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AHHOTAIIVIA: B cTaTbe IpeACTaBAEHbI PE3YABTATBI ICCAEAOBAHMI 11O OIIPEAEAEHIO
AOIIYCTMMOIO MPUBHOCA OMOTE€HHBIX BELIECTB B BOAOEMBI C YMEPEHHDBIM 1 3aMEAAEHHBIM
BOAOOOMEHOM PasAMYHOTO TUIA: GUTOMAAHKTOHHOIO, GUTOIMAAHKTOHHO-MaKPOGUTHOTO
" MakpoduTHoro. [TokasaHo, YTO AOIYCTUMBIN IIPUBHOC OMOr€HHBIX SAEMEHTOB HEOOXO-
AVIMO OIIPEAEASITD, OIMPAsICh Ha 1X pakTH4eCcKuit GUKCUpPyeMBbIi TPODUIECKU YPOBEHD
U €T0 AOTIYCTUMOE M3MEHEHNE, Ha3HaYaeMoe B 3aBUCUMOCTY OT BUAOB BOAOTIOAb30BAHUS
BOAHOI'O 0ObEKTA.

OrnpepeAeHye AOITYCTIIMOTO YBEAVYEHSI TIOTOKOB 00111ero ¢pochopa B BOAOEMBI PUTO-
MAQHKTOHHOTO, PUTOMAAHKTOHHO-MaKPO(UTHOIO M MaKPO(PUTHOIO TUIIOB TPOU3BOAUT-
Cs1 yepes3 OIpeAEA€HME AOMYCTUMOIO, C TOYKU 3PEHUsT BOAOIIOAB30BATEAS], YBEANIEHNS
61omaccel An60 PUTOIMAAHKTOHA, AKOO BBICIIEN BOAHOV PaCTUTEABHOCTH. AaHbI ypaBHe-
HUSI AASI OTIPEAEAEHUSI AOIIYCTMMOTO IIpMBHOCA 0butero ¢ocdopa B pUTOMAAHKTOHHBIE,
(UTONMAAHKTOHHO-MaKPODUTHBIE ¥ MaKPODUTHbBIE BOAOEMBI.

KAIOYEBBIE CAOBA: BoccTaHOBA€HME BOAHBIX OOBEKTOB, MaAOBOABE, PacTH-
TEABHOCTbD, TIOPOBbIE BOABI, BOAOEMBI C YMEPEHHBIM U 3aMEAAEHHBIM BOAOOOMEHOM,
TpopuUUeCcKnii CTaTyc, OMOreHHasl HarpysKa, IPEeAEABHBINI BHOC OMOTEHHBIX BelleCTB,
5KOCMCTEMA BOAHOTO O0bEKTa.

BoaHble 00BEKTBI C 3aMEAAEHHBIM U YMEPEHHBIM BOAOOOMEHOM (03epa, BO-
AOXPaHMAMILA) OTKAMKAIOTCS HA QHTPOIIOT€HHOE BO3AENICTBIE A0 yCHAEHVEM
IPOAYKLIMOHHBIX MTPoLieccoB (3BTpoduKaums), AMOO MopaBAeHMEM 3BTpoduKa-
LIMIOHHBIX MPOLIECCOB, HO YXYALIEH/EM IMAPOXMMMUYECKOTO PeXMMa, AM00 mpo-
SIBA€HJEM 000MX ITPOLIECCOB OAHOBPEMEHHO.

Oco6eHHOCTBI0 POPMUPOBAHUS HKOCUCTEM U TMAPOXMMUYECKOTO PEXMUMa
TaKMX BOAOEMOB SIBASIETCSI MHOTOKPATHOE Yy4YacTHe MOCTYMUBIIMX UHTPEAUEH-
TOB B FI/IApO6VIOAOFI/I‘{eCKI/IX u ¢)M3VIKO-X]/IM]/I‘I€CKI/[X BHYTPUBOAOEMHBIX IIPO-
1ieccax, 3aTpyAHsollee OLeHKY (GOpMMPOBaHMS €ro COCTOsIHMS. TaK, MHOTO-
KpaTHOe y4yacTye OMOTEeHHBIX SA€MEHTOB B OMOAOIMYECKOM KpyroobopoTe B
9KOCHICTEME BOAOEMA NIPUBOAUT K NPEBbIIIAOLIEN B HECKOABKO pa3 pacCUMTaH-
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HYI0O Ha OCHOBaHUY MHPOPMALMY O TOAOBOM ITOCTYIIA€HUY OMOT€HOB 13 BHeIl-
HUX VMCTOYHUKOB (aKTUYECKON YAEABHON OMOTeHHOI HArpysKe, YTO SIBASIETCS
HMPUYMHON MOBBIIIEHHOTO TPO(UYECKOro cTaTryca BOAOEMA, He COOTBETCTBYIO-
IL[ETO TMOCTYIIAEHUIO B BOAHBIN 00BbeKT OMOTeHHbIX 9A€MeHTOB. Bo3HMKaeT BO-
IIPOC O BEAMYVHE NIPMBHOCA OMOTEHHBIX 9AEMEHTOB B BOAOEMBI C 3aMeAAEHHBIM
Y1 YMEPEHHBIM BOAOOOMEHOM, IIO3BOASIOLIEN HE BBIXOAUTD 32 PAMKM AOMYCTU-
MBIX I3MEHEeHU 1 MPOAYKLIMOHHBIX TPOLIECCOB.

AHaAN3 NPUYMH, BbI3bIBAIOLMX MOBBIIIEHNE IPOAYKTUBHOCTU 03€p, IPYAOB
U BOAOXPAHMAUII [TOKa3aA, YTO OCHOBOM 3TOTO siBA€HUSA B 98 % cAyuyaeB sSBAS-
€TCsI TIOBBILIIEHHOE COOTHOILIEHMe COAep)KaHMs obiero ¢ocdopa mo orHolure-
HUIO K CoAep)KaHMIo ob1iero asora (> 1:7). Caep0BaTeABHO, YTOOBI He BbI3BaTh
yBEAMYEHMSI IPOAYKTUBHOCTY BoAOeMa («1IBETEHMS» BOAOPOCAEN, 3apacTaHus,
YXYALLIEHVSI TPO]UUECKOTO CTaTyca BOAHBIX 9KOCUCTEM) IIPOTUB AOTTYCTUMOIO C
TOYKM 3PEHUST BOAOIIOTPEOUTEA ST, HEOOXOAVIMO KOHTPOAMPOBATH IOCTYIIAEHUE
obmiero dpocdopa.

OITPEAEAEHVE TPOOUYECKOI'O CTATYCA BOAOEMA

I'mapoOroAoryeckoe COCTosiHIE BopoeMa (TpohUIeCKuil CTAaTYC) OIIPEAEASI-
€TCsl MHOXKECTBOM ITapaMeTPOB, OCHOBHBIMMU Y HAIOOA€E AOCTYITHBIMU U3 KOTO-
PBIX SIBASIIOTCSI: CTETIEHb 3apacTaHMs U YAeAbHAs 6110Macca, IPOAYKLIVS BBICIIMX
BOAHBIX PacTEHMIT, KOHLeHTpaluusi GUTOMAAHKTOHA MAU XAOpOoduAAa 4, Ouo-
Macca 300IIAAHKTOHA.

Hauboaee yacTto npumeHsieMbIM IOKa3aTeAeM 5KOAOTMYECKOTO COCTOSIHUS
SIBASIETCSI TPOPUUYECKMIT CTATYC BOAHOTO 00beKTa — XapaKTEPUCTUKA BOAOEMA
[0 YPOBHIO €r0 OMOAOTMYECKON IMPOAYKTMBHOCTU (KOPMHOCTU, TPOPHOCTM),
OLIeHMBaeMOI1 10 BeAVYVHe IEPBUYHOI IIPOAYKLIMM. BBIAEASIOT YeThIpe OCHOB-
HBIX TUIIA BOAOEMOB: 0AUTOTpOdHbIe (OeAHble Ororenamu), aBTpodHbIe (Oora-
Thle OuoreHamu), Me3oTpodHble (IIPOMEXYTOUHBIN), AUCTPOdHBIE (CoAepKaT
OOABIIIOE KOAUYECTBO OMOTEHHBIX SAEMEHTOB, HAXOASILMXCS B TPYAHOYCBOsIe-
Moi1 popMe, KaK IIPaBUAO, KMCABIE BOADI).

