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CIIYTHUKOBBIA MTHAEKC KJIMMATUYECKHUX DKCTPEMYMOB
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[Moctynma 09.03.2012

[Ipennaraercs CIyTHUKOBBIH MHIAEKC Ui ACTEKTHPOBAaHUS KIMMAaTHUECKUX IKCTpemyMoB (Satellite
Climatic Extremes Index, SCEI) — 3acyx u mnepeyBlaxHEHHs TOcje OOWMIBHBIX OCaJIKOB Ha
sacynummBeIX 3emisix. SCEI mpemcraBiseT co0oi CyMMy OTKIOHCHHH OT MHOTOJIETHETO CpPETHETO
BiIaxxHocTH TouBbl, NDVI, anpbeno, Temmeparypsl MOBEPXHOCTH, HOPMHUPOBAHHBIX Ha CpeaHEe
KBaJpaTHyeckoe OTKIOHEeHHe. OOCyKIaloTcsi OCOOCHHOCTH €ro HCIOJIb30BaHUS ANl HM3YUYCHUS
JUHAMHKH OIyCThIHMBaHU Ha npuMepe Cesepo-3anaanoro IIpukacous.

Knrouegule cnosa.: kmumaTHuecKue 3KCTPEMYMBI, adb0e0, TeMIieparypa nopepxHoctu, NDVI,
BIaHOCTh MMouBsl, MODIS, 3acyniiuBbie 3eMIIH.

OKCTpeMalbHOCTh ~ KJIMMaTa  3aCylUIMBBIX  3€Mellb  OOyClIOBI€Ha B OCHOBHOM
HKCTPEMATBHOCTHIO 0caaKkoB. OHA MPOSBIISETCS Yallle BCETO B MOBTOPSIOUIMXCS 3aCyXax M PExe B
OOWJIBHBIX OCaJIKaX, BBI3BIBAIOIINX KPATKOBPEMEHHOE MepeyBIakHeHHe MouBkl. [IpocTpaHcTBEHHO-
BpPEMEHHAsi M3MEHYMBOCTh 3THX JKCTPEMyMOB BIHSET Ha OMO(U3WYECKHE TEHACHIUH, KOTOpBIC
HapsAgy € COLMATIbHO-?KOHOMMYECKHMMM, Ba)KHBI U1 MOHUMaHMUSA MPUYMH OIyCTHIHMBAHUS U €r0
TOCJICICTBUM.

Hanexnolt wuHpopManueil 0 KIMMAaTHYECKUX OSKCTpEMyMaX CTaHOBUTCS CITyTHUKOBBIN
MOHUTOPHUHT TaKuX OMO(HU3MYECKHX TMapaMeTpoB M MX aHOMAJIHH, KaK BIIAXHOCTH 1MO4YBHI (Soil
Water Index, SWI) , Bereraunonnsiii uaaekc (Normalized Difference Vegetation Index, NDVI),
anp0eno M TeMmIeparypa MOBEPXHOCTH. B HacTosiiee BpeMsl 3TH MapaMeTphl, 3a UCKIIOYEHHEM
BJI&KHOCTH TIOYBBI, peryyisipHO BelYHCAOTCS ¢ 2000 r. Mo JaHHBIM CIYTHUKOBBIX HAOIOJCHUN
pamuomerpom MODIS (Medium Resolution Imaging Spectrometer). CriyTHUKOBBIH MOHUTOPHHT
nanHbix SWI, Hauateiii B TexHonornueckoM YnuBepcutere Bensl B 1992 r. nmpomomxkaercs mo
HACTOSsIIIee BpeMsi, HO K CAMUM JIaHHBIM HET OTKPBITOTO JIOCTYyTIA.

OnbIT NpUMEHEHUsI CITyTHUKOBBIX OMO(PHU3NYECKUX MapaMeTpOB HAKOIUIEH B OCHOBHOM ISt
JETEeKTUPOBAHMS 3aCyX B PETMOHAIBHOM M TII0OanbHOM MacmTtabax. J[uckyccust Ha 3Ty TeMy B
Hay4YHBIX Kpyrax BeJeTcs J0CTaTOYHO JaBHO. BHawane ObLT NpeUio’KeH MHAEKC BereTallMOHHBIX
ycioBuit (Vegetation Condition Index, VCI), kak ¢pynkmus NDVI, a HeCKOIbKO TO3HEE HHIIEKC
temnepatypHbeix ycinoBuil (Temperature Condition Index, TCI), kax ¢yHKIMS TeMmeparypsl
noBepxHocTH, U, HakoHel, komOuHauus VCI u TCI — unnekc coctostHus (310pOBBs) BETETallMU
(Vegetation Health Index, VHI) (Kogan, 1990,1995). Bckope ctanu U3BECTHBI Ipyrue MHICKCHI
3aCyXHW, MOCTPOCHHbIE Ha KOMOWHAIMM anb0eqo W Temreparypbl moBepxHocTd wim NDVI n
anpbenno (Ghulam et al.,, 2004). Ho mo cux mop He ObUIO MPENIOKEHO YHHUBEPCAIHLHOIO
CIYTHHKOBOTO HMHJIEKCA JJISI OJHOBPEMEHHOTO JIETEKTHPOBAHUS KIMMATHYECKUX SKCTPEMYMOB —
3acyX U NepeyBIaXHEHUH MPUMEHNUTENIBHO K 3aCyIUIMBBIM 3EMJISIM.

Llenb paboThI COCTOMT B 0OOCHOBAaHMM CITYTHHKOBOTO MHJIEKCA KIMMATHUYECKUX SKCTPEMYMOB
(Satellite Climatic Extremes Index, SCEI), koTopslii 10 (puU3M4eCKOMY CMBICIY MOXET OBITh Kak
OTpPHILIATENIFHBIM  (3acyXa) WM  TIOJOXXHUTEJIBbHBIM  (JIOKAJbHOE H  KPAaTKOBPEMEHHOE

5



6 30JIOTOKPBIJIMH, TUTKOBA

nepeyBiaxHenue). B pabore mpennonaraercs netanpHoe onucanue MetoAuku oueHku SCEI u
o0cy>xJieHue 0COOEHHOCTEN €ro UCOIb30BaHUS JIsl U3yUYEHUsI AMHAMUKH Oy CTHIHUBAHUSI.

IIpumeHeHne nHAEKCA pacCMaTpUBAETCsl Ha IPUMeEpe 3acylUIMBBIX 3eMelb CeBepo-3anaiHoro
[Mpukacrus. [To maHHBIM CITyTHUKOBBIX HaOmoneHuid paguomerpom MODIS 3a NDVI, ans6eno u
TeMmriepatypoi noBepxHoctd B mnepuon 2000-2011 rr. mnpeamosaraeTcs Ha HMCCIeIyeMOM
tepputopuu: (1) OIEHUTH B 3aJlaHHBIE MEPUOBI BET€TAIIMOHHOTO ce30Ha pacmpeaenenue SCEI B
2010 r., u3BECTHOTO KakK rojia ¢ FKCTpeMalbHOM 3acyxoil B EBpomneiickoii Poccuu; (2) paccMoTpeThb
MexronoBoil xo SCEI u BBIIBUTH MHOTOJIETHIOIO €0 TEHAEHLMIO; (3) yCTaHOBUTH palOHBI C
MaKCHUMAJIbHOM IOBTOPSEMOCTBIO IIOJIOKUTENBHBIX U OTpuLaTenbHblX 3HaueHnd SCEI B nepuosl
2000-2005 1 2006-2011 rr.

O0ocHOBaHNE HHAEKCA M METOANKA €ro OIeHKH

[IpocTpaHCTBEHHO-BPEMEHHOE U3MEHEHHE OMO(U3NUECKHX MapaMeTpOB 3aCYIUIMBBIX 3€MEIb
IPSIMBIM MJIM KOCBEHHBIM 00pa3oM OTpa)kaeT IKCTPEMalIbHOCTh KJIMMaTa, KOTopas MpOsBISETCS B
OTKJIOHEHMSIX (QaHOMaJIMAX) OT MHOTOJIETHErO CPEIHEro 3HaueHU BiaxxHOCTH MouBkbl (Soil Water
Index, SWI), NDVI, ans0eno u Ttemmeparypsl MoBepxHOCTH. Hampumep, Ha HadaibHOM >Tare
3aCyXM BO3HMKAeT OTPHULATENIbHAS aHOMAJIMs BIAXKHOCTA II0YBBl M PACTEHHs] HAYMHAKOT
HCIBITBIBATh HENOCTATOK Biaru. Ha ypoBHE pacTUTENBHOM accouualuu H3-3a HW3MEHEHHS
(U3NOTIOTHYECKUX TPOIIECCOB IBET ACCUMIIIAIIMOHHBIX OPTaHOB MEHSETCS B CTOPOHY TOXKEITCHHUS
BUJIOB PpAacTEHUl, HaUMEHEE YCTOMUYMBBIX K HEJOCTAaTKy Biaru. Bo3HMKaeT oTpuLaTeNnbHas
aHomanuss NDVI, BbI3bIBaromiasi MoJIOXKUTEIbHYIO aHOMAJIMIO albO€0 MOBEPXHOCTU. DHEPIHUf,
KOTOpasi paHbllle TpaTWIach Ha TPAHCOMPALUI0O M HCIAPEHUE IIOYBBI, pacXOAyeTcs Ha
TypOyJIEHTHBII TIPOTPEB BO3yXa M MOYBHL. B pesynbraTe GOpMHUPYETCs MONI0KUATEIbHAS aHOMAIHS
TEMIIepaTypbl MOBEPXHOCTH U BO3Jyxa. Takum o0pa3zoMm, 3acyXy MOXHO BBIPa3sUThb yepe3 MHAEKC,
KOTOPBIH SBIISICTCSI OTPUIIATENBHON (PyHKIMEH aHOMannii OMOPU3NIECKUX TTapaMETPOB.

B mepuop, xoraa ocaiku M BIAXXHOCTb TOYBBI BBIIIE CPEIHEMHOTOJIETHUX 3HAYEHUH, IS
3aCylUIMBBIX 3€MEJb XapaKTePHbI MOJOKUTEIbHBIE AHOMAJIUMU BIAKHOCTH MO4YBbl, NDVI n
OTpHLIATEeNIbHBIE aHOMAJINU alb0eN0 W TeMIlepaTypbl MOBEpXHOCTU. B aToM ciydae mHIeKc, Kak
GyHKIMA aHOMaNIUK OMOPU3NIECKUX MTAPAMETPOB CTAHOBUTCS TOJIOKUTEIIBHBIM.

W3noxeHHOe BbIIIE KayeCTBEHHOE OOBSICHEHHE MHJICKCAa KIMMATHUECKUX JSKCTPEMYMOB
3aCyIUIMBBIX 3€MeNIb MOXKET OBITh (POPMATIM30BAHO U MPEACTABICHO B BUJE:

SCEIli=(AAi/cA+ATsi/cTs)+ANDVI,/ocNDVI+ASWI/cSWI (1),

rne AA; — aHomanus anb0eno 3a i rog; GA — CpeIHEKBAJPATHUYECKOE 3HAUYEHHUE ATbOEno 3a
GasoBblii mepuon (B mamHoM ciaydae 3a 2000-2011 rr.); ATs; — aHOMaausi TeMIIEpPaTyphl
MOBEPXHOCTU 32 1 rof; OTs — cpenHeKBagpaTHUECKOE 3HAUYCHHE TEMIEepaTypbl MOBEPXHOCTH 32
6azosbiii mepuoa; ANDVI; — anomanus NDVI 3a i rox; GNDVI — cpeHeKBapaTHIecKOe 3HaUEHHE

NDVI 3a 6asoseni mepuon; ASWI, — aHomanms BaakHOCTM mouBbI 3a i rom; OSWI —
CpeIHEKBaIpaTHUECKOE 3HAaUCHNE BIaKHOCTH MOYBBI 32 0a30BBIA MEPUO.

M3-3a HENMOJIHOTH JAaHHBIX O BJIAXKHOCTH MOYBBI B PabOTE MCMOIB30BAJIOCH BhipaxkeHue (1) B
COKpAIIIEHHOM BUJIE:

SCEIi=(AAi/cA+ATsi/cTs)+NDVIi/cNDVI (2).

3HavyeHus, TOJydYeHHbIE 1O ¢dopmyse (2), HOPMHUPOBAIHCh Ha WX CPEIHEKBAAPATUUECKOE
OTKJIOHEHHE, YTOOBI MCKIIOYUTH HE3HAUYHUMBIC («IIyMOBBIC») 3HAUCHUS HWHJACKCA, T.C. 3HAUCHUS
JeKalue B JMara3oHe CPeIHEKBaJApaTHUECKOro OTKJIOHEHUs. B 3ToM ciyyae aHaNIM3MpPOBAIHCH
TOJILKO 3HAa4YCHUs HHJIeKca MeHee -1 (3acyxa) u 6onee 1 (mepeyBraxHEHUE).

Tepputopusi ucciaegoBaHusl oxBaThiBaeT LenukoMm Ceepo-3amaansiii [Ipukacnuii m 4vacTh
Cesepnoro IIpukacnus u orpanuuena 45-51° c.mi. u 44-51° B.1. OHa COCTOUT U3 POCCUIMCKON YacTH
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(Kanmpikust, AcTpaxaHckas M I0kKHble pailoHbl Bonrorpaackoit m CapaTtoBckoil obusactei,
BOCTOYHBIE pailoHbl PocToBCcKoOl 00nacTu 1 CTaBpOMOILCKOrO Kpast), a TAK)KE 3araJHbIX pallOHOB
Kazaxcrana. Tepputopus npeacraBieHa CyOryMHIHBIMU, CEMUAPUIHBIMU M aPUIHBIMU 3€MIISIMH.
Cormacao «®uroskonorudyeckoit kapre CeepHoro Ilpukacnus» 37eCh HMEIOT 30HAIBHOE
pacrpocTpaHeHHe cpeiHue (Cyxue) CTEeNU Ha KallTaHOBBIX IMOYBAX, IOXKHbIE (OIYCThIHEHHBIE)
CTeMM HAa CBETJOKAIITAHOBBIX TI0YBAaX, CEBEpHBbIE MYCTBIHMW Ha OyphlX TOYBaX W
CeNIbCKOXO03s1iicTBeHHbIE 3eMiH Ha ux Mecte (Cadponosa, 2002).

B paborte wWCHonb30BaHBI JaHHBIE albOENO, CpPEIHEMECSYHOW TeMIepaTyphl MOBEPXHOCTH,
NDVI (https://Ipdaac.usgs.gov/lpdaac/products/modis_products) Ilearpa LP DAAC NASA: LAND
PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER. Bce mnapamerpsl HMEOT
paspemenue 0.05x0.05° (B cpeanem 5600x5600 m). AHaAMM3UPOBAIUCH TaHHBIE 32 CPOKH: 9-25 mas,
26masn-9 urtons, 10-25utons, 26utons-11urons, 12-27urons, 28urons-12asrycra, 13-28asrycra s
nepuoga 2000-2011 rr.

s ans6eno (BRDF-Albedo Model Parameters 16-Day L3 0.05Deg CMG) 6pasiack Moaeinb
MCD43 C1 Bepcuu 005 ¢ auckperHocTbio 16 nHel. B nanHOW Bepcuu OOBENMHSAIUCH CaMble
kauecTBeHHble naHHble crnyTHHUKOB MODIS/TerratAqua BRDF/Albedo. 3nauenus wuHIekca
pacturensHocT NDVI (Vegetation Indices Monthly L3 Global 0.05Deg CMG) 0blmu TIOTy4YeHBI
o nanueiM MODIS/Terra mogenu MODI13C1 — 005 ¢ marom B 16 gneit. [ns cpeanemecsuHOM
temneparypbl oBepxHoctd (Land Surface Temperature and Emissivity Monthly L3 Global 0.05
Deg CMG) ucnomas3oBanack Mmogens MOD11 C2 Bepcuu 005, no gannsle ciytHuka MODIS/Terra
¢ mepuoauyHOCThIO 8 mHel. [lo 1ByM 8 MHEBHBIM CpOKaM BBIYHCIISIIOCH CpelHee 3a mepuon 16
JHEH, WISHTUYHBIM Neproaam ajs ansoeno 1 NDVIL

B pabGorte mpomemaenHo cpaBHenue HoBoro wuHaekca SCEI ¢ mnpuMeHseMbiMH B TpaKTHKE
Pocrunpomera Poccunm ¢ mokasatensmMu 3acyxu (omacHas aTtmocdepHas 3acyxa, OA3) u
yBiaxHeHus: (rupporepmuueckuil kodddunuent I'.T. CensaunoBa, ['TK) (3omoTokpeutud u ap.,
2007; Yepenkosa, 2007). Cornacno kpureputo I'mapomeruentpa Poccun, OA3 BO3HHKAET B CE30H
BEreTalMy, Korjga B TeueHue He MeHee 30 aHEW MOApAN NMpU CPEIHECYTOYHOW TeMIlepaType
Bo3/yxa Bblme 25°C ocagku He MpeBblaloT 5 MM B cyTkd. MubMu cioBamu OA3 dopmupyercs
IIPU JJIUTENBHON OTPULIATEILHON aHOMAIMU OCAJAKOB M IOJOKUTEIBHON aHOMAJIMHU TEMIIEPATyphl
BO3ayxa. Iy CpaBHEHUS MCII0JIb30BAIach HOPMUPOBAHHAS Ha CPEAHEKBAIPATUIECKOE OTKIOHEHHE
anomanus I'TK, yto0sl uckmounts 30HambHOe m3Menenue ['TK (peskoe ymensienne I'TK mpu
Nepexofie OT CyXUX CYOTyMHIHBIX 3€Mellb K CEeMHApUIHBIM M apuiHbiM). B 3ToM ciyudae
skctpemymamu ['TK cumTanmuch HOpMupOBaHHBIE 3HaueHHs Oonbine | (mepeyBilakKHEHUE) WU
Mmenbine —1 (3acyxa). [Tokazarenn OA3 u HopmupoBanHas anoMmanus ['TK Beramcisiiuch st mas,
ntoHd, utonsg 2002 u 2010 rr. mo maHHBIM 7 MeETEOCTaHIMM. 3aTeM CTPOWIMCH KapThl ITHX
MOKa3aTesieil, KOTOpble CpaBHUBAIKCH ¢ cooTBeTcTBYIomMUMH kaptamMu SCEI. CpaBHeHue nokasano
YETKOE COBMAJEHUE 3HAKOB JKCTpeMyMmoB, paccuuTaHHbiXx 1o SCEI u no cranumsm. Ho
KOH(QUrypamnuss o4yaroB SKCTPEMYMOB OTJIMYAJach, IOCKOJBKY Ul CIyTHUKOBBIX JaHHBIX
MIPOCTPAHCTBEHHOE pa3pelieHue ObLJIO MOYTH Ha TOPSIOK BBINIE, YeM Ui METEOPOJIOrMYECKUX
naHHbIX. Taxoke nqoBepue k SCEI noBbliliaeTcst B CBA3M € TEM, YTO CIIyTHUKOBBIE JaHHBIE OTPaKaroT
30HAJIbHBIE 0COOEHHOCTH PACTUTENHFHOI'O TIOKPOBA.

Pe3yabTarnl

Pacnipenenenne unnekca SCEI Ha teppuropun B Mae u uroHe 2010 . mpencraBieHo Ha
pucyHke la, 6, Ha KOTOPOM CBETJIO-CEPhIM LIBETOM BBIIEICHBI apeabl C 3aCyXOl (MHAEKC  MeHee
—1). BHyTpu apeasioB ¢ yMEpEHHOI 3aCyXOil MHTEHCHUBHBIM CEpPBIM I[BETOM BBIIEIEHBI apeajbl C
CUIBHOW 3acyxoi (umHAekc wmeHee —2). CepoBaTo-dyepHBIM I[BETOM H300paXKeHBI apeabl
nepeyBiaxHeHus: (MHAekc Oonee 1), a YepHBIM IIBETOM apeajbl CHIIBHOTO IEpeyBIaXHEHHUS
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(uamekc Oonee 2). Apeansl cO 3HAUEHHEM AaHOMAJIMHM HWHAEKCA, MEHSIOLIErocs B Ipeaenax
cTaHgapTHOTO OTKJIOHEeHHS (0T —1 mo 1), He 3akpammensl. Kak BuaHO U3 pucyHka la, B mepuop ¢ 9
Mo 25 Masi HEeCKOJBKO OYaroB 3aCyXd BO3HHKIJIO NMPEUMYIIECTBEHHO B CEBEPHBIX U BOCTOYHBIX
paiionax Ttepputopuu. Mx o6mas mmomans He npesbimasia 20% OT Bcel TEPPUTOPHH.
OnHOBpEMEHHO Ha TEPPUTOPHH HAOIIOJANNCh TPU KPYIHBIX ouara nepeyBiakHeHus. MHaeke Obu1
ONMM30K K HOpME B paiione OuocdepHoro 3anoBeaHuka «YepHbie 3eMIIm.
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Puc. 1 a, 6. Pacripenenenne nnaexca kaumMaTudeckux 3kcTpeMyMmoB (SCEI) 3acynuiuBbIX 3eMenb B Mae U
utone 2010 r., ocpennenue 0.25x0.25 rpaxa: a) 9-25 mas, 6) 10-26 utons. Fig. 1 a, 6. Distribution of dryland
climatic extrema index (SCEI) in May and June 2010, resolution 0.25x0.25 degree: a) May 9-25, 6) June 10-
26.

[Tnomans oyaroB 3acyxu Obula NMPUMEPHO B JBa pas3a OOJBIIE OYaroB IE€pEyBIaKHEHHS.
CoOOTBETCTBEHHO MIIOIIAL MHAEKCA, OJIIU3KOT0 K HOpME, cocTaBmiia okoso 70%. [lnomans ouaros ¢
CHJIHOU 3aCyX0i OblTa OOJIBINIE TUIOIIAN C CHIIBHBIM MEPEYBIAKHEHHEM, a UX 00IIas IuIomaib He
npesslmana 2%.

UYepes mecsin (¢ 10 mo 25 wioHs) 3acyxa oxBatwia yxe 45% teppuropuun (puc. 1 6). Pocr
IJIOLIAIM OYaroB ¢ CHIIbHOM 3acyxoi 10 5% yka3bIBaeT Ha TO, YTO BO3POCHa U €€ MHTEHCUBHOCTbD.
XapaKTepHO, YTO CEBEPHBIC M BOCTOYHBIN OYArd 3aCyX HECKOJIBKO YMEHBIIWIHNCH (MEJKHE OYaru
WCYE3JIH), HO B TO YK€ caMoe BpeMsl HauajaoCh pacpOCTPaHEHUE 3aCyXHU C FOKHBIX U IOT0-3aMa HbIX
palioHOB TeppuUTOpHH. 3acyxa 3aTpoHyia U YepHsie 3emiu. OgHoBpeMeHHO 10 44% cokpaTuiach
TEpPPUTOPUS UHAEKCA OIU3KOT0 K HopMe. Ouaru nepeyBlaXHEeHHsI B Mae HE COXPAaHUIIHCh.

Ilepuon ¢ 12 urons no 28 uross XapakTepu3yercs JajJbHEHIINM pacpoOCTpaHEHUEM 3aCyXH Ha
ceBep U OOBEIUHEHHEM €€ C CEBEpPHBIMU oyaramu. VIHTEHCHUBHOCTH 3aCyXH TakK)K€ MOBBICHIACH.
CunpHas 3acyxa OTMedaach Ha TeppuTopuu OnocdepHoro 3anoBenHuka «Yepusie semiam». CBoero
amoresi 3acyxa JOCTUIJIa B mepuoj ¢ 28 utons mo 12 aBrycra, a 3aTeM €€ MHTEHCHUBHOCTH CTalla
CHUXAThCsl BO BTOPOM MoJIoBUHE aBrycTa (¢ 13 mo 28).
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Takum oOpas3oMm, B Mae 3acyxa 2010 r. mposBuiach B BHJAE OYaroB Ha CeBepe M BOCTOKE
TeppuTopuu. B uIOHE oOHa BO3HMKIA B IOXKHBIX M IOro-3amajHblX pailoHaXx M cTana
pacrpoCTpaHAThCS Ha CEBEp, T€ MPOU30ILI0 O0ObEUHEHUE C OCTABIIUMUCS CEBEPHBIMU OYaraMw.
B urone 3acyxa oxBaruia 00JIbLIYIO YaCTh TEPPUTOPHUH.

MexronoBoit xon unnekca SCEI Ha Tepputopuu 3a nepuon 2000-2011 rr. (¢ 9 mo 25 mas)
MpeJCTaBlIeH Ha pUcyHKe 2 (a, 0). [lnomans, 3arparmBaemasi 3acyxoid, B OOJNBIIMHCTBE JIET HE
npesbimaeTr 37%. Ilpu 3ToM 107 CUIBHBIX 3acyX cocTaBiseT 7%. MakcumallbHble 0 IUIOLaan
3acyxu HaOmoganuck B 2003 u B 2009 rr. Ouu 3aHuManu cooTBeTcTBEHHO 37 u 29% oT Bceit
tepputopuu. ['pynnupoBka 3acyx, ¢ oxBaTtoM Oosee 20% TeppuUTOpHUH, OTMEUanach B MEPUOJ C
2007 mo 2011 rr. B nepyto nosnoBuny nepuoga (2000-2005 rr.) cpeansisi miowmaab ¢ 3acyXamu
coctaBisna 12%, a Bo BTopyto nojosuny (2006-2011 rr.) nmoeicunack 10 20%. IlonoxurenbHas

TUHAMHKA TUTOMIAJM C 3acyXaMH B TIOCIEAHHE 6 JIET IMOATBEPXKAACTCS JHMHCHHBIM TPEHIOM
(puc. 2a, 0).
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Puc.2a, 6, B, r. MexrogoBoili xon miomaaun B % wuHAEKca KiauMmaTuueckux skcTpemymMoB SCEI
3aCYIUIMBBIX 3eMeh Ha Tepputopun 45-51° c.am., 44-51° B.1. 3a mepuox 2000-2011 rr.: a) u 6) — 9-25mas;
B) u T) — 10-25utons. Fig. 2 a, 6, B, r. Dynamics of dryland climatic extrema index (SCEI), 45-51° N, 44-51°
E, by years 2000-2011: a) and 6) May 9-25; B) and ) June 10-25.

KaptuHa MeXromoBoro xojaa TMepeyBIaKHEHHS 3€pKaJbHA [0 OTHOIICHUIO K 3acyXaM
(puc. 2a, 6). Ouenp BiaxxHblil Mail Habmonancs B 2000 r. [lepeyBnaxknenue ormeuanoch Ha 45%
TEPPUTOPUH, B TOM 4HcCle cuibHOe — Ha 4%. B ocranbHble rojbl MIOMIAlb MEPEYBIAKHEHUS HE
npesbinasia 23%. B mepByr0 MNOJOBUHY MEpUOAA CPEAHSSA IUIOIIAAb C IEepeyBIaXHEHHBIMHU
3emJsiMH cocTaBisuia 19%, a Bo Bropyto nojoBuHy — 14%. Takum oOpa3om, B Mae NOJI0KHUTEIbHAS
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JUHAMUKa IUIOINAAEH C OTPULATENbHBIM HHJIEKCOM M OTPHUIATENbHAs C IOJIOKUTEIBHBIM
CBUJETEIBCTBYIOT O C1a00BBIPAXKEHHOMN TEHEHIIMHN BO3pAaCTaHUs 3aCyLUIMBOCTU TEPPUTOPHH.

B utone (10-25) oGmupublie 3acyxu ¢ oxBatoM 6onee 40% tepputopun 6sutn B 2007, 2009 u
2010 rr. (puc.2 B,T). I'pynnupoBka 3acyX € MUHUMAJIbHBIM pacrpocTpaHeHueM (MeHee 7%)
Habmonanace B 2002-2006 rr. Ecau B mepByio MOJIOBMHY IMEpPUOJA CPEOHSs IUIOMIA[b OXBaTa
3acyxoil cocraBmsuia 3%, TO BO BTOpyio mojoBuHy mnpesbimana 30%. Bo Bropom mnepuoze
oTMeuanuch fABe oOmmpHble 3acyxu (2009-2010 rr.) mnonpsa. I[lomoxkurenbHas IUHAMUKA
MIOBTOPSIEMOCTH 3aCyX cTajna 6oJiee BBIpaXKEHHOM.

VYBenu4yeHne 3acylUIMBOCTH BTOPOrO MEpUOJia MO CPAaBHEHHMIO C TEPBBIM IOATBEP)KIAET
MEXT0ZI0BOM XOJI IUIOIAEH € MONOKUTEIbHBIM UHAEKCOM. CpeHss MIIOIab epeyBIaKHEHHbBIX
3eMenb B MEpBBIH W BTOPOH MEPUOJ COCTaBisIa COOTBETCTBEHHO 24% u 4%. Takum obOpazom,
MIPU3HAKK POCTa 3acylUIMBOCTU KiuMmaTa B utoHe 2006-2011 rr. nposiBUINMCH B MOJOKUTEIBLHOU
JMHAMUKE 3aCyX U OTPHULIATEIbHON JUHAMUKE TepeyBIaKHEHHbBIX 3€MEllb.

PaccmoTpuM m3MeHeHue NOBTOPSAEMOCTH 3aCyX W NEPEYBIAKHEHWH HAa TEPPUTOPUM 3a Mai-
utonb 2000-2005 u 2006-2011 rr. (puc.3a, 6,8, 7). Kak BugHO U3 pHCYHKa 3a, 3acyxu
KOHLEHTPUPYIOTCSI B CEBEPHOM U BOCTOYHOM YaCTAX, a TAK)KE Ha I0ro-3amaje TeppuTopuu. Mexay
HUMH TPOXOJUT TOJOCa, B KOTOPOM 3acyXu IOUYTH He Habmoxamucb. OCHOBHOHM ouar
MaKCHUMaJIbHOM MOBTOpsieMOCTH 3acyX (24%) pacnonoxeHn B CpenneM IloBomkbe. OT Hero B oro-
BOCTOYHOM HarlpaBJIC€HUH TSAHETCS LENOYKa MaJICHbKUX 04aroB ¢ MOBTOPSEMOCTHIO 24%.

Bo BTOpoM mepuojne 3acyxu Ha Bcel TeppuTopuu ydacTwiauch (puc. 3 6). OCHOBHOHM oyar ¢
MaKCHUMaJIbHOW MOBTOPsAEMOCTHIO 3acyX (40%) MOKpBLT 103KHYI0 yacTh Bosrorpaackoit obnactu u
Kamvpikuio. OtaensHbIe HEOONBINME OYard OTMEUAIHCh B AcTpaxaHckod oOmactu. Takum
o0pa3oM, BO BTOpPOM IIepHOJE IOBTOPSEMOCTh 3acyX BO3pOC]a, a o4yar € MaKCUMaJbHOU
MoBTOpsieMOCThIO mepemecTiicss co Cpemnero IloBomkbs Ha ror Bomrorpaackoir obiactu u
Kanmsikuto.

B mnepBbIif mepuon moutd Ha BCeW TEPPUTOPUU OTMEUAINUCH JIOKAJIbHBIE IMEpEyBIIaKHEHUS
3eMenb XOTst Obl onuH pa3 3a 10 ner (puc. 3 B). Jlumpb JOKanbHbIE YYacTKHU 3€MeNb HUMENH
noBTopsieMocTh nepeyBinaxHeHus 40%. Tepputopus c NepeyBIaXHEHHBIMU 3E€MJISIMH  PE3KO
COKpaTHjiach BO BTOpOil mepuon (puc. 3 r). MakcuManbHas MOBTOpsieMOCTh ynana 110 24% u ee
Ouary epeMecTUIINCh Ha CEBEPO-3a11a]l TEPPUTOPHH.

O0cy:x1eHue pe3yJbTaToOB

Baxken Borpoc BIUSHUS KIMMATHUYECKUX SKCTPEMYMOB Ha JUHAMUKY OYaroB OIYCTHIHUBAHUSI.
B pa6ore (3onorokpeumH, TutkoBa, 2011) ObUTM BBIABICHBI OCOOCHHOCTH JIUHAMUKH
YepHO3eMENbCKOr0 Ovyara OINyCThIHUBAHUS AHTPOIIOT€HHOIO IMPOUCXOXACHUS M Xaku-COpcKoro
ouara, NMPEeUMYIIECTBEHHO MPUPOAHOro MpoucxoxaeHus. OcoOEHHOCTh MOBENEHUS TUX 0YaroB
3aKJII0YajIach B TOM, 4T0 YepHO3eMeIbCKUI ouar coKpalasics B nociaeaHue roasl, a Xaku-Copckuii
oyar pacuIupsscs U o0beIUHSJICS C APYTMMU JOKAJIbHBIMH O4araMu. Pe3ynbTarhl 1aHHOM cTaThu
MIOTIONHSIOT O0BbsSICHeHHEe NuHaMuku odaroB B mepuoj 2000-2004 rr. mo CpaBHEHHUIO C MEPHOJOM
2005-2009 rr. Tenepp cokpamieHue YepHO3eMENbCKOr0 odara B MOCIEIHEE MATUIIETHE MOKHO
CUMTATh CIICACTBUEM HE TOJBKO OCIa0JIeHHUs MepeBbINaca U ero MpeKpameHus B 3all0BEIHON 30HE,
HO W JIOKaJu3alMell B MAE-HIOHE B 3TOM pPaliOHE IMOJIOKUTEIbHBIX KIMMATHYECKUX HKCTPEMYMOB.
Oboctpenne u pacupenre Xaku-CopcKoro MOATBEPHKICHO HOBBIM PE3yJIbTaTOM: JIOKATU3aIHen
3anaaHee cojgoH4aka Xaku-Cop CUIIbHBIX OTPULIATEIbHBIX SKCTPEMYMOB B Mae-HIOHE.

B 3akmouenne otrmernm, uto SCEI — 3T0 pernoHanbHBINA MoKaszareiab. I(P(HEKTUBHOCTh €ro
MIPUMEHEHUS 0COOEHHO BBICOKA B CyOTYMMJIHBIX, CEMHAPUAHBIX U apUIHBIX 3€MIISIX YMEPEHHBIX U
TPOMMYECKUX LIUPOT.
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Puc. 3 a, 6, B, r. 3smMeHenue noBropsiemocT B (%) 3acyx (MHAEKC KiIuMMaTHYeckux 3kcTpemymoB SCEI
< -1) m mepeyBnaxxkaennii (SCEI >1), ocpeanenne 0.25x0.25 rpax., Mmaii-utons: a) < —1 — 2000-2005 rr., 0) <
-1 — 2006-2011 rr., B) > 1 2000-2005 rr., t) >1 2006-2011 rr. Fig. 3 a, 6, B, r. Dynamics of droughts
(SCEI < -1) and over-humidification (SCEI >1), resolution: 0.5x0.5 degree, May-June: a) <—1 —2000-2005,

0) <—-1-2006-2011, B) > 1 —2000-2005, r) >1 —2006-2011.

BriBoabI

[IpuMeHeHne CHOyTHUKOBOTO HHAEKca KiauMmaTtudyeckux skctpemymoB SCEI Ha mnpumepe

Cesepo-3ananHoro Ilpukacnus 1O3BOJIIET YMEHBUIMTh HEONPEIECIIEHHOCTh B IOHWMaHUU
COBPEMEHHOW TEHJECHIMHM IWHAMUKHA PETHOHAJIBHOTO KiIMMaTa M OmycTbiHMBaHMs. [Ipu sTOM

CTaHOBUTCS YK€ HE KPUTUYHBIM 3aMETHasl Pa3pe’KEHHOCTh METEOPOJIOTUYECKOM CETH.
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Bo-nepBrix, skcTpemanbHas 3acyxa 2010 r. B EBpornefickoit Poccrun momHOCTBIO pOsSIBIIIACH HA
tepputopuu CeBepo-3anagHoro [Ipukacnus TOJIBKO K CEpeUHE JieTa, B TO BpeMs Kak B [loBomkbe
1 3aBoKbe OHA HabmIOJaNach yke B Mae. B KoHIIE BECHBbI Ha 3HAUUTEIHHOW YACTH TEPPUTOPHH
Ha0IrI01a1ach OOIIMPHAS TIOJIOKUTENIbHAST AHOMAJTUS BIIAXKHOCTH.

Bo-BTOphIX, OoOJiee TpO3pauHbIM CTajd BOMPOC O BO3MOXKHOW TEHIEHIUU 3aCyLLUIMBOCTH
Cesepo-3anagnoro [lpukacnus. YBenudeHUE IUIOMANEH C OTPUIIATEIBHBIMU KIMMATHYECKUMHU
SKCTPEMyMaMH W COKpAIlleHHE IUIomaaei C mnoioxurenabHbiMu B nepuon 2006-2011 rr. mo
cpaBHenuio ¢ niepuogoM 2000-2005 rr. MOBHIIIAET BEPOSTHOCTH Pa3BUTHUS (ha3bl MCCYIICHUS, YTO
HE0OXOIUMO YUYHUTHIBATh B INIAHUPOBAHUHU YCTOMUMBOTO Pa3BUTHS TEPPUTOPUU.
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Satellite index for detecting climatic extremes, such as droughts and over-humidification after heavy
precipitation at drylands, have been suggested. Satellite Climatic Extremes Index (SCEI) calculated as
summed deviations from the long-term average values (normalized SD) of soil moisture, NDVI,
albedo, surface temperature. Peculiarities of SCEI in case of studying desertification dynamics in the
North-West Caspian region are discussed.
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Ilo nmaHHBIM eXEOHEBHBIX HAOJIOJEHHUH 3a TEMIEpaTypoil NPHU3EMHOIO BO3AyXa M CYyTOYHBIMHU
CyMMaMH OCAJIKOB TPOBECHA KJIACCH(UKAIU OIMAaCHBIX aTMOC(EPHBIX 3acyX MO IUIOMIaId OXBaTa
EBpomnetickoit Tepputopuu Poccuu B nepuog ¢ 1936 mo 2010 rr. MccnenoBaHbsl METEOPOIOrMUECKUE
YCIOBHSL 3MMHETO M BECEHHETO CE30Ha, IPOCTPAHCTBEHHO-BPEMEHHBIE  OCOOCHHOCTH OINACHOMN
atMocdepHO 3acyxu JeToM Ha fore EBpomeiickoit Poccun B oTnenpHBIC To/IbI HanOoiee OOMUPHBIX
3acyx. IlokazaHo, 4Tto HauOoJbIIas B3aUMOCBS3b IUIOMIAAM ONAcHOW aTrMocepHOW 3acyXu
HaOII0aeTcsl ¢ CyMMapHOH NPOJOKUTEIBHOCTBIO 3aCyXH, YHCIOM HEIIPEPBIBHBIX NIEPUOI0OB OOJIbIIE
20 gHel mpyu MaKCUMaJIbHOM CyTO4HOM Temneparype Boimie 25°C Ha ¢oHe OTCYTCTBUS 3P PEKTUBHBIX
0CaJIKOB C Masl IO CEHTSA0Pb, a TAKXKE C YUCIOM JHEH ¢ MaKCUMaJbHBIMU CyTOUYHBIMHU TEMIIEpaTypaMu
Bo3ayxa BoImre 25°C 6e3 3¢ (heKTUBHBIX 0CAIKOB C Masi TI0 CEHTIOPb.

Kniouesble cnosa: W3MEHEHHME KiIMMaTa, oOmacHas arMoc(epHas 3acyxa, THAPOTEPMHUYECKHUN
k03¢ unment yBrnaxuenus ['.T. CensiaunoBa, ror EBponeiickoit Poccun.

W3meHeHns B KJIMMaTU4eCKOW cucTeMe 3eMiM, HaOIioJacMble B IOCIEIHHE IECSTUIICTHS
XX B. U Havane TEKyIIero CTOJIETHS, HauOoJee CUIBHO MPOSBISIOTCS B BBICOKHUX CEBEPHBIX
IIMpOTaX, B OCOOEHHOCTH, Ha TeppuTopun Poccum, KiIuMaT KOTOpod oOsajgaer OoJbliei
YyBCTBUTEIHHOCTBIO, YE€M KIUMAaT MHOTHUX JPYTHX pPEruoHoB 3emMHoro imrapa (OLeHOYHBIH
nokian ..., 2008). Ilo cpaBHEHUIO ¢ U3BMEHEHUEM TI100aIBLHON TeMIiepaTyphl B cpenneM Ha 0.74°C,
cornacHo YerBepromy oneHouHomy aoknany [PCC (IPCC, 2007), morennenue B 1iesoM mo Poccun
3a 100 ner (1907-2006 rr.) mo maHHBIM cetu Pocruapomera cocraBuio 1.29°C. 3a nepuon 1976-
2006 rr. cpennee norerienue no Poccun nocrurno 1.33°C. B ycroBusix cOBpeMEHHOT0 U3MEHEHHUS
KJIMMaTa H3MEHSIIOTCS UM XapaKTEepUCTUKU 3acylUIMBBIX mepuonoB. IIpoueccel dopMupoBaHus,
MOBTOPAEMOCTh, M  NPOJOJDKUTEIBHOCTh  3aCyLIUIMBBIX  INEpUOJIOB, B  OCOOCHHOCTH B
3epHONPOU3BOASIINX palioHax Poccun, n3ydanucey U IpoAoIIKaloT U3yyaTh MHOTHE HCCIIE0BATENH
(dpozmos, 1980; 3ounze, Xowmskona, 2000; 3omnorokpsuiuH u ap., 2007; Jlorunos, 2002;
Memepckas, 1988; Vmanosa, Crpamnas, 2000). IIpuctanipHOe BHHMaHHE OOYCIIOBIEHO, MPEKIC
BCEro, HEraTUBHBIM BIIMSHUEM 3aCyX Ha MPOJYKTUBHOCTb CEICKOTO XO3sHCTRA.

JlanHOe wHccieoOBaHUE TMOCBSIIEHO PACCMOTPEHHIO KaTacTpO(QUUYECKOT0 MPHUPOIHOTO
SBIIGHUsT — omacHoW armocdepHoir 3acyxu (OA3), KoTopas, COIJIACHO KPUTEPHIO,
pexomenaoBaHHOMY ['mapomerienTpoM Poccun, BOZHMKAaeT B CE30H BEreTaluu, KOTrja B TEUEHHE
He MeHee 30 nHel moapsA NpU MaKCUMalbHOW Temieparype Bo3ayxa Bbiie 25°C (B H0XKHBIX
paiionax P® — Boeime 30°C) ocaaxu He mpeBbimatoT 5 MM B cyTku (I'peunxa, 2004). Kpurepuii
nomyckaer, uto B TedeHue OA3 Ha (oHe yCTaHOBHUBILErocs NEpHOJa AHOMAIBHO BBICOKHX
TEMIEPATyp MOTYT BCTpeUaThCs JAHU (B CyMMe He 0oJiee YETBEPTH MPOAOJIKUTEIBHOCTH Meproia
3acyxH), KOrja TemmepaTypa Bo3dyxa omyckaeTcs Hiwke 25°C. BpemeHHOe NOHWKEHHE

! Pagora Bemonmena pu nogaepkke [Iporpammer OH3 PAH Nel3.
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TeMIIepaTypbl, KaKk MpPaBUJIO, CBS3aHO C BbIMajeHHeM Hed(h(eKTUBHBIX ocaakoB. Ha tepputopun
EBponeiickoi Poccun Takoi TUII 3aCyXH BCTPEYAETCS B OCHOBHOM Ha OT€ U I0T0-BOCTOKE.

Panee aBTOpoM OblNa M3ydyeHa AWHAMUKA OMAcHOM atMocepHoi 3acyxu Ha tore EBpormeiickoit
Poccun 3a pasznuunsie nepuonasl ¢ 1936 mo 2000 rr., cocTaBiieH KaTaJor 3aCyHUIMBBIX JIET
(Uepenxkosa, 2007), npoananuzupoBana cBsizb OA3 ¢ MakpOLMPKYJISALUOHHBIMU ITporieccaMu B XX
Beke (Uepenkosa, Kononona, 2009).

Llenbto CTaThbu SIBISETCS UCCIEJOBAHUE YCIOBHM (POPMUPOBAHMS U aHAINU3 MPOCTPAHCTBEHHO-
BPEMEHHBIX OCOOCHHOCTEH IMPOKOMACIITa0OHON OMacHoOi arMocdepHoi 3acyxu Ha rore Poccun B
OTJeNbHbIe roJibl epuoaa XX-ro — Hayasna XXI-ro Beka, Korja 3acyxu OXBaTbIBaJd HAaHOOJIBIIYIO
iomaae reppuropun EBporeiickoii Poccun. B craThe cienana MOMBITKA OMPEICIIUTh, B 4eM OBLIO
CXOZCTBO U pa3/InYMe TaKUX 3acCyX.

MaTepI/laﬂbl H METObI

HccnenoBanue mnpoBOAMIIOCH Ha OCHOBE KiauMaruueckoro apxusa BHUUIMU-MI/]
CyTOUYHBIX JaHHBIX TEMIEPaTyphl BO3AyXa MU CYMM OCaJKOB. TeppUTOpHsS HCCIIECIOBAHUS
orpannyeHa EBpomneiickoii yacteio Poccun. Beutn paccMoTpeHbl naHHble 44-X METEOCTAHIIMIMA,
HaxOJSIINUXCS B €€ Tpeeiax.

