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IIpencraBneHsl pe3yabTaThl U3yYEHHs COEPKaHUA COEAMHEHWI a30Ta U MHHEpaibHOro docgopa,
a Takxke nepBUYHON nponykuuu ¢putorankroHa (IMTIP) B 2017-2019 rr. B MOpPCKOR akBaTOpUHU
OOIIT «Msic MapTtbsn», pacnionoxenHoi Ha IOxnom Gepery Kpeima (UépHoe mope). YcraHOBIE-
HO, YTO B JICTHUI MEPHOJ B MOBEPXHOCTHOM cjioe MOPCKON Boabl III1®P MoXeT IMMHUTHPOBATHCS
Kak 1o a30Ty, Tak u 1o ¢gocdopy. 3aBrcumocTb u3MeneHust [P ot kOHIEHTpalK 00IIero a3ora
B BoJie 00JIaIaeT MaJIOW 3HAYMMOCTBIO, @ 3aBUCUMOCTH OT KOHIIeHTparwu ¢hoccopa — BeICOKOH. [Toka-
3aHO, YTO B TEYEHHE BCET0 I'OJJOBOTO LIMKJIA KOHLIEHT AL HUTPUTOB, HUTPATOB M aMMOHMUS, a TaKXke
MHUHEPAIBHOTO (pochopa UMEHSAIOTCA, HO OCTAIOTCA B IIPEfieNax, He MPUBOAAIIMX K TUTIEPIBTPOpUKa-
LMY BOA. BhIsIB/IEHa BBICOKas 9KOJIOrMYecKas 3HaYMMOCTb aTMOC(PEpHBIX OCA/IKOB: CBSI3aHHOE C HUMH
NoBbIlIIeHHe KoHleHTpauuu PO, obycnosnmBano nameHenue pexxuma sumutupoBanus [P ¢ doc-
(oproro Ha azorHbi. C UCMIOJIb30BAHUEM TEOPETUUECKUX MPEJICTABICHUIA 0OOCHOBAHO, YTO B OJIUTO-
TPO(QHBIX YCJIOBUSX YBeJIUYeHHe KOHIIeHTpanuy umutrpyoiero [P cyberparta B Bojie MPUBOAUT
K BO3PACTaHHIO CKOPOCTH €ro U3BJICUECHHSI U3 CPE/Ibl B COOTBETCTBUM C OTPUIIATEILHON OOPATHOM CBSI-
3bI0 IPUPOJHOTO PETYJINPOBAHUA TOMEOCTa3a IKOCUCTEM. B yCIIoBUAX 3BTpohUpOBaHNS BIUSIHHUE ITPO-
JOYKLMOHHBIX [TPOLIECCOB HA KOHANUIIMOHMUPOBAHHUE BOJL IO (DaKTOPY OMOTEHHBIX 3JIEMEHTOB CHIKAETCS].

KiaroueBrnie ciaoBa: UEpHoe mMope, MbIC MapThsiH, coequHEeHUs a3oTa, ¢rocdaThl, aTMochepHbie
0Ca/IKH, TUITAHKTOH, TTePBUYHAS TTPOIYKIIUsI, TUMHUTHPOBAHNE

KpbiMckoe nobepeskbe YEpHOTO MOps1 sIBJISIETCS] 30HOW MHTEHCUBHOTO npupoaonosbs3zoanus (Co-
BpeMeHHOe cocTosiHre OeperoBoit 30HbI Kpbima, 2015). KoMIiekcHOe aHTpOIIOTeHHOE BO3JICHCTBHUE
Ha HeE OIpeAeNsAeTCs NOCTYIUIEHUEM IIUPOKOIO CHEKTPa MOJUIIOTAHTOB CO CTOYHBIMU BOJAMU U CKJIO-
HOBBIM CTOKOM, a TaKkxke ypOaHuzanuei 1 (hyHKLIMOHMPOBAaHKEM OObEKTOB TPAHCIIOPTHOW MH(PACTPYK-
TYpBbI (B TOM YKCJIe UHTEHCUBHBIM CYZ0XOJICTBOM) M IIPOMBIIIJIEHHbIX ¥ PEKPEALIMOHHO-TY PUCTUIECKUX
1eHTpoB. CoracHo Kiaccu(pUKaIMU Ka4ecTBa MOPCKOH cpefibl, modepeskbe KppiMa OTHOCUTCS K KPUTH-
yeckuM 30HaMm (3aiiueB u [lomkapros, 2002 ; [Tonukapnos u Eropos, 1986), B KOTOpBIX coaepkaHue
3arpsI3HSIOIIMX BEIIECTB MOKET IIPEBBIIATh HE TOJILKO MPUPOJHbIE YPOBHHU, HO U NIPEAEIbHO JOMYCTH-
Mbl€ KOHLIEHTPALIMH, yCTAHOBJIEHHBIE B COOTBETCTBUM C CAHUTAPHO-TUTMEHNYECKUMHU KpuTepusmu (Ero-
poB u ap., 2013). OaHoii U3 HanboJIee 3HAUMMBbIX IKOJIOTMYECKUX MTPOOJIeM B Hallle BpeMs SIBJIAETCS TH-
nepaBTpocukanus Box (Bunorpanos u ap., 1992). Ona odycioBiieHa MOCTYIJIEHUEM B MOPCKYIO CpeLy
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M30BITOYHBIX KOJIMYECTB OMOreHHbIX 31eMeHTOB (FOHeB u 1ip., 2019), 4To BBI3BIBAET MOBHIIICHHYIO ITEP-
BUYHYIO MPOJYKTUBHOCTb (PUTOIUIAHKTOHA. DTO BEAET K MEPECTPONKE CTPYKTYPHO-(PYHKIIMOHATIBHOM
OpraHu3ali MOPCKHX 3KocucTeM (3aiiiieB, 1998) U K CHUKEHUIO KaueCTBA MOPCKUX BOJI KaK Cpebl
00UTaHUS TUAPOOUOHTOB M KaK PEKPEariioHHOTO pecypca.

