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JuceprariitHa poOoTa MpUCBIYEHA JOCIIHKEHHIO MPOSIBY €KOJIOTTYHUX HACHTI/IKIB
JUist  (PITOMJIAHKTOHY BHACHIJIOK TOPYIICHHS MHUKIy HiTporeHy y pi3HUX THIIax
rigpoekocucteM: 3MiHeHi (p. Cty0Oenka), ICTOTHO 3MiHEHIA (XpIHHUIBKE BJICX.),
MpUPOIHiH (03. 3aCcBITChbKE) Ta MTY4YHIN (BoioliMa MOpO31BCHKOTO Kap’epy).

[Mopymennss umkiay  HitporeHy  HallOUIbII  BUPAXKEHO  MPOSIBISETHCS
MEPEBULIEHHSAM JOIMYCTUMHUX 3HAYEHb BMICTY HITPOI€HBMICHHX CIOJYK Yy BOJI,
MOTIPIIEHHSAM 11 SIKOCTI, 3MIIIEHHSIM pIBHOBaru B CHCTEMi aMOHIH <> HITPUTU <>
HITpaTH, 10 3yMOBJIIOE PI3HOMAHITHI €KOJIOT1YH1 HACHIJIKK JUIsl TiApoekocucteM. Jlyxe
YYTJIMUBOIO JI0 TAKUX 3MIH y BOJI1 € aBTOTpO(HA JIaHKa, a caMe (PITOTIaHKTOH.

Mema pobomu — BCTAaHOBUTH OCHOBHI €KOJIOT1YHI HACHIJIKH, III0 BUHUKAIOTH Y
PI3HHX TUTAX TIPOCKOCUCTEM BHACIHIIOK MOPYIIEHHs UKy HiTporeny.

06 ’exm O0ocniodxicenHs — NPOLECH NMOpYyLIEHHs UKy HiTporeHy B pi3HUX THIIax
ripoekocucTeM (3MiHEHa — piyKa, ICTOTHO 3MIHEHA — BOJOCXOBHUIIIE, IPUPOJIHA — 03€PO
Ta IMITY4YHa — BOJOMMA Kap’€py) Ta €KOJIOTIYH1 HACTIAKY AJis (DITOMIIAHKTOHY.

IIpeomem Oocnioacenns — rigpoxiMiuni nokasauku (NH,', NO, , NOs , pH, T,
BCKs, XCK, SO,~, CI', PO, , P, Ca®*, Mg®*, Na"); crexeomerpuuHi BifHOMmEHHS Ta
KOPEJISLIIHI 3aJIeKHOCT1 €JIEMEHTIB, 0 Bi100pakatoTh (hopMyBaHHs UKy HiTporeny
Ta 3MIIMICHHS PIBHOBArd B CUCTEMI aMOHIN <> HITPUTH <> HITPATH; €KOJOTIUHI O3HAKH
PO3BUTKY (DITOIJIAHKTOHHUX YTPymnoBaHb (BHIOBE 0aratcTBo, YMCEIBHICTh, OioMaca,
canpoOHicTh, iHAeKkce LllenHOoHAa).

JlocniKEeHHSIMU BUSIBIICHO, IO B PI3HUX THUIIAX T1APOEKOCHUCTEM MEPEBAKAIOYOIO
cnonykoto Hitporeny € Hitporen amoniiiauil. IlepeBumenns I'ZIK HiTporeny

aMOHIMHOTO XapakTepHO /i 3MiHeHOi rimpoekocuctemu (y 1,2—4,4 pasu), iCTOTHO



sminenoi (y 1,2-4,2 pasm), mryunoi (y 1,6 pasu) ta mpupomnoi (y 1,5 pasm).
Bceranosneno nepesumiensst ['JIK HiTpuTiB y 3MiHeHi rigpoekocuctemi (y 2,3 pasm),
icroTHo 3MiHeH1H (y 1,1-1,8 pa3u) Ta npupoaniit (y 3,9-24,6 paszu). [lopiBHSIHHS BMICTY
cnosiyk HiTporeHy B rizpoekocucTeMax pi3HUX THITIB OMHCYETHCS HACTYITHUM YHUHOM:
NH," — 3miHeHa > icToTHO 3MiHeHa > mTy4Ha > npuponHa; NO, — mpupopgHa >
3MiHeHa > icTOTHO 3MiHeHa > mryuna; NOs — icTOTHO 3MiHeHa > 3MiHeHa > IITy4YHa >
MPUPOJIHA.