[Ipu ananuze OA3 B nepuoa ¢ 1936 mo 2010 rr. BbLAENIEHBI TOABI C 3aCyXaMH, OXBAaTUBLIUMU
HauOOJBIIYIO IUIOMAJb PACCMOTPEHHOW TeppuTopuu. Jlns ompeneneHus IUIOMIAAN 3aCyXH
cpeanctBamu [MIC Oblma mocTpoeHa MoOJAENTb, B KOTOPOM 3a KaXKIbId TOJl PacCUUTHIBAIACH
CyMMapHasi IUIOIIaJlb MHOTOYTOJBHHUKOB C IIEHTpAaMHU — METEOCTAHIMSIMH, Ha KOTOPBIX
Habmoganack OA3. Ilpu BBIMOTHEHUH TPOIETYPHl ONTUMAIBHOTO Pa30MEHUs MOBEPXHOCTH Ha
MHOTOYTOJIbHUKH YYUTBHIBAJIOCH MPHUHATOE IOMYIIEHUE, UYTO Ka)Jash METEOCTAaHLUS HUMEET 30HY
BIIMSHMS, HE IEPECEKAIONIYIOCS C 30HAMM BIUSHHUA JPYTHMX METEOCTAaHUWW, U OIpEAeNseTCs
IJIOTHOCTBIO TOKPBITUS, 4 TaKXe€ MPOCTPAHCTBEHHBIM IOJOKEHHUEM METEOCTaHIMi. ['paHuLbI
TaKUX 30H PAaBHOYJAJIEHBI OT UX LIEHTPOB-METEOCTAaHINN.

[To cpaBHEHHUIO C APYTUMU MOKA3ATEISIMU 3aCyX, OmacHas aTMoc(epHas 3acyxa XapakTepusyeT
3aCyLJIMBOCTh C TOYKHM 3pEHHMS HAJIM4YMASg B CE30H BEreTAllMM JUIMTEIbHBIX HEMPEPBIBHBIX
0€310KIHBIX TMEPUOJOB Ha (POHE aHOMANbHO BBICOKUMX TemmepaTyp. OCOOEHHOCTBIO KPUTEpHUs
OTIpeNIeJICHUs] OMacHOM aTMOC(hEepHOW 3acyXW SBISETCA €ro JUXOTOMHYHOCTh. B crarbe
HcciaeoBaHa B3aMMOCBS3b paccuuTaHHOM Mmomanan OA3 ¢ HEKOTOPhIMU XapaKTepUCTUKAMHU
3aCYNUIMBBIX TIEPUOJIOB: CPEIHEN TEeMIepaTypou, JIUTEIBHOCTHIO OMACHBIX aTMOC(EPHBIX 3aCyX,
gucioM JHed ¢  Temmeparypod Beime 25°C  6e3 3¢ (EeKTUBHBIX OCAJKOB, a TaKXke
MPOAOIDKUTEIHHOCTBIO M YHCIIOM NIepro10B 0e3 3(h(peKTUBHBIX 0CaIKOB.

CymiecTByrolue KaTajaoru 3acyluIUBbIX JIET, COCTABJICHHBIE HA OCHOBE Pa3JIMYHBIX METOJIOB U
nmoaxoNoB k ompenenenuto 3acyx (KamenwbkoBa, 1964; OO6yxos, 1949; Paynep, 1981; VYTemes,
1972), xak mpaBUiIO0, UMEIOT pPa3Iu4dMsi, OOYCJIOBJICHHBIC, MPEXKIE BCETO, METOAOJOTHUUYECCKHUMHU
acmeKTaMu TpPHU BBIABICHUM 3acyX. [IpoBen€HHas B JaHHOM WCCIICOBAHMM KJIACCHU(PUKAIUS
OMACHBIX aTMOC(EpHBIX 3acyX IO IUIOH[AJAM OXBaTa JOCTATOYHO XOPOIIO COTJacyercs ¢ 3TUMU
Karajoramu, a TaKke ¢ Hanboyiee COBpEeMEHHBIMH KaTajoramMu, coctaBieHHbIME A.B. Memepckoii
Ha OCHOBE NPHUMEHEHUS WHJEKCA, YYMTHIBAIOIIETO IUIONIAJAb PACIpPOCTPAHEHMS 3aCyIUINBBIX
SIBJICHUH, B OCHOBHBIX 3€pHOceronnx paiioHax EBpomneiickoi yvactu CHI' 3a nepuox 1891-2010 rr.
n AW CrpamHOW ¢ TpPUMEHEHHEM THAPOTEPMHUYECKOTO KOI(PIHUIIMEHTAa  YBIAKHECHHS
I''T. CensaunoBa (I'TK) 3a nocnegnune 60 ner (Memepckas u ap., 2011; ®ponos, Crpamnasi,
2011). Hawumbonwimee corjmacoBaHue HaOMIOJAETCs B COBMAJACHWM JIET C  Haubosee
KpynHOMacmTaOHeIMK 3acyXxaMu. Cllydau pa3iudusi B ONpeIeICHUH TPUOPUTETA 3aCYIUIUBBIX JIET
00yCIIOBJIEHBI HEMOJHBIM COOTBETCTBUEM TPAaHUIl PACCMOTPEHHBIX TEPPUTOPUIA, a Takke
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qyBCTBUTEJIHLHOCTBIO ONTACHOI aTMoc(hepHOH 3aCyXH K PErHOHAIBHBIM OCaKaM.

B crarbe nmpoaHanm3upoBaHbl Hauboyee OOIMpPHBIE OMacHbIe aTMOCc(epHbIe 3acyxu Ha ETP —
2010, 1972, 1938, 1936 u 1981 rr. u ocobeHHocTH uX mposiBieHus Ha tore Poccum. [lns
ONpeAENCHUs] 3aCylUIMBBIX YCJIOBHM ObUI JOMOJHUTEIBHO PAacCMOTPEH TUIPOTEPMHUUYECKUN
ko3ppuuneHT (I'TK=P/0.1xTspec, rAE T>10°c — CyMMa cpelTHUX CYTOUHBIX TEMIEpaTyp BO31yXa 3a
nepuoj ¢ Temmneparypamu Bozayxa Boime 10°C, a P — cyToynast cyMMa ocazikoB 3a TOT K€ NEPHOL)
(Censinunos, 1928). Anomanuu ['TK onieHeHBI 110 CpaBHEHHIO CO CPETHUMHU 3HAYCHHSIMU 32 TTEPUOT
1961-1990 rr.

Ocoboe BHUMaHWE ObUIO YCICHO PaBHUHHOW TeppUTOpWH rora EBpormeiickoit yactu Poccun,
MIPEICTAaBICHHON 3aCylIJIMBBIMUA 3€MJISIMU, TEPPUTOPUS KOTOPBIX OXBAThIBAET THUIIMYHO CTEIHBIE,
CYXOCTEIHbIE U IMOJIyIyCThIHHBIE JIAHAMAPTHI. ['paHua 3aCylUIMBBIX 3eMellb (CeBepHasl TpaHULa
CyXOH cyOryMUHOM 30HBI YBIQXKHEHUS) M UX IJIOUIA](b B YCIOBUSX COBPEMEHHOIO KJIMMaTa Oblia
ompeneneHa paHee B CcoOTBeTCTBUU ¢ pekoMeHnmanmeir Kouenmuu OOH mo OGopebe ¢
OIlyCThIHMBaHUEM (30510TOKpBUINH, Yepenkosa, 2009).

O0cy:xnenne pe3yJibTaTOB

IIpu paccMOTpeHMM METEOPOJOTMYECKUX YCIOBUM B 3UMHHUI U BECEHHUU CE30HBI OKa3aJlOCh,
yTOo ¢ nekadps mo mapt B 1936, 1938 u 1972 rr. na ETP npeobnagana orpunatenbHas aHOMAaJHs
CpeIHEMECSYHBIX CyMM OcaakoB (Tabi. 1), a B ssHBape U ¢eBpajie Ha TEPPUTOPUH B IOJIE OCAIKOB
OTMEYaJIMCh Cilyd4ad HAOMIONEHUs SKCTpeMalbHO HM3KMX 3HadyeHuid. HawmOonpmmii neuuut
OCaJIKOB TpuIIeics Ha sHBapb — ¢eBpanb 1972 r. Hemoctarok ocagkoB 3MMOM M Malloe HX
KOJIMYECTBO NMPAKTUYECKH BO BCE BECEHHUE MECALBI NEPEUYHUCICHHBIX JIET CO3AAIN NMPEAIOCHUIKH
JUISL JAJIbHENUIIETO pa3BUTHS 3aCYLLUIMBOCTH JIETOM.

Tabauua 1. OcpenHeHHbIE 3HAYCHUS OTKIOHEHUH OT HOPMBI 1961-1990 rr. o manHbIM 44-X METEOCTaHITUI
B npeaenax ETP: 1 — temneparypsr Bozayxa (°C), 2 — ocaakoB (% ot 100% wHopmsl). Table 1. Average
deviation of temperature (1, °C) and precipitation (2, %) based on 44 meteorological stations data of
european part of Russia in comparison with the period 1961-1990.

TConbl Jexabpb SluBapb ®deBpaiib Maprt Anpenb Maii
OA3 | 2 1 2 1 2 1 2 1 2 1 2
1936 | 0.1 21 3.5 9% | 29 67 | -12 | 51 | -1.1 86 | -0.7 | 49
1938 | —-1.5 85 1.7 64 1.7 72 0.5 111 | =03 | 134 | 0.1 94
1972 | 0.8 105 | 68 | 37 | 05| 41 | -13 77 1.1 137 | -03 | 66
1981 | 3.0 125 | 4.5 101 2.8 107 | -1.4 | 140 | 2.7 | 113 | 0.6 | 78
2010 | -1.2 | 120 | -3.6 | 104 | 09 | 123 | 03 135 1.7 77 3.0 115

Tennas 3uma Ha Teppuropuu EBponeiickoit Poccun B 1981 1. n orcyTeTBue nedunura ocagkoB
C Jekabps MO ampesib HE BHECIM BKJIAJ B JIETHIOIO 3acyXy. B03MOXHO, 1O 3TOH NpHYMHE
TEPPUTOPUS, OXBAUCHHAsI ONMACHON aTMOC(HEpHOI 3acyXOi JEeTOM, 3aHMMajla MEHBIIYIO TUIOIIA/b,
4eM B IPYyTHE PACCMOTPEHHBIE TOBI.

B 2010 r. 3uma Ha EBpomelickoit yactu Poccum Bblganach XOJOJHON B TEUYEHHE BCEX TPEX
MecsiteB (Taba. 1). Hanbonpimas anomanus cpefHEMECSYHON TeMIepaTypbl Bo3AyXa oTMeuanach B
neHTpansbHo yactu ETP B suBape u cocraBuna B cpegHeM —5°C or HOpMBbL. B 3umHMIT nepuoa
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neguuuTa OCagKOB MOUYTH HE OBIJIO, a Ha IOre W 3amajie TepPUTOPUH IMOJOKUTEIbHAS aHOMAIUs
0CaJIKOB MPEBBICUIIA HOPMY MOYTH B JiBa pa3za. Ha ¢oHe aHOManbHO XOJIOJHOM 3UMBI U TITyOOKOTO
IpOMEp3aHusl MOYBbI YACTh BBIMABIINX 3UMOM 0CAJJKOB BECHOM yIlIa B CTOK. BecHa Oblia Terioi, B
LeHTpaIbHBIX obnacTsax EBponeiickoit Poccum omrymrancs Hegoctatok ocagakoB (B anperne a0 40%
OT HOPMBI).

PaccMoTpuM TeHe3WC MIMPOKOMACIITAOHBIX OMACHBIX aTMocdepHbIXx 3acyx Ha ETP 3a
BbIOpaHHBIE TO/IbI U UX MPOCTPAHCTBEHHO-BPEMEHHbIE 0COOCHHOCTH Ha tore EBporneiickoii Poccun.

B mae 1936r. Ha Oonbumeit yactu ETP Bo3Hukiia ycroitumBas 00JacTh OTPHULIATEIBHBIX
3HaueHnii aHomanuidi I'TK, KoTopas, 0XBaTuB BCIO IIEHTpaJIbHYIO 4YacTh EBpomnelickoit Poccun c
3amajia Ha BOCTOK M NMPaKTUYECKH HE MEHss IpaHMll, MPOCYIIeCTBOBaja 3/1ech Bce JieTo. JKapkas
cyxasl orojia COIpoOBOXKJAJIaCh SMU30UYECKUMHU OCaJIKaMH, MO3TOMY OOLIMPHBIN odar OrmacHou
aTMOC(EepHON 3aCyXd BO3HHMK TOJIbKO B KOHIIE MIOHS Ha Teppuropuu Kammeikum n PocroBckoit
obmnactu. Yepe3 HECKOJIBKO JHEH B Hadaje MIOJIA, 3aCyXa paclpoCTpaHMJIAch Ha 3amajl U BOCTOK,
3areM nposiBuiack B Camapckoid, CaparoBckoil, Kypckoii obnactsx, gocturia Ps3anckoil obnactu
u bamkupun (puc. 1). B ceBepHbIx paiioHax, oxBaueHHbIX OA3, 3acyxa 3aKOHUMJIACh B NEPBOU
MIOJIOBUHE aBIyCTa, a B KXKHBIX pallOHaxX — B KOHIIE aBrycta. MUHMUMalIbHas MPOJOJIKHUTEIbHOCTD
OA3 B Teuenune Mmecsna Habmonanack B CapaToBCckoi oOmactu, MakcumanbHas (58 mHei) — B

Kanmpikuu.
45° .11

45° ¢.m,

Puc. 1. CeBepHas rpaHuIia pacpoOCTPaHEHUsS OMACHOW aTMOC(EpPHOH 3acyXu Ha TeppuTtopun EBporerickoit
Poccun B mepmoner: 1936 r. (ToHKas crutomHas jwHE), 1938 1. (TOHKas mpephIBUCTas JTWUHUA), 1972 T.
(momy>xupHast crutomHass JuHUsS), 1981 1. (momyxupHas mnpepbiBuctas nuHUsA) W 2010T. (KupHas
npepeiBuctast juHUA). Fig. 1. Northern border of hazardous atmospheric drought distribution over the
European Russia in the periods: 1936 (thin solid line), 1938 (thin dashed line), 1972 (bold solid line), 1981
(bold dashed line), 2010 (double-bold dashed line).
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Ob6nacte ¢ otpunarensHoil anomamueit I'TK B wmae-aBrycte 1938 . ¢ snuueHTpom B
neHTpanbHbIX paiioHax ETP 3anmmana MeHblnyro 1oiomans ¥ Obuta OoJjiee TOJBM)KHOW, Y€M B
HajoruuHelii nmepuon 1936 r. AHomanus MposBHIack Haumbosee OTUYETIMBO B Mae (B CpeIHEM —
0.5°C) u 3anumana mpakThyecku BCio EBporelickyro yacth Poccuu, mckimrodas 10ro-BOCTOUYHBIC
paiionsl. B wuroHe 3Ta 005aCcTh, YCTYNIMB MECTO TOJIOKHUTEIbHOW aHoMmanuu Ha ceBepe ETP,
3axBaTWjia Kro-Boctok EBpomeiickoi Poccumn, ymMeHpIIMBIIMCH MO IUIONIAAM OXBara H
uHTeHCUBHOCTU. Ha 3TOM (oHe B mocieqHuX 4MciIax Mas — Hayalle UIOHS OnacHas atMoc(epHas
3acyxa HposiBHJIach Ha tore Poccum, 3atem uepes3 oaHy-IBe Henenu — B CapaToBckoit obsactu. B
KOHIIE MIOHS — Havaje uwojs apean pacnpoctpaneHuss OA3 moctur llentpanbHo-UepHO3EMHOTO,
Bonaro-Bstckoro u ILlentpanpHoro paitona (puc.1). Ilocme mnpomenmmx poxnein OA3
BO300HOBHMJIACH Ha rore EBpomelickoit Poccun — B mocnenneit nekane uromsi, a B 00jiee CEBEPHBIX
00J1acTSAX — BO BTOPOM MOJIOBUHE aBI'yCTa U MPO0JDKANIACh 10 IBAALATHIX Ynces ceHTa0ps. Ha rore
AcTpaxaHCKOW 0O0JacTH NJIUTEIBLHOCTh 3aCyXH ObLTa MaKCHMallbHOW W cocTaBwia 115 mHeit.
Menb1e Beero 3acyxa Obita B Boponexe — 38 nHeil.

Maiickasi oTpuIaTeNIbHAass aHOMAJUS TUApOTepMUYecKoro kodddunuenta B 1972r. ¢
HAaVMCEHBIIMMM 3HaueHUussMU B lleHTpasbHO-UEepHO3EMHOM palioOHE pacrojarajach B I0XKHOU
nonoBuHe ETP. B nrone obmacte aHomanwmii pacimmpuiiachk K ceBepy. Bo BTopoit aekane mast ouar
OA3 oxBarun 1oxHble oOnactu EBpomeiickoit Poccun u CapatoBckyiro 0o0macTh. 3aTeMm mociie
BBITIABIIUX B HEKOTOPHIX palioHaX B KOHIIE MIOHS ocaakoB OA3 BO300OHOBHMIACH B MEPBBIX YHCIIAX
HIOJIsA, TPOSBUBLIMCH IpU 3TOM B LleHTpanbHO-UepHOo3éMHOM, Bonro-Bsrckom u LleHtpansHOM
palioHe W Jake B CEBEPHBIX pailoHax HeuepHo3&éMHOUM 30HBI (puc. 1). K konmy asrycrta OA3
3aKOHYMJIACh B LIEHTPAIBHBIX U ceBepHBIX obnacTsax ETP, a ko BTopoii aekane ceHTsOpst ocTaBuia
Y IOKHBIE paloHBI. 3acyxa Oblla caMOW JUTMTENIbHOW Ha rore AcTpaxaHckou oOmactu (126 mueit),
camoit KopoTkoil — B OpenOyprckoii o6mactu (31 neHs).

B mae 1981 r. Ha Gonpmeii yactn ETP HaOmronanoch M30BITOYHOE YBIXHEHHE, YTO OBLIO
HETUIIMYHO II0 CPAaBHEHUIO C AHAJOTMYHBIMU IEPUOAAMHM PAaCCMOTPEHHBIX 3aCyIUIUBBIX JIET.
[TonoxurenbHble 3HaUYeHUS NIOHBCKOM aHOoManuu [ ' TK coxpaHUINCh TOJIBKO B CEBEPHBIX 00JIACTSX.
B koHnne mast — Haudane MioHsA Ha tore EBpormeiickoil wactu Poccun m B CapatoBckoil obmactu
chopmupoBaiics ouar OA3, KOTOpBIN K CepelMHE MIOHS PACIPOCTPAHUIICS Ha CEBEPO-BOCTOK U
ceBepo-3amnaj, 1ocTurnyB Koctpomckoit obnactu u Y amyptuu (puc. 1). BpeMeHHO 3aKOHUMBIINCH
M3-3a IPOLIEIIINX B IEPBOW MOJIOBUHE HIOJS AOXKAEH, 3aCyXa 3aTeM BHOBB IIPOJOJIKHIIIACH HA IOTe
EBponeiickoit Poccun. Oxonuanne OA3 B 6osiee ceBepHBIX paiioHaX MPHUILIOCH HA TMEpPBbIE YNCIA
aBryCTa, a IOKHEe 3acyXa MpoJoJDKajdach BIUIOTH JO KOHIIA aBIyCTa — Hadaja CEHTAOPA.
MakcumanbpHasi JJIMTETLHOCTh 3acyxu B TeueHue 100 mgHeit ormeuena B PocToBckoi obmactw,
MuHuManbHas — B 30 qHeit — B Camapckoit o0macTu.

Ha 6omnpmeit vactu ETP B mae 2010 r. chopmupoBanace 001acTh OTpUIATENBHBIX 3HAYCHUN
aHoManuil ruaporepmudeckoro koddduuuenta, B neHTpe EBpomneiickoit Poccum sta obmacth
MpoCylIecTBOBaJla B TEeUeHHE Bcero Jsera. B mae orpunarensHas aHomanus [ TK nHambGonee
OTUETIINBO MPOSBUIIACH Ha ceBepe M B LeHTpe EBpomnelickoii Poccuu, B TO Bpems Kak Ha Iore
3aCyNUIMBBIX yCJIOBUM He HaOMOAalock. B KoHIlE Masi — Hayaye WIOHS 00JIaCTh OTPHIATEIIBHBIX
aHomanuii, orctynuB c ceBepa ETP, crama Oonee BBIpaXXEHHOH B LIEHTpAlbHBIX pailioHaX u
MPOJBHHYJIACH K fory. IMEHHO B ATO BpeMs odYar OMacHOM aTMOC(EepHOW 3acyXd BO3HHK Ha fOTe
AcTpaxaHckoil 0651acTH, OyKBaJIbHO Yepe3 HECKOJBKO JAHEH paclpOCTPaHHUIICS HE TOJIBKO B FOJKHBIE
obnactu, HO U B LlenTpanbHo-UepHo3éMHBIN paiioH, [ToBomxbe n FOxuoe Ilpenypanbe (puc. 1). B
MIOCJICIHIOIO JIEKaly MIOHS 3acyXa MposiBUIACh Ha Teppuropun LleHTpanbHOrO paiioHa, a 3aTeM B
TedeHue nepsbix 12-tu aueit uronsg OA3 obHapysxunach B [IckoBckoit, Bonoroackoit u Kuposckoii
obnactu. TeueHne 3acyXxu Ha HECKOJIBKO JHEH MpepBaiy HeOOJbIINE OCa/IKM, BbIIABIINE B Hayalle
uroiis. 3acyxa B Oosee ceBepHBIX paiioHax EBpomeiickoit Poccun 3akoHUYMIach B MEPBYIO JAEKaIy
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aBrycTa, B IEHTPAJIbHBIX palioHaX MpoIuiack Aojbiie Ha 10-15 gHeil. B roxHBIX 00macTax 3acyxa
MpoJiepKanach 10 Hadajga CEHTAOps, a Ha tore ActpaxaHckoi oomactu OA3 nmena MakKCUMaJIbHYIO
MPOJOIKUTENBHOCTD B 129 aHel u anmunack 10 KoHIA ceHTsI0ps. nutenbHocth OA3 B TeueHHe
30-tu gHeit Ha TeppuTopun KpacHomapckoro kpas Obljia HAUMEHBIIICH.

Heo0xoaumMo OTMETHTb, YTO B OOJNBIIMHCTBE CIIyYaeB C Masl M0 aBTyCT PACCMOTPEHHBIX JIET Ha
tore EBpomneiickoii Poccum HaOmromanace MeHee BBIpOKEHHAs, Ye€M B ILEHTPAIBHBIX paiioHax
oTpHUIaTeNbHAs aHOMAJMs THApoTepMuYeckoro koadduimenta (tadmn. 2). B mae 2010 r., utone
1936 r. u uronie 1972 r. aHoManust ¥ BOBCE UMEIA MOJOKUTENbHBIN 3HaK. Takue CUTyalluu MOXHO
CBSI3aTh C IPOPHIBAMU IOXKHBIX [IUKJIOHOB, YACTO BCTPEUAIOIIUECS B 3TOM pailOHE BECHOM U JIETOM.

Tadauua 2. Otxinonenus 3HadueHuit ['TK ot Hopmer 1961-1990 rr., ocpeaHeHHbIe B Ipeeiax HEHTPATbHBIX
paiioHoB (50°-55° c.u1.) u toxHbIX parioHoB ETP (45°-50° c.u.). Table 2. Average deviation of Selyaninov's
hydrothermal coefficient of the central (50°-55° N) and southern regions (45°-50° N) of the European Russia
in comparison with the period 1961-1990.

Cobl IenTpanpHsle paiionsl ETP IO>Hb1€ paitonsl ETP

OA3 Maii Hronp Hronb ABrycr Maii Hrons Nroinb ABrycr
1936 —-0.51 —0.62 —0.45 -0.34 —0.61 0.50 -0.39 —0.13
1938 —0.18 —0.24 -0.77 —0.55 —0.08 —0.30 —0.31 —0.38
1972 —0.45 -0.39 —0.52 -0.74 —0.38 —0.49 0.26 —0.36
1981 —0.26 —0.54 —0.56 0.21 —0.07 —0.57 —0.11 —0.18
2010 —0.3 —0.74 —0.81 —0.49 0.63 —0.43 —0.11 —0.41

Takum 00pa3om, SMUIICHTP OMACHOW aTMOC(EPHON 3aCyXH B PaCCMOTPEHHBIC TOIbI HAXOIUIICS
Ha KOre U Iro-socroke EBpomnelickoil Poccuu, pacnpocTpaHssach NPEMMYLIECTBEHHO B CEBEPHOM
HarpaBJieHud. B To jxe Bpemsi, 001acTh HanbOonbImx oTpuiiarenbHbix anoMmanuii ['TK (T.e. 3acyxa ¢
MeHee JKEeCTKUMH Kpurepusmu, yeM OA3) mpakTHUECKH BO BCeX ciydasx (opMupoBanach B
LHeHTpalibHBIX parioHax ETP panbiie, uem roxkHee Bo3HuKal oyar OA3.

CpaBHEHHE IUIOLIAM PACHPOCTPAHEHUSI OINACHOW aTMOC(EepHOW 3aCyXd Ha TEPPUTOPUHU
EBpomneiickoii Poccun ¢ 1936 mo 2010 rr. ¢ xapakTepUCTUKaMU 3aCYILIJIMBBIX MEPUOIOB MOKA3aJIO0,
4YTO HanOoJbIIas B3aUMOCBA3b IuIomann OA3 HabmOgaeTCsl C CyMMapHON MPOJOIHKUTEIBHOCTBIO
3aCyXM Ha BCEX METEOCTaHIUSAX, YHUCIOM HENpPEepBIBHBIX MepuonoB Oombiie 20 nHel mpu
MaKCUMAaJIbHOU CyTO4HOM Temrieparype Boime 25°C Ha GoHe oTCyTCTBUS APPEKTUBHBIX OCAJKOB C
Masl [0 CEHTAOPb, a TAKXKE C YUCIIOM JIHEH ¢ MaKCUMaJIbHBIMU CYTOUYHBIMH TEMIIEpaTypaMH BO31yXa
Bolle 25°C 6e3 3(pPeKTUBHBIX OCAIKOB C Mas MO CEHTAOpPh ¢ Ko3(duLIMeHTaMu KOppesisuuu —
0.96, 0.86 u 0.76 coorBercTBeHHO (pHc.2a, 0, B). Ha pucynke 2 a BHIHO, YTO CyMMapHas
MIPOJIOJKUTENIBHOCTD 3acyxu 1938 r. okazanack Oonbie, a 3acyxu 1936 r. — MeHbIIIe, 4eM J0JKHA
Obl1a OBl OBITH, COTJIACHO BBISIBICHHOM B3anMMOCBs3M ¢ miomanbio OA3. Unciao HempephIBHBIX
neprofoB Oombine 20 mHEH MpU MAaKCUMAIBHOW cyToyHOW Temmepatype Boime 25°C Ha ¢oHe
oTcyTcTBHS 3G(HEKTUBHBIX OCAJIKOB C Mas MO CeHTIOph B 1938 I. okazaiock CymiecTBEHHO OOJIBIIIE,
YeM IPEe/IoIarajioch COrIacHO 00Hapy>KeHHOH 3aBUCUMOCTH (puc. 2 0).

BriBOaBI

Henocrarok ocankos Ha Tepputopuu EBponeiickoi yactu Poccuu 3MMOM M IOYTH BO BCE
BeceHHue Mecaubl B 1936, 1938 u 1972 rr. co3gan mpeAnochbUIKU AJs JalbHEUIIEro pa3BUTHUS
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3aCyIUIMBOCTH JIeTOM. MeTeoponorudeckue ycioBus, HaOmoaasmuecs Ha ETP 3umoit u BecHoi
1981 r., He BHecnaW BKjIaA B (QOPMUpPOBAHUE JIETHEH 3aCyXH W BO3MOXKHO, MO STON MPUYHHE
TEPPUTOPUS, OXBAUCHHAs] OMAcHOW aTMOC(EepHOIl 3acyxoil JleToM, ObljIa MEHbIE, YeM B JIPyrHe
paccMoTpeHHbIe TOAbl. Ha BO3HUKHOBEHHE 3aCyIUIMBBIX YCIOBUM B IIEHTPAJbHOM YacTu
EBpomeiickoit Poccun B mae 2010 T. okazanu BIMSHUE XOJOJIHAS 3MMa, HE CIIOCOOCTBYIOIIAS
MTOTIOJTHCHHIO BJIAr03aracoB 3a CYET CHETOTasHUS, a TakKe ACPUIINT BECCHHEH BIIary.

C mas mo aBryct B paccMoTpeHHble roabl Ha ETP nabGmioganack obmacTe OTpHIIATEIbHBIX
aHOMaJTi aTMOC(epHOTro YBIKHEHHUS, KOTOpas 3aHUMaJa IOCTATOYHO YCTOMYNBOE TIOJIOKEHUE OT
Mecsa kK mecaiy. Kak npaBuio, o01acTh HanOOMBIIMX 3HAYEHUH aHOMAIHM THAPOTEPMUUYECKOTO
koddunrenTa ¢opmupoBanach B IeHTpanbHbIX paiionax ETP. Ha tore Espomeiickoit Poccun
netHsist otpuniatenbHas anomanus [ 'TK Obiia MeHee BbIpaskeHHOI.
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Puc. 2. BzaumocBs3p miomagu omacHoM atrMmocdepHod 3acyxu B mepuon ¢ 1936 mo 2010rr. u: a)
CYMMapHOH MNPOJOJKUTENIFHOCTH 3aCyXHM Ha BCEX METEOCTAaHLMSX, O) YHciIa HENpPEpbIBHBIX INEPHUOIOB
Oompmre 20 nHel mpM MaKCHUManbHOW CyTOuHOH Temmeparype Bbiie 25°C Ha (OHE OTCYTCTBHS
3((PEKTUBHBIX 0CAIKOB C Mas 10 CEHTAOPH, B) UKCiIa THEH ¢ MAKCHMAILHBIMU CYTOYHBIMHU TeMITepaTypaMu
Bozayxa Bbire 25°C 6e3 3pdexTuBHBIX 0cagkoB ¢ Mas 1mo ceHTs0pb. Fig. 2. The relationship of area of
hazardous atmospheric drought in the period from 1936 to 2010 and: a) the total duration of the drought on
all the weather stations, 6) the number of continuous periods of more than 20 days with maximum daily
temperature above 25°C without of effective precipitation from May to September, and B) the number of
days with maximum daily air temperature above 25°C without effective precipitation from May to
September.
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[upoxomaciTabHbIe onacHbIe aTMOC(EpHBIC 3aCyXH BOSHUKAIH B Mae — HIOHE, C SMTUIICHTPOM
Ha 1fore u 1wro-soctoke EBpomeiickoii Poccum, 3arem 3acyxa J0CTaTO4HO OBICTPO
pactpoctpansiack k ceBepy. B 2010 r. ceBepnas rpanuna OA3 gonuia 10 pailOHOB, B KOTOPBIX
panee (¢ 1936r.) Takoi THO 3acyxu He HaOmomancs. Yacto AIUTENbHOE TEYCHHE 3acyXu
HapyIIaI0Ch HECKOJIBKUMU 10K UIUBBIMH JHIMH, 3aTeM OA3 B0O300HOBISIACH C HOBOW CHIION.

HauGonpirass B3aMMOCBS3b IUIOMIATM OMACHOM aTMOChEpHOW 3acyxu HaOmogaeTcs ¢
CYMMAapHOW MPOIOJDKUTEILHOCTBIO 3aCyXH, YUCIOM HEMPEPHIBHBIX MEpHo 0B Oobiie 20 qHel mpu
MaKCUMaJIbHOM CyTOuHOU TeMriepatype Bbiiie 25°C Ha ¢hoHe OTCyTCTBUS 3(PPEKTUBHBIX 0CAIKOB C
Masl [0 CeHTSOPb, a TAKXKe C YUCIIOM JIHEeH ¢ MaKCUMaTbHBIMU CYTOUYHBIMH TeMIIEpaTypaMH BO3IyXa
BbimIe 25°C 6e3 3¢ (eKTUBHBIX OCATKOB C Masi 10 CEHTSOPB.
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ANALYSIS OF EXTENSIVE ATMOSPHERIC DROUGHTS FEATURES
IN THE SOUTH OF THE EUROPEAN RUSSIA

© 2012. E.A. Cherenkova

Institute of Geography of the Russian Academy of Sciences
Russia, 119017 Moscow, Staromonetnyi per., 29. E-mail: Icherenkova@marketresearch.ru

Classification of hazardous atmospheric drought area over the European territory of Russia using daily
observations data of daily surface air temperature and daily precipitation for the period 1936-2010 was
done. Winter/ spring meteorological conditions and spatial/ temporal features of summer atmospheric
drought on the south of European Russia in some years of the most extensive drought are investigated.
It is shown that the highest correlation identified between: atmospheric drought area and a total
duration of the drought; the number of continuous periods of more than 20 days with maximum daily
temperature above 25°C without effective precipitation from May to September; the number of days
with maximum daily air temperature above 25°C without effective precipitation from May to
September.

Keywords: climate change, hazardous atmospheric drought, Selyaninov's hydrothermal coefficient,
south of the European Russia.
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K BOITPOCY O INPOIHO3E NOBEPXHOCTHOI'O CTOKA TAJIBIX BOJ
B JIECOCTEIIHOM U CTEITHOM 30HAX

©2012r. A.T. bapab6anos, B.U. IlanoB
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[Toctynuna 08.12.2011

AHanmm3upyercs poib MPUPOIHBIX (PaKTOPOB B (OPMHUPOBAHUH MTOBEPXHOCTHOTO CTOKA TAJBIX BOJ,
U3JIaracTcs 3aKOH JIMMUTHPYIOIIUX (aKTOPOB 3PO3HMOHHO-THUIPOIOTUIECKOrO MPoIecca, MPUBOIUTCS
ypaBHEHHUE pacyeTa CTOKA U JACTCsl METOUKA €ro MPOrHO3a.

Knrouegvle cnosa: MOBEepXHOCTHBIN CTOK, CHEro3arachl, TIyOWHA MPOMEp3aHHs IOYBHI, BIAKHOCTH
MOYBBI, 3aKOH JINMUTHUPYIOIIUX (PAKTOPOB CTOKA.

Okonorunyeckast cutyanus B Bonro-AxTyOuHCKON noliMe MOTHOCTHIO 3aBUCHUT OT CTOKA CO BCETO
Oacceitna p. Bonmrn. B Hactosmiee Bpemsi mpoOieMa peryiMpoBaHHS TOBEPXHOCTHOTO CTOKa,
MPONYyCKa YPE3BBIYAMHBIX ITABOJKOB OYEHb akKTyallbHAa I Hamied crtpanbl. OHa 3aTparuBact
WHTEPEChl MHOTHX OTpaciieil HapOAHOTO XO3SHUCTBA: CEIBCKOr0, BOJHOTO, PHIOHOTO, KOMMYHAJIBHOTO,
SHEPTeTUKH U JIp.

Jna ee pewenuss HEOOXOIUMO 3HAaTh OO0BEM CTOKA, IMOCTYMAIONIETO B BOJAOXPAaHWIHIIA,
0COOCHHO TTOBEPXHOCTHOTO B TIEPHO]T TTOJIOBOJIBSA, T.€. HY>KCH BRICOKOTOYHBIHN ¥ 3a0J1arOBpEeMEHHBIN
MIPOTHO3 MMOBEPXHOCTHOTO CTOKA.

Celiyac ympaBJICHHEM PEKHMOM CTOKa Bonru 3anumaeTcsi MeXKBEeIOMCTBCHHAS ONIEpaTHBHAS
rpynma Ha OCHOBE MpPOrHO30B Pocruapomera, cpemnsst ommbOka KOTOpBIX cocTaBisieT 35%, a
nHorna (gaxke yacto) — 100%. IlosTomy yrpaBieHYECKHE PEIICHHUS YacTO OBIBAIOT OIIMOOYHBIMHU.
Oco0eHHO 10poro 006xoaaTcs rpyoOble OMUOKH, KOT/Ia MPOTHO3UPYETCs OOMBINON CTOK, a HA CAaMOM
JIeJIe OH OTCYTCTBYET WJIM OBIBAaeT HEe3HAYUTEIbHBIM. OTPOMHBIN yIepO CTpaHe HAHOCUTCS M B TOM
clly4ae, KOrja MpPOTHO3MPYETCS HE3HAYUTENbHBI CTOK, a OH ObIBaeT OOJBIIMM U JaXKe
KaracTpopuuecKuM, TPHUBOAIIMM K HABOJHCHUSM, PAa3pYIICHUSIM H JaXe THUOCIH JIOACH H
KHUBOTHBIX. OmHMOOYHBII MPOTHO3 MPHUBOJUT K HAPYIICHHIO pexXHMa cToka pek. Hampumep,
OOJBIION 3WMHHI COPOC BOJBI M3 BOJOXPAHWIHIN, & B CBS3M C OTUM MAaJbId TEPUOJ TaBOJIKA
BecHOU Ha Hmkuelt Bonre HapyIimaer ycnoBust HepecTa pblObl, U OY€Hb MHOTO MKpPBI, B TOM YHCIIE
IIEHHBIX OCETPOBBIX MOPOJ], TOTUOAET, OCTABAsCh B MOWME Ha KyCTax, IepeBbsiX M TpaBe. OYcHb
KpymHHbIe OMMOKM B MPOTHO3aX MOTYT TMPUBECTH K HKOIOTHYecKoil karactpode. B Bomro-
AXTYOMHCKOW TMOWME IMEepPUOJUIECCKH YCTPauBAIOTCS PYKOTBOPHBIC SKOJOTHYECKHE OCICTBHS,
0COOCHHO B TIOCTIEAHUE MalOBOIHBIE ToAbl. Hanbomnee GencTBeHHOE ToNokeHue co3zaanock B 2006
rofy Tocie TOro, Kak BecHoil 2005 roga M3 Kackaga BOZOXPAHHIAIL ObUIO cOpoureHo 136 kM’
BOJIbI, a Ty/1a MOCTYIUJIO €€ OYEHb MaJIo.

DTO MPOUCXOIUT OCOOCHHO B MHOTOCHEKHBIE 3UMBI, KOT/Ia 0XKHUIAI0T OOMbINON cTOK. briBatoT
OIIMOKU U B MaJIOCHEXHbIE 3UMBL. Takue MPOrHo3bl, a B CBA3M C 3TUM U TSDKEJIbIE MOCIEICTBUS
ObUTH B IeHTpalbHBIX paiioHax ETP B 1968, 1975, 1978, 1981, 1985, 1998, 1999, 2000-2002, 2005-
2007, 2010 romax, a B Hmxuem IloBomkese B 1967, 1968, 1970, 1996, 1999, 2004-2011 romax.

Yuiep6 OT TakuxX yIpaBIIEHYECKUX PEIICHUH Ha OCHOBE OMIMOOYHBIX MPOTHO30B COCTABIISICT
necatkn  (mpumepno 70-90) muumapnoB pyOned. Ero HecyT sHepreTuku (HEIOMOyYSHHE
anektpodreprun 10 30-40%), ppiOHOE X034UCTBO (THOEND PHIOBI, MAIBKOB U UKPHI, 2 MHOT/IA pbIOa
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HE HEpEeCTUTCs, TaK KaK IoiMa He 3aTOIUIIETCs), CEIbCKOE XO3AWCTBO (HE XBaTaeT BOXBI IS
OpOILIEHUs), KOMMYHAJIbHOE XO3SICTBO (M3 KOJOJUEB YXOJUT BOJAA, BOJI03a0OpHBIE OrOJIOBKU
«KayarT» BO3/YyX), CYJ0XOJCTBO (Cyda caasrcs Ha Menb). TakoBa 1ieHa OINOOYHBIX TPOTHO30B.

[Tpu pa3paboTke MPOrHO3a MO CYIIECTBYIOIUM METOJUKAM JHOO MCIOIB3YETCsl OAMH (aKTop
(cHerozamnacsl), 1100 JecaTku (pakTopoB, HaCTO OHU pacCMaTPUBAIOTCS KaX/IbIi B OTIAEIBLHOCTH 0€3
ydeTa COBOKYITHOCTH WX BIIMSTHHUS.

b.A. Anonnos, I'.Il. Kanuaun. B.JI. KomapoB (1974) mpenioxunu cienyroliee BbIpaKeHHE
JUISL OIIPEJIETIEHNs CTOKA PEK 3a MepuoJ] MojaoBobs (Y) B 3aBUCUMOCTH OT 3allacoB BOJABI B CHEre
(S) u BogomornotuTenbHOM ciocoObHoctu O6acceitna (Po):

S/Po
V=8-P,(l-e ) (1).
Jlns pex crenmHOW M JecocTenHOM 30H EBpormeiickoll TeppuTopuu MMM ObUIa YCTaHOBJIECHA

3aBUCUMOCTH Tlapametpa P, ot riryounsr mpomep3anus (L) u mpauctoctu 0-100 cM ciiost mouBbI WITH
BJIQKHOCTH €€ B Mep3JioM cocTossHuH (W) U rmosryueHa sMnupuieckas popmyia

I)O — 7506—0.11we—0.051wl (2)

I'mybuna mpomep3anus B 3Toil (opmyrne orpanumdeHa 60 cm, T.e. Bce OOJbIINE BETHUYUHBI
npupaBHeHbl 60 cM. DTOT moaxox oO0JagaeT ClAeAYIIMMH HeJocTaTkaMu. Ero MoKHO
WCIONIb30BaTh JJIS pacdyeTa MOBEPXHOCTHOTO CTOKA C HEKOTOPHIMHU JOMYLICHUSMH, TaK KaK OH
pas3pabatbIBaicst IIsl peuyHOoro croka. @opmyna pacuera Py mokaspiBaer, 4To BOJIOMOTIOTUTEIbHAS
CIIOCOOHOCTH MOYBBI 3aBUCUT OT TIIYOWHBI €€ MPOMEp3aHus, HaunHas ¢ 0001 BenuuuHbl >0. OT0
HE TaK. DKCIIEpUMEHTAJIbHbIE JJaHHBIE CBUJETENILCTBYIOT (UTO OyAET MOKa3aHO HMKE) O TOM, YTO,
Mpyu rIyOuHEe mpomep3aHus MouBbl A0 50 CM CTOK TaibIX BOJ OTCYTCTBYET IpH JIIOOOM YpOBHE
CHET03aIacoB M yBJIQKHEHHUS OYBBL. JTa (hopMyiia TaKKe HE MpelycMaTpUBaeT BapHaHTa pacyera
CTOKa B TOM CcCiyd4ae, Korma mouBa Tanas. Jjis yCTaHOBJIEHHsI CBSI3U CTOKA C JIBAMCTOCTHIO
JIOCTaTOYHO UMETh BIAXXHOCTh Mep3ioro cios mousbl 0-50 cM, a He 0-100 cMm, kak OpUHATO Y
aBTOpOB. Jleno B TOM, UTO 3a MEePUOJ CHETOTAasIHHSI BIUTHIBAHUE TAJON BOJbI B MOYBY MPOUCXOAUT
TOJNBKO 70 25-30cM, W 93TOrO JOCTATOYHO JUIsl OIICHKM BJIAXKHOCTH, Kak (akropa CTOKa.
Boeneuenue Oonee rayOOKHMX CJIOEB MOYBBI B pAacueThl MPUBOAUT K YBEIUYCHHUIO OMIMOKH
MPOTHO3a. BIa)XHOCTH TOYBBI ONpEeNseTCs Tepel HadaloM 3UMBI W JIeNlaeTcs TONpaBKa Ha
YBIQOKHEHUE BO BpeMs 3UMHHUX OTTenesled. JTO TOKe MPHUBOIUT K omuoOke. Jlydiie 3To nenarhb
HETIOCPEICTBEHHO MEPE]] CHETOTasTHUEM.

B.B. lemunoB (2000) BeisiBun cBsizb ctoka (C) co cHero3amacamu (S), MHTEHCHUBHOCTBIO
TasHUS cHera (X), BpEMEHEM IIOJIHOTO OTTAaWBaHUS MEp3JIOro CJ0osi MOYBHI (Ix), HMapamMeTpoM,
XapaKTepU3YIOUIUM JIOJII0 BOJOHEMPOHHUIIAEMOTO CJIOS TMOYBBI, MPUXOMASIIYIOCS Ha €AMHUYHYIO
BBICOTY CHeHoro mokposa (K), cyMMoii mOJOXHUTENbHBIX TeMIlepaTyp 3a mepuoia croka (Qt) u
npojoikuTenbHocThio cHerotasHus (T). OHa BeIpakaeTcsi ypaBHEHUEM

C=323x10~2 x 5085, X07  0.58 g 115 5+ 7025 3.

B otom ypaBHeHum mnpumaercss Ooiyblioe 3HavYeHHWE (aKkTopaMm, KOTOpPBIE HE WIPArOT
CYIIECTBEHHOW pOiM B (HOPMHPOBAHUHM CTOKA (MHTEHCUBHOCTH CHETOTAsHUS, BPEMs MOJIHOTO
OTTaMBaHUS MEP3JIOTO CJIOS MTOYBBI, COOTHOIICHUE MOIIHOCTH BOJOHETIPOHUIIAEMOTO CIIOS TOYBbI H
BBICOTHI CHETa, CyMMa TOJOKUTENIBHBIX TEMIEPATyp U MPOJOHKUTEILHOCTh CHETOTAsHUS), Majas
POJIb OTBOJWTCSI CHETO3aracaM M COBCEM HE YUYHTHIBAIOTCS TaKHe MOIIHBIC MPHUPOIHBIE (HaKTOPHI
KaK YBJIQ)KHCHHE MTOYBHI ¥ TITyOMHA €€ TpoMep3aHusl.