B 1973 r. B Kpeimy Ha 6a3e Hukurckoro GoraHmueckoro caaa Obuia co3jaHa oco0O OXpaHsie-
Mas ipupoaHas teppurtopus (nanee — OOIIT) — rocynapcTBeHHBIN MPUPOAHBINA 3aTIOBETHUK «MBbIC
Maprban» (Ilocranosinenne Cosera munuctpoB YCCP or 20.02.1973 Ne 84). B Hacrosimee Bpems
OH UMeeT CTaTyC MPUPOJHOro Mapka peruoHanbHoro 3HayeHus (OO yTBepxkaeHuu nojoxenus, 2018).
DT0 TepPUTOPUAITLHO-AKBATBHBIA OOBEKT: MOJOBHHA OOLIEH TLIOMAIM, COCTaBAs0mER 2,4 KM2, pu-
XOIUTCSl Ha MpUOpexHyIo akBaTopuio Y€pHoro mops. Ero BcectopoHHee m3ydeHue MO3BOJISIET OIpe-
IEJATh SKOJIOTUIECKHe M OMOTEOXMMUYECKUE XapaKTePUCTUKH IIPHOPEKHO-MOPCKOM aKBATOPHH, KOTO-
past sIBJIsIeTCS] HEOTHEMIIEMOM YaCThIO 1IEJIOCTHOTO MPUPOJOOXPAHHOTO U PEKPEALIMOHHOIO KOMILIEKCa,
(pyHKLIMOHUpYIOIIETO B cUcTeMe Oeper — Mope.

Llenpio HACTOSIIErO UCCIeAOBaHMs ObLIO OLIEHUTh I'OJIOBbIE TPEH/Abl U3MEHEHHs! MEPBUYHBIX MPO-
AYKLUMOHHBIX MPOLIECCOB U COAEPKAaHUS MHUHEPAJIbHBIX (POPM a30Ta (HUTPUTOB, HUTPATOB U aMMO-
HUSI) ¥ MHUHEpaibHOro ocdopa B MOBEPXHOCTHOM CJIO€ BOIBI MPUOPEKHO-MOPCKOW aKBATOPHU
OOIIT «Mpic MapTbsiH» ¢ YI4ETOM MHTEHCUBHOCTH aTMOC(EPHBIX OCaJJKOB U OCOOEHHOCTEN JIMMUTHU-
POBaHUs MPOAYKIMU (PUTOIJIAHKTOHA OMOTEHHBIMU JIEMEHTAMHM, a TaKKe MPOBECTU TEOPETHUECKYIO
MHTEPIPETALMIO Pe3yJIbTaTOB HAOMIOJEHU.

MATEPUAJI 1 METO/1bI

[Mpo6s1 otompamu B 2017-2019 rr. B MOBEPXHOCTHOM CJIoe BOABI Ha paccrossHud 60-70 m
OT ype3a BOAbl C TMpHYaia, PAClOOKEHHOTO B TPAHMUIIAX XO3SUCTBEHHOW 30HBI AKBATOPUU
OOIIT «Mpbic Maptbsii» (koopauHaThl Touku otoopa — 44°30'19.1”N, 34°14°19.5”E) (puc. 1).

Puc. 1. Jlokasmzaimsa U cxeMmarude-
CKas Kapra paiiOHa WCCIIeJOBaHWA;
@ — nyHkr or6opa npod
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TeHaeHIuY rOI0BOr0 M3MEHEHH I TEMIIePATyPhl TIOBEPXHOCTHBIX BOJ] B paliOHE MCCIIEI0BAHUIN TTPU-
BeieHbl 1o uHpopmanuu ¢ Bed-pecypca (Temmeparypa Boabl, 2020), 00BEM OCagkoB — MO JaH-
HBIM arpoMeteoctaHimu «HukuTckmii cam». ['mapoxuMuyeckue mapameTpbl MpoO BOABI Ompese-
JICHbl B CepTU(PHUIIMPOBAHHON THUIAPOXUMUYECKON JTa0OpaTopuu OTAeNa aKBaKYJIbTYpPhl U MOPCKOM
(apmakomornn  ®ULL MuBIOM no o6menpunsateiM Metoaukam (PykoBonctso, 1977). Pesynb-
TaThl OMNpeJeNeHUs] KOHIIEHTpAlMii OUOTeHHBIX 3JIEMEHTOB B BOJE HMENU Cledylollue Auana3o-

Hbl U CPEAHHUC OTHOCUTECJIbHBIC TNOIPCIIHOCTU: HUTPAT-UOHOB — 5-500 MKr -.H_l C NOrp€IIHOCTbIO
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2,7-7,39 %; uurput-nonoB — 0,5-1000 MKT-J1 ! ¢ norpeHocThio 1,53—-18,02 %; aMmMOHUITHOTO a30-
Ta — 15-1500 mxr-1! ¢ norpewmHocThio 1,69-11,4 %; docdar-uonos — 5-100 MKr-1! ¢ MOrper-
HOCTBIO 4,6 %. B paboTe ncnosib30BaHBl MaTepualibl MO OMpPENesICHUI0 MEPBUYHON MPOAYKINK (hu-
TortankToHa (nanee — I1Id), nonmydyeHHble ¢ puMeHeHUEM paauoyriepoaHoit meroauku (Egorov
et al., 2018b), U maHHBIE O KOHIICHTpAIMM OWOTEHHBIX 3JEMEHTOB B MOPCKOW BOJIe aKBAaTOPHUU
OOIIT «Msbic Maptbsin» B 2017-2018 rr. (Eropos u np., 2018a).

Jl1s1 onpeieieHust JIMMUTHPYIOIEro OMOTeHHOTo (PaKTopa MCIIOJIb30BAaHO CTEXHOMETPUIECKOE CO-
otHomenue Penduima (R,) (Redfield, 1958), koTopoe Npyu BbIpaKeHHOH B MKI-T~' pa3MepHOCTH

BXOIAIIMX B HEI'O IMapaMeTpoOB UMEJIO CJ'ICIIYIOIJ_II/IfI BU:

R, (N/P)=1,53 (1,35NO, + NO; + 3,44N H,)/ PO, , (1)

rae NO,, NO;, NH, u PO, — cOOTBETCTBEHHO KOHLIEHTpaLX (MKF-JI_I) a3oTa (B COCTaBE HUTPUTOB,
HUTPATOB U aMMOHUSI) 1 MUHEpaJIbHOTO (pochopa PO, B MOBEPXHOCTHBIX BOJAX.

CornacHO MeTOIOJIOTMM IIpPUMEHeHHs cooTHoweHusa Pendwunga, npu R, > 16 dukcuposamm
mumvutupoBanue [P no ¢gocdopy, a npu R, < 16 — no azory (3uios, 2009).