Sxicte Bogu 3a BMictoM NH,  3MiHIOETBCS Bin «TIOMIPHO 3a0pyJIHEHa» [0
«3a0pyIHEHa» y 3MIHEHIN Ta ICTOTHO 3MIHEHIM T1APOEKOCUCTEMAax Ta BiJ «4HUCTa» 0
«IOMIpHO 3a0pymHeHa» y TMPHPOAHIA Ta mTydHii. 3a BmicTom NO, SKiCTh BOIH
Bapito€ BIJ «ITOMIPHO 3a0pyaHEHay 10 «3a0pyaHEHa» Y 3MIHEHIH TipoeKoCUcTeMi, Bl
«3a0pyHEHA» 10 «CWJIBHO 3a0pyAHEHa» — Yy MPUPOJHIN, B «YUCTa» 10 IIOMIPHO
3a0pyIHEHa» — Yy MITY4YHIH, «TOMIPHO 3a0pyHEHA» — Y 1ICTOTHO 3MiHEHiH. SIKiCTh BOJIU
3a BmicroM NO;  3MIiHIOETBCS BiJ «4HMCTa» 10 «3a0pyaHeHa» Yy 3MiHEHiH
TAPOEKOCUCTEMI, BiJ «IIOMIPHO 3a0pyAHEHA» 10 «CUJIBHO 3a0pyJHEHa» — Yy ICTOTHO
3MIHEHIH, BIJ «Iy>K€ YUCTa» JI0 «YUCTa» — y MPUPOJHIN, BII «UHUCTa» IO «IIOMIPHO
3a0pyIHEHa» — y ITYYHIH.

3a  cymapuum  BMmictoM  cmonyk  Hitporeny  (NOz; +NO, +NH,")
TiIPOCKOCUCTEMH PO3MOIISIOTECS HACTYITHHM dYHMHOM (MI/mM°): iCTOTHO 3MiHEHa
(45,33) > 3minena (32,59) > mryuna (13,08) > npupoana (10,36). HaitOiabIn BupaxeHo
3MIIICHHS PIBHOBAard B CUCTEM1 aMOHIN <> HITPUTU <> HITpaTH B OIK HITpaTIB y BOJI
3MIHEHO1, MPUPOJHOI Ta IITYYHOI TApOeKocUcTeM. BIINMOBIIHO NepeBaXKaHHs MPOLIECY
nitpudikanii (NH;"<NO; ) cBiquuTh po 104aTKOBE HAAXOkKEHHs cronyk Hirporeny
3 mudy3HUX JKepen. Y BOJI ICTOTHO 3MIHEHOI T1IPOEKOCHCTEMH BUSBIICHO 3MIIICHHS
PIBHOBaru B CUCTEM1 aMOHIH <> HITPUTHU <> HITpATH B 01K aMOHIIO, IO MOKa3y€e OUIbIIE
BupaxkenHs npouecy amonidikamii (NH;>NO; ) Ta iHTeHCHBHE HaJXOKEHHS CIIOTYK
HitporeHny 3 TOUKOBUX JiKepe.

Kopensiiiiai 3aneXHOoCTi MiATBEPIKYIOTh MPSMHUIA Ta OMOCEPEAKOBAHUN BILJIUB
TAPOXIMIYHUX MOKA3HUKIB BOJHOTO CEpeNoBUINA HAa MUK HiTporeHy B pi3HHUX THUIAX

. . o . . — — .
rigpoexocucteM. TicHHMI 3B’s130K BusiBIieHO: Mik BMicToM SO, Ta NOjz y icTOTHO



3MiHeHil rigpoekocucteMi (1= 0,76, p<0,01), a 3 NO, y mpupozniii (r= 0,98, p<0,01);
mix XCK ta NO, y mTyusiii rigpoexocuctemi (1= 0,66, p<0,05); mixx Bmictom Na* Ta
NH," y 3mineniit (r= —0,70, p<0,01), a 3 NO, y npuposHiii riapoekocucremi (= 0,94,
p<0,01).