I'IL. Cypmau, M.M. Jlomakun, A.IL HlecrakoBa (1989) paspabotamyi ypaBHEHHE TMPOTHO3a
koo duimentoB croka (Ky,) B 3aBucMMocTH OT TiyOmHBI Mep3noro crosi (H), ero BmaxkaocTH (X), U
cHero3anacoB (Po):

Kypp = (ax"H ~bx —cH +d) x (1+0.0000055P2 oc) 4.
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Kak BuaHO M3 ypaBHEHMs, KO3()PULUEHT CTOKa TajablX BOA B CHJIBHOW CTENEHH 3aBUCUT OT
CHET03aracoB, BIAXXHOCTH MEP3JIOTO CJIOSI MOYBBI M €ro TIIyOMHBL. DTO YpaBHEHUE HUMEET Pl
HEIO0CTAaTKOB. Bo-MepBbIX, MPU OTCYTCTBUM CHEra BO3MOXEH CTOK. DTO NMPOTHUBOPEUUT 3PaBOMY
cMBICITy. BO-BTOpBIX, 10 ypaBHEHHIO IOJyYaeTcs, YTO 4eM Ooublie TiTyOMHa MpoMep3aHusi, TeM
Oomplie cTOK. OTO He Tak, Ha YTO YyKaspiBaercs B paborax b.A. Anomtosa (1974) u
A.T. bapabanoBa (1993). W, B-TpeThbUX, BJIAKHOCTH TIOYBBI ONPENETSAETCA HaA TIIyOUHY
IIpOMep3aHus NOYBBL. B 3TOM HeT HEOOXOIUMOCTH, JOCTATOYHO OINPENENATh €€ A0 IyOuHs! 50 cM.
Bomneuenne Oonpmieil rmyOmHbl (2 TayOMHA mpomep3aHust NmouBbl ObiBaeT 10 150-200 cm)
MPUBOAUT K CHJIBHOMY BapbUPOBAHHUIO BJIAXKHOCTH IOYBBI U K OOJIBIION OMIMOKE MPHU BBISBICHUU
CBSI3U CTOKA TaJIBIX BOJ C PUPOJHBIMU (PaKTOPAMH U €TO MPOrHO3UPOBAHHH.

[LA. ennens (1990) Ha ocHOBaHMM MaTeMaTH4YecKol 0OpaOOTku 25-leTHero psjaa
HaOJII0ACHNI TOTY4YMII CIIEAYIOUINE YpaBHEHUs pacueTa MpPUTOKa MaBoJAKOBBIX BoJ (W) K Kackamy
BojoxpaHwinil Bomkcko-Kamckoro 6accelina B 3aBUCUMOCTH OT MakcHMallbHbIX cHero3amnacos (h):

W,=14.7+/h , kv (5),

W, =0.94h+54, kv’ (6).

W3 X ypaBHEHHI BUIHO, YTO MMOBEPXHOCTHBIN CTOK ¢ OacceitHa Boaru HaxoauTest B IpsMoit
CBSI3M CO CHerosamacaMu, T.e. 4eM OoJjbllle CHera, TeM OOJjblle CTOK. OTO NPOTUBOPEUUT
MHOTOYHCIICHHBIM JJaHHBIM. CTOK 3aBHCHUT HE TOJBKO OT CHET03amacoB, HO U OT JPYTrux (pakTopos,
KOTOpPBIE HaXOATCS B CIIO)KHOM B3aUMOJICHCTBHH.

B.E. Bomorpenkwuii, 9.A. 3aiiuesa, JI.B. Endumona (1973) npemiarator orieHuBaTh N3MEHEHUE
MOBEPXHOCTHOM COCTABJISIIOIIEH PEYHOTO0 CTOKA IO 3aBUCHUMOCTH KO3(PQHIMEHTa CKIOHOBOI'O
BECEHHEro cToka (0) C MoKa3aTelieM, XapaKTepU3YIOIUM CTENeHb YBIAKHEHHOCTH TIOYBBI B
METPOBOM CJIO€ U IMPOMEP3aeMOCTH IMOYBOTPYHTOB B MepHoJ, mpeamectBytomuid croky (Uy), a
TaK)Xe ¢ YKIIOHOM CKJIoHa (J) 1o ypaBHEHHIO

a=fUJ) (7).

ITokazatens U; paccuumTBHIBalOT MyTEM YMHOXKEHHS CyMMAapHBIX BIJIaro3anacoB Ha CyMMY
OTpHUIATENbHBIX 3HAUEHUN TeMIlepaTyphl BO3AyXa 3a MepUoj OT Hayajga yCTOMYMBOIO €€ Mepexo/a
yepe3 0°C nmo 1 sHBapsa. OTO ypaBHEHHME HE MOXKET MPABUIBHO OTpakaTb 3aBUCUMOCTD
MMOBEPXHOCTHOTO CTOKA OT MPUPOAHBIX (PAKTOPOB IO CIEAYIOMIUM MTpUUMHaM. Bo-nepBbIX, B HEM HE
YUTEHBl CHEro3amachbl, BO-BTOPBIX, IMPOW3BEJCHHE BIIAr03allacOB Ha CyMMY OTPHIIATEIbHBIX
TEMIEpAaTyp HE CBUACTEIbCTBYET 00 YpOBHE BOJONPOHUIAEMOCTH MO4B. M3BecTHO, UTO CHer
XOPOIIO U30JUPYET IMOYBY M €€ COCTOSIHUE YaCTO HE CBA3AaHO C TeMIIepaTypoil Bo3ayxa. B-Tperbux,
BEJIMYHMHA MOBEPXHOCTHOI'O CTOKA TAJIbIX BOJ IPAKTUUYECKH HE 3aBUCHUT OT YKJIOHA.

W3 npuBeNEHHBIX BBIIIE yYPAaBHEHHHA MOXKHO CHENaTh 3aKIIOYEHHE, YTO CTOK B OCHOBHOM
3aBUCHT OT CHEro3amacoB, XOTS B OTHUX YpPaBHEHUAX M YYHUTHIBAETCS BOJOMOIJIOTHUTENbHAsS
CIOCOOHOCTH MOYBHI Uepe3 MIyOUHy MPOMEP3aHus U €€ yBIAXKHEHHUE, HO, Cy IS 0 K03 duumenram,
9TH MOKAa3aTeNu JIMOO0 UTPat0T HE3HAYUTENbHYIO POJIb UM OYEHb OOJIBLIYIO.

Takum 00pa3oM, paccMOTpeHHbIe O0OOIICHHUS, aHAJIU3 CBS3M MOBEPXHOCTHOI'O CTOKA TaJIbIX
BOJ C MPUPOIHBIMU (PAKTOpaMH U METOAbl €ro IMPOTHO3UPOBAHUS HE JAIOT BO3MOXKHOCTH
OJTHO3HAYHO CKa3aTh O POJIM T€X WM MHBIX (PaKTOPOB B (POPMUPOBAHHM CTOKA, AaTh TOYHBIN €ro
IPOrHO3 M OINpPEAETUTh IYTH BO3JEHCTBUS HAa HUX C LEJNbI0 PETyJUPOBAHUS SPO3HOHHO-
THJIPOJIOTUYECKHX TPOLIECCOB.

Bo BHUAJIMMU cBpimie 50 et u3y4aroTcsi 3aKOHOMEPHOCTH (DOPMUPOBAHUS TTOBEPXHOCTHOTO
CTOKa C LEJIbIO €r0 PeryJupoBaHus U pa3pabOTKU MeponpusaTuil mo Oopwde ¢ 3posueil mous. B
pe3ynbTare TMONydYeH O0oabuioli MaTepuall, Ha OCHO8e KOmopoz2o pa3paboTaHa MEeTOAUKa
BbICOKOTOYHOTO (80-100%), 3abmaroBpemernoro(1.5-2 Mecsiia) mporao3a MOBEPXHOCTHOTO CTOKA
Taneix BOj (umeeTrcss maTeHT Ne 2347222), xoropas mo3BoyisieT 0e3 JOMONTHHUTENBHBIX 3aTpaT
npenoTBpatuth 3ToT ymepd. C 3toil mensto aBropoM (bapabanos, 1993) Obun 006001IEeHB U
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MIPOaHAIU3UPOBAHbBl MHOTOJIETHUE COOCTBEHHBIE M JIMTEPATypHBIE JaHHbIC, XapaKTepU3YyIOIIUe
CBSI3b CJIOSl CTOKA TajlbIX BOJ HA 310U M YIUIOTHEHHOM MallHe (MHOTOJETHHUE TPaBbl, O3UMBbIE U JIp.)
C MpUPOJIHBIMU (hakTOpamMu, cHOPMYIMPOBAH U alPOOUPOBAH 3AKOH JTUMUMUPYIOUWUX PAKMOPOs
NOBEPXHOCMHO20 CHIOKA MANbIX 600, 3HAYUTEIBHO PACHIMPAIONIMNA 3HaHUSA 00 3TOM Ipolecce U
MO3BOJISIOIIMN  JieNlaTh BBICOKOTOYHBIM MPOTHO3 CTOKA. YCTaHOBJEHO, YTO BaXXHEUIIMMHU
MPUPOJIHBIMU (PAKTOpPaMU CTOKa SIBJSIFOTCS CHETo3amachl, IyOMHA TPOMEp3aHHs W BIAXKHOCTH
1oYyBbl. THTEHCUBHOCTB U MPOJIOJKUTEIBHOCTh CHETOTAsHUSA, a TAK)Ke APYyrue (PakTopbl Ha OOLIYIO
BEJIMYMHY CTOKAa TajblX BOJ 3a IMEpPUOJ IOJIOBOJbS MpaKkTU4YeCKH He BiuAOT. CyTh 3aKoHa
3aKJII0YAETCS B TOM, YTO HPU HEKOMOPOM (MTUMUMUPYIOUiEeM) 3HAYEHUU 00HO20 U3 HUX CHOK He
gopmupyemcsa nezasucumo om yposusa opyzux. OnpeneneHbl MaKCUMaIbHbIE 3HAUCHUS (HaKTOPOB,
MpU KOTOPBIX CTOK He ¢opmupyercs. Ha rore [fenmpanvnoco paiiona Heweprozemuoii 30mbl
(LIPH3), 6 Llenmpanvro-Yepnoszemuvix odonacmsax (LJ90) nu TloBomxkbe, €clid MouyBa Tajas WU
npomepsia A0 riryouHsl He Oosiee 50 cM, cTOKa He OBIBACT HE3aBUCHMO OT YPOBHS €€ YBIaXKHEHHUs
U cHero3anacoB. /lanbHeliiee yBenrueHue ryOrHbI IPOMEP3aHusl MOYBBI BBIIIE TUMUTHPYIOIIETO
YPOBHSI HE BIIMSAET Ha BEJIMYMHY CTOKa, T.e. NpU JIIOOOH TiayOMHE NpoMep3aHus BbIlIE
JMMUTHUPYIOMEH OH (OPMHUPYETCS OJUHAKOBBIM INMPH OJWHAKOBBIX YPOBHSX APYTHX (HaKTOPOB.
Pemraroiiee BiMsiHME Ha HEro B 3TOM ciydae OKa3bIBalOT Bjaro3amackl B mouBe u cHere. Ilpu
yBinaxkHeHuu BepxHero (0-50 cm) cios nmoussl 10 ypoBHs meHee 120-130 mm Ha rore IPH3 u 70-
95 mM B Hiwknewm IloBoimkbe cTOK He (hopMUpyeTCs HE3aBUCUMO OT TITyOMHBI IPOMEp3aHus OUYBBI
Y CHEro3aracos, T.€. B JIAHHOM CIIy4ae JUMHUTUPYIOMIUM (PaKTOPOM SIBIISICTCS yBIIAKHEHUE MOYBHI.
IIpu 3anacax BoAbI B CHETe MEHbIIe 00beMa MUKpopenbeda MallHu CTOK Takke He (GpopMupyeTcs.
Anroput™ mporso3a cToka npuBeieH B Taduie 1.

KonnyecTBeHHast OlIEHKA BIMSAHUSA HAa CTOK YBJIa)KHEHMsI IOYBBI M CHET03amacoB MPH YPOBHSIX
(hakTOPOB BHIIIE JTUMUTHPYIOUINX MPUBEICHA B TAOIHUIIE 2.

Taoauna 1. AIropuT™ NporLo3a MNOBEPXHOCTHOIO CTOKA TAJIbIX BOJI B 3aBUCHUMOCTH OT YPOBHS MPUPOJIHBIX
¢axrtopos. Table 1. Algorithm of melted snow surface runoff prognosis depending on natural factors level.

YpoBeHs (hakTopoB
I'myOuna npomep- B3amace! Bojibl B mouBe CHerosamachl, Xapakrep (popMUPOBAHHs CTOKA
3aHUs O0UBbL, cM | (cioit 0-50 cm), MM MM
Menee 50 JIro6oii JIro6oi Crok He popmupyeTcs
bonee 50 Menee 70-120 JlroOoi Crox He Gpopmupyercs
(o 30HaM)
Boutee 50 bonee 70-120  |Menbie 005eMa| Crok He hopmupyercs
(o 30HaM) MUKpoOpenbeda
bonee 50 bonee 70-120 Boxbure o6bema | CTOK GOPMHUPYETCSI, BEIMYHHA €ro
(110 30HaM) MHUKpopenbeda | 3ABUCHT OT YPOBHS 3aI1acOB BOJIBI B
CHEre M MOYBE U PACCUUTHIBAETCS 110
YPaBHEHHIO

VYCTaHOBIEHO TakXKe, YTO BEPXHHUM CJIOW MOYBBI B THIPOJOTMUYECKOM OTHOUIICHUU SIBIISIETCS
camoperynupylomeics cucremMod. OH CrMocoOCH TMOTJIOTUTh W yJAepXkKaTh OMPEeICHHOE
KOJIMYECTBO BOJIbI, MAKCUMaJIbHAsI BEJIMYMHA KOTOPOT'O B MEP3JIOM COCTOSIHUM MOXET JOCTUTaTh
TIOJTHOW BJIATOEMKOCTH BEpXHEro ciiosl. JleguiuT Biaaru (pa3HuIla MEXIy MOJHON BIAroeMKOCTHIO
Wy 1 aktuueckumu BiarosanacaMu Wg) oOyCIIOBIMBaeT BelWduHY BojomnoriouieHus. Coit
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cToka Y 3aBUCHT OT aedunurta Braru B mouBe AW u cHerosamacoB nepea cHeroTasHuem W.. B
00111eM BHJI€ ypaBHEHUE MOXKHO 3aucaTh TakK:

Y= We = (W = Wy )= We - AW (8).

Onupasch Ha BHISIBJICHHBIE 3aKOHOMEPHOCTH U CBSI3U, ObLT pa3paboTaH METOJ MPOTHO3a CTOKA
C CEIBbCKOXO35IMCTBEHHON TEPPUTOPHUH. ISl 3TOr0 UCIIONIB3YETCSl YPaBHEHHUE:

Y= Zn: (yai ) Sai ) / Zn: Sai (9)’
1 1

rae Y — ciuoi CTOKa C CelbCKOXO3AWCTBEHHBIX yroauil (Mm), Y, — cioil croka ¢ 1-Toro
arpoona (3s0b, YIJIOTHEHHAs TMAalIHS, KOPMOBBIC YTOAbS TUApOrpaduyeckor ceTh M T.1.),
KOTOPBII OmpezenseTcss M0 YpPaBHEHUSIM CBSI3UM CTOKa C MPHUPOJIHBIMU (akTopamu (MM), Si —
COOTBETCTBEHHO IUIOIIA/b 3TUX arpo()OHOB.

Tabauma 2. YpaBHEHHUS CBSI3U CJIOSI CTOKA TAJIBIX BOJ HA 3i0M Y; M YIUIOTHEHHOW MamrHA Y, ¢ 3amacamu
Boabl W, B cioe mouBbl 0-50 cM u cHerosamacamu W. mepen cHerorasHueMm, MM. Table 2. Equations of
correlation of melted snow runoff layer on autumn plouphing V3 and pressed plonghland V, with water
stoeks Wn in soil layer 0-50 cm and snow stock Ws before snow-melted, mm.

MHOkecTBEHHBIE
YpaBHEHHs CBSI3U CTOKA C IPUPOJIHBIMHU Ommbku
KO3 PHULIHEHTHI N
baxTopamu ypaBHEHHIA, MM
O6nacts KOppeIliIn
HouBa ’ Y200bsl ¢ V200bs1 ¢
68 Y200bs1 ¢ YNIOMHEHHOU a6y | YEIOM- | o | yHiom-
noueotl HeHHoU HEeHHOU
noueotut noy4eou
OPIOBCKA, |\ (51 () 05W,+0.38We| Ve 7110 44W,H041W,| 0.97 | 0.86 | 82 | 14.0
Cepa}I JICCHAasA
K %)
YPERAAL, g 5740.34W,+0.26W, HET TAHHBIX 0.61 - 268 -
Cepa}I JICCHAas
THIAERIH Y o 50+0.25W,H0.25W| Ve 16+0.71W,+0.41W,| 0.92 | 0.74 | 45 | 16.0
qepHO?»eM
Boporexckast,”
OOBIKHOBSHHBIH |\, _ 11y 19w, +0 38Wel V= 12+0.06W,+0.69W| 054 | 091 | 215 | 6.8
YEepHO3EM
Camapckas,
i .
DI |y = 53+0.51W,+0.04W,| V,=24+0.17TW,+0.40W, | 0.48 | 0.92 | 84 | 7.0
YEepHO3EM
B
P Oy = 27+0.38W,H0.29W,| V,=—4+0.19W,+1.14W, | 0.96 | 092 | 7.1 | 92
KalllTaHOBAsA
CBCTIJIO-
V= 9+0.1W,+0.00W, |V,=12+0.17W,+0.16W.| 0.64 | 0.84 | 56 | 8.7
KalllTaHOBAsA
[pumeuanme: ) Matepransl HaOMIOIEHHH HAYYHO-HCCIEOBATENBCKON THAPOMETEOPOTOTHUCCKOI

oOcepparopuu Kamennas crenb. J1.: ['uapomereonsnat. 1951-1986. Beim. 1-23.
Metoa nporHo3a CTOKa MOJTY4YU MHOTOJIETHIOI anmpoOaIuio B pa3HbIX MPUPOIHBIX 30HaX. OH

MO3BOJISIET C BBICOKOM TOYHOCTBIO MPOTHO3MPOBATH CTOK TajlbIX BOJ C CEIbCKOXO35HCTBEHHBIX
YTOJIHiA.
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TO THE PROBLEM OF PROGNOSIS OF MELTED SNOW SURFACE
RUNOFF FORMING IN FOREST-STEPPE AND STEPPE ZONES

© 2012. A.T. Barabanov, V.I. Panov
All-Russian Research Institute of Agroforest Melioration of the Russian Academy of Agricultural sciences

Russia, 400062 Volgograd, Universitetskyi prosp., 97. E-mail: vnialmi_nir@vlpost.ru

Nature factors role in forming the melted snow surface runoff is analised, the law of erosion-
hidrologic process limiting factors is set out, an eguation for calculating the runoff and a method of its
prognosis are given.

Keywords: surface runoff, snow stocks, soil freezing depth, soil moisture, runoff limiting factors law.
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[Moctynmna 13.09.2011 r.

[IpenoxeH METOOMYECKHH TOAXOM K OIIEHKE BEPOATHOCTH IIOSIBICHUS Ppa3IHYHBIX YCIOBHUI
YBIQOKHEHHUSI B OTJENbHbIE MECAlbl BEreTalMOHHOrO Tepuoja s TeppuTopuu BopoHexa c
ucnojbp3oBanueM 1eneil A.A. MapkoBa 1Mo JaHHBIM MHOTOJETHHUX HAONIOJCHHI 3a TEMIIEpaTypoi
BO3/yXa H OCaTKaMHU.

Knrouegvle cnosa: yBmaxHeHHWe, OCAJKH, TeMIepaTypa BO3QyXa, MOBTOPSIEMOCTb, BEPOSTHOCTH,
BErCTAIMOHHBIN MEPHOJ, THIPOTEPMUIECKU KoddduiueHt, renu A.A. Mapkosa.

JIist MHOTHX CIIy4ailHBIX MPOIIECCOB XapakTEPHO HEKOTOPOE BIMSHHE MPEAIIECCTBYIOMINX
coObITUI Ha mocienyromue coObITHs. Takue mporecchl Ha3bBalOT MapKOBCKMMH IO HWMEHU
A.A. MapkoBa, B pabOoTrax KOTOpOro OHM ObulMd BHepBble onucaHbl (Mapkos, 1906).
Marematuueckue MOJeNH, UCToNb3yromue nenu A.A. MapkoBa, SBISIOTCS MEPEXOIHBIMUA MEXKIY
JeTEePMUHUPOBAHHBIMH U YUCTO cToXacTuueckumu mozaensmu (Kens6ept, 2009).

MapkoBCKuH IpoliecC — 3TO MPOLECC, Il KOTOPOro BEPOATHOCTh HAXOAMTHCS B JTAHHOM
COCTOSIHMM, B JAHHbII MOMEHT BpPEMEHHM, M KOTOPYIO MOXKHO BBIBECTM M3 CBEACHHUH O
MPEAIIECTBYIOIIEM COCTOSIHUH.

Lens A.A. MapkoBa — NOCJEI0BATEIbHOCTD CIIy4allHBIX COOBITUN C KOHEYHBIM WM CUETHBIM
YHCIIOM HCXOJI0B, XapaKTepHU3YIollascs TeM CBONCTBOM, YTO MpH (UKCUPOBAHHOM HACTOSIIEM,
Oynayliee He3aBUCHMO OT MPOILIOro. J[s Tako Iemu YHCIo COCTOSHUN KOHEYHO, a BEPOSATHOCTH,
COOTBETCTBYIOIIME MEPEXOAAM U3 OJHOTO COCTOSHUSA B IPYTO€, HA3bIBAIOT CTALIMOHAPHBIMU, UMES B
BHUJYy TO, YTO OHU HE 3aBUCAT OT BpPEeMEHH. TakuMm oOpa3oM, B MPOCTEHIIEM clydyae yCIOBHOE
pacnpenesieHle MOCIEAYIOIEro cocTosiHuA 1enu A.A. MapkoBa 3aBUCHUT TOJBKO OT TEKYLIErO
COCTOSIHMSI U HE 3aBUCHUT OT BCEX MPEIbIAYLIUX COCTOSIHUI. MHOTHe MpUpPOIHbIE MPOIECCH, B TOM
YUCJIE U YCIOBUS YBIAKHEHUSI, MOXKHO CUATATh MapKOBCKUMU.

Cny4ailHpli MEXaHHM3M, BbBI3BIBAIONINI HW3MEHEHUE COCTOSIHHS, OMHCHIBA€TCS MaTpuIlei
nepexona P ¢ 3JIeMEHTaMu p;j. DJIEMEHT p;; PABEH BEPOATHOCTH, C KOTOPOU CHCTEMA MEPEUIET
U3 COCTOSHHSI 1 B COCTOSHHME | 3a €QUHUIly BpeMeHH. TakuM o0pa3oM, p;; — 3TO yCIOBHas
BEPOSITHOCTh TOTO, YTO CHCTeMa OyJeT HaXOIUTHCS B COCTOSHUU ] B CIEAYIOIIUNA MOMEHT, IpH
YCJIOBHH, YTO B JaHHBI MOMEHT OHAa HAXOJIUTCA B COCTOSIHUM i. 3HAYMUT, BCE BJEMEHTHI P
HEOTPHIIATENIbHBI, HO HE MPEBBIMAIOT 1, U cCymMMa 3JIEeMEHTOB B JII000M CTpoke paBHa 1. Matpuia
P, oGnapgaroras TaKMMH CBOMCTBAMH, Ha3bIBAETCS CTOXAaCTUYECKOM, TO €CTh:

0<p,<1Vijeln) P(n=1YneN (1).
Jj=1
Martpuiia nepexoIHbIX BEposTHOCTEN Ha n-M miare P(n) Vn u iy, ..., i, € [ uMeer BUA:
])ij(n)EP(Xm-l:j'Xn:i) (2)>

rae X, — Mocaea0BaTeIbHOCTh CIIyYalHbIX BEJIMYWH, a 71 — HOMEp IIara.
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Takum 00pa3om, cOCTOSIHME B MOMEHT n+/ €CTh j, IPU YCIOBHM, YTO 3aJaHbl COCTOSIHUA I ...,
in-1 m i, =i B momeHtsl Bpemenu 0 ..., n—1, n. CnyuaiiHoe cocTtosiHue X, B MOMEHT #
paccmaTpuBaeTcsl Kak ciaydailHas BelndyuHa co 3HadeHusMHu [. IlociienoBarenpHOCTH CilydaiHbIX
JUCKPETHBIX BEJIWYMH X, CO 3HAYEHMSIMHM B KOHEYHOM WJIM CUETHOM MHOXecTBe / oOpasyer
npocmyio yenv A.A. Mapxoea ¢ HayanbHBIM pacrpeneneHueM X, U maTpulei nepexoaa P,

ecinu coBMectHoe pacmpeaenenue P(Xo =i,, X; =i; ..., X,=i,) HaX0XICHHUS CHUCTEMBl B
COCTOAHMSIX 1,5, i/ ..., ..., I, B MOMeHTHl Bpemenu 0, 1, ..., n ompenensercs yCIOBHbIMU
BEPOSITHOCTSIMU:

P(Xn+l = ln+l Xn = ln7Xn—l = ln—l LR XO = ZO) = P(Xn+l = ln+1 Xn = ln) (3)

MapKkoBCKHE MOJAETH — OAWH W3 THIIOB CTOXAaCTUYECKHX MOJEJeH, B KOTOpOH Oymymiee
pa3BUTHE CUCTEMBI ONpPENENSIETCs €€ TeKYIUM COCTOSHHUEM M HE 3aBHCUT OT TOr0, KaKUM ITyTeM
crcTeMa TIpHUILIa B 3TO cocTosiHue. OHU COCTOAT B OJIM3KOM POACTBE C MAaTPUYHBIMHA MOJICIISIMHU,
T.K. UX OCHOBHAas KOHCTPYKLHUS — MaTpuIlbl, HO 3JEMEHTAaMH O3THUX MAaTpHIl SBISAIOTCS HE
JICTEPMUHUPOBAHHBIE, a BEPOATHOCTHBIC TIEPEXONbl W3 OJHOTO COCTOSHUSL B  JPYTOE.
[TocnenoBaTeabHOCTh Pe3yJIbTAaTOB, MOJYyYaeMbIX U3 TaKOW MOJAEIH, YaCTO Ha3bIBalOT MapKOBCKOH
nenbio. [IppuMeHeHne TakoW MOJENW K TNPAKTHUYECKUM CHTyalusM TPeOyeT BBIMONHEHHS TpexX
OCHOBHBIX yCJIOBHI:

1) cucrema HODKHA IOMYCKaTh KIACCH(PUKALNIO HA KOHEYHOE YHCIIO COCTOSIHUH;

2) mnepexojbl NOJIKHBI IPOUCXOIUTH B TUCKPETHBIE MOMEHTHI BPEMEHH, NPaB/a, OHU JOJKHBI
OBITh JTIOCTaTOYHO OJM3KUMH, YTOOBI TSI MOJICIUPYEMON CHCTEMBI BPeMsI MOXKHO OBLIIO ObI
CUUTATh HEMPEPHIBHBIM;

3) BEpOSTHOCTH HE JIOJKHBI MEHSTHCS BO BPEMEHH.

Martpuiipl BEposSTHOCTEH Hepexoa sBIAIOTCS CPEJCTBOM OMMCAHUsS MOBEACHUS MapKOBCKOH

nenu. Kaxapiii 3JIeMEHT 3TOH MaTpHUIIBI IPEACTABISAET COO0N BEPOATHOCTD MEPEX0/1a U3 3aJaHHOTO
COCTOSIHHMSI (KOTOPOMY COOTBETCTBYET CTPOKa) K CIEIYIOIEMY COCTOSHUIO (KOTOpOMY
COOTBETCTBYET crTosibeir). B 3Toil Marpuile mpeayCMOTPEHBI BCE BO3MOJKHBIE MEPEXOJbl JAHHOTO
MHOXKECTBA COCTOSIHUH. YCJIOBHO TaKyl0 MAaTpHUIly 3allMCBhIBAIOT B OOIIEM BHIE CIEAYIOIINM
obpazoM:

s21 s22 s23

sl pll pl2 pl3 (5),
P= 512 p21 p22  p23
s13 p31 p32 p33

riae P — MaTpuna nepexoaHbIX BEPOSATHOCTEN, Pi, j — BEPOATHOCTD Iepexona u3 coctosHui sll, s12,
s13, COOTBETCTBYIOUIMX CTPOKaM MAaTpHUlpl, B COCTOSIHUS s21, s22, s23, COOTBETCTBYIOILHE
CTOJIOLIAM.

OtmeTHM ele pas, 4TO B IaHHOM Cllydyae UMEeTCs B BUAY LIEMb MEPBOrO MOPSIKA, T.€. TaKas
¢dopma MapkoBCcKOro mporecca, IS KOTOPOH KaxJaoe KOHKPETHOE COCTOSHHE 3aBHUCHT TOJIBKO
HEMOCPEACTBEHHO OT MPEIIIECTBYIOIIETO COCTOSIHHUSL.

Llenpt0  JAaHHOTO  WCCIENOBAHUS  SBISIETCS  pa3paboTKa  METOAWKH  JOJTOCPOYHOTO
BEPOATHOCTHOTO MPOTHO3UPOBAHUS PA3IIUYHBIX YCIOBUH YBIAKHEHHUS B BETE€TAI[MOHHBIN MEPHO] C
ucronb30BanueM 1eneit A.A. Mapkosa.

JITMTEeNbHOCTh BETETAIlMOHHOTO TMepHojJa B JaHHOHW paboTe ompenensiercs, MepruoioM
aKTUBHBIX Temreparyp Bo3ayxa (t>10°C) m oneHmBanzach THAPOTEPMHUYECKUM KOAPPHUIIMEHTOM
I''T. Censnunosa (CenssauHOB, 1928):

I'TK 2R (6),
0.1> t>10°C
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rne I'TK — ruaporepmuueckuii kodddumueHt, 2R — cymMMa OCaaKOB B MM, 3a IEPUOJ CO
CpeHECYTOUYHBIMHU TeMItepaTypamu Bo3ayxa Bbiire 10°C u 2t >10°C — cymma CpeTHUX CyTOYHBIX
Temneparyp Bozayxa Beime 10°C 3a 3TOT ke nepuoa.

[Ipoctora BeruncaeHus: ruaporepmudeckoro koddgdunuenta I'TK crama npuunHON BKIIOYEHUS
€ro B CTaHJIapTHBII NepedyeHb NHAEKCOB apuaHocTy (UepHseimesa u ap., 2009; Ilamko, 1985).

MarepuaJibl 1 METOAbI

Pacuer I'TK mpoBoauics mist mereoctannimun Boponex (Ne 34123 8 BMO) 3a nepuoa ¢ 1918
mo 2010 rr., s KaXa0ro KaJleHAapHOTO MecsIa ¢ Masl 0 CEHTSAOpb, MOcie Yero MPOBEACHA €ro
knaccudukanus. C 31oil 1enpto Bes uccnenyemas soidopka ['TK pasdura Ha paBHoBeposiTHbIE 20%
uHTepBanbl. [Ipu 3TOM Kiacchl BBIACTSUTHCH HE JUIS KaXKIOTO Mecsia OTAENbHO, a JIS BCETro
HccaeayeMoro mepuosa (Mai-ceHTSOph) B IIEOM. DTO TO3BOJWIO aHAIW3UPOBATH KOJICOAHMS
JAHHOTO TIOKA3aTeNsi 3a HUCCIEAYyEeMBI MPOMEXKYTOK BPEMEHH B E€AWHONW CHCTEME U OIICHHTH
BEPOSITHOCTh MPOSIBICHUS TOTO WJIM MHOTO KJacca B KaXXJIOM M3 MECALIEB C MIOHS MO CEHTSIOPh B
3aBMcuMocTu ot coctosiHust [ TK B mae.

B pesynbTare ns Boponexa nomydens! cienyromue kiaccsl ['TK:

1 xknmace <0.45 — «Cyxoii»;

2 xnacc 0.46-0.75 — «3acylnuIuBbIi;

3 knacc 0.76-1.09 — «Hopmay;

4 knacc 1.10-1.65 — « YBIaKHEHHBINY;

5 knacc >1.66 — «BnaxHbIi».

Takum o00paszom, cjelaHa IOMBITKA HCIIONB30BaHMS MapKOBCKUX TIICTICH ISl BBISBICHUS
BHYTPEHHUX BPEMEHHBIX 3aKOHOMEPHOCTEH pa3BUTHS MPOIECCOB YBIAKHEHUS HCCIEAyEeMOM
TEPPUTOPHH.

Pe3yabTaThl M MX 00Cy:KIeHUE

HpoaHanH3preM 3dKOHOMCEPHOCTU B IICPEXOdaX PA3JIMYHBIX KJIIACCOB I'TK or HCXOOHOI'O
mecsama «Maii» B mocICcAyromure MECALbI paCCMaTpUBACMOTO IE€pHoaa ¢ UCIIOJIb30BAHUECM MATPUIL
NEPCXOAHBIX BepOHTHOCTCﬁ, MMpEACTAaBJICHHLIX B Ta6J'II/II_IaX 1-4.

Tadauna 1. Matpuna nepexoansix BeposiTHocter ['TK cocTosiHus Ha Mali-UIOHb.
Table 1. A matrix of transitive probabilities of parameters of humidifying May — June.

PCXOJTHOE COCTOSHIE 1 HporHoz?,preMoe coc3TosIH1/1e I'TK, Kj:accm (vroHB) 5
I'TK, xnacest (vai) «Cyxoit» |«3acynuusbliiy | «Hopmay | «YBraxxHeHHbIN | « BaakHbIID
1 — «Cyxoii» 19 10 14 38 19
2 — «3acyuuIuBbIN» 0 23 23 39 15
3 — «Hopmax 9 31 26 17 17
4 — «YBIaXHEHHBI» 14 30 21 21 14
5 — «Bnaxub1it» 25 20 20 5 30

Ananu3upys tabnuiy 1, MOXHO caenats BbiBoJ, uTo npu ucxognoM I'TK B mae 1 kmacce «Cyxoit»,
B MIOHE C BEpOSATHOCTHIO 38% MoxxHO HaOmomarh mnosiiueHue 4 kiacca ['TK «YBraxHEHHBIW.
BeposTHOCTh MOSIBICHUS OCTATBHBIX KJIACCOB HEBEIIMKA M COCTABISET COOTBETCTBEHHO: 19% — g
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JKCTpeMalIbHBIX KinaccoB «Cyxoi» n «Bnaxuslit»; 14% — 3 knacca I'TK «Hopma» u HaumeHbIas
BEPOSITHOCTH MosiBJIeHUs B HioHe y 2 kiacca I'TK «3acyuumssiiiy — 10%.

Tabauna 2. Marpuria nepexoaabix BepostHoctel [ TK coctossHus Ha Maii — uronb. Table 2. A matrix of
transitive probabilities of parameters of humidifying May — July.

PCXOJTHOE COCTOSHIE 1 HporHOSpreMoe coc;o;mne I'TK, K‘J:accm (uroJip) 5
I'TK, xnacest (vai) «Cyxoit» | «3acymnussliiy | «Hopmay | «YBraxxHeHHbIN | « BaakHbIi
1 — «Cyxoii» 5 38 14 29 14
2 — «3acyuuIuBbIN» 9 37 18 18 18
3 — «Hopmax 16 24 28 24
4 — «YBnaXHEHHBII 0 16 24 52
5 — «Bnaxus1i» 20 25 30 20 5

Ta6smua 3. Matpura nepexonnbix BepositHocTedt [ TK cocrosHus Ha mait — aBryct. Table 3. A matrix of
transitive probabilities of parameters of humidifying May — August.

VCXO/IHOE COCTOSIHIE — HporHo23ijyeMoe CO(;TSHHI/IG I'TK, Izniccm (aBrycr) —
I'TK, nacest (a) «Cyxoit»| «3acynuusblity | «Hopmay | «YBraxHeHHbIN» | « BaakHbIi»
1 — «Cyxoii» 29 24 19 19 9
2 — «3acyuuIuBbIN» 0 50 17 33 0
3 — «Hopmax 17 25 21 25 12
4 — «YBnaXHEHHBII 15 15 23 32 15
5 — «BnaxHb1i» 11 26 11 41 11

Ta6amnua 4. Marpuna nepexoausix BepostHoctel [ TK coctosinus Ha mMaii — cenTsiops. Table 4. A matrix of

transitive probabilities of parameters of humidifying May — September.

[Iporunosupyemoe cocrosiuue I'TK, kiaccol (ceHTIOpb)
HcxonHoe cocTrosiHAE 1- 2-— 3- 4 - 5-
I'TK, xnaccel (maii) | «Cyxoit» | «3acymumBblii | «Hopmay | «YBlakHEHHBIID | «BiiaxxHbI»
»
1 — «Cyxoi» 19 33 19 24
2 — «3acyuIMBbIIN» 25 17 17 41
3 — «Hopmay» 4 21 21 21 33
4 — «YBnaXHEHHBII» 27 27 0 19 27
5 — «Bnaxxns1i» 15 15 25 15 30

B cnyuae ucxognoro 2 xiacca I'TK «3BacynumBeiil» B Mae Tak ke, Kak U ans 1 kiacca, ¢
HauOoJbIIeld BEepOSITHOCTBIO (39%) MOXKHO OXHUIaTh TOsBICHUE 4 Kiacca «YBIAKHESHHBIN.
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[losiBnenue knaccoB «3acynuiuBblii» U «Hopma» paBHOBeposTHO u cocrtaBiser 23%. Hepenuka
BEPOSITHOCTH MosiBieHUs 5 kinacca — 15%. OnHO3HaYHO MOYKHO yTBEPKAATh, UTO MPU UCXOJHOM 2
kiacce I'TK B mae, Henb3sa oxunath nossiaeHue 1 knacca I'TK «Cyxoi» B HIOHE, BEPOATHOCTH
TaKOro COOBITHSI paBHA HYJIIO.

Jns ucxonuoro B Mae 3 kinacca «Hopmay Hanbosiee BEpoSITHO COOBITHE MEepexoa B HIOHE BO 2-
oii knmacc (31%) unu coxpanenue 3 kiacca (26%). BepostHocTh mosiBneHuss 4 u 5 KiaccoB
He3HauuTenbHa U coctaBiseT 17%. Hanmenbias BeposTHOCTH nepexoaa (9%) ucxomnoro B mae 3
kiacca «Hopmax B 1 kmacc «Cyxoi» B HIOHE.

Hcxonnsiii 4 xnacc I'TK «VYBnakHeHHBI» B Mae, ¢ BEpOATHOCTBIO 30% MOXKET MepeiTH B
HIOHE BO 2 KJacc «3acylUIMBBIN» U BeposATHOCTHIO 21% B kiacchl «HopMmay u «YBIaKHEHHBIW.
[Ipu ucxonnom 4 knacce I'TK «YBnakHEeHHBI» B Mae, BEPOATHOCTh MOSBIECHUS 3KCTPEMaTbHBIX
kiaccoB I'TK «Cyxoit» u «Bnaxsbli» B utone cocrasisieT 14%.

Jns ucxonnoro 5 knacca I'TK «BnaxHslil» B Mae, XapakTepHO COXpaHEHHE JAHHOTO Kjacca B
utone (30%). IIpu sTom Benmka BepoATHOCTH mepexona B 1 kiacc «Cyxoi» (25%) wim 2 u 3
KJIacChl — C BeposTHOCThIO 20% nns kaxnaoro kiacca. Hammenee BeposiTHbIM coObiTHEM (5%)
spigercs nepexon B 4 kiacc I'TK.

B ciyuae nabmozaenus B Mae 1 kmacca I'TK «Cyxoii», ¢ MakCUMalIbHOW BEPOSITHOCTBIO JIJISt
nanHoro kiacca ['TK (38%) moxHOo oxunaTs nosiBiaeHue B utosie 2 kiacca ' TK «3acynumuBsiity u ¢
BEpOATHOCTBhIO 29% — kiacca «YBnaxkHeHHBIH» (Tadm. 2). IlosBnenue kmaccoB «Hopma» u
IKCTpEMAJIbHOTO «BrnakHbli» SBISETCS paBHOBEPOATHBIM COOBITHEM, ¢ BeposiTHOCThIO 14%. C
HauMEHbBIIeH BEpOSTHOCTHIO (5%) MOXKHO OXHMIaTh B HIoJe mosiBIeHUEe kiacca «Cyxoit», ecnu
nanubelil knace I'TK HaGmronascs B Mae.

OcoOenHoctu mosBineHus: pasnuuabix kinaccoB ['TK B utone, B ciydyae HaOmoneHus B mMae 2
kinacca I'TK «3acynumBbiiiy, CX0XKHU ¢ pacnpeneneHrnemM BepostTHocTer maia 1 kinacca «Cyxoiy, a
MMEHHO, MaKCHMaJbHOW BeposSTHOCThIO (37%) obnamaer mosiBieHwe B utone 2 kmacca ['TK
«3acyuuuBbiit». IlosiBnenune knaccoB «Hopmay, «YBinaxHeHHbI» U «Bnaxssli» — saBisercs
PaBHOBEPOSITHBIM COOBITHEM, C BEpOSATHOCTBIO it Kaxkaoro kiacca ['TK — 18%. Haumenee
BEPOSITHBIM COOBITHEM, B ciiydae HaOmoneHus B Mae 2 kiacca [ TK «3acynumBbiity, sBisieTcs
MIOSIBJICHUE B UIOJIE C BEPOSITHOCTBIO 9% — 1 kiacca I'TK «Cyxoii».

[ns ucxonnoro B Mae kiacca «Hopmay, ¢ HauMeHbIIENH BEPOSITHOCTHIO ISl TAHHOTO KJjacca,
clenyeT OKMJIATh IMOSBJICHUE 3aCYLUIMBOM MOrojbl B uiojie. BeposTHOCTH mosBieHHs B utoie |
kiacca «Cyxoi» coctaBisier 16%, a nosiBnenue B utone 2 kinacca ['TK «3acynumBeiiy criemyer
OXUJATh ¢ BepOSITHOCTHIO 8%. Hanbonee BeposTHBIM coObITHEM (28%), MM McxoaHoro 3 Kiacca
I'TK «Hopma» B mae, siBisiercs nosisiaenue B uroiie 4 knacca I'TK «YBnaxHeHHBII», a BEPOATHOCTD
nosiBieHus kiaccoB «Hopmay u «BraxkHblil» B JaHHOM citydae cocTaBiisieT (24%).

C mHauMmensbleil BeposTHOCThIO (8%), B cimyudae HaOmomenuss B Mmae 4 wimacca ['TK
«YBIQXHEHHBINY, cheayeT oxuaarh mnoseiaeHus 2 kinacca ['TK, a ciaydanm mnosBieHUs
skcTpeManbHoro 1 kmacca «Cyxoi» 3a HUCCleIyeMblli TPOMEXYTOK BpeMEHHU 3a(hUKCHPOBAaHBI HE
obmn. C BeposTHOCTBIO 52%, st ucxomHoro B mae 4 kinacca ['TK «YBiaxHEHHBIN», MOXKHO
oxxuaath nossieHue B utone 5 knacca I'TK «Bnaxsblil»y. BepoATHOCTh MOSBIEHUS OCTAIbHBIX
KJIaCCOB 3HAYMTENILHO MeHbIe u cocraBisieT mia 4 knacca I'TK «YBnaxkaennsiiny — 24%, knacca
«Hopma» — 16%.

Jna ucxonHoro B mMae 5 kiacca «Bnaxsbli», B Hiode ¢ HauMeHbIIEH BEpOSTHOCTHIO (5%)
CIIeTyeT 0KHJIaTh TOSIBJIICHUE ATOro Kiacca. Hanboee BeposaTHOCTHBIM coObiTreM (30%) B JaHHOM
ciy4ae, cieayer oxuaarh nosieiaeHue 3 knacca «Hopma». BepoATHOCTH MOSIBIEHHSI OCTaIbHBIX
KJIACCOB BEJIMKH M KoyieOmroTest B penenax 20 — 25%, a umenHo: 1 kmacc — 20%, 2 kmacc — 25%, 4
kiacc — 20%. B nanHOM cutyanuu, B UkoJie, yBEPEHHO IPOrHO3UPOBATh MOKHO TOJIBKO OTCYTCTBHE
3KkcTpeMalibHOrO «BnaxHoro» kinacca ['TK.

[Tpu ucxomuom 1 kmacce I'TK B mae, B aBrycte (Tabi. 3) Takxke ciaeayeT 0KUAaTh MOsIBICHUS 1
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kiacca I'TK «Cyxoii» ¢ BeposSTHOCTBIO B 29%, a BEpOATHOCTD MOSIBICHUS 2 Kilacca «3acyUIUBBIN
— 24%. C naumeHblIel BeposATHOCTHIO (9%) ciaenyeT oKuaaTh MOSBIEHUE IKCTPEMAIILHOTO Kilacca
«Bnaxwusiity. IlosBnenne 3 u 4 wxmaccoB ['TK sBaseTcss paBHOBEPOATHBIM COOBITHEM C
BEPOSITHOCTBIO 19%.