PE3VJIbTATDBI

PesynbTaThl omnpenesieHUd KOHIICHTpAIMA OWOTEHHBIX IJIEMEHTOB B MOPCKOHW BOJe, W3MEPEeHUN

[I1® u pacu€ToB mapamerpa Penduinna npencrasieHs! B Tadi. 1.

Tab6mmua 1. Pe3ynbTaThl M3MepeHUI KOHLIEHTPAMM OMOTEHHBIX 3JIEMEHTOB M MEPBUYHOM MPOLYKLH
(purornankToHa, orieHka napametpa Peadunaa B akaropun OOIIT «Msic MapThsan»

Table 1. Results of measuring the concentration of nutrients and phytoplankton primary production
and assessment of the Redfield ratio in the SPNA “Cape Martyan” water area
KonuenTpanus T® ITapametp
Iarta NH, £ CKO, | NO, = CKO, | NO; * CKO, YN, PO, + CKO, 5 i, | Pendpunna
MKT-T! MKT-1! MKT-T”! MKT-T”! MKT-T! Mr e ey R,)
2017 r.
19.04.2017 | 15,00 £0,70 0,50 £0,10 17,00 £ 0,50 32,5 0,50+0,10 3,4 211,98
30.06.2017 | 30,00+ 1,00 | 0,80+0,10 7,600,220 | 38,4 | 14,40£0,20 112,8 11,28
14.12.2017 | 21,00 £ 1,00 0,40£0,10 6,50 £ 0,20 26,9 3,00 £ 0,20 23,3 40,43
2018 r.
09.01.2018 5,00 £2,50 1,40 £0,10 11,80 £0,30 | 18,2 3,00 £ 1,10 10,2 15,75
20.04.2018 | 18,00 £ 0,86 0,40 £0,01 29,20 £ 0,87 47,6 1,40£0,10 22,7 100,17
29.07.2018 | 30,00 1,40 1,60+ 0,02 | 20,00+£0,60 | 51,6 8,50+ 0,10 H. 1I. 22,56
29.10.2018 | 15,00 £ 0,72 0,60 £ 0,01 12,20 £ 0,36 27,8 2,90 £ 0,04 H. I 34,08
26.11.2018 | 50,00 £ 2,40 1,40 £ 0,02 14,00 + 0,42 65,4 | 30,30+ 0,45 H. 1. 9,48
18.12.2018 | 40,00+ 1,92 | 2,20+0,03 10,20 £ 0,31 52,4 6,80 + 1,00 H. 1. 33,92
2019r.
30.01.2019 | 28,50+0,23 | 4,80+0,07 12,00 +0,36 | 45,3 6,50 £ 1,00 H. 1. 27,43
04.04.2019 8,00+ 0,40 | 0,80%0,01 34,00+ 1,00 | 42,8 1,50 £ 0,02 H. 1. 63,85
29.04.2019 | 10,00 £0,48 1,00 £ 0,02 34,80 + 1,44 45,2 1,50 £ 0,02 H. I 71,96
26.06.2019 | 12,00+ 0,58 1,00 £ 0,02 790+024 | 20,9 | 10,00+0,15 H. 1. 7,73
10.10.2019 5,00 £ 0,24 1,60 £ 0,02 7,00 £0,21 13,6 3,40 £ 0,05 H. I 11,86
28.11.2019 | 4,00+020 | 2,00+0,03 10,20+ 0,30 | 16,2 | 10,20+0,20 H. [I. 4,00
23.12.2019 | 2,50 £ 0,12 1,80+£0,03 | 28,00+3,00 | 32,3 3,40 £ 0,05 H. 1. 17,56

IIpumeuanue: CKO — cpeaHekBaapaTUYHOe OTKJIOHEeHHe; * — mnpuBegeHo no (Eropos u ap., 2018a); H. 0. —

HET JaHHBIX.

Note: CKO denotes standard deviation; * denotes data given according to (Egorov et al., 2018a); H. x. denotes
no data available.
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CornacHO HaIlIM MCCIIEIOBaHKAM, 3a MepUO] HAOMOIeHU KOHIIGHTpAIHsI a30Ta B Bojie B (hopme
aMMOHMS U3MEHsIach B npeaenax 2,5-50,0 MKr-T ! B ¢popme nurputoB — 0,4—4,8 MKr-T ! B popme
HUTpaToB — 6,5-34,8 Mkr-1'. CyMMapHas KOHIEHTpalis MAHEPATbHBIX COEMHEH I a30Ta BapbUPO-
Basa ot 13,6 10 65,4 Mxr-1~!, a konuenTtpauus dpocaros coctapisna 0,5-30,3 mxr-n~ . TITI® B paznuy-
HBIE CE30HbI I0fla U3MeHsIach B npesenax 3,4—112,8 mr C-m~>-cyr~!. Benuuuna napamerpa Pendunna
BapbupoBaia ot 7,73 1o 211,98, uto ceunerenbctBoBaIO O JInMuTUpoBaHuu [P kak o coeMHEHUAM
a30Ta, Tak U 0 MUHEpaJIbHOMY ocdopy.

OBCYKIEHUE

B nepuon ¢ 19.04.2017 no 20.04.2018 B akBatopun OOIIT «Msic Maptesan» munumasHas [1I1O
HaOmoganack B 3MMHUI CE30H, KOT/Ia JUTUTEJIbHOCTh CBETOBOTO JIHS cOCTaBisiia MeHee 10 yacoB, a TeM-
nepaTypa NoBEpXHOCTHBIX BoA He npebiasa +10 °C (puc. 2a-1). B T0 *e Bpema R, = 16, uro cBu-
JeTeNIbCTBYeT 00 OTCYTCTBUM JTUMUTHPOBAHUS MEPBUYHBIX MPOAYKIIMOHHBIX MPOILIECCOB OMOTEHHBIMU
3j71eMeHTamMu (puc. 2]1).