BronpoAyKTMBHOCTD BbIpa)kaeTCsl He TOABKO KOHLIEHTpalei GUTOIMAQHKTOHA,
HO U CTEIEHbI0 3aPaCcTaeMOCTH BOAHOTO 00'bEKTa, KOTOpasi, Kak U IepBasi, B 3Ha4M-
TEABHOI Mepe 3aBUCUT OT COOTHOILIEHNSI TPO3PAaYHOCTY BOABI K CPEAHEN TAYyOUHE
(koapduimenTa OTHOCUTEABHON TTpO3pauHoCcTy). Ha puc. 1 nmpeacraBaeH rpadux
B3aJIMOCBSI3Y K09 GULIMEHTa IPO3PAYHOCTY M CTENEHM 3apacTaeMOCTH BoaoeMa [1].

[To moka3aTeAl0 OTHOCUTEABHOI NMPO3PAYHOCTU BCE BOAOEMBI Pa3OUTHI Ha
HSTh OCHOBHBIX I'PYIIIL

IlepBas epynna — onTuyYecKy o4eHb MEAKOBOAHBIE (0OAUTO(OTOOATHBIE) 03€-
pa: MpO3pavyHOCTb BOABI OOA€E YeM B 4YeThIpe pa3a MeHblle CPEAHeil TAYOMHbI
o3epa, Hnp/Hcp < 0,25 (npeobaaparoiimit BUA MPOSIBAEHMST MIPOAYKLIMOHHBIX
IIPOLIECCOB — «1|BeTeHVE» (PUTOMAAHKTOHA).

Scientific/practical journal N2 4, 2020 r.




70 A.H. Ilonos

© 80
°L 70
b
5 60
g 5o y.=50,769x - 1,1538
S 40 R2 = 0,999
& 30
& 20
T 10
2
5 0
5 10 ¢ 0,5 1 1,5 2
KoaddnumneHT oTHOCUMTENIbHOM NPO3PaYHOCTH
Puc. 1. Bsanmocss3b koadPpuiimeHTa Mpo3payHoOCT
" CTelleHU 3apacTaeMOCT! BOAOEMA.

Bmopas epynna — ontnyecKu MeAKOBOAHBIE o3epa (oAauromesodorobdart-
Hble): MPO3PAaYHOCTb BOABI B 2—4 pasa MeHbllle CpeAHeil TAyOMHBI BOAOEMA,
Hnp/Hep = 0,25-0,50 (mpeobAaparoumit BuA MPOSIBAEHUST MPOAYKLMOHHBIX
MIPOLIECCOB — «L[BeTeHMe» (PUTOMAAHKTOHA).

Tpemvs epynna — ONTUYECKU CpeAHErAyOokue (Me3odoTobaTHble) O3e-
pa: NMpo3payHOCTb BOABI B 1-2 pasa MeHbllle CPeAHEN TAYOMHBI BOAOEMA,
Hnp/Hep = 0,5-1,0 (mposiBAeHMEe MPOAYKLMOHHBIX MPOLIECCOB — «ILIBETEHME»
(bUTOMAAHKTOHA, YaCTUYHAS 3aPACTAEMOCTb aKBaTopum — A0 50 %).

Yemsepmas epynna — ontudecku rayboxue (mesomoamportobarHbie) o3e-
pa: mpo3payHoCTb B 1-2 pa3a 6oabllle cpepHelt TAyOuHBI 03epa, Hop/Hep = 1-2
(mposiBAeHMe IPOAYKLIMOHHBIX ITPOLIECCOB — 3apacTaeMoCTb akBaTopun >50 %).

ITamas epynna — onTv4YecKu o4yeHb TAyOoKue (moamcpoTobaTHble) o3epa:
MIPO3PaYHOCTD BOABI O0ABILIE YeM B 2 pasda cpeaHelt rayounsl, Hnp/Hep > 2 (npo-
SIBA€HVE TPOAYKLIMOHHBIX [TPOLIECCOB — 3apacTaeMoCTb akBaTopuu A0 100 %).

B Taba. 1 nmpeacTaBA€HBI AaHHBIE O B3aMMOCBSI3U MEXAY KoadduimeHTOM
MPO3PaYHOCTY U TUIIOM O3€pa.

AONYyCTUMBINI IPUBHOC OMOTEHHBIX SAEMEHTOB B BOAOEMBI C YMEPEHHBIM
VI 3aMEAAEHHBIM BOAOOOMEHOM HEOOXOAMMO OIPEAEASITh, ONMMPAasiCh Ha UX
baxkTryeckuit GpUKCUpyeMbiit TPOGUUIECKUI YPOBEHD U AOMYCTUMOE €ro u3-
MeHeHle, Ha3HaYaeMoe B 3aBUCUMOCTU OT BUAOB BOAOIIOAB30BaHUSI AQHHOTO
BOAHOI'O 00'beKTa. DTO YKa3bIBaeT Ha HEOOXOAMMOCTD OTIPEAEAEHM S HE TOABKO
TUIIA U TPOPUYECKOTO CTATYCA BOAOEMA, HO U 00111ero GaKTUYECKOTO U YAEAb-
Horo nortoka ¢ocdopa, MOCTyHAOIETO 13 BHYTPEHHUX U BHEIIHUX MCTOYHU-
KoB. OnpeAeAeHe YAEABHOTO ITOTOKA TpebyeT MHGOPMALMK O TAOIIaAM aKBa-
TOPUU BOAHOTO 00bEKTA.

OmnpepereHne TpoduUuecKoro craryca (PUTONAAHKTOHHOTO u ¢Guto-
IIAQHKTOHHO-MaKpO(GUTHOIO BOAOEMOB MOXKET IIPOM3BOAUTHCA ABYMs Haubo-
Aee AOCTYITHBIMY METOAAMU:
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— OIpeAeAeHVEeM KOHLeHTpaLuy GUTOIIAAHKTOHS;

— OIpeAeAeHVeM KOHLIEHTPaLM XAOPOPUAAA d.

AaAee, HA OCHOBaHUM AQHHBIX, IPEACTABAEHHBIX B Ta0OA. 2., ONpEAEASeTCs
TpOoPUUECKUIT CTATYC BOAOEMA.

Ta6auna 1. B3anmocBsi3b MeXAY K09PPULIMEHTOM TPO3PAYHOCTU

u Tunom osep [1]

prnna BOAO€Ma ITO ITOKAa3aTeAIo
OTHOCUTEABHOM MMpO3pavYHOCTU

KoadduumeHT otHocu-
TEABHOV IIPO3PAYHOCTI

Tun Bopoema

OnTuyecky o4ueHb MEAKOBOA- <0,25 DUTONAAHKTOHHBIN
Hble 03epa (0AUrodoToOaATHBDIE) (TAQHKTOHOTPOQHBII)
OnTnyecky MEAKOBOAHBIE O3e- 0,25-0,50 DUTONAAHKTOHHBIN
pa (oanromesodorTobaTHbIE) (TAQHKTOHOTPO(HBDII)
Ornrtnyecky cpeAHETAyOoKe 0,5-1,0 OUTONAAHKTOHHO-MaKpO-
(me30doTobaTHbIe) ¢buTHBI (0EHTOMAAHKTOT-
podHoro Tumna (rapMOHUIHOrO)
Onrtuyecku rayboxue 1-2 MakpopuTHbII
(me3omoAudoTobaTHbie) (6eHTOTpPOGHBIN)
OnTuyecky o4eHb rAyOOKue 2—-4 MakpodUTHBIN
(moaudorobaTHbIe) (benTOTpOdHBIIN)

Ta6aunna 2. [TokazateAn TpohpUIECKOro cTaTyca BOAOEMOB I10 KOHLIEHT paLiun
XxAOpodurAAQ a U OMOMAacChl PUTOMAAHKTOHA (CpeAHME 32 A€TO BEAUYMHBI) [2]