B cnyuyae nabmonenust B mae 2 kiacca ['TK «3acynumuBslit», MIpOrHOCTUYECKUE COCTOSHUS B
aBrycre 0osiee BbIPayKEHbI, @ UMEHHO:

® OJHO3HAYHO MOXXHO CKa3aTb, YTO B aBrycTe He OyIyT HaOMIONaThCs SKCTpPEMalbHbIC
«Cyxoi» n «Bnaxusiit» kiaccesl I'TK, T.K. BepOSITHOCTb JaHHBIX COOBITUN paBHA HYIIIO;

e Haubosee BepoATHO mosiBieHue B aprycre 2 knacca I'TK «3acynuimBelity. BeposTHOCTD
JTAHHOTO COOBITHS B JIaHHOM CcClly4ae MakcuMmanbHa W coctaBisier 50%. Taxke ¢ Oonbmioi
BeposiTHOCTHIO (33%) cnenyet oxuaars nossieHue 4 kinacca ['TK «YBrnaxxHeHHBIN»;

e BeposTHOCTh nosiBieHus 3 knacca ' TK «Hopmay» He3HaunTenbHa u cocrasuseT 17%.

BripaboTath mporaoctudeckue perieHus B cirydae Ha0moaenus B mae 3 kiacca ['TK «Hopwmay
CIIOXHO, T.K. pacHpeleleHHE BEPOSTHOCTEH NPAKTUYECKH PAaBHOMEPHO. B OCHOBHOM cienyer
OXuJaTh JU00 coxpaHeHue kiacca «Hopma» ¢ BeposiTHOCTBIO 21%, I1MO0 MOSABIEHUE COCETHHUX
KJIaCCOB «3aCyNUIMBBII» WK «YBIaKHEHHBI» ¢ paBHOW BEPOATHOCTHIO JUIsl 000UX cirydaeB 25%.
BepostHoCTh nosBIEHU SKCTpeMaAIbHBIX «CyXoi» U «BilaKHbID KIACCOB HEBEJIMKA U COCTABIIAET
cooTBeTCTBEHHO 17% u 12%.

Jlns xnacca «YBIIa)KHEHHBIN» B Mae, C BEPOATHOCTBIO 32%, XapaKTEpPHO COXpPaHEHUE JaHHOTO
Kjlacca B aBrycre, aubo mepexox B kiacc «Hopma» (23%). IlosiBieHHE OCTalbHBIX KIJIACCOB
PaBHOBEPOSTHO MaJIO U cocTaBisieT 15%.

s ucxomgHoro B Mae 5 Kiacca, ¢ HamOoiblneld BeposTHOCTHIO (41%) B aBrycre ciemyer
oxuaate nosisiieane 4 kiacca ['TK. C BeposTHOCTBIO 26% CleAyeT 0KUaTh MOABJICHUE 2 Kiacca
«3acylnuIuBbIi». BepoATHOCTb MOSIBIEHHS OCTaJIbHBIX KJIACCOB PABHOBEPOSITHO MAJIO U COCTABIISET
11%.

BripaboTka MPOTHOCTUYECKUX PEIIEHHUH Ui CEHTAOPS OTHOCHTEIBHO HMCXOIHOTO COCTOSHUS
I'TK B Mae, Takxe mMeeT cBOM ocoOeHHOCTH (TaOum. 4). Jlns wcxomHoro 1 kiacca, B CEHTAOpe
Hanboyiee BEPOATHBIM COOBITHEM C BEpOSTHOCTHIO 33% Oyzer mosiBieHue 2 Kjlacca U HauMeHee
BeposTHBIM (5%) — 3 kiacca «Hopmay. BepostHocTh nosiBneHus 5 kinacca «BiaakHbIi» cocTaBiser
24%. IlosiBnenue 1 u 4 knaccoB paBHOBEPOATHO MaJlo U cocTaBiAeT 19%.

B ciydqae ncxonHoro «3acyluIMBOrO» Kilacca OJHO3HAYHO HE CIENYET OXHUAATH IOSBICHUE
knacca «Hopmay. Haubonee BepostHo (41%) mosiBIeHHE SKCTpEeMalIbHOTO 5 Kilacca «BraaskHbIi.
BepositTHocTh mosiBeHUs 3kcTpemanbHoro 1 kmacca «Cyxoi» Takke BelHMKa U cocTaBiseT 25%.
[losiBnenue 2 u 4 xnaccoB paBHOBEPOATHO U cocTaBisieT 17%.

g ucxonHoro B Mae 3 kiacca «Hopma», B ceHTs0pe Hambosee BEpOSATHBIM COOBITHEM (C
BEpOATHOCTBIO 33%) Oyzaer mosiBieHue 5 knacca «BnaxHblil» 1 Haumenee BeposTHBIM (4%) — 1
kimacca «Cyxoit». [losiBleHHE OCTaNBHBIX KIIACCOB SIBIISICTCSI PABHOBEPOSITHBIM COOBITHEM, C
BEPOATHOCTHIO 21%.

B ciydae B mae ncxomnoro 4 knacca I'TK «YBinaXHEHHBI», U1 CEHTSAOPS TOBOJIBHO CIIOXKHO
BbIpa0OTaTh NporHocTuueckue peuieHus. OJHO3HAYHO MOXKHO YTBEP)KIaTh OTCYTCTBUE Kiacca
«Hopmay. [osiBieHHE OCTaNBHBIX KJIACCOB SIBIISICTCS MPAKTHYECKH PABHOBEPOSTHBIM COOBITHEM C
BEPOATHOCTHIO 27%, INIIb BEPOSTHOCTD NOsABIICHNUS 4 Kilacca cocTaBiseT 19%.

Jnst ucxogHoro 5 kimacca ¢ BepoATHOCTHIO 30% xapakTepHO COXpaHEHHE NAaHHOTO Kiacca B
ceHTsA0pe, MO0 C BeposATHOCThIO 25% mosiBieHue kiacca «Hopmax. IlosiBieHMe ocTanbHBIX
KJIACCOB SIBJISIETCS PAaBHOBEPOSITHO MAJIBIM COOBITHEM, C BEPOSITHOCTBIO 15%.
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BriBoabl

[IpoBeneHHBIE  HCCIEAOBAaHMS  IMOKa3alM  LEJI€COO0pa3HOCTh  MCMOJNb30BAaHUS  Iienel
A.A. MapkoBa K OLIEHKE BEPOSITHOCTH IMOSIBJICHMSI Pa3IMYHbIX YCIOBHM yBIa)KHEHUS B OTACJIbHBIC
MecCsIbl BETeTallMOHHOr0 mepuoja (C Mas 1Mo CeHTsI0pb) ans Teppuropun Boponexa. [laHHbIM
MOJIXO/ SIBISIETCS YHUBEPCAJIbHBIM Ui JIIO00M TEppPUTOPUH, T.K. PACCMaTPUBAETCS KOHEYHOE
cocTossHue oObekTa (ycioBue yBiaxkHeHus «kiacc I'TK») BHe ¢usnyeckux ocoOEHHOCTEH ero
MOSIBJICHMS.
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THE IMPLEMENT OF MARKOV CHAINS FOR PROBABILISTIC FORECAST OF THE
DIFFERENT CONDITIONS OF MOISTENING IN THE VEGETATION PERIOD ON THE
EXAMPLE OF VORONEZH

© 2012. L.M. Akimov

Voronezh State University
Russia, 394020 Voronezh, Kholsunova str., 40. E-mail: akl63@bk.ru, geoecolog@mail.ru

We propose a methodological approach to assessing the probability of occurrence of different
moisture conditions in individual months of the growing season for the territory of the Voronezh using
Markov chains, according to long-term observations of air temperature and precipitation.

Keywords: moisture, precipitation, air temperature, frequency, probability, vegetation period,
hydrothermal coefficient, Markov chain.

APUJHBIE S5KOCUCTEMBI, 2012, Tom 18, Ne 4 (53)



APHJHBIE DKOCUCTEMABI, 2012, mom 18, Ne 4 (53), c. 35-44
OTPACIJIEBBIE ITPOBJEMbI OCBOEHUSA 3ACYIIJIMBBIX 3EMEJIb

VIIK 504.123

INPOBJIEMBI OITYCTBIHUBAHMUA 3EMEJIb PECITYBJIMKHA ThIBA
©2012r. AJA. Cam0yy*, A.B. lanbipaii®, A.H. Kyyaap*, H.I'. Xomymky™**

*TYSUHCKULL UHCMUMYM KOMNIIEKCHO20 0CBOEHUS. NPUPOOHBIX PECYPCO8
Cubupcrkozo omoenenus Poccutickoii akaoemuu nayx

**Tyeunckuili 2cocyoapcmeenHulil yHUGepcumem
Poccus, 667007 Kvizvin, yar. Humepnayuonanvuas 117a. E-mail: sambuu@mail.ru

[Moctynmna 29.03.2011

B wucropun 3emienenpyeckoro OCBOEHHUS TEpPpUTOpHHM TyBbl MOXKHO BBIAEIUTH TpPaAULIMOHHBIN
HEpPUOJ, C THICSUCIETHUM OTIOHHO-IIACTOUINHBIM >XMBOTHOBOJACTBOM, COBETCKMH M COBPEMEHHBII
neproabl. OCHOBHBIM y/IapOM arpapHOTO OCBOCHHS TeppuTopuH TyBbI cTaja pacnamika neirHsl B 60-
70-x rogax mpouuioro cronetus. Bropoil ynap Obi1 HaHeceH Ooliee MOCTENEHHO, HO C HE MEHBIINMHU
HOCJEACTBUSAMMU Ul IPUPOJIBI CTEIIEH B CBSA3U C Pa3sBUTHEM CKOTOBOJICTBA. B pesynbrare, nanamadTh
CTerel TMOHEeCHH TSKKUI DKOJOTHYECKMH YpOH. 3aHAThIe MMOJA MAIIHI0 YYacTKH CTeme craju
00BEKTOM Jerpajalud MOYB W BETPOBOH spo3uu. B Hacrosmee Bpems Ha (oHE craga arpapHoro
NPOM3BOACTBA M YMEHBIICHUS OOLIEH IUIOLIaIy CENbX03yroduil (3a cUeT KOHCEpPBAalWU 3€MENb) I10
peciy0IMKe 0TMeUaeTcsl COKpalleHUe TEMIIOB Aerpalaliii 3€Mellb.

Kniouesvie cnoea: omycTelHUBaHUE, Jerpajanus, 3acojicHue, neduiilus, BOIHAs 3pO3us,
TpaHchOpMaLs, MOHUTOPHHT.

EBpoa3uarckue crenu, 3aHMMAlOLIME OKOJO & MIIH. KM, pacnaxanel Ha 65-70%. Bonbmiue
MACCHBBI HEPACIAXAHHBIX CTEMHBIX 3eMeb (2.3 MJTH. KM®) OCTalHCh CErofgHs B LIGHTpambHOI
A3un. lleHTpasbHOA3MATCKUE CTENHM, K KOTOPHIM MpUHAJUIeKAT cTend TyBbl, O CHX TMOP
MIPE/ICTABISAIOT OCHOBHOE XPAaHWJIMILE BHJIOBOTO M AKOCHUCTEMHOI'O OMOpa3HOOOpa3us U SABISAIOTCA
BMECTE C TE€M BO30OHOBISEMBIM PECypCOM, HCIONb3yEeMbIM B XO3SHWCTBEHHOW AEATeIhHOCTU
(Crermu ..., 2002). CoxpaHuBIIHECS IICIIMHHBIE CTEMHU TMPEICTABISAIOT COOON €CTeCTBEHHBIC
MacTouIA Ui TPABOSIAHBIX TUKUX U JOMAITHUX KUBOTHBIX. OJTHAKO OHM HAXOMAATCS MOJ CHIIbHBIM
AHTPOIOTE€HHBIM IPECCOM, YTO MPHUBOJIUT K MX Jerpajauuu. Jlerpaganus 3eMenb BbIPa)KaeTcs B
CHIDKGHUHM WU ToTepe OHOJOTHYEeCKOW MPOAYKTUBHOCTU M CTPYKTYPHl MAaXOTHBIX 3EMElb,
MacTOMIIl U CEHOKOCOB B PE3yJIbTaTe 3€MJIENOJIb30BAHUS WU JEHCTBUI OJHOTO MM HECKOJIBbKUX
MPOLIECCOB, TAKUX KaK BETPOBas WM BOJHAS 3PO3Hs, 3aCOJICHHE, JOJITOCPOYHOE HCTOIICHUE
[IOYBEHHO-PACTUTEIBLHOTO MOKPOBA.

Hctopus ucnons3oBanus 3emenb CuOUpu, B TOM YHCIE U TYBUHCKUX, HACUYUTHIBAET HE OJHO
TBICAYEIICTHE, B TEUYCHUE KOTOPOM OHHM TMOABEPrajaucCh, C OJHOM CTOPOHBI, AHTPOIOTECHHOU
Jerpajaluny, ¢ JIpYroil — BOCCTAHOBIICHHMIO W YJIYYIIEHUIO B pe3yJibTare LeJeHANpPaBIeHHON
JESITEIbHOCTH YEJIOBEKa.

B nocnennue 100 nmet monmuTudeckre M SKOHOMUYECKUE mepemMeHbl B Poccun, B PecmyOmnrke
TrIBa BBI3BAIM U3MEHEHHUS B IUIOTHOCTH HACEJICHHUS PETHOHA, B CIIOCO0AX OpraHM3aluU XO3sIHCTBA
U COCTOSIHUH 3E€MEITb.

Jlo 1945 rona B TyBe ObUIO pa3BUTO B OCHOBHOM MAacCTOMIIHOE XO34MCTBO, paclalika 3eMeib
Obl1a BBHIOOPOYHOM, a paclmaxaHHOCTh HE3HAuWTeabHOW. Ha mamme B TedeHwe psga JeT
BO3JIENBIBATIM CEIbCKOXO3SUCTBEHHBIE KyJbTYpbI, Yallle MIIEHHUIy M IPOcO. 3aTeéM, B CBSI3U CO
CHIIKEHUEM ypOXKaeB, paclaxaHHbIE 3e6MJIU MOCNE 3-4-X JIETHETO MCHOJb30BaHUS NEPEBOJIUIINCH B
3aJIe’Kb, KOTOpask UCIOJIb30Bajach B KaueCTBE CEHOKOCOB M nactOuml. [TpakTukoBanock oporraemoe
3emiie/ieNue.
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W3ydenue cTpyKTYpbl U TUHAMUKH 3€MEJBHBIX pecypcoB TYBBI MOJ BIUSHUEM MEHSIONICTOCS
AHTPOIIOTCHHOI'O pPeKUMa AKTYaJIbHO B TCOPCTUICCKOM IIJIaHE B ACIICKTEC HU3y4YCHUA
Ouopa3HOOOpasusi, B TPAKTUYECKOM IUIAHE — C TOYKH 3PCHHS COXPAHCHHS TPUPOIHBIX
BO300HOBJISIEMBIX PECYPCOB.

[enb paboOThI — UCCIIETOBaHHS IPOOJIEM OIYCTHIHMBAHUS 3¢Melib TYBBI TIPU Pa3HBIX PEKUMaX
HX UCIIOJB30BaHUA, KOTOPBIC IIPUBOJAAT K HAPYIICHUIO ITIOYBCHHO-PACTHUTCIILHOI'O ITIOKPOBA.

MarepuaJj u MeTOAMKA

OObeKkTaMH HCCIIEeIOBAaHUS CIY>KUJIM CENbCKOX03siiicTBeHHble yroapsi TyBol. Ctemu B TyBe
3aHUMAIOT MEXTOpHbIE KOTIOBHHBI ¢ BbicoTaMu 550-1200 M Haj ypoBHEM MOps, HUKHHE YacTH
TOPHBIX CKJIIOHOB, BBICOKHE TE€Ppachl PEUHBIX AOJHH. KpymHbIE MacCUBBI CTENEl, KOTOPbIE 3aHSATHI
CENIbX03yTO/bSMHU, XapakTepHbl i Yiayr-XemMckod u  YOcyHypckod KoTioBuH. Hamm
COOCTBEHHBIE MCCIIEIOBAHUS 110 U3YUYECHUIO OITyCTHIHUBAHUS 3eMelb TyBbI IPOBOJUINCH HA 3EMIISIX
Oonee yBrnaxxHeHHON TypaHO-YIOKCKOU (5 KIIOUEBBIX y4acTKOB) U TOXIWHCKON KOTIOBUH (3), B
3acynuiuBoil LlenTpansHo-TyBuHckol koTinoBunHe (10) m B Hambonee 3acynuinBoi YOCYHYpPCKOM
kotinoBuHe (8) B 1996-2010 rr. IloneBble wucciaeAOBaHUS MPOBOAUIUCH TMPEUMYIIECTBEHHO
MapIIPYTHBIM METOJIOM. AHAIM3UPOBAINCH MAaTEPHUAIIBI IO OIMYCTHIHUBAHUIO TYBHHCKOTO HAay4HO-
HCCIIEI0BATENIbCKOIO MHCTUTYyTa ceibckoro xosgaiictea (Kampnas, 2003), I'ocynapcTBeHHBIE
nokaabl «O COCTOSHUM OKpY Karomiei mpupoaron cpeasl Pecryomuku TriBay (2000-2003).

Jl7is u3y4eHusl pacTUTEIIbHOCTH HCIIOJIB30BANIM OOIIETIPUHATRIE MeTOAUKH. ['eo0oTaHnYecKue
ONMCAHMS YKOCHUCTEM MPOBOJMIIN HA KAKIOM y4acTKE Ha IMATH IIomaakax pasmepom 100 M. Hns
ompezaeneHuss (QUTOMacChl Ha KaXIOM YYacTKE 3aKJIa[bIBAIIOCh CIy4ailHBIM oOpasoM 8
SKCIIEPUMEHTAJIBHBIX IUTomaoK. Ha Bcex muomankax Haa3eMHyI0 GUTOMAcCy cpe3aid Ha YpOBHE
MOYBHI U C MOYBBI COOMpaIM MOACTUIKY. BeToms oTOMpain OTAETBHO OT 3eNeHOW (PUTOMACCHI U
noce a0 pazoupanu o Bugam (Tutnsaosa, 1977).

[To HammM HAOIIOIEHUSM OCHOBHBIM HETATUBHBIM IPOIECCOM, Pa3BUBAIOLINMCS B CTETISX,
SBJISIETCS OIMYCTHIHUBAHUE, KOTOPOE TNPUBOAUT K CHIKEHUIO NPOAYKTUBHOCTH, YBEIMUYEHHUIO
OOHa)XEHHOCTH TIOBEPXHOCTH 3E€MJIM, CHHKCHHIO BOCHPOHM3BOJCTBA KOMIIOHEHTOB CTEIHBIX
sKocucTeM. Psn u3meHenuii mapameTpoB reorpaduueckoil Cpeapl Mo JIUTEIHHOCTH U TOCTOSHCTBY
MO3BOJIMJIM  YCTAHOBUTH HEKOTOPBIE TEHICHLIMU M 3aKOHOMEPHOCTH pa3BUTHs IPOLIECCOB
OITyCTHIHUBAHUSA.

Cornmacno «CyOperroHaipHOW HAIlMOHAJIBHOM mporpamme JeiictBuii mo Oopebe ¢
omycteiHuBaHueM s tora Cpemgneit Cubupu Poccuiickori ®enepanum» (2000) B kauecTBe
OCHOBHBIX TIIOKa3aTelieil OMyCThIHUBAHUSA 3€MENb TNPUHATHI CTENEeHb JAe(IUPOBAHHOCTH,
SPOAMPOBAHHOCTU (BOJIHAS 3PO3Us), 3aCOJICHHUS W JErpajalii MacTOWIL, KOTOPbIE MPUBOMAST K
MIPUPOJTHO-AHTPOTIOTCHHOMY ~ HapyIIEHUIO JKOCHCTeM. Tak, pa3IuyaroT YeThIpe CTCICHH
OMYCTHIHUBaHMS 3eMenb: | — donoBas, 2 — cmabas, 3 — cpennsisi, 4 — cuibHas. [Ipu GoHOBOM
YpOBHE HaONIOAeTCd W3MEHEHHE MPOAYKTHUBHOCTU IIOJI BIUSHHEM arpoOMETEOpPOJIOTHUECKUX
(hakTOpOB (3aCyXH, CyXOBEH M TPSIMbIE HEOJAroNMpHUsATHBIC MPUPOJHBIC SBICHUSA) 0€3 HapYIICHUS
nmouBorpyHTOB. Cnabasi cTeneHb XapaKTepU3yeTCsi HE3HAYUTENbHBIM HapylICHHEM IOYBEHHO-
PacCTUTENHHOTO MOKPOBAa M COKpAIICHUEM XO3SIIICTBEHHON ypO’KaHOCTH B YIOJbSIX MEHEE YeM Ha
20% (B cpennem Ha 10%), npu cpenneit crenenu — 20-60%. CunbHasi CTENEHb COMPOBOXKAACTCS
pa3pyLIeHUEM TUIOJOPOAHOTO CJIOS TOYB M COKpalleHneM ypoxaiHocTH Ha 60-90%.

[Ipu uccnemoBaHWU AeTpajallid 3eMelb BAKHBIM MOMEHTOM SIBJISIETCSl KapTorpadupoBaHUe.
OHO HeoOXOonMMO /Jisi OTpPaKeHHs CTENEeHW U THUIIOB Jerpajallid 3eMellb B  Pa3iIHMuHbIX
reorpapuueckux 30HaX U aJIMUHUCTPATUBHBIX paiioHax. OCHOBHBIM HCTOYHUKOM HH(OpMAIIUU JIS
KapTorpagupoBaHusi B JaHHOU paboTe ciykuiu cBefeHus Komurera mo 3eMenbHBIM pecypcaM U
3emuieyctpoiictBy 1o PecnyOnmke TwiBa (IIporpamma npevictuii ..., 2000) u «['ocymapcTBeHHOTO
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(HaumoHanbHOrO) Aokiaza ... » (2001). Ouu comepxkaT HMHGMOPMAIMIO, XapaKTEPU3YIOIIYIO
COCTOSIHME TIOYBEHHOTO IIOKPOBAa BCEX CENBXO3YTOAMHA pPECIyONIuKH 10 aJIMHUHHCTPATUBHBIM
paiioHaMm.

[Toka3zarenu nerpamanyy 3eMeNb, BBIPAKEHHBIX B TeKTapax, ObUIM MpeoOpa3oBaHbl B GOpMY
unaekcoB nerpananuu (MJ]), orpakarommx B HpPOIEHTAX MOPAKEHHOCTh TEPPUTOPUU TOW WIIH
WHOU (popMoii Aerpaganuu:

NOPANCEHHA Yacmb meppumopuu , 2a
= -100% (1).
obwas niowadsL meppumopuu , 2a

Yewm BeIlIe 3HaueHHe nokasarens W], Tem Gonblie miaomaas 04aroB 1 MacCUBOB J€rpalaliiu
Ha JaHHOM Tepputopun (CouuanbHO-3KOHOMHYECKOE ..., 2010). [laHHBIH MeTOA IO3BOJISET
COIIOCTaBUTh M OOBEKTUBHO OLICHUTh 3€MJIM DPA3JIMYHBIX KAaTEropuil IO XapakTepy M CTEIEeHU
HapymeHHocTd. Cymmapubslii /[ teppuropuanbHoil eauHuLbl sABiasercs cymmoir WJI mamHw,
nactOuI, ceHOKocoB. B cBoro odepenb, M1 kaxmoro Buaa yroaui CKiIaabpIBaeTCs U3 WHIEKCOB UX
Jerpagaiuu oT Ae(Isun, 3po3un U 3aconenus. [Ipu coBMecTHOM MPOSIBICHUH HECKOIBKHUX (hopMm
Jerpaganuy (Hanpumep, aeduianus + BogHas 3po3usi) COCTOSHUE YTOAUM OTpaXkaeTcs CyMMapHbIM
WHJIEKCOM, 3HAU€HHE KOTOPOro MOKeT npeBbimarh 100%.

Pe3ysabTaThl B 00CyKI1eHHE

B coBerckuii nepuoa B 1965 r. Bce 3eMJIM CEIIbCKOXO3MCTBEHHOTO MOJIb30BaHUs COCTABIISIIN
Bcero 27.4% ot obmeit miomaau pecnyOnuku. OOMUpHBIE TEPPUTOPUU FOTA PECIYOIHKHU eIrie
ObUTH c71a00 OCBOECHBI.

B cooTBercTBMM € JaHHBIMH TOCYJapCTBEHHOW CTATUCTHUYECKOW OTYETHOCTH IUIOIIATH
semenbHOro (ouma PecrryGmukn ToiBa Ha 01.01.2010 T. cocrasmsier 168.6 Toic. kM (Tpodumos,
1998). B nocTcoBeTckuii Neproj MPOU30LUIN 3HAYUTEIbHbIE U3MEHEHUS B CTPYKTYpPE 3€MEIbHOIO
(hoHIa C yMEHBIIICHUEM ILIOIIAICH 3eMeNb CEIbCKOX03IMCTBEHHOTO Ha3HaueHus (puc. 1).
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Puc. 1. /lunamuka cTpykTypbl 3emenbHoro c¢onga TyBel, %. VYcioBHele o0Oo3HadeHus: 1 — 3emiu

CEITbKOXO03SICTBEHHOTO Ha3HAUCHHMST; 2 — 3eMJTH JiecHOTO (hOH/A; 3 — 3eMJTH 0CO000 OXPaHIEMBIX TEPPHUTOPHIl;
4 — 3emym roc3amaca; 5 — mpoune 3emnd. Fig 1. Dynamic of the land fund’ structure of Tuva, %. Legend: 1 —
lands under agriculture; 2 — forest fund lands; 3 — protected lands; 4 — state stock lands; 5 — other lands.

Tak, B 1998 1. ona cocrtaBmsia 4443.9 teic. ra, 2003 r. — 2587.7 ThIC. Ta, T.€. Ha 1856.20 THIC. Ta

Menbiie, 2008 . — 3164.8 Teic. ra. HeBbicokast M0l CENbCKOXO3SIMICTBEHHBIX yTOAW B OOIIEH
TUIOMIA/IA PECITyOMKHA OOBSICHICTCS MPeo0IalaHueM OOIMPHBIX TUIOMIAICH JIGCOB, BRICOKOTOPHOM
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TYHJIPBl U TOJYMYCTHIHHBIX MPOCTPAHCTB. 3€MJIM CEIbXO3HAa3HAUCHUS MEPEBENICHBI B KATETOPHUIO
rOoCyJapCTBEHHOIO 3EMEJIbHOIO 3amaca. YBelauueHue 3eMmenb roczemsanaca (2010 Teic. ra)
MPOU30MIIO 32 CYET 3eMellb JMKBUIUPOBAHHBIX KPECTHIHCKUX (apaTCKUX) XO3SIICTB M 3€MENb
CEBCKOXO3SIUCTBEHHBIX MPEANPUATHM, KOTOPhIE UMHU HE TIOJB3YIOTCS. DTO OTPA3UJIOCh HA CTEIICHU
Jerpajialiii 3eMefb pecnyOIuKy, T.K. 4acTh MaXOTHBIX 3eMellb He 00pabaThiBaeTcs, MepeBeicHa B
3aJ1€3Kb, TIOJISI 3apacTaloT OypPbsIHUCTOM PACTUTEILHOCTHIO, M 3TO B HEKOTOPOM CTEMEHU CACPKUBAET
npoueccel aedusimuu U dpozud. C 1991 1. mo 2000 r. HaOmrOAanoch COKpalleHHE TEMIIOB
JeTpaIalliy MacTOUI B CBS3H C YMCHBIIIGHUEM ITOTOJIOBbS CKOTA, OCOOSHHO OBEII TI0 CPAaBHEHUIO C
1980-1990 rr.

Takum o0Opa3om, mepexo1 ¢ TUIAHOBOTO BEACHHS HAPOJTHOTO XO3SUCTBA K PHIHOYHOMY IOBJICK
3a co0oif pe3koe yMEHbBIICHHE MacTOMINHON Harpy3ku. B Hacrosiee Bpemsi B peciyOiidKe
CEJIbCKOXO3SIUCTBEHHBIMU YTOAbsIMU 3aHATO 34% Tepputopun pecnyOiIuKH, B COCTaBE KOTOPBIX
npeobnagaroT nactouma — 87.5%, maxoTHele yroabs 3aHUMArOT 5.4% u ceHokockl — 6.5% (puc. 2).
U3 cenbCcKoX03giCTBEHHOTO HCIIOIL30BAaHMUS BBIITIAJIO 52 THIC. T'a IAIIHH.
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Puc. 2. JluHamMuKa CTPYKTYpPBI CEIbCKOXO3SUCTBEHHBIX yroawii TyBel, %. YcimoBHbIe 0O03HaueHus: 1 —
nacTouina; 2 — CeHOKOCHI; 3 — 3anexb; 4 — namus. Fig 2. Dynamic of the agricultural lands’ structure of
Tuva, %. Legend: 1 —pastures; 2 — haymakings; 3 — a long fallow; 4 — an arable.

[Tpu onenke TpaHcpopMaIK CETbX03yTOANNA PEeCITyOIUKHA Mbl CPAaBHUBAIIM COCTOSIHUS 3€METh
¢ 1965r. mo 2008 r. Oco0EeHHO CHJIBHO MOCTpaJaldd OT AErpajallid CelbX03yrojbs CTEMHBIX
MEXTOPHBIX KOTJIOBHH. boliee BO3BBIIIIEHHAS] CEBEPO-BOCTOUHAS YACTh TEPPUTOPUH TyBBI BXOJIUT B
MO/ITAEKHYIO0 30HY, IO3TOMY 3PO3HMOHHBIMM MPOIIECCAMU 3aTPOHYTa He3HauuTelbHO. CyMMapHbIe
WHJCKCHI Jerpajanuu cenbxo3yroguii Ha 2005 r. mo aAMHUHUCTPATUBHBIM pailoHAM peCIyOJIUKH
otoOpakeHbl Ha puUCyHKe 3. B 1eoM CuiibHasi CTETNEeHb JAETPaJaldd CEIbXO3YTOJUH TATOTEET K
I0’KHBIM U LIEHTPaJIbHBIM paiioHaMm pecityOnuku ¢ uHaekcoM apugHoctu 0.16-0.40 (puc. 3).

B pesynprate pacnamku 3eMenb JIETKOTO TpaHyJIOMeTpudeckoro cocraBa 90% mamHu
MOJIBEPIIIOCHh Jerpajaliy, nmpuiueM B Ooiblieil crernenu — nedmsiuu. Cpenuss Tpanchopmanus
naxoTHeIX yroauil B Tyse coctaBnsger 90.5%, koraa B Xakacuu oH paBeH 75.4, B 10XKHBIX pailoHax
Kpacnosipckoro kpas — 4.2 (CyOpernonanbHas HallMoHaiubHas ..., 2000).

PaznuunbiMu BuzaMu nerpaganuu B 1995 r. 6p110 nopaxeno 3.6 muH. ra win 93.3% muomanu
cenbxo3yroauid. Tak, BeTpoBo 3po3uu Obuto moaBepxkeHo 1057.33 teic. ra wiu 30% rmuiomanu
cenpxo3yroauid. M3 Hux nednmpoBaHHBIX mactowmm 925.1 Teic. ra, mammu — 128.77 ThIC. Ta,
CEHOKOCOB — 3.46 ThIC. Ta.

OpOoaupPOBaHHBIX M 3aCOJEHHBIX IIOYB CPABHUTEIBHO HEMHOro. Tak, IIomanbs 3acOJIEHHBIX
cenpxo3yroauit B 1995 r. cocrapinsuia 178.5 Thic. ra, 3 HUX NamHu — 15.7 ThIC. Ta; 5POIUPOBAHHBIX
cenbxozyroauit — 17.0 Teic. ra, u3 HuX namnu — 11.1 Thic. ra. IIpocnexuBaeTcss JOBOJBHO YeTKas
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MIPUYPOYEHHOCTh MIUPOTHI OXBATa U CTEIIEHU OIyCTHIHUBAHUS K ONPEIEICHHBIM TEPPUTOPUIM. ITO
00yCJIOBJICGHO TPHUPOAHBIMH  (KJIMMaTHYeCKass 30HaJbHOCTh, TeoMOpdosioTusi H JIp.) U
AHTPOTIOTEHHBIMU  (OCOOEHHOCTH XO3SIICTBEHHOM JedaTenbHOCTH) QakTtopamMu. Tak, HWHAEKC
OPO3MOHHOW  Jerpajalid  3aKOHOMEPHO  BO3pacTaeT OT apuaHOH K  CyOryMHIIHOM
OMOKIIMMATUYECKON 30HE, a UHACKC Ne(ISIUU 1 3aCOJICHHS CHUXKACTCS.

wj_\\\_\ﬂj
R

<25

0 50 100 um MMM

Puc. 3. CymmapHble HHIEKCH Jerpajaliyl CelbX03yrogud Ha TeppUTOpUH pailoHOB TyBbI. YCIOBHBIE
o0o3HaueHus: crabas cmenensv decpadayuu, MeHee 25% — MonryH-Tairnacknii, ToKHHCKAN KOXKYYHBI;
cpeonsisi cmenens deepadayuu, 25-50% — bapyH-Xemunkckuii, baii-Taiirunckuit, J[3yH-Xemunkckuii, CyT-
Xonbckuit, OBropckuit, Ynyr-Xemckuii, [Tuit-Xemckuit, Kaa-Xemckuit, Tepe-XoabCKuil KOXKYYHBL;, CUTbHAS
cmenenv Ooeepadayuu, 50-75% — Kenbsubckuii, Tannuackuii, Yemu-Xonsckuid, Tec-XeMckuit, Dp3uHCKAH
xoxyyHsl; ® —r. Kesun. Fig. 3. The summary indexes of the degradation (ID) at the area of the regions of
Tuva. Legend: light degree of degradation, Less than 25% — Mongun-Taygin, Todzhin districts; middle
degree of degradation, 25-50% — Barun-Khemchik, Bay-Taygin, Dzun-Khemchik, Sut-Kholsk, Oviyrsk,
Ulug-Khemsk, Piy-Khemsk, Kaa-Khemsk, Tere-Kholsk districts; strong degree of degradation, 50-75% —
Kyzyl, Tandin, Chedi-Kholsk, Tes-Khemsk, Ersin districts; * — the capital — Kyzyl.

Hambonee HampspKeHHBIM COCTOSHUEM, B CPAaBHCHHH C JPYTHMH BUIAMH CEIbXO3yTOJIHMA,
xapaktepusyetcs namHs. [Inomans aerpaanpoBaHHO# NalHu B peciyonuke coctasiseT 43.3% ot
obmeit e€ mromanu. IlomuuHssACH OOMUM TMPUPOAHBIM 3aKOHOMEPHOCTSIM, OITYCTHIHUBAHUE
pa3BUBaeTCS TMOJ BJIMSHHUEM  COBMECTHOTO TMPOSIBJICHUS JpO3HH, NehIANUA, TaK U JAPYTHX
nporeccoB. CuibHOHN nedsiuu noasepxkeHsl §9% naxoTHbIX yroauit TyBbI.

Heckonbko MEHBIHMI TPOIEHT Jerpajgaliid oTMedaeTcss Ha mnactoumax — 38.2%, meHee
JerpagupoBaHbl ceHOKOCH (18% ot obmieit momtaau, Tadm. 1).

CreneHb 3aCOJEHHOCTH cenbXxo3yroauii TyBbl He3HauuTenbHa. MHIEKCHI 3aCOJIEHHOCTH B
ocHOBHOM MeHee 5%. HauOonpinas muiomazb 3acONEHHBIX CEIbXO3YTOJUM MPUXOJUTCA Ha
nactOumia. B memom, miomanb 3acOIeHHBIX CEIbXO3YTOJIMi COCTaBIISIET Beero 2% OT o0Ime ux
IUTIOIIAN 10 pectyOmuke (Tabai. 2).

Boanoii spo3un noasepkeHbl 230.74 ThIC. ra 3eMeNb CEIbXO03HA3HAUYCHUS, U3 HUX MAlIHU —
47.5 teIC. T, macTouny — 180.9 TrIC. ra, ceHOKOCOB — 2.34 THIC. Ta.

N3 Bcex dopm nerpamanmm 3eMens B TyBe MakCUMaiabHO pa3BHUTa OIS, KOTOPOH
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noasepxkeHo 30% TUIOMIAaM CENbXO3yTrOAM, W3 HHUX B IOKHOM U ILIEHTPAIbHOM paiioHax
pecnyomuku 10 50-75% nedumpoBaHHBIX cenbXxo3yroauii. CpemHssl CTeNeHb Je(IupOBaHHOCTH
3eMelb OTMEYaeTCs B BOChMHU paiioHax. Ha ocTajgpHON TEeppUTOpUU pPECIyOIMKH WHACKC
neIMPOBAHHOCTH BCEX CEIbX03yToanii He npeBbimaet 8.5% (0.99-8.5).

Ta6muua 1. Cpegane u cymmapHbie UHAEKCH nerpananuu (M]1) OoCHOBHBIX BHIOB CENBbXO03YTOUH, THIC. Ta
Ha 2005 rox. Table 1. The mean and summary indexes of the degradation (ID) of the main kinds of
agricultural lands, t/ha in 2005.

TTamrus TTacTOunmia CeHOKOCHI
OO0masa ITmomans OO0masa ITmomans OOmag | ITmomans
mwromaae | perpaganuu | WJI | moomans | aerpagauuu | U/ | momans |aerpagauuu| M1
4239 183.6 43.3 | 3033.2 1159.6 38.2 76.5 13.8 18

Tabauna 2. Ilnomans omycTeIHUBaHMS cenbxo3yroanii TyBel, Teic. Ta Ha 2005 tom. Table 2. Area of

deserted agricultural lands of Tuva, t/ha in 2005.

ITamasa ITacTOuma CeHOKOCBI Bce yroaps
3aCOJIEHHBIE YTOJIbsI
15.7 140.4 22.4 178.5
DpOoANPOBAHHBIE YTOIbS
16.8 25.7 - 42.5
JednupoBaHHbIE YTOIbs
342.9 1146.6 6.4 1495.9

HauOonpiield cremneHn aerpamaniy MOIBEPXKEHBI MaxoTHbIE yroabs. Mx cymmapuerii ]|
coctaBisieT 43.3%. DTOT mokasaresib 3HAUUTEIBHO CHU3WICS MO cpaBHEHUIO ¢ 1995-1996 rogamu,
koraa oH coctaBisl 90.5%. IlpuumHON CHUXKEHUS JAerpajaluy NalllHU SBJSETCS NEPEBOJ HX B
3anexb. [Ipy 3TOM MaxOTHBIE YrOJbsi 3apacTaroT, YTO YACTUYHO MPHOCTAHABIMBAET IMPOLIECCHI
BETPOBOM U BOJHOU DPO3UH.

Pa30poc nHAEKCOB nerpamanuu nanHu BechbMa Benauk: oT 0.6% B ceBepO-BOCTOYHOM TACKHOM
paifone, 1o 92.1% B 3amagHOM CTEeNHOM paiioHe pecrmyOnuku. Hambosee nerpaaupoBaHHBIMH
apisitores mamHU (50-100%) B LEHTpaJbHOM M I0KHOM paiioHax pecnyOnuku. LleHTpanbHBbIi
palloH TpPaJAMIMOHHO OTHOCHUTCS K 3€MJIEIENbYECKOMY, 37€Ch OTMEYAaeTCs MaKCUMalbHas
Jerpajanys MaxoTHIX 3eMeJb.

Bce Buapl nerpamamuun ormeueHsr 38.2% mactoumn. 3aconenue orMevaercs Ha romaan 140.4
TBIC. Ta, OSPOJAMPOBAHHBIE MACTOMINA COCTABISIIOT 25.7 ThIC. Ta, ACIAIUN  TIOJIBEPIKEHO
925.1 teic. ra. Cymmapusie MJ] nmacTOMIIHBIX yroauid KoneOaoTes B MIMPOKUX mpeaenax — oT 1%
(uentpanbHbiil paiion) no 83.9% (roxubiii paiion). K nmerpamanuu III-IV cragum moasepxeHbI
nacTouia B MPEHMYIICCTBEHHO FOKHBIX, HanmOOJee 3aCylUIMBBIX CTEMHBIX W MOJYMYCTHIHHBIX
paiionax pecryosmku, I1 ctaguu — 3anagHbId U HEHTpaIbHBIN palioHbl. W] 3mech koedatoTes oT
28.5 no 47.5%. U Tonpko B Tpex UEHTpaJbHBbIX palioHax oTrmeuaercss | cragus aperpaganuun
acTOMILL.

YMepeHHas macTOUIHAs HArpy3Ka SBISETCS ONTUMAIBHON A (yHKIIMOHUPOBAHUS CTEITHBIX
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9KOCUCTEM, a TEPEBHINAC BO BCEX CTEMHBIX SKOCHUCTEMaX MPUBOAUT K H3MEHEHHIO BUIOBOTO
cocTtaBa (pUTOIIEHO3a U CHIDKEHHIO €TI0 TPOTyKTHBHOCTH.

Ha mponecc ¢opMupoBaHus pa3iNyYHBIX CTEMHBIX PACTUTENBHBIX COOOIIECTB, WX BUAOBOI
COCTaB, paclpoCTpaHEHHE, CTPYKTYpy, 3amac (uromacchl Bcerjna OOJbIIOe BIUSHUE OKa3blBall
BbINAcC, B 0COOCHHOCTH JIOMAIIHUX KUBOTHBIX.

HabmromaeMble yd4acTKM TOJABEPKEHHBIX JETpajallid CTEMNeH, COTIACHO KIIACCH(HUKAINN
A.A. T'opuikoBoit 1 B.M. Caxaposckoro (1983), MoryT ObITb OTHECEHBI K MEPEXOJHOMY THITy — OT
CTaJluy YTHETEHUS TPABOCTOS MPU IOCTOSHHOM U YCUJIEHHOM BbINIace K CTaJuu c00sl; OCHOBaHUEM
JUISL 3TOTO SIBISIETCsl HeOOMbInasi o B TpaBOCTOe KOBbUIeH u obunue 3meeBku (Cleistogenes
squarrosa). Jlerpajaliio CyXOCTEMHOM pAacCTUTENBHOCTH IMOJ BJIMSHHUEM BbIIaca MOXKEM
paccMOTpeTh Ha TMpHUMEpe TpPeX KIIUEBBIX YYaCTKOB, pACIOJIOKEHHBIX Ha KallITaHOBBIX
CPEIHEMOIIHBIX CYIEeCYaHbIX [10UYBaX B YOCYHYpPCKOI KOTJIOBHHE.

Ha nepsom xnouesom yuacmke monBepKeHHON Aerpajanuu cyxoil crenu (ypouuiie MopeH),
JOMHHHUPYET TOJIbIHG XononHas (Artemisia frigida) m ocoka tBepaoBaras (Carex duriuscula).
Ocoka Haubomnee ToJepaHTHA K BBINACy, T.K. TOYKH BO30OHOBJICHHS y HEE 3aJEraloT IIyOOKO B
nouse, (OPMUPYET YCTONUYMBHIE TPOMU3BOJAHBIE COOOIIECTBA HAa MECTE MEJIKOJEPHOBHUHHBIX
3MakoBbIX cTerneil. CTemb Ha [aHHOM Y4YacTKe IMpEACTaBIseT coOoi Ooiee paHHIOW CTaIuIo
Jerpajlallud TPaBOCTOS, T.K. HAXOAMUTCS B IPOLIECCE MHTEHCHUBHOIO BhINAca JUIIb B MOCIEIHHE
yeTbIpe roga. Haubosee niautensHoe 1 MHTEHCUBHOE MACTOUIIIHOE UCTIONB30BAHUE XaPAKTEPHO IS
8MOPO2O KNIOUE8020 y4acmka CYXOW cTenu (OKPECTHOCTH C.Dp3HH), I/€ M3 pPa3HOTPaBbs
paspacTaroTcsi HechbeJOOHBIE M MPAKTUYECKU HEMOeNaeMble >KUBOTHBIMU TPAaBSHUCTBIC PACTCHUS
Potentilla acaulis, n npucniocoOuBIIMECs K BBITIACY NOXYKYCTapHUUYKU Artemisia frigida v Ephedra
monosperma. TpaBOCTOW CHWJIBHO CTpaBJeH, BbICOTa €ro 2-3 CM, JHIIb OTJCIbHBIE KOBBUIH
nocturatloT 10 cm. IlpoextuBHoe mokpeiTHE 40-50%, MecTaMu OTMEYEHBI Y4YaCTKH, IOYTH
MOJIHOCTBHIO  JIMIICHHBIE PACTUTENBHOCTH. B  pacTuUTeNnbHBIX coOO0IIecTBax Mmpeo0IaiaroT:
Cleistogenes squarrosa, Veronica incana v 1p. SIpyCHOCTb HapyIlIeHa, BUAOBOW COCTaB PaCTCHUM B
cpeanem cocrasisier 15 Bunos Ha 100 M.