20 1 AnurensHocts ceetosoro AHa (vac) a) Puc. 2. Toauynas auHaMuKa Ia-

15 paMeTpoB  OKpYXawIlell  cpefpl
10 //—\ B paiione OOIIT «Msic MapThsan»

W TPOAYKIMOHHBIX  IOKa3aTenen

5 (puTorTaHKTOHa B €€ MOPCKOHM aK-
O+——T 71T 7T T T T T T T T T BaTtopuu 1o AaHHbM 2017-2018 rr.:
o 1 2 3 4 5 6 7 8 9 10 1 12 a) MPOAOJIKUTENLHOCTb CBETOBOIO
nHs;  0) cpedHsii  TeMmIieparypa
30 TemnepaTypa noBepxHOCTHbIX Bog (°C) 6) MOBEPXHOCTHOI'O cJj1o4 MOpCKOﬁ
BOJBI, B) KOHIIEHTpAIMS CYMMBI
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10 \§ Horo d¢ocgopa B TMOBEPXHOCTHOM
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R L L T B T T O L L - U T L Jl) HapaMeTp Peﬂ(pl/lﬂﬂa
0 1 2 3 4 5 6 7 8 9 10 11 12 . . .
Fig. 2. Annual dynamics of envi-
100 ~ min B) ronmental indicators in the SPNA
@ = m Enegn 2 oavErs §E - - - _ _osumn Cape Martyan” and phytoplankton
10 i TR e = production indicators in its marine
- T T - - #pPQ, area according to 2017-2018 data:
1 T oy a) daylight duration; 6) mean tem-
0 perature of the surface seawater
3uma Becha feto OceHb 13"‘“"""] layer_; B) concentrgtion of the sum
of nitrogen and mineral phosphorus
mr C-M2-cyT ! r compounds in the surface seawater
120 & . :
Kool YpoBeHb SBTPODHOCTH BOA layer; 1) phytoplankton primary
100 = . .
80 L7 S production; x) the Redfield ratio
60 . *em
40 . & e
20 o il e
03X -~ """
3uma BecHa Neto OceHb l3vw|a]
Mapawetp Peadunga (R,,)
] 3 A)
100 H R N
.- N JinmuntrpoBaHune no docopy _ -
10 -_;_.’_ _________ EN RinE RS SRS &
] JIMMUTpOBaHKE Mo asoTy
1
3uma BecHa Ieto OceHb [Svuwa I

Mopckoii buosnorrueckuii xypHain Marine Biological Journal 2021 Tom 6 Ne 4



CopeprkaHie OUOTEHHBIX 9JIEMEHTOB U JIMMUTUPOBAHKE TIEPBUYHOM MPOAYKIMH (DUTOIUIAHKTOHA. .. 23

BecenHuil nepuoj Havascs B ycJI0BUAX (POCHOPHOro TMMUTHPOBAHNUS ITPOLYKLIMOHHBIX TPOLIECCOB;
MakcUMabHOro ypoBHaA (112,8 mr C-M~3-cyT™!), IpeBHIIAIONIEro HIKHUIA Ipeae 3BTPOHOCTH BO
(100 mr C-m~3-cy1™!), TITP goCTUIIA IETOM B YCIOBUAX A30THOTO JTUMUTHPOBAHKS POCTA MUKPOBOJIO-
pocreii. B niesiom B o6cnenoBanHoO# akBatopun u3MeHenust [P xapakTepu30BaIuch CTATUCTUYECKU
JIOCTOBEPHOI 3aBUCUMOCTBIO (R = 0,960) ot koHteHTpauuu docdopa (puc. 3a) U 3aBUCUMOCTEIO ¢ 60-
Jlee HU3KOM 3HauMMocThio (R? = 0,134) or xoHuenTpauuu azora (puc. 36). OtvedeHHble 3(PDEKTHI
MOTr'yT OBbITh 00BsAICHEHBI TeM, uTO B 80 % ciydaes [1I1® B paccMaTprBaeMblil EpHO.L JMMUTHPOBAIACH
cogepxanueM pocdopa (puc. 38) npu R, = 16.

mr C-m=3-cy1™’
120 Puc. 3. 3aBucumocTh MEpBUYHOM
100 MPOAYKUMU (PUTOIUIAHKTOHA B TO-
80 R? = 0,960 a) BEPXHOCTHOM CJIOE MOPCKOW aKBAaTO-
60 pur OOIIT «Mbic MapThsiH» OT KOH-
gg % LEHTpAIM COCJUHEHUN MHUHEepaIb-
0 . Horo docopa (a) 1 CyMMBI COeTHHE-
) I ' I : | HU a3o0ta (0), a TAKXKe OT BEJIMYNHEI
0 5 10 15 napametpa Pendunna (B)
KOHUEHTRAA PO, B Bone (wkr-n™) Fig. 3. Dependence of phytoplank-
120 ™" C-mi-cyt! ton primary production in the surface
100 g seawater layer of the SPNA “Cape
80 Martyan” marine area on the concen-
60 6) tration of mineral phosphorus com-
40 R?=0,134 pounds (a) and the sum of nitrogen
20 / compounds (6), as well as on the value
0 | . : : : : . | : | of the Redfield ratio (B)
0 10 20 30 40 50
CymmMapHas KOHLEHTpaLWsi COeqUHEHNI asoTa B Boge (MKr-n-")
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Ha6monenus nokazanu, uro BecHoit 2018 r. B akBatopuu OOIIT «Mbic MapThsiH» 0IHOBpEMEHHO
MPOUCXO/IUIM PAa3HOHAIPABJIEHHBIE MPOLECCHl MOBBIIIEHUsI KOHLIEHTPALMU a30Ta B ()OpME aMMOHUS
Y HUTPATOB U CHIKEHUS COZIEPKaHUsI HUTPUTOB M MUHEPATbHOTO (pocopa (puc. 4a, 0).

[Mo-BuMoMy, B STOT NEPUOA MPOSIBIISIOCH pa30asieHue KoHueHTpaimu NO, u PO, UHTEHCHBHBI-
MU aTMOcepHBIMU ocagkamu (puc. 40). B KOHIIe BECHBI 1 JIETOM ITPOU3OIILIA CTAOMIN3AIMS COJIepkKa-
HUSI CyMMbl MUHEpaJIbHBIX (popM azoTa (SumN) B Boje (puc. 4a), BbI3BaHHAS, BEPOSITHO, OTHOCUTETb-
HO BBICOKUM MOTpeOJeHUEM HUTPATOB (PUTOIUIAHKTOHOM B YCJIOBUAX (POCHOPHOrO JTUMUTHUPOBAHUS
MPOJYKIIMOHHBIX MPOLIeccOB (pUc. 4B) Ha (DOHE MOBBIILIEHUSI COACPKAHUSI HUTPUTOB U AMMOHHUsI. 3Ha-
YMMOTO BIIMSIHUS aTMOC(EPHBIX OCAJKOB Ha TMIPOXMMUYECKUE XapaKTEePUCTUKU BOJ 00CIeJOBAHHON
akBatopu (puc. 40) B 3TOT Nlepro]] He 0OHAPYKEHO.