3’sCOBaHO, 110 MOMITHUM €KOJIOTITYHUM HACIIAKOM NopylieHHs nukiay Hitporeny
y  TIAPOEKOCHUCTEMaxX, € 3MIHM  CTPYKTYpHO-(QYHKI[IOHAIBHUX  IMOKA3HMKIB
¢iTorutankrony. InentudikoBano 114 BumiB (115 BHYTPIIIHROBHIOBHUX TAaKCOHIB)
(bITOMJIAHKTOHY y 1CTOTHO 3MiHEeHiH rigpoekocucrtemi, 109 Bumis (111 B.B.T.) y
3MmiHeHiHd, 87 BuaiB (88 B.B.T.) y miTyuHii Ta 61 Bug (62 B.B.T.) y npupoaHiil. TicHuit
3B’S130K BHSBJICHO MDXK KilbKicTIO BuiB Ta BMictoM NOs;  (r=-0,70, p<0,05) y mrryuniii
riapoekocucteMi. Cepe/HIO KOPEJIAIil0 BCTAHOBIEHO: MIXK KUTBKICTIO BUJIIB Ta BMICTOM
NO, (r=0,50, r=-0,53 ir=-0,69, p<0,05) y 3MiHeHiii, iCTOTHO 3MiHEHI} Ta IPUPOIHI
rizpoekocucremax, a 3 Bmicrom NH, (1= 0,64, p<0,05) y icTOTHO 3MiHeHiif; Mixk
KinbKicTro BuiB Ta BMictoM NOs (1= 0,60, p<0,05) y npupoaHiii riIpoeKocucTeMi.

[ToxiGHICTh BUAOBOTO CKJIany (PITOTUIAaHKTOHY 3rigHO KoedimieHTy CepeHceHa
(Ks) 3minroerses Big 0,43 mo 0,58. HaiiMeHin nmoaiOHMi BUAOBHMH CKJIaa IPUTaAMaHHUN
JUTSl 3MIHEHOI Ta TPUPOAHOI TapoeKocucTeM (piuka <> o3epo — 0,43), a HallOuIbII — 1715t
3MiHEHOI Ta ICTOTHO 3MIHEHOT rijipoekocucteM (piduka <> Bogocxosuina — 0,58).

UucenbHICTh (ITOIUIAHKTOHY Y PI3HUX THIAX TIAPOECKOCUCTEM 3MIHIOETHCS
HAaCTy[THUM YMHOM: IITY4YHA > ICTOTHO 3MIHEHA > 3MIHEHa > NpupoaHa. BussieHo, mo
PO3BUTOK (DITOIJIAHKTOHY B JIOCTIPKEHUX T1IPOCKOCHCTEMAaX PETYIIOETHCS 3MIHAMU
KOHIleHTpallii crnogyk Hitporeny y Bojai. TicHuMl 3B’SI30K BCTaHOBJIEHO MIX
YUCENBHICTIO (iTommaHkToHy Ta HiTputamu (r= 0,99, p<0,01) y icTOoTHO 3MiHEHI!
riapoekocucTeMi, a cepeaHiit — 3 HiTparamu (r= 0,66, p<0,05) y npupoauiii. CyTreBuit
BIUIMB Ha yncenbHicTh Cyanobacteria 3aiiicHioroTh HiTpuTH (1= 0,97, p<0,01) y icTOTHO
3MiHEHIH TiApOEKOCHCTEMI, a Ha yrcenbHicTh Bacillariophyta mitparu (r= 0,92, p<0,05)
y npupoaHii ta HiTputh (r= 0,89, p<0,05) y 3minenii i mry4nii (r= —0,81, p<0,05).
biomaca (iTOMIaHKTOHY PO3NOAUISETHCS TAKUM YMHOM: ICTOTHO 3MiHEHA > 3MiHEHa >
MTy4yHa > TpupojHa. TiCHMIA 3B’S30K MK 0ilomMacoro (ITOIIAHKTOHY Ta BMICTOM

aMOHII0 BCTaHOBJIEHO Yy I1CTOTHO 3MiHEHIM Triapoekocuctemi (r= 0,85, p<0,05), a 3



HiTpatamu y mry4Hii (r= 0,86, p<0,05). CyrreBuii BB Ha 6iomacy Bacillariophyta
3aikcHIoTh HiTputu (1= 0,76, p<0,05 1 r= —0,70, p<0,05) y 3miHeHi# Ta MTy4YHi’
rigpoekocucremax, amoHiit (r= 0,81, p<0,05) y ictotHo 3miHeHi#, HitpaTu (r= 0,88,
p<0,05) y npupomniii. Ha 6iomacy Cyanobacteria HaiOuIbIIHMIi BIUTUB 3A1HCHIOIOTH
HiTpuTH (1= 0,98, p<0,01) y 3miHeHii rigpoexocuctemi Ta HiTpatu (= 0,96, p<0,05) y
TIPUPOJTHIM.

