOI
4JCeNbHOCTI, 3aranbHOI 6ioMacu Ta iHfekcy llleHHOHA Mi>K BU3Ha4eHMMU PO-
KaMJ JJOC/TiKeHb [Is1 KOXKHOTO BOJHOro 06’eKTy. Bei cratncTiyni pospaxyH-
KI BUKOHaHHi B nmakeri ananizy PAST 4.11 [15].

[ abioTMYHMX NOKa3HUKIB BM3HAYEHHS IPVMHAIEKHOCTI O OJHOTO
KOHTMHYYMY IPOBOJVIIOCH, QHAIOTIYHO OIOTMYHMM XapaKTEePUCTUKAM, 3a ce-
PeIHbOPIYHMMY 3HAYEHHAMU CONOHOCTI, pH, TeMnepaTypu Boay, KOHIEHT-
palil KMCHIO Y BOJ, sIKi Oy/IM OTpUMaHi OJHOYACHO 3 Bif6OpOM P06 HOHHUX
6esxpebeTHNX 3 BUKOpUCTaHHAM KoHaykToMeTpa HANNA HI 9835, pH-Mmer-
py PH-3011 Ta oxcumerpy AJKA-101M.

[Topi6HicTh BUIOBOTO CKIA/Y JOHHUX Oe3XpeOeTHUX BIU3HAYA/IN 32 IHIEK-
camu bpes — Keprtica [13], moganbIny KracTepusaliilo BOGTHUX 00 €KTiB IIpo-
BOJVIM 33 METOJOM PiBHOBa)KHOTO MIXIPYIOBOTO CEpPeJHbOTO 3B SI3KY
(WPGMA) [38] 6e3 cranpapTusarii 3a MaTpuIel0 HaABHOCTI/BiICYTHOCTI BU-
iB B IakeTi aHasmisy 6ionoriunux ganux BioDiversity Pro 2.0 [30]. Yucens-
HicTb Ta 6iomacy 6GesxpebeTHMX, a TaKoX iHfekc IlleHHOHa BU3HaYamM /s
KO>KHOI CTaHIii B IEBHMII CE30H JIOCITIJKEHD, 3 MOAAIbIINM yCEPEJHEHHAM 32
KO>KEH piK B Me)KaxX BOHOTO 00’ekTy. [I/1s1 KO>KHOTO BUAy 6e3XpebeTHMX pos-
paxoByBanu Koeditientn pN Ta pB, ne p — 3ycrpivanpHicts Bugy (%), N —
JIOTO cepefjHs YMCeNbHICTb, B — cepepHsa 6iomMaca B MeXax BOJHOTO 00 €KTY.
JoMiHy0O4YMIT KOMIUIEKC CKIAfaIN TAKCOHM 3 MAKCUMAJIbHMMU 3HAYE€HHAMNI
pN Ta pB.

PesynbTaTi gocnigKeHb

Abiomuuni xapakmepucmuku. Jlialra3oH 3MiH TeMIIepaTypy BOAM B Iie-
piop criocTepexeHb B yCiX BOAHMX 00 €KTaX MaJjIo BiApi3HABCA i CTAaHOBUB B
pykaBax 12,5—28,7 °C, y Bopoitmax — 13,0—31,2 °C Ta y WITy4HMX i MO-
nudikoBaHUx BofHUX 06’ekTax — 9,0—32,2 °C. BopHeBuit mokasHuk pH
BapiloBaB B PyKaBax y Mexax 7,21—8,80, y BogoiiMax — 7,03—9,87 Ta B 1Ty4-
HUX 1 MopudikoBaHKX BOfHUX 06’ekTax — Bif 7,00 go 9,50. BMmict kucHio y
BOJIi B pyKaBax Jie/IbTY 3MiHIOBaBCA Biff 4,67 1o 13,70 Mr/gm’°, y BofoiiMax — y
Mexax 3,40—15,69 mr/nM’, a B MmopndikoBaHUX BOHUX 00’€KTax — Bif 6,70
no 12,00 mr/mm’. 3a pesymbpTaTaMy MHOKMHHOTO MOPIBHSHHS JOCTOBIpHOI
pisHMIi MK IOKa3HUMKaMM Temmeparypu Boau, pH Ta xonnentpauii O, B
pisHMX BOJHMX 00’ €KTax He BUABIeHO (p>0,05) (Tab1. 2), ToO6TO MO>KeMO KOH-
CTaTyBaTV KOHTMHYAJIbHICTh PO3MOBCIOJ)KEHHA LMX XapaKTEPUCTUK B JIOC-
JTIKYBaHil akBaTopii, IKy 3MiHa TUITy BOZHOTO 00’€KTY Ta TOTUYHUX i JIeH-
TUYHMX YMOB He IIOpYyLIyBaa.

Cos10oHICTD BOJI 3MiHIOBAIaCh y MeXKaX rillo-0/IiroraIMHHNX BOJ B PyKaBax
(0,17—0,72 %o) i B 3aTokax (0,17—3,05 %o) menbTy Ta rino-Me30TaaInHHIX BOJ,
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(0,17—12,64 %o) B IITy4HMX i MOAM(PIKOBAHMX BOLHUX 00 €KTaX, MaKCUMalb-
Hi 3HaueHHA 3adikcoBani B [IK I'CX. 3a pesynbraTamMy MHOXXIHHOTO IIOPiB-
HSIHHS BCTAaHOBJIEHA JOCTOBipHa pisHUIs MK CacuIbKUM BOJLJOCXOBUILEM, fie
CepeHbOPiYHI 3HAYEHH: COJIOHOCTI BOJ, BiilIOBifa/y OJirOrajJMHHIN 30Hi i
pyk. CrapocTaMOyIbChbKMIt, AKUI XapaKTepy3yBaBcA MiHIMa/JIbHUMY 3HAYeH-
HAMM COJIOHOCTi BOJ, TOOTO BiIMi4€HO HOpYIIEHHS KOHTMHYa/IbHOCTI COJIO-
HOCTI B aKBaTOPil BOJOCXOBNIIA.

Buodosuii cknad ma éudose bazamcmao. 3aranom 3apeecTpoBaHo 148 Bu-
TliB TOHHUX Oe3XpebeTHMX, 3 IKMX Hallbi/IbIle — Ipe/iCTaBHUKIB KOMax (Tabr.
3). B mepeBa>kHiii 6inbIIOCTi BOZHNX 00 €KTIB 3a KiZIbKICTIO BUJIIB IIepeBakan
Insecta i mue B pyk. bucrpuit — Clitellata, a B CacuipkoMy BofocxoBuIi —
Malacostraca. Bip iHIIMX BogoiiM Ta BOJOTOKIB 3a TAKCOHOMIYHUM CKJIaJOM
BifipisHamack 3aT. AHaHbKiH KyT, te 6y/1u 3apeecTpoBaHi /yiie npeacTaBHUKN
kiacis Clitellata (Oligochaeta i Hirudinea) ta Insecta (Chironomidae i Cerato-
pogonidae).

ITopiBHAHHA [ialla30HIB KiIbKOCTI BUJIB B JOCTI/I)KEHNX BOJHUX €KOCU-
cTeMax I0Ka3ajo JOCTOBipHy pisHUI0 MK foHHMMHU KoMminekcamu KIIC, e
B yCi pOKM HOCHiJ)KeHb 3apeecTpoBaHi IXHi Haybinbmi mokasHUKY, i
3aT. AHaHbKiH KyT, e BOoHM 3aBx/u Oy HaitMeHIyMy (puc. 2). [liamazonn
IHIIMX BOJOJMM i BOJOTOKIB 3a pe3y/IbTaTaM/l MHOXXMHHOTO IIOPiBHAHHA CTa-

Tabnuuys 2
PesynbTaTy aHami3y CIiIbHOCTi a6iOTMYHUX XapaKTePUCTHUK Pi3HOTUIHUX BOFHIX
00’exTiB (x+SD, Tecr [lanHa, n = 3)

TMHM, BOMHIX | B o i 06’ extn t,°C pH O,, Mr/n Cononicte,
00’€KTiB %0
[Tpupopsi Bo- | Kiniiicbkuii 20,76+0,76* | 8,22+0,14* | 9,26+1,32* | 0,21+0,02*
moToku (py- . . a a a ab
KaBH) OuyakiBcbKnit 20,87+2,91* | 8,06+0,35* | 10,08+0,76* | 0,21+0,01
Crapocram6by- | 20,07+£1,92* | 8,09+0,62* | 8,35+£1,82* | 0,20+0,00°
JIbCHKMI
Bucrpnit 19,75+1,79* | 7,79+0,15* | 9,21+0,72* | 0,24+0,06
Bocrounuir 19,82+1,94* | 7,79+0,10° | 9,89+1,64* | 0,25+0,05®
[TpupopHi Bo- | buctpuit Kyt 21,56+1,37* | 8,07+0,35* | 10,90+1,85* | 0,75+0,52*
ﬂ%‘M“ (310 | [y ramin Kyr | 21,033,040 | 7,974049° | 9,9043,56° | 0,48+0,28®
Jemoxki Kyt 21,38+1,85* | 7,82+0,14* | 8,76+1,19* | 0,29+0,08
Awnanpkin Kyr | 18,25+0,35* | 7,80+0,44* | 7,36+1,43* | 0,31+0,07*
Mopudiko- |IIKI'CX 22,1242,78* | 8,19£0,20° | 9,79+1,19* | 1,10+0,47*
BaHi Ta a a a ab
wrTyuHi BogHi KIC 20,29+2,66° | 7,80+0,27* | 9,78+1,01* | 0,32+0,10
00’exn Cacuupke Bo- | 19,70+0,70° | 8,35+0,28" | 8,84+2,00° | 1,02+0,25°
IOCXOBUIIE

I[Tpumitka OgHAKOBMMI JIiTepaMi B MeXKaxX KOXXHOTO ITOKa3HNUKa T03HaYeHi BOipKy,
AKi JOCTOBipHO He Biipi3HAIOTLCA OfHA Bif 0{HO1 3a pesynbTaTamMu TecTy JanHa (p>0,05).
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[IpyponHi BogoTOKM [Tpupopsi Bogoiimu (3atokn)| MomndikoBasi Ta

1ITy4Hi BOJHI 06'eKTI

Puc. 2. TTopiBHAHHS KibKOCTI BUAIB Y BOGHMX 00’ €KTaX pisHOTO THITy: Xx+SD, n = 3; ofHa-
KOBUMI JIiTepaMi II03Ha4€eHi BUOIpKH, 5IKi [JOCTOBIPHO He Bifpi3HAITHCS OHA Bif O[{HOT
3a pesynbratamu TecTy JJaHHa 3 nompasko boxndepposi (p > 0,05)

TUCTUYHO He BiIpi3HsMNCD, TOOTO 3HAUE€HHS Ki/TbKOCTI BUJIiB CTAHOBIM/IN KOH-
TUHYYM ITOKa3HMKiB. 3asHaunmo, mo KJIC ta 3at. AHanbkin Kyr — pisHo-
TUIIHI BOJHI 00 €KTH, Bijja/ieHi OfMH Biff OJHOTO Ta He IOB sI3aHi OKpeMUMMU
BOJIHMMU TIOTOKamu (uB. puc. 1).

Ha pucyHky 3 HaBefileHO pe3y/IbTaTy IIOPiBHAHHA KiIbKOCTI BUJIIB 6e3xpe-
OeTHUX B JJOHHVX YTPYIIOBAaHHAX Pi3HMX BOJHUX 00 €KTiB y3ZOBX OKpeMUX
MOTOKIB piukoBuUX Boj (muB. puc. 1). Y 6inpiiocti BumajgkiB JocTOBipHOI
pisHMIII MiXK IIOKa3HMKaMU HE BUABJIEHO, BiMiY€HO JIMIIIE ITIeBHE IIiIBUIeHHA
3Ha4Y€eHb BiJj BUXigHOI cTaHLjii pyK. Kinijicbkuit o NpuKiHIeBUX Ai/IAHOK IIe-
PEOHbOTO Kpalo [e/IbTH, a TAKOXK BCTAHOBJIEHA JOCTOBipHA Pi3HMUIA MIX IIO-
Ka3HMKaMy, TOOTO IOPYLIEHHSA KOHTMHY&IbHOCTI, HAIPUKIiHIII IIOTOKY 4 B
pyK. Bocrounmii Ta sat. AnanbKiH KyT, sKi B yci nepiofu JocmipkeHb XapaKTe-
PU3YBa/INCh 3HAYHOIO Pi3HUIIEI0 y BUIOBOMY 6araTcTai.

Oco6MBOCTi BULOBOI CTPYKTYPU SOHHMX Oe3XxpebOeTHMX 3a 3yCTpidaib-
HICTIO HaBeJleHi Ha pucyHKy 4. I3 148 3apeecTpoBaHuX BUJiB LIiCTh 3yCTpiva-
JIVCH B YCiX €KOCUCTeMaX, cepef HUX 4oTupy Buay BigHOCummch o Oligochae-
ta (Limnodrilus sp., L. claparedianus Ratzel, L. hoffmeisteri Claparede i Tubifex
tubifex (Miiller)) i nBa Bugu — go Chironomidae (Chironomus sp. i Polypedi-
lum convictum (Walker)). [IpencraBieHicTb ClliTbHUX BUZiB 3MiHIOBA/Iach Bif
9,5 % B Cacuubkomy Bogocxosuli i KJJC o 40,0 % B 3at. AHanbKiH KyT.

3 ycboro Buposoro 6OararcrBa 48 Bupis (32,4 %) Oymu 3apeecTpoBaHi
TiIBKM B OKpeMUX TifipoeKkocucremax, cepeq Hux Insecta — 19, Malacostraca
— 16, Clitellata — 7, Bivalvia — 3, i no ogaomy — Polychaeta, Gastropoda i
Hydrozoa. I1i Bupu He 6yso 3HaiineHo B pykaBax Kimiitcpkuit i OgaxiBcbKui
Ta B 3aT. [lenmokiB Kyr, B iHmMX BOgHMX 00’€KTax IXHS IpefCTaB/IeHICTH
3MiHIOBanach Bix 5,0 % B pyK. buctpuii go 17,0 % B 3a1. IToTamnis Kyt (puc. 4).
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Puc. 3. ITopiBHAHHA KiZIBKOCTi BUJIiB y3/I0BXX OKPEMMX ITOTOKIB PiYKOBMX BOJ: IIO OCi Op-
IVHAT — KiNbKicTb BUAIB, x£SD, 1 = 3; OHAKOBUMM JIiTepaM IT03HAYeHi BUOIpKH, AKi KO-
CTOBIpHO He BifIpi3HAIOTbCA OJjHA BijJj OJHOI 3a pe3ynbTaTaMi TecTy JlaHHa 3 MOIPABKOIO
Boudepponi B Mexxax KOXXHOro OTOKy (p>0,05).

Amnanis mopibHoCTi BumoBoro ckimagy (puc. 5) mokasas, 1O BCi BOAHI
06’exTy Ha piBHi 50,0 % YTBOPIOIOTH IBa K/IACTepU: MEePIINil BK/IIOYAE 3aTOKN
Amnanbpkin Kyt ta Jlenrokis Kyr, gpyruit — pykaBu genbrty, 3at. buctpuit Kyt
Ta MopmdikoBaHi i mTy4Hi BogHi 06’ €kTH. B 11poMy Kmactepi Ha piBHi 55,0 %
MO>KHA BUJINTY TPU TPYIN NOB’A3aHUX BogHMX 06’exTiB: [IK 'CX — bucr-
puit Kyr; KIIC — Cacunpke BomocxoBuie; pykasu genbtu. OKpemo Bif-
minaerbced 3ar. [Toranis Kyr.

To6To mpu 3araynbHil ;OBOJI BUCOKIiT TOAiOHOCT] BUOBOTO CKTamy (KOH-
TYHYaJIbHOCTi BUJJOBOTO CK/Iajly) MOXKHA CTBEPXKYBATH IIPO IIEBHUIT CTPYKTY-
po ¢opmylounit BI/IMB Ha OpraHisalilo JOHHNX 0e3XpeOeTHNX pi3HMX TUIIB
BOJHIUX 00 €KTiB: IPiCHOBOAIHI 3aTOKW, pyKaBM Ta MOAUQiKoBaHi i mTydHi
00’€KTHL.

3navenHs iHgekcy lllenHoHa 3MiHIOBamch Bix 1,64 1o 2,75 6it/exs. B py-
KaBax fienbTy, Bix 1,49 mo 3,19 6iT/ex3. — y BojoiiMax [ie/IbTH i B MeXKax
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Puc. 4. Crpykrypa [OHHUX 6e3XpebeTHNX 3a 3yCTPiYaIbHICTIO: IO OCi OpAVIHAT — BULOBE
6aratctBo, %; 1 — BuU/Y, SIKi 3HAIIEHO B yCiX BOTHUX 00 €KTaX; 2 — BU/M, SIKi 3HAIIEHO
JIUIIE B OGHOMY BOTHOMY 06’eKTi; 3 — inmi Bugn
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Puc. 5. [lengporpama nofiGHOCTI BUITOBOTO CKIaly ZOHHUX Oe3xpeOeTHUX: Mipa BifcTani
Bpest — Keprica 3a MeTOf{OM cepefHbOTO 3B I3KY; 110 OCi abc1yc — HOAi6HICTD, %; BepTu-
KaJIbHA LITPUX IYHKTMPHA JIiHiA BU3Hauae piBeHb mopibuocti B 50,0 %; 6710KU 3 mO-
IBIITHOIO JTiHi€0 0OMEXYITh KIacTepy BOZHMX 00’eKTiB Ha piBHI mogi6HOCTi >50,0 %;
6moxamy BUAIiIeH] KacTepu Ha piBHI mofibHOCTI 65,0 %

1,61—3,00 6it/ex3. — y mopudikoBaHUX BOfHUX 00’ ekTax. [IpoBenennii no-
PIBHAIbHMII aHaJli3 IIOKA3aB JJOCTOBIpHY pisHMINIO MixX 3aT. buctpuit Ky, ge
3apeecTpOBaHi MAKCMMYMU IIOKa3HMKIB, Ta 3aT. AHaHbKiH KyT 3 MiHiMa/nbHK-
MU 3HaYeHHsAMU (puc. 6). IHII MOKa3HMKM CTaTUCTUYHO HE BifpisHAINUCH,
TOOTO yTBOPIOBA/IM 3aTa/IbHNMII KOHTUHYYM, HOPYLIEHWIT Y JBOX JIOKAIIisX.
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Puc. 6. TTopiusanHA inpekcy lllenHOHa y BofHMX 00’ €KTaxX pisHOro Tuiy: x£SD, n = 3; opi-
HAKOBUMI JIiTepaMi MO3HaveHi BUOIpKY, sIKi ZOCTOBIPHO He BiPiSHAITHCS OfHA Bif Of-
HOI 3a pe3ynbTaTaMu TecTy [laHHa 3 mompaBKoo boHdeppoHi B Mexkax KOXKHOTO MOTOKY
(p>0,05)

Ha pucynky 7 HaBefeHO pe3ynbTaTy NOpiBHAHHA iHfekcy llleHHOHa
B3[JOBXX OKPeMMIX ITOTOKiB piukoBMX BOJ (uB. puc. 1). lunamika xapakrepu-
3yBajlaChb HECYTTEBUMM KONMBAHHAMY 3Ha4€Hb, JOCTOBIPHOI PisHMIIi MiX I10-
Ka3HMKaMU He BUABJIEHO (AMB. puc. 7, a—e), ToOTO B yCiX BMIIaiKax 3a-
peecTpoBaHa KOHTMHYA/IbHICTD, HA BifIMiHY BiJl 3aTaJIbHOIO MAaCUBY LAHUX, 11O
MOXKe TIOSICHIOBATVICh IPUHAIEKHICTIO 00’€KTIB, 110 Bipi3HAMUCA B IOIIe-
PEeNHBOMY y3araJIbHeHOMY aHai3i, 0 pi3HMX IOTOKiB, TOOTO BifCYTHICTIO
IpPsIMOrO MOPiBHAHHSA NOKAa3HUKIB 3aTOK buctpuit Kyt ta Ananbkin Kyr.

KinvxicHi nokasnuxku ma 0omiHyoui Komniekcu 6udie. SHaYEHHs 3arajb-
HOI YMCe/IbHOCTI 3MiHIOBa/IMCh Y IIMPOKOMY fialla3oOHi B PyKaBaX Ta BOJOTO-
Kax genbty (puc. 8, Tabn. 4), 6iomacu — B yCiX TUIIaX BOJHUX 00 €KTIB.

3a 4MCebHICTIO B IIePeBaXXHIiT OIBIIOCTI BOTHMX eKOCUCTeM IiepeBarka-
mm npepcraBHuky Knacy Clitellata (sokpema, Oligochaeta) i mume B 3aT. buct-
puit Kyt gominysanu Insecta (Chironomidae) (puc. 8, a). 3aramom kxomaxu
npepcrapieHi 6inbire y 3arokax senbtu ta B KIC (>20,0 % uncenpHOCTi) i
MeHIIe — B pykasax Ta [IK 'CX. Pakonopi6Hi XapakTepusyoTbcsi HU3BKOIO
IIPe/ICTaB/IeHICTIO B ITePeBaXKHIil OIIBIIIOCTI BOJIOVIM Ta BOJJOTOKIB, MaKC/Ma-
JNbHa IXHA yacTKa XapakrepHa iy [TIK T'CX (24,7 %), a B pykaBax Bocrounmit i
Crapocram6bynbcbkuii i B CacuiibKOMy BOJOCXOBMUILI IXHA 4MCeTbHICTD Hepe-
Buiysana 10,0 % Bif 3araspHOI 4MCeTBHOCTI JOHHMX 6e3xpebeTHUX. Mormo-
CKI XapaKTepu3yBallCh HMU3bKMMU IOKa3HMKaMU: B pykasax Kimiiicbkuii,
OuaxiBcpkuii i Crapocram6ynbebkuii ta KIIC uncenpHicte Gastropoda ckia-
nana 5,8—13,7 %, a B iHIMX BOgHUX 00 €KTaX, 5K i mya Bivalvia, 6yna 3HauHO
HIDKYOIO0.

3a 6iomacoro B pyKkaBax fenbTy Ta B 3aT. [loranis Kyt nepeBaxkanu Gast-
ropoda, a B 3at. bucrpmit Kyt, KIIC ta Cacniibkomy Bogocxosuini — Bivalvia,

14 ISSN 0375-8990. Gidrobiologi¢eskij zurnal. 2024. 60(1)



Konmunyanvnicmo i duckpemmuicmo yepynosatv 2iopobiornmie

)
—o—
o
—o—
)
—o—
—o—
—o—

-

VICbKN
VICbKN

Bucrpnit
IIKTCX

Kini

Kini
IToramis Kyt
HemoxkiB Kyt

Buctpmit Kyt
OuakiBchKumit

S} w
—o—
o
——
[} w
T T
—o—
—o—
K

<

JICBKIIA

YIbCHKIIT
TICHK It
KIC

pocTam-

BocTounuit

Kini

Kini

Cra

6

Cacuipbke
BOJOCXOBIIIE

Ananbkiz Kyt

Puc. 7. Ilopisuanns ingekcy lllennona (H' (N)) B3oBK OKpeMUX IOTOKIB Pi4KOBUX BOJ
(mmB. puc. 1): mo oci opauHat — 6i1/ex3., x+SD, n = 3; 3a pesynbTaTaMyu MOPiBHAHHA
BUOIpOK JOCTOBIpHMX BifMiHHOCTeIT 3a TecToM [laHHa 3 morpaBkor boHdeppoHi He 0T-
pumaso (p>0,05)

OCTaHHi CyTTEBOTO pO3BUTKY focaAranu i B Kinmificbkomy pykasi (puc. 8, 6). B
3aTokax JlemrokiB Kyt Ta Ananbkin Kyt gominysamn Clitellata (3oxpema Oli-
gochaeta).

Xoua uncenbHiCTb i 6ioMaca 3MiHIOBaINCh Y 3HAYHMX MEXXaX, JOCTOBipHOI
pisHui (p>0,05) Mk iXHiMM TOKa3HMKaMM B Pi3HMX BOHIX 00’ €KTaX 3a pe3y-
JIbTaTaM)l MHOXKMHHOTO aHaJIi3y He BUABIIEHO, TOOTO BCi 3HAYEHHS HaJIeXKaTh
710 OfHi€l BUOIPKY, OTHOTO KOHTUHYYMY. [IOHHI yrpylioBaHHA BCiX rifpoexo-
CHCTeM XapaKTepU3yBalUCh CIIbBHMM JOMiHaHTOM 3a umcenbHicTio (Oligo-
chaeta p. Limnodrilus), a pykaBiB — i 3a 6iomacoro (Gastropoda Lithoglyphus
naticoides (C. Pfeiffer)). Y Bogoitmax ta MoaudikoBaHuX BOTHMX 00 €KTaX 3a
6iomacoro IepeBakany pi3Hi BUAM MOJIOCKIB, a 3a ixHbOI BigcyTHOCTI — Oli-
gochaeta p. Limnodrilus.

YncenbHICTb JOHHMX Oe3XpeOeTHNX Y3/J0BXK OKPEMIX ITOTOKIB PiYKOBMX
BOJI 3araJIoM 3HIDKyBasach Bij KiliiicbKoro pykasa 10 IpUKiHIIEBUX [JiIAHOK
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Puc. 8. YucenpHicTb (a) Ta 6iomaca (6) B pisSHOTUIIHUX BOJHMX 00’eKTax: I — Gastropoda;

2 — Bivalvia; 3 — Polychaeta; 4 — Clitellata; 5 — Malacostraca; 6 — Insecta; 7 — Nemato-
da

HepeHbOro Kpato menbty Ta CacuIbKOro BOJOCXoBMIIA (piuc. 9), meBHe mij-
BUIIIEHHS 3apeecTpoBaHo /e B 3atT. buctpuit Kyt (zus. puc. 9, a). Pasom 3
TUM, BOCTOBiIpHA pi3HMUIA NMOPIBHIOBAaHMX [lialla30HIB 3HAaY€Hb, TO6TO opy-
IIeHHs KOHTVHYA/IbHOCTI, 3adikcoBaHa B3[JOBX IOTOKY 4 MiX II09aTKOBOIO
(Kiniiicpkuit pykas) Ta IpuKiHIeBOO (3aT. AHaHbKiH KyT) nokanismu.

Biomaca foHHMX 6e3XpeOeTHUX Y3L0BX OKPEeMIUX IOTOKIB PiYKOBMX BOJ
3arajioM IOBTOPIOBaIA JUHAMIKY 4yce/bHOCTI (puc. 10): eBHe MigBUILeHHS
3apeecTpOBaHO Ha NPUKiHIEBiN AinAHLi B 3aT. buctpuit Kyt, a nopymennsa
KOHTMHYaJIbHOCTI BifMi4eHO Jy1 MOTOKY 2 MiX rmoyatkoBoo (Kinmivicbkmii py-
KaB) Ta npukiHuesoro (3at. [JemoxkiB Kyr) nokanismu.

Takum umHOM, aHasIi3 3araJIbHOTO MACKBY JAHUX YCIX JOCTIIPKEHNX BO-
JHUX €KOCHCTEM He I0Ka3aB JOCTOBIPHUX BiIMIHHOCTEN y pO3IO/i/i cepemHix
Be/IMYMH YVCENTbHOCTI Ta 6ioMacyu JOHHUX 0e3XpeOeTHMX Pi3HUX BOZOIM Ta
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BOJOTOKIB. [IpoTe posrnan AiAHOK y3I0BXX OKPEMUX IIOTOKIB BUABUB II€BHI
BiZIMIHHOCTI: 30KpeMa pi3HUIIA MK II09aTKOBOIO JIOKALI€IO (ITOTYXXHUI PYK.
Kinivicbknit) Ta npukiHIleBMMY, HaitOi/IbII Bif/jaIeHNMY BOOIMaMyul AHaHb-
kiH Kyt ta [JemokiB KyT ciocrepiraerbces 6i1bIr sBHO, O JOCTOBIPHO pisHUX
3Ha4eHb 000X MOKA3HUKIB.

OO6roBopeHHs pe3ynbTaTiB JOCTiTKEeHb

CucremaTnyHi rijpoekonoriudi gocnimkensasa Kiniricbkoi genbru JlyHaro
Oy posnodati ogpasy micna [Ipyroi cBiToBoi BiliHY, i 3 TOrO Yacy OTPUMAHO i
OIy0/TiKOBAaHO fiaHi fK I[OJ0 abiOTMYHUX, TaK 1 OIOTMYHNUX XapaKTePUCTHK.
BimomocTi cTOCOBHO TifipO/IOro-rifpOXiMi4HMX IMOKAa3HMKIB y3arajlbHEHi y
HU31i pobit [1—3], 30kpema i aBTOpiB IIOTO OBiKOMIEHHH (7, 20, 25, 26, 32].
[ToxasaHo IMpPOKNMII jialta30H MiHIMBOCTI BUSHAYEHMX HAMU /1A aHaJli3y M-

Tabnuus 4
Pe3ynbTaTy MHOKMHHOTO aHAJIi3y YMCENbHOCT] i 6ioMacy Ta JOMiHyI0UMIT KOMIIIEKC
BUJIiB JOHHUX Oe3XpeOeTHNX PiSHOTUITHIX BOTHUX 00’ €KTIiB
(xSD, tect lanna, n = 3)

Tmm, BORHIX 1 Bopmi 06’extn qmcenmesz > | Biomaca, r/m* flominyrouuit
o6’exriB THC. €K3/M KOMIIZIEKC BUIiB
[Tpupopnui Bomo- | Kimiitcpkmit 29,50+30,68 | 315,20+187,59 | Limnodrilus sp.
TOKU (pyKaBu) + Lithoglyphus
naticoides
OuyaxiBcbKnit 12,25+6,99 184,80+76,00
Crapocrambynep- | 13,57+12,07 | 250,22+78,08
CBKUII
buctpnit 7,96+5,80 32,19+22,07
Bocrounnit 6,06+0,10 148,84+119,28
[Ipupopui Bopo- | bucrpuit Kyt 26,22426,67 | 267,01+361,97 | Limnodrilus sp.
itMu (3aTOKM) + Corbicula
fluminea
[Totamnis Kyt 17,8149,54 | 106,35+97,10 |Limnodrilus sp.
+ Viviparus
viviparus
HemokiB Kyt 5,72+1,52 16,39+16,90 | Limnodrilus sp.
Amnanbpkin Kyt 3,11+1,42 2,37£1,61
Moandikosani |ITK TCX 6,46+4,37 28,06+28,50 | Limnodrilus sp.
o ORI 11,5845,00 | 250,78+97,72 |Limnodrilus sp.
+ Dreissena
polymorpha
Cacuiipke Bojo- 10,51+5,07 51,82+32,70
CXOBHIIE

ITpumiTxa. 3a pe3ynrpraTamu HOPiBHAHHS BUOIPOK JOCTOBIpHIX BiZMiHHOCTEI! 32 Tec-
toM JlaHHa 3 monpaBKolo boHgeppoHi He orpumano (p>0,05).
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Puc. 9. TTopiBHAHHSA YMCETPHOCTI ZOHHMX 6e3XpebeTHMX Y3J0BXK OKPEeMIX IOTOKIB piuKo-
BJX BOJ: 110 OCi OpJiIHAT — YMCEJIbHICTD, THUC. ek3/M?; x£SD, n = 3; 0JHAKOBUMU niTepaMu
mo3HaveHi BUOIpKH, sIKi JOCTOBIPHO He Bipi3HAIOTHCS OJHA Bifj OFHOI 3a pe3yabTaTaMu
tecTy JJaHHa 3 monpaBKoio boHpeppoHi B Mexax KOXKHOTO IOTOKY (p>0,05)

CKPETHOCTi Ta KOHTMHYa/IbHOCTi ITapaMeTpiB fK y 4Yaci, Tak i mpoctopi. Tak,
PIYKOBUII IOTIK B paiioHi M. BuKoBe Mae MIBUIKICTb IIepeBaXkHO 6ina 1,0 m/c,
3YMOBJIIOETHCA BOJHICTIO PiYKM, CATAI0YYM MaKCUMa/JIbHUX 3HaY€Hb B IIEpiofn
BOJIOII/UIA Ta MiHIMa/IbHUX B Me>K€Hb. 3a TaKOl IIBUAKOCTI — 3,6 KM Ha TOM-
HY — BOJIa JOCSATAE IIePeJHbOTO KPalo Je/IbTY IpUO/IN3HO 3a 5 roanH. B pyka-
BaX BHACIIOK BMCOKOI TypOY/JI€HTHOCTI IOTOKY IIOKa3HVKMY IO BCiit rmouHi
MalTh O/IM3bKi 3HaYeHHs. 3a HAIUVMM CIIOCTEePeKeHHSMU Ta iHIIMMU CBif-
YEHHAMM, NPOXOJAYM B3NOBX PYyKaBiB, BOJA MOXX€ 3MIiHIOBATU 3Ha4YeHHA
CBOIX XapaKTepUCTUK, 30KpeMa 3acBiflueHo, o Bif M. Bunkose o YopHoro
MOps1 BOfIa MO>Ke 30aradyBaTuch KyicHeM Ha 12,00 % [3].

Temmneparypa B fienbTi 3MiHIOETbCA Bifi MiHiManbHOI 1,5 °C B3UMKY 10
6inpur Hixx 25 °C B niTHIN nepiof [2, 3]. B 3aTokax nepegHbOTO Kparo Ae/IbTH Y
HalicneKkoTHimi Hi Boga Mosxe rporpiBatucs o 30 °C i 6inblre, mepeBuiryo-
41l Ha KiZIbKa TPajlyCiB IOKa3HMKN B pyKaBaX. 3Ha4€HH:A BOJHEBOTO ITOKA3HU-
Ka 3arajioM 3MiHIOETbCS He3HaYHO (6,98—8,23), cepeqiHi MOKa3HUKM ITepeBax-
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Puc. 10. TTopiBHsHHs 6i0oMacy FOHHMX 6e3XpebeTHNX Y30BK OKPEMIX ITOTOKIB PIYKOBIX
BOJ: 1O oci oppauHar — 6iomaca, r/m?, x+SD, n = 3; OfHAKOBUMN JIiTEpaMy ITO3HAYEH]
BUOipKM, AKi JOCTOBIpHO He BilpisHAIOTHCA OfHA Bifi OZHOI 3a pe3ynbrataMu TecTy [laHHa
3 IoTpaBKo0 BoHbeppoHi B Mexax KOXXHOTO ITOTOKY (p>0,05)

HO BifINOBiIal0Th HEMTpa/lbHill peakiil Bogy, pasoM 3 TuM pH Moxxe 3pocraTu
BHACTiZOK (OTOCHMHTETNYHOI Ais/IBHOCTI BOJOPOCTEl, OCOOIMBO B 3aTOKAX
HepeHbOro Kpaw aenbtu [3, 7, 25, 26]. KnucHeBmit pexxum 3arajiom 3azmo-
BUIBHMII, B PYKaBaX BMICT KVCHIO IIEPE€Ba)XHO 3MIHIOETbCA B MeXax 4,9—
13,9 mr O./nm’, HacudeHicts — 59—131 %, 3ajyxu IpakTUIHO BifcyTHi [7,
25]. B 3aTokax MiHiMa/nbHi MOKa3HMKM BMICTy KMCHIO MOXYTb OYTI CYTTEBO
HIDKYMMMY, BIITKY MOXX/IVBUI K IepiofgndHmit itoro gedinut, Tak i cyTTeBe
IepecHYeHHs BHACTIIOK aKTUBHOTO ¢oTocuHTe3y ¢iromnankroHy. Como-
HICTh B PyKaBaX 3pifjKa, /Iulle B IIEpiOi HATOHIB BOAM 3 MOPS, IIEPEBUILYE
MexXi oirorannHHOI 0,5%o0 30HM, B 3aTOKaX NEPEAHbOTO KPAIo Ie/IbTY ITOKAa3-
HIK Bapiloe epeBaXHO B MeXXaX OJIir0-Me30Ta/ITHHIX BOJ, B €EKCTPEMA/IbHUX
BUITAZKAaX COJIOHA BOMa MOYKe IiTHIMaTHCh aXk Mo M. Bunkoge. IligBuiieHHs
CONOHOCTI y HamiB3akpuTux 3atokax [Toramis Kyr, JlenrokiB KyT Ta AnaHbKiH
KyT Tako>x 3yMOB/IOETBCS 3/1e01/IbIIIOr0 HATOHAMY 3 MOPSI, SIK i y OibII Bifi-
Kputux — 3at. bucrpuit Kyt ta aksaropii IIK I'CX, ge BB conoHux Bop
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CyTTeBilNII, MaKCMManbHi 3HaueHHA (12,64 %o) 3adikcoBani 6ima mmms
nam6bu Ha BUXO[i B Mope [26].

B CacuiibkoMy BOJOCXOBMIL, 32 HALUMMU CIIOCTEPEKEHHAMH, TeMIIepa-
Typa Boay Moxxe nepesnitysaty 30 °C, pH BHacnifok poTocMHTETNYHOI aK-
TUBHOCTI (iTOIIAHKTOHY KOJIMBA€ETHCS B IIMPOKOMY JianasoHi i Hepigko cs-
rae BeranHy 9,0 i 6inbire, TOOTO BOJa XapaKTepU3YEThCS MiIBUILIEHOO TyXK-
HicTio. KucHeBuMil pe>xuM Mae MM pOKMii ialla3oH 3Ha4YeHb (IepeBaxHo 6,8—
12,0 mr O./nm®), [ist BomoiiMu XapakTepHi siK mepiogudHi (3ebinpiroro o-
Ka/IbHi) 3ayXJ, TaK i mepecu4eHHs BHACTIOK POTOCMHTETNYHOI aKTUBHOCTI
Bopopocreit [21, 33]. ConoHicTe Bopu B3goBXx NmoTOKy Kiniiicpkiit pykas —
K C — Cacunpke BOZOCXOBHUIIE MiJBUIYBaIach Bifi MPiCHUX MiMIOraIMHHUX
JI0 COTIOHYBATMX b-Me30raIMHHMX BOJ. 3arajioM y TOHM33i BOJOCXOBMUIIA BOJA
3a3BU4ali Oi/IbII ONpicHeHa, HK B CepefiHiil YacTHHI Ta BepXiB’AX, 3a HAIIMMMU
INAHVMH, B OCTAaHHE [EeCATUPIYYA COMOHICTh BOAV BOLOCXOBUINA HE IE€PEBU-
mye 1,6 %o, iHOJi BKa3yOTh COMOHICTD 10 4,0 %o [20].