KpyTbie 10HBIE CKIIOHBI TOp M OCTAHIIOB MOKPBITHI METPOPUTHHIMH BapHaHTAMHU 3JIAKOBBIX
CyXuX cTemneil. 3MeeBKOBO-X0JI0JHOTIONBIHHOE COOOIIECTBO Ha mpembem yuacmie decpaoupyioujeli
crenu (ypouunie bymb0a-/laa) BO3HUKIO, Tak >X€ Kak M JBE MNPEABIAYIINE, KaK CJICICTBUE
Jerpaiallid TPABOCTOS MO BO3IEHCTBUEM HMHTEHCUBHOTO BbINaca. JJoMUHaHTaMM 371€Ch SBIISIOTCS
takke Artemisia frigida u Cleistogenes squarrosa, pacteHuss 0ojiee YCTOWYMBBIE K BBIMIACY IO
CpaBHEHHIO C KoBbUIEM (Stipa spp.), ToHKOHOrOM (Koeleria cristata) n Ttumaakom (Festuca
valesiaca). K OCHOBHBIM COJJOMHUHHUPYOIIUM M YAaCTO BCTPEYAOIIUMCS BUIaM OTHocsATcs Potentilla
acaulis  w  Ephedra  monosperma. Pa3pexeHHbII  TpaBOCTOH  CJIOXKEH  THUIWYHBIMH
kceponerpoduramu: Alyssum obovatum, Erysimum cheiranthoides, Goniolimon speciosum,
Orostachys spinosa w nap. TpaBOCTOW HM3KHHA, CpEIHSSI BBICOTA €r0 HE IMPEBBIIMIACT 2-3 CM,
NpoeKTHUBHOE TOKphITHE nocturaetr 40-50%, B BUAOBOM OTHOIIEHUHM OC/IHBIM, Ha Yy4YacTke
HAaCUMTHIBAETCS MHUHHUMAJIBHOE KOJMYECTBO pacTteHuid (B cpegHem 9 BuaoB Ha 100 Mz).
Pacripenenenue BumoB HepaBHOMepHOE. COOOIIECTBO MpEACTaBisSeT co00M CHIBLHO OO€IHEHHBIH
HanOosiee Kcepo(DMIbHBIN BapUAHT CyXUX CTETICH.

B cBs3u ¢ Tem, uro seto B 1996-1998 rr. O6buto xapkum U cyxuMm, B 1998 r. KoamuecTBO
KCepoUTOB W  ME30KCepOPUTOB yBEeIWYWIOCh. I3 TpaBocToss BbhIMaM MeE30PUTHI |
KcepoMme30(HIIbHBIE BHUABI, a TaKXKe HEKOTOpble Kcepoutel: Artemisia anethifolia, Kochia
laniflofa, Oxytropis pilosa u np. Ocenpto 1998 1. Ha ydacTKax MOSIBUIOCH TOJBKO 2 HOBBIX BHA
(Allium senescens, Lappula echinata).

B Oonee yBnaxuennom 2002 r., OnarompusTHOM JUIsi BETeTalldd PACTEHUM, B CTEIX,
MOABEPKEHHBIX JIETPAalliK, 3apPETUCTPUPOBAHO MAKCUMAIIbLHOE KOJIMYECTBO BUAOB. U3 TpaBOCTOS
Boimanatot: Allium lineare, Astragalus tuvinicus, Veronica incana. T1OSBISIOTCS HOBBIEC BUJIBI:
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Allium tenuissimum, Artemisia glauca, A. tomentella, A. santolinifolia, Convolvulus ammanii,
Cleistogenes songorica, Ephedra dahurica, Erysimum cheirantoides, Kochia sieversiana, Koeleria
cristata, Leymus ramosus, Oxytropis tragacanthoides, Poa attenuata, P. argunensis, P. stepposa,
Potenilla bifurca, P. longifolia, Veronica krylovii.

B cremsix, moaBepkeHHBIX Aerpanauuu, 3a 13 ner HabmoaeHWil BbIsiBIeHO 10 COpHBIX
HanboJlee MUPOKO PACIIPOCTPAHEHHBIX BUIOB pacTeHUil: Artemisia anetifolia, Atriplex littoralis,
Ceratocarpus arenarius, Urtica cannabina u np.

Hecmotpss Ha MHoOroseTHuil nepesbinac, Ha ywacTke Op3uH B 2010 r. 3apeructpupoBaHo
MaKCHMaTbHOE KOTHYECTBO BUIOB M3 BCEX MCCIEAYEeMbIX Y4acTKoB — 16/100 M”. Takoe KOTHYecTBO
BHIOB Ha IACTOMIIE ITOJ CWJIBHBIM BEIIIACOM MOYKHO OOBACHHUTH OCOOEHHOCTHL OMOTOIA. YUacTOK,
PacmooKEHHBIN Ha Teppace peKu Ip3uH, 0oJiee YBIaXXHEH 10 CPAaBHEHUIO C APYTUMHU.

[lpu BIMSIHMM BBITaca TPABOCTOM Ha HMCCIEAYEMBIX yYacTKaxX IpeTeprieBaecT H3MEHEHUS B
CTOPOHY YTPOIIEHHUS CTPYKTYPBl U YXYAIICHUS COCTOSHUS BHJIOB, BBIMAJCHUS 371aKoB. MeHseTcs
CHEKTp JKM3HEHHBIX (OPM, OTUETIUBO TMPOSBISACTCS TEHACHIMS K YMEHBIICHUIO YYacTus
JICPHOBUHHBIX 3J1AKOB U yBEIHYEHHE (PUTOIEHOTUYECKON POJU MOITYKYCTapHUYKOB, KaKk Haubosee
3aCyXOYCTOMYMBBIX U IJIACTUYHBIX SKOOHMOMOP(]. YBETMUNBACTCS POJIb JUTPECCHOHHOYCTORIHMBBIX
BUJIOB Pa3HOTpPaBbs (Namyatka OeccrebenvHas (Potentilla acaulis), Beponuka cenas (Veronica
incana) W 7Ap.), pa3pactaercs ocoka TBepaoBaras (Carex duriuscula). YxopauuBaercs
BEPTUKAIbHBIM mpodmwib (1o 2-3 cM), HOHMXKaeTcsl MpoeKTUBHOe MOoKpbiTHE (10 40-50%).
MeHSIOTCS PUTMBI CE30HHOTO pa3BUTHS, TMpeoOsafgaroT Oojiee paHHHE IO CPOKaM Pa3BHUTHS
pacTeHusl, MOCKOJIbKY OONBIIMHCTBO JUTPECCHOHHOYCTOMYUBBIX BUIOB IIBETYT BECHOM. Y CKOPHUTH
WJIY 3aMEJIATH MPOLECC MEePexo1a OT OJHOW AUTPECCUOHHOM CTaJNM K IPYyTrOM MOT'YT KOHKPETHBIE
MIOTO/IHBIE YCIIOBUS, KOTOPBIEC HE BIMSIIOT HAa OOIIYIO TEHICHIUIO JUTPECCUU.

[Tpoucxonsmias nepecTpoiika (IOPUCTHUECKOTO COCTaBa ONpeAeseTcs AByMs (akTopaMu —
JKOJIOTHEH BHJIOB M HX IMoenaeMocThio. llepeBbimac macTOMIN MPUBOIUT K BBIPAKEHHOM
Kcepo(UTH3AIMKA PACTUTEIHHOTO TOKPOBAa B CBSA3H C HMCCYIICHHEM M TEperpeBoM MouBhl. Kak
pe3ynbTar, HaOmOgaeTcsl TmepepacnpefesieHue JKOJIOTUYECKUX TPYNI U IKU3HEHHBIX (Hopm
pacrenuii (Cam0y, 2001). B pe3ynbrare mnepeBbiliaca MEHSIIOTCS XapakTep M CTPYKTypa I€HO03a,
MPOUCXOIUT 3aMeHa Me30(HIbHBIX BHUIOB Oonee kcepodumibHbIMH. [Ipu 3TOM yxynmiaercs
KayecTBO KOPMOB: MX IHUTATEIbHOCTh M MPOAYKTUBHOCTh. Ha Hammx ydacTkax OOHIBHO
paspacTaroTcsi KyCTapHUYKH, MOJYKYCTAPHUYKU U OJHOJETHHE PACTEHUS, OCOOEHHO COpHBIE, T.C.
MIPOUCXOIUT KOPEHHAs! CMEHA PACTHTEIBHOTO ITOKPOBA.

[IpoBeneHHbIe UCCIEIOBaHMS TO3BOJIMIN BBISICHUTH OCHOBHBIE 3aKOHOMEPHOCTH B M3MEHEHUU
CTPYKTYpPBI PAaCTUTEIHHOTO BEIIECTBA MIPU pa3HbIX MACTOMIIHBIX pexknMax. CpaBHEHHE 110 CE30HaM
U TOJaM BEJIMYUH 3aMacoB BCEX H3YYEHHBIX KOMIIOHEHTOB IOKAa3bIBA€T, YTO 3amac 3eJIeHOU
¢uTOoMaccel MHMHUMalleH Ha mnacTOumax c¢ mnepeBbimacoMm (tabi. 3). Ha nerpamupoBaHHBIX
nmacTOuIax 3amac 3eJIeHOW (PUTOMAcChl MEHbINIEe, YeM Ha BOCCTaHaBIMBaromuxcs B 1.5-2 pa3sa,
BETOLIN — B 5-7 pa3, 4eM B CTEMHBIX dKOCHCTeMax Oe3 BbIMaca, MOJCTHIKUA MeHbIIe B 2-3 pasa.
OO0muit 3amac  HaA3EMHOIO  PACTUTENBHOTO BEUIeCTBA HA  MEPEBBINACEMBIX  y4acTKax
NpUOIM3UTENBHO B 2.5 pa3a HIDKE, YeM Ha yJacTKax 0e3 Bhlraca.

JlocTaTOYHO BBICOKHMM 3amac KHUBBIX IMOA3EMHBIX OPraHOB Ha ATHX NAcTOMIIaX CBS3aH C
O0sbILION JT0NIel B cOocTaBe MOJ3eMHON (pUTOMAcChl KOPHEH KOBBUIS, OCOOCHHO CpeIHEeH U MEeIKon
¢paxkuuu. Haxomsch B uucie cyOAOMHUHAHTOB B HAJ3€MHON 4acTU TPaBOCTOS JIErpagupyIOLINX
NacTOMIN, KOBBUIb MO-IPEXKHEMY JAOMHHHUPYET B IMOA3€MHOM uacTH. Hammuume >KMBBIX KOpHEH
KOBBUIS YKa3bIBa€T HA TO, YTO ATO MAacTOMINE OBICTPO BOCCTAHOBHUTCS IOCJIE CHATHUS MAaCTOMIIHOM
Harpy3ku. KopHeBuia OCOYKHM, JOMHHHpPYIOUIEH B TpaBOCTOE, OBICTPO OTMHpPAIOT, T.K. OHHU
PacmoJIOKEHBl IO/ MOBEPXHOCTHIO MOYBHL. 3amachl MEPTBBIX IMOA3EMHBIX OPraHOB JOCTATOYHO
BBICOKHU.

CeHokolieHHEe HE pa3pylIaeT TpaBSiHOW TMOKpoB. [lpu parmoHanbHOM CEHOKOCHOM
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UCTIOJIb30BAHUM COXPAHSETCSl BUIOBOI cOCTaB (PUTOIIEHO3a, @ MHOT/IA U €r0 MPOJYyKTHBHOCTH, HO
AJIUTCIJIBHOC CCHOKOIICHUE MPHUBOJAUT K BBIHOCY MHUTATCIIBHBIX 3JICMCHTOB M3 IMOYBBI 1 CHHXKCHUIO
NPOTYKTUBHOCTH PacTUTEIBHBIX coo0IecTB. [lomans CeHOKOCOB B peciyOnKe He3HAYNTENbHAs.
[lostomy wux Ttpancopmanust (cpenHeil cremeHuw) cocraBiaseT Bcero 2.1% oT miowmaau
cenpxo3yroauil. Haubonee nerpanupoBaHbl CEHOKOCHI 3amajHbIX pailoHOB. OTMedaercss Takxke
3acoJIEHHE Ha IUIOMAaau 8 ThIC. Ta, uTo coctasiisieT 10.5% ceHOKOCOB.

3aKjIouYeHue

ComnuanbHble W3MEHEHHs, BJIHMSAS HAa SKOHOMHYECKHMH YKIal, BeAyT K TpaHchopMaluu
3eMENBHBIX PECYpCOB M, TEM CaMbIM, K PE3KHM H3MEHEHHSIM B (DYHKIIMOHHPOBAHHH CTEITHBIX
coobmectB. Tak, oOIMM CIIEZICTBUEM AHTPOIOTEHHOM HArpy3KH Ha CTEMHbBIE 3KOCHUCTEMBI TyBBI
ABIISIIOTCSL ~ HApyLIEHHWE  CIIOXKUBLIETOCS ~ HHEProo0opoTa,  CHWKEHHE  IPOJYKTHBHOCTH
MpeoOpa30BaHHBIX SKOCUCTEM, YBEIMUYEHUE CTEMEeHH OOHA)KEHHOCTHU IMOBEPXHOCTU 3€MJIM U, Kak
CJIEZICTBHE, OOIIME MTPOSBICHHUS OITyCTBIHUBAHUS TEPPUTOPHH.

[Ipu pacnamxke nenuasl B 1960-70-x romax mponuioro CTOJETHS ObUTA TpaHC(HOPMHPOBAHBI
CTenHble SKocucTeMbl TyBbl. 3aHATHIEC MOJ MAIIHIO YYAaCTKH CTENeH cTanu o0BEeKTOM JAerpajaiuu
II0YB M BETPOBOM 3pO3MH. bosiee MOCTENEHHO, HO C HE MEHBIINMH MOCIEACTBUAMHU ISl IPUPOJIBI
CTereH, OKazajo BIMSHUE pa3BUTHE CKOTOBOJACTBA. B pesynbrare, maHamadrhl crenei MOHECIH
TSOKKHEH DKOJIOTHYECKUH ypoH. B Hacrosiee Bpemsi Ha (oHE clajga arpapHOTO IPOW3BOJCTBA U
YMEHBIICHUSI OOILIECH IO CeNbX03yroaui (3a cueT KOHCEpBAIlMM 3€Mellb) MO pecHyOsuke
OTMEYAETCs] COKpalleHUWE TEMIIOB Jerpajanuu 3eMenb. [IpouneHT naerpaiupoBaHHBIX 3€MEIIb
CeJIbX03Ha3HAaYeHMsl yMeHbIIuics ¢ 93.3 1o 39.2.

N3 Bcex BuaoB TpaHchOpMalMy B IUIOMIATHOM OTHOIIEHWU OT Aeuismuu OoJbIlle BCETO
MOCTpaJaiy MacTOWIa W ManmHu. MHTEeHCUBHOCTh MpOsBIEHUS NeIISIIUE OJUHAKOBAsS Ha BCEH
Tepputopuu U coctasisieT 30.4%.

[TacTOUIIHOW AWUTPECCHH TPEThEW-4eTBEPTOM CTaIuU MOJBEp)KEHA CTENHas PACTUTENBbHOCTh
(25%). OnacHoCTh IepeBbINIaca YCUIMBAECTCS TEM OOCTOATEILCTBOM, YTO CEMUAPHIHBIE U apuIHbIE
SKOCHUCTEMbl YPE3BBIYANHO YYBCTBUTEIBHBI K KIMMATHUYECKUM ycloBusaM. LleHTpanbHOa3znarckue
CTENH, BEPOSTHO, NMEPBBIMHU OTKJIMKHYTCS Ha INI0OANbHBIE KIMMATUYECKUE W3MEHEHUS, UMEIOIINe
TEHACHIMIO K apuau3anuu. IlocKoiapKy CHIBHBIA BbIAC 3/1€Ch BEAET K OIYCTHIHMBAHHUIO.
CoBMecTHOE JEHCTBUE apuIU3alliy KJIuMaTa U YCUJICHHS MacTOMIIHOTO IIpecca MOXKET MPEBPaTUTh
9TH CTEIHU B NOJYIYyCTHIHU.

OOmuM CcleCTBUEM aHTPONOTEHHOTO BO3JEHCTBUS HA CTEMHBIE AIKOCHCTEMBI SBIISIFOTCS
3aMEIIeHWe MX AarpodKOCHCTEMaMH, HapylleHHe (QYHKUMOHHPOBAHUS M CHHKCHHE UX
MPOJYKTUBHOCTH, YBEJIWYEHHE CTENEHU OOHA)KEHHOCTH IOYBBI M, KaK CJEACTBHUE, — IMPU3HAKU
Jerpaganuu 3eMenb. [103ToMy Hy)KHa CTpaTerusi paBHOBECHOTO MPHPOI0TI0Ib30BaHus. Heo6xoaum
JaIbHEUIINI MOHUTOPUHI 3a IMPOLIECCaMU OMYCTHIHMBAHMS 3€Melb, a TakXke pa3paboTka
KOHKPETHBIX MEPOTIPUSATHH, HAMIPABICHHBIX HA UX MPeIOTBpalleHue B pecnyOnrke TriBa.
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Results of studies of changes of the steppe landscapes of Tyva in connection with various use of lands
are presented. Under the anthropogenic influence to the steppe native zone transformed natural
vegetation and changed the productivity in steppe landscapes of Tyva with changing of the plant cover
and replaced some the ecosystems with agricultural ecosystems. With increasing anthropogenic press
to the native steppes deflation of the agricultural ecosystems is increased. In Tyva from the all kind of
transformation the deflation is very developed. The maximum study of the degradation of the
agricultural ecosystems are the arable field and pasture. Consequence of the agrarian assimilation of
steppes of Tyva is deserted lands.
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COCTAB U CTPYKTYPA MEHOBEHTOCA
BBICOKOMWHEPAJIN30BAHHBIX TIPUTOKOB O3EPA 3JIbTOH'
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HUnemumym 6uonocuu enympennux 600 um. 1.J]. Ilananuna Poccuiickoul akademuu HayK
Poccus, 152742 bopoxk, Hexoysckuii pation Apocnasckoii 001, E-mail: gva@ibiw.yaroslavl.ru

[Moctynumna 17.05.2011

Brnepsble ucciienoBaH MeHOOEHTOC IIECTH NPUTOKOB TMIIEPrajJMHHOrO 03. DnbToH (Bomrorpanckas
00311.) B MeKeHHBIH (aBrycT) nepuoi. BrianeHs! HOBBIE i Hayku, Poccun n pernona Bunabl. OCHOBY
co00IIeCTBa COCTABIISUIN IIUPOKO PAaCHpOCTPaHEHHBIE TAIOQHUIIbHBIE U TaJOOMOHTHBIE OPraHU3MBI.
Coo0IIIecTBO  XapaKTEePU30BAIOCh CPAaBHUTEIHFHO HHU3KAM pa3HOOOpa3MeM W KpaiHe ITHPOKUM
pa3MaxoM YHCIEHHOCTH ¥ OHOMAacchl TpPH BBICOKOW CTENEHM JOMHHHUPOBAHUS OTIEIBHBIX
npeacrasureneid. OTMedeHa TeHACHIMS CHUKEHUS BUIOBOTO OOTAaTCTBa C POCTOM MHHEPATHU3ALUHN OT
ME30- K 3y- ¥ TUIIEPTaINHHOMY YPOBHIO.

Kniouesbie cnosa: BBICOKOMHHEPAIM30BAaHHBIC PEKHM, MEHOOEHTOC, TaKCOHOMHYECKHII COCTaB,
KOJINYECTBEHHBIE XapaKTEPUCTHKH

Meito6eHTOC — Ba)KHbBIII KOMIIOHEHT BOJHBIX 3KOCHCTEM, MIPAIOUIMHA CYLIECTBEHHYIO POJb B
OMOpa3HOOOpa3uu, KOJIMYECTBEHHBIX  XapPAaKTEPUCTHKAX W TPOPUUYECKUX  B3aHMMOCBS3SIX
THIPOOHOHTOB OonbIIMHCTBA BOAHBIX OnotonoB (Kypamos, 2007; Giere, 2009 u ap.). OcHoBHOMI
00BEM MPOBEIEHHBIX K HACTOSILIEMY BPEMEHH HCCIIEeI0OBaHUI JOHHOI MelodayHbl (Kak Ha ypOBHE
cooOmiecTBa, Tak M Ha YPOBHE OTAEIBHBIX CHUCTEMAaTHUECKUX TPYII) B MEPEXOAHBIX MEXKIY
MIPECHOBOJAHBIMU M MOPCKHUMH YCJIOBHUSAX COJEHOCTH BBINOJHEH B MPHUOpPEXbEe MOpEH, JIaryHax H
MoOpcKuX 3cTyapusx (Soetaert et al., 1995; Ananun u ap. 2000; Giere, 2009 u ap.). OyeHb HEMHOTO
JAHHBIX 10 BHYTPEHHUM COJIOHOBAaThIM M COJICHBIM O3€paM U APYTUM HEMPOTOYHBIM BOJOEMAaM
(Hamomuxun, 1985; Alonso, 1990; Warwick et al.,, 2002 u gap.). PakTUYECKH OTCYTCTBYIOT
CBEJICHHSI IO BBICOKOMHHEPAIM30BAHHBIM pEKaM BCJEACTBHE, OYEBUIHO, HX CpPaBHUTEIHHON
PEAKOCTH.

Ha roro-Boctoke eBponeiickoil yactu Poccum pacnonaraercsi yHUKJIbHBINM KOMILJIEKC BOJIHO-
OOJIOTHBIX YTOAMI, OTHOCSIIMXCA K OacceliHy TumepraiuHHOro o3. QneToH (BomHo-OonmoTHbie
yroaes ..., 2005). B ux coctaBe UMEIOTCS 1 BIAAIOIINE B 03€PO MaJIbIe PEKU C pa3HBIM YPOBHEM
coienoctu. Ilepuonuueckue wuccnenoBanust ruapodaynsl IIpudnbTOHBS BeayTCs C Hayana
npouuioro Beka. Cpean GECO3BOHOYHBIX JI0 CUX MOP M3ydYalHCh NMPEUMYIIECTBEHHO COOO0IIECTBa
300IJTAHKTOHA, (ayHbI 3apociieil ¥ MaKpO3000EHTOCA, a TaKXKE OTIENbHbIE TAKCOHOMUYECKHE
rpymIbl BOAHBIX KUBOTHBIX (benwnr, 1926; benunr, Mensenesa, 1926; EpmakoB u ap., 1933;
Medwedewa, 1926; Otuer ..., 2003 u ngp.). B mocneanue Toasl MPOBOASTCS KOMILJICKCHBIC
9KOJIOTO-TUAPOOMOJIOTHYECKHE HCCIIEIOBAaHUSI NMPUTOKOB 03. DIBTOH C MOAPOOHBIM H3YYEHHEM
Makpo3oobeHToca (3uHueHko, I'onosatiok, 2010; 3unuyenko u ap., 2010 u np.). B 2009 r. B pekax
HayaTO W3y4YeHUE JOHHOW MeHodayHbl KaK €IMHOTO KOMIUIEKCa OpraHHU3MOB (COOOIIecTBa
MEHOOCHTOCA).

Llenpto Hacrosimel pabOTHI SBISETCA NpeaBapUTENbHAs OLEHKAa COCTaBa, pasHooOpasus,

! YccneoBanust BBIMOTHEHBI IPH 9acTHYHOM hruHAHCOBOI momnepikke IX Permonansroro rpanta POOU Ne 07-04-
96610 u nmporpammsl Ipesnanyma PAH «bropaznoobpasue» (pa3zen «lnHamuka 6M0pa3sHOOOpa3ns M MEXaHU3MBI
00eCTeUeHHs YCTOMYMBOCTH OHOCHCTEMY).
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YPOBHA KOJIUYCCTBCHHOI'O PA3BUTHSA MeiiobeHTOCa U BIMAKOIINX Ha HHX (baKTOpOB cpeabl B
IIPUTOKAx 03. ONBTOH B MEKCHHBIN nepuoa.

Paiion, MaTepuaibl 1 METOABI HCCICAOBAHUIN

Kpynseiimee camocagounoe o3epo EBponsl D5bToH pacrionaraercst B Bonrorpaackoii obnactu
B 110 kM BocTouHee p. Bonru (puc). OCHOBHBIMM OKPY>KaIOLUIMMHU 03€po JIaHAMAPTaAMU SBISIOTCS
OIyCThIHEHHBIE cTenu. Knumar pernona — pe3ko KOHTUHEHTaIbHbBIN, 3acylIIUBbIA. CpeaHeronoBas
temneparypa — +7°C, cpennsas temneparypa utois — +25°C, saBaps — —11°C. CpenHee KoIn4ecTBO
ocagkoB — 280-300 mm/ron, urto B 2.0-2.5 pa3a MEHbIIE HCIAPIEMOCTH C OTKPBITOH BOTHOU
noBepxHocTu (Knumaruueckue gansseie ..., 1951; BogHo-6010THBIE yroabs ..., 2005 u ap.).
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Puc. Kapra-cxema paifoHa ucclieZJOBaHUH W pacroioxkeHns Touek oroopa mpo0b. Fig. The map of the region
of investigations and the scheme of locating the sampling points.

B runmporpaduyeckom otHomeHun IIpudiabToHBE OTHOCUTCA K IlpHmkacmuiickomy OecCTOYHOMY
Oacceiiny co cnabo pa3BUTON pedHoi ceThio. OOIIas MPOTSHKEHHOCTh BIAJAOIIMX B 03. DIBTOH
ceMu pek (puc.) — okono 128 kM. DTO — TUNIUYHBIE PAaBHUHHBIC BOJOTOKH C ACCUMETPUYHBIMU
JIOJINHAMH, U3BUIIMCTHIMU PyCJIaMU U MEJICHHBIM TE€YEHHEM BOJABI (CKOPOCTh TEUEHHUS B JIETHIOIO
MEXeHb B ycThe He mpeBbimaeT 0.2-0.4 m/c). B nmutanum pek OCHOBHYIO POJIb MTPAIOT MOA3EMHBIE
BOJIbI M aTMOC(epHbIe ocaaku. M3-3a mpeBaarpoBaHus Ha BOJOCOOpE COMCHOCHBIX M KapOOHATHBIX
OCQJIOYHBIX TOPOJ BOJAa B peKax cojieHas (0OBIMHO B mpejaenax 7-32 /1), NMpeuMyIIeCTBEHHO
XJIOPDUJIHOTO THUIA. Y POBEHb MHUHEpAJIN3ALMU, KaK IIPABHIIO, BO3PACTAET OT UCTOKOB K ycThio. Ilo
MpeodyaalonuM 3HAUYEHUSIM MHHEpaIM3alil BCE IMPUTOKU 03epa MOXXHO OTHECTH K ABYM
rpynnam: MesoranuHHble (pexu Jlanmyr, Xapa, bonpmas Cmoporna u KapanTunka) wu
nonuranuHubie (peku Comnsiaka, YepnaBka u Manast Cmoporna). M3 OMOTeHHBIX 2JIEMEHTOB B PeKax

APUJIHBIE SKOCUCTEMBI, 2012, Tom 18, Ne 4 (53)



COCTAB U CTPYKTYPA MEMOBEHTOCA 47

HanOoJee BBHICOKUMHU KOHIIGHTPAIMSIMH XapaKTepU3YIOTCS aMMOHMUHBIN a30T M QocdaTHbIi
¢dochop, BeTMUMHBI KOTOPOTO JOCTHTAIOT 3HAYCHWH, CBOWCTBEHHBIX BOJAM 3BTPO(HOrO THIIA
(BonHo-0onoTHBIE Yronbs ..., 2005; HekpyTkuna, 2006; 3unuenko, ['onosatiok, 2010 u ap.).

[Tpo6wr coompamm 18-21 amrycra 2009 1. B 6 pekax (Jlanmyr, Xapa, Uepnaska, b. CMmopora,
M. Cmoporga, Kapantunka). MccrnenoBanuce ycTbeBble YYacTKH M, 1O BO3MOKHOCTH, PaOHBI
CpelHero M BepxHero TeueHus (Bcero 13 cranumii; puc.). Ha xaxaoi crauun MUKpOOEHTOMETPOM
C-1 (Meronuxa ..., 1975) ¢ TpyOKoii, uMmeromei miomaab 3axsata ~10 CM2, OCYILECTBIISIIN 110 TPU
nogbeMa TPyHTa U TPHUAOHHOW BOJBI, KOTOPHIE OOBEAMHSUIM B OJHY HMHTETPAIbHYIO TPOOYy M
¢dukcupoBanu 4% dopmanunom. B maboparopuu mpoOsl MPOMBIBATIN Yepe3 CUTO C sdeeit 82 MKM U
OKpammBajiu KpacureieMm beHrambCKkum po3oBbM 1o u3BecTHOU Meroamke (Williams, Williams,
1974). U3 ocTaTKOB TpyHTa OpraHU3MbI BBHIOMpAIN BpPYYHYIO (THIETKOW), MOMEIIas MarepHual
HeOOJIBIIMMHU TOPLUSAMHU B KaMepy boropoBa u npocmaTpuBas 1noJ OMHOKYJISSPHBIM MHUKPOCKOIIOM.
[Tocne wu3BNeYeHHs] >KMBOTHBIX MPOBOAMIACH HMX HWACHTU(DUKAIMS, TIOACYET, CTATUCTHUECKas
o0OpaboTka Mmarepuana. XHMHUYECKHHA aHaiau3 o0Opas3loB BOJBI BBIIOJHEH aKKPEIUTOBAHHOU
ruapoxumuieckoir madoparopueit OOO «lleHTp MOHUTOPUHTA BOJHON U T€OJOTHYECKON Cpeab»
r. Camapa.

[leproay uccrienoBaHuii MPEAIIECTBOBANIO AIUTENBHOE (OKOJIIO MecAlla) OTCYTCTBUE NOXKIIEH,
BCJICJICTBHE YETO BEPXOBBSI OOJIBIIMHCTBA PEK HA 3HAYMTENFHBIX YYacTKax IMEPECOXJH, YPOBEHb
BOJIOTOKOB TMOHM3WICS, p.KapanTuHka okas3amach BBICOXIIEH TMOYTH TMONHOCTBIO. B ycThe
p. UepHaBKM KOHIIEHTpalMsi OCHOBHBIX MOHOB JOCTHIJIa 3y-, a B p. M. CMoporma — pnaxe
TUMEPraliHHOTO YPOBHS; B OCTANbHBIX pEKaxX OHA OCTaBajlach B MpeAesiaX Me30TaJTuHHOTO
nuana3ona (tadur. 1). [myOuHa B Toukax oTOOpa Mpod M3MEHSUTACh OT HECKOJIBKUX CAHTUMETPOB 10
0.5 M, pH cooTBeTcTBOBaN HEUTpaIbHOMY WM CIA0OIIETIOYHOMY YPOBHIO, TEUEHHE Yallle BCETro
OBUIO CJTa00 BBIPAKEHO, MAaKCHMadbHO — He TpeBbimano 0.2 m/c (tabm. 1). JIHO mcciaemoBaHHBIX
OHOTOMOB B OOJBIIMHCTBE CIy4yaeB MPEACTaBISIO COOO MOTHOCTHIO MIIM YAaCTHYHO MOKPBHITHIC
OuoIUIeHKON (1MaHo-0aKTepruaibHbIMU MaTaMH) OTJIOKEHUS YEPHOTO Wia, B p. JIaHLyT — uepHOro
3alJIEHHOTO TIeCKa ¢ OWMOIUIEHKOW, B p. UepHaBKa — B pa3HOM CTEMEHM 3aWJICHHOTO IeCKa WU
ceporo necuyanuctoro uia (ycrbe). Ha HermyOokux yuactkax (5-15 cMm) HaOI10/1a710Ch HHTEHCHUBHOE
BBIJICJICHHE Ta30B C MOBEPXHOCTH OWOIUIEHKH. 3/eCh K€, KaK IMpaBWJIO, PErHCTPUPOBATIOCH
3HAYUTENbHOE TME€peHachIIeHne BoOJbl KuciopoaoMm (1m0 300%; tabn. 1). Ilpu HapymeHun
OWOIUIGHKH BO BpeMs oTOopa mpo0d omymaics CWIBHBIA  3amax  CepoBOJOPOA,
CBUCTENHCTBYIOMIHMA O MPOUCXOIAIINX MO/ HEH MHTEHCHUBHBIX aHAYPOOHBIX MPOoIIeccax.

Pe3yabTaTsl Hccie0BaHuil

B uccnenoBaHHOM MaTepuaie BISIBICHO 46 TaKCOHOB Meio(dayHbI BUIOBOTO W HAIBUIOBOTO
pPaHroB, OTHOCSINMXCA K CIEAYIOUIMM cucTtematndeckuM rpynmaM: Nematoda, Oligochaeta,
Cladocera, Cyclopoida, Harpacticoida, Ostracoda, Heteroptera, Coleoptera wu Diptera
(Ceratopogonidae, Chironomidae u np.). HauOGonpimum pazHooOpasueMm omindanuch HemaTo sl (16
TAKCOHOB), JUYMHKH XHUpoHOMUA (9), HUKIONBl M ocTpakoabl (mo 5). B ocrampHbIX rpymnmnax
OTMEYEHO He 0oJiee TpeX TaKCOHOB. B OT/AeIbHBIX Mpobax YKMCIIOo MpecTaBUTeIeH BapbUpOBAIO OT
1 1o 19 (B cpennem 9+1; Tabmn. 2). MunuManbHble 3Hau€HUS (<8 TaKCOHOB) ObUIN XapaKTEPHBI AJIs
HauOonee coieHblx pek M. Cmoporga u UYUepHaBKa M HOYTH IOJHOCTBIO IEpeCcOXIIen
p. Kapantunku. B ycTee mepBoil peku, e HaOMoAallach MaKCUMallbHasi COJIGHOCTh, BCTPEUEH
TONILKO OAWH BUJ — Hematonma Monhystrella parvella (Filipjev, 1931). Haubonbiee GoraTcTBo
¢daynsl (>10 TakCOHOB) 3apETUCTPUPOBAHO B cpeaHeM TedeHuu pek Jlanmyr u b. CMmoporna u Ha
BCEX yyacTKax p. Xapa.

QPayna KpyribIx uepBed B BomoeMax [IpuanpToHBS HM3ydanmack BHepBele. B cocrase
MeiobeHToca pek oOHapyxkeHbl Adoncholaimus aralensis Filipjev, 1924, Diplogaster rivalis
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(Leydig, 1854), Diplolaimelloides altherri Meyl, 1954, Monhystrella parvella, Paracyatholaimus
intermedius (de Man, 1880), Pseudoncholaimus neglectus Tsalolikhin, 1982, Tripyloides marinus
(Biitschli, 1874), a Taxke HeuAeHTU(ULIMPOBAHHBIE MO BUIA MPEACTaBUTENH poaoB Monhystera,
Theristus u cemelictB Diplogasteridae, Dorylaimidae, Mermithidae, Oncholaimidae u Tobrilidae.
JlBa mpenctaButens rpynnsl u3 poaoB Calodorylaimus w Oncholaimus oka3aluch HOBBIMU JJIs
Hayku. [oroButcs ux omucanue. YepBb Monhystrella parvella BnepBble 3aperucTpupoBaH B
Poccun, a Paracyatholaimus intermedius n Tripyloides marinus — BO BHyTpEHHUX (HE MOPCKHUX)
BOJIOEMAax CTPAHBI.

Tadmauma 1. Mopdomerpudeckue XapaKTePUCTHKHA HCCICIOBAHHBIX PEK, THIPOJIOTMYECKHe H (HH3HKO-
XUMHYECKHE TTOKa3aTeu B Toukax HaOmoaeHui B aBrycte 2009 r. Table 1. Morphometric description of the
explored rivers, hydrological and physicochemical parameters in the sampling points in August 2009.

Peka

Tlokasarens Bonpmas | Manas | Kapan-
Jlanmyr Xapa [epnaBkd
Cmoporna|Cmoporzia| THHKa

JlnHa pexu (C MPUTOKAMHU), KM 21.0 59.5 33 24.0 10.3 2.4
[Tnomans Bogocbopa, KM’ 126.0 177.0 18.4 130.0 48.7 24.7

[IIupuna pycna B pailoHe

Lo 5-25 10-25 1-7 7-30 15-50 7
CTaHIMM (min-max), M

['myOuna (min-max), M 0.15-0.25 |0.15-0.40(0.05-0.50{ 0.10-0.30 | 0.05-0.20 | 0.03
CkopocTth Teuenus (min-max), m/c| 0-0.15 ~0 0-0.20 | 0-0.20 [0.15-0.20| ~O

. 0.10-go | 0.15-no 0.15-n0
[Tpo3pauHOoCTh (Min-max), M 70 JTHA ia a 110 JTHA A 70 JTHa
pH (min-max) 7.6-7.7 | 7.5-8.7 | 7.3-7.5 | 7.8-8.1 | 7.9-8.1 7.6
Temneparypa (min-max), °C 242 125.0-28.0(19.1-24.8/ 19.1-24.6 | 26.0-27.3 | 26.0

Hacelimenne Boapl KUCIOPOIOM
(min-max), %

CyMMa MOHOB B yCTbe PeK, T/1 15.1 16.7 30.9 13.2 41.1 15.7

40-135 | 132-300 | 53-185 | 96-124 0-81 105

B cocTaBe npyrux TakCOHOMHYECKHUX TPYII OTMEUEHBI: OJIMTroXeThl Paranais litoralis (Miiller,
1784), Nais elinguis Miiller, 1773 u roBeHunbHBIE 0co0u uepBeii cemerictBa Tubificidae; ximagouepa
Chydorus sphaericus (Miiller, 1785); muknonsl Apocyclops dengizicus (Lepeschkin, 1900),
Diacyclops bisetosus (Rehberg, 1880), Eucyclops serrulatus (Fischer, 1851) u Megacyclops viridis
(Jurine, 1820); rapmaxturuasl Cletocamptus confluens (Schmeil, 1894), Cletocamptus retrogressus
Schmankewitsch, 1875 u Nitocra lacustris (Schmankevitsch, 1895); octpakonst Candona marchica
Hartwig, 1899, Candona spp., Cyclocypris ovum (Jurine, 1820), Cyprideis littoralis (Brady, 1868) u
Cyprinotus salinus (Brady, 1868). Hacexomble ObUIM TIPEICTaBICHBI HCKIIOUUTEIBHO PAaHHUMHU
CTaIusIMH JIMYMHOK MaKpPOOCHTHYECKHUX BHJIOB, OIPEICIICHUE KOTOPBIX BO3MOXKHO B ITydIlIeM
ciydae 10 cemeicTBa. TONbKO cpeny XUPOHOMU HICHTU(DHUITUPOBAHBI HEKOTOPHIC BHUIIBI, TPYTIIIHI
BunoB U pona: Chironomus spp., Cladopelma gr. lateralis, Cricotopus spp., Cricotopus gr.
sylvestris,  Cricotopus  salinophilus ~ Zinchenko, = Makarchenko, = Makarchenko, 2009,
Microchironomus tener (Kieffer, 1918) u Tanytarsus kharaensis Zorina, Zinchenko, 2009.
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Ta6auua 2. OcHOBHBIE CTPYKTYPHBIE XapaKTepUCTHKH MeiHoOeHToca B pekax B aBrycte 2009 r.
Table 2. The main structural characteristics of the meiobenthos in the rivers in August 2009.

Peka

Iokaszarenn Bonbiias | Mamas |[Kapan-

Jlannyr Xapa UYepnaska Cmoporna |CMopora| THrka

Yucno oOHapyKEHHBIX
TAKCOHOB Ha CTaHITHIX
(min-max) ¥ B IEJIOM JIJIst
pexu (B ckoOkax)

10-19 (23) [11-12(25)] 5-8(11) | 8-12(16) | 1-3(3) | 5(5)

Nunexc Illennona 1o yuc-
JICHHOCTH (min-max), Out

1.5-2.0 0.5-2.7 0.6-1.2 0.3-1.7 0-0.2 0.3

Nunexc Illernona 1o

: 1.9-2.1 1.5-2.6 0.2-0.3 0.7-1.5 0-0.5 1.7
O6uomacce (min-max), Out

YucneHHocTh (Min-max),
TBIC. 9K3./M°

Bromacca (min-max), r/m* | 2.06-2.44 |0.17-5.62 |14.05-34.34{19.35-32.37[<0.00-0.09| 0.02

188-191 | 17-2465 | 297-608 | 335-2533 4-104 108

Haubonee mmumpokoe pacmnpocTpaHeHHE B pekax uMmenu Hemaronabl (Bctpedaemoctb 100%),
JAUYUHKH XupoHoMmua (92%), rapnaktunuasl (62%) u octpakonsl (62%). B p. M. Cmoporna, rae
HaOmonancs aeUIUT KUCIOpOaa U MaKCHUMAallbHAas COJEHOCTh (Tadu. 1), U B MOYTH MOJTHOCTHIO
nepecoxmerd  p. Kapantunake (caMbIX JKCTpeMajbHBIX OHOTOMAaX) COOOIIECTBO  COCTOSIIO
WCKITIOYUTENILHO U3 KPYTJIBIX YyepBeid 1 XxupoHomua. Cpeln OTAETbHBIX BUIOB IO BCTPEYAEMOCTH B
pekax BbLaensuiMch Hematoawsl Monhystrella parvella (100%) u Diplolaimelloides altherri (46%),
rapnaktununa Cletocamptus retrogressus (54%), octpakona Cyprideis littoralis (46%). OctanbHbie
MPEACTABUTENN 3apEeTUCTPUPOBaHbl B 1-4 mpobax. OrpaHWYeHHOE KOJMYECTBO HCCIIEAOBAHHOTO
MaTepHualia TIoKa He MO3BOJISIET JIOCTOBEPHO OICHUTh TAKCOHOMUYECKHE Pa3Iuuus MeioOeHToca B
peKax B 3aBUCUMOCTHU OT yCJIIOBUM CPEIbL.

OOmiast 4MCIeHHOCTh M OMoMacca MeoOeHTOca Ha CTAHUUSAX H3MEHSUTUCh B YPE3BBIYAIHO
LIMPOKHX TpEeax: COOTBETCTBEHHO 4-2533 Thic. 3k3./M° (B cpemHeM 641+241 Thic. 9Kk3./M%) H
0.0005-34 r/M® (1043 t/M% Ta6n.2). He OTMEYEHO 3aBHCHMOCTH BEIMYMHBI TOKa3aTelell oT
cTenieHd MuHepaiau3anuu. CpaBHUMbIE TapaMeTPhl MOTYYEHbl BO BCEM HUCCIIEI0BAHHOM JHMAINa30He
cojieHocTH. KOHKpeTHbIE 3HAUYEHUs! OINpPENeIUTUCh, MMO-BUIUMOMY, JOKAJIbHBIMH OCOOCHHOCTSIMHU
BCET0 KOMILIEKCAa OCHOBHBIX (DaKTOPOB CpeAbl B TOUKax HAOMONEHUN (M MHHEpalu3aiuei, u
(U3NKO-XMMHYECKUM  COCTaBOM  JOHHBIX OTJIOKEHHH, W Ta30BBIM pEXHUMOM, U T.I.).
MakcHManbHbIe 3HAYCHHUSI GHCICHHOCTH (~2.5 MIIH. 9K3./M°) 3aperHCTPHPOBaHBI B BEPXHEM
Te4eHUH p. Xapbl U B ycrbe p.b. CMoporael, mMuHuManbHble (4-17 ThIC. 5K3./MY) — B yCThbe
p. M. Cmoporys! 1 B cpeaneM Tederuu p. Xapsl. ITo 6nomacce (32-34 r/M”) BBLIEISIIACH CPEIHEE
teuenue p. b. CMmoporasl u ycTheBoO#l yuacTok p. UepHaBKH, B TO BpeMs kKak B pekax M. Cmopora,
Kapantunka v B cpenHeM TeueHMM p. Xapa AaHHbIM mnokazarenb He mnpesbiman 0.1 /M. Tlo
YHCIIEHHOCTH, KaK MPaBUJIO, MPEBATUPOBAIA HEMATOABI (B CpeHEM Uil BcexX cTaHmmii 58+11% ot
oO1el BeMUnHbI), ocTpakoasl (26£11%) u rapmaktunuas (13+8%), mo 6rmoMacce — OCTpaKO b
(36£13%), nmuuunku xupoHoMup (24+9%), rapmaktununasl (17+8%) u mematomsr (13+8%). B
OOJIBIIIMHCTBE CIydaeB HAONIONANIOCh pe3Koe JOMHHHpOBaHHE 1-2 BUAOB Hal ocTaibHbIMH. K
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npumepy, Hemarona Monhystrella parvella B p. Xapa gocTHrana mioTHOCTH 768-2290 Thic. 9K3./M
(78-93% ot o6mei), rapnaktununga Cletocamptus confluens B yctbe p.b. CMoporma —
2414 thic. 3K3./M” (95%) u 17 r/m” (88%), octpakoma Cyprideis littoralis B ycTbe p. UepHaBky —
552 ThIC. 9K3./M" (91%) 1 33 T/M* (97%).

HeBricokoe BuaoBoe OOraTCTBO BMECTE C BBICOKOW CTEMEHbIO NOMHHHUPOBAHHS OTAEIHHBIX
BHJIOB OTPEEIsUIA 00Ilee HU3K0E pa3zHooOpasue JOHHOU MeodayHbl B pekax. CpeqHue 3HaYCHHs
naaekca Illennona cocraBasaan 1.0+0.2 O6uT mo uyuciaeHHoctH u 1.2+0.2 OuT mo Omomacce,
MaKCUMaJIbHbIE HE MPEBBIIIAIN COOTBETCTBEHHO 2.7 1 2.2 6uT (Tadn. 2).