BcranoBneno, mo HaiBuimie iH(opmaliiiHe pi3HOMaHITTA (DITOIIAHKTOHY 3a
YUCEJIbHICTIO Ta 610Macol0 XapaKTEepHO JIJIs 3MIHEHOT TJIPOCKOCUCTEMH, a HaltMEeHIIe —
st TyyHoi. HalOuieln 3HauMMy 3aJIeXKHICTh BUSBIEHO MK 1HAeKkcoM llleHHOHa 3a
0loMacol0 Ta KOHIICHTPAIIEID AaMOHII0 Yy 3MIHEHIH Ta I1CTOTHO 3MIHEHIH
TiApOEKOCUCTEMax 1 HITpaTaMUd y IITY4HIH. Y 3MIHEHIM T1IPOEKOCUCTEMI Ha 1HAEKC
BHUJIOBOTO pi3HOMaHITTS [lleHHOHa HaWOUIbIlIE BIUIMBAIOTH HITPUTH, Y HPUPOAHINA —
HITpaTH, y IITY4YHINH — aMmoHii. HaliBummii iHIeKc carpoOHOCTI BUSBIEHO y 3MIHEHIH
TiApOEKOCUCTeMI, a HaWHWK4YMi — y wmry4yHid. Ha iHzmekc campoOHOCTI 3a
(PITOTUTAHKTOHOM Yy 3MIHEHIM, NPUPOJHIM Ta ITYYHIA TIIPOEKOCHCTEMAX CYTTEBO
BILJIUBA€E BMICT aMOHIIO, @ Y ICTOTHO 3MiHEHI! — KOHIICHTpallisl HITPUTIB Ta HITpaTiB. 3a
1HIEKCOM canmpoOHOCTI BOJA Y 3MIHEHI Ta MITY4YHIN TiipoekocucTemMax Bianosijnae [1—
[T kmacam sikocTi (dmcTa, MOMIpHO 3a0pyaHEHa), y ictoTtHO 3MiHeHin — III kmacy
(momipHo 3a0pynHeHa), a y npupoaniit — [II-VI knacam sikocTi (moMipHO 3a0pyaHEHA,
3a0pyJIHEHA).

[Toka3zaHo, moO 3a cepeaHiMH 3HaueHHAMH BigHomeHHs N © P po3Burok
(ITOTUTAHKTOHY Yy 3MIHEHIM Ta ICTOTHO 3MIHEHIM T1IPOEKOCHUCTEMAax I1HTEHCUBHILIE
perymoetbes BMicToM ®Dochopy, a y mpUpoAHId Ta IITY4HI — KOHLIEHTPALIEIO
Hitporeny.

BcTranoBneHo npsMy Ta 00€pHEHY 3aJ€KHICTh MiXK 010Macor0 BUIIB-IOMIHAHTIB
(iTOMIAaHKTOHY Ta OIOT€HHMMHM CIOJYKaMH 1 eleMeHTaMH. [neHTudikoBaHO CHUIBHI
BHUJIU-TOMIHAHTH JUIS T1POCKOCUCTEM, SIKI BUKIMKAIOTh «IBITIHHSY BOAH: MMPUPOIHA Ta
icrotHo 3MmiHena — Cuspidothrix issatschenkoi; mpupomna Ta mrTyuna — Oocystis
submarina; 3minena Ta mrydna — Ceratium hirundinella, Microcystis aeruginosa;

NpHUPOJIHA, 3MiHEHA Ta icToTHO 3MineHa — Ulnaria ulna; sminena, npupoiHa Ta mTy4YHa



— Cyclotella sp. Kpim Ttoro, imeHTH(}iIKOBaHO CHUIBHI MJI1 BCIX YOTHPHOX THITIB
riJipoekocrucTeM JBa BHIU-AoMiHaHTH — Snowella lacustris ta Microcystis pulverea.
BusiBieHo TicHy 3alexHICTh: MiK Oiomacoro S. lacustris ta BMICTOM aMOHIIO
(R?=0,97), docharis (R* = 0,90), pochopy (R* = 0,79) Ta Bigromenusm N : P (R? =
0,83) y 3MiHeHill rigpoekocucTeMi; Mk Oiomacoro S. lacustris Ta BMiCTOM HITpaTiB
(R? =1), pocdaris (R* = 1), ignomenusMm N : P (R?= 1) 1 dochopy (R*>=1) y ictoTHO
3MIHEHIH TiIpoekocucTemi; Mixk O6iomacoro S. lacustris ta Bmictom amonio (R? = 1),
HitputiB (R* = 0,74), mirparie (R* = 0,91), dochariB (R*> = 0,53) ta docdopy
(R? = 0,61) y mpupoaHiii rimpoekocucremi; Mix Oiomacoro S. lacustris ta BmicTom
HitputiB (R? = 0,82), dhocdaris (R* = 0,95), pocdopy (R* = 0,74) 1 BinHomeHHsim N : P
(R? = 0,76) y mTy4Hiii rigpoekocuctemi; Mmix Oiomacoro M. pulverea ta BmicTom
amoHito (R? = 1), itpuriB (R? = 0,96), HiTpaTis, Pocdaris, pocdopy i BinHOmEHHSIM N
: P (R?=1) y mIty4Hit riipoeKOCUCTEMI.