B ocennuit neproa 2018 r. 3aperucTpupoBaHO MOBBIIIEHWE UHTEHCUBHOCTH aTMOC(EPHBIX OCa[-
KOB (cM. puc. 40). OHO TpUBEIO K HEKOTOPOMY POCTY KOHIIEHTparuid BceX (opM MUHEpaTbHO-
ro a30Ta U K 3HAYMTEJILHOMY IOBBIIICHUIO COIEPKaHUsl MUHEpaIbHOro ¢ocopa B MOPCKOU BOJAE,
410 00YCJIOBMIIO U3MEHeHHe pexuma muMuTtupoBanus [P ¢ pocopHoro Ha a30THbIN (pUC. 4B).
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Puc. 4. [Innamuka napametpoB okpyxkatomeid cpensl B paiione OOIIT «Mbic MapTbsiH» U cofepKaHus
OUOreHOB B €€ MOpcKoi akBaTtopur B 2018 r.: a) KOHIIEHTpaWsI COEJMHEHUH a30Ta B TOBEPXHOCTHOM CJIOE
BOJIbI; 0) KOHIIEHTPALIUs COeAMHEHUI MUHEpasibHOro (hocdopa (@) B MOBEPXHOCTHOM CJIOE BOIBI U 00bEM
aTMoc(epHBIX OCaaKOB (+) B pallOHEe UCCIeN0BaHMil; B) napamerp Peadunga

Fig. 4. Dynamics of environmental indicators in the SPNA “Cape Martyan” and content of nutrients in its
marine area in 2018: a) concentration of nitrogen compounds in the surface water layer; 6) concentration
of mineral phosphorus compounds (@) in the surface water layer and precipitation volume (+) in the studied
area; B) the Redfield ratio

Becnoir 2019 r. Ha (oHe CHMXEHUS WHTEHCUBHOCTUM aTMOC(EPHBIX OCAJKOB B aKBAaTOPUU
OOIIT «Msic MapTbsiH» 3a(pMKCUPOBAHO TOBBIIIEHNE KOHILIEHTPAIIMA aMMOHHUS (pHc. 56) MpU OJIHO-
BPEMEHHOM yYMEHbLIEHUH COAEPKaHUsI HUTPATOB, HATPUTOB U MHUHEpaibHOro (pocopa (puc. Sa, 6)
B ycnoBusx pocoprHoro mumurupoanus [P (puc. 5B).

VBenuueHre MHTEHCUBHOCTU aTMOC(EPHBIX OCAIKOB [OHU JOCTUIVIM MUKA B KOHIIE BECHBI U B Ha-
yasnie jeta (cM. puc. 50)] MpakTUYecKu He U3MEHUJIO COJEepKaHUsl HUTPATOB U aMMOHHS (puc. 5a),
HO IIPUBEJIO K 3HAYUTETHHOMY POCTY KOHLIEHTpAallii MUHEPaJIbHOTO (hocopa B 00CIeJ0BAaHHON aKBaTO-
puu (cM. prc. 56). IT0 00yCIOBUIIO IEPECTPONKY MEXaHU3Ma MUHEPATIbHOTO MUTaHUs (PUTOTIIIAHKTOHA
¢ pochopHOTrO TMMUTHPOBAHUS HA a30THOE (PUC. SB), COMMPOBOXK/IAEMOE MHTEHCUBHBIM TOTJIOIIEHUEM
HUTPATOB (CM. pUC. 5a) U3 BOAHOM cpenpl. OceHHMI MUK aTMOC(EpHBIX OCaJKOB (CM. puc. 50) coB-
naJl C HEKOTOPbIM IMOBBIIIEHUEM KOHLEHTpPAIMM aMMOHHUS M 3HAYMTEJIbHBIM pocToM copepkanus PO,
B MOPCKOM BOJIE, UTO YBEJIMUMIIO CTENIeHb a30THOrO JUMUTHpoBaHus [1I1P.
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Puc. 5. Jlunamnka TnapaMeTpos okpyxatomeil cpeasl B pailone OOIIT «Meic MapTbsiH» U conepKaHusi
OroreHoB B €€ Mopckor akBatopur B 2019 r.: a) KOHIIEHTpaLMsI COEJMHEHUH a30Ta B IOBEPXHOCTHOM CJIOE
BOJbI; ) KOHLIEHTpalMsl COeqUHEHNI MUHEpaIbHOTO (occopa (@) B MOBEPXHOCTHOM CJIOE BOIBI U 00BEM
aTMoc(epHBIX 0CaJKOB (+) B pailoHe HccieoBaHui; B) mapameTp Pendunga

Fig. 5. Dynamics of environmental indicators in the SPNA “Cape Martyan” and content of nutrients in its
marine area in 2019: a) concentration of nitrogen compounds in the surface seawater layer; 6) concen-
tration of mineral phosphorus compounds (@) in the surface seawater layer and precipitation volume (+)
in the studied area; B) the Redfield ratio

B nenom wuccnenoBanus, BbimoiHeHHble B 2017-2019 rr. B mpuOpekHO-MOPCKON aKBaTOpPUU
OOIIT «Mpbic MapTtbsiH», moKaszaiu, 4to B JeTHui nepro [1T1P MoxeT TMMUTHPOBATHCS KaK 10 COSIH-
HEHMSM a30Ta, TaK U 110 COEJUHEHUAM MUHEPAIBHOTO (pocopa. OTMedeHHbIe (DEHOMEHBI CTaBAT 3aa-
4y TEOPETUUECKON MHTEPIIPETALUH U OLEHKU NPAKTUYECKON 3HAUMMOCTA OMOXUMHUYECKUX MPOLIECCOB
nepekyioueHus (pakropos auMuTupoBanus [1T1O.