Tpoduueckuit i Konuenrpayus XI;OpO(i)I/IAAa a, | Buomacca q)MTor;AaHKTOHa,
MI/M MI/AM
OaurorpodHsiit <5-10 <0,1-0,5
MesotpodHbliit 11-20 0,6-2,0
IBTpOdHBI 21-75 2,1-10,0
[MoauTpodHBI 76-150 10-50,0
T'iieprodHbIi 150-250 u > >50-100

OINIPEAEAEHUE TPO®INYECKOIO CTATYCA
MAKPO®VTHDBIX BOAOEMOB

OmnpepeaeHre TpopUUECKOTro CTaTyca MaKpOMUTHBIX BOAOEMOB MOXKET IIPO-
M3BOAUTBCS HECKOABKMMM METOAAMU:

— TIlo cmenenu 3apacmanus (NOKpvimus) Buicuteli BOOHOU pacmumerbHo-
CMbI0 aKBAMOpUYU Bo0OeMa U BUOOBOMY COCHIABY BbICULUX BOOHBLY PACHIEHU.
B oanrorpodnbix 1 cAabOMMHEPAaAM30BAHHBIX BOAOEMAX C IIPO3PAYHOIL BOAOI
CPEAY ITOT PY>KEHHBIX MaKPO(MUTOB FOCIIOACTBYIOT HU3KOPOCAbIE PACTEHWS: MX1,
VIBOSTUABI (IIOAYIIHVKOBBIE), IIpU 0OA€€e BBICOKOV MUHEPAAM3ALMY — XapOBble
Bopaopocau. IIpu ymepeHHOM BospacTaHuu Tpoduu B Me30TPODHBIX 03epax
Oromacca NMorpy>keHHOI paCTUTEAbHOCTY Y 3aHMMAaeMble €I0 MAOLAAN MaKCH-
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MaABHBI, BUAOBOJ COCTaB HanboAee Oorat, IpeoOAAAQIOT BHICOKOPOCABIE DA0-
AEUABI (9AOAEST, POTOAUCTHHUK, AIOTHK, YPYTh, IIMPOKOAVICTHBIE PAECTHI), BBITEC-
HSIIOIIVEe HU3KOPOCABIE XapOBble BOAOPOCAU. HekoTopbie BBICOKOPOCABIE BUABI
XapOBBIX BOAOPOCAEN O0A€€e YCTOMYMBBI K ITOBBILIEHUIO YPOBHS TPOPUILL.

CBMAETEABCTBOM NIPUOAVKEHMSI KPUTUYECKOIO YPOBHS HArpy3KU sIBASIET-
Cs MacCOBOe pa3BUTME HUTYATBIX BOAOPOCAeN. AaAbHelilllee BO3pacTaHMeE 3B-
TPOUPYIOLIEro BO3AENCTBUS IPMBOAUT K CPBIBY MAaKpO(MUTHON 3KOCUCTEMBI,
pe3Koll aKTUBM3aLUY QUTOMAAHKTOHA U IIEPEXOAY SKOCUCTEMBI K OOBIYHOMY
¢duTonAaHKTOHHOMY TuUMy. Ilpy HapacTaHMM 3BTPO]UPYIOLIETO BO3AENCTBUS
IIPOMICXOASIT 3aKOHOMEPHbIE 3MEHEHM S B BUAOBOM COCTaBe MAKpOUTOB (rAaB-
HBIM 00pa3oM, IOTPY)KEHHBIX) U B CTEIIEH! 3apacTaHMsI BOAOEMOB.

— ITlo cmpykmypHbim nokaszamersm 30oniankmona. Kaaccubukauus Tpo-
(b14eCcKOro COCTOSIHMSI BOAOEMOB IO 300ITAAHKTOHY IIPUBEA€EHA B Ta0A. 3.

Ta6anna 3. Kaaccupukauusa Tpodpuyueckoro COCTOSHUSA BOAOEMOB IO
CTPYKTYPHBIM IIOKa3aTeASIM 300IIAQHKTOHA

ITokasaTeAb O M 2
ITokazaTeanb E/O <0,5 0,5-1,5 > 1,5
Vuaexc mo buomacce, H 4,0-2,6 2.5-2.1 2,0-1,0
OTHoLIeH e 61I0MacChl 300IIAAHKTOHA U 4:1 - 0,5:1

Cl)]/ITOHAaHKTOHa 3a BereTaL[I/IOHHbI];I TNEPUOA

OTHouIeHNe 6110MaCcChl 3MMHETO U A€THEIrO 1: (1-9) 1: (10-90) 1: (>100)
300MMAQHKTOHA

OTHo1IeHEe APIXaHMS K O/I0Macce 300IIAAHKTOHA 0,15 0,20 0,30
IMokasaTeAab Q <10 1,0-2,0 >2.0
buomacca cectona, MmrC/a 0,07-0,33 | 0,33-1,50 | 1,50-6,80
E <0,2 0,2-1,0 1,0-4,0

TIpumeyanue: O — oaurorpodHsii; M — Me3oTpodHblL; D — aBTpodHBIL; Q — OTHOIIEHME Y1CAA
B1AOB p. Brachionus k uncay BuaoB p.Trichocera; E/O — cooTHoIIeH1e uncAa BUAOB-MHAMKATOPOB
aBTpodHOro u oaurorpoduoro tuma; E = K(X+1)/(A+V)(Y+1) , rae K — uncao BupoB Rotatoria,
A - Copepoda, V - Cladocera, X — MmesoTpodHbie BuabL, Y — oaurorpodubie Bupbi; H = —S p,log,p,
p, = B/B B, — 6uomacca MHAMKAaTOPHOTO BIAA 300MAAHKTOHA; B — 0611jast Macca 3001AaHKTOHA.

OrnpepeseHre TpopUIECKOTO CTATyCa BOAOEMA AIOOOrO THIIa BO3MOXXHO I10
KOHLIeHTpaLuu ob1ero ¢pochopa, AAsL 4ero HEOOXOAMMO YCTAaHOBUTb CPEAHETO-
AOBOE copeprkaHme o61iero gpocdopa 1 oLeHUTb TPOPUIECKUIT CTaTyC BOAOEMA.
OAHaKO MHOTOYMCAEHHbIE MCCAEAOBAHMSI MTOKA3aAM, YTO 3aBUCHMOCTb MEXAY
KOHLIEHTPALMSIMU OMOTeHHBIX BEIJECTB Y BEAMYVMHON MEPBUYHONM IPOAYKLIUN
VIMeeT HeBbICOKUI KOd(PPULIMEHT KOPPEASILIUY, YTO BBIHY)KAQET BECbMA OCTO-
POKHO OTHOCUTBCSI K 3TUM KpuTepusiM. boaee TouHbIM Kpurepuem Tpoduye-
CKOTO COCTOSIHMSI BOAOEMA SIBASIETCSI COOTHOILLIEHME YAEABHOI OMOTreHHO! Ha-
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IPy3KU ¢ MOPPOMETPUIECKUMU XaPAKTEPUCTUKAMMU Y BpEMEHEM IPOTOYHOCTHU
(AASI IPOTOYHBIX BOAOEMOB).

IMpy Haauumy MHbOpPMALIUM O MMOTOKAX OMOreHa B BOAOEM, €ro IMAOILAAM,
CpeAHelt TAYyOMHe 1 BpeMeHU BOAOOOMEHA AASI OTIpeAEAeHN S TPODUIECKOro CTa-
TyCa UCIIOAB3YIOTCST cXxeMbl DOAAEHBaAIAEPA AAST HEIIPOTOYHBIX Y MAAOIIPOTOY-
HBIX BOAOEMOB (pUC. 2) U AASI BOAOEMOB CpeaHel poTouHocTu (puc. 3).