Cnuparounchb Ha HaBefleHi MaTepiany, MK Ta iHII ZOCTiHMKM 3a3BMYail
pospisuanmu B Kiniiicpkini genpTi [lyHato pisHOTUIIHI BOJHI €KOCUCTEMH B IIep-
Iy Y4epry 3a MOpQOMEeTPUYHIMIY XapaKTePUCTUKAMU Ta XapaKTepoM (LIBuf-
KicTI0) Tedii (JTOTMYHi Ta IEHTUYHi), 3 XapaKTepHUM TeMIIepaTypHIM i KUCHe-
BUM pexxuMmoM Ta cononicTio. KIIC, Cacunibke Bogocxosutie Ta akBatopiro I1K
I'CX, 3Bakaroun Ha IXHE MITyYHE IOXO/KE€HH:, TAaKOXK PO3I/IAJ AN AK OKpeMi
BopHi 06’exTn. [TpoTe mpoBeeHnit aHasi3 cepefHPOPIYHIX 3HAUYeHb abioTIY-
HIX ITIOKAa3HMKIB ITOKa3aB KOHTMHYA/JIbHICTh IXHBOTO PO3IOAIY IIO BCill JOC-
JiKyBaHill aKBaTOPii, 32 BUK/IIOUEHHAM COMOHOCTi B CacUIIbKOMY BOJOCXO-
BuIIi. A caMe, 3a pe3y/lIbTaTaMyl MHOXKVHHOTO IIOPiBHAHHA JOCTOBipHOI pi3-
HILII MDXX cepeHiMI 3HaYeHHAMM TeMIiepaTypu Bogy, pH Ta koHnenTpauii O
B pi3HMX BOJHUX 00’ €KTax He BuABIEHO (p>0,05) (guB. Tabm. 2), TO6TO MOXe-
MO KOHCTaTyBaTy KOHTVMHYa/IbHICThb PO3IOZiNTY IIMX XapaKTePUCTUK B JIOC-
JIJKYBaHil aKBaTOPil, AKY 3MiHa TOTUYHNX i IECHTMYHUX YMOB He ITOPYILIyBa-
na. 3a pe3ynbTaTaMyl MHOXXMHHOTO IOPiBHAHHA TaKOXX BCTaHOBJIEHA JJOCTO-
BipHa pisHMLA MK CacuIIbKMM BOJOCXOBUIIIEM, Jle CepeJHbOPIUHI 3HaUeHHS
COJIOHOCTI BOJ, Oy/IM MaKCMMa/JIbHUMMY i BigoBigamm ojiroranyHHiN 30Hi, i
pyk. CrapocTaMOY/IbChKIIL, AKNMIT XapaKTepU3yeTbCsl MiHIMaIbHUM 3HAa4eH-
HAM COJIOHOCTI BOJ], TOOTO BifiMi4eHO MOPYIIEHHS KOHTMHYA/IbHOCTi COJIO-
HocTi muute B akBatopii CacuibKoro BojocxoBuila. Baxninso, 1o aHanoriyHi
pe3yIbTaTy HaBeJeHi i B Halil monepexHii pobori [35].

Cnmpar4nch Ha LIMPOKO PO3NOBCIOPKEHE CbOTO/IHI TBEPIPKEHHS IIPO Te,
110 6ioTOIiYHe PI3HOMAHITTS, 30KpeMa yTBOpPIOBaHe abiOTMYHIMM YMHHMKA-
M1, 3yMOBJIIOE Pi3HOMaHITTs 6i0/OTiuHe, sIKe, HAlleBHE, € MTAPa/IUTMOI0 Cydac-
HOI exororii [5, 6], MO>KHa O4iKyBaTH i BiJTIOBi/{Hi TOpYyIIeHHs 6I0TMYHIX Xa-
PaKTEPUCTUK, B IEPIIy YEPry B MiClli IOPYIIEHHSA KOHTMHYaJIbHOCTI COJIO-
HOCTI.

[TopiBHsIbHMIT aHATI3 MACKBIB TaHUX TPHOX OCHOBHIUX Iip06ioorivHnx
XapaKTepUCTHK (KibKiCTh BU/IiB, YMCENbHICTD Ta 6ioMaca), a TAKOXX KOMIIIEK-
CHOTO pO3paxyHKOBOTO IOKasHuKa (iHopmariiiHoro ingekcy IllenHona) Aax
II0 BCill OCTiJKyBaHill aKBaTOpii, TaK i B3JOBXX OKPEMMX ITOTOKIB PiYKOBUX
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BOJI 3aCBiJYM/IN [TepEBAYKAHHA KOHTMHYA/IbHOCTI iIXHbOT'O PO310Jiny. B ocHOB-
HOMY aHaJ/IOTi4Hi 3aKOHOMIpHOCTI oTpyuMaHi i 1 piromnankToHy [35].

JlonHi 6e3xpebeTHi, Ak i ¢piTommankTOH [35], XapaKTepuU3yI0TbCs IPOCTO-
POBMM KOHTMHYYMOM JIOMiHYI04OTO KOMIIZIEKCY 3a YMCEIbHICTIO 1 IIEBHOIO J10-
KaJIbHOIO IMICKPETHICTIO — 3a 6ioMacoro. OTKe, IPOCTOPOBUIT PO3IO/i/ Ki/lb-
KiCHMX ITOKa3HVKiB iTOIUIAaHKTOHY i JJOHHOI (payHU Mae NeBHi cIibHi 3aKo0-
HOMIPHOCTI.

[ KiIbKOCTI BMJIB Ha 3ara/IbHil aKBATOPIii B YCiX JOCTIIPKEHNX BOJHIX
€KOCHCTeMaX BCTAHOBJIEHO IOCTOBIPHY Pi3HUII0 MK JJOHHUMM KOMIUIEKCaMI
KIC i 3ar. Ananbkin Kyt (gus. puc. 2). [lianasoHn iHIIMX BOZHMX 00 €KTiB
CTATMCTUYHO He BilPi3HS/INCh, TOOTO 3HAYEHHs KiNIbKOCTI BUJIIB SBJISUIN KOH-
TUHYYM ITOKa3HMKiB. 3asHaunmo, mo KJIC ta 3at. Ananbkin Kyr — pisHo-
TUIIHI BOJHI 00 €KTH, BiilasieHi OfMH BijJj OHOTO Ta He IOB’s3aHi CIIpsIMOBa-
HVUIM BOJHMM ITIOTOKOM (nuB. puc. 1). I/ KiTbKOCTi BUJIB Y3IOBX OKpeMUX
IIOTOKIB PiYKOBMX BOJ] BCTAHOBJICHO JJOCTOBIpHY Pi3HUIII0, TOOTO IOPYLICHHS
KOHTVHYa/IbHOCTI, HAIIPMKiHIIi TOTOKY 4 Mi>K TOKa3HMKaMM B pyK. BocTounmii
Ta 3aT. AHaHbKiH KyT (gmB. puc. 3). 3ayBa>kumo, 110 114 IpUKiHIeBa AiTHKA
HEePIIOIO MifIIAETHCS BIUIMBY COMIOHUX BOJI, HaO/MVKeHa 0 MOPs i € OHUM 3
00’€KTIB IepeHbOTO KPAIo JIe/IbTH.

g inpexcy llleHHOHA Ha BCill aKBAaTOPil BCTAHOBJIEHO JOCTOBIPHY PisHU-
110 MiXX 3aTokamy bucrpuit Kyt Ta Ananbkin Kyr. 3ayBakumo, 110 1€ Bofio-
JIMI IEepeJHbOTO Kpaw MAeNbTH, IO TOro X 3aT. bucrpmit Kyr xapakrepn-
3Y€TbCS HalIO1/IbIII BUCOKOIO IMHAMIUHICTIO Ta BIVIMBOM COJIOHMX BOJ.

J1st ancenbHOCTI Ta 6i0Macy B yCiX JOCI/KEHUX eKOCUCTeMaX, He3BaXKa-
I0YM Ha 3HAa4YHi KOJMBaHHA IIOKA3HMKIB, He BUABJIEHO JOCTOBipHOI pisHMI
3HaYeHb, TOOTO BCi BOHNU HA/IEXKATb 10 OAHi€l BMOIpKYU, OZHOTO KOHTUHYYMY.
OpHax [/11 4MCeTbHOCTI BCTAHOBJIEHO MTOPYIIEHHA KOHTVHYa/IbHOCTI B3/I0BXX
NOTOKY 4 Mk nmoyatrkoBo (pyk. Kiniiicbkuii) Ta mpukinmesow (3ar. AHaHb-
ki Kyr) noxaniamu (aus. puc. 9), a 1y 6ioMacy BCTAaHOB/ICHO IOPYLIEHHS
KOHTMHYA/IbHOCTI B3[JOBX IOTOKY 2 MiX Nmo4aTKoBow (pyk. Kimilicbkuii) ta
npukinuesolo (3at. JemokiB Kyr) nokanisammu (mus. puc. 10).

o Toro X pesynbTaTH aHajIi3y IOKA3HUKIB Y3[JOBX OKpPEMUX IIOTOKiB
PiYKOBUX BOJ, [ié 3apEECTPOBaHi NOPYIIEHHA KOHTUHYa/IbHOCTI, Hapasi 2 Ta 4
(mus. puc. 3,9 ta 10), cBiguaTh IIpO HasABHICTb K/IMHA/IBHOI MiHJIMBOCTI, KON
Ha CyCiffHIX CTaHIIifX CIIOCTepeXKeHb BifIMiYa€TbCA BUCOKA MOAIOHICTD MOKas3-
HYIKiB, TOOTO Iy/M IXHIX JaHMX MAIOTh CII/IbHE I0JIe, TOAI SIK BimjajeHi j1o-
Kalil BICOKOI CX0>KOCTi IIOKa3HMKiB He MalOTh, IXHi 110/ HE IepeXpelyoTh-
cs. 3ayBaXkMIMO, 110 K/IMHAAbHA MiHIMBICTD — SBHUINE B €KOJIOTii IMPOKO
Bifome [4, 5, 9, 16], BUHMKa€e KO BiIMIHHOCTI MX CyMDKXHMMU BUbGipKaMu
He3HauHi, ajie [oO6pe BUpakeHi MK TUMM, IO 3aiiMalOTh BifjjaneHi (KpaiiHi)
IIO/IO>KEHHA.

[Topi6Ha 3aKOHOMIpHICTD CrIOCTepirasach He TIIBKM /IS JOHHUX, a 1 s
IUVIAaHKTOHHUX OpraHisMiB. Tak, pu BYBYeHHI QiTOIIAHKTOHY Be/IMKUX TIPU-
IYHalICbKMX 03ep BCTAHOBJIEHO, 110 HAIBMIIIOK0 MOAIiOHICTIO XapaKTepU3y0Th-
¢ TifiposorivHo MoB’si3aHi MiXk co6o10 o3epa (SInmyr i Kyrypmyit), a HaitHK-
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40I0 OfIi0HiCcTI0 — 03epa, HaiiBiganeHiwi reorpadivno oxHe Bix ogHoro (Ka-
ryn i Kurait) [37].

3arajioM MO>XHa CTBEPIPKYBaTH IIPO 3arajlbHy IPOCTOPOBY KOHTMHYa/Ib-
HIiCTb PO3NOZAiTY JOCT/KeHNX abi0TMYHMX Ta OiOTMYHUX ITOKA3HUKIB B aKBa-
topiax Kiniiicbkoi penptu IlyHaro. ITposBu mUCKpeTHOCTI, 3apeecTpoBaHi, B
HepIIy 4epry, y BOJOMaxX MepeHbOTO Kpao e/IbTH, BipoTifHO, 06yMOB/IeHi
3MiHOIO TIepeBaXKalUMX MPICHUX PiYKOBUX BOJ, Ha MOPCHKi CONIOHI.

Taxi BUCHOBKM 3arajIoM IiATBEPIPKYIOThCA 1 KITACTePHMM aHa/Ii3oM (uB.
puc. 5), IKMit IOKa3aB BMCOKY MOJiOHICTh BUIOBOTO CKIaJy JOHHUX Oesxpe-
OeTHMX JJOCIiKyBaHOI akBaTopil: Ha piBHi 50,0 % CX0>KOCTi BU3HA4YeHi Tpu
KJTacTepy BifIIOBIZHO TUIIaM BOJHVX 00’€KTiB (IIpMpPOAHI pyKaBy, NpUpPOHi
3aTOKM Ta IITY4Hi i MopmdikoBaHi BogHi 00’€KTH). 3ayBaXkKuMO, 1110 JiBa KJIac-
TepU BiIpi3HAIOTHCA 3 COIOHICTIO BOJ: IIPIiCHI, T€PEBAYKHO TillOraIMHHI pid-
KOBi pyKaBJ) Ta IIEpE€BAXKHO IIPiCHI, ajle IepiOAMYHO 3aTOIIIOBAHI MOPChKIMU
BOJIaMM, TilTO-OJIiTOTa/IMHHI 3aTOKI.

OxpeMo kmacrepHmit aHamis Bu3HauMB 3aT. IloramiB Kyr, sKa 3a cBo€w
eBOJTIONi€0, MOPHOMETPUIHVIMIY, TiIPOIOTIYHMMY Ta TiIPOXiMIYHMMY XapaK-
TEPUCTUKAMI BXOAUTb B OfHY IPYyIy IPiCHOBOJHMX BOLOMM IEPESHBOIO
Kparo Je/IbTU 3 IHIIVMU JOCIIi/KYBaHVMU 3aTOKaMM [6, 34]; HanleBHe, NUTaH-
HS CXOXKOCTi Ta BiIMiHHOCTi BUIOBOTO CKIaAy IXHIX JJOHHMX Oe3XxpeOeTHUX
norpebye JOZaTKOBYUX HOCTIKEHb.

Jlo Toro KacTepHMit aHajIi3 BU3HA4YMB IPUPOJHY 3aT. buctpuit Kyt B on-
HOMY K1acTepi 3 MoaM}iKoBaHUMM Ta IITYYHMMM BOJHMMMU O0’€KTaMm, a
Halt6ipIy mopibHicTh ixHbOTO BmoBoro ckiaany 3 [IK I'CX. 3asnaunmo, 110
i BOfiHI 00’€KTV MAIOTh YacTVMHY CIiNbHOI akBaTopil (muB. puc. 1), obuasa
3HAXOJATHCA IIiJi BIUIMBOM PYK. Bucrpuii, AKMM 10 HUX HaJXOAMUTh IIOTIK
IpicHOI BOAY Ta 3/1iMICHIOETbCA APUPT rifpoOiOHTIB, 10 TOTO XK BOHM yTBOPEHi
npuOIM3HO B OfMH 4ac, 61m3bko 20 pokiB Tomy [2]. Ile € unHHMKaMM, AKi
CIIPUSAIOTH CXOXKOCTi IXHBOTO BUIOBOTO ck1any. PasoM 3 Tum ixHi pisHi abio-
TUYHI XapaKTepUCTUKY (TTMOMHY, TepeBaXkaodi CyocTpaTyt, PO3IIOJiI HOTOKY
Ta MIBUJKICTD Tedii, TepeBa)karya COJIOHICTh TOI0) GOPMYIOTh CYTTEBO BiJi-
MiHHI 6ioTOmM i, AK HACTIIOK, 3YMOBJIIOIOTH I€BHi BiJMiHHOCTi BUIOBOTO
CKTIafy.

Heo6xigHO mifKpecnnTy, Mo pe3ynbTaTy KIACTePHOTO aHali3y JJOHHUX
6e3xpebeTHIX Y3TOIKYIOThCS 3 Pe3y/IbTaTaMy aHA/IOTYHUX JOCTi/KeHb BiTo-
IUTAaHKTOHY, BUK/IaleHUMM B TonepenHiit myomikanii [35]. Tak, Ha geHgpor-
pami mogi6bHOCTI BUIOBOTO CKIafly BiTOIIaHKTOHY MoAM(iKoBaHi i mTy4Hi
BoaHi exocucremn (KIC ta Cacuibke BOJJOCXOBMUIIE) TaKOXX BUIIJLSUIACH B
OKpeMMIiT KJ1acTep 3 BUCOKMM piBHeM ofibHoCTi. PiBeHb mofibHOCTI MiX IIpu-
POIHMMM eKoccTeMaMyl (pyKaBaMy Ie/IbTH) Ta MOAM(IKOBAHUMM i INTyIHN-
MM eKOCKCTeMaMy OyB HU3BKUM, 110 BKa3ye Ha HasIBHICTb IOKaIbHOI ICKpeT-
Hocri [35]. OTxe, peak1is Tiffpo6ioHTiB pi3HMX TpodiuHMX piBHIB (aBTOTPO-
¢bu, KOHCYMEHT)) Ta €KOJIOTIYHUX Tpyn (IUIAHKTOH, O@HTOC) € JOCUTH IO-
Ii6HOIO, 1110 i€ pa3 MiIKPeCIIE €HICTb 60T B TOTUYHO-TIEHTUYHI rifpoe-
KocucreMi fenbtu [lyHaro. [IeBHOIO Mipolo 1ii€i €IHOCTI € iXHili KOHTMHYa/Ib-
HO-JVICKPETHUI PO3IIOJ L.
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Bixmosifgarouy Ha NUTaHHA, IIOCTaB/IeHe Y BCTYII pOOOTY, MOXKHA CTBEPJI-
JKyBaTH, 1[0 OTPUMAaHi pe3y/bTaTy CBi[4aTh IIPO Te, 110 CTPYKTypa €KOCUCTe-
MM JIe/IbTH, 30KpeMa JJOHHA (ayHa, He3BaXKalouy Ha 3ara/IbHOB/M3HAHE BUCOKE
pi3sHOMaHITTA a0iOTMYHUX XapaKTePUCTUK, HACUYEHICTb pi3HOMaHITHMMU
6ioTomaMm Ta MO3aiYHICTh IXHBOTO pO3TAallyBaHH:A, Oi/Ibllle BilIOBiTa€E KOH-
Lenuii piYKOBOro KOHTMHYYMa, HDK KOHLEMNUil JMHAMIKU IJIAM/OCepeKiB.
YsaranpHIor04YM MaTepiaay bOrO IOBiIOM/IEHHSA, BBAXKAEMO BCTAaHOB/IEHNUM
HepeBa)KaHHA KOHTMHYA/IbHOCTI TOKAa3HUKIB BU3HAUYeHMX abioTHYHUX i 6io-
TUYHUX XapaKTePUCTUK B IOCTIPKyBaHill akBaTOPii AenbTH. 3ayBaKUMO, 1110
HOpYLIEHHS KOHTMHYa/IbHOCTI 3apikcoBaHi B IepIiry 4epry y BOZHUX 06’ €KTax
1l mepeHbOrO Kpalo, NIMPOKiil epeXifIHil 30Hi KOHTaKTy PiYKOBMX Ta MOPCh-
KIX BOJI, €KOTOHI TUITy pidka — MOpe, 3 OZHOTO OOKY, Ta 30Hi eKO/IOri4HOI Ha-
IIpyIu Ta KaTaCTpocbI/[ [19, 24, 26, 42] — 3 iHWIOTO, i TOMY BBa’KalOTbhCsI HAMMI
TOBOJIi JIOTIYHUMMU.

BucnoBxu

JlocmimpKkeH s JUCKPETHOCTI Ta KOHTUMHYA/IBHOCTI abioTnyHuX i 6ioTny-
HIX IIOKAa3HMKIB PiSHOTUITHMX BOJHUX eKocucTeM Kiniiicpkoi fenbtu JlyHaro
(mpupOZHMX BOROIM i BOJOTOKIB, MOAM(IKOBAaHMX Ta HITYYHUX BOJHUX
00’€KTiB) MeTO/JaMV MHO>KVIHHOTO ITOPiBHSAHHS TOKa3a/In:

— KOHTMHY/IbHICTh pO3IOAiTy IOKa3HMKiB TeMIiepatypyu, pH Ta Bmicty
KJICHIO Ta JUCKPETHICTb COJIOHOCTI BOJ, 30KpeMa B akBaTopii Cacu1ibKoro Bo-
IOCXOBUIIA;

— IepeBa)KaHHA KOHTMHYA/IIbHOCTI PO3IO/iTy OCHOBHMX Tifjpobionoriy-
HUX XapaKTepUCTUK (KiZIbKiCTh BUMIB, YMCEbHICTD, bioMaca, infekc 6iomoriy-
HOTO pi3HOMaHITTA 3a llleHHOHOM Ta CK/Iafi JOMiHYI0UOTO KOMIIIEKCY BU/iB)
AK I10 BCiJl JOCTIZPKYBaHil aKBaTOPil, TaK i B30B)X OCHOBHUX ITOTOKIB piuKO-
BUX BOJ;

— PasoM 3 TUM, NIOPYIIEHHA KOHTUHYATbHOCTI (JIOKa/IbHY AMCKPETHICTD)
610TMYHMX ITOKA3HVKIB 32 BCiMa MOKa3HMKaMI 3apPEECTPOBAHO B 3aTOKAX Jle-
JIbTU, SIKi 3HAXOIATHCA Mifl IEePiOJMYHNM BIUIMBOM COJIOHUX BOJ, MOpAL.

3a pesynbraTaMy OAIOHOCTI BUJOBOTO CKIaly KOHTMHYA/IBHICTD IIPOSIB-
nA€eTbcA M (LITYYHUX Ta IPUPOJHNX) BOLOTOKIB (piBeHb MOAiOHOCTI Kac-
tepis 50,0 %), a OVICKPETHICTh — [I/1 BOJIOVIM II€PEIHbOIO KPalo [JeIbTH.

Takum 4MHOM, He3BaXKAIUM HA 3HaYHe 6i0TOMIYHe PI3HOMAHITTS Ta Ha-
aBHicTh B Kinivicbkiit genpri [JyHaro BogHUX 00’ €KTIB pisHOTO THITY, /1A IIE€pe-
B)XHOI Oi7bIIOCT] aGiOTMYHUX XapaKTePUCTUK Ta OiOTMYHNUX ITOKa3HMKIB
JOHHMX 0e3XxpebeTHNX BCTAaHOB/IEHO KOHTVHYAIbHICTb IXHBOTO PO3IOAINY,
AKa JIOKaJIbHO MOPYUIYETbCA B aKBAaTOPifAX 3 AMHAMIYHUM PEXUMOM COJIO-
HOCTi BOJI.
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CONTINUITY AND DISCRETENESS OF AQUATIC COMMUNITIES IN
LOTIC-LENTIC ECOSYSTEM OF THE DANUBE DELTA: BOTTOM

INVERTEBRATES

It is proposed to determine the discreteness-continuity of the structural and functio-
nal characteristics of river systems using statistical tests of multiple comparisons. Based on
the results of long-term studies of hydrological and hydrochemical indicators, species
composition, and quantitative characteristics of benthic invertebrates, the manifestations
of discreteness and continuity of their spatial distribution in the lotic-lentic system of the
Kilia Danube Delta were considered. The continuity of both abiotic and biotic indicators
was established, its violation was noted at the front edge of the delta, in places of unstable
hydrological and hydrochemical regimes. The salinity of water and the origin (artificial or
natural) of water bodies have been determined as key factors in the formation of the struc-

ture of benthic invertebrates.

Keywords: multiple comparisons tests, natural and artificial water objects, similarity,

water salinity
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PIYHA JVIHAMIKA TA EKOJIOTTYHI
XAPAKTEPUCTUIKN ®ITOIUVIAHKTOHY P. IPIIIHb
(YKPAIHA) 1O ITIOYATKY BOEHHUX O11!

Hocniosncerno piuny ouHamixy ma exonoeiuny cmpyxmypy gimonnankmony p. Ipnino
(npasa npumoxa Kuiscvroeo 60docxosuuia) 6 paiioni m. Ipninw (50°31'N, 30°15'E). Bcvozo
idenmugikosano 121 eud sodopocmeti i3 des’simu 6i0dinie. Hatibinouty xinvxicmo 6udie
exmouanu Chlorophyta (57) ma Bacillariophyta (27). IIpomsizom poxy 6udosuti cknad
Pimonnankmony, a makox 11020 OOMIHyOUUL KOMNIEKC, 3HAUHO 3MIHI0B8ATIUCY, WO Ni0-
MeeposyEMbest 00CUMb HUSLKUMU 3HAUEHHAMU Koediuienma dropucmuuroi nodibHocmi
(6 cepednvomy 6ionosioro 53 ma 41 %). Kinvkicni nokasHuku 1io2o po36Umxy maxoi 3Hau-
Ho eapirsanu. Hailimenuiy kinvxicmo 6u0ie (25), uucenvricmo i biomacy niaHKmoHHUX 60-
dopocmeti (6 cepedrvomy 662 muc. kn/om’ i 0,165 me/Om’) susiénero 83UmKy, a HatiOinLULY
Kinvkicmv 6udie cnocmepicanu énimky (83). Ilpu yvomy Hatisuuyi Kinokichi noKAZHUKU
(19480 muc. xn/om’ i 5,143 me/0Om*) sapeecmposaro ocenu (y éepecui). Bcmanosnena do-
CIMOBIPHA NPAMA 3ANEHHICIb MiN KiTbKICHUMU NOKAZHUKAMU imOonIaHKmony i memne-
pamypotro 600u. B motl sice uac piuna Ounamika po3sumxy niaHKmoHHUx 6000pocmeti 3ase-
Hana e MminvKu 8i0 memnepamypu 600u, a it 8i0 pieHst mpogHocmi 0ocioHy8anHo2o 8000-
moxy. IIposedenuii 6ioiHOUKAUITIHUTI AHANI3 3AC6I04UB, U4 30 MAKUMU NOKASHUKAMU SIK
uacmea 6udie — iHOUKAMOPie MPoPiuHo20 cmany, MUny HUseieHHs ma opeaniuHozo 3a-
OpyOHeHH s, a maxox 3a 6iomacoro PimonaanKmomy 800U 00CnioNysanoi dinsgHku p. Ipninp
MOJHCYMb OYymu 0XApaKmepu3o8ari ax eBmpodHi, uyo niomeeporyemvcs i 0aHUMU NPAMUX

'PoboTy BuKOHaHO 3a migTpumku HanioHanbHOro ¢OHAY AOCTIIXEHb YKpailHu
(mpoexr Bix 01.08.2023 Ne 187/0077).

Ourtysann a2 llesuyenko T.O., Knouenko ILJI., Cepena T.M. Piuna aunamika Ta
eKOJIOTiuHi XapaKTepucTuKu ¢iTormnankrony p. Ipmiab (YkpaiHa) 5o IoYaTKy BOEHHUX
miit. I'idpobion. xypn. 2024. T. 60. Ne 1. C. 27—46.
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eidpoximiunux sumiprosanv. Xio piunoi OuHamiky PimonnanKkmony xapakmepusysascs
popmysanHam niKy 11020 4UCebHOCMI Ma 0iOMACU HA NOYAMKY OCeHi, 3yMOBTIeH020 iHmMeH-
CUBHUM PO3BUIMKOM CUHbO3eneHUXx so0opocmeti 3 dominysannsam Aphanizomenon flos-
aquae (L.) Ralfs, saxuii nanexcumo 00 36yOHUKIE «UBIMIHHA» 800U, W0 € MUNOBUM OIS e6M-
pogrux eodoiim. Ompumana indopmauis w000 possumky eodopocmeii 6 p. Ipnino y
nepioo, sikuii nepedyéas nOUAMKY 60EHHUX 0iil, MONce OYMU BUKOPUCTNAHA OIS OUIHKU IXHIX
Hacniokie.

Knwouosi cnosa: pimonnankmon, piuna OuHamixa, exonoziuHa cmpykmypa,
XiMiuHULl cknad 600u, p. Ipnino.

Y cyyacHUX yMOBaX, KOJIY aHTPOIIOTEHH NI BIUIMB Ha BOZIHI 00’ €KTY JOCAT
r7100aIbHUX MacIITabiB, 0cOOMMBOI Baryu HaOyIu HOCIIKEHHS, CIPAMOBaHi
Ha OLIIHKY €KOJIOTiYHOTO CTaHy BOJOJM i CTYIIEHIO IIOPYIIEHHSA IXHiX eKOCU-
cTeM 3a JIii pi3HMX YMHHUKIB (3MiHM MOPHOMETPUYHNX i IifpOTOTiYHNX Hapa-
MeTpiB, 3a0pyIHEHHS HEOPraHIYHMMU Ta OPTAHIYHMMM PEYOBJMHAMM TOILO).
Ha cporopsi Ha/me>xHOI yBary moTpeOyOTh 3arpo3i i pUsuKM IPiCHOBOJHUM
€KOCHCTeMaM BHACTIIOK IPOBENEHHA BOEHHUX Mili, AKi CYyIPOBOMXYIOTbCSA
PYVIHYBaHHAM TiIPOTEXHIYHMX CIIOPY/ i 3aTOIVIEHHAM 3HAYHMX TEPUTOPI,
30KpeMa, i HacelleHMX MyHKTiB [14]. IIpuxmagom Mosxe 6yTH IMPOKO BifoMuii
¢daxT 3aTonneHHs fonuHM p. [pminb, sika 6epe nmoyatok B JKutomMmpcpkiit 06-
nacri i 3akinuyeTbes 6ina c. Kozaposuui (KuiBcbka 06macts), e Boau piuku
MiJHIMAIOTbCSI HACOCHOIO CTaHIli€lo 1o piBHA KuiBcbkoro Bogocxosuia. B pe-
3ynbrarti Higpusy Bogockuay Ha KosapoBuubkiit zam6i Oyia 3aTorieHa Tepu-
Topis morero moHay 2500 ra [11]. BakimB1UM acrieKTOM eKOIOTiYHOI [paMi B
nonmyHi Ipniens crano 3abpygHeHHs piYKOBOi BO/Y BHACTITOK HAIXO/KEHH B
Hel arpoxiMiKariB i3 MeiOpaTUBHUX 3€MeJIb, 3 TAKOXX BiIXOJiB >KUTTERIAID-
HOCTI i rOCIIofapoBaHH:A CiIbCbKOTO HACE/IEHHS Ta 3a/IMIIKIB IIA/JINMBA, TeX-
HiyHMX Mactun i 6oenpumnacis [11, 13].

Exornoriuni Hacmifky 3aTolieHHsA ROMMHY piuku IpmiHbp MokHa Oype
OL|iHNUTY, IOPiBHABIIN AKTYa/IbHi JaHI CIIOCTEPE>KEHD 3 OTPUMAHNMI Hallepe-
nopHi mmpokomMaciutabuoi arpecii Pocii. To6To MOHITOpMHT BOgHMX 00’ €KTIB
€ HaMIBOK/IMBIIINM €/IEMEHTOM MEHEPKMEHTY HaBIiTh Y Iepiof BiliHM.

Jl71s1 XxapakTepuCTUKM CTaHy BOJHMX OO €KTiB Ta BMSB/IEHHs 3MiH, fKi
BijOyBarOThCsA B IXHIX €KOCUCTeMaX 3a [iil piSHUX YMHHVKIB, [JOCUTD BaXK/IMBUM
€ BUOip ajleKBaTHMX i HaJiTHNX TOKa3HMKiB. Cepesi HUX BapTO BifI3HAYUTHU BU-
JIOBMII CK/IaJ] Ta KiIbKiCHI IIOKa3HMKY PO3BUTKY TiffpobioHTIB i, B mepury dep-
Iy, IVIAHKTOHHUX BOJZOPOCTe)l — OCHOBYU TPO(]iYHOI IaHKY PiSHOTUITHNX BO-
nHUX 00’ekTiB. QITOIIAHKTOH JOCUTD YyT/IMBUIL KO 3MiH abioTnyHuX i 6io-
TUYHVX YMHHMKIB CepefJOBMIIA JI YiTKO pearye Ha pisHOOIYHMIT aHTPOIIOTeH-
Huit BB [18, 20, 29]. Lle 06ymoBI0€ epeKTUBHICTD 10TO BUKOPUCTAHHSA
JUIS OLIIHKM €KOJIOTiYHOTO CTaHy BOZHMX 00’eKTiB [19, 22, 23].

ITepuri BizomocTi mozpo ¢iTormaHKToHy piuku IpmiHb MicTATbCA B po6OTi
[0.0. PagzumoBcbkoro [8], a Takox y monorpadii B.B. ITonimgyka i3 criiBaBTo-
pamu [7]. B moganpuioMy ItaHKTOHHI BofopocTi p. Ipminp mocmimpkysanm B
nepiof; 3 1989 o 1999 pp. OcHOBHY yBary JOCTiJHUKM IPULIININA BUBYEHHIO
BUJIOBOTO CK/Ialy (iTOIUIAHKTOHY, Ki/IbKiCHMM ITIOKa3HMKaM J10r0 PO3BUTKY Ta
KOMIUIEKCY IOMiHyIounx BUAiiB [3, 4, 5]. HusKy KopenAniitHux 3anexxHocTein
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BCTQHOBJICHO B pe3y/IbTaTi HOCTIPKeHHs OVHaMiKy 6i0TeHHMX eJIeMeHTIiB Ta
OpraHiYHUX pe4oBUH y p. [pniHb y 3B’3KY 3 pO3BUTKOM (DiTOIUIAHKTOHY [2, 36,
37].

Meta poboTy mosArana y BUBYEHHI piuHOI AMHAMIKM PO3BUTKY IIaHK-
TOHHIX BOJOPOCTEN B p. IpIiHb Ta iX €KOJIOriYHNX XapaKTePUCTHK y Iepiof,
110 MepefyBaB IOYATKy BOEHHMX [Iill, I/IA OTPMMAHHA JAaHUX IIOJO OLiHKMU
IXHiX HaCJIiAgKiB.

Marepian i MeTOgMKa JOCITiI)KEHD

HocnimxeHHa npoBoawm Ha piuni Ipminp (mpaBa mpurokxa KuiBcbkoro
BOJiOCX0BNUIIA) B paitoHi M. Ipmine (50°31' N, 30°15' E). 3rigHo tumosorii ma-
CUBiB IIOBEPXHEBMX BOJ, Ta TifjporpadivHOro paitoHyBaHHA YKpainm [15] ua
JiAHKA PiYKY BiTHOCUTBCA IO BEMMKUX PiYOK HAa HU30BMHI, 1110 TPOTIKAIOTh B
CUIIKaTHMX IOpPOJiaX B MeXKax eKoperiony CxifgHi piBHUHINL.

[Tpobu ¢iTonmaHKTOHY Ta BOAM JyiA XIMIYHOTO aHa/i3y BifOupanm Kox-
HU MicAnp npotsarom 2018 p. (y fBOX IMOBTOPHOCTSAX) 3a JOIIOMOTOI0 6aToO-
MeTpa PyrTHepa i3 noBepxHeBoro mapy Boau (15—20 cm). AnmbroyoriuHi npo-
6u 06’emom 0,5 gm* ikcyBam 40 % posunHOM PopMasbaeriay (i3 KiHijeBow
KOHIIeHTpa1i€o 4 %) i KOHIIEHTPYBa/IM METOIOM CeiMMeHTalii. UncenpHicTh
BOZIOPOCTEN BU3HAYa/lM METOJOM IPAMOIO IMipaxyHKy B Kamepi Haxxorra
06’emom 0,02 cm’, a biomacy — crepeomerpudHIM MeTofoM [12]. UncenpHicTh
BOJOPOCTEll HaBeleHO B THUC. K1/M°, a 6iomacy — B mr/am’. Jlo ckiany fo-
MiHAHTIB BiTHOCW/IN BUIM, BHECOK AKMX O 3ara/JibHOI YMCEbHOCTI Ta 6ioMacu
¢iTommankToHy y 1pobi, cranoBus =10 %. Bugosuii ckaz Bogopocreit, 3Hait-
IeHVX Y pi3Hi HOpY pOKy, HOpiBHIOBa/IN 3 BUKOPUCTaHHAM KoediljienTa ¢ro-
puctuanoi mogi6HocTi (KDII) Cepencena [6]. Exonoriuni xapakTepucTuku
BOJIOPOCTeNI-iHAMKATOPiB HaBeneHo 3rigHo [1, 35]. Exonoriuni rpynu Bu3Ha-
JajIu 3 ypaxyBaHHAM Iy6ikaniit [17, 25, 27, 28].

JlaTHCBKi Ha3BU i 0OCST TaKCOHIB BOJJOPOCTEN HaBeeHi Y BifIIoBigHOCTI
no kmacudikaninHux cucrem [31—34].

KoH1eHTpallito HeopraHiuHUX CIOMYK a30Ty i pocdopy BU3HAYAIN KOTIO-
PUMETPUYHNM METOJOM, a PO3YMHEHMX OPTaHiYHUX PEYOBUH — 32 6ixpomar-
Hoto okucHIoBaHicTIo (BO) [10]. Tpodiunmit cTaTyc BOZOTOKY Ha JOCTIIXKY-
BaHiil BiNAHI OIliHIOBaIM 3TigHO MeTOmMUKM [9].

CraTucTuyHe ONpPALIOBAHHA OTPUMMAHMUX JAHMX IIPOBENEHO 3 JOIOMO-
roto mporpamu MS Excel 2010.

PesynbTaTi jOoCIi>KeHb

Xapaxmepucmuxa 0ocnioxysanoi dinauku p. Ipnine 3a eiopoximiuHumu
noxasuuxamu. Cepep 6araTbox abiOTMYHIX KOMIIOHEHTIB, 11J0 00YMOB/TIOIOTH
€KOJIOTiYHMII CTaH IPUPOJHNX BOSHMX 00 €KTiB (piukim, 03epa, CTaBKM TOILO),
OCHOBHVM € BMICT OpraHi4HUX Ta 610T€HHNUX PEYOBUH, AKi HAXOAATD y BOJO-
JIMM i BOZOTOKM 3 IOBEPXHEBUM CTOKOM, aTMOC(HEpHIMI OIIafiaMy, IIPOMIIC-
JIOBUIMMY, TOCIIOAAPChKO-TI0OYTOBaMI Ta Ci/TbCbKOTOCIIOAAPCHKVMMM CTIYHUMU
BOJIaMI, @ TAKO>K HAKOIIMYYIOTHCA B HMX B Pe3y/IbTaTi BHYTPIIIHbOBOZOIMHIX
IIPOLIECiB.
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Hait6inpmr moBHO BimA3epKasioe TifpoXiMiuHUI peXuM Oyab-AKUX BO-
IHUX 00 eKTiB piBeHb a30Ty i pochopy. HagmipHe HaIXOPKeHHA y BOJHY TOB-
Iy IIVIX €/IeMEHTIB € CBiff4eHHAM 610reHHOTO0 3a0pyiHEeHH: a00 TaK 3BaHOI aH-
TPONOTeHHO]I eBTpodikarii.

IIpoBeneni rigpoximMiyHi aHajxi3yM 3acBifuuIy, 110 KOHIEHTpalisd aMo-
HITHOTO a30Ty Yy BOfli p. IpIiHb Ha JOCHiKyBaHiil SUIAHILI IPOTATOM YCbOTO
nepiofy criocrepexxeHb 3Haxoamnacs B Mexax 0,10—0,90 mr N/ngm’ (Tabm. 1).
[Ipy npOMYy 110TO HaIBUILA CEPeNHA KOHILEHTPAllisd 3apeeCcTpOBaHa B3MMKY, a
HalIMEHIIIa — BJITKY.

Hari6inpIma KOHIIEHTpalis HiTPaTHOTO a30TY Y BOJ1 TAaKOXX CIIOCTepirana-
s B3UMKY i B cepeHbOMY cTaHOBWIa 1,20 Mr N/am’, Tofii sIK BIIiTKy BOHa 6yia
y nBa pasu meHmomwo (0,61 mr N/gm’) (auB. Tab. 1). Taki 3miHn KoHIleHTpaii
HITpaT-iOHiB, fAK 1 iOHIB aMOHIlO, o6yMOBneHi, IepuI 3a BCe, BHYTPIlIHbOBO-
TOVIMHMMM IIPOLeCaMI, KOJM 1ii €JIEMEHT) HaKONMYYIOTbCA y BOJi B XOJIOJI-
HIII Iepiof BHACTIOK MiHepanisalii opra”iyHux ped4oBuH. B Temry mopy
POKY 32 MaKCMMa/IbHOI aKTMBi3alil 6i07OTiYHNX IpoILeciB BifOYBa€ThCS 3HNU-
JKEeHHA IXHbOI KiJIbKOCTi BHAC/MiJJOK aKTVBHOTO CIOXXVMBAaHHA BOJOPOCTAMHU
(16, 24].

KonnenTpauisa HITpUTIB, AKi € IPOMIKHUM IPOAYKTOM Y LMK/ a30TO-
BMICHIX CIIONTYK, B cepegHboMY KonmBanacs Big 0,015 5o 0,026 mr N/gm® (aus.
Tabm. 1).