VY BCIX TUMNAax TiIPOEKOCUCTEM 1HJIMKATOPU TUITY >KUBJICHHS Ta BIJHOILIECHHS IO
KUIBKOCT1 HiTporeHBMicHHX opraHiyHux crnoiyk (HOC) 3rigno knacudikamii I'. Bau
Jlama mepeBakHO TPENICTaBIICHI BHJIAMHU-aBTOTpo(amu, sIKI BUTPUMYIOTH IiJBUIICHI
kouneHTpanii HOC: 3minena (65%) > ictorHo 3miHeHa (45%) > mryuna (41%) >
npupoaHa (36%). 3a piBHeM TpodHOCTI HaWOLIbIA KUIBKICTh ME30€BTPOPHUX BHU/IIB:
ictToTHO 3MmiHeHa (44%) > mryuyna (43%) > 3minena (41%) > mpupomna (25%).
EBTpodHi BuaM nmpeacTaBiieHi HACTYITHUM YHMHOM: TipupoaHa (20%) > 3minena (17%) >
ictotHoO 3MiHeHa (16%) > mryuna (14%).

Bunu-1HaukaTtopu OpraHiuHoro 3a0pyAHEHHsT Boau (3a cuctemoro BartanaOe)
MepeBaXkKHO MpEICTaBIeH] eBpucanpobdbamu, a 3a cucremoro [Tantine-byk (B moaudikarii
Cnanedeka) — Oera-me3ocampoOiOHTaMH, IO CBITYUTH TPO TOMIpHE 3a0pyaHEHHS
BOJW. BiamoBiZHO 3a piBHEM OPraHIYHOTO 3a0PYIHEHHS BOJA YCIX JOCIIKEHUX
TIAPOEKOCHUCTEM TMepeBaXHO xapakrtepu3yerbes Il kmacom  sikocTi  (TOMipHO
3a0pynHEHA).

Innexc camoountienns (WESI) 3mintoerscs Big 0,8 g0 2,0. YV 3minenii (1,3),
npuponHii (2,0) ta mryunHii (2,0) rizpoexocucTemMax 3aBASKA (POTOCHHTETUUHIN

AKTUBHOCTI (PITOIJIAHKTOHY MPOLEC CaMOOYUIIEHHS €()EeKTUBHUN, ajne y ICTOTHO



3mineHii (0,8) — mopyiieHui, BHACHIIOK MEPEBUIIEHHS BMICTY O10T€HHUX CIOIYK y
BOJII.

Y pesynbpTaTi KOMIUIEKCHOTO aHai3y BMICTY TiAPOXIMIYHHMX, O10JIOT1YHHX,
IHIUKAIMMHNX Ta CTEXIOMETPUYHUX TIOKA3HHKIB JIOCTIKYBAHUX T1IPOCKOCUCTEM
BUSIBJICHO, 1110 (popMyBaHHs UKy HiTporeHy Ta 3MiHM piBHOBAard B CUCTEMI aMOHIH «>
HITPUTU <> HITPATU BIAOYETHCS 3 TMOPYLICHHSIMH Yy 3MIHEHIH Ta ICTOTHO 3MiHEHIN
rijpoekocrucreMax. Y MITY4HIH Ta IPUPOIHINA T1IPOEKOCUCTEMAaX Il MPOIECH 3a3HAIOTh
MEHIIUX MOPYILIEHb.

BpaxoByroun oTpuMaH1 pe3yJbTaTH AOCHIIHKEHHS HAJaHO pPEKOMEHAALli IS
PI3HOrO TUNY T1IPOEKOCUCTEM 3 METOIO0 PETyJIIOBaHHS NopylueHHs uukiay Hitporeny,
3MIIIEHHS PIBHOBAarM B CHUCTEMI aMOHIM <> HITPUTH <> HITpaTH Ta 3amno0iraHHs
HETaTHBHUM €KOJIOTIYHMM HacaiaKaM il (PITOTIaHKTOHY. 30KpeMa, 3alpOIlOHOBAHO:
ONTHUMI3yBaTH CHUCTEMYy VIPaBIIHHS BOJAHUMH pecypcamMu OaceilHy 3MiHEHOT
TAPOEKOCUCTEMH;  KOHTPOJIOBATH  HAAXOMKEHHS  JO  ICTOTHO  3MIHEHO1
TIAPOEKOCUCTEMU TOCHOJAPCHKO-MOOYTOBUX CTIYHMX BOJl, BEJIEHHS CUIbCHKOIO
rocrojapcTBa, 3MiHY IOXHUBHHUX PEXKUMIB BOJOCXOBHINA JJisi 30UIbIIEHHS PUOHOT
MPOJIYKLIi; pEeryjroBaTH peKpealiiiHe HaBAHTAXKEHHSI HAa MPUPOAHY T1APOEKOCUCTEMY;
30UIBIIMTH KUJIBKICTD 3€JICHUX HACaHKEHb MOOIM3Y ITYYHOI I'1IPOCKOCUCTEMH.