CaeAyeT 3aMeTUTD, YTO AASI ONIPEAEAEHNS AOITYCTMMOTO IIPMBHOCA OMOTeH-
HBIX BEIECTB B BOAOEM, HEOOXOAMMO 3HAaTh TpoduuecKuit ypoBeHb u GakTu-
YeCKYI0 YAEABHYIO OMOTeHHYI0O HATrPy3Ky Ha BOAHBIN 00beKT. [Ipu oTCyTCTBUM
TAKOBOI1 €€ OIPEAEAEHME SIBASIETCS 005I3aTEABHBIM.
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Puc. 2. Cxema CBsI3u MEXAY Harpyskou oomum ¢pocopom, cpeaHeit TAyOMHOI 1
ypoBHeM Tpoduu BopoeMa (AAS HEITPOTOUHBIX X MaAOIIPOTOYHBIX BOAOEMOB) [4, 5].
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Puc. 3. Cxema cBA3U MeXAY Harpyskoi oommm ¢pochopom, cpeaHel TAyOuHOI,
BpeMeHeM BOAOOOMeHa 1 YpoBHeM Tpoduy BopoeMa (AAS IIPOTOYHBIX cucteM) [3, 4].
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AAst onipepeseHust Tpod1UECKOro CTaTyCa OITUYECKY FAYOOKMX M ONITHYECKU
O4YeHb AyOOKMX BOAOEMOB HEOOXOAMMO NpUMeHSTh rpaduky OoareHBaAEPa,
IIOCKOABKY, KaK ITOKa3bIBa€T OIIBIT, AAHHbIE BOAOEMBI IIPU IIPAKTUYECKHU IOAHOM
3apacTaeMOCTH BbICIIEN BOAHOM PaCTUTEABHOCTBIO ITO TIOKA3aTEAI0 XAOPODUAAQ
VAV KOHLIEHTpauuu GUTOMAQHKTOHA OTHOCSITCSI AMOO K OAUTOTPOGHBIM, AKOO
Me30TPOPHBIM BOAHBIM 00BEKTAM, SIBASISICH IIPU 9TOM BBICOKOBTPO(HBIMIU.

OITPEAEAEHUE AOITYCTNMOI'O YBEANTYEHIA
®OCP®OPHOI HATPY3KIN HA BOAOEMBbBI

OnpepeseHne AONYCTUMOTO yBeAnueHus1 pochopHOIi Harpy3Ku Ha
BOA0EMbI GUTONAAHKTOHHOTO U (PUTONAAHKTOHHO-MAKPOUTHOTO TUIIOB

B AaHHOM cAy4vae onpepeAeHMEe AOMYCTMMOIO YBEAVYEHMs TIOTOKOB 0OIie-
ro ¢pocdopa IpOM3BOAUTCS Yepe3 OIpeAeAeHe AOTTYCTUMOTIO, C TOYKU 3PeHMsI
BOAOIIOAB30BATEASI, YBEAUUEH ST OMOMaCChl PUTOMAAHKTOHA.

OrnpeaeAeHe AOTTYCTMMOTO YBEAVYEHM ST TPOAYKLIMOHHOM CTOCOOHOCTH du-
TOITAQHKTOHHOTO U GUTONAQHKTOHHO-MaKpO(UTHOIO BOAOEMOB ITPOM3BOAUTCS
B COOTBETCTBUU C AQHHBIMU TAaOA. 4, B KOTOPOI1 IIPEACTABAEHBI MAKCUMAaABHO
AomycTuMble (AaHHbBIE TabA. 2) KOHLIEHTpaLuu XxAopoduasa a u buomaccs! ¢u-
TOIIAQHKTOHA, He AOIYCKAIOI[/e IePEeX0AA BOAHOTO 00'beKTa 13 BBICILETO B 00-
Aee HU3KUIT TpodUIeCcKuit CTaTyc.

Ta6anna 4. MakcuMaABHO AOTTYCTMMbIE KOHLIEHT ALY XAOpodrAAa a
" OMoMacchl PUTOMAAHKTOHA, HE AOITYCKAOLIIVe TIepeX0Aa BOAHOTO 00beKTa
13 BBICLIETO B O0A€e HUBKUI TPOPUIECKUI CTATYC

Tpoduueckuir | AonycTumoe yBeanueHMe KOHLEH- | AOITYCTUMOE YBeAUdeHue O1o-

TUI Tpauuu xaopoduaaa g, Mmr/m® | Maccel pUTONMAAHKTOHA, MI/AM®
OaurorpodHbiit Ao 10 A0 0,5
Me3soTpodHbliit A0 20 A0 2,0
IBTpOdHBII A0 75 A0 10,0
[ToauTpodHBII Ao 150 Ao 50,0
T'niepTodHbIi A0 250 u1 > Ao 100

OrnpeaeAeHre AOITYCTMMOTO YBEAMYEHMS YAEABHOTO MoToKa pocdopa B Bo-
AOeM PpUTONAQHKTOHHOTO U GUTONAAHKTOHHO-MaKpO(UTHOIO THUIIA OCYILIeCT-
BASIETCSI B CAEAYIOLLEM MTOPSIAKE:

— ompepeAsieTcs: buomacca GUTOMAAGHKTOHA B BOAOEME B ICXOAHOM COCTOSI-
Huu (B));

— ompepeAsieTcst yAeAbHast GocdopHast HarpysKa Ha BOAOEM B ICXOAHOM CO-
crostauu (T1);

— BOAOITOAB30BATEAEM YCTAHABAMBAETCS AOIYCTMMAsi OroMacca BOAOPOC-
A€l B BOAOEME IIPU 3aAQHHOM BUAE BOAOTIOAb30BAHMS ITOCAE TMTOCTYIIAEHUS AO-
TIOAHUTEABHOTO KOAMYeCTBa buoreHos (B,);
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— AOIIYCTMMOE YBeAMYeHMe BHeIHel yaeAbHOU dochopHoir Harpysku (X)
olnpepeAsieTcs Mo ypaBHeHMIo (4) (TabA. 5);

— o011as yaeAbHasl HarpysKa OIpeAeAsieTcs o ypaBHeHMIo (2) (Taba. 5);

— KOAMYeCTBO obuiero ¢pocopa, AOIyCTUMOE K IPUBHOCY B BOAOEM B TOA,
onpeaeAseTcs no ypasHenuwo X = (B, - B) - I1,/B)) « Foou

B Taba. 5 mpeACTaBAEH pacyeT AOIYCTMMOIO YBEAYEHMS YAEABHOTO TOTOKA
¢dbocdopa B BopoeM, 00ecrieqrBaIoOLEero HelpeBbILIEHVIE YPOBHS €ro TPOGHOCTH,
32A2BaeMOTr0 BOAOIIOAb30BATEAEM.

Ornpepesenre pakTrueckort GpochopHOI HarpysKu IMOCTPOEHO HA CAEAYIO-
I[eM TTOAOXKEHMM: CPEAHETOAOBAsI KOHLIeHTpaLus obiiero gocdopa B BopoeMe
(Cp, r/™°) paBHa ero koHLeHTpaLuyu B Mae. PakTuyeckass cymmapHas ¢pocdop-
Has Harpyska coctaBut: IT = Cp + V/F, rae V/F — oTHOLIEHME CPeAHETOAOBOTO
obpema Bopoema (M%) K COOTBETCTBYIOLIEN ITOMY 00beMY MAOLIAAK (M?).