Oo0cyxnenune

MeiioOeHTOC TECHO B3aWMOCBSI3aH C  JPYTMMH  COOOIIECTBAMHM  T'MJIPOOMOHTOB  —
300MJIaHKTOHOM, Makpo3000eHTocoM, (ayHOU 3apocneil. MMeercs 3aMeTHOE KOJTUYECTBO BHUOB,
KOTOpBIE B pe3yJibTaTe CMEHBI (a3 KXUIHEHHOTO IUKJIA WM 00pas3a >KU3HU IO/ BO3IEHCTBHEM
MEHSIOIIUXCSI YCIOBHI CYIIECTBOBAHUS, YBEIUUYCHHS] pa3MEpPOB Tella B pe3ylbTaTe pocTa U T.A.
YYHUTBIBAIOTCSL TO B OJHOM, TO B JAPYroi rpyrie 0ecrno3BOHOUYHBIX. OCOOEHHO 3TO XapaKTEepPHO IS
HEOOJBIINX METKUX BOJAOEMOB, I/I€ TPAHUIIBI MEXIY JAOHHBIMU, METArMYECKUMU M 3apOCIEBBIMU
OWoTOIMaMM dYaie BCero OBIBAIOT BEChbMa YCIOBHBIMH M MPOHMCXOMUT cMmerneHue ¢ayH. [Toaromy
P MPEABIAYIIUX UCCIeNOBaHUSAX TuApodayHbl BOJIOEMOB OacceifHa 03. DIIbTOH psJl OPraHU3MOB
JOHHON Meio(dayHbl yXkKe YKa3blBJICS B CIIMCKaX BHJIOB, TMPEXAEC BCETO — JIOHHBIE W JOHHO-
MejaruyecKkue HU3IMe pakooOpasHble (KJIAagoLephl, HUKIONbBI, TapHakTUIUABI U OCTPAKOJbI),
OJINTOXETHI, JIMYMHKU HACEKOMBIX (XHPOHOMHIBI U 1p.). Tak, Mpu MEPBOM H3YUYEHHUU BOJHBIX
6ecrno3BoHOUHBIX BojmoeMoB IIpmanbToHbs B 1910-1920-x romax Obuio BbIsIBIEHO okoiio 60-70
BHJIOB M POJIOB, IPUMEPHO YETBEPTHh U3 KOTOPHIX — JOHHBIC U TPUIAOHHBIC PAYKU. YKa3aHbI TAKKE
OTJIeNbHbIE TpeacTaBuTenu onuroxer u xupoHomun (benunr, 1926; benunr, Mensenesa, 1926;
EpmakoB u np., 1933; Medwedewa, 1926). [To pe3ysibraTaMm KOMITIEKCHBIX pa0OT, TPOBEICHHBIX B
2003 r., ¥ ¢ yueToM paHee MOTYUYCHHBIX JAHHBIX B Oacceiine o3epa oTMeueHo yxe 6onee 170 BuaoB
6ecno3BoHOYHBIX (OTyeT ..., 2003). OK0JI0 MOJOBHHBI CHMUCKA COCTABWJIM BOIHBIE HACEKOMEIE,
pakooOpa3HbIX yka3zaHo okoio 30. HemocpeacTBeHHO B MpUTOKaX 03epa OOHApYKEHO 57 TaKCOHOB.
B xoze mpoBeAECHHBIX B IOCIEAHUE TOMABI HCCIEIOBaHUM Makpo3ooOeHTOoca pek IIpudnbToHBS
3aperucTpupoBaHo 50 TaKCOHOB JOHHBIX OECIO3BOHOYHBIX, U3 KOTOPHIX 12 — omuroxersl, 16 —
xupoHoMHIbI (3uHUEHKO, ['onoBaTiok, 2010).

[TepBoe m3yueHne MeroOeHTOCAa IPUTOKOB 03. DIBTOH, HECMOTPS Ha HEOOJBIIIOE KOJIUYECTBO
COOpaHHOTO MaTepuaia U padoThl MPEIBIIYIINX UCCIEI0BATENICH, TTO3BOIWIO BBISIBUTH HOBBIC IS
peruona, Poccun u Hayku Buael. Uyth panee (JIazapeBa u ap., 2010) B cocraBe menmarndeckoin
Me30(¢ayHbl pacCMaTpUBAEMbIX pEK BIEpBBIC A OacceliHa o3epa ObUIM OOHAPYKEHBI TaKUE BUIIBI
MeiodayHbl, kak osmroxera Nais elinguis, mwuknon Paracyclops fimbriatus (Fischer, 1853),
rapnaktununa Cletocamptus confluens, octpakonsl Candona marchica n Limnocythere dubiosa
Daday, 1903. Takum o6pazom, [IpurnbToHBE 0€3yCIIOBHO SIBIISCTCS TIEPCIIEKTUBHBIM PETHOHOM JIJIS
M3ydeHusi OMopazHooOpa3usi BHYTPEHHUX BOJOEMOB apUIAHON 30HBI CTPaHbI, PACIPOCTPAHEHUS H
9KOJIOTMH BUJIOB JJOHHOM MelodayHbl B rpajueHTe cojeHocTu. K nmpumepy, Benymuecs B T€UCHHE
HECKOJIBKUX JIET UCCIIeIOBaHMUS MAaKPO3000CHTOCA IPUTOKOB 03€pa MO3BOJIWIN BBISIBHTH YXkKe Oosee
30 HOBBIX AJIA UX dKOcHCcTeM U (payHbl Poccuu BUIOB, OnucaTh HOBbIE BUIBI XUPOHOMHUI, KOTOPHIE,
BO3MOJKHO, SIBJIIIOTCSI dHJEMHUKaMu peruoHa (3unueHko u ap., 2009, 2010; 3opuna, 3uHYEHKO,
2009; 3unuenko, ['omosaTtiok, 2010; Makapuenko, ['onoBaTiok, 2010).

CornacHo MOJTY4YEHHBIM HaMH MPEABAPUTEIBHBIM JaHHBIM B MEKEHHBIA MEPUOJI MEHOOSHTOC
HCCIIEIOBaHHBIX BOJOTOKOB COCTOMT TIJIaBHBIM O0pa3oM U3 TalOQWIbHBIX U TalOOMOHTHBIX
OpPraHU3MOB, UMEIOIUX, KaK MPaBUIIO, MIMPOKOE Treorpaduueckoe pacpocTpaneHre. bonpmHCTBO
OoOHapy»XEHHBIX BHUJOB — OOBIYHBII KOMIIOHEHT MEHOOEHTOCa OJHMIro- M ME30TaJMHHBIX 30H
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BBICOKOMUHEPATU30BAaHHBIX 03€p, NMpUOpekbs Mopel (Bkatodas Onumznexaniue Kacmowiickoe u
Apainbckoe), IpUOpEKHBIX JJaryH U MOpPCKuX 3ctyapueB EBponbl u1 A3un. Hekoropble BUIbI Takxke
obutaror Ha AdpuxkaHckoM (Hematoma Monhystrella parvella, rapnaktununel Cletocamptus
retrogressus u C. confluens n np.) u CeBepoamepukaHckoM (nukion Apocyclops dengizicus)
koHTHHeHTaX ([lanomuxun, 1985; Jacobs, 1987; Meisch, 2000; Mielke, 2000, 2001; MoHyeHKo,
2003; Freshwater nematodes..., 2006; CemenoBa, 2007 u xap.). Kpome Haxoakum B pekax
[IpudnbTOHBST HOBBIX [UJII HayKd BHUAOB KPYIJVIBIX 4YepBed, MPEACTaBIsSET HHTEpPEeC IMEepBOe
obHapyxenue B Poccuu uepBs Monhystrella parvella. Panee oH OblT M3BECTEH B OCHOBHOM U3
Cesepnoit Adppuku (Opuonusa, Hamuobus). Onna u3 reorpapuueckux ¢GopM BUAa ONHMCAHA C
Bonrapckoro mobGepexns UepHoro mopsi (Jacobs, 1987). Perucrpamust M. parvella Ha BOCTOKE
Bonrorpazackoii o6nactu, mpudeM — B MAacCOBOM KOJIUYECTBE, CBHUJIETEIBCTBYET O 3HAYUTEIHHO
0oJiee MMPOKOM PACIPOCTPAHCHUH BU/IA, YEM CUHTAIOCH JI0 CHX TOpP. YepBbh MOXKET OBITh CITyTaH C
Onmu3kuMu 1o MOpdoIOTUU BUAAMH U3 poJoB Monhystrella v Eumonhystera, 4To, BO3MOXHO, U
OOBSICHACT OTCYTCTBHE YKa3aHHMW Ha €ro OOMTAaHWE B APYTHX COJICHBIX BOJOEMax €BPOICHCKOW U
asuaTckou yactu Poccun.

Perucrtpamust B nputokax 03. DIbTOH pauka Apocyclops dengizicus yTOYHSIET TPaHHIIBI €TO
apeana. JTo, MO-BUIMMOMY, HauOoliee ceBepHasi M3 M3BECTHBIX HA HACTOSIIMNA MOMEHT HaXOJOK
BuJa B mpenenax Poccuu. PacmonokeHne MHOKECTBa BBHICOKOMHHEPAIU30BAHHBIX BOJOEMOB B
3aBomkbe M Ha rore 3amaaHoi CHOMpH HE HCKIIOYalOT oOHapykeHue A. dengizicus BIUIOTH A0
55° c.u1. (Gusakov, 2011).

Ha xpymHOM TakCOHOMHYECKOM ypOBHE cooOiiecTBo MeiioOeHToca pek [IpudnbToHbsi nMeeT
HEKOTOpBIE YepThl CXOJCTBA KaK C MPECHBIMH BOJOEMaMH, TaK M C COJIOHOBATBHIMH Y4YacTKaMHU
Mopelr u ocTyapueB. [Ipexnae Bcero, Ansi BCeX YKa3aHHBIX OHMOTOMOB OOBIYHO XapaKTEpPHO
MPEBAJMPOBAHNE TI0 BHIOBOMY OOTaTCTBY HEMAToJ W HHU3IIMX PAYKOB (€CTM HE YYHTHIBATH
HEKOTOpBIE TPYIIIHI MPOCTEHUIINX, TPAAULIMOHHO U3YYaeMbIX B COCTaBE MOPCKOTo MeiobeHToca). B
TO K€ BpeMs, OTMEUeHHOe B MeioOeHToce pek [IpudIbTOHBS CpPaBHHUTEIBHO BBICOKOE
pa3zHooOpa3ue TUYMHOK XHPOHOMUJ TUIIUYHO, TTIABHBIM 00pa3oM, JIJIsl MPECHOBOIHBIX 3KOCHUCTEM,
a B MpUOpEXbe MOPEH, JIaryHaX M 3CTyapHsx Oosiee pasHOOOpPa3HBI IUIOCKUE M KOJIbYAThIE YEPBH,
nHoraa — kien-ranakapusl (Kypamos, 1994; Bopo6sesa, 1999; Freshwater nematodes ..., 2006;
I'ycakos, 2007; Giere, 2009 u np.). Eciu TypOemnsspun HAaMuU HE M3y4YalIHCh, TO KICIIHM HE ObUIH
oOHapy»XeHbl HU B OJHON U3 MPOO, XOTS MPUCYTCTBHE IPYIIILI B peKax paHee perucTpupoBaioch
(EpmakoB u 1p., 1933). [lo cux mop He BbISIBIIEHBI B OacceiiHe 03. DJIbTOH U TaKue Crenu(pUIHbIe
MpEeICTaBUTEIM JOHHON MeiodayHbl W TPECHBIX, M COJEHBIX BOJOEMOB, KaK THUXOXOJKH
(Tardigrada). SIBnsiercst T OTCYTCTBHE KJICIEH U TapAUTPa] OCOOCHHOCTHIO HCCIETOBAHHBIX HAMU
OMOTONOB M Ce30Ha HAOJIOJEHUN WM TUIUYHO JUISI PAacCMAaTPUBAEMBIX BOJOTOKOB, MOKAXYT
JaJbHEUIIe paboThlI.

PexorHocumpoBOYHBIN XapakTep HAIIMX MCCIEAOBAaHUA TMOKa HE MO3BOJSAET JIOCTOBEPHO
MPOaHATN3UPOBaTh KAYECTBEHHBIE W  KOJMYECTBEHHbIE OCOOEHHOCTH MeiHoOeHToca pek
[IpudnbTOHBST B 3aBUCUMOCTU OT (PAKTOPOB Cpeibl, U3 KOTOPBIX OCOOBIN MHTEpEC MpEeICTaBIISIET
I'PAJUEHT COJCHOCTH. VMI3BECTHO, UTO POJIb MUHEPATIH3AMH KaK JEeTePMUHHUPYIOLIETO (aKkTopa s
OMOJIOTMYECKNX COOOIIECTB BhINIE TpH 3HaUeHHsIX <50 T/1, B TO BpeMs Kak IpH OOJBIITUX
BEJIMYMHAX OHAa HE OKa3blBaeT Mpeolalaloiero BO3JACHCTBUS IO CPAaBHEHHIO C JIPYTHMHU
daxkropamu (Williams, 1998). B namewm cimydae MOXKHO OTMETHTh TOJIBKO 3aMETHYIO TEHJICHIIHIO
CHIDKEHHMSI BHIOBOr0 OorarctBa OT Me30- K 2Jy- U TUIeprajiuHHoMmy yposHio. CoBceM
HEOTpeeNIEHHON OKa3alach B3aUMOCBS3b CO CTEMEHbI0 MUHEPATU3aLUU  KOJIMYECTBEHHOM
CTPYKTYpBhl cooOmiecTBa (YUCICHHOCTH u Ouomaccel). Ckopee Bcero, OHa 3aByallMpOBaHA
KOMIUIEKCHBIM BO3JICHCTBUEM Pa3IUYHbBIX (DAKTOPOB Cpe/ibl B TOUKAX HAOMIOACHUH.

COBOKYIHOCTh JICHCTBHSI MHOTHUX (PaKTOPOB U HEOJHO3HAYHOCTH BJIMSHUS CAaMOM COJIEHOCTH (B
MHKCO- W DYTAJIMHHBIX TpeliesiaXx) Ha pazHooOpa3nue U CTPYKTYpy MEeHoOeHTOca U OJIM3KHUX K HEMY
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cooOuiecTB (B 4aCTHOCTH, MaKpO3000€HTOCA) MOATBEPKIAIOTCA U ApYTMMHU HaOmroaeHusiMu. Tak,
YCTAaHOBJIEHO, YTO Ha CTPYKTYypy MakKpo3000€HTOCa paccMaTpUBAEMbIX PEK BIMSIET HE TOJIBKO
o0111asi MUHEpaIu3alys, HO U HOHHBINA cocTaB BoJbl, pH, KOHLIEHTpaIsl KUCIOpoa, TeMIIeparTypa,
3apacTaeMoCTh y4acTKOB. [Ipy 0000IIeHn TaHHBIX 110 BCEM pEKaM OTMEYEHO CHM)KEHUE BUIOBOTO
6orarcTBa M pa3zHOOOpa3usi cooOIIecTBA C MOBBILIEHUEM COJEHOCTH OT 7 10 32 r/n (3uHUYEHKO,
lNonmoraTtiok, 2010; 3unuenko u ap., 2010). Ha paznuunsix yuactkax Ceepnoro Kacmust oOrmiee
KOJINYECTBO TaKCOHOB MeioOeHToca pe3ko (Oosiee, yeM B 3 pa3za) yMEeHbILIAETCs NMPU Nepexose oT
MIPECHOBOAHOM K OJUTOTAIMHHOW 30HE, HO B ME30TAIMHHON OMSTh HECKOJBKO Bo3pacTtaet. OOrmas
YHCJICHHOCTb NMPAKTHUECKU OJIMHAKOBA B MEPBBIX JBYX 30HAaX U PE3KO BO3PACTAaeT B MOCIETHEH H3-
3a YBEJIMYEHMs IUIOTHOCTU HeMaron. buomacca B Me30raJuHHON 30HE HA0OOpPOT CHMIKAETCS, TaK
KaK M3 COoOOIIecTBa BBINAJAOT OCcTpako sl (AnaauH u ap., 2000). B sctyapusix kpome coleHOCTH
OCHOBHBIMM (paKTOpaMH, BIMSIOIIMMU Ha pachpejesieHne MeioOeHToca 1Mo Oumoromnam, SBISIOTCS
Kosie0aHHUs YpOBHs, CKOPOCTb TEUYEHHsS, COCTaB JOHHBIX OTJIOKEHHH, a TakKe aHTPOIOTr€HHOE
BO3JICHCTBUE. YBEIMYEHUE AaMIUIUTYJbl KojeOaHUs YPOBHS U CKOPOCTH TEYEHUS U3-3a
JeSITeIbHOCTH 4YEJIOBEKa YMEHBIIAeT pa3HooOpaszue, HO yBEJIWYMBaeT Ouomaccy MeiloOeHToca
(Smol et al., 1994; Soetaert et al., 1995; Coull, 1999 u np.).

BblsiBeHHBIE HaMM B TNPHUTOKaX 03. DJIIBTOH CPaBHUTENIBHO BBICOKME Ui MeiHoOeHToca
MOKa3aTea YHUCICHHOCTM U OHOMAacChl HE 4YacTO PETUCTPUPYIOTCS B IPECHOBOIHBIX H
COJIOHOBATBIX BOJi0eMax. B mepBbIX OHU CBA3aHBI B OCHOBHOM CO CKOIUIEHUSIMH JHANay3UpYOLINX
KOIEMOIUTOB TUIAHKTOHHBIX BUJIOB IIUKJIONOB, MAaCCOBBIM Pa3BUTHUEM HEMATO]l, MEJIKUX KOJbYaThIX
4yepBell, HU3IUX paKoOOpa3HbIX U JTUUMHOK XHUPOHOMHUJI, BO BTOPHIX — HEMATOA M HU3IINUX PAavyKOB,
MHOTJa TypOeusipuil u psaa apyrux rpymnm (6e3 yudera nmpocteilmnx). B oboux Tunmax BoJ0oeMOB
COCTaB JOMHHHPYIOLIUX TAKCOHOB 3aBUCUT HE TOJILKO OT XapaKTepa UCClIeAyeMbIX OMOTONOB, HO U
ot ce3zona Habmoaecamii (Kypamos, 1994; BopoOwseBa, 1999; Freshwater nematodes ..., 2006;
I'ycakos, 2007; Giere, 2009 u np.). Bbicokas mIoTHOCTh Mei0O€HTOcCa MPU HU3KOM BHIOBOM
OorarcTBe, HaOIO1aeMas Ha OTAEJbHBIX MPUOPEKHBIX ydacTKaX MOPEH, B MPUOPEKHBIX JaryHax u
sctyapusix, no MHeHHI0 O.Giere (2009) xapakTepusyeT AaHHbIE OMOTOIBI KaK 3KCTpeMajbHBbIE.
Huskoe pa3HooOpazme MeroOeHTOca MPUTOKOB 03. DIIBTOH MPH BBICOKHX KOJWYCCTBCHHBIX
MoKa3aTessaX, OUEBUAHO, TAKXKE SIBISIOTCS OTBETOM COOOIIECTBA HAa HEOJAroONpUSTHBIC YCIOBUS
CYILIECTBOBaHMSA B OOJIBIIMHCTBE UCCIIEIOBAaHHBIX OMOTOMOB.

BriBoabI

BriepBeie mccneoBaHo co00IIEeCTBO MeHOOEHTOCa B BBHICOKOMHUHEPATU30BAHHBIX MPHUTOKAX
03. OnbToH. OnpeeneH TaKCOHOMUYECKU COCTaB U KOJMYECTBEHHbIE MapaMeTphl coolIIecTBa B
ME)XEHHBIN (aBrycT) nepuo. BeisiBieHbs! HOBBIE A1t HAykH, Poccun n peruona BUabl THAPOQayHBI.
VYcraHOBIEHO, YTO B CE30H HAOMIOJAEHWUN MOHHAs MeiodayHa pek TpeacTaBlieHa B OCHOBHOM
IIMPOKO  paclpOCTPaHEHHBIMH  TaJO(PUIBHBIMH ¥ TaJOOMOHTHBIMH  OpraHM3MaMu U
XapaKTepU3yeTCsl CPAaBHUTENBHO HU3KHUM TAKCOHOMHYECKHM pa3HooOpa3ueM, KpailHe MIHpOKUM
pasMaxoM UYHUCICHHOCTH U 6HOM3_CCBI npu BBICOKOII CTeleHHu AOMUHUPOBAHUA OTACIIBHBIX
npencraButeneil. OTMeueHa TeHACHIINUS CHIKEHUS BUAOBOTO OOraTCTBa ¢ pOCTOM MHMHEpAIHU3alUU
OT Me30- K dy- M THUIepraliHHOMY YpoBHIO. KoruecTBeHHBIE TTOKA3aTeH COOOIIEeCTBAa HE UMEIOT
OJIHO3HAYHOM 3aBUCHUMOCTHM OT CTENEHH COJIEHOCTH, a OIpPEeNessoTCcs, MO-BUIUMOMY,
KOMIUICKCHBIM BO3JICHCTBUEM OCHOBHBIX (JAaKTOPOB CPEIBI.

bracooaprocmu. ABtopwl Tiiyooko mpusHarenbHbl T.J[. 3unuenko, JI.B. I'omoBatiok u apyrum
corpyanukaMm MHctutyTa sKonorun Bomxkckoro 6acceitna PAH, coTpynHukam npupoIHOro mapka
«ONBTOHCKUI 32 OPraHU3alIMI0 SKCTIETUIIMHN U TOMOIIb B paboTe.
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MEIOBENTHOS COMPOSITION AND STRUCTURE IN
HIGH-MINERALIZED TRIBUTARIES OF THE ELTON LAKE

© 2012. V.A. Gusakov, V.G. Gagarin

Institute for Biology of Inland Waters of the Russian Academy of Sciences
Russia, 152742 Borok. E-mail: gva@ibiw.yaroslavl.ru

The meiobenthos of six tributaries of the hypergaline Elton lake (the Volgograd region) in low-flow
period (August) has been researched for the first time. New species for science, Russia and the region
have been found. The widespread halophilic and halobiontic organisms formed the basis of the
community. The community was characterized by the relatively low diversity and the extremely large
range of abundance and biomass with the high extent of domination of separate species. The tendency
of decrease of species richness with increase of a mineralization from mezo- to eu- and hipergaline
level was observed.

Keywords: high-mineralized (salty) rivers, meiobenthos, taxonomic composition, quantitative
parameters.
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B craThe aHaMM3UPYIOTCS COOOIIECTBA 3aCOJICHHBIX MECTOOOMTAHUM, BBISBJICHHBIC U OMMCAHHBIC C
ucnoibp3oBanueM nozaxona K. Bpayn-bnanke Ha roro-soctouHoi rpanuiie EBpombr. O0oOmiaroTcs
XapaKTepHbIE ISl JTAHHOTO pErHoHa MoOp¢OJIOTHYECKHe, 3KOJOTHYeCKHe U reorpaduueckue
OCOOEHHOCTH JTHX COOOIIECTB Ha YpPOBHE BBICIINX CHHTAKCOHOB (KjaccoB). PaccmarpuBaeTcs
[IEHHOCTh COOOIIECTB C MPUPOAOOXPAHHON TOUKH 3PEHHUSL.

Kurouegvie cnosa: pacTUTENBHOCTH, 3aCOJICHHBIE HSKOTOIBI, Or0-BOCTOK EBpombl, merton bpayn-
bnanke.

Oka3zajioch, 4TO K HacCTOAIIEMY BPEMEHM C HCMOJb30BaHHEM MeTona bpayH-bianke B paiioHe
IOr0-BOCTOYHOW TpaHuubl EBpombl (0T VYpalnbCKuX TOp /[0 CEBEpO-3alaJHOTO IMOOEpexbs
Kacnmiickoro Mopsi)) Ha 3acOJIEHHBIX OSKOTOMAaX M3ydajluch B OCHOBHOM COOOIIECTBA,
pacrmonarampiiyecss B JOJHMHAX ABYX KPYHHBIX pek peruona (Bonrm m Ypama) u Ha mobepexne
Kacnus, a Takxke Ha npuiiekamx K 3TUM 00bEKTaM TEPPUTOPUSIX B painyce HECKOJIbKUX JIECATKOB
kunmometpoB (Iomy©6, 1985, 1986; Golub, Mirkin, 1986; I'ony06, Yopbanze, 1988; Areneyos, ['omy0,
1989; Golub, Corbadze, 1989; Golub, 1994-1995; Golub, Tchorbadze 1995; ['ony6 u mp., 1998;
KOputeiaa, 2000-2007; bapmun, 2001; I'ony6, FOpuneiaa, 2001; Freitag et al., 2001; Kaprnos u np.,
2003; Kapnos, FOpunpiaa, 2006). B HacTosimumii aHaIM3 BKIIOYEHA TEPPUTOPHSI, PACTIONOKCHHAS
10%kHee 52° c.u1. — nojoca mupuHOH 10 20-50 KM B10JIb JOJIMHBI pekH Ypal u nodepexnss Kacrus,
nenbTa Bonru u e€ nonuHa npumepHo a0 48° c.ii. (puc.).

Paijion ncciaenoBanus

Knumam tepputopur pe3Ko KOHTHHEHTAJbHBIA, C JOITUMHU >KAPKUM JIETOM M XOJOJHOM
3UMOM, OBICTPOTEYHBIMH "TIEPEXOTHBIMU" CE30HAMHU TOJia U CHIIBHOM MEXTO0BOM H3MEHUYNBOCTHIO
peXHrMa 0CaJIKOB, BETPOB M TeMIepaTyp. MHOTHe TeMIepaTypHble MapaMeTpbl CHIKAIOTCS C FOTO-
3amaja Ha CeBepO-BOCTOK: cpenHeromoBas temmeparypa — ¢ 9°C mo 5°C, temmnepaTypa siHBaps — C
—7°C no —13°C, cymma temmneparyp Beime 10°C — c¢ 3500°C no 2700°C cOOTBETCTBEHHO.
TemmepaTypa U0 TOYTH OJMHAKOBAa IO BceMy paiiony — 23-25°C. lomoBas amruiutyaa
temneparyp — 34-38°C. KonndectBo ocankoB — okoso 320 mm/roa Ha ceBepe 1 160 MM/Tof Ha ore.
CpenneronoBas ucnapseMoctsb — 1000-1200 MM, ko3 durment yBinaxuenus — 0.3 Ha ceBepe u 0.1-
0.2 na wre (bepr, 1952; VBanos, 1953a; BbysHoBckuii u ap., 1956; HOro-Bocrox ..., 1971;
I'eorpaduueckuii atnac, 1980; Mcauenko, 1985).

Cesep [Ipukacnuiickoii HI3MEHHOCTH caM IO cebe UMeeT ClabOpa3BUTYIO cUOpozpahuuecKyro
cems. Ilpu manom (Menee 10 mm/ron) m HepaBHOMepHOM (90% — B BECEHHEE ITOJIOBOJBE)
MOBEPXHOCTHOM CTOKE, CKYAHBIX JOXKISX W YacTOM OTCYTCTBUM TPYHTOBOTO MHTAHUA
OOJBIIMHCTBO pEeK (M 03€p) JIETOM MpaKTHYECKH NepechixaioT. Boga MHOTMX BOJOTOKOB U
BOJI0OEMOB (0COOEHHO Ha ore) coseHas. KpynHbsle peku paiiona (Boara u Ypain) uMeroT npecHyo
BOAY, IIMPOKHE MOMMBI C MPOTOKAMHU, CTAPUIAMH U O3€PAMU; B UX JEJIbTAaX MPOUCXOIUT HATOH
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MOpCKHX BOJ. BeceHHee 10y10BOIbE JUINTCS ¢ Hadalla-CEPEAMHbI alpess 10 BTOPYIO ITOJIOBUHY Masl,
MIPH 3TOM p. Ypasl akTUBHO Pa3MBIBAeT Oepera M MOXET BHE3alTHO MEHSTH CBOH Kypc. OHa xe (u
Jpyrue KpyIlHeHine peku BOCTOYHOM wyacTh Bonro-Ypanbckoro Mexiaypeubs) OTIMYAETCs
YepeJoBaHUEM MaJjo-, CpeJHEe- U BBICOKOMABOJIKOBBIX JeT. KpymHbIMU BOJOXpaHWIUIIAMU

MOBEPXHOCTHBIX BOJ paiioHa sBistorcs numansbl (bepr, 1952; UBanos, 1953a, 6; IOro-Boctoxk ...,
1971).
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Puc. PacnpocTpaHeHue BBICIIUX CHHTAKCOHOB Ha IOT0-BOCTOYHOM Tpanuiie EBponsl, M 1:~60 kM.
YcnoBueie o0o3HaueHusi: | — Artemisietea lerchianae, 2 — Crypsidetea aculeatae, 3 — Glycyrrhizetea
glabrae, 4 — Molinio-Arrhenatheretea, 5 — Nerio-Tamaricetea, 6 — Phragmito-Magno-Caricetea, 7 —
Petrosimonio oppositifoliae-Kalidietea caspici, 8 — Scorzonero-Juncetea gerardii, 9 — Thero-Salicornietea,
10 — cooOmiecTBa B MPOCTpaHCTBE MEXKIY KiIaccaMu Scorzonero-Juncetea gerardii n Festuco-Puccinellietea,
11 — coobmiecTBa B mpoCTpaHCTBE MEkAy kiaccamu Thero-Salicornietea u Petrosimonio oppositifoliae-
Kalidietea caspici. Fig. The distribution of the higher syntaxa in the south-east boundary of Europe,
M 1: ~60 xm. Legend: 1 — Artemisietea lerchianae, 2 — Crypsidetea aculeatae, 3 — Glycyrrhizetea glabrae, 4
— Molinio-Arrhenatheretea, 5 — Nerio-Tamaricetea, 6 — Phragmito-Magno-Caricetea, 7 — Petrosimonio
oppositifoliae-Kalidietea caspici, 8 — Scorzonero-Juncetea gerardii, 9 — Thero-Salicornietea, 10 —
communities in the space between Scorzonero-Juncetea gerardii and Festuco-Puccinellietea, 11 —
communities in the space between Thero-Salicornietea and Petrosimonio oppositifoliae-Kalidietea caspici.

I'pyHTOBBIE BOMBI 3aJ]€TalOT OJU3KO K MOBEPXHOCTHU: B CEBEPHBIX PaliOHAX C TOMUHUPOBAaHHEM
IUTAKOPOB BJIOJIb P. Ypalsl Ha MIyOUHE 3 M, B I0XKHBIX I€CYAHBIX PaBHUHAX (M MOA AEMPECCUSIMH IO
Bcelt Tepputopur) — MeHee 1-3 M; a B nenpTe Bonru u 3amagHee ee MOTYT OITyCcKaTbesl 710 ITyOUHBI
5 m. Ilpeobnagaer XJIOpUIHO-HATPHEBO-MATHUEBBIN THUI 3aCOJEHHS IMOA3EMHBIX BOJ; 3aMETHas
MUHepaln3alnusi HayuHaeTcsl ¢ Tayounsl 2-2.5 M u moxer nocturats 200-220 r/n (Kosaa, 1940;
bysHoBckuit u ap., 1956).

30HAJILHBIMU TIOYBaMH Ha CEBEPE PACCMATPHBAEMOro paldOHA SIBIISIOTCS KAlITaHOBBIE (OT
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TEMHBIX JI0 CBETJIBIX), K IOTYy UX MOCTENEHHO CMEHSIOT Oypbie HOJ‘IyHyCTLIHHBIel. B moiimax pek u
HEKOTOPBIX KPYIMHBIX JEMPECCUSAX TOYBHI AJUTIOBUANIBHBIC, JYTOBO-Y€PHO3EMHBIE M JyTOBO-
KallTaHOBBIC. BeMKY II0IIaau IMOJI COJIOHYaKaMH U COJIOHIIAMH, a Ha FOre — M3-3a HHTCHCUBHOTO
BBITIaca B MOCJIEAHUE JIBA CTOJIETHUS — MIECYAaHBIMU MAaCCHBaMH 0€3 Pa3BUTOIO MOYBEHHOTO MOKPOBA
(MBanoB, 1953a, 6; bysHoBckuit u ap., 1956; FOro-Boctok ..., 1971). [loactunaromnue mopomst
CUJIBHO 3acOJieHBI. [10 XUMU3MY U TUITY 3aCOJICHUS MMOYB PAaOH OTHOCAT K MIPOBUHITUU XJIOPUIHOTO
COJICHAKOTICHUS: XJIOPUIbI HATPUS U MarHus 3HAYUTENbHO MpeBbimatoT cynbdartsl (Kosna, 1940).

XapaRTepnchca PACTUTECJIBHOCTHA

Cunmakconomusi. Ha paccMaTpuBaeMoll TEPPUTOPHH PACTHUTEIBHOCTh 3aCOJICHHBIX 3KOTOIOB
XapaKTepU3yeTCsl 3HAYMTEIBHBIM PA3HOOOPasHEM — OMHCAHO 57 e¢ HU3UIMX CNMHHIC: 32
accouuanuu, 11 cybacconmanuii, 8§ BapuantoB, 6 cooOmecTtB. OHM OTHeceHBl K 9 Kiaccam
(Artemisietea lerchianae Golub 1994, Crypsidetea aculeatae Vicherek 1973, Glycyrrhizetea
glabrae Golub et Mirkin in Golub 1995, Molinio-Arrhenatheretea Tx. 1937, Nerio-Tamaricetea
Br.-Bl. et Bolos 1958, Petrosimonio oppositifoliae-Kalidietea caspici Mirkin ex Mucina cl. prov.,
Phragmito-Magno-Caricetea Klika in Klika et Novak 1941, Scorzonero-Juncetea gerardii Golub et
al. 2001, Thero-Salicornietea Tx. in Tx. et Oberd. 1958). He3nauuTenbHas 4acTh HU3MINX €IUHHII
MIOMEIIEHa B MEKKJIACCOBBIE NMPOCTpaHCTBa (Scorzonero-Juncetea gerardii/Festuco-Puccinellietea
So6 ex Vicherek 1973 u Thero-Salicornietea/Petrosimonio oppositifoliae-Kalidietea caspici) wmm
MOKa HE HaIllllla CBOETO MECTa B ONPEJICIICHHOM BBICIIIEM CHHTAKCOHE M 3/IeCh HE aHamu3upyercs. B
MepeyueHb KJIaCCOB BOILIM B TOM YHCIIC M HE CIYMTAIOIINECS «TPATUIIHOHHO TATODUTHBIMID).

Bricine equHMIBI pAaHTOM HWKE KJlacca MPEACTaBICHbI CICIYIOIUM 00pa3oM: MOPSIKOB — 9
(Bxirouast 1 HeompeneneHHbI), coro30B — 13 (Bkitouas | HeompeneneHHBIN), MOAMOPSIKOB U
MOJICOI030B — 110 OJJHOMY (CIIHCOK).

Cnucok BBICIINX CHHTAKCOHOB

Kaacc Artemisietea lerchianae Golub 1994
Hopsinox Artemisietalia lerchianae Golub 1994
Coro3 Artemision lerchianae Golub 1994

Kuaacc Crypsidetea aculeatae Vicherek 1973
Hopsinok Lepidietalia latifolii Golub et V.Solomakha in Golub 1995
Coro3 Lepidion latifolii Golub et Mirkin in Golub 1995

Kanacc Glycyrrhizetea glabrae Golub et Mirkin in Golub 1995
Hopsinox Glycyrrhizetalia glabrae Golub et Mirkin in Golub 1995
Co103 Glycyrrhizion glabrae Golub et Mirkin in Golub 1995

Coro3 Elytrigio-Aeluropodion Ageleuov et Golub in Golub 1995

Kanacc Molinio-Arrhenatheretea Tx. 1937
Hopsinox Althaeetalia officinalis Golub et Mirkin in Golub 1995
Co1o3 Althaeion officinalis Golub et Mirkin in Golub 1995
Corw3s Euphorbion palustris Ageleuov et Golub in Golub 1995

! [Ipu xapakTepucTUKe MOYB HCIOJIB3yeTCsl TepMUHONOrHs U3 paborel Kiaccudukanus u auarnocruka nouys CCCP
(1977).

Ha3BaHus M HOMEHKJIATypa yCTaHOBICHHBIX CHHTAKCOHOB COOTBETCTBYIOT HpaBmiaM MeXayHapOoIHOTO KOJEKca
¢uToneHOTOrNYecKoit HoMeHKIaTypsl (Weber et al., 2000).
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Kaacc Nerio-Tamaricetea Br.-Bl. et Bolos 1958
Mopsinok Tamaricetalia ramosissimae Golub in Barmin 2001
Moanopsinok Tamaricenalia ramosissimae Golub in Barmin 2001
Coro3 Agropyri fragilis-Tamaricion ramosissimae Golub in Barmin 2001
Coxo3 Elytrigio repentis-Tamaricion ramosissimae Golub in Barmin 2001

Kuacc Petrosimonio oppositifoliae-Kalidietea caspici Mirkin ex Mucina cl. prov.
Hopsanox Halimionetalia verruciferae Golub et al. 2001
Coro3 Artemisio santonici-Puccinelion fominii Shelyag-Sosonko et al. 1989
Honcoro3 Climacoptero-Suaedienion acuminatae (Golub et Corbadze 1989) Golub et
al. 2001

Kaacc Phragmito-Magno-Caricetea Klika in Klika et Novak 1941
Hopsinok Phragmitetalia communis Koch 1926
Coro3 Phragmition communis Koch 1926
Co1o3 Magno-Caricion elatae Koch 1926

Kaacc Scorzonero-Juncetea gerardii Golub et al. 2001
Hopsaox?
Coro3?

Kuaacce Thero-Salicornietea Tx. in Tx. et Oberd. 1958
IHopsnok Thero-Salicornietalia Pignatti 1953
Coro3 Salicornion prostratae Géhu 1992

Cunmopghonoeus. CoobuectBa kinaccoB Crypsidetea aculeatae, Scorzonero-Juncetea gerardii,
Petrosimonio oppositifoliae-Kalidietea caspici, Thero-Salicornietea u HaxoAsIIIie B MPOCTPAHCTBE
MEXAy JBYMS TMOCIECTHUMH O€IHBl BHIAMH, a MPOYUX — XapaKTEPU3YIOTCS Pa3HOOOpa3HBIM
bropuctrueckum 6oraTcTBoM. [1o ydacTuio B (hopMHpPOBaHHH [IEHO30B BCEX KIIACCOB (YKCIIO BUIOB
KOKJIOr0 ceMmeiicTBa B cooOIIecTBe) BbACNAOTCS cemeiictBa Poaceae, Chenopodiaceae,
Asteraceae; HECKOIIKO MEHEE 3aMeTHasl poiib y mpencraBureneii Fabaceae n Cyperaceae. Psn
coobmiectB (Hampumep, kiaccoB Petrosimonio oppositifoliae-Kalidietea caspici, Thero-
Salicornietea) hakTHYECKU COCTOST TOJBKO U3 TaKCOHOB ceM. Chenopodiaceae.

Y OOnBIIMHCTBAa KJIACCOB TPAaBOCTOM OOBIYHO CHUIBHO BapbUPYET MO IUIOTHOCTH: 0OIee
npoeKkTuBHOE MOKphITHE — 0T MeHee 10% mo 90/100%. On 6onee paspexeH y Scorzonero-Juncetea
gerardii n Artemisietea lerchianae, a 6onee mnoteH — y Molinio-Arrhenatheretea, Glycyrrhizetea
glabrae, Nerio-Tamaricetea, Phragmito-Magno-Caricetea (10 50% u 40-100% COOTBETCTBEHHO).

CunpHO BapbUpyeT B pa3HBIX KJlaccaX M BBICOTA TPABOCTOS, HO B I[E€JIOM OHA HE IMPEBBIIIACT
50 cm u Tonbko B 1ieHO3aX Nerio-Tamaricetea u Phragmito-Magno-Caricetea MOXeT ObITH Ooliee
1 M 3a cuer KycTapHHKOB H Phragmites australis’. CambiMu Hu3KOpocisiME (10-20 cM) sBISFOTCS
coobmmectBa Scorzonero-Juncetea gerardii. SIpycHOCTh XapakTepusyeT LEHO3bl Artemisietea
lerchianae, Nerio-Tamaricetea n Phragmito-Magno-Caricetea.

Cunsxonoeus. Tonozpagpuuecku paccMOTpEeHHbIE COOOIIECTBA 3aHUMAIOT 4Yallle BCEro
OTpHUIIATENbHBIE JIEMEHTHI peibeda U MpUJIeTalolue K HUM YYacTKH. DTO: MPEUMYLIECTBEHHO
CpenHue, HIDKHUE YacTH CKIIOHOB W menb(bl OyrpoB bapa; ydacTku BOKpYT 03ep U JIMMAaHOB — B
JnenbTe Bosirn M Ha cOCemHMX C HEK TEPPUTOPUSX; TPUBBI pa3HOM BBICOTHI — B moiimax Bonrw,
AXTyOBl M VYpana; a TakKe pa3Hble JENPECCUH, IPUPYCIOBBIE BaJbl, IPUPYCIOBbS BOJOTOKOB (B
T.4. MCKYCCTBEHHBIX — KaHaJoOB), 00OYMHBI JOpor, modepexnse Kacmusi u HekoTopble apyrue
ydacTkd. Psii cooOmiecTB pa3BUBaeTCs W Ha HAPYIICHHBIX MecTax. [makopel  BepXHUE YacTH

3 Hassanus COCYIIUCTBIX pacTEeHHH MPHUBOIATCA 0e3 aBTOpoB W cooTBeTcTBYIOT Flora Europaea (1964-1993; Flora
Europaea, Internet resource, 2007).
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CKJIOHOB BO3BBIILICHHOCTEH MOTYT OCBauBaTh LIEHO3bI Kiacca Artemisietea lerchianae.

W3-3a TOrO, 4TO HE UISI BCEX ILIEHO30B OIWCAHBI MOYGEHHblE YC106UA SKOTOIOB, CIENATh
MIOJTHBIN aHAJIM3 TOYBEHHOW COCTABIIAIOLICH, K COMKAJICHHUIO, HE MPEACTaBISIETCS] BO3MOXKHBIM.

B ocHOBHOM c0001IecTBa BCTPEYAIOTCS HA MHTPA30HAIBHBIX TMOYBAX [COJIOHIIAX, COJIOHYAKAX,
QJUTIOBUANIBHBIX  (AJUTIOBHAJIbHBIE JEPHOBO-OIMYCTHIHUBAIOIIMECS KapOOHATHBIE, AJJIOBHAJIbHBIC
JYTOBBIE)| U TOJBKO LIEHO3bI Artemisietea lerchianae — Ha 30HAJIbHBIX (OYpBIX MMOIYYCTHIHHBIX ).

CoobuectBa Artemisietea lerchianae, Crypsidetea aculeatae, Glycyrrhizetea glabrae, Nerio-
Tamaricetea, Thero-Salicornietea wn B npoctpanctBe Thero-Salicornietea/Petrosimonio
oppositifoliae-Kalidietea caspici ocBauBaloT MOYBBI C Pa3HbIM I'PAaHYJIOMETPUYECKUM COCTABOM —
OT TIECKOB JIO TJIHH.

BoJIBIIMHCTBO KJ1acCOB OTMEYEHBI HA MOYBAaX C HMIMPOKOH aMIUIUTYION CTENEHU 3acoJIeHUs B
BEPXHEM TOPH30HTE :

C BBICOKOI U oueHb BbICOKOU — Crypsidetea aculeatae, Petrosimonio oppositifoliae-Kalidietea
caspici,

OT HU3KOU 10 cpenHeit — Scorzonero-Juncetea gerardii;

OT HU3KOM 10 BBICOKOM — Phragmito-Magno-Caricetea, Artemisietea lerchianae;

OT HM3KOW/MJIM OTCYTCTBHUS 3aCOJICHUS 10 BBICOKOW/OUeHb BBICOKON — Glycyrrhizetea glabrae,
Molinio-Arrhenatheretea, Nerio-Tamaricetea, cooOuiecTBa B MPOCTpaHCTBE Scorzonero-Juncetea
gerardii/Festuco-Puccinellietea.

Tun 3aconeHust TOYB YCTAHOBJIEH TOJBKO JUIsl HECKOJIBKUX KiaccoB: Glycyrrhizetea glabrae —
XJIOpUIHO-CyNb(aTHbI U cynbdaTHblil (0000mEeHHO ans aenbThl Bonru), Nerio-Tamaricetea —
XJIOPUAHO-CYyNb(GATHBIT M CyJb(aTHO-XJIIOPUAHBIH, Petrosimonio  oppositifoliae-Kalidietea
caspici — XJOpUAHO-CyIbGaTHBIN, Artemisietea lerchianae — TOMUHUPYIOT XJIOPHUIIBI U CYNIb(ATHI.

ITox uenosamu Nerio-Tamaricetea CTENIEHb U THII 3aCOJICHHUSI MOTYT MEHATBCS 110 TOPU30HTAM.

Cunxoponoeus. OCHOBHas 4acTh COOOIIECTB OblJIa ONMKCaHA Ha IOT0-3aMajie paccMaTpUBaeMOro
palioHa — MpEeuMYLIECTBEHHO B JieibTe Boirm (BKiIro4as MpUMBIKAIOMIMKA K HEH ¢ 3amajga paioH
3anmafHbIX MOJCTENHBIX WibMeHel). VIMeHHO 371ech M oTMedaeTcss HauOoJjblliee pa3HooOpasue
pPaCTUTEIBLHOCTH 3aCOJICHHBIX 9KOTOIIOB (pHC.).

B BocrouHOl («YpanbCkoil») dYacTH paiioHa ObUIM OTMEYEHBI TOJBKO COOOIIeCTBa
Glycyrrhizetea glabrae, Molinio-Arrhenatheretea w Thero-Salicornietea; B Bonro-Ypamsckom
Mexaypeube — Crypsidetea aculeatae, Thero-Salicornietea m B mpocTpaHCTBe Mexay Thero-
Salicornietea u Petrosimonio oppositifoliae-Kalidietea caspici. Haubonee mmpokas reorpadus y
Thero-Salicornietea, Glycyrrhizetea glabrae w Molinio-Arrhenatheretea, pudeM COIO3bI JBYX
MOCTeIHUX HMEIOT YeTKylo Treorpaduueckyro auddepeHnuanuo (3anaja-BoCTOK):  OJHU
XapaKTepHbl TOJIBKO Ul JOJMHBI p. Bonra u mpuieraromux K HeW TeppUTOpUil, Jpyrue — TOIbKO
JUIsL AOJMHEL p. Ypai. Heckonpko mupe, 4eM MmokazaHo Ha KapTe, paclpocTpaHeHHe eHO30B Nerio-
Tamaricetea n Petrosimonio oppositifoliae-Kalidietea caspici — pakTuuecku OHM OTMEUAIOTCS U Ha
tore Boniro-Ypaiabckoro Mexxaypeuss.