BriepBble 3aBMCHMMOCTb IOKa3aTelsl YAENbHOH CKOPOCTUM PpOCTa KYJbTYphl MUKPOOPraHU3MOB
[W, ¢ pasMepHOCTbIO, 0OpaTHOM BpeMeHH (1 B eiMHMIly BpeMeHH)] OT BECOBOW KOHLIEHTPALUM JIMMU-
Tupyouiero cyocrpata B cpesie (C,, €AMHUL] KOHLEHTPALUK B €AMHMLIE 00bEMa cpeibl) Oblla OMrcaHa
(pynkuumeit Mono (Monod, 1942):

= :umamcv (2)
K, +C,
rae Ug,x — IOKa3aTejb MaKCUMaJIbHOM q)I/I3I/IOHOFI/I‘ICCKI/I BO3MOKHOM yI[C.HbHOIL/'I CKOpPOCTU pPOCTa

KJIETOYHOU KyJIbTYpHI (1 B €1MHMIly BpEMEHN);

K,, — mapamerp (eIuHUI] KOHLUEHTpPAlUU B €JUHUIIE 00BEMA Cpefbl), KOTOPbI XapaKTepu3yer
VMHTEHCUBHOCTb KaTaJIUTUYECKUX MPOLIECCOB, YUCIEHHO paBHbIA TakoMy 3HaueHHo C,, IpY KOTOPOM
u=0,5-U,,,, 1 OOBIYHO HA3bIBAEMBII1 KOHCTAHTOM Muxasnuca — MeHTeH.
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ITpn ncnonb3oBanuu ypaBHeHHs: MOHO Ui oueHKu creneHu JumutupoBanus TP, oueBuaHo,
1eJ1eco00pa3Ho paccMaTpHBaTh JIBE KpaiHHUe Mo 3HayeHusM Ouoxumumyeckue cutyauun: C, << K
u C, >>K, . B nepBom ciyuae, korna C, << K, Bermunnoii C, B 3HaMeHatesie BbIpaxeHus (2) MOXKXHO
npenedpeus. [Toatomy cooTHomeHue (2) npespaiaercs B JIMHEHHY0 GyHKuuo u = (U, / K,,) - C,,
B KoTOpO# W, / K = const. To ectb mpu C, << K|, 4TO COOTBETCTBYET OJMIOTPO(MHBIM YCJIO-
BUSAM, YIeJIbHAs IPOAYKTUBHOCTh MUKPOBOIOPOCTIEH C POCTOM KOHLIEHTPAIWK JIMMUTHAPYIOLIETro cyo-
cTpaTta B cpele yeenuuuBaercsa. Bo Bropom ciywae, korma C, >> K., B BblpakeHnH (2) MOXHO
npenedpeus Besmunnon K. Torma p ~ p,,. To ects npu C, >> K, 4to cooTBeTCTBYeT 3BTPO(D-
HbIM ycioBusiM, [M1d MakcumalibHa M He 3aBUCUT OT KOHIEHTPALIMU JIMMHUTHPYIOIIEro cyocTpaTa
B CpeJie.

Ot™MeTuM, YTO N0 UTOraM MHOXECTBa HAOJIIOJEHUI ex sifu W in Sifu TIOKa3aHO, 4TO BCE KMBOE Be-
IIECTBO, B TOM 4UCJIe (PUTOIUIAHKTOH, MOXET MOMJIOMIATh PAa3IMUHOE YIeJIbHOE KOJMUYECTBO CyOCcTpa-
TOB B 3aBUCHMOCTH OT UX colepxaHusi B cpene. s kaxgoro cyocrpara (C;), HOTEHIMAIBHO JIH-
murupyorero [P, cymecTByeT ero MUHUMaIbHAS BHYTPUKJIETOUYHAS KOHIEHTPALMS (,,;,, OOectie-
YMBAOIIAs KU3HECTIOCOOHOCTh MUK POBOJIOpOCiell. B mpouecce BereTarmy (UTOMIAHKTOH MOXET Ha-
KaIuIMBaTh JIMMUTHPYIOLIHE cyOcTpaThl 10 ypoBHEH C;, 3HAUMTENBHO MPEBBIIANIINX (. 3aNacEH-
Hble CyOCTpaThl 10 MEpe CBOETro MCUEepIaHusl B Cpelle MOTYT ObITh MCHOJIb30BAHBl MUKPOBOIOPOCIIS-
MU JJIs1 IPOAOJIKEHUS KJIETOYHOIO JEJIEHHs], COMPOBOXKJAIOIIEIOCs] BO3PACTAHUEM CTENEHU JIMMUTH-
POBaHUSA CKOPOCTH pOCTa A0 TeX MOp, NMOKA UX BHYTpUKJeTOYHas KoHueHTpauus (C;) He CHU3UTCA
10 ypoBHs C; = ;- [U15 9TUX yCIOBUI 3aBUCUMOCTD [IOKA3aTessl yeJIbHON CKOPOCTU POCTa KYJIbTYPhI
MUKPOOPraHM3MOB (1) onuceiBaeTcs cooTHowmenreM [pyna (Droop, 1974):

n= /“Lmaa:(l - qmzn/Cf> . (3)

CootHorttenue q,,;,/Cy B popmyiie (3) otHocutcs K cyocrpary, mumutupyomemy 1P B Hacros-
niee Bpemsi. [Ipu nepexsioueHun TMMUTUPYIOIUX (PakTopoB (cM. puc. 4 1 5) B BeipaxkeHuu (3) cienyer
YUMTBIBATb COOTHOMIEHUE (,,;,/C; A1 pakTOpa, YIPABJISIOLIETO MPOLECCOM MpoayLpoBaHus. Jlomy-
CTHMO B COOTHOLIEHNH (3) BMECTO (,,;,/Cy MCIIONIB30BaTh MapameTp, TMMUTUPYIOIIUI KJIETOYHOE AejIe-
HUE BO3JEUCTBHEM SKOTOKCUKOJIOrMUeckux haktopos. [ToatoMy 1is pemieHus mpodieM JUMUTHPOBA-
Hus npouecco TP HeoOxoaumo oueHrBaTh 3aBUCMMOCTH Mexkay C; u C, ¢ y4ETOM COBPEMEHHBIX
MpeCTaBIeHA O COPOLIMOHHBIX U MeTaO0IMIeCKUX B3aMMOAEUCTBUSIX (DUTOTUIAHKTOHA C XUMUYECKH-
MU, B TOM YKCJIe OMOTeHHBIMU, 3IeMeHTaMu Mopckou cpebl (TTonmmkaprnos u Eropos, 1986).