Kniouosi cnosa: rimpoekocucTema, aMoOHIM, HITPUTH, HITpaTH, Oilomaca,
YUCENIbHICTh, BUJOBE OararcTBo, iHAekc IllenHoHa, campoOHICTh, JAOMIHAHTHUM
KOMILIEKC, O101HAUKALIIS

ANNOTATION

Kovalova 1.V. Ecological consequences of violations of the Nitrogen cycle in
different types of hydroecosystems. — Qualifying scientific work on manuscript rights.
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The dissertation is devoted to the study of the manifestation of ecological

consequences for phytoplankton due to the violation of the Nitrogen cycle in various



types of hydroecosystems: altered (Stubelka River), significantly altered (Khrynnitsky
Reservoir), natural (Lake Zasvitske) and artificial (reservoir of the Morozivsky quarry).

Violation of the Nitrogen cycle is most clearly manifested by exceeding the
permissible values of the content of nitrogen-containing compounds in water,
deterioration of its quality, a shift in the balance in the ammonium < nitrite < nitrate
system, which causes various ecological consequences for hydroecosystems. The
autotrophic link, specifically phytoplankton, is very sensitive to such changes in the
water.

The purpose of the work is to establish the main ecological consequences that
arise in different types of hydroecosystems as a result of disruption of the Nitrogen
cycle.

The object of research is the processes of nitrogen cycle disruption in different
types of hydroecosystems (altered - river, significantly altered - reservoir, natural - lake
and artificial - quarry reservoir) and ecological consequences for phytoplankton.

The subject of the study is hydrochemical indicators (NH,", NO, , NOs , pH, T,
BSKs, HSC, SO, , CI", PO, , P, Ca®*, Mg*, Na'); stoichiometric ratios and
correlations of elements reflecting the formation of the Nitrogen cycle and the shift of
equilibrium in the system ammonium < nitrite <> nitrate; ecological signs of the
development of phytoplankton communities (species richness, abundance, biomass,
saprobity, Shannon index).

Studies have shown that in various types of hydroecosystems, the predominant
nitrogen compound is ammonium nitrogen. Exceeding the MPC of ammonium nitrogen
Is typical for the changed hydroecosystem (by 1.2-4.4 times), significantly changed (by
1.0-4.2 times), artificial (by 1.6 times) and natural (by 1.5 times ). Exceeding the MPC
of nitrites was established in the altered hydroecosystem (by 2.3 times), significantly
altered (by 1.1-1.8 times) and natural (3.9-24.6 times). Comparison of the content of
Nitrogen compounds in hydroecosystems of different types is described as follows:
NH," — changed > significantly changed > artificial > natural; NO, — natural > changed
> significantly changed > artificial; NOs; - significantly modified > modified >

artificial > natural.



Water quality by NH," content varies from «moderately polluted» to «polluted»
in altered and significantly altered hydroecosystems and from «clean» to «moderately
polluted» in natural and artificial. According to the NO, content, water quality varies
from «moderately polluted to «polluted» in a modified hydroecosystem, «moderately
polluted» in a significantly changed one, from «polluted» to «heavily polluted» in a
natural one, from «clean» to «moderately polluted» — in significantly changed. The
quality of water according to the NO; content varies from «clean» to «polluted» in the
altered hydroecosystem, from «moderately polluted» to «heavily polluted» in the
significantly altered one, from «very clean» to «cleany in the natural one, from «cleany
to "moderately polluted» — in artificial.

By total content of Nitrogen compounds (NO; + NO, + NH,"), hydroecosystems
are distributed as follows (mg/dm®): significantly changed (45.33) > changed (32.59) >
artificial (13.08) > natural (10. 36). The most pronounced shift in the balance in the
ammonium <« nitrite <> nitrate system is towards nitrates in the water of modified,
natural and artificial hydroecosystems. Accordingly, the predominance of the
nitrification process (NH,'<NO; ) indicates an additional supply of nitrogen
compounds from diffuse sources. In the water of a significantly changed
hydroecosystem, a shift in the balance in the ammonium < nitrite < nitrate system was
found in the direction of ammonium, which shows a greater expression of the
ammonification process (NH,™> NO3 ) and an intensive supply of nitrogen compounds
from point sources.