Bomnpockl oxpaHbI coo011ecTB

BoJIBIIMHCTBO PacCMOTPEHHBIX COOOIIECTB PACIOAraloTCsl B HEMOCPEICTBEHHON OnM3M OT
BOJIHBIX OOBEKTOB W B JOCTaTOYHO IUIOTHO HACEIIEHHBIX paiioHax. Ha wux cymectBoBaHHe
OKa3bIBAIOT BIIMSHUE KaK NPUPOIHBIE, TaK W AaHTPONOreHHble (aKTOphl. BaxkHbIMU
9KOJIOTUYECKUMH (PaKkTOpamu, OMpESSIomUMHA (HOPMUPOBAHUE W PAa3BUTHE ITHX COOOIIECTB,
ABJIIFOTCA IMMPAMOC U OTTIOCPCAOBAHHOC BIIMAHUC U3MCHCHHUA YPOBHSA Kacnouiickoro MOps, U3SMCHCHUC
ruaporpadgudeckoil cetu (BKJIOYAs pyclia peK), MOYBEHHAs JPO3Wsi, BBHINAC, CEHOKOIICHUE,

* [TouBeHHbIC aHATI3bI BBITOIHEHBI COOTBETCTBEHHO MeTouke E.B. Apunymkuaoi (1961) u TOCTawm.
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peryiisipHas pacramika JyroB, KOHTPOJb PEYHOTO CTOKAa, BBDKMIAHHME IPOILIOTOJHEH TpaBbl,
WHTPOIYKIMS PACTEHUH W JKUBOTHBIX M Ap. [l IEHO30B AOJIMHBEI Ypajla HEMAJIOBAKHO CHUJIBHOE
BapbUPOBAaHUE MEKIOJOBBIX MOKa3aTeael BBICOTHI NMABOJKOBBIX BOJ M M3MEHYMBOCTH pycia. s
psiia cooOIIECTB aKTyalbHO YCHJICHHWE aHTPOIIOTEHHOTO BO3JCHCTBUS B pE3yJIbTaTe pPEKpealu,
CTpOUTENbCTBA (Hampumep, B AcCTpaxaHCKOM oOjacTh B TOCJIEIHEE BpeMsl IMPOUCXOAUT
WHTCHCUBHOE OCBOCHHE U pa3pylieHue 0yrpos bapa).

B paccMOTpeHHBIX cOO0IIECTBAX UMEIOTCS PEeJIKUE U MCUe3alolIie BU/bI, TPeOYIOIIHe OXpaHbl
Ha pa3IMYHbIX AJMUHHMCTPATUBHBIX YpOBHAX. WX HeMHoro — 6; u3 Hux 3 (Allium caspium,
Asparagus breslerianus, Tulipa biflora) Bkmouensl B KpacHyio kHury AcTpaxaHckod oOmactu
(2004), 1 (Tulipa schrenkii) — B Kpacuyro kuury Kazaxckoit CCP (1981) u ykazaH kak
COKpAILAIOUIMHA YUCICHHOCTh U apeaji M0 €CTECTBEHHbIM W/WIM aHTPONOTIeHHBIM MPUYMHAM IS
tepputopun Kaszaxcrana B cBojke noxa penakuueit JI.A. Taxramxana (Penkue u ucuesaromue ...,
1981) u 2 (Eriochloa succincta, Glycyrrhiza glabra) Takxe paccMaTpuBalOTCs B COOTBETCTBYIOIIEM
cTaTyce B BbIIlIEyKa3aHHON cBojake: mepBbli — mna FOro-Boctoka EBpombl, BTOpOit — ams
Kasaxcrana u IOro-Bocroka EBpomnsl.

Yka3zaHHbIe BUBI BCTpeuyaroTes B 13 acconmanusx. 5 u3 Hux (Agropyretum fragilis Ageleuov et
Golub in Golub 1995, Eleocharito-Butometum umbellati Ageleuov et Golub in Golub 1995,
Elytrigio-Aeluropodetum Ageleuov et Golub in Golub 1995, Elytrigio-Beckmannietum eruciformis
Ageleuov et Golub in Golub 1995, Glycyrrhizo glabrae-Leymetum ramosi (Ageleuov et Golub)
Golub 1995) onmcansr Ha Tepputopnu Kaszaxcrana B noiime p. Ypan u 8 (Alismato-Salicornietum
Golub 1985, Atriplici aucheri-Tamaricetum ramosissimae Golub et al. 1998, Cichorio-Lactucetum
serriolae Golub et Mirkin 1986, Cynancho-Artemisietum santonicae Golub et Mirkin 1986,
Kochietum prostratae Golub 1994, Lepidio-Cynodontetum Golub et Mirkin 1986, Polygono-
Aeluropodetum pungentis Golub et Mirkin 1986, Salsoletum dendroidis Golub 1994) — B
ActpaxaHckoil objactu B genbre p. Bonra u Bonro-AxtyOuHckoit moiime. Wx crnemyer
PEKOMEHIOBATH [Tl OXPAHBI M BHECCHUS B PETHOHATILHBIC 3€JIeHbIC KHUTH.

bnazooapnocmu. Asrop 6narogaput B.b. I'ony6a u C.B. CakconoBa (Tonesatt, UDBb PAH),
A.H. bapmuna (Acrtpaxanb, AI'Y), A.Il JlaktnonoBa (Actpaxanb, AI'TY) — 3a KOHCynbTaLIUU;
M. AneeBy u A. KamamnukoBy (Tomeartu, UBOCOIII), O.A. IInaxoBy (Tombsrru, TI'Y) — 3a
MIOMOIIb B TIEPEBO/IE.
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VEGETATION OF SALINE ECOTOPES
IN THE SOUTH-EAST BOUNDARY OF EUROPE

© 2012. N.A. Yuritsyna

Institute of Ecology of the Volga-river basin of the Russian Academy of Sciences
Russia, 445003 Togliatti, Komzin str., 10. E-mail: natyur@mail.ru

In the area of the SE Europe border 57 lower units of saline ecotopes vegetation distinguished with use
of the Braun-Blanquet method have been described. They belong to 9 classes (Artemisietea lerchianae
Golub 1994, Crypsidetea aculeatae Vicherek 1973, Glycyrrhizetea glabrae Golub et Mirkin in Golub
1995, Molinio-Arrhenatheretea Tx. 1937, Nerio-Tamaricetea Br.-Bl. et Bolos 1958, Petrosimonio
oppositifoliae-Kalidietea caspici Mirkin ex Mucina cl. prov., Phragmito-Magno-Caricetea Klika in
Klika et Novak 1941, Scorzonero-Juncetea gerardii Golub et al. 2001, Thero-Salicornietea Tx. in Tx.
et Oberd. 1958) and a few of them are placed in interclass spaces. The families Poaceae,
Chenopodiaceae and Asteraceae participate most actively in the community formation. More often the
communities occupy negative relief elements and adjacent sites. Most of the classes occur on
intrazonal soils with wide amplitude of a salinization degree in the upper horizon. The communities
are located in valleys of two large rivers of the region (the Volga and the Ural) and on the Primorskaya
plain as well as in their neighbourhoods (in a radius of dozens of kilometers). Most of them are
registered in the south of the study area — mainly in and westwards the Volga-delta, namely here their
greatest diversity is observed. The classes Thero-Salicornietea, Glycyrrhizetea glabrae and Molinio-
Arrhenatheretea are geographically more widely distributed. The communities are located mainly
nearby water objects and in rather densely populated areas. Both natural and anthropogenic factors
determine their existence. The important ones are direct and indirect influence of the Caspian sea level
change, change of a hydrographic network, grazing, recreation, construction, soil erosion, destruction
of habitats, hay-mowing etc. 13 associations (5 — in Kazakhstan, 8 — in the Astrakhan' region) with
rare and endangered species demanding protection at various administrative levels may be
recommended for regional Green Books.

Keywords: vegetation, saline ecotopes, south-east of Europe, the Braun-Blanquet method.
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[Toctymmia 18.09.2011

[NacTOMmHast aKTHBHOCTH HAapsIy C MACTOMIIHBIM KOPMOBBIM ITOTEHIIMATIOM SIBIISIFOTCS Ba)KHBIMH
(akTopaMu, TpeOYIOIIMMH TTyOOKOTO MOHUMAaHUS I 0O0ecreueHrss KOPMOM BBITacaeMbIX KUBOTHBIX
COOTBETCTBEHHO WX OMOJOTHYECKUM TPEOOBaHUSAM M Ui BRIOOpA ONTHMAaIbHOW CTpaTeTuH Bhimaca. B
CBSI3U C 9THM ObLIa MpOBeJieHa Kilaccu(UKaIMs PACTUTEIBHOCTH M HCCIICI0OBaHA MACTONITHAS HArpy3Ka
OBeLl MOPOJIBI aBACCH, KOTOPAast MOBBILIAETCS B SKCTEHCUBHBIX YCIOBHSIX MONYITyCTHIHU. MccnenoBanue
MPOBOAMJIOCH B 3amoBefnuke TBana Ha tore Mopmanuu. beuto BeIOpano okono 40 ra Ha TEPPUTOPHUH
3amoBeHMKaA. [lacTOMIIHAS aKTHBHOCTH OBEIl aBacCcH (pUKCHpOBaach B THEBHOE BpeMs B TedeHHe 9
nHel (¢ 8 wacoB yTpa 10 18 gyacoB Beuepa), MOBEACHHE JKUBOTHBIX OTMEYAIOCH C MHTEPBAIOM 6 MUHYT.
Brutn BBIZIENIEHBI TPH TPYIIITHI OBEIl 10 MHTEHCUBHOCTH MMAaCTOMITHON akTUBHOCTH: cnabas (L), cpenHss
(M) u cunmpHas (H). Ha ydeTHBIX Tiomaakax Oblia MCCIEAOBaHA PACTHTEIHLHOCTH (BUIOBOM COCTaB,
NPOCKTUBHOE TOKPHITHE, OOMIINE BUAOB) U IMOJCYNUTAHBI YaCTOTA BCTPEUYAEMOCTH BHJIOB, IUIOTHOCTD,
OTHOCUTENbHAsI IUIOTHOCTh, HHAEKC BuaoBoro cxoncrBa lllennona. Takxke Obla paccunMTana
MPOAYKTUBHOCTh PACTUTENBHBIX COOOIIECTB, OIEHEHBI IPEAENBbHO JOMyCTHMas HPOAYKTUBHOCTH
nactOumia (422.5 kr/ra) u noroyioBse ckora (9.38, 18.75 u 28.13 ronop/ra npu cinaboi, cpenHeil u
CHJIHOM MacTOWIIHOW Harpy3ke COOTBETCTBEHHO). bruto BcTpedeHo 76 BUAOB paCTEHUI, OTHOCSIIMXCS
k 19 cemeiictBam. HambGonee mpexncraBinenHbiMu cemeiictBamu cramu Cruciferae (15 BumoB) u
Compositae (14 Bumos). Hambonbinee oOuime xapakTepHo mis cieayommx Bumos: Carex divisa',
Sisymbrium irio, Torularia torulosa n Astragalus spp. O01Iee MPOSKTUBHOE MOKPHITHE cocTaBmiio 40%,
a muddepeHIUpOBaHHO MO ydYacTKaM cO Cla0oi, cpeiHedl M CHIBbHOH WHTEHCHBHOCTBIO BhINIAca
MIPOEKTUBHOE TOKpBITHE cocTaBuio 21%, 60% u 68% COOTBETCTBEHHO, B TO e BpPeMsI COJEpIKaHHe
cyxoro Bemecrsa coctaBuno 47%, 57% u 60% coorBercTBeHHO. HesHaunTenpHble pazauuus
NacTOMIIHOTO IMOBENCHHS >KUBOTHBIX HAOIIOAANHMCH MEXKAY TPYNIaMyd C Pa3HOW WHTEHCHBHOCTBHIO
Bhimaca. [Ipu cpemHeidl WMHTEHCHBHOCTH BbINIaca B XapakTepe MoBelneHHs mpeobmamaror (p<001)
CTpaBIMBaHHE, XCBaHWE XBAdkW, BOAONOW. llpn BBICOKOW WHTEHCHBHOCTH BBIMIaca IMpeodiiajgaer
(p<001) nexanue, a mpu HU3KOW HArpy3ke npeumymecTBeHHO (p<001) crosiHue. XapakTep MoBeICHUS
MIpH aKTUBHOHW macTh0e 3HaunTenbHO (P<0.01) pasnuuancs B pazHoe BpeMs IHSA. Y TPOM CTpaBIMBaHHE
Oopm1o HIDKE, yeM BedepoMm (p<0001), oTmeix sexka OBII BEHINIE YTPOM, a >KCBAaHHE KXBAUK{ dYalle
Ha0ro1aI0Cch BeuepoM. He3HaunTensHO OTIIMYAl0TCsl YTPEHHHUI U BEUSPHUH Mepro bl HAaOIIOIeHHH 110
AKTUBHOCTHU Ha BOJIOTIOE U OTHBIXY CTOSI.

Kntouegvle cnosa: oBUBI TOPOABI aBACCH, BBl PAaCTeHW, MACTOWINHAS aKTUBHOCTH, 3aIOBEIHBIIN
pexum, Mopnanust.

! JlaTMHCKME HAa3BaHKS BHIOB DAOTCS Ha OCHOBAHHM pabdoter D.M. Al-Eisawi (1996).
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GRAZING BEHAVIOR OF AWASSI SHEEP AND THE BIODIVERSITY OF PLANT
SPECIES UNDER SEMI-ARID RESERVED CONDITIONS
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The objectives of this study were to classify plant and vegetation patterns as well as to investigate the
grazing behavior of Awassi sheep raised under extensive semi-arid environmental conditions. The
study was conducted at Twana reserve. Plant productivity was determined and the allowable
productivity and stocking rate were calculated. High variation was observed in native vegetation used
for sheep grazing in the reserve. Additionally proper stocking rate should be applied in each grazing
scenario in order to avoid overgrazing.

Keywords: Awassi sheep, plant species, grazing behavior, reserved conditions, Jordan

Jordan is a country dominated by semi-arid to arid climate and versatile ecological systems. More than
90% of the land area of Jordan is considered as rangeland. Fat-tailed Awassi sheep are the most widely
distributed sheep with a population of nearly 2 million heads (Ministry ..., 2006). The majority of small
ruminants in Jordan are kept in extensive (20-30%) or semi-intensive systems (45-70%), both systems being
more or less transhumant, flock size varied between 10 to 2.500 heads (Hailat, 2005). Sheep are adapted to
arid untellable lands and steep slops. The grazing habits of sheep are often maligned as the primary causes of
denudation and erosion of vegetated land (Ely, 1994). Therefore, indigenous resources need to be protected
and developed (Abu-Zanat, 1997). In terms of local animal feed resources, it is limited, and there is a large
gap between available resources and livestock requirements, while Jordan produces less than 25% of
feedstuff requirements. However, protecting rangelands is considered as a national task. The utilization of
pastures by the grazing animals remains a complex biological process that is not well understood under semi-
arid environmental conditions. Observing of grazing animals can provide the sheep breeders in valuable
information on the quantity and quality of the available forages in the semi-arid area of Jordan. The same
problems are in Russia (Larionov, 2010). The objectives of this study were: 1) to classify plant and
vegetation patterns available in the reserved study area and 2) to investigate the grazing behavior of Awassi
sheep raised under extensive conditions in semi-arid lands under different grazing densities .

Materials and methods

Characteristics of vegetation cover. Site description and data collection. About 40 hectares were
selected at Twana reserve which is located in Tafilah district, and far about 200 km to the south of Amman.
Topography of the reserve characterized by formation of mountains and hells with slope fluctuated between
5-10%. The annual rainfall is 150 mm and altitude of 1220 m above sea level. The total area of the reserve is
2500 hectare, about 500 hectare were planted with fodder shrubs (mainly A¢riplex halimus). Spacing between
contour ridges was 12 m while 2.5 m between shrubs. Plant density was 267 shrubs per hectare.

During spring of 2007, and before starting grazing period a plant survey was conducted to describe the
plant and vegetation patterns available in the reserve, considering the following features:

Plant List. The list was prepared using line transect method (Ambshat, 1982) to determine this list.
Three Transects of 50 m length were selected randomly one inside Atriplex area while the other 2 up and
below the planted site. Each transect was divided into 5 quadrate of 10 m length and all plant species were
recorded and counted. Vegetation coverage percentage (C), species frequency (F), species abundance (A),
species density (D), relative density and Shannon diver’s index were calculated following the method
described by (Ambshat, 1982).

Species relative density (RD) was calculated as the number of individuals of a species in all quadrates
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(TSno.) divided by the total number of all species in all quadrates studied (All Sno.) multiplied by 100:

= TSno. , no while, Proportion (P) was calculated as the number of individuals of a specie s in all

quadrates (TSno.) divided by the total number of all species in all quadrates studied (All Sno.) by the
TSno.

All Sno. '

Shannon Diversity Index H’ (SDI) was calculated as absolute value of the natural logarithm of the
proportion (LNP) multiplied by the proportion (P) by the following equation 1:

SDI=LNPxP (1).

Plant Productivity. Atriplex productivity: Reference Unit Method (RU; Andrew et al., 1981) was used to
estimate shrub biomass. Considering that branch forms about 20% of shrubs size which was selected and
shrub biomass was estimated in comparison to RU. Branch weighted, afterward boawsable parts was
separated, weighted and dried on oven dry at 72°C for 72 hours and weighted again. Fresh, dry and edible
production was calculated for shrubs in the study site and stocking rate was calculated for each grazing
density per 1.6 hectare (Table 1).

Vegetation Productivity: it was estimated by using clipping method. Nine transect of 50 m long were
selected randomly in each treatment of this experiment, each transect contained 5 quadrates of 0.79 m*. A
total of 45 quadrates were clipped for each treatment and recorded its data. Coverage percentage was
estimated visually, annual plants clipped, weighted, dried and weighted again. Latin names of the plant list
was adopted from D.M. Al Eisawi (1996).

equation (P =

Table 1. Biomass production for both A#riplex and native (indigenous) vegetation (NV) on dry matter (DM)
basis at Twanah reserve. Ta6auna 1. buomacca (cyxoe Bemectso — DM B r/ea. Tuiomann) npeacTaBuTeNIeh
pona Atriplex n xopenHo# pacturensHoctr (NV) B 3amoBeganke TraHa.

Productivity per treatment (1.6 ha) [[IpoxyktuBHOCTE Ha 1.6 Ta]

Atriplex yield, g/shrub YpoxaitHoCTh Atriplex, T/KycT 82
Total Shrub, no. per 1.6 ha O611ee KoJ1-BO KyCTOB Ha 1.6 ra 427
Survival, % BroxkuBaemocts, % 86
Net shrubs, number Kom-Bo KycTOB Ha MOIEITFHOM TIJIOMIATH, €1 367
Allowable yield per treat (60%)*, kg | Jlomyctumas yposxaitHocts (60%), KT 18
Native yield [YpoxailHOCTh KOPEHHOH pPaCTHTEIHHOCTH |

Dry matter (DM), g/sample Cyxoe BeIecTBO, I/yYETHYIO ILIOMAIb 324
Sample, m’ YueTHas romap, M> 0.79
Yield, kg/ha VYpokaitHOCTBb, KI/Ta 411
Treat area, ha ITmomans, ra 1.6
Native vegetation (NV) Yield, kg YpoxaltHOCTh KOPEHHOHN PaCTUTEIBLHOCTH, KT 658
Total yield, kg DM/1.6 ha OO6mmast ypokaifHOCTh, KT CyX0i Macchl/1.6 ra 676

Note: * — Allowable yield per treatment (60%)=yield (g/shrub)xshrub no. per 1.6 hax* survival%x60%.
[Mpumeuanne: * — momyctumas ypokailHOCTB (60%)= ypokaliHOCTB (T/KyCT)x4Mcio KycTtoB Ha 1.6 ra
XBBDKMBAeMOCTh, %0 x 60%.

Animal behavior. The experiment was conducted during May, 2007. A fifteen, thirty and forty five non
lactating Awassi ewes between 3 and 6 years old were selected randomly and distributed basically on light,
moderate and heavy grazing intensity systems, respectively. Average live weight of those ewes was 57 kg.
Animals were numbered on both sides using normal spray paint in order to distinguish their grazing
behavior.

A special sheet was made to investigate and monitor the required data on grazing, drinking, browsing,
ruminating, standing, and laying periods. Observations were made at six minutes intervals (thought daylight),
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for three treatments. Three stocking rates were selected to study the grazing management practices and
Awassi sheep use.

Collected data were preliminary introduced into excel sheet to calculate the exact time required for the
animal activity and during morning (am) and evening (pm) time. Thereafter; data were analyzed using PROC
GLM procedure of SAS (SAS, 2004).

The following model was used to analyze the data (2):

Eij= n + ti + eij (2)
Where E;; —is the observation values for the i-th treatment, p — is the overall mean, t; — is the effect of the
treatment(light, moderate and heavy grazing intensities), morning and evening behavior, e;; — is the random
error.

Stocking rate: stocking rate calculated based on the total yield, 15 days grazintg period and 1.5 kg
animal intake per day (Table 2).

Results and discussion

Characteristics of vegetation cover. A total of 19 families including 76 species were identified within
the experiment site (Table 3). The most encountered families were Cruciferae and Compositae they
encountered the highest species number 15 and 14 species respectively. While the families Boraginaceae,
Caryophyllaceae, Cestaceae, Cyperaceae, Ephedraceae, Labiatae, Papaveraceae, Plantaginaceae,
Tamaricaceae, Brassicaceae and Scrophulariaceae encountered the lowest species number, each family was
encountered one species. Also, the plant survey included the preparation of a plant list contain the family
name, genus and species. The frequency, density, relative density, abundance, portion and shanon diversely
index for all species encountered were calculated (Table 4). The species with the highest frequency are
Carex divisa, Sisymbrium irio, Torularia torulosa and Astragalus spp. They were recorded 80, 73.3, 73.3
and 66.7 respectively. While, the species with the lowest frequency are Adonis dentate, Lolium spp.,
Torularia torulosa, Erodium gruinum, and Herniaria hirsute all of them have the same value 6.7. In previous
studies (Ministry ..., 2005) results on plants survey in the reserve showed that the most frequent species were
Poa spp., Iris posti, Anchusa italic, Euphorbia spp., Noaea mucronata. Those differences could be attributed
to the differences in the environmental factors (rainfall precipitation and temperature) and soil topography.
Snow accumulation was happened during winter 2007 which is unusual at the study location.

Table 2. Stocking rate density calculations for 1.6 hectare. Tadauma 2. [ITOTHOCTh TOTONOBBS CKOTA,
paccuutaHHas Ha 1.6 ra.

Indicator [Mokazarenp Unit

Animal intake per day, kg/animal [orpeGiieHre B ieHb, KI/5KHBOTHOE 1.5
Animal units per treatment, kg=sheep days | KopmoeMkocTh macTOUII, yCIOBH. TOJOBE | 676+1.5=450
Grazing period, days [Tepuon cTpaBmuBaHus, THA 15
Stocking rate (animal/treat) Tlorosnosse ckota, TO1.

Moderate grazing, head CpenHee cTpaBIMBaHUE, TOJ 30

Light grazing (—15), head Crnaboe cTpaBIMBaHue, rol 15

Heavy grazing (+15), head CunpHOE cTpaBIMBaHUE, IOJI 45

The species with the highest SDI were Salsola jordanicola, Carex divisa, Sisymbrium irio, Torularia
torulosa and Astragalus spp. they were recorded 0.27, 0.26, 0.24, 0.20 and 0.20, respectively. Those species
are characterized by high diversity and they are considered of high economic value within the reserve area
because of their palatability and it is nutritive value for sheep. Population of Salsola vermiculata under
extinct, its highly palatable and preferable by Awassi sheep than other grazing plants. Noaea mucronata and
Anabasis syriaca are invasive plants. In Jordan, the degradation of plant cover due to overgrazing and the
absence of control measures have caused a decline in more palatable subshrubs, perennial grasses and
legumes such as Salsola vermiculata, Salsola laneifolia, Stipa barbatagalus spp. and Onobrychis spp.,
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formerly common in the Jordan steppe area. They have been replaced by less palatable and poisonous plants
such as Noaea mucronata, and Peganum harmala.

Productivity. Table (2) shows productivity of Atriplex shrubs and native vegetation before grazing.
Results on Atriplex halimus yield in Al-Khanasry reserve which is located in the north of Jordan in the year
2006 estimate by 129 kg/1.6 hectare (Al-Satari et al., 2007), while in our study it was estimated by
18 kg/1.6 hectare, which is extremely lower than the productivity in Al-Khanasry reserve, this may explained
by the fact that the average rainfall and humidity in the north of Jordan is much higher than in the southern
part (where our study was performed). Furthermore Atriplex halimus has a considerable forage potential in
the arid and semi-arid rangelands. It has been planted in numerous zones in the country, including Twana
reserve. It is well known as a tolerant plant for drought and heavy grazing (Nefzaoui, 1997). Forage
production was 676 Kg/1.6 ha dry matter including both annuals and shrubs (Atriplex halimas) in the study
site.

Table 3. Plant families genus and species for the native vegetation survey at Twanah reserve.

Taoauna 3. Pojbl ¥ BUIBI pACTEHUM €CTECTBEHHOW PACTUTENBLHOCTH 3amoBeiHMKa TBaHa.

Family Name Family Name
Boraginaceae Nonea ventricoza Cyperaceae Carex divisa
Caryophyllaceae | Herniaria hirsuta Ephedraceae Ephedra spp.
Cestaceae Helianthemum ledifolium Geraniaceae Erodium gruinum
Chenopodiaceae | Anabasis syriaca Erodium spp.

Atriplex halimus Geranium spp.
Hammada eigii Gramineae Bromus spp.
Noaea mucronata Hordeum spontaneum
Noaea mucronata Hordeum glaucum
Salsola jordanicola Lolium spp.
Salsola jordanicola Poa sinaica
Salsola vermiculata Iridaceae Crocus aleppicus
Compositae Aaronsohnia factorowskyi C. cancellatus
Achillea fragrantisium Iris sisyrinchium
Anthemis spp. Labiatae Salvia spinosa
Artemisia herba-alba Liliaceae Allium spp.
Carduus spp. Bellevalia spp.
Centaurea iberica Colchicum tunicatum
Filago desertorum Gagea reticulata
Ifloga spicata Gagea spp.
Lactuca spp. Tulipa spp.
Matricaria aurea Papaveraceae Roemeria hybrida
Scorzonera judaica Papilionaceae Astragalus spp.
Scorzonera papposa Medicago spp.
Senecio spp. Onobrychis cristan
Cruciferae Allysum spp. O. caput-galli
Biscutella spp. Plantaginaceae Plantago ovata
Hypecoum pendulum Ranunculaceae Ceratocephala falcata
Malcolmia aratica Adonis aestivalis
M. conringioides A. dentata
Matthiola aspera Anemone spp.
Matthiola spp. Tamaricaceae Tamarix spp.
Sisymbrium irio Brassicaceae Diplotaxis erucoides
Torularia torulosa Umbellefereae Caetosciadium spp.
Sisymbrium runcinatum Umbellicum spp.
Torularia torulosa Scrophulariaceae Kickxia spp.
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Coverage percent was calculated during the plant survey and estimated by 40% of the total area. While
covering percentage in 2005 in the same reserve was 21%. This was related to the developed protection
strategies which allowed better plant growth and coverage. Plant density in the year 2005 was 8.53%
plant/m?, this was the highest for Eucarea boveana (Ministry ..., 2005). This result is not in agreement with
our current study, since this species is not observed in our site survey. The highest plant density investigated
in this study was 10.5% plant/m” for Diplotaxis erucoides, followed by Salsola jordanicola with plant
density of 7.2% plant/m* The large area of the reserve and variation of the topography within its area
elucidate why are those differences in the dominant plant species prevalence in the reserve. Table 2 shows
stocking rate density results for that are used within the animal behavior study.

Animal behavior. Results on sheep grazing behavior shows that there is significant difference between
the three grazing scenarios of the native vegetation use. The vegetation cover decreased significantly under
the moderate and heavy grazing intensities (Table 5).

Table 4. Family, scientific name, frequency, abundance, density, relative density, proportion and shinion
divers Index (SDI) of the experimental site at twanah reserve in spring, 2007. Tadauma 4. BctpeuaemocTs,

obunue,

IIJIOTHOCTB,

oTHOcuTenbHass MIOTHOCT, U wuHAeKC Illennona (SDI) BumoB pacteHuii Ha

JKCIIEpUMEHTAIBHBIX YUacTKax B 3armoBeaHuKe TBana B ceHTs10pe 2007 T.

Family Scientific name Frequ- Abun- | Den-/ Relative Proportion| SDI
ency | dance | sity | density

Gramineae Poa sinaica 533 40| 2.1 4.05 0.04 0.13
Chenopodiaceae Anabasis syriaca 53.3 30| 1.6 3.04 | 0.03 0.11
Compositae Artemisia herba-alba 20.0 20| 04 0.76 0.01 0.04
Brassicaceae Diplotaxis erucoides 86.7 12.1 | 10.5 19.87 0.20 0.32
Compositae Scorzonera judaica 40.0 2.0 0.8 1.52 0.02 0.06
Cestaceae Helianthemum ledifolium 40.0 371 1.5 2.78 0.03 0.10
Papilionaceae Astragalus spp. 66.7 64| 43 8.10 0.08 0.20
Cruciferae Torularia torulosa 73.3 59| 43 8.23 0.08 0.21
Cruciferae Matthiola spp. 20.0 1.0 | 0.2 0.38 0.003 0.02
Liliaceae Allium spp. 333 221 0.7 1.39 | 0.01 0.06
Gramineae Hordeum glaucum 26.7 1.5 04 0.76 0.01 0.04
Cruciferae Sisymbrium irio 73.3 801 59 11.14 | 0.11 0.24
Papilionaceae Onobrychis cristan 333 381 13 2.41 0.02 0.09
Liliaceae Colchicum tunicatum 533 251 1.3 2.53 0.03 0.09
Liliaceae Gagea reticulata 333 321 1.1 2.03 0.02 0.08
Cruciferae Malcolmia conringioides 40.0 1.2] 0.5 0.89 | 0.01 0.04
Ranunculaceae Adonis dentata 6.7 1.0 | 0.1 0.13 0.001 0.01
Cyperaceae Carex divisa 80.0 86| 69 13.04 | 0.13 0.27
Iridaceae Crocus cancellatus 13.3 30 04 0.76 | 0.01 0.04
Compositae Filago desertorum 333 1.8 | 0.6 1.14 0.01 0.05
Umbellefereve Caetosciadium spp. 13.3 2.0] 0.3 0.51 0.01 0.03
Gramineae Lolium spp. 6.7 1.0 | 0.1 0.13 0.001 0.01
Chenopodiaceae Salsola jordanicola 26.7 270 7.2 13.67 | 0.14 0.27
Cruciferae Torularia torulosa 6.7 1.0 | 0.1 0.13 0.001 0.01
Geraniaceae Erodium gruinum 6.7 1.0 | 0.1 0.13 0.001 0.01
Chenopodiaceae Noaea mucronata 20.0 1.0 | 0.2 0.38 0.003 0.02
Caryophyllaceae Herniaria hirsuta 6.7 1.0 ] 0.1 0.13 | 0.001 0.01
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This result was expected, since the number of animals is increased per unit area and due to the increase
in dry matter intake for the moderate and heavy grazing intensities. The same result was reported by
M.K. Ngugi and R.T. Conant (2003) and by D.N. Hyder, R.E. Bement, E.E. Remmenga, D.F. Hervey
(1975).

Table 5. Vegetation cover and dry matter use different grazing, %. Ta6auna S. [IpoekTHBHOE OKPBITHE
pacTUTENBHOCTH U cyxas puromacca, %.

Grazing Vegetation cover Dry matter (DM)
Light 21 47
Moderate 60 57
Heavy 68 60

Table 6 shows that grazing and browsing behavior to be highly significant (P<0.01) differs between the
hours of observations. At 18:00 o'clock animals were observed to spend more time in grazing (35.33
minutes) and browsing (5.33 minutes compared with 0:00 at 9:00) than the other hours while it was the
lowest during 11:00, 12:00 and 15:00 in grazing, this could be attributed to the fact that the day temperature
is lower in the evening than in the mid of the day. Additionally, pasture level and physiological stage
influence grazing time (Arnold, 1981). However the sheep’s major strategy for meeting their nutritional
requirements is to increase total daily grazing time (Gibb, Orr, 1997). This was clear in the evening grazing.

Table 6. Least squares means for animal behavior through the day light. Tadauua 6. CpaBHenue
NacTOUIIHON aKTHBHOCTH JKMBOTHBIX (B MUHYTax B TeYCHHE HaOJI0aeMOTr0 Yaca) 3a CBETOBOW MEPHOJ IO
METO/ly HAUMEHBIINX KBaJPATOB.

. Hours of monitoring (hours of starting at morning)
Status (minutes)—g 9 10 11 12 13 14 15 | 16 17 18
Grazing
28.23b|15.33c|14.61c| 6.13f | 5.87f [10.27de| 13.2dc | 6.93fe [12.13d¢| 27.89b B5.33a
CKycChIBaHHE
Browsing | 3 141 | 0.00d | 1.17cd |1.174cd| 1.70cd | 2.8¢b | 1.67cd | 1.47¢d|2.13¢b| 2.27cb |5.33a
OmuneIBaHne
Laying 1.64¢ [11.73dd12.26dd 30.26a [27.91ab| 7.733d | 14.00¢c |24.67b|15.87¢c| 2.93¢ [0.00e
OTaeIxX Hexa
Drinking | )0e | 0.4ed |1.04cd| 0.39ed | 4.83a | 2.00¢b | 0.53¢d |0.13ed| 0.00¢ | 1.73cd |2.53b
Bonomoit
Standing
D1.96ed29.87a25.96a¢|19.57ed| 18.39¢ | 29.07a |26.53ab 22.67bd 27.73a | 19.47ed [10.40f
OTObIX CTOSA
Ruminating s 51412 67ed|4.96bd| 2.48¢d | 3.13ed | 8.267a | 4.27bd |4.27bd| 2.13¢ | 5.73bc |6.4ab
HCpe)KCBLIBaHI/Ie

Notes to tables 6-8: Means with the same letter at the same raw are not significantly different. Means in the
same raw without a common letters differ (P<0.01). IIpumeuanue k Tabmuiiam 6-8: 3HaUYEHUS ¢ OJUHAKOBOM
OyKBO B OJHOM pSOy pa3iM4alOTCs HE3HAYUTEIbHO. 3HAUCHHWS C pa3HBIMH OyKBaMH B OJHOM DIy
pazmmuarotcs cymectsenHo (P<0.01).

Also during this hour, animals appeared the lowest lying behavior which was 0.00 minutes, compared to
30.26 and 27.91 minutes, respectively at 11:00 and 12:00, which was the highest in lying also. When the
shade is lack, animals may show heat stress and walk excessively to optimize evaporative cooling, but this is
not the case in Awassi sheep, since this breed of sheep possess a social behavior where they hide their heads
under the bodies of the other surrounding sheep. At 12:00 drinking behavior was the highest (4.83 minutes).
This may explained by, as the temperature is the highest in the mid of the day and that the grazing time is the
lowest during this hour. It could be that the distance animals need to reach the water point and the daily
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temperature influence water intake. Water and forage is interrelated, forage intake is well associated with
water intake (Hyder et al., 1968). However, through 9:00, 13:00 and 16:00 hour's animals spend the highest
time in standing, while ruminating was observed to be the highest in 13:00 (8.27 minutes).

The overall means of grazing behaviors during day light were 15.92+0.57, 2.01+0.17, 13.58+0.66,
1.24+0.16, 22.86+0.48 and 4.47+0.26 minutes/hour, respectively for grazing, browsing, lying, drinking,
standing and ruminating. Time of standing, ruminating and laying is higher than what P. Sharp, T.W. Knight
and J. Hodgson (1995) has found. This could be attributed to the difference in the experiment location and
environmental conditions prevailing in the semi-arid rangelands, and to the fact that Awassi sheep differ
from other sheep breeds in laying and standing behavior. Ruminating activity was the highest during the
night and decreasing during the day. Increasing in ruminating time could be attributed to the fact that Awassi
sheep graze on different shrubs, but not on perennial ryegrasses, this implicate more time for ruminating in
the laying time and in the evening. Low browsing may attributed to the high palatability of the annual plants
comparing to shrubs.

Non-significant differences were observed between the grazing behavior of the three groups, while the
moderate density group have the highest (p<001) browsing, ruminating and drinking behaviors, the heavy
density group was significantly (p<001) the highest in lying behavior, while the light density group was
observed to behave the highest (p<001) in standing (table 7).

Table 7. Least square means of the effect of grazing density in the animal behavior under light, moderate
and heavy stocking rate, minutes/hour. Tadauua 7. CpaBHeHHe BIUSHUS BhITIaca Ha IOBEIECHHE CKOTa B
YCIOBUSX HHU3KOHM, CpeHEed M BBICOKOM IUIOTHOCTU IIOTOJIOBBSI MO METOAY HAMMEHBIIUX KBaJpaToB,
MUH./dac.

_ Grazing density, CTelI€Hb CTPaBINBAHUS
Status (minutes/hour) ,
Light Moderate Heavy
[ToBeneH4YecKkue OKa3aTENN
(MuH./uac) Cpennee crpaBnuBanue, | Cradoe crpaBinBaHue, CuibHOE
30 ron 15 ron CTpaBiHBaHue, 45 ron
Grazing, CkychIBaHHE 15.116 16.5 16.145
Browsing, CkycsiBaHue 1.719b 2.928 a 1.381b
Laying, OTnpix Jiexa 12.0b 12.464 b 16.291 a
Drinking, Bogono#t 1.866 a 1.286 ab 0.581b
Standing, OtapIx cTos 25939 a 20.929 b 21.782 b
Ruminating, [TepexeBbiBanue 3.732b 5928 a 3.745b

Table 8. Animal behavior during morning and evening periods, minutes/hour.
Ta6auna 8. Xapakrep noBeAeHUS JKUBOTHBIX YTPOM H BE4EepPOM (MHH./4ac).

Part of day
Status - -
Morning (am) Evening (pm)
Grazing, CkycbIiBaHHE 13.905 b 17.626 a
Browsing, OmumnbiBanne 1.4273 b 25111 a
Laying, OTapix nexa 16.811 a 10.867 b
Drinking, Bomomoii 1.3480 1.1556

Standing, OTaeIx cTost 23.1278 a 33.6444 a
Ruminating, [TepesxeBriBaHMe 3.6476 b 5.1778 a

Morning (8:00-12:00) grazing period (13.98+0.83 minutes/hour) was lower significantly (p<0001) than
evening (12:00-18:00) grazing (17.62+0.76), the browsing behavior was observed to be highly significantly
(p<001) affected by parts of day light, evening browsing behavior was higher (2.514+0.24) than morning
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(1.42+0.26). However, sheep has relatively small mouth and remarkably dexterous lips, they are able to
graze closely to the ground and are also able to comfortably adapt to browsing (picking the leaf material
from bushes or other plants), this anatomical behavior results in ability of sheep to be extremely selective
about what they consume, is reported that if abundance of pasture are available, sheep will be very selective
(Gill, 2004). The narrow mouth and flexible lips for sheep allow them to be selective in their grazing by
taking individual bites (Weisebrot, 2007). Morning was higher (p<0001; 16.81+0.95) than evening
(10.86+0.87) in lying period while evening was higher in ruminating, this is explained as the light
determining the rumination rhythm during 24 h. In general small ruminants eat during the day and ruminate
during the night (Welch, Hopper, 1988). The same result reported by (Keskin et al., 2005). Non- significant
differences were observed between morning and evening drinking and standing behaviors (table 8, fig.).
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I R T D
I A
251\ /

20 \ I
15 ~ - /

Time (minutes per hour)
-
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Fig. Daily grazing and browsing times (minutes per hour). Legend: G — grazing; B — browsing.
Puc. CkychiBaHWe W ONIMITBIBAaHWE B AHEBHOE Bpemsi (MuHYTHI B 4ac). Legend: G — CkyceiBanue; B —
CKyChIBaHHE.

Conclusion

The study showed that high variation was observed in native vegetation that used for sheep grazing in
the reserve. Timing of grazing should be implemented according to sheep grazing behavior as evening
grazing is significantly higher than in the morning. Additionally proper stocking rate should be applied in
each grazing scenario in order to avoid overgrazing.
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Kaxercss mapafokcaabHBIM TOBOPUTh O OHMOJIOTHYECKOM Pa3sHOOOpa3uu BOJHO-OOJIOTHBIX YIrOAWM
runepapuaHeix Tepputopuil. O3epo Asita (155 ra) mpuHAIIEKHUT K KOMIUIEKCY BOJHO-OOJOTHBIX
yroauii gonmunel Oysn Pait B Huxneit Caxape B npeaenax Amkupa. MccnenoBanus, MpoBeeHHBIE B
nepuoa ¢ oktaopst 2009 mo wmions 2010 roma MO3BOJMIM OLEHUTh pPa3HOOOpa3ve TO3BOHOYHBIX,
JKUBYIIUX B 03€pe M €ro OKPeCTHOCTAX. PayHa BKIIIOYAET CIEAYIOIIUE TPyl KUBOTHBIX: 3 BHJIA
pwIO, 2 Bua amdubuii, 6 BUOB PEITUINMA, 55 BUIOB NTUI] U 7 BUJOB MJICKOMHUTAIONINX. [ITHIIBI ObLTH
OTHECEHBl K pa3HbIM ()EHOJOTMYECKHM THIaM: 3MMHHE WM JICTHUE MHIPaHTBI, THE3AALINEcH,
ocemyIble, CilydaiiHble), YTO MO3BOIMIIO OLCHUTHh AMHAMUKY MOMyJanuil. Yale NTHIbl IPUYPOUEHBI K
BOJIOEMY 3WMOW WM HauOOJNbINas YHUCICHHOCTh XapaKTepHA JUIsl TEpENIETHBIX, MPEUMYIICCTBEHHO
BOJIOTUIABAIOLINX BHIOB. BbUIM HM3y4eHBI MECTOOOMTAaHUS MCCIEAYEMBIX BHAOB, UX IMHIIEBBIC U
noBezieHYeckre ocodeHHOCTH. COCTaB MO3BOHOUYHBIX 03€pa AsTa U €ro OKPECTHOCTEH UMEET BBICOKOE
cxonctBo ¢ (daynoit mycteiHb Caxapckodr u Caxapo-CuHICKOW OHMOTHYECKHMX oOyacTed, 3a
UCKJIIOYCHUEM TMITHI, CPeAM KOTOPBIX NpeodnanaloT BHIBL, OTHocsmuecs K [lameapkruueckomy
ouoTndyeckoMy LapcTBy. Takoil MOAXOA MOMOT BBIIEIUTH OMOJOTMYECKHE pecypchl o3epa Asdra U
oTpenenuI ero GakTUIECKyIo 3KOJIOTNYeCKyI0 [IeHHOCTh. KpoMme Toro, 310 HcciaenoBanue npemyiaraet
HEKOTOpBbIE PEKOMEHAALWH 1O YNpPaBICHUIO OWOJNOTMYECKMMU pPecypcaMd U COXPaHEHHIO
OoropazHooOpa3usi.

Kurouesvie cnosa: o3epo Asra, um3MmeHHas Caxapa, pwIObl, aMpuOWM, PENTHINN, TTHIIHI,
MJICKOTIUTAIOIINE, OMOJIOTHYECKasl BApPUATUBHOCTh, AJDKHUD.

DIVERSITY ASSESSMENT OF VERTEBRATE FAUNA IN A WETLAND OF HOT
HYPERARID LANDS

© 2012. H. Chenchouni

Department of Natural and Life Sciences, Faculty of Exact Sciences and Natural and Life Sciences,
University of Tebessa,
Algeria 12002, Tebessa. E-mail: chenchouni@yahoo.fr

A great paradox arises when we talk about biodiversity in wetlands located at hot-hyperarid lands.
Ayata Lake (155 ha) belongs to the complex of wetlands of Oued Righ Valley in Algerian Lower-
Sahara. Surveys conducted between October 2009 and June 2010 has allowed assessing vertebrate
diversity living in the lake and its surrounding areas. Several methods and techniques were used for
sampling and censing each group of vertebrate (fish, amphibians, reptiles, birds and mammals).
Inventories revealed the existence of 03 fish, 02 amphibians, 06 reptiles, 55 birds, and 07 mammals.
Phenological types (winter or summer migrant, breeder, sedentary, occasional visitor) were attributed
to birds then population dynamics were discussed. Birds used generally the waterbody in winter where
migrants, mainly waterbirds, were abundant. We investigated for most inventoried species the specific
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habitats occurring in that respond to their behavioural and diet ecology. Biogeography status of
vertebrate species revealed a desert affinity, which is represented mainly by Saharan and Saharo-
sindian bio-models; except for birds which revealed dominance of Palaearctic biogeographical
categories. This approach helped to highlight the biological resources of Ayata Lake and determine its
actual ecological value. Furthermore, this study proposes some suggestions for management and
conservation.