CepenHA KOHIeHTpalisA HeopraHiyHoro ¢ocdopy y Bopi p. Ipminp Ha
HOCTIPKYBaHill OiIAHLI B3MMKY, HAaBECHI Ta BOCEHM 3HAXOAMIacAd B MeXKaX
0,043—0,050 mr/mm>, Toxi AK BJIITKY BOHa craHoBuIa 0,108 Mmr/oM® 3 MakcuMa-
npHUM 3HaueHHAM (0,195 mr/am?) y ceprini (muB. Tabm. 1). Take siBuiiie MOXXHa

Tabnuuys 1
XimivHi Ta ¢pisuyni mokasHuku Bogu p. Ipmine
Ce3oHn
ITokasHuku
31MMa BeCHa niTo OCiHb
NH?, mr N/mv® 0,77-0,90 0,10—-0,42 0,18—-0,23 0,10-0,45
082 031 021 031
NO; , mr N/mw® 0,012-0,024 0,012-0,018 0,009—-0,042 0,014-0,040
0,018 0,015 0,025 0,026
NO;, mr N/gv® 0,90-140 0,65—-150 0,40—0,72 0,32—150
120 0,77 0,61 0,74
Pricopr, ML/ 0,037-0,060 0,010-0,100 0,040-0,195 0,038-0,072
0,045 0,043 0,108 0,050
BO, mr O/mm® 19,0-36,0 18,0-52,0 25,0—410 30,0—40,0
26,0 35,4 333 34,7
Temnepatypa, °C 0,1-0,5 43-159 217-235 0,1-17,5
03 10,2 22,5 9,0

I[Ipumirxka. Haj prckolo — rpaHNYHi BeIMIMHY; TTifl PUCKOI0 — CepefiHi 3HaUeHHA.
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MOSACHUTY JIBOMa IIPUYMHAMY — HAJXO[)KEHHAM CIIOIYK LIbOTO €/IEMEHTY 3
BOZ036ipHOI 11011 piuKoBOro 6aceitHy abo iX HOTPAIUITHHAM Y BOAY 3 QHTPO-
IIOT€HHUX JIKEpeJl.

CesonHa iMHaMiKa 3arajJibHOTO BMICTy OpPraHiYHMX PEYOBMH, fIKa Olli-
HIOETBCS BE/IMYMHOI0 6ixpoMaTHOI okmcHIoBaHOCTI (BO), xapakTepusyBanach
HACTYIHVMI PMCaMI: KiIbKiCTh 3a3Ha4eHMX XiMiUYHMX CHONYK y Bofi Oyma
HOMITHO Oi/IbIIIOI0 IIPOTATOM BETETAIiIHOTO IIepiofy, IMOBIpPHO, 32 PaXyHOK il
36arayeHHs OpPraHIYHMMM PEYOBMHAMY ABTOXTOHHOIO ITOXO[KEHHA (IUB.
Tabm. 1).

Xapakmepucmuka @imonnankmony 00cnionysanoi Oinanxku p. Ipnino.
ITpoBepneHi JocmifKeHH TOKa3ay, 10 (GiTOIUIAHKTOH p. IpmiHb Xapakrepu-
3y€TbCsI 3HAYHUM 6U008UM bazamcmeom. 3araioM Oyrno sHaiigeHo 121 Bup Bo-
fopocreit 3 ieB’ Aty Bigainis. Hait6inpury kinpkicts Bupis Bmovanu Chloro-
phyta — 57 ta Bacillariophyta — 27. Ixus yacTka cranoBmia Bignosigso 47,1
Ta 22,3 % 3aranpHOI Kinbkocti BupiB. Euglenophyta (16 Buzis) Ta Cyanoproka-
ryota (11 BujiB) 3HAYHO IOCTYNAINCA IEPIINM JIBOM Biffinam. IxHs gacTka
Oynma HypK4YOI0 — BinmosigHo 13,2 Ta 9,1 %. Bigpinu Dinophyta, Cryptophyta,
Chrysophyta, Xanthophyta ta Charophyta npencrasneni 1—3 Bumamu. Ixus
YyacTKa KOo/IMMBanacs B Mexkax Bin 0,8 o 2,5 % 3aranbHoi KitbKocTi BuiB (Tab.
2).

Ceper 3e/IeHUX BOJIOPOCTeli IepeBaXkanu npefcTaBHUKY kiaacy Chloro-
phyceae, mopsnxy Sphaeropleales, poguanu Scenedesmaceae Ta poxis Acuto-
desmus (E. Hegew.) P. Tsarenko, Desmodesmus (Chodat) An et al. i Scenedes-
mus Meyen.

OcHOBY BIIOBOTO 6araTcTBa AiaTOMOBMX BOJJOPOCTElI CTAHOBIMIN IIpef-
craBHMkn kinacy Bacillariophyceae, mopsaxkis Fragilariales, Cymbellales, Navi-

Tabnuus 2
TakcoHoMiYHa cTPyKTypa pitomnankrony p. Ipninn
Yacrka (%)
Bigminn Knacu |Ilopsagxu | Poguun | Popn Bumn 3arajabHOIL
KiZIbKOCTi BUJiB
Cyanoprokaryota 2 3 6 8 11 91
Euglenophyta 1 1 1 4 16 13,2
Chrysophyta 1 2 2 2 3 2,5
Xanthophyta 1 2 2 2 2 1,7
Bacillariophyta 3 9 11 18 27 22,3
Dinophyta 1 1 1 1 1 0,8
Cryptophyta 1 1 1 1 3 2,5
Chlorophyta 2 5 11 37 57 47,1
Charophyta 1 1 1 1 1 0,8
Bcporo 13 25 36 74 121 100
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culales Ta Bacillariales, pognu Fragilariaceae, Cymbellaceae, Naviculaceae ta
Bacillariaceae, a Takox poniB Navicula Bory Ta Nitzschia Hassal.

EBrnenodirosi Bogopocri npepcrasneni knacom Euglenophyceae, mopsiz-
koM Euglenales Ta pogunolo Euglenaceae, cepen sikux nepesaxanu poau Eu-
glena Ehrenb. i Trachelomonas Ehrenb.

[TpencTaBHMKM CHMHDBO3ENEHMX BOJOPOCTEN HaleXaTb MO OBOX KiaciB
Cyanophyceae ta Hormogoniophyceae. Hait6inbIuy KinbKicTb BU/jiB BK/II0OYaB
nopspgok Chroococcales, poguan Merismopediaceae i Microcystaceae Ta pin
Microcystis Kiitz. ex Lemmerm.

Huuoditosi, kpuntodiToBi, 3070TUCTI, )KOBTO3e/IeHi Ta XapodiToBi Bo-
JOPOCTi BK/IIOYa/IM He3HA4YHy KiIbKicTh BuAiiB. Cepef HUMX BapTO 3a3HA4YNUTH
IpefCcTaBHUKIB pofiiB Peridiniopsis Lemmerm. (Dinophyta), Cryptomonas Eh-
renb. (Cryptophyta), Kephyrion Pascher (Chrysophyta), Goniochloris Geitler
(Xanthophyta) Ta Cosmarium Corda ex Ralfs (Charophyta).

o 4ucia MpoBiJHMUX POAMH, WO MICTATb 57,9 % 3arajbHOI KiMbKOCTI
BUJIiB IUIaHKTOHHMX Bojopocteil p. Ipminb, Bxomumm Scenedesmaceae (22
Buzn), Euglenaceae (16), Oocystaceae (8), Fragilariaceae (8), Hydrodictiaceae
(7), Selenastraceae (7) ta Chlorellaceae (5).

Jlo mpoBigHMX popiB, 0 BU3HAYAIOTh OCHOBY BUJOBOTO 6ararcTaa ito-
IUIaHKTOHY p. Ipminb (38,9 %), Bxogwmu Desmodesmus (6 Bupis), Euglena (6),
Trachelomonas (6), Acutodesmus (4), Nitzschia (4), Navicula (3), Tetraedron
Kiitz. (3), Tetrastrum Chodat (3), Monoraphidium Komark.-Legn. (3) Ta Mic-
rocystis (3).

B sanexxHoCTi Bijj ce30HYy pOKy 61008uti cK71a0 TUTAHKTOHHMX BOZOPOCTE
3HAYHO 3MiHIOBABCsA, IO MiATBEP/KYETbCA JOCUTb HU3BKUMU 3HAYEHHAMU
koedinienTa ¢ropuctuynoi nopibHocti (B cepepHboMy 53 %). Hait6imbur
CYTT€EBO Bifipi3HABCA BUIOBMII CKIafl GiTOIUIAHKTOHY Y 3MMOBMUIL IIepiof; Ipu
nopiBHsAHHi 3 iHmmMy cesoHamu (KPIT = 38—48 %). HasecHi Bin 6yB 6inpur
NOAIOHVM JI0 BUJJOBOTO CK/Iafly IITHBOTO Ta OCiHHBOTO ¢iTormankToHy (KOII
=61 Ta 58 %, BigmOBifHO) i Ha6i/IbII TOAIOHMM — BIIITKY IIpV OPiBHAHHI 3
ocinHim nepiogom (KOII = 71 %).

Posnogin xinvkocmi 6110i6 TTaHKTOHHUX BOJOPOCTEIL ITPOTATOM POKY OYB
nyxe HepiBHOMipHMM (puc. 1). BauMKky KinbkicTp BuziB iTOITaHKTOHY 3Mi-
HIOBamach Bif 12 10 141 B cepefHbOoMy craHOBMIA 13. HaBecHi KinbKicTh BU/IiB
3Ha4HO 3poca (30—39) i B cepenHboMy cTaHOBWIA 34. B/TiTKY KiNbKicTh BUAIB
3HaXOAMIach B MexKax 37—48 (B cepenHbOMY — 42), 2 BOCEHU KOMMBAIACD Bif
17 o 46 (B cepenHboMy — 36) i 6y/1a HalIMEHILOIO y IMCTONAM1. Y XOMTOZHMI
nepiof poKy (3 mucromnaza o KBiTH:) 3a KiIBKICTIO BUAIB IlepeBakamu Ipef-
CTaBHMKM I1aTOMOBMX BOIOPOCTEI], YacTKa AKNX cTaHOBWIA 42,8—55,5 %, ay
TerIuii (3 TpaBHsI [0 )KOBTHsI) — 3ejieHi BogopocTi (50,0—66,5 %) (puc. 2).

Posnopin uucenvrocmi GiTOMNIAHKTOHY IPOTATOM POKY TaKOX OYB myxe
HepiBHOMipHMM (uB. puc. 1). HaitHyOK4i MOKa3HMKM CIIOCTepirany B3UMKy —
485—775 tuc. xn/pv’. HaBecHi 4ncenpHiCTD (iTOMIAHKTOHY Oy/Ia 3HAYHO BU-
00 i MOCTYHmOBO 3pocTana i3 6Gepesus (1265 tuc. ki/gM’) [0 TpaBHsA
(2552 Tuc. kn/mgm’). 3HAYHUIL MiTITOM YMCeNTbHOCTI IVTAHKTOHHUX BO[OPOCTEIT
criocrepiranu BiiTKy. Y 4epBHi ii 3HaueHHA craHOBWM 6280 TuC. K1/AM’, ¥
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il — 7992 Trc. ka/aM’, a'y ceprai — 6750 Trc. Ki1/gm’. MakcuManbHy 4n-
CeNTbHICTD (iTOIIAHKTOHY CIIOCTepirany BoceHu (y BepecHi), Koy ii SHaueHHs
nocsramu 19480 tuc. xi/am’. OcinHii miK 4ncenbHOCTI diTonnaHKTOHY OyB
3YMOBJIEHUIT IHTEHCUBHJM PO3BUTKOM CUHbO3EIEHUX BOLOPOCTEN 3 OMiHY-
BaHHAM Aphanizomenon flos-aquae (L.) Ralfs, mo Hanme>xxntp o 30ygHMKIB
«1BiTiHHs» BOAM. Y KOBTHI 4McenbHicTh cTanoBwWIa 6090 TIAC. K/1/AM°, a ¥ Jic-
TOMa i 3HAYHO 3MeHIIIacs o 1285 tuc. ki/om’. Y 3uMoBwMit epiof Ta Ha 10~
YJaTKy BeCHM IIepeBaXka/y iaToMoBi BofopocTi (57,7—81,9 %), a mounHaoun
i3 TpaBHA — 3eneHi (43,1—68,6 %) (muB. puc. 2). JIuuie y nmunHi Ta BepecHi
IPOBi/{HA POJIb HajIeXKajla CUHbO3eTIEHNM BofjopocTsM (56,2 Ta 60,5 %).

Iunamika 6iomacu iTOIIAHKTOHY IPOTATOM POKy Oy/ia MOfibHOI0 10
JAVHAMIKM J10T0 YucenbHOoCTi. HalfHyoKi ii TOKa3HMKM 3apeecTpoBaHi y 31MO-
Buii epiog — 0,100—0,250 mr/gm?® (guB. puc. 1). HaBecHi 6iomaca ¢itoraH-
KTOHY 6y/1a 3HaYHO BUILOIO 1 IOCTYHOBO 3pocTana i3 6epesns (0,597 mr/nm?)
no tpaBHA (2,094 mr/pm’). Britky ii 3HadeHHs cTaHOBMAM 2,193—
2,300 mr/mv’. MakcumanbHa 6iomMaca GiTOIUIaHKTOHY, 3yMOB/IEHA iHTEHCHB-
HUM PO3BUTKOM 3eneHux (44,1 %) ta cunbosenenux (20,0 %) BomopocTei
3apeecTpoBaHa BoceHu (y BepecHi) — 5,143 mr/am’. IIpu 1ipomMy gomiHyBaan
Aphanizomenon flos-aquae, Peridiniopsis quadridens (F. Stein) Bourr., Euglena
caudata Hiibner ta Desmodesmus communis (E. Hegew.) E. Hegew. Y xoBTHi
6iomaca ¢itomraHKkTOHY cTaHoBIWIA 2,040 Mr/aM? 1 y TMcTONAzi 3HAYHO 3MEH-
mmtacst 1o 0,617 mr/am’. Y XomogHmit Iepiof; poKy (3 >XOBTHS 1O TPaBHsI) 3a
6ioMacoro mepeBakann AiaTOMOBI BOJOPOCTI, YacTKa SIKUX cTaHOBMIA 43,0—
68,6 %, i e BIITKY Ta y BepecHi — 3eneHi BogopocTi (34,0—61,0 %) (zus.
puc. 2).

Hominyrouuii komnnekc QiTOIIAHKTOHY, JO CKIamy SAKOro BXomwio 19
BUJIiB Bojopocreit i3 mectu Bigainis (Cyanoprokaryota, Euglenophyta, Bacil-
lariophyta, Dinophyta, Cryptophyta i Chlorophyta), cyrreBo 3miHIOBaBCS
HpoTAroM pokKy (ta61. 3). Hait6inbIue BigpisHABCs BULOBMIL CKIaf JOMIHAHTIB
B3JIMKY IIPY JIOTO ITOPIiBHAHHI i3 BECHAHUM, JIITHIM Ta OCIHHIM I1epiofoM, a Ta-
KO>X HaBecHi Ta BTiTKy (KOII = 22—40 %). HaBecHi i BoceHn, a TakoX BIIITKY
Ta BoceHU BiH O6yB nocutb nopioHum (KOII = 59 % Ta 60 %, BignosifHo). B ce-
penuboMy 3HadeHHA KPII cranosuio 41 %.

Y xonomHMit epiof; pOKy 3a uucesvHicmo TOMiHyBaIM IepeBaskHo [iaTo-
MoBi Bofopocti. Yacrora mominyBanHA Stephanodiscus hantzschii Grunow
craHoBMIa 67 %, a Aulacoseira granulata (Ehrenb.) Simonsen — 25 %. Bitky
Ta y BEPEeCHi 1 )KOBTHI 10 CK/Ia[ly IOMiHAHTIB 3a YMCEIbHICTIO BXOAWIN CMHbO-
3eneHi Bogopocti — Aphanizomenon flos-aquae (4acToTa TOMiHYBaHHA CTa-
HoBWIa 42 %), Microcystis aeruginosa (Kiitz.) Kiitz. (17 %) ta Microcystis pulve-
rea (Wood) Forti emend Elenkin (8 %). 3eneni Bogopocti gominysanm 3a 4u-
Ce/IbHICTIO B YCi Ce30HU, ajie CIIOPANYHO /IMIIIe B OKpeMi MicAwi (dacrora ix
JIOMiHYBaHHA He nepesuinysana 17 %) (tabmn. 3).

3a 6iomacoro IpOTATOM Majbke BCbOTO POKY ZOMiHYBa/IM 1iaTOMOBi BOZO-
pocri. Yacrora gominyBanus Stephanodiscus hantzschii cranosuna 83 %, Au-
lacoseira granulata — 33 %, a Cymatopleura solea (Bréb.) W. Sm. — 25 %. ITo-
YIHAIOYM 3 KBITHA 1 10 TMCTOMA/A O CKIaZy JOMiHYI4OTO KOMIITIEKCY BXO/M-
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mm fuHOoQiTOBI Boopocti — Peridiniopsis quadridens (67 %). Kpunrodirosi
BojopocTi fominyBanu y moromy (Cryptomonas ovata Ehrenb.) i 6epesni
(Cryptomonas caudata J. Schiller). Yacrora ix goMiHyBaHH: 6y/Ta HU3BKOIO —
8 %. BiTKy Ta y BepecHi 1o CK/Ialy JOMiHaHTiB 32 6i0MacoI0 BXOAWM/IVN CHHbO-
3eneHi Bogopocti — Aphanizomenon flos-aquae (33 %). Eprnenodirosi Bogo-
POCTi BXOAMIN 10 CKIaZy ZOMIHYI0YOT0 KOMIUIEKCY Y TpaBHi (Euglena caudata
i Trachelomonas volvocina Ehrenb.) ta y BepecHi (Euglena caudata). Yacrora
ix moMmiHyBaHHs He nepeBuilyBana 17 %. 3eneni BogopocTi foMiHyBanu 3a
6iomacolo B yci ce30HH, ajie NuIle B OKpeMi Micsli (4acTora iX JOMiHyBaHHS He
nepesuiyBana 25 %) (quB. Tab. 3).

[TpoBeneHnmit 6ioiHOukayitiHuti aHani3 moKasas, 1[0 Cepel 3HAI/IEHUX Op-
ranismis 118 BuaiB (98 % 3araipHOI Ki/IbKOCTI) € iHAMKaTOpaMy YMOB HaBKO-
JIUIITHBOTO CEPEJOBUIIA, a CaMe: MiClle3pOoCTaHHA — 118 BUJiB, MPOTOYHOCTI
Ta HaCM4YEeHHA BOJY KICHEM — 76, TEMIIEPATYPHOTO PeXXUMY — 29, aKTUBHOI
peaxuii cepemoBuma — 51, comoHOCTi Bogyu — 83, TUITY )KMBJIEHHA Ta BifiHO-
IIeHHs 0 KOHIIEHTpallil a30TOBMIiCHUX OpraHiYHMX CIIONYK — 18, Tpodidno-
To CTaTycy BogoiM — 20, opraHiuHoro 3abpygHeHHA — 99 Bupis (3a P. [TanTie
ta I'. Byk) Ta 22 Bupzis (3a T. Batanabe).

Ha pocnipxysaniit ginauui p. Ipminb 3a NpuypodYeHicTiO JO Micue3po-
CTaHHS TepeBaKaIN IIAHKTOHHO-OeHTOCHI (Acutodesmus acuminatus (La-
gerh.) P. Tsarenko, Crucigeniella irregularis (Wille) P. Tsarenko et D.M. John,
Desmodesmus abundans (Kirchn.) E. Hegew. ta iH.) Ta mnankronHi (Aphanizo-
menon flos-aquae, Microcystis pulverea, Peridiniopsis quadridens Ta in.) op-
raHisMm. IxH:A 9acTka Y 3arajbHill KiIIBKOCTi BUAIiB — IHAMKATOPiB MicLe3po-
CTAHHS CTAaHOBWJIA BifIoBifHO 49,3 Ta 34,7 %. YacTka 6€HTOCHMX OpraHi3MiB
(Amphora ovalis (Kiitz.) Kiitz., Gomphoneis olivaceum (Horn) Dawes ex
R.Ross et P.A. Sims, Nitzschia vermicularis (Kiitz.) Hantzsch Ta in.) 6yna 3nau-
HO HIDK401I0 — 16,0 %.

[IpencTaBHMKY HOBIIBHO TEKY4MX BOJ, i3 HOMipHUM HaCMYEHHAM KIMCHEM
(Monoraphidium irregulare (G. Sm.) Komark.-Legn., Acutodesmus pectinatus
(Meyen) P. Tsarenko, Desmodesmus intermedius (Chodat) E. Hegew. Ta iH.)
CYTTEBO IIepeBaXKalu cepef; BUIIB — iHAMKATOPiB NpoTOYHOCTI (84,9 %). Ya-
CTKa IHAMKATOPiB CTOAYMX BOJ CTaHOBWIA 15,1 %, a mpefcTaBHUKY LMIBULKO
TEeKy4MX BOJ| B3arasi He Oy/1u BUABJICH].

Cepeq BofopocTeil — iHAMKATOPIiB TeMIIepaTypPHOTO PeXXNMY IepeBaxa-
M TIPe[ICTaBHMKM TOMipHO Tetmmx Boj, — Navicula cryptocephala Kiitz., Nitz-
schia acicularis (Kiitz.) W. Sm., Synedra ulna (Nitzsch) Ehrenb. ta in. (41,2 %) i
eBputepMHi opranismu — Phacus caudatus Hiibner, Trachelomonas interme-
dia P.A. Dang., Trachelomonas volvocina ta in. (41,2 %). HacTka X01010/1106-
HIUX BUIB cTaHoBMIA 15,8 %.

Cepern BUiiB — iHAMKATOPiB aKTUBHOI peaKIiil cepeoBMIa HANIOITHILIO0
Kinbkictio (50,0 %) npencrasneni ingudepentn (Coelastrum microporum Na-
geli, Crucigenia tetrapedia (Kirchn.) W. et G.S. West, Acutodesmus obliquus
(Turp.) P. Tsarenko Ta in.). CyrreBuM 6yB i BHecoK ankamiginis (38,9 %), ce-
pen AKX Hajgacrime 3ycrpivamice Asterionella formosa Hass., Aulacoseira
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granulata, Nitzschia acicula-
ris Ta iH. YacTka ankanii-
6ionTiB craHoBmia 8,3 %, a
anmpodinis — 2,8 % (puc. 3).

[TepeBarkar04oIo rpyIon0
cepeq, IHIMKATOPiB COIOHOC-
Ti Bogm Oynu inpudepeHTH
(Microcystis pulverea, Sno-
wella lacustris (Chodat) Ko-
marek et Hindak, Actinast-
rum hantzschii Lagerh. Ta
iH.), YacTKa AKMX CTAaHOBMIA
88,1 %. Buecok ramodinis,
Me30ranobiB Ta omiroramo6is
OyB 3HAYHO HIDKYUM — Bif-
MoBigHO 6,8 %, 3,4 % ta 1,7 %.

Cepep inguKaropis Tpo-
¢diyHOro piBHA BOJ 3HAVIEHI
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Puc. 3. Posnopnin Bogopocreit — inpmkaTtopis pH
Bogu: acf — aumpodimy; ind — inpudepenty; alf —
ankanidims alb — ankanibioHTn

IPeICTaBHUKN Me30TPOdHNUX, Me30-eBTPOPHMX, eBTPOdHUX Ta rinepTpod-
HUX BOJI, @ TAKOXX BUJM, IJO 3yCTPIi4AIOTHCSA B IIMPOKUX MeXax TPOPHOCTI.
Hait6inburoro BusABmIacsa 4acTka inanukaropis eBrpoduux (Aulacoseira granu-
lata, Nitzschia acicularis Ta in.) — 50,0 % i 3HAYHO MEHIIIOI0 — Me30-eBTPOd-
Hux (14,3 %), rineprpoduux (14,3 %) i mesorpoduux (7,2 %) Bof, a TAKOX
BU/iB, 110 3yCTPIYaOThCA B IIMPOKUX Mexax TpopHocTi (7,2 %) (puc. 4).
Cucrema iHfyKanii TUITY )KUBJ/IeHHA, po3pobieHa I'. Ban [JamoMm i3 criiBaB-
Topamu [35], 6a3yeTbcs Ha iHAVIKATOPHMX BIACTMBOCTSAX JiaTOMOBYX BOJOPO-
CTel, 30KpeMa IXHbOTO >KMBJIEHHA Ta BiJHOIIEHHA [0 KiJIbKOCTI y BOJi a30-
TOBMICHMX OpTaHiuYHNUX CHOMYyK. PesynbTaTy ImpoBeeHOro aHali3y CBifyaTh
PO Te, IO Y TOBILi BOAM HOCTI/PKyBaHOI AiIAHKM p. IpmiHp HaitbinbuION0

KiZbKicTIO BUAIB Oynm
npepcTaBeHi aBToTpodu,
[0 BUTPUMYIOTb MifiBU-
LIeHy KOHLIEHTPALiI0 a30-
TOBMIiCHUX OpTaHiYHMX
crionyk y Bozi (76,9 %). Ce-
pen HMX HaMOiIbII 9acTo
sycrpivanuce Aulacoseira
granulata, Aulacoseira ita-
lica (Ehrenb.) Simonsen,
Asterionella formosa Ta iH.
Yacrka aBTOTpOdiB, IO
BUTPUMYIOTD JIMILE HVU3b-
Ky KOHI[€HTpal[il0 a30To-
BMICHMX OpraHi4YHMX CIIO-
nyky Bogi (7,7 %), dakynb-
TaTUBHUX TreTepoTpodis,

ISSN 0375-8990. I'igpo6ionoriunmii >xypHai. 2024. 60(1)

50
45
40
35
30
25
20
15+
10
5
0

KinbkicTh BUjiB, %

he

Puc. 4. Posnopin Bopopocrell — iHAUKATOPiB PiBHA
TpodHOCTI BOf: M — Me30TPOQHIUX; M-e — Me30-€B-
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Puc. 5. Posnofiin BOBOPOCTEN — iHAMKATOPIB TUITY )XVBJIEHHA i BiTHOIIEHHSA IO KOHL[EHT-
pauii asoroBmicHux oprasiynux crnonyk (AOC): ats — aBroTpodu, AKi BUTPUMYIOTH
nnire HU3bKi KoHneHTpauii AOC; ate — aBTOTpodU, AKi BUTPUMYIOTh MiABUIIEH] KOH-
nenrpanii AOC; hne — daxynpratuBHi rereporpodu, sIKMM HeoOXinHe IepiofudHe mif-
BuieHHs KoHueHTpanii AOC; hce — obmiratHi rereporpodu, AKMM HeOOXifHI ITOCTIITHO
nigBueHi koHeHTpanii AOC

110 HOTpe6y10Tb NepiOAMYHOrO MigBUIIEHHA KOHLIEHTPaLlil a30TOBMiCHUX Op-
raHiyHUX crionyk (7,7 %), a TakoX 00JIiraTHNX reTepoTpodis, 1110 HOTPEOYIOTH
IIOCTIiMIHOTO Mi/IBUIIEHHA KOHILIEHTPALlil a30TOBMiCHUX OPTaHiYHUX CIIONYK Y
Bozi (7,7 %) 6yna 3HauHO HIKUOIO (puc. 5).

Y cucremi inukanii opraniuHoro 3abpygHeHHs, 3anponoHosaHiit T. Ba-
TaHaOe [38], BUAM-iHAMKATOPY PO3MOAIIAIOTLCA HAa TPU TPYIN: CAIPOKCEHN
— MEIIKaHIli YMCTUX BOJI, eBPMCApoOy — MEIIKaHIli IOMipHO 3a0pyAHEeHNX
BOZ i canpodinu — Memnkanui 3abpynHeHux Bog. Ha gocnimpxysaniit ginsui
piukn nepesakanu eppucanp6u (80,0 %), mpencrasieHi, 30kpeMa, Stephano-
discus hantschii, Synedra acus Kiitz., Aulacoseira granulata ta in. Yacrka can-
pokceHiB cranoBmna 13,3 %, a canpodinis — 6,7 %.

Cepep inguKaTopiB opraniqyHoro 3abpynsHeHH: (3a cucremoro P. [TanTne
ta I'. Byk) [26] 3HaiifeHi BUAY BOZOPOCTeI], 1[0 HA/IeXKATh /1O YOTVPHOX OCHOB-
HUX TPYIL: Olirocanpo6ioHTiB, 6eTa-Me30canpobioHTiB, anbga-Mesocanpo-
6ioHTiB i1 nomicanpo6ionTis. Haitbinpioo KinpKicTio BUAiB Oyny mpepcras-
neHi 6era-mMe3ocanpo6Hi opranismu — 71,4 %. Cepen HMX HajgacTile 3ycr-
pivanucy Aphanizomenon flos-aquae, Microcystis aeruginosa, Coelastrum
sphaericum Négeli Ta in. YacTka oirocanpo6ionTiB cranosuna 14,3 %, anb-
¢da-me3ocanpobioHTiB — 8,6 %, a monicanpo6ioHTiB — 5,7 % (puc. 6).

TaxkyM 4MHOM, pe3ynbTaTy IPOBELEHOr0 Oi0IHANKALIIHOTO aHaTi3y IOo-
Kasa, 110 Ha JJOC/TiKyBaHili AiaHLi p. I[pninp Ha6inbIIo0 KiNnbKicTio BU-
MliB TIpeJCTaB/eHi TAaHKTOHHO-OEHTOCHI Ta ITaHKTOHHI opraHismu. Ceper
BUJIiB — IHAVKATOPIiB IPOTOYHOCTI MepeBaXkain MEMKaHI[i TOBI/IbHO TEKY4MX
BOJI, TEMIIEPATYPHOIO PEXKUMY — NPENCTABHUKI ITIOMIPHO TEIUINX BOJ, T €B-
pUTEepMHi OpraHi3Mm, aKTUBHOI peakllii cepeloBuIIa Ta COMOHOCTI — iHaMde-
peHTHi opraHismu. [HAMKAaTOpM THUIY >KMBJIEHHs Oy/nu IpeAcTaBIeHi Hepe-
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Puc. 6. Posnoiin Bogopocreit — iHfuKaTopiB opraniunoro sabpynuenss (3a I1. ITanTre i
I'. Byk) Mibx ocHOBHMMY rpynamu: I — o-canpobionTu (iHgexc canpobrocrti S = 0,5—1,5);
II — B-mesocanpobiontu (S = 1,5—2,5); III — a-me3ocanpobiontn (S = 2,5—3,5); IV —
p-canpobionTn (S = 3,5—4,0)

BO)XHO aBTOTpo¢aMy, IO BUTPUMYIOTb IiABUIIEHY KOHIIEHTPAILil0 a30To-
BMICHMX OpraHiuHux cnonyk y Bogi. Cepep iHankaTopiB opraHiuHoro 3abpys-
HEHH: JOMiHyBa/my 6eTa-Me30capobioHTH Ta eBpucanpob, a cepest iHanKa-
TOPiB TPO(DIYHOTO PiBHA — MEIIKAHIIi eBTPOPHUX BOJ.

OO6roBopeHHs pe3ynbTaTiB KOCTiIKEHb

B 3anme>xHOCTI Bijj ce30Hy pOKY BUIOBMII CK/TaJ] INTAHKTOHHUX BOJOPOCTEIt
3HAYHO 3MiHIOBABCsA, IO MifITBEP/KYETbCA JJOCUTb HU3BKUMU 3HAYEHHAMU
koeginienTa propucTnynoi noxibHoCTI (B cepenHboMy 53 %).

Bereranito 3e71eHMX Ta [[iaTOMOBMX BOIOPOCTeN CIOCTepiraam MNpoTAroM
YCBOTO POKY, eBIVIeHO(DITOBUX — TAKOXX Maibke YBeCh PiK 32 BUK/IIOYEHHSIM
ciyns ta mororo. [IpencraBauky Cyanoprokaryota 3apeecTpoBaHi BITIiTKy Ta y
BepecHi i >koBTHI. [InHOdiTOBI BogopocTi 3ycTpivamicsa HaBecHi (y KBiTHI i
TpPaBHi), a TAKOXX IPOTATOM BChOTO JIITHBOTO Ta OCIHHBOTO Iepiofis. [Ipen-
craaukn Cryptophyta 3HalifieHi B yci ce30HM poKy, aje TiIbKM B OKpemi
Micsui. Bererariro 3010TicTIX BOZOpOCTelt BiiMivanu 3 6epe3Hs 10 YepBeHb.
JKoBTo3eneni BOJOpOCTi TpanIANNCsA 3 KBiTHA 110 YePBEHbD, @ TAKOXK y CEPITHI i
BepecHi. Charophyta 3Haiieni nmuie y 6epesHi.

KinpkicHi TOKa3HMKM PO3BUTKY (iTOIUIAHKTOHY IIPOTATOM POKY TAKOX
3HaYHO BapitoBa/my. HaitmeHIny KinbKicTb BUAiB (25), a TAKOXK HAllHIDKYi 3HA-
JeHHsI YMCe/IbHOCTI Ta 6iomacu (B cepegHbOMY 662 TiC. K1/aAM’ i 0,165 mr/am?)
¢iTorTaHKTOHY peecTpyBam B3UMKY. HaBecHi KifbKicTb BUJIiB IJITAHKTOHHMX
BozopocTelt (80), a TakoXX iXHA YMCenbHICTH i Giomaca (B cepegHbOMY
1767 tuc. kn/mm’ i 1,180 mr/gm’) 3nauno 3pocnu. Haiibinpina KipKicTb BU/iB
(83) BigmiueHa B JIiTHIII Iepiof], IpY IIbOMY 4MCETbHICTD INTAHKTOHHVIX BOJIO-
pocreit B cepesHbOMY cTaHoBWIa 7007 THc. Ki1/am’, a 6iomaca — 2,239 mr/pm’.
BoceHn KinbKicTb BU/IiB IIJTAHKTOHHUX BOFZOPOCTel 3MeHIINIACh 0 63, IpoTe
HaiBNUIIi 3HAYEHH YMCeNbHOCTI i 6iomacy (B cepefHbOMY 8952 THIC. Kin/om? i
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2,600 mr/mm’) 3apeectpoBaHi came B et mepion. OCiHHIM MK YMCceTbHOCTI
¢biTorTaHKTOHY OyB 3yMOBJ/IEHMIT iHTEHCMBHMM PO3BUTKOM CUHBO3ETEHUX
BOZlopocTell 3 noMiHyBaHHAM Aphanizomenon flos-aquae, 10 HaNIEXUTD 10
30yQHVKIB «LIBiTiHHA» BOAM, a MakcuMyM 6iomacy GiTOIIAaHKTOHY — iHTeH-
CUBHUM PO3BUTKOM 3€JIeHNX Ta CUHbO3€/IEHUX BOIOPOCTEIL.

Taxwit Xig piuHOi AMHAMIKV QiTOIIAHKTOHY ITOSICHIOETHCS B IIEPILY Yepry
BIUIMBOM TeMIlepaTypu. Tak, ImpsMa JOCTOBipHAa 3a/Ie)KHICTb BCTaHOBJIEHA
MDK TeMIlepaTypolo BOAM Ta KiNbKiCTIO BUAIB INTAHKTOHHNX BOLOPOCTeit (1 =
0,86, p<0,05, n = 24), ixuporo uncenbHicTO (r = 0,63, p<0,05, nn = 24) Ta 6ioma-
coro (r =0,70, p<0,05, n = 24).

B Toit xe yac popMyBaHH MKy 4MCeNTbHOCTI Ta 6ioMacy PiTOIIaHKTOHY
Y BEpeCHi IpM 3HVDKEHHI TeMIepaTypu Boau 10 17,5°C MoACHIOEThCA 3pOCTaH-
HAM TpOHOCTI BOJOTOKY. B pesy/nbraTi mpoBeseHoro 6ioiHamKaritHoro aHa-
i3y 6y/10 BCTAaHOBJIEHO, IO CepeJ; BOJOPOCTeil — iHAMKAaTOPiB TpodidHOTrO
CTATyCy Ha JOCTiIKyBaHill JUIAHLI piuky IepeBakaay MeIIKaHIli eBTPOGHIX
BOJ, Cepefi IHAMKAaTOpiB TUITYy >KMBJIEHHS — aBTOTPO(dM, IO BUTPUMYIOTbH
HMigBUILEHY KOHIEHTPAalLil0 a30TOBMiCHIX OPTaHiYHIX CIIO/IYK Y BOAI, a cepef
NIOKA3HNKIB OpraHiYHOTO 3a0pynHeHH:A — OeTa-Me3ocanpobionTn. Bapro Ta-
KOJX 3a3HA4YNTH, LIO BIITKY Ta y BepecHi 6iomaca (iToIIaHKTOHY BapitoBaia
Big 2,193 fo 5,143 Mr/am’, o Bigmosinae erpodHOMY cratycy Bof [9]. [Tpn
LIbOMY JaHi IpAMUX TifpOXiMiYHMX BUMIpPIB MifTBEPIKYIOTh, 1[0 BOAM Ha
focnipKyBaHiit ginauui p. [pnine Hamexxartp o eBTpodHOro THiy. Tak, KOH-
LIEHTpallis aMOHITHOTO a30Ty B3MIMKY, HABECHi i BOCEHU B CEpeIHbOMY 3MiHIO-
Basack Bix 0,31 o 0,82 mr N/pm’, 1m0 Bifnosifae eBTpoHOMY CTAaTyCy BOJ i
TinbKM BIiTKY ctaHoBmia 0,21 mr N/gm® (MesorpodHi Bou). CepenHs KOH-
LeHTpallid HITPUTIB IPOTATOM BCbOTO pOKy 3MiHIOBamaca Bifg 0,015 mo
0,026 mr N/mm?, 1110 Takox BifmoBigae eBrpodHOMY cratycy Boz. Ille 6imbur
BIICOKOIO Oy/Ta KOHI|eHTpAIIifl HITpaTiB — BJIITKY BOHA B CEPeIHbOMY CTAHOBH-
na 0,61 mr N/nM°, o BigmoBinae eBTpo<1)HOMy CTaTyCy BOJI, HAaBECHi Ta BOCEHU
— 0,77 12 0,74 Mr N/pm? (eBrionitpodHi Bozn), a B 3uMoBuii mepiog — 1,20 mr
N/nm* (monitpodui Boan). Illogo koHLeHTpalii HeopranigHoro gocdopy, To
B 3MIMOBMII I1epiofi, HABeCHi Ta BOCEHY BOHA Oy/ia IOMIpPHOI0 — B CEpEHBOMY
0,043—0,050 mr/gm’ (MesoTpodHi Bopm), a oT BIiTKy (y ceprHi) Bigbymocs
3HauHe ii migBuieHHs 1o 0,195 mr/am’ (eBTpodHi BoaM), 1110 04eBUHO i 610
IIOLITOBXOM JII MacOBOTO PO3BUTKY CUHBO3E/IEHNUX BOJOpOCTeil — 30y7-
HUKIB «1IBiTiHHsI» Bofin. Bimomo [21], 110 peakiiist BogopocTeit Ha mi[BUIIIeHHS
KOHIIeHTpaIil 6i0reHH)X peYOBUH Y BOJIi CITIOCTEPIiraeThCs Jelo 3T0/J0M 3 fiesi-
KuM 3anisHeHHAM. [Tomi6Hmit Xif AHaAMiKM GiTOITAHKTOHY CIIOCTepiranm i B
iHImMX eBTpOdHMX BooiMax [30].