Correlations confirm the direct and indirect influence of hydrochemical
parameters of the aquatic environment on the Nitrogen cycle in different types of
hydroecosystems. A close relationship was found: between the content of SO, and
NO; in a significantly modified hydroecosystem (r= 0.76, p<0.01), and with NO, ina
natural one (r= 0.98, p<0.01); between CSC and NO, in an artificial hydroecosystem
(r= 0.66, p<0.05); between the content of Na* and NH," in a modified (r= -0.70,
p<0.01), and with NO, in a natural hydroecosystem (r=0.94, p<0.01).

It was found that a noticeable ecological consequence of the disruption of the

Nitrogen cycle in hydroecosystems is changes in the structural and functional indicators



of phytoplankton. 114 species (115 intraspecific taxa) of phytoplankton were identified
in a significantly modified hydroecosystem, 109 species (111 taxa) in a modified one,
87 species (88 taxa) in an artificial one, and 61 species (62 taxa) in a natural one. A
close relationship was found between the number of species and the content of NOs;
(r= -0.70, p<0.05) in an artificial hydroecosystem. The average correlation was
established: between the number of species and the content of NO, (r=0.50, r= -0.53
and r= -0.69, p<0.05) in the modified, significantly modified and natural
hydroecosystems, and with the content of NH," (r= 0.64, p<0.05) in the significantly
modified; between the number of species and the content of NO; (r= 0.60, p<0.05) in
the natural hydroecosystem.

The similarity of the species composition of phytoplankton according to the
Serensen coefficient (Kg) varies from 0.43 to 0.58. The least similar species
composition is characteristic of altered and natural hydroecosystems (river < lake —
0.43), and the most similar to altered and significantly altered hydroecosystems (river
<> reservoirs — 0.58).

The abundance of phytoplankton in different types of hydroecosystems changes
as follows: artificial > significantly modified > modified > natural. It was found that the
development of phytoplankton in the studied hydroecosystems is regulated by changes
in the concentration of Nitrogen compounds in water. A close relationship was
established between the abundance of phytoplankton and nitrites (r= 0.99, p<0.01) in
the significantly modified hydroecosystem, and an average relationship with nitrates (r=
0.66, p<0.05) in the natural one. The abundance of Cyanobacteria is significantly
influenced by nitrites (r= 0.97, p<0.01) in the significantly modified hydroecosystem,
and the abundance of Bacillariophyta is significantly influenced by nitrates (r= 0.92,
p<0.05) in the natural and nitrites (r= 0.89, p<0.05) in the modified and artificial
(r=-0.81, p<0.05). The biomass of phytoplankton is distributed as follows: significantly
modified > modified > artificial > natural. A close relationship between phytoplankton
biomass and ammonium content was established in the significantly modified
hydroecosystem (r= 0.85, p<0.05), and with nitrates in the artificial (r= 0.86, p<0.05).
The biomass of Bacillariophyta is significantly affected by nitrites (r= 0.76, p<0.05 and



= -0.70, p<0.05) in the modified and artificial hydroecosystems, ammonium (r= 0.81,
p<0.05) in the significantly modified one, and nitrates (r= 0.88, p<0.05) in the natural
one. The biomass of Cyanobacteria is most affected by nitrites (r= 0.98, p<0.01) in the
modified hydroecosystem and nitrates (r=0.96, p<0.05) in the natural one.

It was found that the highest information diversity of phytoplankton in terms of
abundance and biomass is characteristic of the modified hydroecosystem, and the
lowest - for the artificial one. The most significant dependence was found between the
Shannon index in terms of biomass and ammonium concentration in the modified and
significantly modified hydroecosystems and nitrates in the artificial one. In the modified
hydroecosystem, the Shannon index of species diversity is most influenced by nitrites,
in the natural one — nitrates, in the artificial one — ammonium. The highest saprobity
index was found in the modified hydroecosystem, and the lowest — in the artificial one.
The saprobity index for phytoplankton in modified, natural and artificial
hydroecosystems is significantly affected by the ammonium content, and in
significantly modified — by the concentration of nitrites and nitrates. According to the
saprobity index, water in modified and artificial hydroecosystems corresponds to 1111l
guality classes (clean, moderately polluted), in significantly modified — to Ill class
(moderately polluted), and in natural — to I11-VI quality classes (moderately polluted,
polluted).