TabAmnna 5. PacueT AOITYCTMMOTO YBeAMYEHUSI YAEABHOTO IIOoTOKa pocopa
B BOAOEM, 00€eCIeuBaolIero HelpeBbllleHVe YPOBHS ero TPOQHOCTH,
3aAaBaeMOTr0 BOAOIIOAB30BAaTEAEM

MoxasaTeas Bopoem B 3adukcupo-| Bopoem mpu YBEAIICHUM

BaHHOM COCTOSTHUM ¢dbocdopHoIt Harpysku

YaeabHas pochopHas HarpysKa, IT, I1,

/M2 rop

AormycTMoe yBeAndeHue 0 X

BHelHet $pocOpHOI HATPy3KMU

YBeAnYeHrEe BEANYVHBI YPOBHS - (T, — T1)/TT. - 100 (1)

Tpodun, % ? v

O6as yaeapHas pochopHas IT, I, =TT, + X (2)

Harpyska, I/mM? rop

AonycTumas duomacca B, B, =B, « (1+ (I, - IL)/TL, (3)

¢dbuUTONAAHKTOHA TOAOBAS, I/M>

Pacyer pomycTumMoro 0 X =(B,-B) - IL/B, (4)

YBEeAMYEHN s BHELIHeN 2 v

dbocdopHoI HAarpysKy, I/M? rop

OmnpepeaeHne AOYCTUMOrO yBeAndeHnst HocdopHOil Harpy3Ku
Ha BOAOEMBI MAaKpOdUTHOIO TUIIA

OrnpepeseHre AOIYCTVMOTO yBeAMYEHMs NTOTOKOB obiiero ¢ocdopa B BO-
AO€MBI MaKpOPUTHOTIO THUIIA TIPOU3BOAUTCS Yepe3 OIPeAEAEHNE AOTTYCTUMOIO,
C TOYKM 3pEHUsT BOAOIIOAB30BATEAS, YBEAMYEHMsI OMOMACChl BBICIIEN BOAHOI
pacTuTeAbBHOCTU. Ba3ncom AAsl 3TOTO CAy’>KaT AaHHblE O (HAKTUYECKON CTele-
HU 3apacTaHus U GaKTIeCKON YAeABHOI 6110Macce BBICIIVX BOAHBIX PACTEHMI.
MeTopMKa onpeAeAeH s STUX ITapaMeTPOB IIpeACTaBAeHa B pabore [5].
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AAst AI060TO BOAOEMA CYIECTBYET ONTUMYM PasBUTUSI MAKPOPUTOB B KOH-
KPETHBIN MCTOPUYECKUIT MOMEHT ero usHu. ONTUMAABHYIO CTElEeHb 3apac-
TaHUsI BOAOEMA BBICIIEN BOAHOU PAaCTUTEABHOCTBIO B % MOXKHO PacCUMUTATh IO
ypaBHeHUIo [6]:

Mcov = IF(Lat < 55) THEN (56,5x(Sec/Dmean)) ELSE (23,6 x(Sec/Dmean)), (1)

rae Lat — reorpadumyeckast mmpora, °C.Ii.;

Sec — mpo3pauHocTh 10 AMcKy CeKKH, M;

Dmean — cpepHsist TAyOMHa BOAOEMa, M.

OnTUMaAbHYIO TOAOBYIO IIPOAYKLIMIO MaKpodUTOB (KKaA/M’TOA) B BOAOEME
PacCYMUTBIBAIOT IO CAeAyIolieil opmyae [6]:

Pmac = 107(2,21 + 1,08 Lg (Mcov) — 0,49 (90/(90 — Lat)), )

rae Mcov — onnTuMaAbHas CTENeHb 3apacTaHys BopoeMa Makpoduramy, %,
Lat — reorpaduyeckas mWKUpOTA, °C.ILI.

OnrTuMaAbHON MPOAYKLMEN MaKpPODUTOB B BOAOEME AASI KOHKPETHBIX YCAO-
BUJ OKPY’Kalolllel CpeAbl CYMTAeTCA UCUMCAAeMas BEAMYMHA C YYeTOM Iorpell-
HocTu B ipepesax 20 %. [Tpy 9TOM cAepyeT yuuThIBaTh U TOT (PaKT, 4TO OMomacca
MaKpo(}UTOB MOXKET 3HAUUTEABHO BO3PACTU 110 €CTECTBEHHBIM KAVMMATUY€CKUM
IpPUYMHAM, BIIAOTb AO YABOEHMS CPEAHEro 3HaueHus [7].

Ecau dpakTryeckuit ypoBeHb MPOAYKLIMY MAaKPOPUTOB YKAAABIBAETCS B BEAU-
YYHY, PACCYUTAHHYIO AASI CUCTEMBI AATHOCTUKY OMOAOIMYECKON TPOAYKTUBHO-
cty, ¢ ydetom 20 % MOrpelHoCcTy, TO AAHHBIV BOAOEM He VICIIBITbIBAeT U30BITOU-
HoVt Harpy3ku 1o pocdopy. Ecan ke pacyeTHbIN ypOBeHb TPOAYKLIVY MAaKpOPUTOB
BBILIIE ONITMMAABHOTO, Y 3TO IIOATBEP)KAAETCSI HAOAIOAEHMSIMU TPEX AET TOAPSIA,
TO TaKO! BOAOEM IIPEAAATAETCS CYUTATh U30OBITOUHO HArpy>KeHHbIM PpochopoM.
YUpeamepHO BbICOKast MPOAYKLIMSI MaKpohuTOB, HabAIOAaeMasi B TeueHre 1-2 Aer,
HO BO3BPALIAMOIIASICS K PACYIETHBIM BEAUYVHAM Ha TPETUM roA, OYAET YKa3bIBaTh
Ha KAMMAaTU4€eCKY0 00YCAOBAEHHOCTDb TaKMX IIPOAYKLMIOHHBIX IIVKOB.

Ecau B BopoeMe ¢dakTuuecKasi IPOAYKLMS MaKpOpUTOB HMDKE PaCCUUTaH-
HO AASI CUCTEMBI AMArHOCTUKU OMOAOTMYECKON MPOAYKTUBHOCTH, C YIETOM
20 % MOrpenrHoCTH, AAHHBINT BOAOEM MOKET ObITh IIPUEMHUKOM AOTIOAHUTEAb-
HOV1 $HochOpHOIT HATPY3KM, PACCUMTAHHON HA AOTIOAHUTEABHYIO IPOAYKLMIO
Makpoduros, paBHyio Pmac — PdakT = Paon (kkaa/m? rop) (3).

AAsi nepecyeTa KMAOKAAOPUI B OMOMacCy MaKpo(pUTOB UCIIOAB3YIOTCS CAe-
Aywoiire cooTHoireHust: 1 kkaa = 0,217 r opraHMYeCcKoro BelecTBa 61MoMacchl
BBP = 0,25 r cyxoro BemectBa 6uomaccsl BBP = 1,56 r cbipoit Macchbl pacte-
Huit [8]. CpeaHee copepkaHue BOABI B MaKpoduTax MPUHATO paBHBIM 84 %,
30ABI — 13 % cyxoit maccel. B cpepAHeM Macca yraepopa coctaBasieT 46 % mac-
CbI 0€330ABPHOTO OpraHNYecKoro BelecTBa AU 41 % aOCOAIOTHO CYXOil MacChL:
11 C =10 kKkaa, 1 xaa = 4,2 Ax. [9].
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OrnpeaeAeHne AOYCTUMOTrO NpuBHOCa 06mero pocdopa
B MaKkpodUTHBIIN BOAOEM

CopepskaHue obuiero ¢pocdopa (MKI/A), KOTOpoe 00eCIIeYUT ONTUMAABHYIO
MPOAYKLIMIO MAaKPODUTOB, COCTABASIET:

TP = 1000((SDA - 4+ 106+ P,__ - 2120 . F_ 4 0,00003P,) -
- (1-5/(5+D,/T,) - T,) / D

rae SDA — yaeAbHBINT BOAOCOOP;

P .. — NPOAYKIIMS PaCTUTEABHOCTY Ha BOAOCOODE, KKaA/M? TOA;

T, — cpeaHeropoBas Temmeparypa Bosayxa, °C;

€

F_ — daxTop sBTpodupoBaHys, NPM OTCYTCTBUM AHTPOIIOT€HHO HAarpy3Ku = 1;
P - roaoBas cyMmMa OCaAKOB, MM/TOA;

4)

mean mean’

D_... — cpeaHss raybuHa osepa, M;
T — Bpems npe6biBaHMs BOABL B 03€pe, TOA.
P, — TPOAYKLMsS pacTUTEABHOCTM Ha BOAOCOOpe, KKaA/M> oA, paBHas

(3000 / (1 + EXP (1,315 — 0,119 Tem))x4 [10, 11].

AOTOAHUTEABHAST AOMYCTUMAsi MPOAYKLMS MaKpopUTOB COCTABUT:
Paom + 0,25 r cyxon 6uomaccel Ha M? B rop uau Paom - 1,56 r ceipont 6uomac-
cpl Ha M? B roA. Aast obecriedeHnsi MOAOOHON MPOAYKLIMOHHOM AESITEABHO-
CTM HEOOXOAMMO AOIIOAHUTEABHOE KOAMYECTBO obOiiero ¢ocdopa, paBHOe
0,25 Paor « 1,65 Mr Ha M? B TOA.