BucnoBkn

Bceboro 3a nepiop JOCIiKeHDb y IVIaHKTOHI p. Ipminb sHaitgeno 121 sup
BOZOpoCTelt 3 ieB’ ATy Biinis. Hait6inbmry xinbkicts BupiB xmoyamn Chlo-
rophyta Ta Bacillariophyta. BusoBuit ckag nmIaHKTOHHUX BOJZOPOCTEL, a Ta-
KOX IX JOMiHYIOUMIT KOMIIJIEKC IIOMITHO 3MiHIOBa/lIMCh MIPOTAroM poKy. Kisb-
KiCHI ITOKa3HMKM PO3BUTKY (iTOIUVIAHKTOHY TaKOXX 3HaYHO BapiroBamu. Haii-
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MEHIIY Ki/IbKiCTb BUJIB, YMCeIbHICTD i 6i0Macy INTAHKTOHHNX BOJJOPOCTelT BI-
SBJICHO B3VIMKY, a Hall0i/IbIITy Ki/IbKiCTh BUJIIB CLIOCTepiram BIiTKy. B Toit >xe
Yac HailOi/IbIIi Be/TMYMHY YMCeNTbHOCTI i 6ioMacu BOZOPOCTEll 3apeecTpOBaHO
BoceHM (y BepecHi). Taxwii xif piuHoi fyHAMiKM QiTOIIAHKTOHY HOSCHIOETD-
s B IIeplly Yepry BIUIMBOM TemIlepaTypu. Tak, psMa JoCTOBipHa 3a/1eKHIiCTh
BCTAaHOBJIEHA MK Ta KiZIbKICTIO BUJIiB IVTAHKTOHHUX BOJOPOCTEN, IXHbOIO UM~
cenpHicTIO 1 6i0oMacor Ta Temmepatyporo Boau. IIpore, y p. Ipninb piuna gu-
HaMika (iTOIVIaHKTOHY 3a/Ie>kajia He TiIbKY Bifl TeMIIepaTypy BOAM, a I Bix
piBHA TpodHOCTI BOJOTOKY.

Pesynbraty npoBefeHOro 6i0iHAMKAIITHOTO aHAII3y 3a TAKMMM ITOKas3-
HVKaMU K 9aCTKa BUAIB — iHAMKATOPIiB TPODIYHOTO CTaHY, TUITY KMBICHHS
Ta OPTaHiYHOTO 3a0pYJHEHHs, @ TAKOXK 32 610Macoi0 (iTOIIAHKTOHY CBil4aTh
IO Te, 110 BOAM AOC/II/KYBaHOI fi/IAHKY p. IpmiHb MOXXYTb 6yTH OXapaKkTepu-
30BaHi AK eBTPO(HI, IO MiATBEPKYETHCS i JAaHMMM NMPSAMUX TifpOXiMiyHUX
BUMIPIOBAaHb 3a TaKMMI IIOKa3HMKaMI K KOHIEHTpalisd aMOHIIHOTO a30Ty,
HIiTpUTIB, HiTpaTiB i HeopranivHoro Ppocdopy Ta bixpoMaTHa OKVICHIOBAHICTb.
Xip piuHoi ArHaMiKM (iTOIVIAHKTOHY XapaKTepu3yBaBca GOPMYBaHHAM IIKY
JI0TO YMCENbHOCTI Ta 6ioMacy Ha MOYATKY OCeHi, 3yMOBJICHOTO IHTEHCUBHUM
PO3BUTKOM CUHBO3€/IEHUX BOLOPOCTell — 30yIHUKIB «1BiTiHHA» BOAY, IIO €
TUIIOBUM JJIs1 eBTPOGHIUX BOIOVIM.

Indopmaris momo po3BUTKY rifpobioHTIB y epiof, SAKuil llepefyBas I0-
JaTKy BOEHHUX JIill, MOKe OYTV BMKOPMCTaHA [y OLIiHKY IXHIX HacTigKiB Ta
HPUITHATTS HAYKOBO OOI'PYHTOBAHMX Ta €KOJIOTIYHO e(PeKTUBHUX pillleHb Ta
3aXOJIiB IIO/I0 3MEHIIEHHA iX HEraTMBHOTO BIUIVMBY Ha HABKO/IMILIHE CEPEIOBM-

1ie.

Crnmcox BUKOPUCTAHOI NiTepaTypu

1. Bapunosa C.C., Mensenesa JI.A., Auncumona O.B. Briopaznoo6pasue Bomopoc-
JIeVI-MHIMKaTOPOB OKpy>Karoleit cpenbl. Tenb-ABus : Pilies Studio, 2006. 498 c.

2. Knouenko I1.JI. [[uHaMuKa HEOPTaHNIECKNX COCAMHEHNMIT a30Ta B 3aTPA3HEHHBIX
MaJIBIX peKaX B CBSI3U 3 Pa3BUTMEM (PUTOIIAHKTOHA (Ha pUMepe HEKOTOPbIX IPUTOKOB
Iuemnpa). Iudopobuon. scypn. 1995. T. 31, Ne 2. C. 95—102.

3. Kiouenko ILJI. CpaBHUTe/NIbHAasA XapaKTepUCTUKA (UTOIIAHKTOHA IIPUTOKOB
Huenpa (Ykpanna). Anveonozus. 1996. T. 6, Ne 3. C. 272—284.

4. Knouenko IL[., VBanosa V.JO. Ocobennoctu BupoBoro pasnoobpasusi ¢puro-
IUVIaHKTOHA IpUTOKOB [IHemnpa. Anveonozus. 2009. T. 19, Ne 4. C. 362—379.

5. Knovenko I1.J]., Mutkiscbka T.1. @ironnankTon nputok Bepxuboro [JHinpa. Y«p.
6oman. sicypr. 1993. T. 50, Ne 2. C. 69—79.

6. MeTopau TifpOoeKOIOTiTHIIX OCTi/KeHb TOBepXHeBuX Bof / 3a pef. B.Jl. Pomanen-
ka. HAH Ykpaiun. Iu-t rigpo6ionorii. Kuis : Jloroc, 2006. 408 c.

7. Iomimyk B.B., Tpas’suko B.C., Konenko I'.[l., Tapacesuu LI. Tigpob6iomoris i
rigpoximis pigok IIpaBo6epesxnoro Ipupninpos’s. Kuis : Hayk. gymxka, 1978. 270 c.

8. Papsumoncknii [I.A. @uronnankToH p. VpneHs fo u mocne Menuopauuy // Borpo-
Cbl pHIOOXO03AICTBEHHOTO OCBOEHV M CAHUTAPHO-OMOJIOTMYECKOIO PeXUMa BOZOEMOB
Yxpaunsl. Knes : Hayk. nymka, 1970. C. 52—54.

9. Pomanenko B.JI., Kyknucpkuii B.M., Okcitok O.I1. Ta iH. MeTofuKa BCTAaHOB/IEHHA
i BUKOPMCTaHHA €KOJIOTiYHIX HOPMATHUBIB AKOCTi BOAM MOBEPXHEBUX BOJ CYIIi Ta €CTy-
apieB Ykpainu. Kuis, 2001. 48 c.

ISSN 0375-8990. I'igpo6ionoriunmii >xypHai. 2024. 60(1) 43



IMesuenxo T.D., Knouenxo I1.[0., Cepeda T.M.

10. PyKoBOACTBO ITO XMMMYECKOMY aHA/IM3y IIOBEPXHOCTHBIX BOJ, CYIIN / Iop pen.
A.Jl. Cemenosa. JIenunrpap : I'ugpomereouspaart, 1977. 542 c.

11. Crapogny6ues B.M., Jlaguxka M.M., ¥ XKocdanb Ta in. I'epoiuna obopona ta exo-
joriuHa fpaMa B fonuHi piuku Ipninb. Mixnapoo. nayx. sypH. «Ipaanv Hayku». 2022.
Ne23.C.172—182.

12. Tomauesckuit A.B., Maciok H.II. IIpecnoBognbie Bogopocnu Ykpaunckoit CCP.
Kues : Buma mk., 1984. 333 c.

13. Afanasyev S.O. Impact of war on hydroecosystems of Ukraine: conclusion of the
first year of the full-scale invasion of Russia (a review). Hydrobiol. J. 2023. Vol. 59, N 4.
p.3—16.

14. Banaduc D., Simi¢ V., Cianfaglione K. et al. Freshwater as a sustainable resource
and generator of secondary resources in the 21st century: stressors, threats, risks, manage-
ment and protection strategies, and conservation approaches. Intern. J. Environ. Res. Publ.
Health. 2022. Vol. 19, N 24, art. no. 16570.

15. Grebin V.V., Mokin V.B., Kryzhanivskiy Y.M., Afanasyev S.A. Optimization of
hydrographic and water-management regionalization of Ukraine according to world ap-
proaches and principles of the EU Water Framework Directive. Hydrobiol. . 2016. Vol. 52,
N5.P.81—-92.

16. Klochenko P.D., Grubinko V.V., Gumenyuk G.B., Arsan O.M. Peculiarities of am-
monium nitrogen assimilation in green and blue-green algae. Hydrobiol. . 2003. Vol. 39,
N 6. P.102—108.

17. Klochenko, P.D., Shevchenko T.F., Kharchenko G.V. Structural organization of
phytoplankton and phytoepiphyton of the lakes of Kiev. Hydrobiol. J. 2013. Vol. 49, N 4.
P. 47—63.

18. Klochenko P.D., Shevchenko T.E., Kharchenko G.V. Structural and functional or-
ganization of phytoplankton in the thickets and in the sections free of vegetation in the la-
kes of Kiev. Hydrobiol. J. 2015. Vol. 51, N 3. P. 45—60.

19. Klochenko P.D., Shevchenko T.F., Lilitskaya G.G. Bioindication of the ecological
state of water bodies of the Goloseyevo National Natural Park. Hydrobiol. J. 2018. Vol. 54,
N5.P.17—27.

20. Klochenko P.D., Shevchenko T.F., Nezbrytskaya L.N. et al. Phytoplankton produc-
tion and decomposition characteristics in water bodies differing in the degree of their con-
tamination by inorganic compounds of nitrogen and phosphorus. Hydrobiol. J. 2019.
Vol. 55, N 3. P. 29—43.

21. Kureyshevich A.V. Response of phytoplankton of eutrophic reservoirs to the inc-
rease in the content of phosphorus and nitrogen in their waters. Hydrobiol. J. 2005. Vol. 41,
Ne6.P.3—22.

22. Medved’ V.O. Phytoplankton spectral pigment indices in the lakes of the city of
Kyiv. Hydrobiol. ]. 2023. Vol. 59, N 4. P. 30—46.

23. Medved’ V.O., Kharchenko G.V. Pigment and quantitative indices of phytoplank-
ton of megapolis lakes and assessment of their trophic status. Hydrobiol. J. 2022. Vol. 58,
N 3.P.54—67.

24. Nezbrytskaya LN., Kureyshevich A.V., Yarovoy A.A. et al. Peculiarities of the inf-
luence of high concentrations of ammonium on the functioning of some species of Cya-
noprokaryota, Chlorophyta and Euglenophyta. Hydrobiol. J. 2019. Vol. 55, N 2. P. 69—82.

25. Oksiyuk O.P., Davydov O.A., Karpezo Yu.I. Ecological and morphological struc-
ture of microphytobenthos. Hydrobiol. J. 2009. Vol. 45, N 2. P. 13—23.

26. Pantle R., Buck H. Die biologische bberwachung der Gewnsser und die Darstel-
lung der Ergebnisse. Gas- und Wasserbach. 1955. Vol. 96, N 18. S. 604.

27. Shevchenko T.F. Species composition of periphyton algae of the reservoirs of the
Dnieper cascade. Hydrobiol. J. 2007. Vol. 43, N 5. P. 3—42.

28. Shevchenko T.F. Distribution of periphyton algae of the Dnieper reservoirs de-
pending on the type of substratum. Hydrobiol. J. 2011. Vol. 47, N 3. P. 3—13.

29. Shevchenko T., Klochenko P., Nezbrytska I. Response of phytoplankton to heavy
pollution of water bodies. Oceanol. Hydrobiol. St. 2020. Vol. 49, N 3. P. 267—280.

44 ISSN 0375-8990. Gidrobiologiceskij Zurnal. 2024. 60(1)



Piuna ounamixa ma exonoeiuni xapakmepucmuku pimonnankmony p. Ipnine (Yxpaina)

30. Shcherbak V.I., Yakushyn V.M., Zadorozhnaya A.M. et al. Seasonal and interan-
nual dynamics of phytoplankton, phytomicroepiphyton, and nutrients content in the river
section of the Kanev Reservoir. Hydrobiol. J. 2016. Vol. 52, N 1. P. 49—61.

31. Tsarenko P.M., Wasser S.P., Nevo E. Algae of Ukraine: diversity, nomenclature,
taxonomy, ecology and geography. Cyanoprokaryota, Euglenophyta, Chrysophyta, Xan-
thophyta, Raphidophyta, Phaeophyta, Dinophyta, Cryptophyta, Glaucocystophyta, Rho-
dophyta. (Vol. 1). Ruggell: Gantner Verlag, 2006. 713 p.

32. Tsarenko P.M., Wasser S.P., Nevo E. Algae of Ukraine: diversity, nomenclature,
taxonomy, ecology and geography. Bacillariophyta. (Vol. 2). Ruggell: Gantner Verlag,
2009. 413 p.

33. Tsarenko P.M., Wasser S.P., Nevo E. Algae of Ukraine: diversity, nomenclature,
taxonomy, ecology and geography. Chlorophyta. (Vol. 3). Ruggell: Gantner Verlag, 2011.
511 p.

34. Tsarenko P.M., Wasser S.P., Nevo E. Algae of Ukraine: diversity, nomenclature,
taxonomy, ecology and geography. Charophyta. (Vol. 4). Ruggell: Gantner Verlag, 2014.
703 p.

35. Van Dam H., Mertens A., Sinkeldam J. A coded checklist and ecological indicator
values of freshwater diatoms from the Netherlands. Nether. J. Aquat. Ecol. 1994. Vol. 28,
N1.P.117—133.

36. Vasilchuk T.A., Klochenko P.D. Dynamics of the content of nutrients and organic
matter in some tributaries of the Dnieper River depending on the development of phyto-
plankton. Hydrobiol. J. 2001. Vol. 37, N 6. P. 111—121.

37. Vasilchuk T.A., Klochenko P.D. Composition of dissolved organic matter in some
tributaries of the Dnieper River depending on the development of planktonic algae. Hydro-
biol. . 2004. Vol. 40, N 1. P. 92—103.

38. Watanabe T. Biological indicator for the assessment of organic water pollution. Ja-
pan J. of Water Pollut. Res. 1986. Vol. 19. P. 7—11.

Hapiiina 07.10.2023

T.F. Shevchenko, PhD (Biol.), Senior researcher, Senior researcher,
Institute of Hydrobiology of the NAS of Ukraine,
Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
e-mail: tf_shevchenko@ukr.net
ORCID 0000-0002-6436-4968
P.D. Klochenko, Doctor of Biology, Prof., Head of Department,
Institute of Hydrobiology of the NAS of Ukraine,
Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
e-mail: pklochenko@ukr.net
ORCID 0000-0003-4886-6746
T.M. Sereda, PhD (Biol.), Senior researcher,

Institute of Hydrobiology of the NAS of Ukraine,
Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
e-mail: seredatm@ukr.net
ORCID 0000-0003-2679-4008

PHYTOPLANKTON ANNUAL DYNAMICS AND ECOLOGICAL
CHARACTERISTICS IN THE IRPIN RIVER (UKRAINE) PRIOR TO HOSTILITIES

Phytoplankton annual dynamics and ecological structure were studied in the Irpin Ri-
ver (the right bank tributary of the Kyiv Reservoir) near the town of Irpin (50°31' N,
30°15' E). On the whole, 121 algal species of nine divisions were identified. Chlorophyta
(57) and Bacillariophyta (27) included the largest number of species. During a year, phy-
toplankton species composition, and also the complex of dominant species, significantly
varied. This is supported by rather low values of the Sorensen coefficient of community si-
milarity (on the average 53 % and 41 %, respectively). The quantitative indices of its deve-
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lopment also significantly varied. The lowest number of species (25), cell numbers, and
biomass of plankton algae (on the average 662 thousand cells/dm® and 0.165 mg/dm?) were
registered in winter and the largest number of species (83) — in summertime. At the same
time, the highest cell numbers and biomass (19 480 thousand cells/dm”® and 5.143 mg/dm?)
were observed in autumn (in September). Direct significant correlations were established
between phytoplankton quantitative indices and water temperature. However, it has been
found that phytoplankton annual dynamics in the Irpin River depended not only on water
temperature, but also on the trophic status of the watercourse. As a result of the performed
bioindication analysis, it has been found that in terms of such indices as the contribution of
species — indicators of the trophic status, nutrition type, and organic contamination, and
also in terms of phytoplankton biomass, the waters of the studied section of the Irpin River
can be characterized as eutrophic ones, which is supported by the data of direct hydroche-
mical measurements. The pattern of phytoplankton annual dynamics was characterized by
the formation of the peak of its numbers and biomass in early autumn. The maximum qu-
antitative indices of phytoplankton development were conditioned by intensive develop-
ment of blue-green algae with a predominance of Aphanizomenon flos-aquae (L.) Ralfs be-
longing to water bloom forming species. Such pattern of phytoplankton annual dynamics
is typical to eutrophic water bodies. The obtained information on the development of algae
in the Irpin River in the period preceding the beginning of hostilities can be used to assess
their consequences.

Keywords: phytoplankton, annual dynamics, ecological structure, water chemical com-
position, the Irpin River
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BUKOPUCTAHHS JAHUX OIUCTAHIIIITHOTO
30HIYBAHHS 3EMJII IJIS OLITHKY HAC/TIIKIB
BUITATIOBAHHS POC/IMHHOCTI IJTABHEBUX

EKOCVICTEM HIII «<HVDKHbOTHICTPOBCHKMI»
(OIECBKA OBJIACTD)!

Memoio Hautoeo 00cnioneHHsT OY/I0 BUSHAUEHHS NAOW, BUNANIOBAHHI MePUMopii
HusHb00HiCMpo6cvK020 HAUIOHANLHO20 NPUPOOHO20 NAPKY, BIOHOB/IEHHS POCTUHHOCTI
NNA6HeSUX eKOCUCTeM Ma 6US6/IeHHS PISHULI MiX HUMU A OiNTHKAMU, AKi He 20pinu, 3
BUKOPUCIAHHAM 0AHUX OUCTNAHYITIHO20 30HOY8aHHA Semi. OyiHKy 6NIUBY BUNATTIOBAHHA
NPOBOOUNU 3 BUKOPUCIIAHHAM CHEKIMPANTbHUX iHOEKCI8, W40 81000paxNamv okpemi nokas-
HUKU CIAHY POCTUHHOCI: HOPMANI308aHUL 8i0HOCHUI iHOexc pocnunnocmi (Normalized
Difference Vegetation Index — NDVI), indexc 3enenozo xnopoginy (Green Chlorophyll In-
dex — GCI), indexc numomoi nnousi nucmxosoi nnacmunxu (Specific Leaf Area Vegetation
Index — SLAVI), nopmanizosanuii ougepenuitinuti indexc éonoeocmi (Normalized Diffe-
rence Moisture Index — NDMI) ma indexc onozocmitikocmi (Moisture stress index —
MSI). Ipomsizom 3umoe0-eecHsrozo nepiody 2020 p. noxexi na mepumopii HuxcHvo-
onicmposcvkozo HIIIT oxonmosanu maiise 4453 2a (33,1 % nnouji nnasHesux eKkocucrmem).
Ha octosi memody imimayiiiHo2o moOento8anHs BUSB/IEHO, W0 PI3HUUS Mix 20pinumu ma
He2opinuMu OiNAHKAMU NPOMALOM 6e2eMAuiliHo20 nepiody NocMynoso 3MeHULyEMbCs.
Maxcumanviy pisHuyio 8iomMiueHo Ha nouamox eecemauii (Akicmv 8udineHHs epyn —
43,2 %), w0 c8iduUms npo cMeopeHHsr 8iOHOCHO iHOUBIOYANLHUX eKONOZIYHUX YMOB OIS
possumxky nnasresoi pocnurxocmi. Y secusinuii nepiod — 20,3 %, uio 3ym0671eH0 po36Um-
KoM eOugikamopa pociuHHUX KOMNJIEKCi6 800HO-60n0mHux exocucmem — Phragmites
australis (Cav.) Trin. ex Steud., cmebna sixoeo suiiwinu 3i cmadii nikynie i po3suHynu nucm-
K08y nnacmunky. Jlimuiii nepiod 8i03HA4aEMbCI NOOANLUUM SHUNEHHAM AKOCI 8UOINEH-
HA epyn (19,9 %), wso NOACHIOEMBCA BUPIBHIOBAHHAM EKONO2IUHUX YMOB POZBUMKY POCTIUH-
Hocmi 6HAacnidok imuvoi mexceni. OCiHHiTl nepiod 8i03HAUABCT NOCYWMNUBUMU YMOBAMU
ma 3aKiH4eHHAM 6e2emayitinozo nepiody, uio NPU3Bo0Uno 00 Matixe NOBHO20 3HUKHEHH
pisnuyi mixe dinsnxamu (14,5 %). Ha ocnosi ananizy nodi6nocmi (ANOSIM) ecrmarnosnero,
W0 cMyniHb 8iOMIHHOCMI Mid 20pinUMU OIITHKAMU HEBENUKA, U40 MO8 SI3AHO 3 TOKATbHU-

'Pob0Ty BUKOHAHO 3a paXyHOK 6I0fpKeTHOI mporpamu «IligTpuMKa po3BuTKy Ipiopu-
TeTHMX HaIpAMiB HaykoBux gocnimxenb (KIIKBK 6541230)».

O utysan# 1 [Isopenpknuit T.B. BUKOpuUCTaHHA HaHUX AMCTAHIITHOTO 30HAYBAHHA
3eMmi /1A OLIHKM HACMifKiB BUIAMIOBAHHA POCIMHHOCTI InaBHeBMUX exocuctem HIIIT
HwxupognicTpoBcbkuit (Opfecbka 06mactp). [idpobion. swcypr. 2024. T. 60. Ne 1. C. 47—59.
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MU YyMOBAMU MA IHMEHCUBHICII0 BUNANIBAHNS, 4 MAKON 3 KibKICMI0 CYX0i 0p2aHiuHol
pexosuru Ha okpemux naowax. Buseneno, wo nuwe npu 3umosomy (momuii) sunanio-
8aHHI cnocmepieaemocs nocmynose (6npodosxH sezemayitinozo nepiody) smeHuleHHs 8i0-
MiHHOCMell NOPiIBHAHO 3 KOHMPosieM. Bnius eecHsaH020 (OepeeHn, K6itmeHb) 6UNANIOBAHHS
8i03HAUAEMBCA 3HAUHOI0 8APiabenvHICI0 3HAUeHb CTYNeHs No0iOHOCMI 3d Ce30HAMU.

Kntrouoesi cnosa: JJnicmep, nnaenesi exocucmemu, HecaHKyioHoéame 6UNAI08aHHs,,
8ezcemayitini iHOeKcU, Ce30HHA OUHAMIKA, OUCTAHUITIHI 00CTIONCEHHS.

[T1aBHEBi eKOCHCTEMN B YCbOMY CBiTi 36€piraloTb HEIPOIIOPLiITHO BE/TUKY
Ki/IbKiCTD BYTJIEL0 B I'PYHTI, 1[0 POOUTB iX Bpas/IMBUMMI ITijf 4ac MOXex. Buma-
JIIOBaHHA € HailO/IbII PO3IIOBCIOXKEHMM i TAKOXK HailOI/IbII AUCKYCITHUM Me-
TOJIOM PeTY/IIOBaHHS ITABHEBUX eKOCVICTEM, 1 0COOMMBY HeOe3IeKy IpeficTaB-
JIAI0Th HeCaHKI[iOHOBaHi migmamu [1—4, 8, 15]. B yMoBax nopyueHoro rigpo-
JIOTIYHOTO PEXXMMY TepUTOPilt NOHN334 [IHiCTpa HifIany € nepeBakKHO I03M-
TUBHUM (aKTOPOM, OCKIZIBKM [JO3BOJIAIOTH BIJIYYMUTY HAIAIIOK CyXOi Op-
TaHiYHOI PEYOBMHY POC/IMHHOCTI IJIaBHiB, MOMINIINTY KUCHEBUI PEXUM Ta
CIPUAITH KPALIOMY IIPOPOCTAaHHIO HACIHHA i BIFPOCTaHHIO MOJIOJMX ITarOHiB.
BunamoBaHHA MMPOKO 3aCTOCOBYETbCA I YIPaBIiHHA CYKLECiAMHU Iiepe-
3BOJIO>KEHUX TEPUTOPIl, MigBUIEHHSA IXHbOI IPOJYKTUBHOCTI, PETYII0BaHHA
KOPMOBOI 6a3y BopHuX mraxis [1, 2, 12, 16]. TonoBHUMY HemOMiKaMU 11bOTO
METOJIy YIIpaB/IiHHs € C/IabKMil KOHTPO/Ib 32 IIBUAKICTIO PO3IIOBCIOKEHHS
BOTHIO Ta 3aJI€)KHICTh BiJj IIOTO[JHNX YMOB.

CynyTHMKOBI [jaHi BifjirpaloThb BMK/IIOYHO BaXX/IMBY PO/Ib B OTPUMMAaHHI
orepaTyBHOI iHpOpMaIil A1 TOYHOTO i IBUAKOTO KapTYBaHHSA TEPUTOPIIL,
HOUIKOIKeHNX BorHeM [13, 16, 18, 22]. Boun MaoTh ¢pyHAaMeHTaNIbHe 3Ha-
YeHH [/IA BUABJICHHA BIUIMBY BUIIQ/IIOBAHHA HAa POCIMHHICTD, PO3PaXyHKY
€KOJIOTIYHUX BTPAT, YTOUHEHHA CTpATeriil IIaHyBaHHA Ta MOHITOPUHIY Bifi-
HOBJIEHHA POCIMHHOCTI. Bu3sHa4YeHHA I/IOL Ta CTYIIeHA BUIIA/IIOBAHHA, OLIiH-
Ka BiJHOB/IEHHSA POCIMHHOCTI POTATOM BETETAILIIMHOIO IEPIOAY € BaXK/IMBUM
IPAaKTUYHVM i TEOPETUYHMM 3aBJAHHAM Y 3B’A3KY 3 IIOCHJIEHHAM aHTPOIIO-
TeHHOTO BIUIMBY Ta IJIOOQ/IbHMMU K/IIMAaTYHYMU 3MiHaMM, SIKi CyTTE€BO BIUIN-
BAIOTb HA CTaH Ta PYHKIIIOHYBaHHA POCVIHHNX YTPYIIOBaHb.

Metoro po6oTu 6y/10 BU3HAYEHH IUIOL] IOXEeX IPOTSATOM 3UMOBOTO Ta
PaHHBOBECHAHOTO nepiony 2020 p., BUABIEHHA C€30HHOIL AMHAMIKM TOPIINX i
Heropinux finanok y mexxax Hmxkubognictposcbkoro HIITI Ha ocHOBI criekT-
Pa/IbHMX MOKA3HYKIB CTaHY POCIMHHOCTI.

Marepian i MeTOgMKa FOCTiI)KEHD

3aBIaHHAM HAIIOTO JOCTIIKEHHs € BU3HAYEHHS BiJHOBJIEHHS NiIsSHOK
pocnnHHOCTI I1aBHeBMX ekocucreM HipkabogHicTposebkoro HIII micnsa su-
MOBUX (JIIOTUII) Ta BeCHSIHUX (6epe3eHb, KBIT€Hb) MOXKeX 3 BUKOPUCTAHHIM
flaHMX OMCTaHIITHOTO 30H/IyBaHHA Ta CHEKTpanbHUX iHfeKciB. KonTponem
BUCTyIIa/ 25 TOBIIBHO OOpaHMX Ha BCill TEPUTOPIi apKy IJIaBHEBUX IijA-
HOK, 1110 He Tropiny, 3arajgpHoIo moeto 314 ra (puc. 1).

Buxinna inpopmaris orpuMaHa 3 JaHNX 6araTOCIEeKTPaTbHUX KOCMIYHMX
3HIMKiB, 3po6nenux cynyraukoM «Landsat 8», sixuit 6yB crBopennit Hamiona-
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Puc. 1. KapTa-cxeMa po3TallyBaHH: II7IOLL ITOKEX Y 3MMOBO-BeCHAHMIT tepioy 2020 p. Ha
TepuTopii I1aBHeBUX eKocucteM Hikubognicrposecbkoro HIIII: minanku, AKi Bunamo-
Bamich y F — motomy, M — 6epesHi, A — kBitHi; K — KOHTpO/IbHI finsaHKN

TbHMM YNPABIiHHAM 3 a€POHABTUKM i JOCIi/I)K€HHA KOCMiYHOTO IPOCTOPY
(NASA) cmninbro 3 Teonoriunoro cnyx6u CIIA (USGS)
(https://www.usgs.gov/) g DMCTaHLIMHOTO 30H[YBaHHA 3eMJi B paMKax
nporpamu Landsat.

Y po60Ti BUKOPUCTOBYBa/IN apXiBHi 300pa>keHHs, AKi 3po6IeHi B M10TOMy
— >koBTHi 2020 p. 3acTocoByBanM IPAMOKYTHY reorpadidny cucremy Koop-
puHat EPSG: 32636 — WGS 84 / UTM zone 36N. [ Bcix 306pakeHb IIPOBO-
Ay aTMocepHy KOPEeKLilo 3 BUKOPMCTaHHAM IUIariny Semi-Automatic
Classification [7]. BukopucroByBamu 3HiMKH, IO MaloTb He Oimbuie 20 %
XMapHOTO IIOKPUTTA, A1 AKUX pOOVIIN MAacKy XMap.

BusHayeHH: IO IOXKEX MPOBOJMIN 3 BUKOPUCTAaHHAM HOPMaji3oBa-
Horo Koedinienty BunamosanHa (Normalized Burn Ratio — NBR) [9, 13]. Bin
€ HaileeKTUBHIINM iIHCTPYMEHTOM J/IA KPAIOro po3yMiHHA MaciTabis mo-
XKeXI Ta CTyIeHsA YUIKOKEHHS POCIMHHOCTI. biogisndHoo nepemymoBoro
JUIS IOTO 3aCTOCYBAHHA € Te, IO Mic/IA MoXKeXi B iHppadepBoHilt 30Hi (Near
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Infrared) criexTpy crocrepiraeTbcs 3HIDKEHHA CBiTIOBOTO MOTOKY, B TOM 4ac
AK y KOPOTKOXBUIbOBOMY iH(ppadepBoHOMy criekTpi (Short Wavelength Inf-
rared 1) criocTepiraeTbcs MiiBUIIEHHA 3HAY€Hb TIOPiBHAHO 3 iHIIVMM KaHaIa-
mu. @opmyrna ana pospaxyHKy NBR:

NBR = P P swir ]
P 1P swim

IIpyrum eranom e BusHa4deHHs pisHuui (A) MiX gBOMa 3HIMKaMu — Jio i
ITiCITS OXKEXKi:

ANBR=NBR,, ~NBR

‘post>

ne NBRy. — 3HadeHHA iHgeKcy NBR nepeq noxexer, NBRyoss — Mic/A Io-
JKeXi.

OWiHKy BIUIMBY BUIIQ/JIIOBAaHHA Ha POCIAVHHICTD IVITABHEBUX €KOCUCTEM
IIPOBOJIVIUIY 3 BUKOPVUCTAHHAM BereTallifiHUX iHIEKCIB, 110 BiToOpa>kaloTh OK-
peMi ITOKasHMKM CTaHy POCIMHHOCTI: HOpMaji3oBaHUil AvipepeHLiltHNI iH-
nekc pocmnuHocTi (Normalized Difference Vegetation Index — NDVI) [21],
inpgexc senenoro xnopodiny (Green Chlorophyll Index — GCI) [10, 11], in-
JleKC MUTOMOI 1101 IMcTKOBOI ITacTuHKY (Specific Leaf Area Vegetation In-
dex — SLAVI) [5, 15], HopmarisoBauuii nudepeHiianbHmii iHfeKc BOTOrocTi
(Normalized Difference Moisture Index — NDMI) [19] Ta iHgekc Bomoro-
crivikocri (Moisture stress index — MSI) [23].

Otpumani pesynbratu 6y po3buti Ha yoTupu rpymu. Ilepura (I) rpyma
cdopmoBaHa JaHNMU 3a JIIOTUI Ta Oepe3eHb i B3HAaYa€e BIUIVB BUMIATIOBAHHS
Ha [TI0YaTKOBi YMOBU pO3BUTKY pocnmHHOCTI. [Ipyra (II) 06’exnye Tpu Micani
— OepeseHb, KBiTeHb i TpaBeHb — i y3araJibHIOE PO3BUTOK POCIMHHOCTI 3a
BecHsHui nepion. Tpers (III) mpexcraBneHa yepBHeM, TUIIHEM Ta CEPIIHEM
(mitHiit nepion). YerBepra (IV) — BepecHeM Ta KOBTHeM (OCiHHIIT Iepiof).

PospaxoBaHni iHfjlekcK € iHTerpabHMM IOKa3HUKOM (YHKI[iOHYBaHHSA
IUIaBHEBYMX €KOCUCTEM i 3a71eXKaTh Bifj YMOB MIiCL[€3pOCTaHb Ta IIiPOT€HHOIO
¢daxTopy. Briis BumanoBaHHA Ha B3a€EMO3B A3KY MiX iH/jeKcaMy BU3HAYa/IN
3 BUKOPMCTAHHAM TECTy CYMM PAHTiB BiIKOKCOHa, METOLY FOJTOBHIX KOMIIO-
HEHT, iMiTalliiIHOro MOfie/IIoBaHHA Ta aHasIi3y nopibHocTi (ANOSIM).

MeToz roI0OBHMX KOMIIOHEHT IIVPOKO 3aCTOCOBYETHCS A/Is1 0OpOOKM Jia-
HUX 3 6araTbMa 3MiHHMMU, JTO3BOJISIE BCTAHOBUTYU KOPEJIALI0 MDK HUMMU i
3MEHIINTH KiNbKIiCTh JaHMX 3 HalIMeHIIOW BTpaTolo iHdopmarii. Mopenio-
BAaHHA €KOJIOTiYHOI HAIIPYTV Ha BereTalliliHi iHIeKCH 3/1iICHIOBa/IN 3 [JOTIOMO-
roto Metony Monre-Kapno. OfHuM 3 HailOi/IbII IMPOKO BUKOPUCTOBYBAHUX
6araToBUMIpHIX MeTOJIiB B eKoJiorii € aHani3 nopibHocti (ANOSIM). Bin 3a-
CTOCOBYETBCA 1A MOPIBHAHHA BHYTPIIIHBO- Ta MKTPYIIOBOI roni6HocCTi [6]
3a JJOIIOMOTOI0 Mipu BificTaHi. MeTop 3acHOBaHMII Ha IIPOCTIl iffel: AKIIO Tec-
TOBaHi IPyIM Pi3Hi, TO 3paskyu BCepeAVHi IPYI HOBMHHI OyTy 6i/bI cXoxi 3a
CKJIaJIOM, HDXK 3pa3Ky 3 pisHMX IpyI. ToMy Hy/lIbOBa rirnoTesa rOBOPUTD: «Ce-
pefiHE 3HaYEeHHs PaHTiB BHYTPIIIHBOTPYIIOBKX BificTaHell 6iybie ab6o mopis-
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HIOE CEpeIHbOMY 3HAUY€HHIO PaHTiB MKIPYIIOBUX BifcTaHel». CTaTucTHKa Te-
cry ANOSIM 3acHOBaHa Ha pi3HMIIi Cepe/JHiX PaHTiB MiXX TPyIIaMM i BcepeiuHi
rpym. 3HaueHHA R iHTepIpeTyeThbcs K KoedillieHT KOpesALii, AKNit € Mipoo
«poaMipy edexty». Cratuctuka ANOSIM nopiBHIOE cepefjHE 3HAUEHHs PaH-
JKOBAHUX BiMIHHOCTEN MK IpyliaMy 3 CepeIHiM 3Ha4eHHAM Ta paH>XOBaHUX
BiflMiHHOCTEN BCepeAuHi rpyn. EMIipuyHo BUAIMAOTD HACTYIHI Tpynu:
0,75<R<1 — cunpHO po3pisHAwThCA, 0,5<R<0,75 — po3pisHAIOTHCA;
0,25<R<0,5 — pisHi 3 geaxkum nepexkputtam; 0,1<R<0,25 — cxoxi 3 geaxknmn
BigminHOcTAMU (abo Benukuii 36ir); R<0,1 — cxoxi.

J714 OTpMMaHHA Ta aHaMi3y KiIIbKICHUX XapaKTePUCTUK 3HIMKiB BUKOPU-
croByBany nporpaMmHi npogykru Quantum GIS i cratuctnunnmit naker R Bep-
cii 3.4.4 [20] 3 BuKopucTaHHAM 6i6mioTexy «vegan» [18].

Pe3ynbraTu foCTifKeHb Ta iXx 00roBOpeHHA

PesynpraTit 06poOKy KOCMIYHMX 3HIMKIB IIOKa3aJIM, 1[0 B 3MIMOBO-BECH-
Hut tepiop 2020 p. IwIoia MoXKexx fopiBHIoBana 4453 ra, a6o 33,1 % 3aranbHoOI
rTonii IaBHeBUX cucteM (AuB. puc. 1). Ilnoma nasis y moTtomy ckaagana 467
ra (3,5 %), y 6epesni — 1230 ra (9,1 %). Y xBitHi BifOynucs HaitmacmTabHimi
IMO>KeXKi, IXHs 3arajibHa IUIOIa cKiagana 2756 ra (20,5 %).

3a pesynbTaTaMy TeCTy CyMM PaHTiB BiTKOKCOHa BCTaHOB/IEHO, IO 3Ha-
yeHHs ANBR Ha 11o4aTok BereTauiifHoOro mnepiofy Mixk Ji/IIHKaMy 3 BATIAJIIO-
BaHHAM Ta KOHTPOJIEM MaaM CTaTUCTUYHO 3Hauymyy (p<0,05) pisHuipo. Ie
06YMOBJIEHO 3pOCTaHHAM IPOCTOPOBYX BiIMiHHOCTEII IOPiBHAHO 3 KOHTPO-
JIBHVMM [Ii/IAHKaMM BHACJTiJOK HEPiBHOMIPHOIO BUIIA/JIIOBAaHH:A MEPTBOI Op-
raHiYHOI peYOBMHM Ta [il iHIIMX YMHHUKIB, IIepeBa>KHO HEPiBHOMipPHOCTI
nigromnenss repuropii HIIIT (puc. 2).

BcranosnieHo, o cepefjHi 3HaYeHHA BETETAaTMBHUX iHEKCIB YCiX [ins-
HOK, I1[0 PO3I/IAMAIOTHCS, JOCUTD O/IM3bKi, ajle XapaKTepU3yIThCs CYyTTEBUMMU
MIOKa3HMKaMM acMMeTpii Ta ekcuecy. Lle MOACHIOETbCA CYKYIIHUM BIUIMBOM
Jacy BUITAIOBAHHA Ta JIii moropHux ¢pakropis — BiTpy, omazis. Ha ocHoBi Me-
TOZy TOJIOBHMX KOMIIOHEHT BMABJICHO, IO B3Aa€EMO3B 30K BapiabenbHOCTI
3Ha4YeHb BETeTAaliHNX iH/IEKCiB, €KOJIOTIYHIX YMOB Ta YaCy BUIIA/IIOBAHHA Ha
IIOYaTOK BETeTALIIHOTO IepiOfly BU3HAYAETHCA [BOMA IOJIOBHUMM KOMIIO-
HEeHTaMJ1, AKi TosACHIOTH 88,7 % 3aranpHOI Bapianii gaunx (puc. 3, a). Ilepma
rojI0BHa KOMITIOHEeHTa MOsACHIOE 50,8 % Ta € iIHTerpabHOIO OL[IHKOIO B3a€MOJi1
3Hauenb iHmekciB NDVI, GCI ta SLAVI. [Ipyra komnoHeHTa, chopMoBaHa
ingexcamu 3BonoxxenHss NDMI ta MSI, nosicuioe 37,9 % 3araipHoi Bapiabernb-
HOCTI TaHUX.