B sKCIepUMEHTANLHBIX HCCIIE0BAHUAX C PaJIMOAKTUBHON MeTKoi *2P 6b110 nomydeno auddepen-
[IMaJIbHOE YpaBHEHUe KUHEeTUKU pocopHOro oOMeHa y OIHOKJIETOYHBIX BOJOPOCIIEN BO BpeMeHH (t),
KoTOpoe umeno cienywoumid Bua (Eropos u ap., 1982):

dC;  Vi0aC
f_ maxr~v . .
dt N Km + CU [T + Mma,x<1 qmzn/0f>]cf s (4)

Ij1e r — rokKasartesb CKOpocTH pochopHOro oOMeHa y OJHOKJIETOYHBIX Bojopocient (1/t);

Vax — MakcUMajbHas (PU3HOJIOTMUYECKM BO3MOKHASl YAEIbHAs CKOPOCTb BHYTPUKJIETOYHOIO
HOMJIOIIEeHUs1 cyOcTpaTa (€IMHUIl KOHLIEHTpAlMK Ha €IMHUIy MacChl MHUKPOBOJOPOCIEH B €IMHUILY
BPEMEHM).

B ypaBHeHuu (4) nepBblil WwieH NpaBoil yacTu — 3T1o npeioxeHHoe Jarneiniom (Dugdale, 1967)
COOTHOIIEHHE JJIS1 OIIPE/ICNICHUs] CKOPOCTH TOIJIONIEHNsT OMOTEHHOTO 3JIeMEHTa BOAOPOCIISIMH B COOT-
BETCTBUM C ypaBHeHHeM Muxasmuca — MeHTteH. UJieH r yunuThiBaeT MeTadoInIeckue 0COOEHHOCTH
BHYTPHKJIETOUYHOTO (pocchopHOro oOMeHa, a BTOpOi WieH B CKOOKax CrpaBa OTpaxaeT JIMMUTHPOBaHKE
NPOLYKLMOHHBIX ITpolieccoB cyocTparoM Cy B COOTBETCTBUM € ypaBHeHUeM [lpymna (3).
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[Tpumenenne cooTHOImEHHA (3) U1 OJIMTOTPO(PHBIX CTalMOHApHBIX yciosuu, korma C, << K,
MOKa3aJio, YTo 3aBUCUMOCTb C; OT M3MeHeHUs BenuuHbl C, MeeT BUL:

Vmax C o Amintmaz . (5)

Km<fr +/J’maw) ! r+ Mmam

Cf:

B dopmyne (5) BuaHO, uto e€ napamerpsl V.., K, I, Wax B Gpin B IPEAENIAX UCIIONIB3yEMBIX TEO-
pernueckux npeacrasienuid 1 npu C, << K| ABis10TCA nocToAHHBIMY BeamunHamu. OTcioaa ciaenyer,
YTO B OJIUTOTPO(HBIX ycnoBUsX cBa3b Mexkay C, u C; miHeiiHa. [Tostomy noacraHoBka B ypaBHeHue (3)
3HaueHui C, u3 BeipaxkeHus (5) BMecTo C; HE U3MEHUT TMNEpOOINYECKOr0 POCTa MoKa3aTesist CKOpo-
CTH KJIETOYHOTO JEJIEHWs] MUKPOBOJIOPOC/EN (1) IIPU BO3pACTAHUU KOHLIEHTPAMX JTMMUATHPYIOILETO
nepBUuHYI0 npoaykumio cyocrpata (C;) B cpeze.

ITpu C, >> K|, 4TO COOTBETCTBYET YCJIOBUAM 3BTPO(PUKALMH BOJI, B IEPBOM UJIEHE MPABOU YacTH
ypaBHeHus (4) BemmunHoi K | Mo:xHO npeneOpeus. C y4ETOM 3TOro 00CTOSITENILCTBA B CTAIIMOHAPHBIX
YCJIOBHSIX 3aBUCUMOCTB C,, OT apaMeTpOB COOTHOIIEHUs (4) OyaeT UMeTb CIAeAyIOIHI BU:

Hmaz9mi
C — Pmazimin ) 6
/ T+ Hmaz ( )

IMpun noacranoBke 3HaueHus C; u3 opmyiisl (6) B ypaBHeHue (3) BeaM4yMHa [ He OyJeT 3aBHUCETh
OT M3MEHEHHs KOHIIEHTPAIH JIMMUTHpYyIomiero cyocrpata B cpene (C,). DTO CBUAETEIBCTBYET O TOM,
YTO B yCJIOBUSAX 9BTPO(PHPOBAHNUS BOJ, [IOKA3aTeINb YAEIBHON CKOPOCTU POCTa MUKPOBOJOPOCIIEN (1) 10-
CTUTaeT MaKCUMAaJIbHbIX 3HAUEHUI, OJJHAKO C YBEJIMYEHUEM KOHLIEHTPALUH JIMMUTHPYIOIIEro cyocTpaTa
B cpezie (C,) OTHOCUTEIbHAS CKOPOCTb €0 U3BJIEYEHHS U3 BOJbI CHUAKACTCA.

AHaM3 pOIEMOHCTPUPOBAIL, UTO PA3IUYHBIE TEOPETUUECKUE MTOXO/IbI, UCTIONIb3YyeMble JJIsI OLIeH-
KW JIMMUTHPYIOIIEH PO OMOTeHHBIX 37eMeHTOB B mporieccax [1I1d, BHIABISAIOT OMHAKOBbIE (hU3HO-
noruyeckue 3akoHomepHoct. M ypaBuenne Mono (Monod, 1942), u cootnomenue [dpyna (Droop,
1974) mokasblBalOT, 4TO B OJIMTOTPO(PHBIX YCIOBUSX YBEJIUYEHHE KOHIEHTPALUU JMMUTHPYIOIIE-
ro cyocrpata B BOJe MPUBOIUT K BO3PACTAHMIO CKOPOCTH €ro W3BJeueHHs u3 cpelbl. Takum 00-
pa3oM, MpOTEeKaHUe MPUPOTHBIX MPOILIECCOB PEryJIMPOBaHMS TOMEOCTa3a IKOCHCTEM OCYIECTBISAET-
cs O TMPHUHUMITY OTpuUlaTesbHoil oOpatHoil cBszu (Eropos, 2019). B ycnoBusx 3BTpoduKaniyiu
¢ yBesimuenveM C, BMsHUE NMPOAYKIMOHHBIX IIPOLECCOB HA KOHAULMOHUPOBAHUE BOA IO (haKTOpy
OMOTEHHBIX JIEMEHTOB CHUXACTCSI.