B03MO>XXHBIIT AOIIOAHUTEABHBIN IPUBHOC 00111ero pocdopa B MaKpopUTHBIN
BopoeM coctaBut 0,25 Ppom - 1,65 - F mm/rop (l:M — IIAOLIAAD 3apacTaHUSA BO-
aoema Makpopuramu, M, paHas F o - Mcov/100).

BbIBOADbI

TaxkuMm 006pa3oM, AOIIYCTUMBIN NPUBHOC OMOT€HHBIX SAEMEHTOB B BOAOEMBI
C YMEpPEHHBIM U 3aMeAAEHHBIM BOAOOOMEHOM HEOOXOAVMO OIPEAEASITH, OIU-
pasick Ha UX PaKTUYeCKUil PUKCUPYEMBI TPOPUYECKUI YPOBEHD U AOMYCTU-
MO€ €ro M3MeHeHle, Ha3HayaeMoe B 3aBUMCUMOCTY OT BUAOB BOAOIIOAb30BaHMS
AQHHOTO BOAHOTO 00beKTa. TO yKa3bIBaeT Ha HEOOXOAVMOCTD OIPEAEAEHN S He
TOABKO TPO(UYIECKOTO CTaTyca BOAOEMA, HO 1 0011[er0 GaKTUUECKOTO U YAEABHO-
ro rnoToka ¢ocdopa o011ero B BOAOEM 13 BHYTPEHHMX U BHELIHMX ICTOUHMKOB.

OrnpeaeAeHMEe AOTTYCTYMOTO YBEAYEHMSI TIOTOKOB 00111ero pocdopa B BOAOEMbI
(UTOMAQHKTOHHOTO Y (UTONAQHKTOHHO-MAaKPO(UTHOTO TUIIOB IPOM3BOANUTCS
yepe3 OIpeAeAeHNEe AOITYCTUMOTO, C TOYKM 3PEHMSI BOAOTIOAB30BATeAS], YBEANYE-
HUs OMoMacchl PUTONMAQHKTOHA. AOIycTMOe yBeanuyeHue GochOopHOIT Harpys-
KJ Ha BOAOEMBI MaKpO(UTHOIO THUIIA YCTAHABAVBAETCS Yepe3 ONPEAEAEHUE AO-
ITYCTMMOTO, C TOYKY 3PEHMsI BOAOTIOAB30BATEAS], YBEAMYEHMSI OMOMACChI BBICLIEN
BOAHOI1 paCTUTEABHOCTH, 6A3MICOM AASL YETO CAY>KaT AQHHBIE O (paKTUYeCKoI CTe-
HeHY 3apacTaHusl U paKTUIeCKO YAEABHOV O1oMacce BBICIIMX BOAHBIX PACTEHMIL.
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Ha ocHOBe paHHBIX O (PaKTMYeCKON CTelleHU 3BTpodMpOoBaHMs, 3apacTaHusI U
(baKTI4ecKoll YAeABHON OroMacce GpUTOMAQHKTOHA M BBICIIVX BOAHBIX PacTEHUI
pa3paboTaHbl METOAVIKY OIIPEAEAEHMSI AOITYCTMMOTO IIpYBHOCA ob1jero ¢pocdopa B
(bUTONAQHKTOHHBIE, PUTOMAAHKTOHHO-MaKpOMUTHBIE ¥ MAKPOPUTHBIE BOAOEMBIL.

AOIYCTUMYI0 AOTIOAHUTEABHYIO HAarpysky BOAOeMOB obumum ¢ochopom
BIlepBble 00OCHOBAHHO IIPEAAATAETCS ONPEAEASITh, OIMPAsICh HE Ha BEAUUMHY
ITAK, a Ha yaeABHYI0 OMOTE€HHYIO Harpy3Ky Ha BOAHBIN O0BEKT, UTO, B COOTBET-
CTBUY C OIIBITOM OTEYECTBEHHOTO I MMPOBOI'O I'MAPOOMOAOTMYECKOTO HAyYHOTO
Coo00111eCTBa, AAeT 0ObEKTUBHYIO KAPTUHY 3MEHEHUII B €I0 9KOCKUCTEME IIPY 13-
MeHEHMM MOCTYIAeHMsI OuoreHa. IIpuMeHeHMe TOAOOHOTO IMTOAXOAA MTO3BOASIET,
B CBOIO OYE€PEAD, PEAABHO OIIPEAEAVTD KBOTBI IPUBHOCA OMIOT€HOB B BOAOEM AAS
KOHKPETHBIX BOAOIIOAb30BaTEA€I.
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Abstract: The article presents the outputs of researches on determination of permissible
input of biogenic matter to water bodies with different types of moderate and slowed water
exchange: that is phytoplankton, phytoplankton/macrophyte, and macrophyte types. We have
shown that the permissible input of biogenic matter to water bodies with moderate and slowed
water exchange should be determined with the focus on their actually registered trophic level
and its permissible changes appointed depending on the types of this water bodies use.

Determination of the admissible increase of the total phosphorous inflow to water bodies
of phytoplankton, phytoplankton/macrophyte and macrophyte types is to be done through
determination of the permissible, from the point of view of the water user, increase of either
the biomass or the phytoplankton, or the supreme aquatic vegetation. The author gives the
equations for determination of the permissible inflow of the total phosphorous to phyto-
plankton, phytoplankton/macrophyte and macrophyte water bodies.

Key words: restoration of water bodies, low-water, vegetation, pore water, water bodies
with moderate and slowed water exchange, trophic status, biogenic load, maximal admissible
input of biogenic matter, ecosystem of a water body.

Water bodies with slowed and moderate water exchange (lakes and reservoirs) response
to any anthropogenic impact either with intensification of production processes (euthrophi-
cation) or with suppression of euthrophication processes but accompanied with deteriora-
tion of the hydro/chemical regime, or, alternatively, with manifestation of the both processes
concurrently.

A specific feature of such water bodies’ ecosystems and hydro/chemical regime formation is
a multifold participation of supplied ingredients in all hydro/biological and physical/chemical
internal water body processes and this hinders assessment of their status formation process.
Thus, multifold participation of biogenic elements in biological circulation within the water
body ecosystem causes the actual specific biogenic load several times higher than that calcu-
lated on the basis of the information of annual input of biogens from external sources. This is
a reason for the increased trophic status of the given water body which does not correspond to
the actual input of biogenic elements to the water body. This brings up an issue of the value of
the biogenic elements input to the water bodies of slowed and moderate water exchange that
enables to remain within the framework of permissible changes of the production processes.

Analysis of the causes of the lakes, ponds, and reservoirs’ productivity increase has dem-
onstrated that in 98% of cases this phenomenon is based on the increased proportion of the
total phosphorous content in relation to the total nitrogen content (>1:7). Consequently, it
is necessary to control the total phosphorous input in order not to initiate the water body
productivity increase (algae blooming, overgrowing, and deterioration of the aquatic ecosys-
tems’ status) in comparison with the permissible from the point of view of water user level.
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DETERMINATION OF THE WATER BODY TROPHIC STATUS

Hydro/biological state of a water body (trophic status) is determined by a number of
parameters, the main the most accessible of the them are the following: the degree of over-
growing and specific biomass, production of supreme aquatic plants, phytoplankton or chlo-
rophyll a4 concentration, and zoo/plankton biomass.

A water body trophic status, i. e. a water body characteristic in terms of its biological
productivity (food capacity and trophity) assessed by the value of its primary production, is
the most commonly used indicator of its ecological conditions. One can identify four main
types of water bodies: oligotrophic (low content of biogens), eutrophic (high content of bio-
gens), mesotrophic (intermediate), distrophic (high content of biogenic elements in the form
difficult to digest, as a rule, acidic waters).

Bio/productivity appears not only through the phytoplankton concentration but through
the degree of a water body overgrowing which, as the former one, considerably depends on
the proportion of the water transparence to the average depth (relative transparence coeffi-
cient). Fig. 1 presents the diagram of interconnection of the transparence coefficient and the
water body overgrowing degree [1].