MopenoBaHHA BIUIMBY CYKYIIHOCTi HipOreHHOTO ()aKTOpy Ta €KOJIOTid-
HIX YMOB Ha [JMHAMiKy 3Ha4€Hb BereTalliIHIX iHIeKCiB IPOBOANIOCH 3 BUKO-
pucranHAM Metony MonTe-Kapro. fAkicTb Busiinenna rpyn cranosuna 43,2 %,
110 CBiYNTD IIPO HEUITKY PiSHUIIO MK HMMM 32 IIOKAa3HUKAMU BeTeTaljilfHIX
inpexciB (zuB. puc. 3, a).

Ha ocHoBi ananisy nogi6uocti (ANOSIM) BCTaHOBJIEHO, 110 I JOCTifL-
HUX IAHOK 3HaYeHHA R pgopiBHIOBano 0,4 (p = le-04). Lle Takox CBiguuThH
PO Te, 1110 BIUINB IIiporeHHOro ¢pakTopa cpopMyBaB Ha HUX pi3Hi yMOBH, 3 fIe-
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Puc. 2. 3mina 3Hagenp ANBR 3ame)xHO Bifj 4acy BUIIATIOBaHHS TPABOCTOIO IIABHEBUX
exocucreM Hmxknpbopguicrposcbkoro HIIII Ha moyaTok BereranitHoro nepiogy

AKVM NIePeKPUTTAM, i HifTBepKYe pe3ynbTaTu MeTony MonTe-Kapio (puc. 4,
a).

MiXrpynoBuii aHai3 OKpeMuX JiIAHOK Ha II0YAaTOK BETeTallilfHOro IIe-
piofy BuABMB, IO 3a CTyNeHeM IORIOHOCTI AiIAHKM MOXXHa 00’€gHATH B
fekinbka rpym (Tabm. 1).

I[Tepury, Hait6inbpm ORiIOHY rpymy GOPMYIOTH Ai/IAHKY, IJO BUTOPAIN B
nmoToMy Ta 6epesHi (uB. puc. 3, a). [Ipyra rpyna cTBopeHa JiITHKaMu, KOTpi
BUIATIOBaINCI B 6epesHi — KBIiTHI Ta TI0TOMY — KBITHI. TpeT,q, HalIMeHIII
nopi6ua rpymna copMoBaHa ImapaMy 3 KOHTpOJIeM, HaltbOipIa pisHNIIs HasB-
Ha B KOHTpPO/i — KBiTHI (Tabs. 1).

[ToxasaHo, 0 Ha IIOYATOK BETeTALIIHOTO Iepiofy pi3Hi CTPOKM 3MMO-
BO-BECHSHOTO BUITATIOBAHHS, 33 JAHUMI BereTallilfHuX iHAeKciB, GopMy0Th
BiJHOCHO iHJMBifya/IbHi €KOJIOTi4YHI YMOBY JI/I1 PO3BUTKY I/IABHEBOI POC/IMH-
HoCTi. OflHaK BUABJIEHA Pi3HULA € HEYITKOIO, IIJ0 MOYKe IIOSICHIOBATUCA CYKYTI-
HJM BIUIMBOM: 9aCOM Ii[JTOIUVIEHHA TEPUTOPIL, IPUPOSHNMY YMOBAMMU Ta CTY-
II€eHEM BUIIA/IIOBAHHA POCIMHHOCTI.

[TpoTArom BeCHAHOTO Mepiofly BifMi4aeThCA 3HAYHA Bapiallid IOKa3HMKIB
BeTeTaIliHNX iH/[eKCiB, 0OYyMOB/ICHNX Pi3HUM CTYIIeHeM Ii/ITOIUIEHHS Ta Ya-
COM BUTIJIIOBAaHHA. [XHill B3a€MO3B’I30K BU3HAYAETHCA IBOMA TOTOBHUMMI
KOMIIOHEHTaMI, SIKi MOsICHIOITD 93,5 % 3aranbHOI Bapialii jJaHux (qus. puc. 3,
6). [lep1ira ror0BHa KOMITOHEHTa MOSICHIOE 61,0 % Ta € iHTerpaIbHOIO OLIIHKOIO
B3aeMopii 3HaueHb iHfexciB SLAVI, GCI ta NDVI. [Ipyra komnoHeHTa, chop-
MoBaHa iHmexkcamu 3Bojo>keHHsS NDMI ta MSI, osacuioe 32,5 % s3arajabHOI
BapiabenbHOCT]I maHUX. SKiCTh BUJiIEHHA IPyN 3HIDKYBalach i CTaHOBWIIA
20,3 %. e cBimuuThb IPO Majly PisHULIO MIX Ii/IAHKAMM Ta 3SMEHIIIEHHA OII0Ce-
PEIKOBAHOTO BIUIMBY MipOTreHHOro ¢akTopa (fuB. puc. 3, 6).
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Puc. 3. MbxrpynoBuii aHaji3 3Ha4eHb BereTalliiiHIX iHIEKCIB Ta BHECOK KOXXHOTO (HaKTo-
pa B Iepuii Bl KOMIIOHEHTH) Ha II0YaTOK BEreTalilIHOro Iepiofly: @ — Ha IOYaTOK Bere-
TallilfHOTO Iepiofy; 6 — BeCHa; 6 — JIiTO; ¢ — OCiHb; 1 — MIOTUIL; 2 — Oepesenp; 3 —
KBiT€Hb; 4 — KOHTPOJIb

BusasneHo, 1o s foCcTigHUX AiNAHOK 3HaYeHHA R gopiBHIoBano 0,25 (p
= le-04). Lle Tako>X MiATBEPAXKYE, 110 BIUVINB IipOreHHOTO (akTopa chopmy-
BaB IOJiOHI, 3 eAKMM HEePeKPUTTSM, YMOBU Ui PO3BUTKY POCIMHHOCTI
IUIaBHEBMX eKocycTeM (puc. 4, 6). MiXKrpymoBuit aHasi3 OKpeMyX JUITHOK 3a
BEeCHSHWIT ITepiof BUSIBYB, 110 3a CTYIIEHEM ITOAIOHOCTI X MO>KHA 00’ €THATY B
fekinbka rpym (ta6s. 1). Ilepury, Hait6inbuI mogi6bHy rpymy GopMyIOTh IiAH-
K1, 1[0 BUTOPA/IN B MIOTOMY Ta 6epesHi (auB. puc. 4, 6). [Ipyra rpyma cTBopeHa
RTSTHKaMM, 1[0 BUIIQTIOBANINCS B Oepe3Hi — KBiTHI Ta moToMy — KBiTHi. T'pe-
TA TPYIA IpefcTaBAeHa KOHTPOIbHUMY AUIIHKaMU Ta TUMY, 11O BUIIATIOBA-
nuck y motomy. Haiimenin nogi6Ha rpyna cpopMoBaHa mapamu 3 KOHTPOJIEM,
MaKC/MaJIbHa Pi3HUIS HasiBHA B IIapyl KOHTPOJIb — JIIOTUI (AUB. TaOI. 1).

[TokasaHO, IO IPOTATOM BECHAHOTO IEPiofy Ha AIMIAHKAX 3 Pi3HUMMU
CTPOKaMM 3MIMOBO-BECHAHOIO BUIIA/IIOBAHHA, 32 JAHMMU BereTalilfHUX iH-
JleKCiB, 36epiraloTbCcs BITHOCHO iHAVBiAYyanbHI €KOJOTiYHI YMOBY PO3BUTKY
IIaBHEBO1 pocIMHHOCTI. OfHaK BUAB/IEHA Pi3HULA, IOPIBHAHO 3 IOYaTKOM
BETeTALliIHOTO Iepiofly, € HEYiTKOIO, IO IOSCHIOETbCA CYKYIIHVM BIUIMBOM
($hopMyBaHHS POCTMHHOCTI 3a/Ie)KHO BiJ] TOK/JIbHUX YMOB Ta TPUBAIICTIO Mif-
TOIJIEHHA TePUTOPII.

BcranoBiieHO, 110 IPOTATOM JIITHBOTO Iepiofly HasgBHE Malbke 2—3-pa3o-
Be 30i/IbIlIeHH CepefiHiX 3HaYeHb BeTeTallillHNX iHJeKCiB Ta CyTTEBE 3HIDKEH-
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Puc. 4. Tpadiku ananisy nogi6rocti (ANOSIM), o noxasye BifMiHHICTb MDK BiTAHKaMU
Ta BcepeanHi Hux: dis.rank — 3navenns paury Bigminuocri (dissimilarity rank value); bet-
Wween — paHr BifICTaHi MDX [JiIIHKaMy; @ — Ha [I09aTOK BEreTaliliHoOro nepioxy; 6 — Bec-
Ha; 8 — JIiITO; 2 — OCiHb

HA IXHBOI Bapiallil HOPiBHAHO 3 BECHAHMMM ITOKa3HUKAMI, 1[0 OOYMOBJICHO
BUPIBHIOBAHHAM €KOJIOTiYHMX YMOB iCHYBaHHsA IUIABHEBOI POCIMHHOCTI
HwxubogHicTpoBcbkoro HIIIT [8]. IxHiit B3aeM03B’A30K HaiibinbIn TOBHO
BJ3HAYAETbCA [JBOMA FOJIOBHUMY KOMIIOHEHTaM, AKi IIOSACHIOITDH 96,9 % 3a-
rajibHOI Bapiauii ganux (guB. puc. 3, 8). Ilepia roroBHa KOMIIOHEHTa IOsIC-
HIo€ 92,0 % Ta € iHTeTpa/JbHOIO OLIIHKOKI B3a€MOJIii 3HaY€HDb BeTeTalilHUX
inpexcis. [Ipyra koMoHeHTa, cpopMOBaHa HEOJHOPITHICTIO 3BOTIOXKEHHS Te-
puropii (NDMI Tta MSI), nosicuioe 4,9 % 3araipHOI Bapiabe/IbHOCT] HaHUX.
SIkicTp BMUAiNTEHHA TPyN NPOROBXYe 3HIDKYBAaTUCh (19,9 %) i obymoBieHa
HiBE/IIOBAHHAM IIPUPOJHNX YMOB Ha BCill JOCTIIHOI TEPUTOPII Ta HE3HAYHOIO
PISHMIIO MK JOCTIHUMH IiIAHKAMU 3a JAaHVMU BereTaliliHUX iHIeKCiB.
JIiTHIi TIepiofi XapaKTepU3YeTbCA JOCUTb HE3HAYHUMH BiIMiHHOCTAMMU
MK pinankamu. 3HaueHHA R ckmapano 0,13 (p = le-04), mo Bu3HadYae ix AK
CXOXi, 3 eAKVMMMU BiIMiHHOCTAMM. l]e TOACHIOETbCA OJANMBIINM PO3BUTKOM
IJIaBHEBOI POC/IMHHOCTI IPOTATOM JIiTHIX MiCALB, AKe HiBe/II0€ BIUIUB Iipo-
reHHoro Qakropy i popmye nmoxi6ui ymoBu mnA ii po3BuUTKy (puc. 4, 2). Mix-
TPYIOBUII aHa/Ii3 OKpeMUX JII/IAHOK 3a 1€l Iepiofi BUABUB, 1O 3a CTYIIEHEM
HOAiOHOCTI UIAHKM MO>KHa 00’efHaTy B Tpu rpymu (fuB. Tabmn. 1). [lepury
(cxoxi) rpymny GOpMYIOTh iISTHKY, IO BUTOPAJIN B TIOTOMY, Oepe3Hi Ta KBiTHI
(mroTnit — GepeseHb, MOTNIT — KBiT€Hb) Ta KBiT€Hb — KOHTPOJb (IMB. PUC. 4,
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2). Ipyra (mopi6Hi, 3 HesKMMM BiIMIHHOCTAMM) IPyIIa IpecTaBIeHa Iapamu
JIIOTUIT — KOHTPOJIb Ta Oepe3eHb — KBiTeHb. Tpers (pisHi, 3 MePeKPUTTSIM)
rpyma copMOBaHa JIMIIIe OfHI€I0 TApO0: KBiTeHb — KOHTPOJIb (AVB. TA0I. 1).

ITokasaHo, 1O BIVIMB Pi3HUX CTPOKIB BUIIATIOBAHHSA MaliKe ITOBHICTIO
HiBE/TIOETbCA MPOTATOM JIITHBOTO Tepiofly. BusABneHa pisHMIIA € HEYITKOIO i
MIOSICHIOETHCSA HEPIBHOMIPHICTIO PO3SBUTKY POC/IMHHOCTI IITTABHEBUX €KOCHU-
CTEM 3aJIEXKHO BiJj CTPOKY BUIIA/JIIOBAHHA, 1[0 BUPAXKAETHCA B 3HAYHIN PO3-
6DKHOCTI IIOKa3HMKIB acuMeTpii Ta eKcIjecy 3Ha4eHb BereTalliliHIX iH/|eKCiB.

IIpoTAromM OCiHHBOTO NEPiOAY BiAMI4A€THCA IOBI/IbHE 3MEHIIEHHA Ce-
PenHiX 3HaYeHb BereTalillHNX iHJeKCiB Ta 3011bLIeHH A IOKAa3HUKIB acMeTpil
Ta €KCLIeCy, 1110 0OYMOBJIEHO 3MiHOI0 PiBHA MiATOIUIEHHS IPOTATOM JIITHBO-
OCiHHBOTO Iepiofy IIaBHeBMX ekocucTeM HivkapopHicTpoBcbkoro HITIT [7].
[xHill B32a€MO3B’ 130K TaKOX BU3HAYAETHCA TBOMA TOIOBHUMU KOMIIOHEHTA-
MU, fKi IOACHIOITDH 96,0 % 3aranbHOI Bapianii fanux. Ilepia, ronoBHa, KOM-
IOHeHTa MosACHI0E 88,8 % Ta € IHTerpaZbHOI0 OL[IHKOIO B3a€MO/Jii 3Ha4eHb
inpgexciB SLAVI, GCI ta NDVI. JIpyra koMmnoHeHTa, cpopMoBaHa iHfeKcaMm
3ponokeHHs (NDMI ta MSI), nosicHioe 7,2 % 3aranbHOI BapiabebHOCTI f1a-
HUX. SIKiCTb BUJIIZIEHHA I'PYII € MiHiMa/IbHOIO (14,5 %), mo cBigunTH PO Maii-
Ke IIOBHE 3HMKHEHH: BifMiHHOCTeI Mi>K HMMU (IMB. puc. 3, 2).

Tabnuuys 1
PesynbTaTi NOpiBHAHHA JOCTIIHIX JiNAHOK IPOTATOM BereTalliliHOTO Nepiomy
merogom ANOSIM
Yac BuIIaII0OBaHHA GepeseHb KBIiT€Hb KOHTPOJIb
ITouaTOK BereTaniifHOro Mepioxy
JTIroTui 0,05 0,22 0,53
bepesenp 0,17 0,6
KsiTenn 0,72
BecHa
JIrotnii 0,05 0,13 0,42
bepesenb 0,18 0,52
Ksitenn 0,22
Jlito
JIrotnit 0,06 0,07 0,1
bepesenb 0,2 0,03
KsiTenn 0,33
Ocinb
JIroTnit 0,09 0,19 0,3
bepesenp 0,03 0,12
KsiTenn 0,09
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VYci gocnimHi JiAHKNY BU3HAYAIOThCS SIK CXOXKi, 3 IEAKMMM BiTMiHHOCTS -
v (R = 0,13, p = 1e-04). Ile 06ymMOB/IeHO NPOROBXKEHHAM (OPMyBaHHSA
HOAiOHNX YMOB PO3BUTKY ITABHEBOI POCIMHHOCTI, AIKe HiBe/II0€ BIUIMB IIipo-
reHHOTO (akTOpy (AUB. puc. 4, 2). MXKTpynoBuii aHaji3 OKpeMux JiIAHOK 3a
BeCHSIHMII IIepiofi BUSIBUB, 1110 3a CTyIIeHeM ITOiOHOCTI UITHKY MO>KHa 00’ €] -
Haty B Tpy rpymnu (Ta6. 2). Ilepury (cxoxi) rpymy GopMyroTh Ai/IAHKY, IO BU-
ropaay B JIIOTOMY, 6epe3Hi Ta KBiTHI (moTuit — 6epeseHsp, 6epe3eHb — KBi-
TEeHb), @ TAKOXK I1apa KBiTeHb — KOHTPO/b (AUB. puc. 4, 2). pyra (mopnioHi, 3
IlesIKVMY BiTMiHHOCTSIMU) TPYIIa IIpeCcTaBIeHa IIapaMy JIIOTUI — KBiTeHb Ta
OepeseHb — KOHTposnb. TpeTs (pisHi, 3 mepekpuUTTsM) rpymna chopmMoBaHa
NMIIIe OffHIEI0 TTaPOI0: IIOTUI — KOHTPO/b (AMB. Tabm. 1).

BusasneHo, 1m0 IPOTATOM OCIHHBOTO IIepiofly MaliKe IOBHICTIO 3HUKA€E
BIUIMB Pi3HMX CTPOKiB BUIIa/M0BaHHA. [lepeBa>kHO Iie OB’ 3aHO 31 3MeHIEH-
HAM piBHA 0OBOIHEHOCTI TepuTOopil Ta 3aKiHYEHHAM BeTeTalilfHOro nepioxy.

PesynbraTty aHanisy HofiOHOCTI BereTaniliHNX iH/IEKCIB JOCTIHUX Ii/s-
HOK IIPOTATOM BereTaliiffHOro Iepiofy JO3BOMMIN BCTAHOBUTH 3aKOHOMIp-
HOCTI IXHbOTO BifHOBNIEeHHH (TadI. 2).

Tabnuuys 2
Posmnopin 3a cTyneHeM MOgiOHOCTI AiIAHOK 3 Pi3SHMMM CTPOKaMM BUNTATIOBAaHHA Ta
KOHTpO/IeM IPOTATOM BererauiiiHoro nepiomy 2020 p.

IntepBanu | JIrootuit — | JIrlotuit — | bepesens | JIloTnit — B_CPKQSGH? KBitenp —
R OepeseHb | KBiTeHb | — KBiTeHb | KOHTPOJIb H KOHTPOTIb
ponb
<0,1 L IL 1T, IV III v v III v
0,1—0,25 LILIV L IL III III v II
0,25—0,5 II III
0,5—0,75 I L1I I

[ToxasaHo, 10 GiIAHKM, AKi BAIIQIIOBAINCh [0 IIOYATKY BETETALIIHOTO
nepiony (ymotuit Ta 6epeseHb), XapaKTePU3yBAINCS CXOXKUM PO3BUTKOM IIPO-
TATOM YCbOTO IIepiofly criocTepexkeHb (fuB. Tabs. 2). BcraHOB/IEHO, 1O CTy-
HiHb BiIMIHHOCTI MDX TOPIIMMM [Ji/ITHKaMI HeBeJINKa, 110 TI0B sI3aHO 3 JIOKa-
JIbHUMM YMOBaMM IiJTOIVIEHHA Ta iHTEHCUMBHICTIO BUIIA/IFOBAaHHA, a TaAKOX
KiJIbKICTIO CyXOi OpraHi4YHOI peYOBMHM Ha OKpeMUX Itomax. Busasneno, mo
JMIIe IpY 3MMOBOMY (IIOTHMII) BMIIQ/IIIOBaHHI CIIOCTEPIra€Tbcs MOCTYIIOBE,
BIIPOJOB)X BETETAIIIHOTO IIepiofly, 3MEHIIEHHA BifIMiHHOCTEN IOPiBHAHO 3
KOHTpoJieM (auB. Tab1. 2). Brinns BecHsiHOTO (6€pe3eHb, KBiTeHb) BULIATTIOBAH-
Hs Bifj3Ha4aeThCsl 3HAUHOIO Bapiabe/bHICTIO 3HAYEeHb CTYIIeHs MOAibHOCTI 3a
Ce30HaMM IIPOTATOM BereTalliiiHoro nepiony (aus. Tab. 2).

BucnoBxu

JocmipKeHHA NaHMX AMCTAHLIHOTO 30HJYBaHHA 3eMJIi IMOKasalu, Lo
IIPOTATOM 3MMOBO-BeCHAHOro nepiopy 2020 p. moxexi Ha tepuropii Hiyok-
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HpopHicTpoBcbkoro HIIIT oxommoBany marbke 4453 ra (33,1 % mormi mias-
HeBUX cucreM). Ha moyaTok BereTaniifHOro mepiofy pisHi cTpokyu 3uMOBO—
BECHAHOIO BMIIA/JIIOBaHHA, 3a JAHUMU CIEKTPA/IbHUX iHJEKCIB IOKa3HUKIB
crany pocimaHOcTi (NDVI, GCI, SLAVI, NDMI, MSI), popMyOTb BifHOCHO
iHIMBiTyanbHi €KOIOTiYHI YMOBH JI1 PO3BUTKY IJIaBHEBOI pocmHHOCTi. Of1-
HaK BUSIBJIEHA Pi3HUIIA € HEYiTKOIO (AKicTb BUiIeHHs rpyn — 43,2 %), 1o 110o-
ACHIOETbCA CYKYIIHVM BIUIMBOM II[TOIUVIEHHA TE€PUTOPII, IPUPOJHNMY YMO-
BaMMU Ta CTyII€HEM BUIIATIOBAHH:A POCIMHHOIO NOKpUBY. [IpoTArom BecHAHO-
ro 1epiofy 30epiraloTbcs BiTHOCHO iHMBiAyaTbHi €KOIOTiYHI yMOBY PO3BUT-
Ky IJIaBHEBOI pOCTMHHOCTI. OIHAaK BUAB/IEHA Pi3HUIIA CTa€ MEHII HEYiTKOIO
(20,3 %), mo 06YMOBIEHO MAacOBUM PO3BUTKOM enMdikaTopa pOCIMHHMX
KOMIIIEKCiB BOJHO-00/TOTHUX ekocucteM — Phragmites australis, cre6ma sixo-
ro BUVLUIN 3i CTafil MiKy/liB i pO3BMHY/INM IMCTKOBY IJIACTUHKY. IIpoTrarom
TITHBOTO IIEepiofly PiSHMUIIA y PO3BUTKY POCIMHHOCTI IIPOJOBXKYE 3HIDKYBa-
THCh (19,9 %) i MOACHIOETBCA MPOCTOPOBOIO HEPIBHOMIPHICTIO €KOMTOTiYHIX
YMOB PO3BUTKY POCIMHHOCTI. POpMyBaHHA IMOCYIIIMBUX YMOB IIPOTATOM
OCIHHBOT'O CE€30HY Ta 3aKiHYeHH:A BeTeTaljiiflHOTO IEPioAy CIpusAe MaiKe I10-
BHOMY 3HMKHEHHIO pi3HMIi MiX finankamu (14,5 %), 1110 ITOB’A3aHO 3 JIOKA/Ib-
HMMY YMOBAaMM Ta iHTEHCUBHICTIO BUIIATIOBAaHHA, a TAKOX i3 3a/IMIIKaMI Cy-
X0l OpTraHiYHOI peYyOBMHY Ha OKpEeMMX IUIolax. BussieHo, 110 n1uiie Ipy 31-
MOBOMY (JTIOTVII) BUIIA/IIOBAHHI CIIOCTEPiraeThcs MOCTYNIOBE (BIIPOIOBX Bere-
TalliffHOTO IIepiofly) 3MeHIIeHHS BiIMiHHOCTEJ NMOPiBHAHO 3 KOHTPOJIEM.
BriuB BecHsiHOTO (6epe3eHb, KBiT€Hb) BUIIAIIOBAHHS Bifj3HAYA€TbCSA 3HAU-
HOIO BapiaOe/IbHICTIO 3HaYeHb CTYIIEHs IIO/i0HOCTI 3a ce30HAMM IPOTATOM Be-
reTalilfHOTO Iepiony.

Po3po6ennit anroput™ Mosxe OyTH ajaliTOBaHNIL /I piSHMUX TUIIB €KO-
CHCTEM Ta BUKOPUCTAHMUI JIs OTpUMaHHs Oibin moBHMX maHux. Kpae po-
3yMiHHA MacIITa0iB IOXKeX Ta JVHAMIKM BiJJHOBIEHHS POCTMHHOCTI Ma€ BU-
pilrasbHe 3HaYeHHS /11 e(PeKTUBHOTO YIPAB/IiHHA IIVIMU Ta iHIIVMMM IIaBHe-
BJYIMU €KOCUCTEMaMI.
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USE OF REMOTE EARTH SENSING DATA FOR ASSESSMENT OF THE
CONSEQUENCES OF BURNING VEGETATION OF FLOODIAN ECOSYSTEMS OF
THE LOWER DNIESTER NATIONAL NATURE PARK

The aim of our study was to determine the areas of fires, the response of floodplain
ecosystems to burning, and to identify the difference between them and the control using
remote sensing data. The impact of burning was assessed using spectral indices that reflect
certain indicators of ecosystem condition: Normalized Difference Vegetation Index
(NDVI), Green Chlorophyll Index (GCI), Specific Leaf Area Vegetation Index (SLAVI),
Normalized Difference Moisture Index (NDMI) and Moisture stress index (MSI). It was
established that during the winter-spring period of 2020, fires in the territory of the Lower
Dniester NNP covered almost 4453 hectares (33.1 % of the area of floodplain ecosystems).
Based on the method of simulation modeling, it was found that the difference between the
burned areas and the control is gradually decreasing over the course of the vegetation peri-
od. The maximum difference was observed at the beginning of the growing season (the qu-
ality of group selection is 43.2 %), which indicates the creation of relatively individual envi-
ronmental conditions for the development of floodplain vegetation. In the spring, the dif-
ference is 20.3 %, which is due to the development of Phragmites australis, a unifier of plant
complexes of wetland ecosystems, whose stems have developed a leaf blade. The summer
period is characterized by a further decrease in the quality of group selection (19.9 %),
which can be explained by the equalization of ecological conditions for vegetation develop-
ment. The autumn period is characterized by dry conditions and the end of the growing se-
ason, which also contributes to the almost complete disappearance of differences between
the plots (14.5 %). Based on the analysis of similarity (ANOSIM), it was found that the de-
gree of difference between the burned plots is small, which is related to local conditions and
intensity of burning, as well as the amount of dry organic matter in certain areas. It was fo-
und that only during winter (February) burning there is a gradual decrease in differences
during the vegetation season compared to the control. The influence of spring (March, Ap-
ril) burning is marked by significant variability of the degree of similarity by season during
the vegetation period.

Keywords: Dniester, floodplain ecosystems, fires, vegetation indices, seasonal dynamics,
remote sensing.
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ITOPIBHAHHA XIMIYHOTO CKIIALY TA
BIOJIOTTYHOI AKTUMBHOCTI IIOJIICAXAPU/IIB
BYPUX BOTOPOCTEN, YEPBOHE MOPE,
E€TUIIET, XYPTAIA'

Iokasamo, wo cynvgamosani nonicaxapuou 3 6000pocmeti MOKYMb MAMU UIUPOKe
3acmocys8ants y meoudHux yinsax. Ximiunuil cknad ma 6ionoziuni ynxuyii pisnux nonicaxa-
pudie 6ynu eusHauewni 0ns mpvox eudie Oypux odopocmeii 3 ezunemcvkozo YepsoHozo
mops: Dictyopteris polypodioides, Polycladia myrica ma Turbinaria decurrens. Buséneno,
U0 8UXI0 HeOUUUEeHUX NOICAXapudie 6y8 sULUM, Hid 8UXi0 anveinamy ma @ykoioamy 6
dianasoi 8i0 43,64 00 61,90 %. Y D. polypodioides susienero ¢yxoioan, skuii mae maxcuma-
JoHull emicm 8yene600ie — 56, 89 %. Hatieuwuii 6micm cynogpamy (22,44 %) 3apeecmposa-
HO y cupux (HeouuweHux) nonicaxapudax, excmpazosanux 3 P. myrica. Yci pynkyionanvni
epynu 00cnioKnysanux 3paskie Oynu niomeepoxeni iHgpauepsoHum cnexmpom DPyp’e
(FTIR). [Ins xinvkKicHo2o 6U3HAUEHHA AHMUOKCUOAHMHOT aKMUBHOCMI eKCMpPazo8aHux
nonicaxapudie 3anexiHo 8i0 3acMoco8aH020 Mermody, muny noxicaxapudis i 610y 6000poc-
meti excnepumenmanvHo 6yn0 nposedeHo mpu muna avanisie. Ipomudiabemuuna ax-
musnicmo T. decurrens-neouuuierozo nonicaxapudy 6yna eucoxoto i crnanosuna 85,85 % 6
awnanisi i3 3acmocysannam o-enwxosudasu. Kpim moeo T. decurrens-neouuuenuii nonica-
xapuo mas Hatisuuyy npomu-apmpumuy akmuenicmo (89,89 %). Hatisuuium sHaueHHsIM
akmueHocmi npomu 3atieoi eaeu (9525 %) xapakmepusysascs T. decurrens-gyxoioan.
Budineni excmpaxmu nonicaxapudie nposenanu i npomubaxmepianvHy akmuseHicmo.
Haii6invw akmuenuii excmpaxm T. decurrens-neouuwsenuti nonicaxapuo 6ys nepesipenuti

' The authors would like to thank the National Institute of Oceanography and Fisheries
for providing the capabilities and facilities available for a research plan entitled «Some eco-
nomical applications of crude extracted products from marine biota, during 2020—2021»,
from which this work was produced.

IIurtysanH 1 Iemain MM, I6pariv X.A.X., Enp 3oxm I"M. ITopiBHAHHA XiMidyHOTO
CKIafy Ta 6io/morivHOI aKTMBHOCTI IOJicaxapupis 6ypux Bomopocreii, YepBoHe Mope,
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IopisHanus ximiunoeo cknady ma 6ionoziuHoi akmueHocmi nonicaxapudie

HA YUMOMOKCUMHICb W00 KIIMUH nevinku 100Uy ma éusHanuil besneunum. Bema-
HOB7IEHA 3A7IEHCHICMb MINC AKMUBHICIO eKCMPazo8anux noicaxapudie ma ixwim ximiu-
HUM cknadom. Biono2iuHo akmusHi npomecrmosani nomicaxapuou Moxymo Oymu ukopu-
CMaHi 6 MeOUHHUX UINIAX 075 PO3POOKU HOB020 MePaNnesmutHoz0 MpPyHaHHsI.

Kntouosi cnosa: anvzinam, gyxoioan, npomubaxmepianvruii, npomu-oiabemuu-
Hutl, npomu 3aiieoi azu, Phaeophyceae.

Macroalgae are among the main producers of biomass in marine ecosys-
tems, which also have a variety of bioactive metabolites with useful applications
in the food and pharmaceutical industries [30, 61]. Additionally, they are rege-
nerative, simple to cultivate, non-toxic, and have no negative side effects [33].
Especially, brown algae are widely distributed throughout the tropics, subtro-
pics, and occasionally in temperate marine ecosystems [25].

On focus, sulfated polysaccharides (SPs) are the primary biochemical
structure among the several bioactive chemicals that are pertinent to the algal
taxonomic position. High levels of polysaccharides, which are absent in terrest-
rial plants, are mostly replaced by sulfate in the macroalgal cell wall, which is
what gives it its distinctive appearance. According to phylum, species, various
locations, and harvest time, the chemical composition and diversity of the algal
polysaccharides vary [34, 36].

SPs are complex and diverse anionic macromolecules that can make ap-
proximately 4 to 76 % of the dry weight of macroalgae. In particular, alginate,
laminarin, and fucoidan are only a few examples of the polysaccharides from
brown algae that account for more than 50 % of the total dry weight of the algae
and may even reach 70 % in some species [42].

While alginate is among the most widely used brown seaweed polysaccha-
rides by a variety of industries, it is crucial to identify and study new sources for
obtaining alginate to meet the rising demand for alginate, particularly sodium
alginate, around the world [18]. The extraction process of alginate is based on
the transformation of an insoluble combination of salts of alginic acid into a so-
luble salt (alginate), which is suitable for water extraction. On the other side, fu-
coidans are SPs found in the cell walls of brown seaweed species composed of
fucose as the main monosaccharide, but accompanied by very variable amo-
unts of other monosaccharides like galactose, xylose, mannose, rhamnose,
and/or glucuronic acid [34].

There is a wealth of information available about the bioactivity of fucoi-
dans, including their antiviral, anticoagulant, anticancer, antioxidant, anti-inf-
lammatory, and anti-coagulant properties [34, 64]. Numerous investigations
have sought to explore the structural details of fucoidans, but it has been very
difficult to identify a common characteristic shared by all of the fucoidans that
have been studied to date [57, 64]. Typically, fucoidans are extracted from
brown algae in a multi-step, hot acid process. However, the extraction parame-
ters have a substantial impact on the structural and compositional characteris-
tics of the fucoidan polysaccharides, as well as on their bioactivity [64]. Furt-
hermore, alginate and fucoidan also have beneficial qualities such as biocom-
patibility, non-toxicity, biodegradability, and functional adaptability with dif-
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ferent matrices and substrates [18]. The alginate and fucoidan extracted from
Turbinaria species may be valuable in medical uses due to their antioxidant
and anticancer properties [69].

Generally, a challenge for the use of macroalgae in food and medicine is
that seaweed harvesting is often seasonal so it should be kept and maintained to
provide year-round industrial processes. Information on post-harvest storage
techniques and conditions for algal raw materials, as well as their impact on the
stability and concentration of biologically active chemicals, are crucial step.
According to [50], there are very few studies on the impact of freezing and
long-term storage at low temperatures on the amount of bioactive substances
in algae. However, the effects of cryopreservation allow one to rely on a high
quality and level of these substances while maintaining the original properties
of the material. Regarding the amounts of polysaccharides, amino acids, and
total phenols, air drying and freezing are viable processes that allow for a shelf
life of at least 365 days [48].

Therefore, the aim of the present study was to extract and characterize cru-
de sulfated polysaccharides, crude alginate and fucoidan from three brown sea-
weed species collected from the Egyptian Red Sea, Hurghada and to evaluate
their antioxidant, anti-diabetic, anti-obesity, anti-arthritic, and antimicrobial
activities, and also to determine the cytotoxicity effect of the most active samp-
le.

Material and Methods

Chemicals. All chemicals were purchased from the Sigma-Aldrich Co
(Darmstadt, Germany).

Reference bacterial strains. The bacterial indicator strains (Bacillus subtilis
ATCC 6051, Aeromonas hydrophila ATCC 13037, Pseudomonas aeruginosa
ATCC9027, P. fluorescens ATCC 13525, Staphylococcus aureus ATCC 25923,
Streptococcus agalactiae ATCC 13813, Vibrio damsela ATCC 33539, V. fluvia-
lis ATCC 33812, Escherichia coli ATCC 8739, and Klebsiella pneumoniae
ATCC 13883) were kindly provided by the Marine Microbiology Department,
the NIOF, Alexandria, Egypt.

Seaweed collection and identification. In front of the National Institute of
Oceanography and Fisheries (NIOF) in the city of Hurghada, the Red Sea,
Egypt, between latitudes 27°17'13"N and longitudes 33°46'21"E, three brown
seaweeds (Dictyopteris polypodioides (De Candolle) J.V. Lamouroux, Polycla-
dia myrica (S.G. Gmelin) Draisma, Ballesteros, F. Roussean & T. Thibaut, and
Turbinaria decurrens Bory) were collected. The collected species were cleaned
with seawater before being transported in an ice tank to the Taxonomy and Bi-
odiversity of Aquatic Biota Laboratory at the NIOF in Alexandria, Egypt for
morphological description and identification in accordance with [3, 51] and
confirmed using the Algae Base website [25]. They were washed with tap and
distilled water, dried in the shade, ground into a powder, and stored at 4°C for
additional analyses.

Seaweed polysaccharides extraction and yield. According to [17], water-so-
luble polysaccharides were isolated. For the extraction of crude alginate, the

62 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2024. 60(1)



IopisHanus ximiunoeo cknady ma 6ionoziuHoi akmueHocmi nonicaxapudie

procedure described in [10] was used. Crude fucoidan was extracted by the
method [60], with a few adjustments. The extraction process was carried out
for 12 h at 25°C. The yields of the extracted samples were reported as a percen-
tage of the alga’s initial dry weight (% DW).

Polysaccharides characterization. The total content of carbohydrate, prote-
in, sulfate, and total organic carbon content were determined in all extracted po-
lysaccharide samples. According to [16], the total carbohydrates were calcula-
ted using d-glucose as the reference. The total proteins were identified using
bovine serum albumin (BSA) as the reference protein [43]. As well, barium
chloride-gelatin was used to estimate the sulfate content [40]. The amount of
total organic carbon was measured using the acid/dichromate titration assay
[23]. All the estimated chemical parameters were expressed as a percentage of
the extracted polysaccharides (%). The Fourier Transform Infrared (FTIR)
spectroscopy was carried out using a Perkin Elmer spectrophotometer.

Biological activities of the extracted polysaccharides in vitro. Antioxidant
activities. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity.
The DPPH radical scavenging activity of the SPs methanol extract (100 ug/ml)
was assessed using the technique [67]. The radical scavenging efficiency was
determined using the following formula and measured at 550 nm:

Asample - Ablank

control

Antioxidant activity =

where, Asmple is the absorbance of the tested solutions, while Acontrol is the absor-
bance of the control sample, and Apunk is the absorbance of the blank solutions.
The ascorbic acid standard was used to calculate the results and the GraphPad
Prism software was used to determine the LCso (ug/ml) values, or the concent-
ration of SPs extracts that could scavenge 50 % of DPPH free radical.

Hydrogen peroxide radical scavenging activity. The hydrogen peroxide ra-
dical scavenging test was carried out at 230 nm. Standardization was done
using ascorbic acid [26]. The fraction of SPs that can scavenge free radicals was
determined using the following equation:

(Ac—As)

Free radical scavenging (Hydrogen peroxide)% = [ 1
c

jlxlOO

where, Ac is the absorbance of control and As — the absorbance of sample.

Total antioxidant activity. Using the method described in [58], the total
antioxidant capacity (TAC) of various extracted SPs (100 pg/ml methanol) was
calculated. The obtained results are expressed in equivalent mg of extract we-
ight (mg AsAE per g SPs) and were calculated using an ascorbic acid standard
curve.

Antidiabetic activity. Inhibition of o.-amylase activity. Following a proce-
dure outlined in [27], the inhibition of a-amylase of several SPs extracts was
determined. The non-linear regression curve was used to get the LCso value
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(ug/ml), or the concentration of extracts or standards that inhibit 50 % of the
enzyme activity. In this case, acarbose was used as standard.

Inhibition of o.-glucosidase activity. The method [15] was used to assess the
o-glucosidase inhibition using acarbose as a standard to detect the absorbance
at 540 nm. Additionally, the non-linear regression curve was used to calculate
the LCso value (ug/ml).

Anti-obesity pancreatic lipase inhibitory assay. According to the approach
[39], the lipase inhibitory activity of various SPs and Orlistat (a reference drug)
extract was assessed using a Multiplate Reader at 750 nm. The following equati-
on was used to estimate the results:

As

Inhibitory activity = [l— :|><100

Ac

where As is the absorbance in the presence of SPs substance and Ac s the absor-
bance of control.