It is shown that according to the average values of the N : P ratio, the
development of phytoplankton in changed and significantly changed hydroecosystems
Is more intensively regulated by the content of Phosphorus, and in natural and artificial
ones by the concentration of Nitrogen.

A direct and inverse relationship between the biomass of dominant phytoplankton
species and biogenic compounds and elements was established. Common dominant
species for hydroecosystems that cause water «blooming» have been identified: natural
and significantly altered — Cuspidothrix issatschenkoi; natural and artificial — Oocystis
submarina; modified and artificial — Ceratium hirundinella, Microcystis aeruginosa;
natural, altered and significantly altered — Ulnaria ulna; modified, natural and artificial

— Cyclotella sp. In addition, two dominant species common to all four types of



hydroecosystems were identified — Snowella lacustris and Microcystis pulverea. A close
relationship was revealed: between the biomass of S. lacustris and the content of
ammonium (R? = 0.97), phosphates (R? = 0.90), phosphorus (R? = 0.79) and the N : P
ratio (R? = 0.83) in changed hydroecosystem; between the biomass of S. lacustris and
the content of nitrates (R*> = 1), phosphates (R* = 1), the ratio of N : P (R> = 1) and
phosphorus (R? = 1) in a significantly changed hydroecosystem; between the biomass of
S. lacustris and the content of ammonium (R? = 1), nitrite (R? = 0.74), nitrate
(R? = 0091), phosphate (R*> = 0.53) and phosphorus (R?> = 0.61) in natural
hydroecosystem; between the biomass of S. lacustris and the content of nitrites
(R? = 0.82), phosphates (R? = 0.95), phosphorus (R* = 0.74) and the N : P ratio (R* =
0.76) in an artificial hydroecosystem; between the biomass of M. pulverea and the
content of ammonium (R? = 1), nitrites (R? = 0.96), nitrates, phosphates, phosphorus
and the N : P ratio (R? = 1) in an artificial hydroecosystem.

In all types of hydroecosystems, indicators of the type of nutrition and the
relationship to the amount of nitrogen-containing organic compounds (NOCs) according
to the classification of G. Van Dam are mainly represented by autotrophic species that
withstand elevated NOC concentrations: modified (65%) > significantly modified
(45%) > artificial (41%) > natural (36%). In terms of trophic level, the largest number
of mesoeutrophic species is: significantly modified (44%) > artificial (43%) > modified
(41%) > natural (25%). Eutrophic species are represented as follows: natural (20%) >
modified (17%) > significantly modified (16%) > artificial (14%).

The indicator species of organic water pollution (according to the Watanabe
system) are mainly represented by eurysaprobes, and according to the Pantle-Buk
system (modified by Sladechek) - by beta-mesosaprobionts, which indicates moderate
water pollution. Accordingly, in terms of the level of organic pollution, the water of all
studied hydroecosystems is mainly characterized by the Ill quality class (moderately
polluted).

The self-cleaning index (WESI) varies from 0.8 to 2.0. In modified (1.3), natural
(2.0) and artificial (2.0) hydroecosystems, due to the photosynthetic activity of

phytoplankton, the self-cleaning process is effective, but in significantly modified (0.8)



it is impaired due to the excess content of biogenic compounds in the water.

The most effective regulation of the Nitrogen cycle and the natural ratio of NO3
NO, and NH," was found in artificial and natural hydroecosystems, and less effective
in altered and significantly altered ones.

As a result of a comprehensive analysis of the content of hydrochemical,
biological, indicator and stoichiometric indicators of the studied hydroecosystems, it
was found that the formation of the Nitrogen cycle and changes in the equilibrium in the
system ammonium <> nitrite <> nitrate occurs with disturbances in modified and
significantly modified hydroecosystems. In artificial and natural hydroecosystems, these
processes are subject to smaller disturbances.

Taking into consideration the results of the study, recommendations for different
types of hydroecosystems are provided in order to regulate the violation of the Nitrogen
cycle, shift the equilibrium in the ammonium « nitrite <> nitrate system and prevent
negative environmental consequences for phytoplankton. In particular, it was proposed
to: optimize the water resources management system of the basin of the modified
hydroecosystem; control the flow of domestic wastewater into the significantly
modified hydroecosystem, agricultural activities, change the nutrient regimes of the
reservoir to increase marketable fish production; regulate the recreational load on the
natural hydroecosystem; increase the number of green spaces near the artificial
hydroecosystem.

Key words: hydroecosystem, ammonium, nitrites, nitrates, biomass, abundance,

species richness, Shannon index, saprobity, dominant complex, bioindication
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