80
%0 70
g 60
© 50 ¥=50,769- 1,1538
@ 40 R?=0,999
>
% 30
@ 20
ED 10
a o
-10 0 0,5 % 1,5 2
Coefficient of relative transparency
Fig.1. Connection between the transparence coefficient and a water body overgrowing.

In terms of the relative transparence index all water bodies are divided into five principal
groups.

The first group — optically very shallow (oligophotobatic) lakes: water transparence is more
than four times less than the lake average depth, Hnp/Hcp < 0.25 (phytoplankton «bloom-
ing» as a predominate type of the production processes appearance).

The second group — optically shallow lakes (oligomesophotobatic): water transparence is
2 — 4 times less than the water body average depth, Hnp/Hcp = 0.25-0.50 (phytoplankton
«blooming» as a predominate type of the production processes appearance).

The third group — optically medium-deep (mesophotobatic) lakes: water transparence
is 1 — 2 times less than the water body average depth, Hup/Hcp = 0.5-1.0 (phytoplankton
«blooming» and the water area partial overgrowing (up to 50%) as predominate types of the
production processes appearance).

The fourth group — optically deep (mesopolyphotobatic) lakes: water transparenceis 1 — 2
times higher than the water body average depth, Hip / Hcp = 1-2 (the water area overgrow-
ing (>50%) as a predominate type of the production processes appearance).

The fifth group — optically very deep (polyphotobatic) lakes: water transparence is more
than 2 times higher than the water body average depth, Huip / Hep > 2 (the water area over-
growing up to 100% as the production processes appearance).
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Table 1 presents the data on interconnection between the transparence coefficient and
the lake type.

Table 1. Connection between the transparence coefficient and the lake type [1]

The water body group according to |Relative transpar-

the relative transparence coefficient | ence coefficient Water body type
Optically very shallow lakes <0.25 Phytoplankton (planktontrophic)
(oligophotobatic)

Optically shallow lakes 0.25-0.50 Phytoplankton (planktontrophic)
(oligomesophotobatic)

Optically medium-deep lakes 0.5-1.0 Phytoplankton/macrophitic (ben-
(mesophotobatic) toplanktontrophic type (harmonic)
Optically deep lakes 1-2 Macrophytic (bentotrophic)
(mesopolyphotobatic)

Optically very deep lakes 2-4 Macrophytic (bentotrophic)
(polyphotobatic)

It is necessary to determine the permissible inflow of biogenic elements to water bodies
with moderate and slowed water exchange basing on their actually registered trophic level
and its permissible changing which is to be preset depending on the types of water use of this
particular water body.

This emphasizes the necessity of determining not only the water body type and trophic
status but general actual and specific inflow of phosphorous supplied from the internal and
outside sources as well. Determination of the specific inflow requires information of the size
of this water body water area.

One can determine the trophic status of phytoplankton and phytoplankton/macrophyte
water bodies with two the most available methods:

— determining of the phytoplankton concentration.

— determining of the chlorophyll 4 concentration.

Further on, one can determine the water body trophic status based on the data presented
in Table 2.

Table 2. Indicators of the water bodies’ trophic status against the chlorophyll 4 concentra-
tion and the phytoplankton biomass (average summer values) [3]

Trophic type Chlorophyll 2, mg/m? Phytoplankton biomass,mg/dm?
Oligotrophic <5-10 <0.1-0.5
Mesotrophic 11-20 0.6-2.0
Euthrophic 21-75 2.1-10.0
Polytrophic 76—150 10-50.0
Hypertrophic 150-250 and > >50-100

The macrophytic water bodies’ trophic status determination

One can determine the trophic status of macrophyte water bodies with several
methods:

— According to the degree of the water body area overgrowing (coverage) with supreme
aquatic vegetation and species structure of supreme aquatic plants. In oligotrophic and low-
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mineralized water bodies with transparent water undersized plants are predominate among
submerged macrophytes: moss, isoetes (quillworts), or, in case of higher mineralization, and
charophytes. In case of moderate increase of the trophy in mesotrophic lakes the submerged
plants biomass and the areas occupied by them are maximal, the species structure is the
most reach and tall water weeds (Canada water weed, (Ceratophyllum) hornwort, buttercup,
(Myriophyllum) parrot’s-feather, (Potamogeton amplifolius) large-leaved pondweed) are pre-
dominant, they supplant undersized charophytes. Some tall species of charophytes are more
resistant to the trophy level increase.

Mass development of filamentous algae is an evidence of approaching of the load critical
level. Further increase of the euthrophicating impact leads to the macrophyte ecosystem
break, phytoplankton drastic activation, and transition of the ecosystem to the routine phy-
toplankton type. With the building up of the euthrophicating impact some regular changes
occur in the (mostly submerged) macrophytes’ species structure and in the water body over-
growing degree [3].

— According to the zooplankton structural indicators. Table 3 gives classifications of the
water body trophic status by zooplankton.

Table 3. The water bodies’ trophic state classification according
to the zooplankton structural indicators.

Indicator (@) M 2
E/O indicator <0.5 0.5-1.5 >1.5
Biomass index, H 4.0-2.6 2.5-2.1 2.0-1.0
Ratio of the zooplankton biomass to the phyto- 4:1 - 0.5:1

plankton biomass over the vegetation period

Ratio of the winter and summer zooplankton 1:(1-9) 1: (10-90) 1: (>100)
biomass

Ration of respiration to the zooplankton biomass 0.15 0.20 0.30

Q indicator <1.0 1.0-2.0 >2.0
Seston biomass, mgC/1 0.07-0.33 0.33-1.50 1.50-6.80
E <0.2 0.2-1.0 1.0-4.0

Note: O is oligotrophic; M is mesotrophic; 3 is euthrophic; Q is the ratio of the number of-
p-Brachionus species to the number of p.Trichocera species; E/O is the ratio of the number of indi-
cator species of euthrophic and olgotrophic types; E = K(X+1)/(A+V)(Y+1) , where K is a number of
Rotatoria species, A — Copepoda, V — Cladocera, X — mesotrophic species, Y — oligotrophic spe-
cies; H = -S plog,p, p, = B,/B B, is the zooplankton indicator species biomass; B is the zooplankton
total mass.

Determination of the trophic status of any water body is possible by the total phosphorous
concentration. To do this it is necessary to state the total phosphorous average annual content
and estimate the water body trophic status. However, numerous researches have shown that
the dependence between the biogenic matter concentrations and the value of primary produc-
tion has low coefficient of correlation; this made one to be very careful with these criteria. The
ratio between specific biogenic load and morphometric characteristics and the term of run-
ning (for running water bodies) is more precise criterion for a water body trophic status.

If we possess information about the biogens inflow to the water body, its area, medium
depth and the term of water exchange, we can use Vollenweider’s schemes for non-running
and low-running water bodies (Fig. 2) and medium-running water bodies (Fig. 3) in order to
determine the trophic status.
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It should be mentioned that to determine the permissible inflow of biogens to a water
body, it is necessary to know trophic level and actual specific biogenic load upon a water
body. If there is no one, its determination is obligatory.
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Fig. 2. The scheme of connection between the total phosphorous load
and the water body trophy level (for running and low-running water bodies) [4, 5].
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Fig. 3. The scheme of connection between the total phosphorous load, average depth,
term of water exchange and the water body trophy level (for the running systems) [3, 4].

Annual load of total phosphorous, g/m?

To define trophic status of optically deep and optically very deep water bodies it is nec-
essary to apply Vollenweider diagrams, because, as experience shows, these water bodies if
practically completely overgrown with supreme aquatic vegetation in terms of indicator of
chlorophyll a or phytoplankton concentrations relate either to oligotrophic or mesotrophic
water bodies, still remaining highly euthrophic ones.

DETERMINATION OF THE PERMISSIBLE INCREASE OF PHOSPHOROUS
LOAD UPON WATER BODIES

Determination of the permissible increase of phosphorous load upon the water bodies of
phytoplankton and phytoplankton/macrophyte types

In this case determination of the permissible increase of the total phosphorous inflows
is carried out through determination of the permissible, from the point of view of the water
user, increase of the phytoplankton biomass.