Anti-arthritic activity. The anti-arthritic activity was assessed using the al-
bumin denaturation test and a microplate reader set at 660 nm. As a reference
drug, diclofenac sodium was used to calculate the percentage of protein dena-
turation inhibition:

% Inhibition of protein denaturation = [l—f:l %100
2

where Al is the absorbance of control, A2 — the absorbance of test/standard
sample with albumin solution, and the LCs value was established as the con-
centration to inhibit 50 % of protein denaturation under the assay conditions.

Antibacterial activity. Using the well diffusion method, the antibacterial
efficacy of all examined SPs dissolved in sterile distilled water was evaluated
against ten bacterial pathogens [4]. The diameter of the inhibitory zone around
each well measured in millimeters was used to represent positive results [28].

Cytotoxic evaluation of T. decurrens crude SPs. Preliminarily, the crude SPs
from T. decurrens was initially chosen because it had the highest bioactivity in
the majority of experiments and was tested as a cytotoxic agent. The WISH cells
(Human amnion; normal liver cells) were obtained from the American Type
Culture Collection (ATCC, Rockville, MD). Additionally, the Sigma (St. Louis,
Missouri, USA) supplied the trypan blue dye, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), and dimethyl sulfoxide
(DMSO). Moreover, fetal bovine serum, DMEM, 4-(2-hydroxyethyl)-1-pipe-
razineethanesulfonic acid (HEPES) buffer solution, l-glutamine, gentamicin,
and 0.25 % trypsin-EDTA were purchased from the Lonza.

Cell line propagation. The Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % heat-inactivated fetal bovine serum, 1 % l-glutamine,
HEPES buffer, and 50 pg/ml gentamicin was used to propagate the cells. All
cells were sub-cultured twice a week and kept at 37°C in a humidified atmo-
sphere with 5 % CO..
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Cytotoxicity evaluation using viability assay. For the cytotoxicity experi-
ment, the WISH cells were seeded in 96-well plates at a density of 1x10* cells per
well in 100 pL of cultural media. After 24 h of seeding, fresh medium with va-
rious concentrations of the test sample was introduced. Serial two-fold diluti-
ons of the investigated chemical component were added to confluent cell mo-
nolayers dispensed into 96-well, flat-bottomed microtiter plates (Falcon, NJ,
USA) using a multichannel pipette. The microtiter plates were incubated at
37°C for 24 h in a humidified incubator with 5 % CO.. For each concentration
of the test material, three wells were used. Control cells were cultured with or
without DMSO and without the test sample. The experiment was shown to be
unaffected by the minimal amount of DMSO (a maximum of 0.1 %) contained
in the wells. A colorimetric approach was used to calculate the viable cell yield
after incubation.

Briefly, the Roswell Park Memorial Institute (RPMI) 1640 medium witho-
ut phenol red was added to the 96-well plates in 100 L increments, and 10 L of
the 12 mM MTT stock solution (5 mg of MTT in 1 ml of phosphate-buffered
saline (PBS)) was added to each well, including the untreated controls. After-
wards, the 96-well plates were incubated for 4 h at 37°C with 5 % COs.. After re-
moving an 85 pL aliquot of the media from each well, 50 uL of DMSO was ad-
ded, mixed well with the pipette, and incubated at 37°C for 10 min. The num-
ber of viable cells was then determined by measuring the optical density at 590
nm using a microplate reader (SunRise, TECAN, Inc., USA) according to [24],
and the percentage of viability was calculated as follows:

ODt
ODc

Viability = [ ]XIOO

where ODt is the mean optical density of wells treated with the SPs samples and
ODc is the mean optical density of untreated cells.

To determine the relation between sample concentrations and surviving
cells is plotted to get the survival curve of the cell line after treatment with T. de-
currens crude SPs. The 50 % inhibitory concentration (LCso), or the dosage nee-
ded to cause toxic effects in 50 % of intact cells, was detected by using Graph-
Pad Prism software (San Diego, CA, USA) [46].

Statistical analysis. Data were reported as the mean and standard deviation
(SD) for all experimental works that were carried out in triplicate (n = 3). To as-
certain their relationship, the Pearson correlation was performed between the
chemical composition of the separated polysaccharides and the bioactivities.

Results and Discussion

Identification of the collected seaweeds. Initially, seaweeds richen with algi-
nate and fucoidan were selected from the Egyptian part of the Red Sea. They
were identified as D. polypodioides, P. myrica and T. decurrens (Figure 1).
Many other researches monitored them in their studies. Several biological acti-
vities were detected in the same species previously [35]. Fucoidan was isolated
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Dictyopteris polypodioides Polycladia myrica Turbinaria decurrens

Fig. 1. General features of the collected algal species

from both Cystoseira barbata and Fucus virsoides [14]. Further, the bioactivity
of alginate from Dictyopteris polypodioides was reported [1].

Yield of extracted algal SPs. The data presented in Table 1 reveal various ra-
tios of different SPs yields from three algal species under investigation in com-
parison to their crudes. The performed investigations showed that the yield of
crude SPs recorded the highest values of all. Its values ranged from 61.90 % to
43.64 % for T. decurrens and P. myrica dry weight, respectively. In this case,
D. polypodioides had 46.97 % as a yield of its dry weight. Additionally, the hig-
hest alginate yield was recorded in T. decurrens (41.90 % DW) followed by
D. polypodioides (36.97 % DW), whereas the lowest percentage was in P. myrica
(33.64 % DW). Moreover, D. polypodioides showed the highest fucoidan value
(22.51 % DW) followed by P. myrica (22.12 %), whereas the lowest value was
observed in T. decurrens (15.37 % DW). This finding confirms that T. decur-
rens was a good source for alginate and D. polypodioides was a good source for
fucoidan. The variation in the yield of algal SPs may be related to the algal spe-
cies and their morphological form [18]. The estimated yield of crude SPs was
higher than that obtained from Sargassum euryphyllum (39.49 %) and S. aqui-
folium (23.13 %), both collected from the same area [29].

Basically, alginate makes up to 40 % of brown algal dry weight and is the
major polysaccharide in the cell wall with species-specific composition [41].

Table 1
Yield of the extracted crude SPs (%) from different algal species
Yield of the different extracted SPs (% DW)
Species
Crude SPs Alginate Fucoidan

D. polypodioides 46.97+2.8 36.97+2.12 22.51+1.24
P. myrica 43.64%+9.4 33.64+1.45 22.12+2.23
T. decurrens 61.90+4.10 41.90%1.10 15.37+1.33
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The obtained results are less or more similar to [37], which suggests that the al-
ginate yield ranged from 20.19 % to 49.8 % dry weight for Laminaria ochroleu-
ca and Saccorhiza polyschides, respectively. On the other hand, it has been
shown [52] that the total yield of fucoidan isolated from S. polycystumis 4.51 %.
In the Egyptian part of the Red Sea, fucoidan production varied from 9.085 %
in Sargassum linifolium to 13.04 % in Stypopodium schimperi [18].

Characterization of the extracted algal SPs

Chemical composition. The chemical composition of the extracted SPs is
given in Table 2. In some details, the highest total organic carbon (TOC) value
was registered in fucoidan of P. myrica (28.33 %), followed by D. polypodioi-
des-fucoidan (27.64 %), and T. decurrens-alginate (25.01 %). In addition, car-
bohydrate content in all tested SPs ranged from 37.27 % (D. polypodioides-cru-
de SPs) to 56.89 % (D. polypodioides-fucoidan). Generally its values were hig-
her in the case of fucoidan compared to others. Sulfate content showed mode-
rate values with obvious fluctuations. The lowest one was 13.71 %, which was
detected in D. polypodioides-alginate and the highest value — 22.44 % in P. my-
rica-crude SPs. Protein content was characterized by very low values, which
ranged between 0.0001 % (T. decurrens-alginate) and 0.009 % (D. polypodioi-
des-crude SPs).

According to findings from the literature, crude polysaccharides from Sar-
gassum spp. have a comparable ratio of the total carbohydrate content (44.09—

Table 2
Chemical composition of the extracted SPs from different algal species under
investigation in comparison to their crudes

Parameter, %
species Total organic Carbohydrate Sulfate Protein
carbon
Crude SPs
T. decurrens 17.15° 43.64° 21.63° 0.003*
P. myrica 21.28* 46.90° 22.44° 0.008°
D. polypodioides 17.29b 37.27° 19.89° 0.009*
Alginate
T. decurrens 25.01° 41.89° 18.97° 0.0001°
P. myrica 23.91° 46.96* 15.98° 0.001°
D. polypodioides 19.32} 43.64* 13.71° 0.003*
Fucoidan
T. decurrens 14.20° 53.69° 20.03* 0.001°
P. myrica 28.33° 55.07° 17.32° 0.001°
D. polypodioides 27.64 56.89* 15.03° 0.004*

Note. Different letters at the same row mean significant difference at P<0.05.
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57.43 %) and sulfate content (13.58—18.26 %), but no protein was found [29].
Later, it has been found [38] that the polysaccharides extracted from different
brown algal species significantly differed in the total content of carbohydrates
(from 32.15 % in Turbinaria conoides to 59.95 % in Padina minor). The content
of sulfate varied from 9.74 % to 14.22 % depending on algal species. The fucoi-
dan isolated from T. decurrens included 54.86 % of the total sugar, 23.51 % of
sulfate, and 3.4 % of protein [45].

FTIR profile of SPs. For all illustrated FTIR spectra, shown in Figure 2, a
wide peak in the range 3395 to 3470 cm™' is due to the stretching vibrations of
O-H and a small peak at 2925—2946 cm™' for the extracted crude SPs and algi-
nates represents the stretching of C-H [17]. For the extracted fucoidan from D.
polypodioides, and T. decurrens this peak does not appear. Sharp peaks were
observed in the range from 1618—1640 cm™, which were attributed to carbo-
xylate O-C-O asymmetric stretching or can be assigned to the amide groups of
protein or to the carbonyl stretching groups. In general, the FTIR spectrum
shows an intense band at 1594.70 cm™ reflecting the asymmetrical stretching of
carboxylate (COO-) confirming the high content of uronic acid in the extract
[9]. The peaks appear at 1413—1466 cm™' for the crude of both P. myrica (SPs
and alginates) and D. polypodioides (SPs, alginate and fucoidan) and indicate
C-H bending vibration of polysaccharide. These bands appeared as broad
bands at 1408—1409 cm™ for crude SPs and alginate from T. decurrens may be
assigned to C-OH deformation vibration with the contribution of O-C-O sym-
metric stretching vibration of the carboxylate group. Weak and short bands at
1249 cm™ in crude SPs of P. myrica and D. polypodioides are due to the presen-
ce of sulfated ester groups (S = O). Weak and broad bands at 1070—1090 cm™
in all samples except T. decurrens-SPs represented the S = O stretch of the sulfa-
ted polysaccharides or the C-N stretching of aromatic amine group. The bands
at 1120—1124 cm™ of T. decurrens crude SPs and P. myrica alginates are alloca-
ted to C-O groups of polyols of polysaccharides. The spectrum also showed the
most intense band at 1047.07 cm™' corresponding to the C = O group [21].

Additionally, the spectrum displayed three peaks between 950 and
750 cm™! providing further evidence of the existence of uronic acid. With the
exception of P. myrica crude SPs, all samples showed weak and broad bands
between 597 and 619 cm™, which may have been caused by C = C-H stretching
vibration. The FTIR spectra of the alginates produced from L. ochroleuca and S.
polyschides resembled those of commercial alginate [37].

The bands at 1618—1640 cm™ related to carbonyl (C = O) group in algina-
te. The bands appearing at 1413—1466 cm™ in the extracted alginates are assig-
ned to carboxyl (COOH) group present in the alginate [59]. The short band at
1249 cm™ can be assigned to the C-O stretching vibration. Bands at approxi-
mately 1.070—1.090 cm™ in algal species correspond to mannuronic (M) and
guluronic (G) units, respectively [55]. The bands at 1120—1124 cm™ in the tes-
ted algae correspond to C-O and C-C-H groups present in mannuronic and
guluronic acids forming the alginate. The bands at 1.070 and 1.090 cm™ in the
tested algae correspond to S = O and C-C-H groups. Multiple very small peaks
observed in the range of 1070—1124 cm™ represent the S = O stretch of the sul-
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Fig. 2. Different FTIR profiles of the extracted polysaccharides from brown algal species
under investigation.

fated polysaccharides or the C-N stretching of the aromatic amine group [47].
The band around 1.000 cm™ is attributed to alcohol groups in the alginate. The
bands at 597—619 cm™' are related to the vibration of the C = C-H stretching
[11].

Biological activity of the tested SPs

Antioxidant activity of the extracted algal SPs. The antioxidant activity of
three algal SPs was estimated with sharp accuracy via three assays. Table 3 reve-
als that the SPs activities detected by the DPPH radical scavenging assay were
very promising compared to ascorbic acid as a known antioxidant substance.
The lowest value (54.2 %) was detected in D. polypodioides-fucoidan, whereas
the highest value (88.71 %) was recorded in T. decurrens-crude SPs. Different
LCs values were calculated for all treatments. Obviously, the LCso of most tre-
atments was lower than ascorbic acid’s LCso (69.25 ug/mL), which confirmed
their strong antioxidant activity and potential to be a radical scavenger agent.

Further, the antioxidant activity was also estimated via the H,O, radical
scavenging assay. The data presented in Table 3 exhibit the lowest activity
(32.50 %) in the case of alginate from D. polypodioides, whereas the highest ac-
tivity (68.89 %) was detected in the case of P. myrica-alginate. The antioxidant
activity obtained by ascorbic acid (40.25 %) was lower than that of the majority
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of SPs, which demonstrated the highest H,O, radical scavenging activity of the-
se SPs.

The LCso ranged between 60.48 pg/mL for alginate of P. myrica and
83.68 pg/mL for fucoidan of T. decurrens.

Moreover, the antioxidant activity was also estimated by TAC assay (Table
3), with the lowest activity (8.20 mg/g AsA equivalent) in the case of alginate of
P. myrica and the highest activity (18.62 mg/g AsA equivalent) — in the case of
P. myrica-crude SPs. The antioxidant activity conducted using ascorbic acid
(13.25 mg/g AsA equivalent) showed a value lower than most of all algal SPs,
but it was much higher than others. These observed variations in antioxidant
activity of the experimented SPs were related to the assay and type of SPs used.
In general, the highest antioxidant activity was detected in the tested crude SPs

Table 3
Antioxidant activity of algal SPs (crude SPs, alginate and fucoidan) estimated via
DPPH radical scavenging, TAC and H,O; radical scavenging assays in comparison to
ascorbic acid as a powerful antioxidant

Antioxidant activity
Polysaccharide
P. myrica D. polypodioides| T. decurrens Ascorbic acid
DPPH radical scavenging %
Crude Sps, 72.75° 69.36° 88.71° 69.25
LCso (ng/mL) 62.48 65.53 51.24
Alginate, 68.19° 66.2° 72.66°
LCso (ng/mL) 66.66 68.66 62.56
Fucoidan, 60.92* 542" 64.05*
LCs (ng/mL) 74.61 83.86 70.97
H,0, radical scavenging %
Crude Sps, 67.82* 42.50° 53.52" 40.25
LCs (ug/mL) 61.44 ND 83.68
Alginate, 68.89° 32.50¢ 53.50°
LCso. g 60.48 ND 81.27
Fucoidan, 66.30° 41.31¢ 51.96°
LCso (ng/mlL) 62.85 ND 83.68
TAC (mg/g ASA)
Crude SPs 18.62* 8.94° 16.61*% 13.25
Alginate 8.20° 6.25° 15.77¢
Fucoidan 15.722 10.29° 16.87°

Note. Bold values refer LCso. Small superscript letters refer to significant difference betwe-
en the three extracted seaweed polysaccharides. Different letters at the same row mean sig-
nificant difference at P<0.05.
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compared with crude alginate and fucoidan, which may be due to their compo-
sition and nature.

The antioxidant activity of sulfated polysaccharides from brown algal spe-
cies was estimated by several researchers, and as a result, different values were
obtained depending on the season, type of algae, and location of the collection.
The sodium alginate derived from D. polypodioides showed the highest antioxi-
dant activity with LCso (20 pg/mL) in the DPPH test [1]. It has been found that
the DPPH assay produced powerful antioxidant effects for the SPs from .
euryphyllum (59.15 %) and S. aquifolium (65.25 %) compared to ascorbic acid
(67.33 %), whereas the H,O, radical scavenging activity of the crude SPs from
the two Sargassum species was less effective than that assessed for ascorbic acid
[29]. On the other hand, the highest activity via DPPH (61.2 %), reducing abili-
ty (67.56 %), and the total antioxidant activity (65.3 %) were obtained at 1000
g/mL of fucoidan in evaluating the antioxidant activity of S. polycystum fucoi-
dan using various assays [52].

Antidiabetic activity of the tested algal SPs. The anti-diabetic ability of the
isolated SPs was determined by two effective assays and their data are presented
in Figure 3. Firstly, the a-glycosidase assay scored high activity with the range
of 62.50 % and 85.85 % for D. polypodioides-alginate and T. decurrens-crude
SPs, respectively, whereas acarbose showed activity (63.63 %). The calculated
LCso of o-glycosidase assay for most treatments (14.0—19.5 pg/mL) except
D. membranacea-alginate (20.5ug/mL) was lower than standard concentration
(19.64 ug/mL).

Secondly, oi-amylase assay exhibited rather lower activity values than those
gained by the first assay. In addition, acarbose showed activity (55.45 %) in the
later assay. The estimated LCso values of o.-amylase of most isolated SPs (16.1—
19.6 ug/mL) exhibited less or more similar behavior of o.-glucosidase compa-
red with the value of standard drug 29.84 ug/mL. These findings proved the po-
tential anti-diabetic activity of different extracted SPs.

In the same context, alginates from Laminaria digitata and Undaria pin-
natifida appeared to be strong inhibitors of oi-amylase activity with LCso of
0.075+£0.010—0.103+0.017 mg/mL [68]. Overall, this finding shows that algi-
nates are strong o.-amylase inhibitors, which may delay the release of glucose
from starches and reduce postprandial hyperglycemia. In addition, it has been
found [54] that fucoidan treatment reduced insulin-induced 2-deoxy-D-[3H]
glucose absorption by up to 51 % compared to control cells.

Anti-obesity pancreatic lipase inhibitory assay of the isolated SPs. For diffe-
rent extracted SPs, anti-obesity activity is illustrated in Figure 4. In particular,
results of such an assay showed the lowest value as 62.81 % in the case of algina-
te of D. polypodioides, whereas the highest value (95.25 %) was detected for
T. decurrens-fucoidan. In addition, Orlistat exhibited moderate activity
(89.35 %) when compared to the algal SPs.

Complementarily, the LCso ranged from 22.77 pg/mL (T. decurrens-fucoi-
dan) to 79.61 pg/mL (D. polypodioides-alginate), whereas Orlistat had its effect
at 55.96 ug/mL as LCso. However, all the extracted SPs from T. decurrens sho-
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Fig. 3. Antidiabetic activity for different extracted polysaccharides via inhibition of o-amy-
lase and oi-glucosidase activity. Different letters mean significant difference at P<0.05

wed the lowest values revealing the potential of these polysaccharides as mole-
cules for anti-obesity applications. Seaweeds are a promising source of an-
ti-obesity agents, especially alginates, fucoidans, fucoxanthin, and phlorotan-
nins [65]. Alginates, in particular, have been demonstrated to have inhibitory
activity against pancreatic lipase and the source and chemical form of the com-
pound may affect the inhibitory activity of the substance. Practically, the inhi-
bition of pancreatic lipase by alginates is substrate specific [12]. The fucoidans
extracted from U. pinnatifida reduced lipid accumulation by stimulating lipo-
lysis and demonstrating their anti-obesity properties [54].

Anti-arthritic activity. The data in Figure 5 illustrate the anti-arthritic acti-
vity of different extracted SPs via a protein denaturation assay. The crude SPs
of T. decurrens showed the highest activity (89.89 %), followed by fucoidan of
T. decurrens (88.25 %) and alginate of T. decurrens (86.32 %). The lowest values
were recorded for all SPs of D. polypodioides, whereas the SPs of P. myrica exhi-
bited moderate values between the two when compared with diclofenac sodi-
um as a standard anti-arthritic agent. The LCs, values of crude SPs of P. myrica
(14.75 pg/mL) were only slightly lower than the LCs of diclofenac sodium
(15.12 Fg/mL) and other SPs treatments, so these tested polysaccharides have
promising anti-arthritic properties.

It has been proven [2] that fucoidan extracts from U. pinnatifida, L. japoni-
ca, Fucus vesiculosus, Ascophyllum nodosum, and Macrocystis pyrifera have the
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Fig. 4. Anti-obesity activity for different extracted SPs via pancreatic lipase inhibitory assay
in vitro. Different letters mean significant difference at P<0.05

anti-inflammatory effects. Fucoidan nanoparticles were confirmed to have an
anti-oxidative and anti-inflammatory impact against the nephropathy of strep-
tozotocin-induced diabetes in rats [66].

Antibacterial activity. Brown seaweed extracts are utilized in aquaculture
feed as preventative and/or therapeutic treatments due to they have antibacte-
rial effect against fish diseases [56]. In particular, the use of brown seaweed ext-
racts encourages immunological system of fish and shrimps [62].

Complementarily to the biological activities determined, the antibacterial
activity of all SPs samples was detected by using the well cut-diffusion techni-
que. The data in Figure 6 and Table 4 suggest that few positive activities were
recorded. The crude SPs of D. polypodioides showed considerable values aga-
inst E. coli ATCC 8739 (22 mm) followed by S. aureus ATCC 25923 (20 mm).
In addition, its fucoidan showed low inhibition activity towards S. agalactiae
ATCC13813,S. aureus ATCC 25923, V. fluvialis ATCC 33812, and K. pneumo-
niae ATCC 13883. Furthermore, the crude SPs of P. myrica showed moderate
activity towards B. subtilis ATCC 6051 (18 mm), E. coli ATCC 8739 (16 mm),
S. aureus ATCC 25923 (18 mm), and K. pneumoniae ATCC 13883 (18 mm)
and very low activity against A. hydrophila ATCC 13037 (12 mm). The crude
SPs of T. decurrens showed low activity (12 mm) only against B. subtilis ATCC
6051 and K. pneumoniae ATCC 13883. Strangely, the alginate of three seawe-
eds did not show any activity at all against the references tested bacteria. Thus,
the sulfate content of SPs may show how effective they are at fighting bacteria.
It has been found [8] that that highly sulfated polysaccharides have the stron-
gest antimicrobial properties. On the other hand, the antimicrobial activity of
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Fig. 6. A side of antibacterial activities detected by the most potent algal crude SPs against
bacterial pathogens. Td - T. decurrens, Dp - D. polypodioides, and Pm - P. myrica

the brown algal SPs may be related to the collection season and sites [38]. In re-
lation to this, the antibacterial agent fucoidan, which was isolated from S. poly-
cystum, was investigated for its potential to treat human and animal harmful
microorganisms [53]. The fucoidans from Fucus vesiculosus appeared to have a
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significant bacteriostatic effect on the growth of tested bacterial strains and
E. coli was the most susceptible bacterium [6].

Cytotoxic evaluation of T. decurrens crude SPs. As shown in Figure 7, the
cytotoxicity of T. decurrens crude SPs was further evaluated towards normal li-
ver cells due to this extract exhibited more bioactivity than other SPs extracts in
most the estimated activities. Both viability and inhibitory percentages (%)
were determined for detecting the safe concentration, upon which it will be res-
tricted and then forbidden. Specifically, even at 31.25 pg/mL the cells keep their
viability completely. Above such crude SPs concentration, cellular viability
decreased gradually with the increase of SPs concentrations. At 500 pg/mL, the
inhibitory effect against cells (58.24 %) started to be high and then the cells star-
ted to be extensively affected. This finding was consistent with that made by
[5], who found that the crude polysaccharides of Portieria hornemannii and
Spyridia hypnoides were cytotoxic at higher concentrations but promoted cell
growth at lower ones. Generally, according to toxicity grade (Table 5), the tes-

Table 4
Screening of antibacterial activities (mm) for different algal SPs against human and
fish bacterial pathogens via well cut-diffusion technique

Extract code / Activity (mm)

Pathogens Alginate Fucoidan Crude SPs

Pm Dp Td Pm Dp Td | Pm Dp Td

B. subtilis ND | ND | ND | ND | ND | ND 18 16 12
ATCC 6051

E. coli ND | ND | ND | ND | ND | ND 16 22 ND
ATCC 8739

S. agalactiae ND | ND | ND | ND 14 ND | ND | ND | ND
ATCC 13813

S. aureus ND | ND | ND | ND 12 ND 18 20 ND
ATCC 25923

V. damsela ND | ND | ND | ND | ND | ND | ND 14 ND
ATCC 33539

V. fluvialis ND | ND | ND | ND 12 ND | ND 14 ND
ATCC 33812

K. pneumoniae | ND | ND | ND | ND 12 ND 18 16 12
ATCC 13883

P. aeruginosa ND | ND | ND | ND | ND | ND | ND | ND | ND
ATCC 9027

P. fluorescens ND | ND | ND | ND | ND | ND | ND | ND | ND
ATCC 13525

A. hydrophila ND | ND | ND | ND | ND | ND 12 14 ND
ATCC 13037

Note. Td — T. decurrens, Dp — D. polypodioides, Pm — P. myrica. ND — not detected.
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Fig. 7. Cytotoxic evaluation of T. decurrens crude SPs by viability and inhibitory % assay

ted crude SPs is a Grade 1 so it is consistently nontoxic towards healthy human
liver cell and safe for medical uses [20].

Surprisingly, the majority of studies on alginates tended to focus on their
nanocomposites, films, hydrogels, etc. This indicates that there is less informa-
tion than there should be about the biological activities of alginate as a raw po-
lysaccharide. As a result, we view this research as a collective and comprehensi-
ve study of biological evaluation.

Correlation analysis. The correlation analysis proved that there is a strong
correlation between the sulfate content of different isolated polysaccharides
and the estimated biological activities (Table 6). Generally, the biological effici-
ency of algal polysaccharides is affected by a variety of parameters such as type,
purity, structure, molecular weight, and attached groups. The most crucial fac-
tors affecting their biological activities, such as those that affect their capacity to
scavenge free radicals and their antiviral activity, are specifically their sulfate

Cytotoxicity grade depending on the cell viability percentage of (Feng et al., 27;)a1b7l)e ’
Grade Viability, %

0 0

1 75—99
2 50—74
3 25—49
4 1—24
5 0
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Table 6 (continued)
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Note. Bold values are significant correlations at P < 0.05 level; ¢ — crude SPs, a — alginate, f — fucoidan.

content, location, and monosaccharide composi-
tion [31, 32, 34]. Since it was hypothesized that
the sulfate group would activate the hydrogen
atom of the anomeric carbon, the polysacchari-
de’s capacity to donate hydrogen would increase
[7].

High-sulfated polysaccharides are more ef-
fective at scavenging sulfur than low sulfated po-
lysaccharides [13]. In addition, depending on
their sulfate concentration, the sulfated polysac-
charides could inhibit the lipopolysaccharide-in-
duced inflammatory response in the macrophage
(RAW cells) [63]. It has been found [49] that the
anti-obesity properties of polysaccharides were
related to their sulfate concentration, explaining
that the more sulfated sample derived from fuco-
idan had an anti-adipogenic activity that might
regulate obesity in vivo. On the other hand, pro-
teins represent contaminants during the extracti-
on process and the purifying procedure is a cru-
cial step. The obtained results demonstrate a ne-
gative relationship between the polysaccharide
protein content and all the observed activities.

The correlation of the total organic carbon
and the total carbohydrate content of different
extracted polysaccharides with the estimated bi-
ological activities showed a fluctuation pattern
according to the types of polysaccharides and bi-
ological assays. This observation is in line with
[19].

As shown from Table 6, the antioxidant acti-
vity of the studied extracted polysaccharides was
positively correlated with the anti-diabetic activi-
ty meaning these isolated SPs play a protective
role against diabetes-related oxidative stress and
might be the reason for the major contribution of
the increased level of oi-glucosidase and amylase
inhibition. A similar observation, which confir-
med that polysaccharides” anti-diabetic efficien-
cy was due to their antioxidant capabilities,
which may play a role in maintaining glucose ho-
meostasis was made [44].

According to the present study, there is a
strong correlation between anti-obesity activity
and the antioxidant and anti-diabetic activities of
the tested algae (Table 6). Polysaccharides are
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potent natural antioxidants that may lessen oxidative stress related to diabetes,
obesity, and other disorders, as well as oxidative damage in food [22]. Additio-
nally, antioxidant polysaccharides can be used to treat obesity [65]. Algal SPs
are the primary contributors to antioxidant and anti-arthritic activities and
each assay, although only anti-arthritic of crude and alginate, exhibited a good
correlation with the DPPH and TAC [7].

Conclusion

Due to their vast range of important uses today, seaweeds have drawn a lot
of interest. The brown algae in particular are a practical and significant source
of sulfated polysaccharides. In the present study, the SPs isolated from the
Egyptian seaweeds (Dictyopteris polypodioides, Polycladia myrica, and Turbi-
naria decurrens) inhabiting the Red Sea, contained potent antioxidant, anti-di-
abetic, anti-obesity, anti-arthritic, and antibacterial properties without having
any cytotoxic effects on liver cells. The obtained original data confirm the po-
tential application of these seaweeds as a nutraceutical raw source that can be
safely applied by the food industry and/or other sectors, especially since they
have a wide array of medicinal, biomedical, and commercial applications.
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COMPARISON OF CHEMICAL COMPOSITION AND BIOACTIVITIES OF
VARIOUS POLYSACCHARIDES OF BROWN SEAWEEDS, THE RED SEA,
EGYPT, HURGHADA

Sulfated polysaccharides (SPs) from algae have been shown to be effective in a number
of biological applications. Therefore, the chemical composition and different biological
functions of various SPs were determined for three brown seaweed species from the Egyp-
tian Red Sea: Dictyopteris polypodioides, Polycladia myrica, and Turbinaria decurrens. It
has been found that the yield of crude SPs was higher than that of alginate and fucoidan
with a range of 43.64 % to 61.90 %. Fucoidan, which has the maximum carbohydrate con-
tent of 56.89 %, was found in D. polypodioides. The crude SPs of P. myrica had the greatest
sulfate content of 22.44 %. All functional groups of the examined samples were confirmed
by the Fourier Transform Infrared spectrum (FTIR). Experimentally, three applicable assa-
ys were used to quantify the antioxidant activity of the extracted SPs depending on the met-
hod used, the type of polysaccharides, and algal species. The anti-diabetic activity of T. de-
currens-crude SPs was highly active scoring 85.85 % in the o-glucosidase assay. The an-
ti-obesity activity showed the highest value (95.25 %) for T. decurrens-fucoidan. Besides,
T. decurrens-crude SPs showed the highest anti-arthritic activity (89.89 %). In addition, a
few positive records of antibacterial activity were detected. Furthermore, the most potent
T. decurrens-crude SPs extract was tested for cytotoxicity against human liver cells and fo-
und to be safe. The activity of the isolated SPs and their chemical composition were shown
to be correlated. Conclusively, the bioactivities recorded herein by the tested SPs pose pro-
mising medicinal applications towards developing a new therapeutic intervention.

Keywords: alginate, fucoidan, antibacterial, anti-diabetic, anti-obesity, Phaeophyceae.
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ku (Oenoponapk «Onexcandpis», p. Pocv). Ha dinsinkax yux pivox cnocmepieanocy icrmom-
He 3a0pyoHeHHs 800U nectmuyudamu (xopnipugocom) 3 npuneznux 00 6000UM mepu-
mopiil. 3a HaseHOCMi 30aeaueHHs 800U 0i02eHHUMU PeHOBUHAMU ICHOMHO 3POCMAmMb
npodykuitini npovecu y 600i (c. Iliwyana), a npu 3nauniti kKoHueHmpauii xnopnipugocy
(c. 'opoduuse) npooyKyis OpeariuHuxX pewo6uH 3HUNIYEMbCA NOPIBHAHO 00 KOHMPOTIO.

Bcmanosneno, wio 3 nozipuieHHAM AKOCMI 600U Ma 3a HAABHOCMI MOKCUUHO20 3a-
OpyOHeHHS 6000UMU SMEHULYIOMbCA POSMIPHO-MACO8] NOKASHUKU HOPHA 36U4ALIHO20, OKY-
HA piuK06020 ma kpacHonipku 3éuuaiinoi. Lle, 6 nepuiy uepey, n06’a3aHO 3i 3HUNCEHHAM
emicmy comamomponiny y xkposi. I'onadocomamuunuii iH0eKC camox OKyHs ma Kpac-
Honipku i3 3a6pyoHeHUX 60001im 30iNbULY8ABCH, A CAMUIE — 3MEHULYB8ABCA NOPIBHAHO 3 KOH-
mponvHumu senunuramu. Taxox eiomiueno 3pocmanHs 8i0HOCHOI ma abcomomHoi nuo-
Oruocmi KPacHoNipKu 3i 3pOCMAHHIM CIYyneHsT 3a6pyOHeH ST 8000UMU. 3 Ni0BUULEHHAM
nnodouocmi camox nio 0i€l HeCHPUSMAUBUX YMO8 3POCAE BMIC ecrpadiony 8 Kposi.
Jns camuyie okyHA ma KPAcHONIPKU XAPAKIMEPHO 3HUNEHHS 8MICIy mectmocmepory 6
Kposi.

Takum uuHom, A0ANMuUeHo0 8i0N0si0010 Pub, KA CNPAMOBAHA HA NIOMPUMKY NONY-
JAUIT Ma HA NIOBULEHHS HCUMMECMITIKOCMI 3a MOKCUMHUX YMOS, € 3HUNEHHS PO3MIp-
HO-MACOBUX NOKA3HUKIE, nidsuleHHs nnoowyocmi camok. Lli npouecu 3abesneuyromocs
20PMOHATIHUM Pe2yNIIo6aHHAM 0OMIHHUX NPOUecie.

Knwouosi cnosa: azponpomucnosi cmiumi 800u, OKyHb piuko8uil, KpacHonipxa 36uudii-
Ha, tiopac 36udatinuil, picm ma nao0w4icmy pub, coMamomponiy, mecmocmepoH, ecm-
padion.

[nTeHCMBHUIT POSBUTOK IIPOMMCIOBOCTI Ta arpapHMUX rOCIOAAPCTB YM-
HUTD 3HAYHUI aHTPOIIOTEHHMIT BIUIMB Ha BOJHI cucTtemMu Ta riffpo6bionTis. ['o-
JIOBHUM JDKEpPEIOM HA[XOIPKEHHS B NPUPOJHI BOAU TOKCUYHMX PEYOBUH €
CTiYHi BO/IM IPOMMCIOBUX HifpreMcTB. IIpoTe icTOTHMIT BHECOK Y 3a0pyp-
HEHH: BOJIHOTO CepefloBUIIIa BHOCATD 1 arpolpOMIC/IOBI IiATPMEMCTBA Yyepes
IIMPOKe 3aCTOCYBAaHHA MiHepa/IbHMX JOOPYUB Ta Pi3HOMAaHITHUX IeCTUIVAIB i
rep6inyzis. Oco61mBo Hebe3eYHMN € KOJIEKTOPHI i ipeHa>kHi BOAM 3poIiry-
BaHMX IOJIB, AKi 3a0py/HIOIOTb IOBEPXHEBI i IPYHTOBI BOJYI CIIO/TyKaMM a30Ty
Ta pocdopy, nectuiypamn. Benki TBApMHHNIIBKI KOMIUIEKCY TAKOK iCTOTHO
3a0pyIHIOIOTH BOJJHE CEpPelOBMIIle CBOIMU HETOOUMIEHVMY CTIYHMMI BOJA-
mu. CyTTEBUM JIKepeioM 3a0pyIHEeHb BOJOIIM i BOZOTOKIB € 71 TOCIIOapCh-
KO-1100yTOBi cTiuHi Bofu [7].

ITix BIMBOM HaJXOJ)KEHHS OPTaHiYHNX PEYOBUH Ta KCEHOOIOTYKIB y BO-
flaX pidOK Ta iHIIMX BOAHMX 00 €KTiB moripuryerbcsa ¢isionoriunmii cran day-
HII i Qp1opy, 3HIDKYETDCS IXHE PO3MAITTA.

Oco6MMBO WKIIIMBUMU € TIECTULIIN, AKi 3aBAAI0Th 3HAYHOI LIKOY Tif-
po6ioHTaM IIpM MOTPAIVIAHHI IX Y BOAY BHACTIZOK 0OPOOKM CITbCHKOTOCHO-
MApChKMX YTifib i OJA/IBIIOTO JOLOBOTO 3MUBY y IIpuerii Bogonmu. Ie 3y-
MOBJIEHO IXHBOK TOKCUYHICTIO IJIA OPTaHi3MiB, 3JaTHICTIO BUK/IMKATU II0-
6iuHi edexTy Ta micnsgieo [3].

CyyacHi mectuuuay — 1€ CKJIaJHi OpraHiyHi CIOMYKM, 110 HATeXaTh 10
KCeHOOIOTUKIB (dy>xopifHux A 6iochepy XiMiuHUX peyoBmH). BimburicTs
LMX CIIOJIYK He MalOTb aHAJIOTIB Y IPUPOZI, 1 BiIIOBiTHO, MEXaHi3MiB IIPUPOJI-
HOTO OYMIIEHHS AK GiOTH, TaK i CUCTEMM 3arajioM He iCHy€. [XHS TOKCMYHICTD
HA/I3BMYAMIHO BICOKA, OCKIIbKM NPUSBOAUTD O IOPYUIEHHA >KUTTEMiANb-
HOCTI i 3arubesi opraHismis, Mo>Ke mifipBaTu 6i010TiYHMII TOTEHITiaN BiTBO-
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PEHHS Tifipo6iOHTIB, MOPYLINTH €KOMIOTiYHy piBHOBAry y CUCTeMi Ta Ipu3Bec-
TU JI0 CKOPOUYEHHA OKPeMUX IOIY/IALIN Ta 6iopi3HOMaHITTA B iomy (1, 6].

OueBuHO Te, 110 HETATVBHMII BIUIMB Ha BOJHI cricTeMu Mae 6aratodak-
TOpHMIT XapakTep. baratodakropHicte mporecy popmyBaHHS SIKOCTI BOAU
0OYMOBJTIOE CKJIAZHICTD J1OTO BUBYEHH:. TakoX IMpo6/IeMOI0 y ZOCTiIKeHH]
VX IPOIieciB € HelOCTaTHA OOIPYHTOBAHICTb TEOPETUYHUX Ta METOAVYHIX
PO3p00OK, HEOJHO3HAYHICTh BUKOPUCTAHHSA iHCTPYMEHTA/IbHIX METO/IB, 110
YCK/TaIHIOE CIPOOY PO3KPUTTS MeXaHi3MiB pOpMyBaHH AKOCTI BOJY, SIKi Ma-
I0Tb 33 METY yIOCKOHA/ICHH: YIIPaB/IiHHA BOJJOOXOPOHHOI0 Jis/IbHICTIO [4].

HepiBHO3HauHicTb YMOB i akTopiB BIMBY Ha (POpMyBaHHA AKOCTi BO-
JHUX 00’ €KTIB CTBOPIOE HEOOXIHICTb IPOBEIeHHS HOCTIPKEHb TUX YMHHUKIB,
SKi CIIPUYMHAIOTH HAaNOiMbIINIT BIIUB. AKTyanbHICTh TaKUX JOCTIIPKEHD o6y—
MOBJIeHa {HT@HCUBHICTIO BUKOPMCTaHHS BOJHUX PeCypciB Ta HEOOXiTHICTIO
BU3HAYEHHS IIPIOPUTETHUX [Keper 3a0pyTHEHH BOJHIX €KOCUCTEM 3 METOIO
PO3pOOKYM KOMIUIEKCY IPUPOZOOXOPOHHMX 3aX0xiB [5].