3akmouenne. Mccnenoanus, BoinosHeHHbIE B 2017-2019 1. B OOIIT «Mbic MapTbsin», mokasa-
JI¥, YTO B JICTHUH MEPHUO]I TIePBUYHAS ITPOAYKITUS (DUTOIIAHKTOHA B €0 MPUOPEKHO-MOPCKOM aKBaTO-
PUM MOXET JIUMUTHUPOBAThCS KaK M0 COEUHEHUsIM a30Ta, Tak M M0 MuUHepaibHOMY (pochopy. Yera-
HOBJICHO, YTO B MOBEPXHOCTHBIX MOPCKHX BOJAaX 3aBUCUMOCTb u3MeHeHus [I[1P oT KoHIeHTparuu
a3oTa B BOJIE ME€Hee 3HauMMa, YeM 3aBUCUMOCTb OT KOHIIEHTpauuu ¢ocdopa, YTO CBUAETEIbCTBYET
O JIMHEWHOM XapakTepe (PyHKIMOHAIbHOW CBs3U. [Ipy 3TOM B TeueHWe BCEro roJoBOro HMKJA KOH-
LEHTPAIlM HUTPUTOB, HUTPATOB, aMMOHUSA U (pochaToOB U3MEHSIOTCS, HO OCTAIOTCS B Tpeaenax, Ko-
TOpble OOBIYHO HE MPUBOAAT K rurepaBTpodukanmu Boa no [1I1d. BeisBieHo, 4TO U3MEHEHHE KOH-
LEHTpallii OMOTEHHBIX JIEMEHTOB B MOPCKOW BOJIE KOPPEIUPYET ¢ 0OBEMOM aTMOC(EPHBIX OCAKOB.
HOCTyHJICHI/Ie 6I/IOF €CHHbIX 2JIEMCHTOB MOXET HpOI/ICXOIlI/ITb HGHOCpeI[CTBeHHO C OCagKkaMHM MNJIA C BO3-
POCIIIMM TIPH WX BBITIAJICHUN CKJIOHOBBIM CTOKOM. HaOmoieHus: CBUIETeIbCTBYIOT, YTO Ha COCTaB BOJ
MCCIIeJOBAaHHONW aKBATOPUU 1O OMOTEHHBIM 3JIeMEHTaM HauOoJIbIllee BIMSHIE OKa3bIBaeT UMEHHO CKJIO-
HOBBI CTOK. YCTAaHOBJICHO, YTO JIETHHHA W OCEHHHI MaKCHMMYyMbI aTMOC(EPHBIX OCAIKOB B OOJIbIICH
Mepe YBEIUYMBAIOT OCTYIUIEHUE B aKBATOPHIO MUHEPATIbHOTO hocopa, yeM coeinHeHui azota. O0y-
CJIOBJICHHOE 3TUM IOBBIILIEHUE KOHIEHTpaIlM MUHEpaIbHOro ¢ocopa B MOPCKOW BOJE MPUBOIUT
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K u3MeHeHulo pexuma jumutrupoBanus [P ¢ ¢pochoprHoro Ha azornbiid. [TokazaHo, 4TO B OJIMIO-
TpO(HBIX YCJIOBUSX YBEIMYEHIE KOHIIEHTPAITUH JIAMUTHPYIOIIETro cyocTpaTa B MOPCKO# BOjie 00YCIIOB-
JIMBAET BO3PACTaHUE CKOPOCTU €T0 U3BJICUYECHUS U3 CPeIbl B COOTBETCTBUU C IPUHLMIIOM OTPULIATENIb-
HOWM 0OpaTHOM CBS3M, PEryJMpYyIOIIel MPUPOAHBII FOMeocTa3 SKOCUCTEMBL. B ycioBusix 3BTpodupoBa-
HUsI BJIMSIHYE TPOTYKITMOHHBIX MPOIIECCOB MUKPOBOJOPOCIEH HA KOHJUITMOHUPOBAHUE BOJI IO (DAKTOPY
OUOTEHHBIX JIEMEHTOB CHIKAETCS.

Paboma evinoanena 6 pamkax mem zocyoapcmeentiozo 3adanuss PUL] UnbIOM «Moaucmonoeuueckue u 6uo-
2€0XUMUMECKIUE OCHOBbL 20MeOCMA3a MOPCKUX sxocucmem» (Ne 121031500515-8) u HBC — HHIL] PAH «IIpo-

6e0eHUe MOHUMOPUHZOBBIX UCCACOOBAHULE U ONPedeaeHUe COBPEMEHH020 cocmosiHus ouomvl I ocyoapcmeentozo
npupoornoeo 3anoseonurxa “Moic Mapmuvsin™ (Ne AAAA-A20-120110690010-4).
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CONTENT OF NUTRIENTS
AND LIMITATION OF PHYTOPLANKTON PRIMARY PRODUCTION
IN THE SPECIALLY PROTECTED NATURAL AREA “CAPE MARTYAN” (BLACK SEA)

V. N. Egorov!, N. I. Bobko!, Yu. G. Marchenko, and S. Ye. Sadogurskiy?

'A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
Nikitsky Botanical Gardens — National Scientific Center of RAS, Yalta, Russian Federation
E-mail: egorov.ibss@yandex.ru

The results are presented of studying the content of nitrogen compounds and mineral phosphorus,
as well as phytoplankton primary production (PPP). The research was carried out in 2017-2019
in the marine area of the specially protected natural area “Cape Martyan” located on the southern
coast of Crimea (Black Sea). As found, during summer in the surface seawater layer, PPP can be lim-
ited by both nitrogen and phosphorus. The dependence of PPP variation on the concentration of total
nitrogen in water is not significant, while the dependence on the concentration of phosphorus is signif-
icant. It is shown that during the entire annual cycle, concentrations of nitrites, nitrates, ammonium,
and mineral phosphorus vary but remain within the limits that do not lead to water hypereutrophication.
A high ecological significance of precipitation was revealed: the related increase in PO,4 concentration
caused a transition in PPP limitation mode from phosphorus to nitrogen one. Using theoretical concepts,
it is substantiated that, under oligotrophic conditions, an increase in the concentration of the substrate
limiting PPP in water results in an increase in the rate of its uptake from the environment in accor-
dance with the negative feedback of natural regulation of ecosystem homeostasis. Under conditions
of eutrophication, the effect of production processes on water conditioning by the factor of nutrients
decreases.

Keywords: Black Sea, Cape Martyan, nitrogen compounds, phosphates, precipitation, plankton,
primary production, limitation
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