Determination of the permissible increase of the phytoplankton and phytoplankton/
macrophyte water bodies’ production capacity is done in accordance with the data of Table 4,
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where the maximal permissible concentrations of chlorophyll 2 and phytoplankton biomass
(table 2 data), that do not enable transition of the water body from the higher trophic status
to the lower trophic status.

Table 4. Maximal permissible concentrations of chlorophyll @ and the phytoplankton
biomass preventing the water body transition from the supreme to the lower trophic status.

Trophic type Permissi.ble .chlorophyll a , Permissible phytoplanktogl biomass
concentration increase, mg/m increase, mg/dm
Oligotrophic up to 10 up to 0.5
Mesotrophic up to 20 up to 2.0
Euthrophic up to 75 up to 10.0
Polytrophic up to 150 up to 50.0
Hypertrophic up to 250 and > up to 100

Determination of the permissible increase of the phosphorous specific inflow to the wa-
ter bodies of phytoplankton and phytoplankton/macrophyte types is carried out in the fol-
lowing order:

— determination of the phytoplankton biomass in the water body in the initial state (B));

— determination of the specific phosphorous load upon the water body in the initial state (IT,);

— the water user determines the permissible algae biomass in the water body for the pre-
set type of water use after input of the additional quantity of biogens (B,);

— the permissible increase of the external specific phosphorous load (X) is to be deter-
mined from equation (4) (Table 5);

— total specific load is to be determined from equation (2) (Table 5);

— quantity of total phosphorous permissible for input to the water body per year (g/year)
is determined from equation X = (B,—B) - I,/B) - F__ .

Table 5 presents calculation of the permissible increase of the phosphorous specific inflow
to the water body, which provides not exceeding its trophity level preset by the water user.

Determination of the actual phosphorous load is based on the following statement: aver-
age annual concentration of total phosphorous in the water body (Cp, r/m?®) equals its concen-
tration in May. Actual total phosphorous load will be the following: IT, = Cp - V/F, where V/F
is the ratio of average annual volume of the water body (m?) to the area (m?) corresponding
to this volume.

Table 5. Calculation of permissible increase of the phosphorous specific inflow to the water
body which provides non-exceeding of its prophity level preset by the water user.

A water body in| A water body in case of the

Indicators the fixed state | phosphorous load increase
Specific phosphorous load, g/m? per year IT, IT,
Permissible increase of external phosphorous load 0 X
The trophy level value increase, % = (IT, — T1)/TT, - 100 (1)
Total specific phosphorous load, g/m? per year I, I, =TT, + X (2)
Permissible annual phytoplankton biomass, g/m? B, B, =B, - (1 + (IT, — TT)/TT, (3)
Calculation of the permissible increase of external 0 X =(B,-B) II/B,(4)

phosphorous load, g/m? per year
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Determination of the permissible increase of phosphorous load upon
the water bodies of macrophyte type

Determination of the permissible increase of the total phosphorous inflow to the wa-
ter bodies of the macrophyte type is carried out through determination of the permissible,
from the point of view of the water use, increase of the supreme aquatic vegetation biomass.
The basis for this is the data of the actual degree of overgrowing and the actual specific
biomass of supreme aquatic plants. Article [5] presents the methods of these parameters
determination.

For each water body there is the optimum of macrophytes’ development at any particular
historical moment of its existence. The optimal degree of a water body overgrowing with
supreme aquatic vegetation in % one can calculate according to equation [6]:

Mcov = IF (Lat < 55) THEN (56.5x(Sec/Dmean)) ELSE (23.6 x(Sec/Dmean)), 1)

where Lat is the latitude, °Northern latitude;
Sec is the transparence by Secchi disk, m;
Dmean is the medium depth of the water body, m.
The optimal annual macrophytes production (kcal/m?per year) in a water body one can
calculate according the following formula [6]:

Pmac = 107(2.21 + 1.08 Lg (Mcov) — 0.49 (90/(90 — Lat)), V)

where Mcov is the optimal degree of the water body overgrowing with macrophytes, %,
Lat is the latitude, °Northern latitude.

The optimal value of the macrophytes’ production in a water body for the particular en-
vironment conditions is considered to be a calculable value with admissible error within
20% limit. At that, it is necessary to take into consideration the fact that the macrophytes’
biomass can considerably grow due to natural climatic reasons, up to doubling of the average
value [7].

If the actual level of the macrophytes’ production remains within the value calculated
for the biological productivity diagnostics system, with taking into account the 20 % error,
it means that this particular water body does not experience any excessive load in terms of
phosphorous. If the calculated level of the macrophytes’ production is higher that the opti-
mum, and this is proved by three successive years observations, one can presume this water
body to be excessively loaded with phosphorous. Excessively high macrophytes’ production
observed over 1-2 years period but remaining to the calculated values by the third year will
indicate purely climatic reasons for such production peaks.

If a water body demonstrates the actual macrophytes’ production lower than the value
calculated for the biological productivity diagnostics system, with taking into account the
20% error, this water body can serve a receiver for an additional phosphorous load, calculated
for additional macrophytes’ production equal to Pmac — PgaxT = P pom (kcal/m? per year )(3).

One can use the following proportions to recalculate kilocalorias to the macrophytes’
biomass: 1 kcal = 0.217 g of BBP biomass organic matter = 0.25 g of BBP biomass dry matter =
1.56 g of plants raw mass [8]. Average water content in macrophytes is accepted to be equal to
84 %, ash content — 13 % of dry mass. On average carbon mass equals to 46 % of the ash-free
organic matter or 41 % of absolutely dry mass: 1 g C = 10 kcal, 1 cal =4.2]. [9].

Determination of permissible inflow of total phosphorous to a macrophyte water body
The total phosphorous content (mkg/l) which will provide the macrophytes’ optimal pro-
duction is:

TP = 1000((SDA - 4+ 10+ P_+ 2(Tem1210. F 1 0,00003P_)(1-5/(5+D__ /T )+ T.)/D__, (4)

mean’ (
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where SDA is the specific catchment;
P, . is the vegetation production on the catchment territory, kcal/m? per year;
T is the average annual air temperature, °C;
F_ is the euthrophication factor, without anthropogenic load = 1;
P_ is the annual total precipitation, mm/year;
D__.. is the lake medium depth, m;
T is the duration of water stay in the lake, year.
P . is the vegetation production on the catchment territory, kcal/m? equal to
(3000/(1 + EXP (1.315 — 0.119 Tem)) - 4 [10, 11].

Additional permissible macrophytes’ production will be: Paon- 0.25 g of dry biomass
per m? per year or Paomn- 1.56 g of raw biomass per m? per year. To provide such produc-
tion activity it is necessary to have additional quantity of total phosphorous equal to
0.25 Ppom - 1.65 mg per m? per year.

Possible additional inflow of total phosphorous to a macrophyte water body will be
0.25Paon - 1.65- F mm/year (F isthe area of the water body overgrowing with macrophytes,
m? equal to F ;- Mcov/100).

CONCLUSIONS

Thus, it is necessary to determine the permissible input of biogenic elements to water
bodies with moderate and slowed water exchange based on their actual registered trophic
level and its permissible change preset against the types of water use of this particular water
body. This indicates the necessity of determination not only the water body trophic status
but the total actual and specific total phosphorous inflow to the water body from external
and internal sources.

Determination of the permissible increase of the total phosphorous inflows to water bod-
ies of phytoplankton and phytoplankton/macrophyte types is carries out through determi-
nation of the permissible, from the point of view of the water user, increase of phytoplank-
ton biomass. Determination of the permissible increase of the total phosphorous inflows to
water bodies of macrophyte type is carried out through determination of the permissible,
from the point of view of the water user, increase of supreme aquatic vegetation biomass. It
is based on the data on the actual degree of overgrowing and the actual specific biomass of
supreme specific vegetation.

The author has developed the methods of determination of the permissible input of total
phosphorous to phytoplankton, phytoplankton/macrophyte and macrophyte water bodies
based on the data about the actual degree of euthrophication, overgrowing and the actual
specific biomass of phytoplankton and supreme aquatic vegetation.
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