TaxyM 4nMHOM, HaMu OY/I0 ITOCTaB/IEHO 32 METY IIPOBECTH JOCTiKEHHS
BOJHVX AUIAHOK 3 PI3HMM aHTPOIIOT€HHMM HaBAaHTAKEHHAM [IJI1 BUSHAYE€HHA
CyMiCHOI [iil HeraTVBHMX YMHHMKIB (HafiMipHOI KOHI|eHTpallii 6i0TeHHUX pe-
YOBUH i MeCTUIMIB) AK Ha 3araJIbHMIT CTaH BOIOVIMM, TaK i Ha OKpeMi rpymnu
rifpo6ioHTiB.

Marepian i MeTOgMKa JOCTiI)KEHD

[l noCcATHEeHHs OCTaB/IeHol MeTy HaMu 6y/10 06paHo [IIAHKY BOJOIM,
po3TamoBaHi y 6e3mocepesHiit 6/11M3bKOCTi 10 CTbCHKOTOCIIONAPCHKYIX YTiflb,
fle aKTMBHO BHOCWIMCD MiHepajIbHi f0OpMBa Ta 31iiICHIOBaIaCh 0OpOOKa 3 BI-
KOPUCTaHHAM pi3HOMaHITHMX mectunypaiB. OOpaHi BOEOMMM Ta BOJOTOKU
BifIpi3HAIOTHCS MDXK COO0I0 3a Ti/fPOEKONMOTiYHNMY XapaKTepucTukamu. [lepur
3a Bce reorpaivyHo (HasABHICTIO 4M BiCYTHICTIO CiTbCBKOTOCIIOAPCHKIX
YTifb), TifpPONIOTiYHNM pe>XXVMOM (HassBHICTh UM BiICYTHICTb 3HAYHOI Tedii),
IHTEeHCVBHICTIO IOKPUTTS BULIVIMY BOJHUMY POC/IMHAMM IIPUOepesKHOI Tepu-
TOPIii Ta BOZHOTIO [I3€pKasa.

Partonamu 1 gocnimxens 6y obpaHi: binonepkiBcbke cepeHe Bojo-
CXOBHUIIle, BUIIe 3a Tevielo M. bina [Jepksa (Ha minsgHIi B paitoHi OEHAPOIAPKY
«Ornexcanppis»); pycnosi ginsaHku p. Pocs (mo6mmsy c. l'opoauiue) Ta p. [Tpo-
ToKa (B paitoHi c. ITinmana). 3a ymoBHuUII KOHTpOnb 6yno obpaHo Bimouep-
KiBCbKe cepelHe BojjocxoBuiie (puc. 1).

Pycnosa gminsanka p. Poch (c. [opopnine) — B3[OBXX pO3TalllOBaHi 3a-
IUIaBHi JIYKH Ta I10JIA 3 TOCiBaMM PiSHOMAHITHIX arpOIIPOMICIOBUX KY/IBTYD.
JloHHi BifiK/Iagy My/INCTi, PO3BMHEHA BUILA BOJHA POC/INHHICTD.

binonmepkiBcbke cepefHE BOJLOCXOBMILE — 3apery/lbOBaHa YacTUHA
p. Poce. Ha focmimxyBsanii oA=L nepeBaXkHO 3aMyJI€HE THO, B OKPEMIIX Ya-
CTMHAX BKPUTE PAaKOBMHAMIU JIpeiiceHN Ta MickoM. Bagosx 6eperis fobpe pos-
BIMHEHA BHIJAa BOJJHA POC/IMHHICTD. B palioHi mociimpKenb BifiCyTHiN arpomnpo-
MICJIOBU CTiK BOJIN.

Piuyka ITpoTroka — pocnifiHa piukoBa [i/IAHKA PO3TallOBaHa HEMOMJAIK C.
[Mimana. JouHi Bigkmagu mymucri. B micni Bigbopy nmpo6 Bigmidena pobpe
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PO4 |
POPANOH
FANOK

Puc. 1. Paiionn poBefieHIX JOCTiKeHb: I — pycmoBa fistaka p. Pocs (c. Topopuiue); 2
— bBinonepkiscpke cepente Bopocxosuile, p. Pocek (mengponapk «Onexkcanapis»); 3 —
p- IIporoxa (c. ITimana)

PO3BIMHEHA BUIIIA BOJHA POCIMHHICTD. B3I0B)X piuky posTalloBaHi 3aIiaBHi
JIyKM Ta II07IS1 3 TIOCiBaMM Col. 3 /1iBOro 60Ky po3TalnioBaHi puborocrnogapcbki
CTaBKIL.

T'onagocomarnunnii inpexc (I'CI) po3paxoByBanm, BUKOPUCTOBYIOUN Bif-
HOIIICHHA Macy OPTaHiB 10 3arajbHOI Macy Tina [11]. AGCOMOTHY IIOA0YiCTD
PO3paxoByBa/y 3a Ki/IbKICTIO iKpM Ha OJHY CaMKY, BilTHOCHY — 3a Ki/JIbKiCTIO
iKpMHOK Ha OMHUIII0 Macy pUOML.

Kpos orpumysanu Bifo6opom 3 cepus. IToriM nursaxom 15-XBUIMHHOTO
neHTpudyrysaHsa npu 5000 06/XB BiIfinAmM m1asMy Ta 3aMOpPOXyBai ii 3a
Temmneparypi -18 °C.

Bmict comaroTpominy, ecTpajiionry Ta TECTOCTEPOHY BU3HAYa/IN y I/Ia3Mi
KpOBi MeTO#OM iMyHO(EpMEeHTHOTO aHaJli3y 3 BUKOPVCTAHHAM aHalTi3aTopa
Rayto RT-2100C i HabopiB mns maboparopHoi giarHocTyky Calbiotech (USA):
comarorponidi — Human Growth Hormone (hGH) ELISA, tecTocrepon —
Testosterone ELISA, ectpamion — Estradiol ELISA.

Hani 06pobnsmu cratucTuyHo [14] 3a gormomororo mporpam MS Excel 3
naketa Microsoft 365 Ta Statistica 10.0. [JocToBipHicTb MiXK JOCTII>KYBaHUMU
TpynaMy OLiHIOBaIM 3a JOIIOMOTo f-Kputepito CTbIOfleHTa 3a piBHA JIMO-
BipHOCTIi p<0,05.

Pe3ynbraTu JOCTiKeHb Ta IX 00roBOpeHHs

3a pe3ynbTaTaMI IIPOBEAEHNX I{OCTIiI[)KeHI) BCTAaHOBJICHO piSHI/Iﬁ CTYIIiHb
AHTPOIIOT€HHOI'O TOKCMYHOI'O HaBAHTA>KE€HHA Ha pi3Hi ,Hi}IHHKI/I p. Poch Ta
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p. IIpotoka. IIpudomy Benmmumna pH Ha pgocnmimkeHux pinaHkax p. Poch Ta
p. IIpoToka xonuBanace y mexxax 7,0—7,4. KoHIleHTpallilo CONyK a3oTy i
¢docdopy y Bozi JOCTITHNX AIITHOK BOZIOVIM HaBeleHO B Tabmmj 1.

Hinsuky p. Pocp 6ins genpponapky «OnekcaHapis» MO>KHA BBaXKaTu 3a
KOHTPOJIbHY, OCKi/IbKM a30THe 3a0py/HEeHHs He IepeBUIlye HOPMATUBHI Ta
¢$oHOBI KOHIeHTpaLiil 1A 1boro perioHy. Xo4a cIif BigMiTUTH, 1O BMICT
¢docdopy 6yB 61M3bKMM 10 KOHILIEHTpALill Ha IHIINX ABOX JOCIITHNUX Ji/IAH-
kax. Ile, 04eBU/IHO, CBIUUTD PO MOTPAIUIAHHS y BOJAOMY IIOOYTOBO-KOMY-
HAJIbHUX CTOKIB. Y OINbIIOCTI BUNAJKIB Iji CTOKM XapaKTepU3YIOThCS MiiBU-
IeHVM BMicToM Gocdopy AK KOMIIOHEHTY MUIOUNX 3ac06iB TOIIO.

B paiioHi c. Topopuie i c. ITinana BmicT pocdopy y Boai 6yB 6/113bKMii 1O
3HauyeHb IIOKAa3HMKIB KOHTPONbHOI AinsaHkM. KoHueHTpalisa a3oToBMicHUX
crionyk 6y/a 3HaYHO BHUIIle HOPiBHAHO 3 KOHTPO/IBHUMMY IIOKa3HMKaMu. Tax, B
paitoHi c. [opopauine KoHILIeHTpalis aMOHITHOTO a30Ty i HITPUT-TOHIB Oy/Ia B
CepegHbOMY B 2 pasl, a HITpaT-/OHIB — MalbKe B 5,8 pasa Bullle IOPiBHAHO 3
KOHTPOJIEM.

B paitoHi c. [limmaHa ciocrepiranach HallBUIA KOHIEHTpallid JIOHIB aMo-
Hil0, fIKa IlepeBMIIyBala KOHTPO/IbHI IOKa3HUKM B cepefHbOMY B 5 pasiB. Kon-
LleHTpallisg HiTpUT- i HiTpaT-JlOHIB 30i/1bIIyBaIach BiANMOBigHO B 2 i 3 pasu
BiTHOCHO KOHTpPOJIIO.

[TigBuieHnii BMIiCT a30TUCTUX CIIONYK HEOPTaHIYHOTO a30Ty B PaliOHi
focnifHuX KinaHok c. lopoaume i c. ITimaHa € cBif4eHHAM 3a0pyIHEHHA BOAY
CiTbcbKOrocnofjapchbkumy crokamu. Ii Crioyku € romoBHUMM CKIaJOBUMMA
MiHepaIbHMX HOOPUB, AKi 3aCTOCOBYIOTHCA arpOIpPOMMCIOBYMM HiffIpVEM-
crBamu Ta pepmepcbkumMu rocrogapcrBamu. Crtif BigMITUTH, 1O HigBUIIIEHA
KOHIIEHTpallid aMOHITHOTO i HITPMTHOTO a30Ty y BOA1 3a3BMYall € IIOKa3HU-
KOM BiTHOCHO HEIIOZABHBOTO IXHBOTO HAXOIKEHHA Y BOJOMIMY.

Hamm 6yo gocnimkeHo BMicT xmopripndocy y KOHTPOIbHII i JoCTigHNX
Bopoitmax. Ieit incektuuup (O,0-Auerun-0-3,5,6-Tpuxnop-2-mnipuanndoc-
¢doportioat, CoH11CsNO3PS) mmpoko BUKOPUCTOBYETbCA Y arpapHOMY CeK-
Topi. Xnopnipupoc — dochopopraHiuHuil iHCEKTUIN] LIVPOKOTO CIEKTPY
71il. 3aCTOCOBYETDHCS SIK IHCEKTUIIMJL Ha 36PHOBUX, 0AaBOBHUKY, [IOTbOBIUX, IJIO-
IOBUX, TOPIXOIUIIfHNX 1 OBOYEBUX KY/IbTypaX, a TAKOXK Ha ra3oHax i leKkopa-
TUBHUX poc/uHax [16, 20].

Tabnuuys 1
ligpoximMiyHi MOKa3HMKM BOTHNX JOCTIFHUX TinaHOK p. Pock Ta p. IIporoka
Hirpatn Hirputu AMoOHiit Docdarn
Toukm 0By (NO3J), (NO;), (NH}), (P/PO’Y),
mr N/gm? mr N/pm? mr N/pm? mr P/om?
p. Pocy, c. 'opopnie 1,83—9,00 | 0,02—0,09 | 0,41—1,25 | 0,39—0,62
p. IIporoxka, c. ITimana <0,65—6,33 | 0,02—0,06 0,85—4,6 0,17—0,53
p. Pocp, Cepenue bino- #0,65—1,21 | 0,01—0,04 | 0,21—0,67 | 0,23—0,67
LlepKiBCbKe BJCX., AEHPO-
napk «Onexcanpapisa»
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3a3BMyail MpU BUKOPUCTAHHI JIOTO Ha CiIbCBKOTOCHOJAPCHKUX YTiAAX
IIeBHA YaCTHHA ITECTULIUY MOXKE IIOTPAIUIATY Y IIPUIET/Ii BOJOVIMY 31 CTIYHU-
My i migseMHuMu Bojamu [8]. 3a TOKcMKomOriyHOW0 Kracudikaiieo Xmop-
nipndoc HaNMeXXNTh 10 HAA3BMYAITHO TOKCUYHUX PeYOBUH. VIOro TOKCHMIHMIA
Hopir 1 6i1bIIOCTI BUAIB TBAPVH, B TOMY YMCII i Tifpo6iOHTIB, CTAHOBUTH
0,0002 mr/mm’. TokcnuHicTb XI0pIipNdOCy Ast pub TAKOXK OB sI3aHa 3 IPHU-
THiYeHHAM aLleTWIXOJIIHEeCTEPA3H, AKa KaTajli3ye posILIeITIeHHA HellpoMeia-
TOpa alleTIIXOJIIHY Ha XOJIiH i amleTaT nuraxoM gpocdopumosanHs. L4 peaxuis
HeoOXiflHa [/ Ie3aKTUBallii alle TV/IXOMIiHY i Tepexoay KIiTVHM-MillleHi B CTaH
CIIOKOI0 (HAIpUKIag, I po3cnabieHHsa M sa30Boi Kmituam). [Tpy B3aemopii
HEeCTULVIY 3 eCTepa3aMyl Bifj0yBa€eTbCs MPUTHIYeHH: IXHbOI aKTMBHOCTI B pe-
3y/IbTaTi KOHKYPEHTHOTO rajlbMyBaHHA [17, 20].

OTtpumani maHi 10 KOHIeHTpanil xopnipnudocy y Boji MOBHICTIO Iifi-
TBEPKYIOTb PO3IIO/i/ pi3HUX HiAHOK p. Pock Ta p. IIpoToka 3a crynenem aH-
TPOIIOTeHHOTO HaBaHTa)KeHH: Ha BOJHY ekocucreMy (puc. 2). KoHleHTpamis
xnopuipudocy B paitoi c. ['opoanie p. Poch nepepniyBana j10ro KOHIEHT-
paLio Ha KOHTPOJIbHIN AinAHLI B 56,5 pasis, y p. IIpoTtoka — y 16 pasis.
HapMipHO 3acTOCYyBaHHA IECTULVAIB Ha IIOJIAX Ta 3MUB iX y BOJOJIMY HEMUHY-
Je Ipu3Befie 0 HoripiieHHs ¢isionoriynoro crany puo.

I[TepeBa>kHO, IIpy 36a1aHCOBAHOMY KPYroo0iry pe4oBVH y BOJHIX €KOCH-
cTeMax, HasBHa piBHOBara Mix 6ioToro i 6ioreHHUMU peyoBuHamu. Tax, iH-
TEHCUBHICTb CHHTe3y IepBUHHOI MPOAYKIi (iTOMIaHKTOHOM, B XOfli IKOTO
CIIO>XMBAIOTbCA HEOPTraHiuHi crionyky asory Ta ¢ocdopy, spemroro, pery-
JIIOETbCA MIBUJIKICTIO IXHBOTO YTBOPEHHS B pe3yNnbTaTi JEeCTPYyKIii Ta MiHe-
panisamii.

HekoHTponboBaHe HaXO[KEHH:A Y BOJHE CepeIOBUIIE 3HAYHOI KiTbKOC-
Ti 610reHHUX PeYOBUH CHPUYMHSIE 301/IbIII€HHS IBUKOCTI IIEPBUHHOTO IPO-
JYKYBaHHSA OPTaHiYHOI PEYOBMHI, 1[0 HE BCTUTAE 3aCBOIOBATICh OpPTaHi3MaMu
6inp11 BUCOKMX TPpodiuHMX piBHIB [9].

3a pKepenami HaaXo/pKeHHs 6ioreHiB MOYXHA BU/UINTY TPY TUIIM AHTPO-
noreHHoi eBTpodikanii: ypboreHHy, sKa BIHIUKAE BHACTINOK CKU/JAaHHA HEO-
YMIIEHNUX Bifi conyK ¢ocdopy Ta a30Ty MICBKMX CTIYHMX BOJ|; arpOTeHHY,
IPUYMHOK AKOI € BUMMBAHHA IPYHTOBMMM BOJAMM i 3/IMBaMI MiHEPA/IbHUX
10OpUB i3 CiTbCHKOTOCIIOAAPCHKUX YTi/ib; 300T€HHY BHACTIOK 3a0pyHEHHS
BOJIOVIM CTOKaMI TBapMHHULIbKUX ¢epm [1].

B Hamomy BuIaznxy y BCix JOCTiIPKEHNX BOJIOMIMaX MPOAYKIIiJiHi Tporecu
3HAYHO IlepeBaKa/ly HaJ NeCTPYKUiiHuMu. Tak, Ha Haybinbl 3a6pynHeHol
pinanni p. I[Iporoka (c. ITimana) A/R — xoediuieHT gocaras 95,5, mo 6yno
BUK/IMKAHO MAaCOBVM PO3BUTKOM II€PEBA)XHO CUHDBO3EIEHNX BOJOPOCTEN
(Tabn. 2). 36araueHHs BOAY OGIOTEHHMMIU CIIOTyKaMM 3i CTOKaMM 3 IOJIB Ta
HaJXOKEHHs OPTaHiYHOTO 3a0pyIHEHHS BiJ] ITACOBMIL pOraToi Xyo0u BUK-
JIMKa€ icTOTHY eBTpoiKaIlilo, BOJOIIMY MOXKHA BilHeCTH 10 rinepeTpodHOI.
IctoTHe HagxomKeHHs 1o Bogu nectunupis (p. Pock, c. opopnie) mpusso-
IOUTD [0 JEesAKOTO 3HVDKEHHS NePBMHHOI IPOAYKLII Ta 3SMEHIIEHH BEIMYMHI
A/R—xoedillieHTy TOPiBHAHO 3 YMOBHUM KOHTPOJIEM.
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Henpponapk «Onexcanpapisa» I

0 0,002 0,004 0,006 0,008 0,01 0,012

KouuenTpanis xopmipodocy, mr/am>

Puc. 2. Konnenrpauis xnopuipudocy y Boai Ha pisHux fginaHkax p. Poco Ta p. ITporoxka,
mr/pm?

3a cTyneHeM 3a0pyIHEHH:A CTOKIB 3 IPWIEITINX arpapHUX TEPUTOPIil Ta
TOCIIOfIApPChKO-KOMYHA/IbHUX CTOKIB JOCTI/)KeH] SUIAHI piYOK MOYKHA PO3Ta-
IIyBaTy HACTYTHMUM 4iHOM: p. Pock (c. [opopnuiue) > p. Ilporoka (c. [Timana)
> p. Poch (menpponapk «Onekcanppis»).

Crif TaKOX BiIMITUTH, 1[0 3pOCTaHHSI KOHI[EHTpalliit 6i0reHHMX CIIOJTYK i
HasABHICTb IMiABUIEHNX KOHIEHTPaL|iil IeCTULMLIB Y BOJi € IIOTEHLIITHOIO 3a-
IPO30I0 I/1s1 1O, OCKIZIBKY IXHS [iisl 34aTHA BIUIVHYTY Ha PO3MipHO-MacoBi Xa-
PaKTEePUCTVKY Ta PEIIPOAYKTUBHY (QYHKIII0 OpraHiaMy.

Po3mipHo-MacoBi mokasHyky pub 3 JOCTITHNX BOLOVIM ITOBHICTIO Y3rOf-
XKYIOTbCS 3 JaHVMM 1100 3a0pyAHeHHs BOfoiiM. Tak, Ha HaitbiIb1I 3a0pyx-
HeHiil focmipHii ginsaani p. Poce nobmusy c. ['opoauiie 3aranbHa JOBXMHA i
Maca IOCifKeHNX BUAIB pub Oy/ia B cepeiHbOMY Marbke y 1,5—2 pasy MeHIIe
HMOPIiBHSHO 3 KOHTPOJIEM Ta iHIIOKI HOCIIAHOI0 AinsHKowo p. [Iporoka 6ins
c. ITimana (tadmn. 3).

Cnip BigmiTnTy, mo TpuBae nepebyBaHHA pub B yMOBaX 3a0pyTHEHHSA
TaKOXX MO>XKe CIPYATK OiybIl I71o6aIbHMM 3MiHaM i Ha 6ioxiMiyHOMY piBHi.

Tabnuuys 2
ITepBuHHA MPORYKIiA Ta AeCTPYKILisA OPTaHIYHIIX PEYOBYH JOCTIPKEHNX BOJOIM,
yepBeHb 2022 p.
Banosa npo- Yucra npo- HecTpykuia
Bogoiimu mykist (A), IyKILis, (R), A/R
mr O, ov’/rox. | mr Oz gm’/rop. | mr O, gv®/rop.
P. Pocp, c. T'opopnie 0,61 0,57 0,04 15,25
P.IIpotoxka, c. ITimana 1,91 1,88 0,02 95,5
P. Pocy, nenpgponapk 0,24 0,24 0,01 24,0
«Onekcanpis»
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Bimomo, 1110 TOJIOBHY pOJIb B PeTy/AlLil iHTEHCMBHOCTI Iepebiry 6ioximMiunmx
npoleciB B opraHismi Bifirparots ropmonn. Hamu 6yno BCTaHOBIIEHO, IO
BMICT y KPOBi COMaTOTPOIIHY, AKUI € PETYIATOPOM IIPOLIECIB POCTY, iCTOTHO
3MiHIOBaBCsl 3a/IeKHO BiJj CTyIeHi aHTPOIIOT€HHOTO HaBaHTa)KeHHA. Tak, y
pub, ski nepebyBany y 3a0pyJHEeHNUX BOZOVIMAX, piBeHb COMAaTOTPOIIiHY OYB
3aBXX/M MEHIINM, HDXK Y pub 3 KOHTposbHOI Bogoiimu (puc. 3.). [Tpu 1ipomy
3HVDKEHHA KiZIbKOCTi TOPMOHY CIIOCTEPIrajioch y KpPOBi BCiX JOCTIPKEHNX BU-
niB pu6. Bigomo, 1m0 3a #ii mecTuy/iB 3MeHITyETbCS piBeHb COMAaTOTPOIIHY B
Kposi pu6 [15]. Ile migTBepmXy€eTbCA HALIVMM JAHVMU LIOJO BMICTY XJIOp-
nipudocy y Bofi i po3MipHO-MacOBMMU MOKa3HUKaMM pub 3 JOCTiTHNUX BO-
novimM. O4eBUIHO, 3HVDKEHHS BMICTy COMaTOTPOIIHY B KpOBi p10, BUK/INKaHe
HETaTVBHOIO Ji€I0 MeCTULITY, IIPU3BOAN/IO IO 3HVDKEHHA TEMIIIB POCTY.

l'oHagocomaTaHNMI iHAEKC CaMOK OKYHA i KpaCHOMIpKM 30i/IbITyBaBCs B
3a0py/HEeHMX BOJOVIMAX ITOPIBHAHO 1O KOHTpoIo (puc. 4) JInie jyis itopxka
BigMivyanmoch sHIKeHH:A I'Cl camok. ¥V caMIliB MOKa3HMKY iHEKCY 3MEHIITyBa-
JINCB 13 3pOCTaHHAM 3a0pyHeHHA Boau (puc. 5). OfHaK y Iop>Ka 3HOBY BUSAB-
JIIaCh IPOTWIEXKHA iHIIM BuziaM puo fiist noripieHHs yMmoB icHyBaHHs, ['CI
CaMIIiB JOPiBHIOBAB KOHTPOJIbHUM BEIMYMHAM.

OueBNIHO, B YMOBaX HETraTMBHOTO BIUIVBY IIpoliecu 3a0e3NedeHHs JKNT-
TECTINIKOCTI puO BUABWINCH €HEprosaTpaTHUMU. Takmil MposiB Moxe OyTu
KOMIIPOMICOM Y IIpoliecaxX POSIIOAiTy eHeprii MiXK IIBUAKICTIO pOCTY Ta TOJIe-
panTHicTIO fo mectuypis [19]. KinpkicTb eHepril, AKy opraHismM Mo>ke BUTpa-
TUTH, OOMeXXeHa, 1 Kol OopraHisMy MOTpiOHO pO3IORIINTY eHeprilo Ha 3a-
XMCHI MeXaHi3MU, MOXXYTb BMHUKHYTYM KOMIIPOMICK 3 iHIIMMM IIpoLiecaMu,
1[0 ITIOTPeOYIOTh eHepril, TaKuMM K picT i wroarogicTs [13]. BHacnigoxk 1poro,
reHepaTUBHI IPOLeCH, a caMe — CIIepMaToreHe3 caMmliB, BIpOTifHO, Maau
HIDKYe eHeprosabesneyeHHs, 1o 3ymoBuio sHbkeHHA ['Cl camiiiB gocippxe-
HVIX BUJiB pub.

3pOCTaHHSA TOHAJOCOMATUYHOTO iHIEKCY Y caMOK pub Ha 3a0py[HEHUX
JOCTITHMX AUISTHKAX CKOPIIII 32 BCe TIOB’sI3aHO 3 Oi/bIIO0 IHTEHCUBHICTIO 3a-
KIaJK/l HOBUX TeHepallili 0OLMTIB B ACTMKaX. Tak, 3 /liTepaTypHUX JpKepen

Tabnuuys 3
Maca (r) / goBxuHa (cM) Tina pu6 3 JOCTiIKeHNX BOZOIM, 1 = 25—50
P. Pocp, aerppo- P. Pocs, P. ITporoka,
Bupm mapK «Onex- c. Topopue c. Iimana
CaHpiA» e - LA
Vopsx ssusaitsuit Gymno- 874+027 6910386 799£055
cephalus cernua (L). 9,5+0,2 808+0,3 9,1+0,2
Oxysb pixosi Perca flu- | 3L14+461 1472£071% 22,41£6:89
viatilis (L.) 14,3+0,7 10,8+0,4* 12,7+18
KpacHomipka ssuarita 17,04£228 15,01+324 1031£045*
Scardinius erythrophthal- 117£0,5 10,8+0,7 8,1+0,3*
mus (L)
IIpumitka. * p<0,05.
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Puc. 3. BmicT coMaToTpoIIiHy y KpoBi pub 3 OCTiIXeHnX BofgoiM, M+m, n = 6—10. Tyt i
Ha puc. 4—38: I — p. Pocp, gengponapk «Onekcauppisi»; 2 — p. Pocy, c. [opopuiue; 3 —
p. [Iporoxa, c. ITimana
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Puc. 4. ToHagocoMaTHYHMII iHAEKC pub 3 JOCTIMHKEHNX BOJOIIM, caMKut, M*m, n =20

BiZIOMO, III0 B yMOBaX TOKCUYHOTO 3a0pyZHEHHS BOJY YacTO BeJMYNMHA IIO-
IIOYOCTi 3pocTae 3ajjis KOMIIeHCallil 3HVDKeHHA BIDKMBaHHA. Lle mosBose
MiATPUMYBATU PiBE€Hb YMCENTBHOCTI JI/IA HOPMAAbHOTO iCHYBAHHS MOMY/IALI]
(2].

Hocnimkenns BiTHOCHOI i abCcOMOTHOT iIHAMBIyanbHOI INTOAI0YOCTI Kpac-
HOMIpKM y NeBHiil Mipi migTBepaumy 1ii TBep/>KeHHA. Tak, Ha HaibinbII 3a-
6pynHeHiit ginstaLi p. Pock 6ins c. [opopniue BifHOCHa i abcomoTHa iHUBIRY-
aJIbHA IUIOMIOYICTh KpacHOMipKy 6y/a B cepefHbOMY B 1,5 pasu Buiie, HiX y
KOHTPOJIbHIIT BofoiiMi (puc. 6).
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Puc. 5. TonajjocoMaTnyHmii ingexkc pub 3 JOCIiKeHNX BOLOMM, camiii, M+m, n = 20
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Puc. 6. Bignocua mrogouicts (a) Ta abCoMOTHA IHAMBIAyaTbHA IIOAIOYICTh (6) Kpac-
HONIPKM 3 JOCTIIKeHUX BOLONM, MEm, n = 20

Oxpim 1poro, pisHi Bekropu 3miH I'CI Ta miogrovocti pub 3a HecnpusT-
JIMBUX YMOB CEPENOBUILA MOXKHA IIOACHUTY KOHIeniero ropMmesucy. [opme-
31C — L€ ABUILE, TPV AKOMY HM3bKi KOHIIEHTpAIlil TOKCMKAHTY ab0 piBHi He-
TaTYBHOIO BIUIMBY BUK/IVKAIOTh OHY PEAKIi0, TO/i K BIIIi PiBHi Ta KOHIIE€H-
Tpaljii BUK/IMKAIOTh PEAKIIiI0 B IPOTUIE)KHOMY HAIIPAMKY, Bifi IO3UTUBHOI 10
HeraTyBHOI, ab0 HaBIIaKL. 3a/Ie)KHO Biff XapaKTepy IapaMeTpa, Ha KW BIUIU-
BAIOTh HETATVBHO, HAIIPSIMOK BifilIOBifi opranismy 3MiHioeTbcs [18].

Ha renepatuBHi nmpouecn y pu6 icCTOTHO BIUIMBAIOTh CTAaTe€Bi TOPMOHY —
ecTpamion (KiHOYMIT) Ta TeCTOCTEPOH (YoOBiumMil). 3a HAUIMMU JaHUMIU,
BMICT eCTpafiiony i TeCTOCTEPOHY B KPOBi IIOBHICTIO KOPE/IIOE 3 TOHAZ0COMA-

ISSN 0375-8990. I'igpobionoriunmii sxypHai. 2024. 60(1) 93



ITompoxos O.C., 3invkoscvoxuii O.I., Xyoisu F0.M. ma in.

1 m2 m3

Bumict ectpapiony, HtMonb/am>

I

S = D W ks U1 NN 0 O

OkyHb KpacHomipka Vopx

Puc. 7. Bmict ectpagiony B KpoBi pub 3 JOCTimKeHnX Bofoitm, M+m, n = 6—10
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Puc. 8. BMicT TecTOoCTepOHY B KpOBi pub 3 HOCIiKeHUX BOfoiM, Mtm, n = 6—10

TUYHVMMY iHeKcaMu BOoCTigHuX BupiB pub. Tak, ecTpafiorn, AKnit 3amydeHnit y
¢dbopMyBaHHA PO3BUTKY OBOIMTIB [10]: mepeBa)kHO y BCiX JOCTIKEHNX BUTIB
pub i3 3a6pyHEHNX BOLOMIMAaX BMICT I[bOrO TOPMOHY Y IUIa3Mi KpoBi mifBu-
myBaBcs. Tak, y OKyHs 110 Mipi 3a6pyIHeHHs BOJV BMICT ecTpajiony 36impIry-
BaBcA Bif 20,5 0 78,8%, y kpacHomipkn — Bif 37,3% 3pocTaB y 2,3 pasa (puc.
7). Lleit daxT MOsICHIOE MiBAIIIEHH s TOHAZIOCOMAaTUYHOTO iHJIeKCY Y 3a6pyzHe-
HUX BopioiiMax. IIpoTe, piBeHb ecTpamiony y KpoBi Jiop>ka OyB Jelo MeHIIM
(Ha 25,4—34,5%) y 3a0pyaHeHiit BOJOIIMI, [0 TAKOXK ITOSICHIOE 3HVKEHHS T0-
HaJJOCOMATUYHOTO iHAEKCY.

Ha nmpotusary ecrpaziony, 3MiHM BMICTy T€CTOCTEPOHY B IIJIa3Mi KpOBi
pub MAIOTh IPOTU/IEKHY 3aKOHOMIPHICTD. Y OKYH:I i KpacHOIIpKy 110 Mipi 3a-
OpyZHEHHS BOJOJIMM BMICT 1IbOTO TOPMOHY 3HIDKYBaBcA. [l iopyKa, HaBIIa-
KI, CIIOCTePIraeThCs MiIBUIIEHHS BMICTY TeCTOCTEPOHY B KPOBi IIpu 3a0py-
HeHHi BOJY CTIYHMMM Bojamy arpouigupuemcts (puc. 8), mo, Ha GoHi 3HU-
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JKeHHs eCTpajiony, Mo)ke 6yTu IOB’s13aHe 3 IPUTHIYeHHsAM apoMaTasy, BYUK-
JIVIKQaHUM, HaIPUK/Iafl, HeraTUBHMM BIUIMBOM TOKCUKaHTIB [12]. [Je € Bupoc-

nenndivHOI0 peakIlito CTaTeBOI CUCTeMM JIOp)Ka Ta TOPMOHA/IBHOI i1 peryauii.

BucnoBkn

3a pesynbTaTaMy JOC//I>KEHb BCTAaHOBJIEHO iCTOTHMII BIUIMB arpoIifi-
IPUEMCTB Ha SIKICTb BOAY Y BOJIOVIMAX, IPWIEIINX [0 00pob/ieHux nonis. B
LIMX BOJOVMAaX 3HAYHO MiIBUIIYETbCA KOHLEHTpallid IOHIB aMOHIIO Ta HiT-
PUTIiB, a TakoX BMicT mectunupis (xmopmipudocy). CyrreBe HijBUILIEHHSA
KOHIIeHTpaIil aMOHIIHOTO a30Ty CBiJYMTH NPO CBi>Ke 3a0pyIHEHHS BOAM de-
pes3 MOCTiiTHe 3aCTOCYBaHHSA MiHepa/JbHUX JOOPUB.

CyMapHuii BIVMB 0GiOTeHHUX CIIONYK i X/I0pHipu¢ocy NpUSBOAUTH O
301/IpIIeHHsI IIEPBUHHOI IPOAYKIIii BOZOVIMM. AJie TPy 3HAYHIN KOHIIeHTparil
xnopmipudocy (p. Pocs, c. Topoanige — 0,0113 mr/am?®) mpoaykuis oprasiv-
HIX Pe4OBVH 3HIVDKYETHCA MOPIBHAHO 10 KOHTPOJIIO.

ITig miero moripiueHHs AKOCTI BOAM Ta 32 HAABHOCTI TOKCMYHIX KOHIIEHT-
palliil mecTULNIB SHMKYIOThCA TEMIIM POCTY OKYHA Pi4KOBOT0O, KPaCHOMIPKI
3BMYAITHOI Ta JIOp>Ka 3BMYANHOTO. Y OKYHS Ta KPAaCHOIIPKM i3 3a0pyIHEeHUX
BOJIOVIM 301/IbIITyBaBCs TOHAJOCOMATUYHMIT iH/IEKC CAMOK,  CaMIIiB — 3HIDKY-
BaBCs NOPIBHAHO 3 KOHTPOIbHUMM BeM4YnHamu. Bigmiueno spocranns Bifi-
HOCHOI Ta a0COJIIOTHOI IIOJF0YOCTi KPACHOIIIPKIL 3 POCTOM CTYIIEHIO 3a0pyz-
HeHHA Bofoimu. [Ipore He BiMi4a€ThCA iCTOTHOIO BIIMBY Ha PENIPOMAYKTUB-
HY CUCTEMY JI0pKa.

3HIDKEHHS BMICTy TOPMOHY POCTY B KPOBi pu6 3 HOTipLIeHHAM AKOCTi
BOJYI BUK/IVIKA€E 3MEHIIeHHs PO3MipHO-MacOBYX ITOKa3HMKIB pu6. 36inpuieH-
HA KOHIIEHTPALlil eCTpafiony B KpOBi OKYHsA Ta KPACHOIIPKM PU3BETIO 10 3pO-
CTaHHS IUIOJI0YOCT], 110 € O3HAKaMM aJjanTallii opraniamy pu6 Jo HeraTMBHOI
niii 3abpynHeHoro cepenoBuia. [Ipy bOMy 3HMKYIOTbCS €HEpPro3aTpaTu Ha
IPOLeC POCTY 3aisd 3a0e3leueHHs 3POCTAI0YNX €HeprornoTped Ha penpo-
IYKTVUBHI nponecy. [Iy1s caM1iiB O1/IbIII XapaKTePHUM € 3HVDKEHHs BMICTY Tec-
TOCTEPOHY B KpoBi Ha T1i 3MeHueHHA ['CL.

OTtpuMmaHi fja”i CBigyaTh Ipo Te, 110 3MiHM BMICTy TOPMOHIB Y KpOBi pubd
MO>KHa BMKOPUCTOBYBATU JI/IA MOHITOPMHIY AKOCTi BOJIY BOJHMUX €KOCUCTEM.
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FEATURES OF HORMONAL REGULATION OF GROWTH RATE AND
GENERATIVE FUNCTIONS OF FISH UNDER INCREASED ANTHROPOGENIC
INFLUENCE

The chemical indicators of water, and the production and destruction of organic subs-
tances from different areas on the Ros and Protoka river were studied. In the area with Ho-
rodyshche village (r. Ros) and with Pishchana village (r. Protoka), the concentration of am-
monium nitrogen exceeded 2—5 times, nitrites — 1.5—2.5 times, nitrates — almost
3.0—5.8 times the control indicators (Alexandria dendrological park, r. Ros). In sections of
these rivers, significant water pollution with pesticides (chlorpyrophos) from the territori-
es adjacent to water bodies was observed. In the presence of water enrichment with bioge-
nic substances, production processes in water (Pishchana village) increase significantly,
and with a significant concentration of chlorpyrophos (Horodyshche village), the produc-
tion of organic substances decreases compared to the control.

It has been established that with the deterioration of water quality and in the presence
of toxic pollution of the reservoir, the size-mass indicators of common ruff, river perch and
common rudd decrease. This is primarily due to a decrease in the content of somatotronin
in the blood. The gonadosomatic index of perch and rudd females from polluted water bo-
dies increased, while that of males decreased compared to the control values. Also, an inc-
rease in the relative and absolute fertility of the rudd with an increase in the degree of pollu-
tion of the reservoir was noted. With an increase in the fertility of females under the influ-
ence of unfavorable conditions, the content of estradiol in the blood increases. Male perch
and rudd are characterized by a decrease in the gonadosomatic index against the backgro-
und of a decrease in the content of testosterone in the blood.
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Thus, the adaptive response of fish, which is aimed at maintaining the population and
increasing resilience under toxic conditions, is a decrease in size and mass indicators, and
an increase in the fecundity of females. These processes are provided by hormonal regulati-
on of metabolic processes.

Key words: agro-industrial wastewater, river perch, common ruff, common rudd,
growth and fertility of fish, somatotropin, testosterone, estradiol.
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300IEPY®ITOH HA AHTUOBPOCTAIOYMX
IOKPUTTAX TA 3MIHM JIOT'O IEHOTUYHOT
CTPYKTYPU

Jocnioseno ocobnusocmi popmysanHs yepynosarv 300nepudimony Ha ekcrnepumeH-
MAnbHUX CYOCmpamax — NOKPUMMAX 3 AHMUOOPOCMAIOUUMU 6/1ACHUBOCHIAMU, PO3POO-
JIEHUMU HA OCHOBI Npomucnosoi ankionoi emani I1P-167, mooupikosanoi kamioHHUMU
bioyudamu 1-0odeyunnipuduniti oneamom ma I-0odeyunnipuduniii 6ic(2-emuneexcun)-
pocpamom. Excnepumenmanvui cybcmpamu 6o excnornosaro 6 samoui Kaniscokozo o-
docxosuuia (p. ninpo). ITokazano ocobnusocmi cykuecitinux 3min yepynosanv 3 00mMiy-
saHHaAM OpeiiceHio ma moxyeamox. Ha 8iominy 6i0 nonepeduix pokie docnioncerv, Konu
memnepamypa 6 cepnti (Hati6uUUsULi PO3BUMOK KOOHIL MOXYBAMOK) OYNA HUNCUOI0, Hepe-
PUBAHHST KOHMUHYATIbHOT CYKUECTT Y2PYynosars 3 00MIHY8AHHIM OpeiiceHio 3a PaxyHOK po3-
BUINKY MOXy8amox He 8i00ysanocv. Bcmanosneno 0ocumv UCOKy aHmuobpocmarnyy
30amHicmo NOKpUmMmie, ki Micmunu 8 Macosux 8idcomxkis kamioHHux 6ioyudis. B daro-
MY 00CTiOxHceHi He BUSBIIEHO 38 A3KI8 UEHOMUUHOI CIMPYKMYypPU 3 XApakmepom aHmuoopo-
CMarn1ux HoKpUmmis.

Kniouosi cnosa: sodocxosuue, exchepumenmanvui cyocmpamu, anmuoopocmarnyi
nokpummsi, Kamionni 6ioyudu, nepudimon, yeHOMUUHA CIPYKIMYPA.

II'm TyBaHH A Mopososcbka 1.O., Poranbepkuit C.IL., xyxa O.B., Tapaciox O.IL,
ITporacos O.0O. 3oonepndiToH Ha aHTMOOPOCTAIOYNX IOKPUTTAX Ta 3MIHMU JIOrO LjeHO-
TUYHOI CTPYKTYpu. [idpobion. scypn. 2024. T. 60. Ne 1. C. 99—116.
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O6pocTaHHA TiApOTeXHIYHUX CIIOPYH, TEXHOTIOTIYHOTO OOTaTHAHHSA CIC-
TeM OXOJIOJPKEHHsI Ta BOJOIIOCTa4YaHH:, sike GopMyeTbcs pisHUMM Hepudi-
TOHHMMM OpraHisMaMy, 3HAYHOI MipOI0 3HIDKYE iXHi eKCITyaTalliiiHi Xapak-
TEPUCTUKY, CTBOPIOE NOJATKOBE HAaBaHTAXXEHHA HAa KOHCTPYKIIIO CIIOPYH, a
TAaKOJX CIIPMYMHIOE KOPO3il0 MeTary y BOGHOMY CepemOBUILi i, BilTIOBiAHO, ITe-
penyacHe pyiiHyBaHH: 00’ekTiB [3, 5, 16, 26, 28].

3axony moA0 oOMexeHHSA OOpOCTaHHSA HMOBMHHI OyTM JTOKaIbHUMI,
CIIPSIMOBAaHMMU CaMe B Te Miclle, /e BUHMKAIOTh 0i0IOTiuHi MepemKoy, Ma-
I0Tb OyTY eKOJIOTiYHMMY 1 He 3aBJIaBaTy LIKOAY HAaBKOIUIIHBOMY CEpPeLOBU-
uty.

TpaguuiitHuM MeTOfOM 3arobiraHHsA OOPOCTAaHHIO MeTaleBUX IOBep-
XOHb € HAaHECEHHS Ha HUX 3aXVCHUX IOJIMEPHUX IOKPUTTIB Ha OCHOBI MO-
nugikoBaHux ¢ap6, Aki MicTATh bionuaHi fomimky — antudoynaaTu. [lepc-
HEeKTVBHMM KJIACOM aHTMOOPOCTAUMX TOMIIIOK € KaTioHHI 6ioiuan Ha oc-
HOBi cojell TeTpaaJKillaMOHilo, l-ankinmipmpamuiro, 1,3-miankimimigasorio,
N-ankinryanignsiro. Taki CIonyky IpOABIAITH IMPOKNUIL CIIEKTP aKTUBHOC-
Ti IpOTY BOZHUX MiKpO- i Makpooprani3mis [19, 20, 30] i MaroTh 3HAYHO MeH-
IIIy TOKCUYHICTD IIOPiBHAHO 3 0/10BO- Ta MifibBMicHUMM 6ionupmamn [29]. ®i-
3MKO-XiMiuHi BIacTMBOCTI KaTiOHHMX 6iolu/iB, 30KpeMa TeMIeparypa TOII-
JIEHH:, PO3YMHHICTD Y BOJIi i Opra”HiYHMX PO3YMHHMKAX, MOXKYThb BapiloBaTi B
HMIMPOKUX MeXKaxX Mig0opoM BiJIIOBITHUX aHiOHIB [24].

3a J0IIOMOro0 MeTOAy eKcrepuMeHTanbHux cyocrparis (EC) moxe 6ytn
BUBYEHA AMHAMiKa CYKIeCilIHMX IIPOIieciB B yIPYNOBAaHHAX Ti[pO6iOHTIB, Bif
I0OBEHI/IBHIX CTaflill, Ha HOBUX CyOCTpaTax, 4o K/IiMaKCHIX, XapaKTePHUX, TU-
HOBYX I BaHuX yMOB [8, 14, 17]. Cykueciiini nporjecu Ha EC € npuitHsaTHOIO
MO/JIEJI/II0 KOHTUMHYYMY Y Yaci, TOMY 1110, IK II0OKa3a/Iy IIOTEePe/IHi JOCTi/KeHHA
[10—12, 22], € mexinpka BapiaHTiB MPOXOKEHH:A CYKIIeCiil.

Metoro po6otu Oyno: BCTAHOBUTU OCOOIMBOCTI AMHAMIKM yIPyIIOBaHb
3o0mepniTOHY Ha eKCIIepUMeHTa/IbHIX CyOCTpaTax 3 pisHMMM BIaCTUBOCTS-
MM, JaTU OLIiHKY aHTMOOPOCTAIOUYMX BIACTUBOCTEN HOKPUTTIB 3 ZOMIIIKaMU
KaTiOHHUX 6ioLAiB.

Marepian i MeTOgMKa JOCTiI)KEHD

B po6orti focnimxeHo fuHaMiKy 0OpOCTaHHA eKCIePUMEHTATbHIX CyOCT-
ParTiB 3 3aXMCHMM ITIOKPUTTAM Ha OCHOBI IPOMUC/IOBOI anKigHoi emani [1D-167
(Texnobypncepsic, Ykpaina), mogudikoBaHol rizpodpobHUMN KaTiOHHUMMK
6ioumaaMu — consiMu 1-HomeInipuanHi, ki MicTATh Tiffpodo6Hi aHioHN
onear i 6ic(2-erwarekcun)docdar. Onear- (CoPyr-onear) i 6ic(2-eTmnrex-
cun)docdar (Ci2Pyr-BEHP) aHioHM IpOAB/IAIOTH BIacTUBOCTI iHri6iTOPIB KO-
posii meraniB y mpicHiit i comoniit Bogi [21, 27]. Takum 4mHOM, KaTiOHHI
6iouyay, sIKi MiCTATh BKa3aHi aHiOHM, MOXKYTb BUKOHYBaTH QyHKLIT 6ipyHK-
LIiIOHAJIbHUX Mom/[(l)iKonqMX NOMIIIOK J/1A 3aXVICHUX IIO/TIMEPHMX ITIOKPUTTIB.

BiounpHy gomimky gomasanm o Gpapou y KiTbKOCTi 5 MacOBUX BiJICOTKIB i
rOMOreHisyBa/m 3a joroMoroo 3Mmimysaya Dispermat® (Himeuunna). bymno
BUKOPJVICTAHO eKCIIePMMEHTa/IbHI cyOcTpaTi posMipoM 8x2,5x0,05 cM, 1110 1o-
cdapboBani B gBa mapu. 3arajbHa TOBIMHA MOKPUTTS cTaHoBmWIa 300+
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10 MxM. Macy HaHeCeHOTO TIOKPUTTS BU3HAYAIN 32 PisHMIEI0 Mac modap6o-
BaHOI i YMCTOI MeTaNIeBUX IJIACTUH. 3 ypaXyBaHHAM TOTO, 1110 BMiCT CyXOro 3a-
Ky ¢ap6u craHoBuUTh 60+10 %, mic/sa BUCUMXaHHS HOKPUTTS BMICT 6ioru-
Iy B HbOMY cTaHOBUB 8+10 %. By Bukopucrani taki aHTo6pocraodi mno-
kputrtsa: [1®P-167/C,Pyr-BEHP (5 %) — pani: «BEHP» (16 mTyk),
[1®-167/Ci.Pyr-oleate (5 %) — pami: «Omeat» (16 myk). Kpim Toro Bukopu-
CTOBYBamu cybcTpary, BKpUTi KOpabelbHOIO ankigHoo emammo [1P-167
(«Emanp») — 16 mTyK Ta cy6cTpaTy 3 IIOiMepHOTO MaTepiany — BiHimmacty

(«Bin») — 16 mTyk. Vloro mMm posriamaemMo K iHepTHMiI Cy6CTpaT, TOMY
NOpiBHAHHA e(peKTUBHOCTI MOKPUTTIB MPOBOAIN BiJHOCHO HBOTO («KOHT-
POTIb»).

Hocnimkenna nposoanau nporarom 2019—2020 pp. B ofHil i3 3aTOK
KaHiBchKOTO BOZOCXOBMIIIA HIDKYeE 3a Tediero Bin M. KuiB. Cy6CTpaTI/I 6ym/1 BU-
craByieHi 25 yepBHs 2019 p. Ha ABOX cTeHfax. TemnepaTypa BoaM IIpy 1OCTa-
HoBILi 6yna 28,5°C, mposopictb Bogu — 1,5 M. ITicna excnosunii 143 ni6
(15.11.2019 p.) i ocTaHHBOI 3i1OMKM IIPOO OAMH CTeHH OY/IO 3HATO, a APYTUil
CTeH] 3 YOoTMpMa IytacTuHamu 3 nokputtamm: «BEHP», «Onear», «Emanb», a
TaKOX 3 4oTupMma cybcrpartamu «Bin» 6y0 mepeBeseHo /10 6aceiiHy B akBa-
koMIutekc IHcTuTyTy rigpob6ionorii HAH Ykpainu, e BiH mepebyBas 3 op-
ranismamu 10 Becuu 2020 p. Ilicnsa wiei excriosumii B 6aceiini, 4.06.2020 p.
cTeHJ OYB 3HOBY 3aHYpeHMII y BOAY Ha Til camiit cTaHIil (TaKuM 4MHOM, eKc-
no3uiis cyocrpatis 6yma 345(0), To6TO 345 16 3 TOYATKY MEPIIOTO eKCIIOHY-
BaHHA i 0 — 3 gpyroro), remneparypa sogu — 15,0°C, mposopicte — 2,9 M.

Byo npoBezieHO feKinbKa Bi3yaTbHUX OLIIHOK IHTEHCMBHOCTI 0OpOCTaH-
Hs 6e3 Binbopy 1pob (56, 372(27), 407(62), 453(127) ni6) Ta 3 Bizbopom mpob
(35, 78, 120, 143, 470(161) fi6 1o Tpy IIACTMHYU KOXKHOTO TUITY CyOCTpaTy). 3
KO>KHVM BiffoopoM Ipo6 KiZIbKicTbh cyOCTpaTiB Ha CTeHJAX 3MEHIIyBaIach Ha
TpH, Yepes Iie OMIC CYOCTpaTiB MPOBOAVIIN CIIOYATKY Ha 16 IIacTMHAX, IOTIM
Ha 13,10, 7 Ta 4. logaTKkoBO 0y/10 BCTAHOB/IEHO 12 YMCTHX IVIACTUH 3 BiHimIac-
toM (masi «Bix 2020»).

Crig BigMITUTH, IO CMEPTHICTb ApeiiceHN B aKBAaKOMILIEKC] BUABUIACDH
JIOCTaTHBO BMCOKOIO, B IEPeHECEHMX CyOCTpaTax 3alMIININCh HOOJAMHOKI
0COOMHY, ajte 3a/IMIIKY 6iCYCHMX HUTOK Ta MPUKPIIUIeHi MY 3aIUIIMINACH
Ha cyOcTpari.

CreHau #7141 eKCIIOHYBaHHA IIJIACTUH B Pi3Hi Iepioin fOCTiI>KeHHA ABIA-
1M c06010 IPOCTY PaMOYHY KOHCTPYKILiIo, 1110 3aHypIOBa/IY Ha IMOuHY 1,5 M 3
BepTHKanpHOW opieHTaniew mromyH EC. Ormsap crenpis, Binbip EC nposo-
IVUIN TIPY KOPOTKOYACHOMY IiHATTI CTEH/IIB 3 BOMIN.

Ouinky iHTeHcuBHOCTI 06poctanHa EC npoBoawmm mpu BisyanbHUX OT-
JAfAX IPY 3HATTI cyOCTpaTiB (3 000X OOKIB CTEH/Y), @ TAKOXK IIpK aHaIi3i po-
torpaciit. [l oniHky iHTeHCMBHOCTI po3BUTKY o6pocTanHs Ha EC 3acroco-
ByBa/mu 5-6anbHy mKany [22]: 1 6an — okpemi opranismu; 2 — HesiMKHYTe,
IJIAMMCTEe OOPOCTaHH:A, OKpeMi KojIoHil, mokpurtsa 10—20 %; 3 — opHouIa-
POBi KOJIOHIi, OfHOAPYCHI ITOCeneH s, TOKpUTTA 6inbii 50 i MeH1e 100 %; 4 —
MacMBHi KoJIoHii, 6araToApycHi noceneHH: Ha rromti o 100 % cy6erpary; 5 —
CyLjiybHe TpUBMMIipHe MacuBHe obpocTanH:, 100 % mOKpuUTTS cyobcTpaty. 3a-
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CTOCOBYBA/IM 11i/Ii i poOOB1 BeMMYMHM OLIiHOK: HaIIPUKIIAJ, IIPU AyXKe CIabKo-
My obpocranui — 0,5 6ama. [Ins Bigbopy npob mpoBOAMIN 3110MKY KOXXHOI
ITACTVMHIA B OKPEMY E€MKICTb.

Oninky puHaMiKM iHTEHCMBHOCTI OOpOCTaHHA Ha KOXKHOMY HOKPUTTI
MOPiBHAHO 3 BiHiIUTacTOM mpoBoawn 3a nepiog 3 2019—2020 pp., fe iHTEH-
CUBHICTb 00pOCTaHHA, OljiHeHa y 6aax, Ha BiHiIvTacti Oyna B3sTa 3a 100 %.

CraTucTuyHy 06poOKY ZaHUX IPOBOAMIN 32 JOIIOMOTOI0 IakeTa Micro-
soft Excel 11 po3paxyHKiB cepelHiX 3HaueHb Ta CTAaHJAPTHOTO BiIXM/ICHHS.

T'igpobionoriuny po36opky mpob 3oonepndiroHa IpoBOANIN Mif cTepe-
oMmikpockoriom MBC-10. B tabmmisx 1 i 2 BkasaHoO cepefjHiit 6a1, 4MCcenbHICTD,
6iomacy * cTaHgapTHE BiIXWuIeHHA (O).

[ onycy TakcoHOMiYHOTO 6ararcTBa 6e3xpedeTHIX BUKOPUCTOBYBAIN
tepmin HIT — myokunit inentudikoBanmit Takcon [2]. B po3paxyHkax Kinb-
KiCHMX ITOKa3HUKIB (4McenpHicTh, 6ioMaca, mecTpyKiis) rifpobioHTiB 3acToO-
coByBanu opurinanbHui maker nporpam WaCo mya ITIEBM [6, 23].

BupinenHa yrpynosaHb IPOBOJVIIN 3a PO3IIOJI/IOM [JOMiHAaHTIB, i BOHU
Oynu HasBaHi 3a gominylounm HIT, mo 3aitmann 50 % 4m 6inble mokasHuKa
pectrpykuil (R, x/M*rox).

J71st oniHKM MOAiOHOCT] BUAIIEHUX YTPYHIOBaHb OY/I0 3aCTOCOBAHO KIac-
TepHMII aHali3 3a MeTofioM bpes-Keprica 3a gomomororo nporpamu Biodiver-
siti Pro 2.0 [18], 3 moporom nogi6uocti 50%. Takoxx i oniHky nofi6HOCTI
CKJIaJly YTPYIIOBaHb BUKOPUCTOBYBanM iHfiekc CepeHceHa.

CTpyKTypy ZOMiHYBaHHS B YTPYIIOBaHHAX OY/I0 JOCTIKEHO 3a JOIIOMO-
rOI0 KPVMBMX JOMiHYBaHH:A-pisHOMaHITTA [1, 15].

PesynbTaTi joCIifKeHb

Ha xinenp mumns (excrosnuis 35 #i6) cybcrparty 6ymu Maibke no3basiieHi
obpocranus. Y 2020 p., npu nepuriit sitomni EC gominyBana MoxyBatka, 0
25 % (Tabm. 1).

Ilo movatky cepnus y 2019 p. Ha aHTMOOPOCTAIOYMX MOKPUTTAX CIIOC-
Tepirazocb o6pocTaHHA CyOCTpaTiB KOMOHisAMM MoOXyBaTku 23—50 %, Ha
«Bin» — MoxyBaTKOI0 Ta fipeiiceHo0 1o 100 %. Y 2020 p. (excriosumis 407(62
71i6)) Ha aHTMOOPOCTAIUMX ITOKPUTTSAX BiMideHO JoOpe PO3BMHEH] KOOHIT
MoxyBaTkM 1o 50—90 %, na «Bim» — MoxyBaTKoOI0 Ta fipericeHol0 Bif 20 o
100 % nmoxkputTA.

o mucromamy 2019 p. BinOyBaBcs pO3BUTOK IIOCETIEHb ApericeHn, 6anu
iHTeHCHBHOCTi OOPOCTaHHA Ha aHTMOOPOCTAIOYMX IOKPUTTAX Ta Ha «Bin»
BKaszaHi B Tabmuui 1. ¥ 2020 p. (excmo3uuis 470(161) ni6) Ha 75 % maactuH
BifIMi4eHO KOJIOHIi BiiMepyI0i MOXYBaTKY, IUIOIA CyOCTpaTa, 3alfHATa Helo,
cxnmapana o 70 % rractuau. Ha cy6crparax 3 aHTMOOPOCTAI0UMM HOKPUTTAM
HoceTIeHHA 3 ipericeHoro 3aitmany 20—50 % cybcrpara. Ha «Bin» — nocenen-
HA fipeiicenu (HeBenmuKi apysu) pocaramu 80 %, 6ynma ofHa mracTiHa 3 100 %
MOKPUTTAM. TaKuM YMHOM, CIIOCTepPirannch icTOTHI 3MiHM B CK/Iafii JOMiHaH-
TiB B XO/ji CyKIlecii, 3aralbHOTO rabiTycy oOpoCTaHHs i 10r0 MacMBHOCTI Ta
psicHOCTi (MB. TabM. 1).
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Excnosuiiig, moba

Puc. 1. Oninka iHTeHcnBHOCTI 06pocranna Ha EC myia 060x cTopiH, y 6anax

Buoinenns yepynosanv. Ha mifgcrasi oljiHky moai6HOCTi BifTHOCHMX IO-
KasHMKIB IMXaHHA, Ha BCIiX IOKPUTTAX Ta Ha iHepTHOMY cybcTpaTti 6yno Bu-
JIIEHO IIiCTh YTPYIIOBaHb. [XHi XapaKTepUCTUKY MIPEeICTaBIeHi B Tabmuili 2.

Yrpynosauus Dreissena polymorpha (Pallas), na Bigminy Bip iHmmx yrpy-
IIOBaHb, 0Y/I0 CaMMM PO3HNOBCIOKeHNM. BoHO 3ycTpivanocs 12 pasiB y pisHUX
cepiax excrio3ntii 3 78 no 470 (161) ni6 (zuB. Ta6. 2). PisHi BapianTu yrpyno-
BaHHA D. polymorpha manu nesxi oco6mmBocri. /Inmie ;Ba BUAY Y CKIazi X
yIpynoBaHb Oy BigMideHi Ha BCiX IIOKPUTTAX, 4O HNUX BiTHOCVINCH TNYVH-
K1 BosIoxokpwnbliiB Ecnomus tenellus (Rambur), Dreissena bugensis (Andr.)
L1i yrpymoBaHHA 3yCTpidanucs auiie BOCeHM — 3 BepecHs 1o mucronap. Ot-
e, MOXKHa 3pOONTH BICHOBOK, 1110 /11 OPMYBaHHA yrpynosaHb D. polymor-
pha notpibHO 6inblre yacy, HOK 1 iHIINX.

Yrpynosauus Plumatella fungosa (Pallas) 6yno BigmideHo Tinbku Ha mo-
kputti «BEHP» i 3ycTpigamoch opus pas B 1iTHil nepiof. JIuiie B iboMy yrpy-
nosaHHi 6y BingMiveni Hydra Ta Gastropoda.

B yrpynosanHi D. bugensis + D. polymorpha, ua Bigminy Bif iHImx yrpy-
nosaHb, Oy Bigmiveni Nematoda Ta Hirudinea.

HesBaxkaroun Ha Te, 110 yIPyIIOBaHHA 3 JOMiHYBaHHAM JIpENICEHi]] 3yCT-
pivyanich Ha pi3HUX cybCcTpaTax, Ha «BiH» BoHM 6y 3 caMoro Be/nKoo 6ioma-
coro (guB. Tab. 2).

ITopiBHAHHA CK/Iafy yrpymnoBaHb 3a iHgekcoMm CepeHceHa MOKa3ao, 1o
yTpyIoBaHHA 3 joMiHyBaHHAM D. polymorphainasits D. polymorpha + P. fun-
£0sa Mayy 3Ha4YHi TOKa3HMKY nofibHocTi — Bif 0,63 o 0,88. [lo wiei rpymm fo-
Ny4aloTbcs yrpynoBaHHsa D. polymorpha+D. bugensis, 3 xoedimientTom mo-
mi6nocri Cepencena 0,72—0,81, a yrpynoBauus D. bugensis He Many 3Ha4HOI
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IMoxpurts Ha 060x cToponax EC, 6an

Puc. 2. CuiBBifHoIIeHHs 6ioMacy Ta iHTeHCMBHOCTI 06pocTaHHs Ha EC

HOAIiOHOCTI 3 Li€l0 IPYIIOI0, BOHY CK/Iajia/iv OKpeMy IpYILy i He Oy/i OB’ A3aHi
3 {HIIVMM YTPYTIOBaHHAMY 3HAYHUMM 3B 13KaMM TIOLiOHOCT.

Hunamika 3min yepynosarv Ha pisHux cybcmpamax (Cykuecitini 3miHu).
Ha nokpurri «BEHP» Ha 35-Ty 106y 6y10 yrpyIoBaHHs 3 ZOMiHYBaHHAM MO-
XxyBaTKu  P. fungosa, sike 3 4acom, Ha 78-My 100y 3MiHMIOCH YTPYIIOBAaHHS
D. polymorpha, sixe ciocrepiranocs B ofaablii excrnosniii (ta6. 3).

Ha nokpurrax «Omnear» Ta «EManb» MaibKe BCIO €KCIO3ULII0 JOMiHyBa/IN
yrpynoBaHH: apeiiceHin. [Ipu nepmiit excriosunii 6yno yrpynosanus D. bu-
gensis, ke Ha HACTYIIHY eKCIIO3NIIii0 3MiHWIOCh Ha yrpynoBaHHA D. polymor-
pha + P. fungosa, i B noganbuioMy sMiHIIOCH Ha yrpynosanH: D. polymorpha.

Ha «Bin» 6yna xapakTepHa ITIOBHA BifICyTHICTb yIPyIIOBaHb 3 JOMiHYBaH-
HAM MOXYBaTKI.

Ouinka 6ioyudHux énacmusocmeti noxkpummis. PisHNIA 3araIbHOTO ra-
6iTycy obpocranna Ha moKputTi «Onear» Ta «Bin» 6yma cyrreBoo: Ha «Ore-
aTi» HOKPUTTA cyOcTpaTy Oyio, 3rigHo Tabmui 1 Ta pucyHky 3 a, 6, 30—40 %
(2,6 6ama), Ha «BiHn» — 80—100 % (3,7 6ana).

JocnimkeHHs mokasany, Mo Ha MepIInii pik eKCIIOHyBaHH:A CyOCTpaTiB Ha
HNOKPUTTAX Ta Ha «EMai» iHTeHCHBHICTD 00pocTaHH:A Oy/Ia HIDKYOI0, HDK Ha
ineptHOMY cy6cTpari («Bin»), 1110 MO>Ke CBIIYMTH IPO Te, 110 HOKPUTTS MajIN
HeBHY 6ioLMAHY Jiifo, IKa He aBaja po3BMBaTIUCh obpocTaHH. Ha HacTym-
HUI piK, nounHaoun 3 407—442 nobu ekCrioHyBaHHA CyOCTpaTiB, 0OpocTaH-
HA 6y}10 OinpIIMM, HIXK Ha «BiH», ajie MOTIM 1€l TOKa3HUK 3HIDKYBaBcA (puc.
4).

Hunamika uucenvrocmi ma 6iomacu Ha noxkpummsx. B yci 3itoMku excro-
3M1il Ha IOKPUTTAX Ta HA eMaJli YMCeTbHICTh BITHOCHO «BiH» OyIa HIDKYOIO.
[To 6iomaci BiZMiueHO IPaKTMYHO aHA/NOTIYHY KApPTUHY (3a BUKIIOYEHHAIM
OfHi€l IIacTMHY, HA AKiit chopMyBanach BelMKa KOJIOHIA MOXyBaTKMm). Ajle
B)Xe II0YMHAaI0uy 3 78-1 ;06 IOKasHMKY 6ioMacy Oy/1u HYKIMMM: B CEPeHbO-
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Tabnuus 3
JuHaMika yrpynoBaHb 3a nepiop gocaigmxenb 2019—2020 pp.
Excrosuiis
Cybcrpartu
35 78 120 143 470(161)
«BEHP» P. fungosa |D. polymorpha | D. polymor- | D. polymor- |D. polymorpha
pha pha
«Orear» D. bugensis | D. polymorpha | D. polymor- | D. polymor- | D. polymorpha
+ P. fungosa | pha pha + D. bugensis
«EMaip» D. bugensis | D. polymorpha | D. polymor- | D. polymor- | D. polymorpha
+P. fungosa | pha pha
«Bin» D. bugensis | D. polymorpha | D. polymor- | D. polymor- | D. bugensis +
pha pha D. polymorpha

My 6iomaca Ha «BEHP», «Oneari», «Emani» cknagana BignosigHo 4,8, 6,0 ta
24,2 % Binm 6ioMacu Ha «Bin».

OO6roBoOpeHHs pe3y/IbTaTiB JOCTiI)KeHb

Taxum YuHOM, JOCTiPKeHHs nepudiTOHY Ha eKCIIepUMeHTaIbHIUX CyOCT-
parax B KaHiBCcbKOMy BOZOCXOBMII, AKi TPOBOAATLCA BxKe 6araTo pokis [10,
14, 22, 25] nokasany, 110 BijOyBalOThCs AesAKi 3MiHY B TOMIHYI0UMX KOMIUIEK-
cax nepu¢iToHy Ta HOKa3HMKAX PACHOCTI. by/o ommcaHo micTe THIiB yrpymo-
BaHb, 110 M/l OJHAKOBMX NOMIHAHTIB, fIKi Ha pi3HUX cybcTpaTax Ta IIpU
pisHuUX ekcrio3nuiAx 6ynu npexcrasneni 20 Bapiantamn. Ha BigMiHy Big MyHY-
JIMX POKiB, B IbOMY HOCTIIPKEHH] 0Y/10 BUIIIEHO JIVIIIe Of{VH pa3 yIPYIIOBAaHHS
3 JIOMiHYBaHHAM MOXYBaTKu P. fungosa, B TOM Yac aK y 2014—2015 pp. moHo-
MIOMiHaHTHE YIPYIOBaHHA P. fungosa Biipi3HAIOCH BE/IMKOIO 3yCTPidaIbHICTIO
B CepiAX pi3HMX eKCIIO3MILiil i Ha pi3SHUX MOKPUTTAX Oy/I0 BifMideHO ciM pasis.
Takox yrpynoBanus P. fungosa 3 comoMiHaHTOM 3ycTpidamics B Iepiof foc-
nimxenb 2014—2015 pp. 11 pasis.

OpHyM 3 Hait6iIbII PO3IIOBCIO/PKEHNX Y Yaci Ta Ha pisHMX cybcTpaTax y
IIbOMY JJOCIiPKeHHi 6y/10 yrpynosanHs D. polymorpha (pus. Ta6m. 2). Tinpku
JUIs YTPYIIOBaHb JpeliCeHN Ta MOXYBaTKM Oy/I0 JOCTaTHbO BUpPaXKeHe JOMiHy-
BaHHA.

CrpykTypa yrpynoBaHb IIPOaHa/li30BaHa y BUIJLAJI TaK 3BaHUX KPUBUX
JIOMiHYBaHHA-Pi3HOMaHITTA [1, 15]. BusABneHO Tpu THIN KPUBUX KOMiHyBaH-
HA-PI3SHOMAHITTA 3 pi3HUM CTyIleHeM J[OMIHAHTiB: 1 TMII — YrpynoOBaHHA
P. fungosa, B meHmomy cryneni D. polymorpha; 2 Tun — copoMiHaHTHUI
D. bugensis + D. polymorpha; 3 Tun — iHIIi yrpynoBaHHA, B AKUX JOMiHyBaH-
Hs 0Y/10 IPAaKTUYHO He BUPAXKEHIIM.

Amnanis HIT-pisHomaHiTTs (ZmB. Tab/1. 2) MOKasas, 10 iCHY€E BUpaXKeHa
TEHJIEHIIis 3HVDKEHHA Pi3HOMAHITTA 3 POCTOM Yacy eKCIIO3MILii, IKa IIOB’A3aHa
3 po3BUTKOM OfiHi€l jominanTHOI hopmu (D. polymorpha uu P. fungosa). ITo-
Ka3HMKM 3HadeHb HIT pisHOMaHITTA 3a 4McenbHICTIO [ BCiX yrpynoBaHb
Oynu B piamasoni 1,5—3,5 6i1/ex3 (B cepegaboMy — 2,3 6iT), B TOJ 4ac K
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a 6

Puc. 3. 3arampumit BUrian cyocrparis: a — mokpurrs «Oreat»; 6 — «Bin» Ha 470(161)
106y (12.11.2020)

pisHOMaHiTTA 32 6iomacor 6yno Bipmosiguo 0,1—1,7 (0,6) 6iT1/r, TO6TO HO-
MiHyBaHHA 3a 6iomacoro Oyno Oibll 3HAYHMM, TOOTO BMPIBHEHHICTb MeEH-
moo. B3aeMO3B’30K MK IOKasHMKaMU Pi3HOMaHITTSA (32 YMCENTbHICTIO Ta
6iomacoro) 6yB gocutb cmabkum aist Hy — Hp (R*=0,199; r = 0,45) ta Hy — Hz
(R*=0,187; r = 0,43). B T0I1 e yac, B3aeMO3B 130K MiXX Hp Ta Hr 6YB 3HaUHO
ticHimmM: R?= 0,579; r = 0,76).

Ax Bimomo [4, 7, 8, 13], mpeiiceHifu yTBOPIOIOTb CK/IAfIHI YTPYNOBaHHSA
pisHOTO THITY, 3 AKX HAMOIBII pACHUMU Oy YIPYIIOBAHHA 3 PO3BUHYTO0
IIPOCTOPOBOIO CTPYKTYPOIO, YTPYIIOBaHHA KOHCOPTUBHOTO TUITY. Y TPYIIOBaH-
Hs TUITY IEPBMHHO-aIPeroBaHOro JoMiHaHTa [8, 9], T06TO IMOCceneHHs fpevice-
HU, 0cOO6/MMBO Ha «Bin», 6y}11/1 y BUITIALL IiNbHUX WTOK. [To miTepaTypHum f1a-
HuM [8], miamasoH 6iomacu B yrpymoBaHHSAX Takoro tuiy € Big 100 fo
1000 r/M% a B HAIIOMy JIOCH/PKeHH] fianasoH 6iomacu 6yB Bim 895,6 mo
21 345,9 r/m’. Jlianta30H BU/IOBOTO Pi3HOMAHITTS, 3a JIITEPATYPHUMU JaHUMI,
6yB Bif 0,1 mo 1 6it/r, a B Hamomy gocmimkenHi — Bix 0,4 go 1 6iT/r (guB. TAbMI.
2). Okpim Toro B momepegHix HOCHiMKeHHAX NepudiToHy Oy/I0 BMUIiIIEHO
JleKi/lIbKa yIrpyIoBaHb 3 JOMiHYBaHHSAM MOXYBaToK [8]. Y Pubincpkomy BozmO-
CXOBMIIi TAKOXX 3yCTPi4a/nnCh KOJIOHII MOXYBaTOK, B AKMX IOCEJIANICA MOJIIO-
CKM: B IIVIX KOJIOHifIX, Macoo nopsinka 10 r, «6yno BigMiveHo o 200 ex3eMII-
nspiB gpevicenn posmipom Bix 0,2 mo 10 mm» (unmr. o [4], c. 187).
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Puc. 4. TIopiBHSAHHA IHTEHCHBHOCTI 0OPOCTaHHs CyOCTpaTiB 3 aHTHMOOPOCTAIYNM IIO-
KpUTTAM Ta «Bin»: a — nokpurra «BEHP»; 6 — nmokpurrs «Oneat»; 6 — «EManb» 3 iHTeH-
CUBHICTIO 06pocTanHst Ha «Bin» y 2019—2020 pp.

B 2020 p., ax 110 6a/IbHMM OIjiHKaM, TaK i 10 OIjiHIi 6iomMaci, IIpY OCTAHHI
eKCIIo3uIIil Ha BCix cybcTparax 6iomaca 6yma Buoro, HixXk y 2019 p. (muB. Tabr.
1, puc.1). Mo>xHa mpumyctuTy i rimoresu. B 2020 p. 6ynu 6inbi cnpuaTinsi
YMOBMU ISl PO3BUTKY BCiX BUJiB nepudiToHy, TOMY JIOTO PO3BUTOK JIIOB
6inbur inTeHcBHO. OHAK TPV NOPiBHAHHI AMHAMIKY PO3BUTKY OOpOCTaHHS
Ha «Bin» cepii 2019—2020 pp. Ta HOBOI cepii, ne «Bin» OyB BucTaBmeHnMI 3
Hynay 2020 p. (puB. puc. 2), 6y/o BigMideHo, o Ha «Bin» y 201912020 pp. fu-
HaMika PO3BUTKY 3001epu¢iToHy 0yna JOCTaTHBO cx0xo010. OKpiM Toro, Ha
Oi/bII CHIPHY iHT@HCUBHICTb OOPOCTAHHSA HiC/IsA APYrol MOCTAaHOBKU CyOCT-
paTiB MOITIO BIVIMHYTU Te, {0 Ha HUX 3a/IMILM/IACS HEBEIMKA Ki/IbKICTb )KMBOI
fipeiiceHn Ta 6araTo 3alMIIKiB Oicyca, MylIenb, TOOTO MOBEpXHA CyOCTpary
Oyna cunbHO MoaudikoBaHa nonepenHimM oopocranuaM. i pakropu crBopu-
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NN CIIPUATINBI YMOBM /IS PO3BUTKY 3001epndiToHy. MOX/INBO, MicIA ABO-
piuHOi ekcrosumii cy6cTpaTiB mokpuTTA Ha cyocrparax «BEHP» Ta «Onear»
CYTTEBO 3HU3WIN CBOIO 6iOIMIHICTD.

[ITopo xapakTepy KOHTMHYIBHOCTI CYKI[eCiiTHOTO Ipoliecy Tpeba 3a3Ha-
YUTY, 110 TIEPEPUBAHHA CYKIIECil yTPYIIOBaHHA 3 IOMiHYBaHHAM [IPEVICEHN HE
Bii0ynocs B JaHOMY JOCTIIKeHHI, sK 1e 6yn1o B MuHyi poku [10, 14]. Moxy-
BaTKa Oy/1a BUsABJIEHA B Maslill Ki/IbKOCTi, He CTBOpIOBa/Ia MaCUBHi KOJIOHIi i He
IepELIKOKaa IMOCTYIIOBOMY PO3BUTKY IpPEiICEHOBUX YrpynoBaHb. Mo>xHa
IPUITYCTUTH, 1O Iie Biffbynocs Tomy, mo BaiTky 2019—2020 pp. TeMiepaTtypa
BOAY OyJTa Jelro HIDKYO0I0, HK Y IollepeiHi pOKM: TakK, TeMIIepaTypa y cepIHi
2014 p. 6yna 27,0°C, ay 2019 p. — 23,0°C Ta y 2020 p. — 25,3°C.

BajbHa OljiHKa BpaxoBY€ iHTEHCUBHICTb «0OPOCTY» 1 KOPEJIIOE 3 IOKA3HU-
Kamu 6iomacy (gmB. puc. 2). MoykHa 3poOuTI BUCHOBOK, IO Ii /[BA METON
OLIIHKY PSICHOTU OOPOCTaHHS [IsI MOJA/IBIIO] OIIIHKY 6i0L[MIHOCTI JOTIOBHIO-
I0Th OJIH OJIHOTO.

BucuoBxu

HoCmipKeHHA LIEeHOTUYHOI CTPYKTYPU Ta XapaKTepPy yrpylnoBaHb IT0Ka3a-
7, 10 BifICyTHA IPUYPOYEHICTb O IEBHUX CYOCTPATiB AKOTOCh OKPEMOTO YT-
PYIIOBaHHA Yy TPYIM ONHOVIMEHHMX YTPYIIOBAaHb, 32 BUHATKOM YTPYIIOBaHHA
P. fungosa, mo chopmyBanoch Tinbky Ha MOKpUTTi «BEHP».

ITonepenHi Focmi[yKeHHA TaKOXK TIOKa3a/y BiICYTHICTD 3B A3KY PO3BUTKY
OKpeMMX yIPYIIOBaHb 3 TUM YU iHIIMM cybcTparoM. lleHoTHYHa CTpyKTypa
nepudiToHy, came Ipy TaKUX AOMiHy04MX popMax Ta TAKOMY CK/Iafii yTpyIIo-
BaHb, He MO>Ke OYyT!U B ITOBHIIT Mipi BUKOPMCTaHA SIK IIOKa3HUK OiOLMIHOCT].

MoskHa 3po6UTH BUCHOBOK, 1110 TOKpuTTsi «BEHP» Ta «Onear» 3acimyro-
BYIOTb yBary Il IIOAATbLIOTO JOCTI/PKEHHA Ta PO3pOOOK B AKOCTi eeKTUB-
HOTO HeOOPOCTAI0YOTO IIOKPUTTSL.
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ZOOPERIPHYTON ON ANTI-FOULING COATINGS AND CHANGES IN ITS
COENOTIC STRUCTURE

The features of the formation of zooperiphyton communities on experimental subst-
rates — protective coatings with antifouling properties, based on industrial alkyd enamel
PF-167 modified by cationic biocides 1-dodecylpyridine oleate and 1-dodecylpyridinium
bis(2-ethylhexyl) phosphate in the bay of the Kanevsky reservoir (Dnieper river) have been
researched. Some features of successional changes in the Zebra mussel and Bryozoans
communities are discussed. In contrast to previous years, when the temperature in August
(high development of bryozoan colonies) was lower, there was no interruption of the conti-
nual succession of communities with Dreissenid dominance due to the development of
bryozoans. A high antifouling activity of protective coatings, which contained 8 mass per-
cent of cationic biocides, was established. In this study, no connections between the coeno-
tic structure and the nature of antifouling coatings were found.

Keywords: reservoir, experimental substrates, antifouling coatings, cationic biocides,
periphyton, coenotic structure.
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