Keywords: Ayata Lake, Lower-Sahara, fish, amphibians, reptiles, birds, mammals, biodiversity,
Algeria.

The Sahara is the largest hot-desert in the world and occupies about 10% of the African Continent.
Although species richness and endemism are low, some highly adapted species do survive with extraordinary
adaptations (Le Houérou, 2001). The ecoregion includes the arid northern portion of the Sahara where
rainfall occurs during the cooler winter, nourishing a variety of plants that rapidly flower before the hot-dry
summer. Furthermore, the flora of the Northern-Sahara Desert is very poor considering the huge extent of the
area (Ozenda, 1983).

North Africa has wetlands with rare typology and ecology in the world (Llewellyn, 2002). Algeria
includes a multitude of wetlands of international importance where 50 sites are classified as Ramsar sites.
However, very original and diverse aquatic habitats in the Sahara, which owns 80% of the country land area,
still be little studied to assess their biological resources and ecological values. Besides, the special
geographic position of the Lower-Sahara (Saharan low lands), its physical configuration and its original
hydrogeology give it an important asset in wetlands, both in number and type (Chenchouni, Si Bachir, 2010).
Considering the hyper-arid conditions, the fauna of the Lower-Sahara is richer than is generally believed
(WWF, McGinley, 2007). Within the Lower-Sahara there are 04 species of fishes (Toumi, 2010), 04
amphibians, and around 32 species of reptiles (Le Berre, 1989; Mouane, 2010). There are also 80 species of
resident and migrant birds, (Isenmann, Moali, 2000; Chenchouni, Si Bachir, 2010) and 19 species
of mammal (Le Berre, 1990). Arthropods are also numerous in particular in wetlands and oases (Bekkari,
Benzaoui, 1991; Bouzid, 2003). However, given the vast size of the region, the number of endemic species is
very small as well as species richness is low.

Since, wetlands are rare-type-ecosystems in Sahara (Chenchouni, Si Bachir, 2010); we chose wetlands as
a key-habitat model to assess and monitor wildlife biodiversity within general contexts of arid lands.
Because the presence of water in these areas, which are subject to a harsh changing climate and tending
toward desertification, makes water bodies attracting and concentrating the majority of animal species, both
those that are aquatic as those that are not (Roshier et al., 2001).

Our current scientific understanding of vertebrate fauna community living in Algerian Lower-Sahara is
poor. Thus, our knowledge of trends in fauna biodiversity in this area remains ill-known with regarding its
ecological status. Indeed a huge lack in common understanding of aspects such as ecological impact and
interactions and/or spatial and temporal distribution was found. Moreover, even the ephemeral habitats of the
Sahara, which only develop following rainfall, are not highly threatened by human activities. The more
persistent pressures are found in areas of permanent water (oases), or in areas where water comes close to the
surface nearby urban (Marzluff, 2001; WWF, McGinley, 2007). Therefore outlining the ecological impacts
of anthropic disturbances, such introductions of alien species, would provide reliable information more
accessible for managers and conversationalists.

We were motivated to conduct this study because the wildlife of this biome should be further studied in
this vast desert since species are rare, endemic or original. In addition, the fauna of wetland ecosystems is
thus more appropriate to be studied and surveyed, as these environments are unique, original and rare in the
arid Saharan territory.

Here, we assess vertebrate (fishes, amphibians, reptiles, birds, mammals) species diversity and explore
how this knowledge can guide conservation efforts. It is important to remember that abiotic differences,
human pressure and land use, invasive and anthropogenic species, disturb the study area (Ayata Lake,
Lower-Sahara) differently in time and space. Our study provides the first data on fauna vertebrate diversity
and provides important information for conservation scientists and land managers concerned with preserving
wildlife of wetlands at arid-lands.
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Materials and metods

Study area. The Ayata Lake belongs to the complex of wetlands in Lower-Sahara. The site is located
near the town of Sidi Amrane (Djamaa) at 150 km west of the wilaya (province) of El Oued (Souf). The lake
is located on National Road No. 3 at about 6 km after Djamaa in direction to Touggourt city (fig. 1). The site
has an area of about 155 ha, with an average altitude of 31 m. it is bounded by the following geographic
coordinates: Longitude: 33°29'17" N and 33°29'48" N, Latitude: 05°59'10" E and 05°59'37" E. The soil has
sandy texture and it is rich in limestone with more or less high concentration of salinity and low rate of
organic matter (Chenchouni, Si Bachir, 2010). In addition, the water body of Ayata Lake is fed by surplus
irrigation water flooding from a channel draining the agricultural area of palm groves of Chemora and
Tamerna localities to the main channel of Oued Righ, which collects water from the Valley of Oued Righ
and reject it into Chott Merouane then into Chott Malghir (Belhadj, Gasmi, 2005). According I. Toumi
(2010), waters of the lake are characterized by a brackish quality and slightly alkaline pH, with rich rate of
dissolved oxygen and low turbidity.
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Puc. 1. Mecrononoxenne o3zepa Asara Ha reorpaduveckod kapre (moinuHa Bagu Paif) ¢ mokasaTtensMu
BETETAIOHHBIX WH/IEKCOB. 3aTeMHEHHAs 00J1acTh Ha KapTe AJDKHpa — HU3MEHHas 4aTh ImycThiHH Caxapa.
Fig. 1. Geographical location map of Ayata Lake (Valley of Oued Righ) with board-types of vegetation/land-
cover classes. The shaded region in the map of Algeria is the Lower-Sahara.

The climate is typically Saharan with the dry period extending throughout the year, with mean annual
temperatures exceeding 25°C. Precipitations, mostly observed in winter (~2 months), are characterized by a
great inter-annual and inter-monthly irregularity. The coldest month is January and the warmest month is
July where temperatures rise often over 47°C (fig. 2). The area is also windy. Hot, dust-filled winds create
dust devils which can make the temperatures seem even hotter.

The natural vegetation is represented by halophytes such as Salicornia fruticosa (Forssk.), Suaeda
vermiculata (Forssk.), Arthrocnemum glaucum (Del.), Halocnemum strobilaceum (Pall.), Traganum
nudatum (Del.), Anabasis articulata (Forssk.). Characteristic hydrophilic species such as Juncus maritimus
(L.), Phragmites communis (Trin.) are present. Sparse spontaneous plantations of Limoniastrum guyonianum
(Dur.), Tamarix gallica (L.), and Zygophyllum album (L.) are also recorded (fig. 1; Chenchouni, 2012).

Data collection.Field investigations were carried out during 2009-10 in order to determine the actual
ecological value of Ayata Lake. This study was mainly based on field survey of vertebrates at the lake and at
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its surrounding areas including halophytic and sparse vegetation landscapes, date palm groves (Phoenix
dactylifera), and neighbouring urban. The vertebrate survey has two components: the first is a qualitative
inventory for fish, amphibians, reptiles and mammals. The second includes quantitative data on both aquatic
and not-aquatic bird populations.
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Vertebrate species were inventoried then species richness (S) was assessed for each taxonomic class as
the total number of species occurring along a given number of samples. Furthermore, we assigned the
protection status for each species to assess its conservation degree according to contexts of the study area.
Therefore, we based on animal species listed as protected in Algeria by the decree 83-509 issued on August
20th, 1983 for the national-scale protection. For the international level, we referred to the IUCN Red List
(Vié et al., 2008).

Fishes. Before proceeding to the identification, fish must be collected in good condition. It is therefore
necessary to use adequate techniques of catch and fishing which allow survey of the fish community in the
study area (Leveque et al., 1992; Lévéque, Paugy, 2006). We investigated three different stations: (i) the
drains that feed the lake, (ii) the channel of the outfall, and (iii) the reedbed and drains occupied by
vegetation and with standing water. Furthermore, we used two methods of fishing where fish were trapped
using a bottom gill net for small fish and with a dredge (gillnet pole) for the capture of attentive species. The
caught fish were identified and classified systematically according to C.Leveque, D.Paugy and
G.G. Teugels (1992), C. Lévéque and D. Paugy (2006).

Amphibians and Reptiles. Since these two categories of animals are very difficult to capture due to the
absence of suitable traps, we have simply used hunting at sight techniques for sampling them. Captured
individuals were stored in vials filled with diluted formalin. For the identification and systematic
classification, we referred to J. Bons and P. Geniez (1996) and H.H. Schleich, W. Késtle and K. Kabisch
(1996).

Birds. Bimonthly censuses were conducted to study birds in their natural habitats. These censuses were
starting in the early morning before dawn until the afternoon. Counts were made during the period between
October 2009 and June 2010. A pair of binoculars was used to observe, identify and count bird species. To
ensure that identification is accurate at the time of observation, we used a field guide (Heinzel et al., 2004).

The technique we followed during counts of waterbirds in Lake Ayata is described in the following
steps: Waterfowl groups located at a distance of less than 200 m, and which do not exceed 200 individuals,
were processed by a single counting. But if bird population size is more than 200 individuals or if the group
is distant (>200 m) a quantitative estimate was considered. In this case, the visual field was divided into
several bands, then the number of birds of a mid-band counts is reported as many times as bands. This
method has a error margin of 5 to 10% (Lamotte, Bourli¢re, 1969) because a difference still exists between
the number of birds detected by the observer and the number actually present (Tamisier, Dehorter, 1999).
Besides the census of waterfowl, other species, found in the site and its surroundings, were also recorded.
For each recorded bird species, we reported its complete classification (order, family and binomial name)
and its English name according to B.L. Monroe and C.G. Sibley (1997).

Mammals. Since most mammals in Saharan regions have nocturnal activity and discrete behaviour
(Le Berre, 1990), and due to lack in night observation equipment and adequate traps for their capture; we
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drew on the method of direct observation in situ using a field guide that identifies some mammalian species
from their presence indices, droppings, burrows and traces (Bang, Dahlstrom, 2004). Moreover, surveys
within visitors of the lake and people from the town of Sidi Amrane (nearest urban area) were carried out to
have details confirming the identification of some mammals that frequent neighbouring areas of the lake. In
addition, vegetation clumps of Salicornia fruticosa, Tamarix gallica, Juncus maritimus and Phragmites
communis were investigated in search of small mammals that use these forms of vegetation as refuge for
their burrows (Le Berre, 1990). Taxonomic classification of inventoried mammal species follows that of
T. Halternorth and H. Diller (1985).

Results

Inventories of vertebrate species of the lake consists of two parts. The first is a qualitative inventory of
fishes, amphibians, reptiles and mammals. The second includes quantitative data on bird populations.

Fishes. Catches of fish allowed us to identify three different species: the mosquitofish (Gambusia
affinis) and two Tilapia species: Peter's fish (Tilapia Zilli) characterized by a reddish colour and another
species of the genus Tilapia (with a yellowish colour) not determined (table 1 A). These species belong to
one class (Actinopterygii), two orders and two different families (table 2). Tilapias were caught in the
flowing drains that feed the lake and in the outfall channel, but the mosquitofish were captured in drains with
standing water.

Ta6muna 1. CucreMaTHYSCKUH CIIMCOK BUIIOB MO3BOHOYHBIX, 3aPETUCTPUPOBAHHBIX B paiioHe O3epe Asdra.
VYcnoBHble 0003HAUEHMS: * — BHJBI MOJJICKAINME OXpaHe B AJDKUpE, " — BHIBI MOJABEPKEHHBIC YIrpo3e
yHIITOXEeHUS 13 KpacHo KHUTH IUCN, PT — denomornueckne THIBI IS NTHI, B — THe3aSmMAeCS BUIBI
nrut, OV — ciiy4aifHO BCTpeUYeHHBIC BUABI, S — Oceyible BUIBI, SM — neTHHe MUrpantbl, WM — 3uMHue
murpanTel. Table 1. Systematic list of vertebrate species recorded in Lake Ayata with their common English
name (Species followed by (*) is protected in Algeria; and by (") is cited as threatened species on ITUCN’s
red list categories. Bird phenological types “PT”: B — breeder, OV — occasional visitor, S — sedentary, SM —

summer migrant, WM — winter migrant.

(A) Fishes (S=3)

Family Species English name

Poeciliidae Gambusia affinis (Girard, 1859) Mosquitofish

Cichlidae Tilapia zilli (Gervais, 1848) Peter's fish
Tilapia sp. Tilapia

(B) Amphibians (S=2)

Family Species English Name

Bufinidae Bufo viridis (Laurenti, 1768) Green Toad

Ranidae Rana saharica (Pallas, 1771) Laughing Frog

(C) Reptiles (S=6)

Family Species English Name

Geckonidae Tarentola deserti (Boulenger, 1891)* Desert Wall Gecko
Tarentola mauritanica (Linnaeus, 1758) Moorish Wall Gecko

Scincidae Chalcides ocellatus (Forskal, 1775) Oscillated Skink
Scincopus fasciatus (Peters, 1864) Peters' Banded Skink
Scincus scincus (Linnaeus, 1758) Sandfish

Viperidae Cerastes cerastes (Linnaeus, 1758) Saharan horned viper

(D) Birds (S=55)

Family Species English Name PT

Ardeidae Bubulcus ibis (Linnaeus, 1758) Cattle Egret WM
Egretta alba (Linnaeus, 1758) Great white heron ov
Egretta garzetta (Linnaeus, 1758) Little egret WM
Ardea cinerea (Linnaeus, 1758) Grey Heron WM

Ciconiidae Ciconia ciconia (Linnaeus, 1758) * White stork ov
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[Iponomxenue Tadmuspl 1. Prolongation of table 1.

Family | Species | English Name | PT
Phoenicopteridae Phoenicopterus roseus (Pallas, 1811) * Greater Flamingo WM
Anatidae Tadorna tadorna (Linnaeus, 1758) * Common Shelduck WM
Tadorna ferruginea (Pallas, 1764) * Ruddy shelduck SB
Anas penelope (Linnaeus, 1758) Eurasian Wigeon WM
Anas strepera (Linnaeus, 1758) Gadwall WM
Anas acuta (Linnaeus, 1758) Northern Pintail WM
Anas crecca (Linnaeus, 1758) Common Teal WM
Anas platyrhynchos (Linnaeus, 1758) Mallard WM
Anas clypeata (Linnaeus, 1758) Northern Shoveler WM
Marmaronetta angustirostris (Rei., 1853) ** Marbled duck WM
Aythya ferina (Linnaeus, 1758) Pochard WM
Aythya nyroca (Guldenstédt, 1770) ® Ferruginous Duck WM
Accipitridae Circus aeruginosus (Linnaeus, 1758) March harrier SB
Falconidae Falco biarmicus (Temminck, 1825) * Lanner Falcon SB
Rallidae Rallus aquaticus (Linnaeus, 1758) * Water Rail WM
Gallinula chloropus (Linnaeus, 1758) Common Moorhen SB
Fulica atra (Linnaeus, 1758) Common Coot WM
Recurvirostridae Himantopus himantopus (Linnaeus, 1758) * Black-winged stilt SB
Charadriidae Charadrius dubius (Scopoli, 1786) Little ringed plover WM
Charadrius hiaticula (Linnaeus, 1758) Common Ringed Plover WM
Charadrius alexandrinus (Linnaeus, 1758) Kentish plover SB
Scolopacidae Calidris minuta (Leisler, 1812) Little stint WM
Gallinago gallinago (Linnaeus, 1758) Common Snipe WM
Tringa erythropus (Pallas, 1764) Spotted redshank WM
Tringa nebularia (Gunnerus, 1767) Greenshank WM
Tringa ochropus (Linnaeus, 1758) Green sandpiper WM
Laridae Larus ridibundus (Linnaeus, 1766) Common Black-headed Gull WM
Columbidae Columba livia (Linnaeus, 1758) Rock Dove SB
Streptopelia decaocto (Frivaldszky, 1838) Eurasian Collared Dove SB
Streptopelia turtur (Linnaeus, 1758) European turtle-Dove SM
Streptopelia senegalensis (Linnaeus 1766) Laughing Dove SB
Meropidae Merops persicus (Pallas, 1773) Blue-cheeked Bee-eater WMB
Upipidae Upupa epops (Linnaeus, 1758) * Hoopoe SB
Alaudidae Alaemon alaudipes (Desfontaines, 1789) Greater Hoopoe-Lark SB
Calandrella brachydactyla (Leisler, 1814) Short-toed Lark SB
Galerida cristata (Linnaeus, 1758) Crested Lark SB
Alauda arvensis (Linnaeus, 1758) Sky-Lark SB
Hirundinidae Delichon urbica (Linnaeus, 1758) Common House-Martin SM
Motacillidae Motacilla flava (Linnaeus, 1758) Yellow-Wagtail WM
Motacilla alba (Linnaeus, 1758) White-Wagtail WM
Muscicapidae Luscinia svecica (Linnaeus, 1758) Bluethroat WM
Muscicapidae Oenanthe deserti (Temminck, 1825) Desert Wheatear SB
Sylviidae Cisticola juncidis (Rafinesque, 1810) Zitting Cisticola SB
Phylloscopus sibilatrix (Bechstein, 1793) Wood Warbler WM
(D) Birds (S=55)
Family Species English Name PT
Phylloscopus collybita (Vieillot, 1817) Northern Chiffchaff WM
Laniidae Lanius meridionalis (Linnaeus, 1758) Great Grey Shrike SB
Lanius senator (Linnaeus, 1758) Woodchat Shrike SB
Ploceidae Passer domesticus (Linnaeus, 1758) House sparrow SB
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[Iponomxenue Tadmuspl 1. Prolongation of table 1.

Family | Species | English Name | PT
Corvidae Corvus ruficollis (Lesson, 1830) Brown-necked Raven SB
Corvus corax (Linnaeus, 1758) Common Raven SB
(E) Mammals (S=7)
Family Species English Name
Leparidae Lepus capensis (Linnaeus, 1758) Cape Hare
Gerbillidae Meriones shawi (Duvernoy, 1842) Shaw's Jird
Muridae Rattus rattus (Linnaeus, 1758) Black Rat
Mus spretus (Lataste, 1883) Small Rodent
Mus musculus (Linnaeus, 1758) House mouse
Canidae Fennecus zerda (Zimmermann, 1780)* Fennec fox
Suidae Sus scrofa (Linnaeus, 1758) Wild Boar

Amphibians and reptiles. The herpetofauna cebsed in the lake includes two species of amphibians and
six species of reptiles (table 1 B and 1 C). The 08 surveyed species are divided into 2 classes, 3 orders, 5
families, 7 genera. Amphibians are represented by the order of Anura, which includes two different families:
the family Bufonidae and Ranidae with one species for each family. Reptiles include two orders, Squamata
and Ophidia. The Squamata are represented by families of Geckonidae and Scincidae with respectively two
and three species. The Ophidian contain the Viperidae family with one species (Cerastes cerastes). All the
species reported are not protected in Algeria (table 2).

Birds. A set of 16 bimonthly censuses allowed the inventory of 55 bird species frequenting the study
area; among these 9 species are protected in Algeria (7 waterbirds). According to IUCN Red List criteria, the
lake holds a "vulnerable" species that is the Marbled Duck (Marmaronetta angustirostris) and another has
the status "Near Threatened" that is Ferruginous Duck (4ythya nyroca; table 1 D). The 55 bird species
recorded are spread over 10 orders, 23 families and 37 genera. The Passeriformes order was best represented
with 8 families and 17 species, followed by Anseriformes (one family and 11 species) and Charadriiformes
(3 families and 9 species; table 2).

Both values of species richness (S=55) and bird abundance (N=4.084) have the same fluctuation shape
(1-Way ANOVA: F=46.01; p<0.0001). These values reached their peak in winter (Dec-Feb) and decreased
progressively from the end of wintering period (fig. 3).

Numbers of winter-migrants increased along winter to reach the peak in late December then experience
a fast drop marking the end of wintering period where numbers of sedentary birds started to augment (fig. 4).

Wintering migrants followed by sedentary birds hold highest species richness values. Winter-migrants
were more diverse during the rainy season which extended from early December and late February.
Occasional visitors appeared almost in January with a single species. Summer migrants come by the end of
winter with a single species, mainly during the months of March and April (fig. 5).

Mammals. Wild mammalian fauna of Lake Ayata includes seven species that are divided into 4 orders,
5 families and 6 genera. One species of mammals is protected in Algeria, it is the Fennec (Fennecus zerda,
table 1 E). Mammals inventoried in the region is better represented by the order of rodents that holds four
species belonging to two families. The remaining orders are represented by one species for each (table 2).

Discussion

Fish. Fishes recorded in Ayata Lake are widely distributed in north Algerian Sahara; they were reported
in the valley of Oued Righ (Le Berre, 1989; Toumi, 2010) and also in Chott Ain El-Beida at Ouargla city
(Bekkari and Benzaoui, 1991; Bouzid, 2003).

The spatial distribution of species reveals existence of a territoriality between species of the genus
Tilapia that are living in flowing-deep waters and the mosquitofish that occur particularly in stagnant water
of drains occupied by dense vegetation, usually of reeds (Phragmites communis). It should be noted that the
abundance of fish in Lake Ayata attracts piscivorous waterbirds such as Great white heron (Egretta alba), the
Little Egret (Egretta garzetta) and Grey Heron (Ardea cinerea). Indeed, the latter two species visit regularly
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habitats where fish are in abundance.
Tabauna 2. PactipeneneHue BUIOB TTO3BOHOYHBIX JKUBOTHBIX O3epa AsTa (amxupckas mycTsiHs Caxapa) 1o

nopsizikam, cemeiictBam u poaam. Table 2. Number and proportions of vertebrates species identified in Ayata
Lake (Algerian Sahara) according to orders, families and genera.

- Species
Classes Orders Families |Genera Number | %
Cyprinodontiformes 1 1 1 33.3
Pisces Perciformes 1 1 2 66.7
Total 2 2 3 100
Amphibia Anoura 2 2 2 25
& Squamata 2 4 5 62.5
Reptila Ophidia 1 1 1 12.5
Total 5 7 8 100
Ciconiiformes 2 4 5 9.1
Phoenicopteriformes 1 1 1 1.8
Anseriformes 1 4 11 20
Falconiformes 2 2 2 3.6
Aves Gruiformes 1 3 3 5.5
Charadriiformes 3 5 9 16
Lariformes 1 1 1 1.8
Columbiformes 1 2 4 7.3
Coraciiformes 2 2 2 3.6
Passeriformes 8 13 17 31
Total 22 37 55 100
Lagomorpha 1 1 1 14
Mammalia Rodenta 2 3 4 57
Carnivora 1 1 1 14
Artiodactyla 1 1 1 14
Total 5 6 7 100

The introduction of fish species has sometimes been justified by the creation of new aquatic habitats
(Gozlan et al., 2010). Besides, the introduction of some fish species has been performed to fight against
disease vectors (Gozlan, 2008). As well, some species such as Gambusia affinis was and still be used in
different regions of Africa, in Algerian Sahara particularly, to control the mosquitoes that transmit malaria
(Hammadi et al., 2009). Accordingly, decline in population of native species and disturbance in ecological
nets are common results when Mosquitofishs are introduced as a biological controlling agent in freshwaters
(Hamer et al., 2002). It is to note that Gambusia affinis has become naturalized all over studied Saharan sites,
affecting therefore aquatic ecosystems and will probably exercising heavy predation on endemic small fishes
(Chaibi et al., 2012).

Amphibians and reptiles. The batrachofauna of Lake Ayata, which was represented by two species of
the genera Bufo and Rana, is common in Saharan humid environments (Bekkari, Benzaoui, 1991; Bouzid,
2003; Mouane, 2010). Similarly, the herpetofauna recorded in the lake indicates a clear desert affinity,
especially with the presence of characteristic species like Tarentola deserti, Tarentola mauritanica,
Scincopus fasciatus, Cerastes cerastes that have Saharan or Saharo-sindian in biogeographical origins
(Mouane, 2010). Indeed, several authors have noted these pecies in different regions in the northern Algerian
Sahara: in the Valley of Oued Righ and Souf (Le Berre, 1989), in Ouargla (Bekkari, Benzaoui, 1991;
Bouzid, 2003), and in Erg Oriental (Souf and Touggourt; Mouane, 2010). On the other hand, most of censed
species are invertebrate feeders except Cerastes cerastes which (family of Viperidae) is carnivorous and
venomous.

The abundance of reptile species and rarity amphibians can learn about the richness of reptiles in arid
regions. This difference in richness can be also justified as a better acclimatization and adaptation of reptiles
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to conditions of aridity that reign in deserts. Moreover, the occurrence of amphibians is closely linked to the
existence of humid habitats and the presence of water in, which is considered as scarce resource in xeric
lands (Dayton, Fitzgerald, 2006; Mouane, 2010). Moreover, H.-A. Blain, S. Bailon and G. Cuenca-Bescds
(2008) emphasize on variations in the quantitative and qualitative composition of herpetofaunal successions
(in amphibians and squamate reptiles) can be used recognize climatic and environmental changes. There is
only one endemic species at the lake i.e. Tarentola deserti which is endemic at Sahara scale (Schleich et al.,
1996).
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Birds. All birds censed in this study have been already described for Algeria in the literature. The
recorded avifauna is almost the seventh of birds in Algeria (406 species listed by Isennman, Moali, 2000). It
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also includes almost half of the orders described in the country (Ledant et al., 1981). Families reported in the
Lake represent 40% of all known families in Algeria. The Lake holds over one-fifth of genera reported
nationally (Ledant et al., 1981; Isenmann, Moali, 2000). In addition, species richness recorded in Lake Ayata
is quite similar compared to some wetlands in Northeast Algeria (Van Dijk, Ledant, 1983; Bouzid, 2003;
Belhadj and Gasmi, 2005) and to other Algerian IBA wetlands (Fishpool, Evans, 2001; Samraoui, Samraoui,
2008).

= O o0
[ TR |

Species richness (S)
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1
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0O Summer Migrant O Sedentary B Winter Migrant @8 Occasional Visitor

Puc. 5. Mi3ameHnenus BUAOBOTO OorarctBa mrTull 1Mo ()eHOJOrHYecKuM TumnaMm Bo Bpemenu. Fig. 5. Temporal
variation of species richness applied for bird phenological guilds.

Since the search for food is the main reason of bird migrations (Blondel, 1979), the monitored
successions in phenological guilds give an indication on the dynamics of food supplies in both quantitative
and qualitative varieties. Indeed, A.Tamisier and O. Dehorter (1999) claim that bird diet determines
phenological character including sedentary or migratory traits.

Basically, dynamics of phenological guilds follow that in Western Palearctic, although wintering is
much earlier and ends earlier than what is known in Eurasian and coastal North African regions (Thorup et
al., 2007). Indeed, winter-migrants are being replaced after the end wintering-period by sedentary species,
which were present throughout the study period but with their numbers are increasing significantly during
the breeding season. The predominance of winter-migratory birds, in particular Anatidae, reflects the
importance of this wetland for hosting waterbirds especially on wet habitats located in hot-hyperaridlands
where water is a very scarce resource (Roshier et al., 2001; Chenchouni, Si Bachir, 2010).

Moreover, the presence of certain endemic species to North African Sahara (such as Merops persicus,
Alaemon alaudipes and Oenanthe deserti) in the lake provide information on avifauna biogeography trends.
It should be noted North Sahara including Lake Ayata is considered as transitional region between the
Palaearctic and Afrotropical because it includes, besides birds of these two ecoregions, species that are not
defined by Voous’ faunal type classification (Voous, 1960).

Mammals. The recorded Mammals are characterized by a dominance of the order Rodentia, which
includes two different families: the family Gerbillidae with a species and family Muridae with three species.
Even though desert ecosystems are known to be qualified as healthy biotopes, the presence of certain species
belonging to the category of rodents such as Rattus rattus, Mus spretus, Mus musculus, ... as well as other
species like Sus scrofa, demonstrates that these natural hyper-arid habitats are anthropologically influenced,
which inducing the introduction of invasive species (Loope et al., 1988). Moreover, these species, in
majority, have an omnivorous diet, which facilitates their adaptation to hostile environmental conditions of
the region. Moreover, these mammals have a diet composed by as well plants and animals, but they feed
generally on different parts of plants, digging up roots and tubers, and eat fallen seeds. They may therefore,
in case of outbreak and absence of natural predators, become harmful to natural vegetation. However, they
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also can cause significant damage to nearby crops, especially crops underlying date palm. Indeed, other
studies (Bekkari, Benzaoui, 1991; Bouzid, 2003) revealed the existence of invasive mammalian species in
the vicinities of wetlands nearby oases and urban areas in the Lower-Sahara.

The Fennec (Fennecus zerda) is an endemic species for north Sahara desert (Le Berre, 1990; Cusin,
1996) which is protected in Algeria in order to sustain its vital ecological role this species plays in Saharan
ecosystems (Incorvaia, 2005). Since Fennec feeds on a diverse range of animal prey (vertebrate and
invertebrate) but also plant parts (Khechekhouche et al., 2011). These authors state also that the fennec’s diet
is dominated in terms of species by insects and dates (fruits of Phoenix dactylifera); however, in terms of
biomass vertebrates (rodents, birds and lizards) are most abundant, which gives it the status of a carnivorous-
predator. Unfortunately, this species has declined greatly throughout its distribution area at the Sahara Desert
(WWF, McGinley, 2007).

It is noteworthy that study site could hold a further diverse mammalian fauna, particularly rare species
and those with nocturnal and/or discrete behaviour as well as species using the site for brief visits. Therefore,
this inventory should be enriched by additional investigations that would reveal the existence of other
species, particularly if appropriate sampling techniques could be applied.

Conclusion and perspective

This study provides the first qualitative inventory of vertebrate fauna of Ayata Lake, which would be the
most exhaustive and accurate. All species identified and recorded in this study have been already described
for Algeria in the literature. Although this inventory remains far from being the most exhaustive, given the
short period during which the study was conducted; our results suggest that knowing species composition as
well understanding their temporal dynamics could be relevant to identify and to outline future conservation
decisions.

Finally, it is important to emphasize the presence in the Lake Ayata of several protected species in
Algeria and internationally, which also deserve more attention to carry out specific studies. The site is
particularly important in hosting an abundant avian population, despite its small area, including wintering
Anatidae which include also Marbled Duck (VU) and Ferruginous Duck (NT). The mere presence of all
these protected and rare species suggests a direction of researches to conservation studies to guide policy
makers and managers to mitigate deterioration and threatening factors.
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PA3ZHOOBPA3UE PACTUTEJIBHOCTHU U POJIb LEPTADENIA
PYROTECHNICA B COCTABE BUOMACCBHI U HAKOIIVIEHUHA
YIVIEPOJA B APUJHOU 30HE UH/IUN
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CraTbs OCBALICHA U3YyUCHHUIO Pa3HOO0pa3us AEPEBbEB U KyCTAPHUKOB, IPOU3PACTAOIIUX COBMECTHO
¢ Leptadenia pyrotechnica (Forsk.) Decne, nmpoayKTHBHOCTH BHAa M COJACPXKAHUIO YIiiepoja B
pacrenusix. MccnemoBanust mpoBogunuck B myctbiHe Tap (MHOMA) B TpEX arpoKIMMaTHYECKHX
paiioHax: 3acynuimBas 3amamHas paBHuHa (AWP), paBHmHa Tpansuta BHyTpeHHero ctoka (TID) u
TpaH3UTHas paBHHHa OacceifHa peku Jlynu (TLB). Llensio O6bu10 OoneHUTH BKIaa L. pyrotechnica B
o0myro Omomaccy M 3amachl COAep)KaHUs yIiiepoAa B 3aCyLUIMBBIX palioHaxX. BeuiM moacuuTaHbl
TaKue MOKa3aTelH, KaK KOJIMYECTBO O0CO0eH M MJIOIIaah CeYCHUH CTBOJIOB, KOTOPBIE OKA3aJHCh BBIIIE
JUI KyCTapHHUKOB, Ye€M JUIsl JePEBhEB. 3HAUUTEIbHAS YacTh IUIOIAAN CEYEHUH CTBOJIOB IPHUIIIACH HA
L. pyrotechnica — oxono 40%. Coxepkanue yriiepona B L. pyrotechnica BappUpOBaJIO B TIpejeiax
43.32-45.86% (B cyxoMm octaTke ctebineit) u 39.45 k 42.51% (B cyxoMm ocTaTke KOpHEil), B TO BpeMs
Kak cojaepkaHue azora m3meHsutoch oT 0.41 mo 2.21% u 0.57 mo 1.69% B cyxom ocrtaTtke crebineit u
KOpHEH COOTBETCTBEHHO. boibliee 4rcio BUIOB JepeBbEB U KYCTAPHUKOB XapaKTEpHO I PaiioHOB
TID u AWP, mpu 3Tom o0mmiasi miomiags ce4eHus] CTBOJIOB Oblla camMoil BBICOKOH B paiione TLB.
BunoBoe O6orarcTBo npeBecHBIX ()OpPM OKa3aloch BbINIE, B TO BpeMs Kak PaBHOMEPHOCTh
pacmpeziesieHus Bhlllle y KyCTapHUKOB BO BCEX arpoKJIMMaTHYECKUX paiioHax. BeicoTa pacTeHmii BuIa
L. pyrotechnica 6onbiie B paiione TLB, Tonmuza cTBOMOB (IMaMeTp ocHoBaHus) B parione TID, a
HanOobee yucio noderos — B 30He AWP. Cootnomenue BricoTsl (H) 1 06xBata ocHOBaHUs cTBOJNIA
(G) moKasalo CTerneHHyo 3aBHCHMOCT (R*=0.683, P<0.001) ¢ Hag3eMHOH H CIOKHYIO 3aBHCHMOCTD
(R*=0.552, P<0.001) ¢ moazemHoli Guomaccoil. Kak moazeMHas, Tak M Haj3eMHas GHoOMacca ObUIH
camMbIMU BbICOKUMH B paiioHe TLB n cambiMu Huskumu — B TID. CooTHomieHre KOpHEH u 1moOeros
cxoxe B paiionax AWC u TID, Ho 3HaunTensHO 60mbire (1.25) B patione TLB, uTo cBHACTETECTBYET
o Oonbieit Ouomacce kopHeil. Takum oOpaszom, monymnsuus L. pyrotechnica BHOCUT CyIIECTBEHHBIN
BKJIaJl B PaCTUTEIBHOCTh MyCTHIHN Tap, 3aHMMas OOMIMPHYIO IUOUIaas U GOPMUPYS 3HAYUTEIHHYIO
¢utomaccy, mpuyeM OoJbluasi €€ YacTh paciojiaraetcs Mo 3eMJIeH, YTO 3alUIacT IOYBbl OT 3PO3UHU
U CBSI3BIBACT yTJIEPOI.

Kniouesvie cnosa: arpoxnuMaTHYecKHid pailoH, KOJUYECTBO OHOMAcChl, COAEp)KaHHE YIJepoja,
Ilycteinas Tap.

VEGETATION DIVERSITY AND ROLE OF LEPTADENIA PYROTECHNICA IN
BIOMASS CONTRIBUTION AND CARBON STORAGE IN ARID ZONE OF INDIA

© 2012. G. Singh, K. Singh, D. Mishra, S. Shukla

Arid Forest Research Institute, Division of Forest Ecology
India, 342005 Jodhpur, New Pali Road. E-mail: gsingh@icfre.org, singh g dr@yahoo.co.in

We studied diversity of tree-shrubs and productivity and carbon storage capacity of Leptadenia
pyrotechnica (Forsk.) Decne in Indian Desert in three agro-climatic zone namely Arid western plain
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(AWP), Transitional plain of inland drainage (TID) and Transitional plain of Iuni basin (TLB) with a
view to monitor the contribution of L. pyrotechnica in biomass production and carbon storage in arid
areas. Population and basal area were greater for shrubs than for the tree species. The contribution of
L. pyrotechnica in basal area was about 40%. Carbon content of L. pyrotechnica varied from 43.32 to
45.86% and 39.45 to 42.51%, whereas nitrogen content varied from 0.41 to 2.21% and 0.57 to 1.69%
in oven dry stem and roots, respectively indicating relatively greater carbon and nitrogen in stem than
in roots. The highest population of tree and shrubs was in TID and AWP, respectively but total basal
area was highest in TLB zone. Species richness was highest for tree, whereas species diversity and
evenness were highest for shrub in all agro-climatic zones. Species dominance was highest in AWP
zone for both tree and shrubs. Plants of L. pyrotechnica were taller in TLB, thicker (collar diameter) in
TID and with highest numbers of tillers in AWP. Height (H) and collar girth (G) showed power
relations (R’=0.683, P<0.001) with above-ground and compound relations (R*=0.552, P<0.001) with
below-ground biomass. Both the above-ground and belowground biomasses were the highest in TLB
and lowest in TID zone. Root/shoot ratio was similar in AWS and TID zones but was significantly
greater (1.25) in TLB zone suggesting greater biomass allocation to roots. Conclusively,
L. pyrotechnica has significant contribution in vegetation population, basal area and biomass
production and showed greater biomass allocation to roots that help in stabilizing soil and sequestering
carbon.

Keywords: agroclimatic zone, biomass partitioning, carbon storage, Indian desert.

Deserts occupy regions of very low or highly seasonal precipitation and are found in most of the
continent i.e., Africa, southern and northern America, Asia and Australia. In desert, plant growth tends to be
highly sporadic and plants invest heavily in protecting themselves against water loss and herbivores by
making their tissues tough and resistant to decomposition. Lack of water decelerates decomposition rates,
leading to the accumulation of carbon-rich dead plant material in the soil. Amundson (2001) estimated about
14 and 100 tonnes per ha carbon content in desert soils, but the carbon stored in the vegetation is around 2-30
tones per ha. Study of G. Wohlfahrt, L.F. Fenstermakerw and J.A. Arnone (2008) indicated that carbon
uptake by deserts is much higher than the previously thought by which it may contribute significantly to the
terrestrial carbon sink. But due to considerable uncertainties in these calculations, verification by quantifying
above- and below-ground carbon pools over time was suggested (Schlesinger et al., 2009). Warming-up of
deserts by 0.2-0.8°C per decade (1976 to 2000) with an average increase of 0.5-2°C combined with increased
evapo-transpiration, lower precipitation and land degradation may reduce soil moisture and vegetation
diversity leading to carbon loss from the soil (IPCC, 2001). Because of differences in the biochemical
pathways, some species may be more responsive to elevated CO, or new habitat than others leading to
changes in plant community structure (Morgan et al., 2001; Smith et al., 2000; Gunin et al., 2012) and
carbon assimilation. The changes in vegetation composition and density will inevitably alter the carbon
budget with uncertain feedback effects on the regional climate.

The Great Indian Desert spreads across the state of Rajasthan and parts of Gujarat in western India
covers about 2 00 000 km?, the desert is interspersed with hillocks, gravel, salt marshes and some lakes.
About 61% of the Indian Desert is in Rajasthan covering 12 districts. The natural vegetation of this dry area
is classed as Northern Tropical Thorn Forest (Champion, Seth, 1968) occurring in small clumps scattered
more or less openly and composed of tree, shrubs and herbs. The number of tree species is very limited and
the region is dominated mainly by shrubs like Leptadenia pyrotechnica, Calligonum polygonoides,
Calotropis procera, Acacia jacquemontii, Z. nummularia etc (Naval et al., 2006). Many of these species are
suffering of overexploitation for their varying uses resulting in shrinkage of their habitats and loss of land
phytomass (Lebedeya et al., 2011). Some of them are Calligonum polygonoides (utilized for its valued high
calorific fuelwood) and L. pyrotechnica presently used in brick manufacturing industries in the region and
can be utilized particle board making (Bhaduri, Mojumder, 2008). Leptadenia pyrotechnica (Forssk.) Decne
is an erect, much branched generally leafless shrub, generally 0.6-2.5 m tall. This species is medicinally
important but is also used for making ropes, thatching hamlets and as fodder in the Indian desert (Bhaduri,
Mojumder, 2008). Root system of a small Leptadenia bush reported to penetrate to a depth of 11.5 m and has
a lateral extension of 10 m, exploiting about 850 m’® of soil (Batanouny, Wahab, 1973) and reported to
improve soil calcium and phosphorus concentration (Karim et al., 2009). Removal of this species under
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overexploitation not only leads to land degradation but also affect ecology and carbon stock of the aridisol as
this species has a good potential to assimilate carbon that is then available for sequestering into the soil.

In view of this, a study was conducted on biodiversity and productivity associated with Leptadenia
pyrotechnica (Forsk.) Decne to (i) observed diversity status of L. pyrotechnica dominated habitats in
different agro-climatic zone of Indian Desert, and (ii) contribution of L. pyrotechnica in biomass production
and carbon sequestration in this desert region.

Methodology, site description and analysis

Vegetation survey was conducted in western part of Rajasthan covering the hot arid regions of India lie
between 24° and 29° N latitude, and 70° and 76° E longitude, covering an area of 31.70 million ha. The arid
regions of Rajasthan, Gujarat, Punjab, and Haryana together constitute the Great Indian Desert “The Thar”,
which accounts for about 89.6% of the total hot arid regions of India. The Thar Desert is subdivided into four
sectors based on rainfall and edaphic characteristics. We have considered (i) arid western plain (AWP); (ii)
transitional plain of inland drainage (TID), and (iii) transitional plain of Luni basin (TLB) for this study
(fig. 1), because the fourth one cover almost irrigated area of Shri Ganganagar and Hanumangarh districts.

I  Arid Westem Plain {AWP)

Transitional Plain of

Inland Drainage (TID) RAJASTHAN —=——

=1

INDIA
Transitional Plain of

Luni Basin (TLB)

Arid Western

BUSAN rigated Plain

Puc. 1. PacnionoxeHne pa3muvHbBIX arpo-KIMMaTHYECKUX PaiioHOB B 3amagHoM Pamkacrane (Munus).
Fig. 1. Distribution of different agro-climatic zone in western Rajasthan, India.
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The AWP comprises of all tehsils of Bikaner, Jaisalmer and Barmer districts, Phalodi, Shergarh, Osian and
Jodhpur tehsils of Jodhpur district and Dungargarh, Sujangarh, Ratangarh and Sardarshahar tehsils of Churu
district. This is the most arid part of the state with annual rainfall between 100 to 400 mm, which is quite
often erratic, so much so, that the entire rainfall of the year may fall on a single day and the rest of the year
may be dry. Summer temperatures are always high and the diurnal range exceeds even 20°C. During summer
temperatures may be as high as 49°C, whereas in winters, the day temperatures are higher but the night
temperatures may be near freezing point. Winters are of short duration, not exceeding two months —
December and January. The TID zone (transitional plain of inland drainage) comprises all tehsils of Nagaur,
Sikar and Jhunjhunu districts and Taranagar, Churu and Rajgarh tehsils of Churu district. This area is
covered with sand dunes and inter-dunal sandy plains. Drainage is not well developed and streams, which
flow in the rainy season, disappear in sandy fields after covering some distance. Climatically, this zone is
slightly better as compared to Arid Western Plain. Rainfall is slightly higher, temperatures in summer
months do go very high but the winters are very cold. The “Transitional Plain of Luni Basin” lies between
the Aravalli ranges and western arid region encompassing the entire districts of Jalor and Pali, Reodhar and
Sheoganj tehsils of Sirohi district, and Bilara and Bhopalgarh tehsils of Jodhpur district. The region has
semi-arid climate with an annual rainfall of 300 to 500 mm. It is drained by the river Luni which is seasonal
and flows only during rainy season. The western part of the region is dotted with sand dunes, interspersed in
alluvial soil. Luni and its tributaries, like Sukri, Mithri and Jawai have made this area productive. The
climatic conditions are almost the same as in the western arid region except that the rainfall is slightly
higher. The region is generally occupied by sparse vegetation comprising perennial and annual grasses, other
herbaceous plants, shrubs and small trees. The number of tree species is very limited and the region is
dominated by shrubs like Leptadenia pyrotechnica, Calligonum polygonoides, Calotropis procera, Acacia
Jacquemontii, Z. nummularia etc. The native plant species have adaptations that enable them to reproduce,
grow and survive in the most inhospitable edapho-climatic conditions.

The survey was done adopting simple random sampling in forest areas of Bikaner, Jaisalmer, Barmer,

Jalore, Ngaur, Sirohi and Pali forest divisions of Rajasthan during June 2009 to November 2010. Quadrates
of 0.1 ha area was laid in forest block existing in the defined agroclimatic zones. Data on number of tree
species and their population recorded and their growth i.e., height and circumference at breast height
measured. In addition number shrub species and their population were also recorded and their height, number
of tiller and the circumference of tillers are measured. One plant of L. pyrotechnica was harvested and root
was excavated up to 0.5 cm diameter for total biomass recording. Fresh biomass of aboveground part (i.e.,
stem) and belowground part (i.e., root) was recorded at the time of harvesting. Plant height, number of tillers,
crown diameter, root length and root diameter measured (photo 1). Samples of both above-ground and
belowground plant parts were taken for estimation of dry biomass and fresh biomass recorded.
These plant samples were dried in an oven at 80°C for about 48 hrs and dry biomass recorded and converted
to total plant dry biomasses for stem and roots. Above-mentioned stem and root samples were grounded
using a Willey-Mills and plant carbon and nitrogen was estimated using Elementar CNS Analyser model
Vario EL Cube.

Plants were identified as per taxonomy classification using standard literatures (Shetty, Singh, 1993).
These species were counted manually and categorized into number of species and their population. Species
richness, diversity, dominance, evenness and frequency were calculated using different literatures
(Magurran, 1988; Pielou, 1966; Shannon, Wiener, 1963; Simpson, 1949). Data were statistically analyzed
using the MS-EXCEL software and SPSS statistical package. Data were analyzed using statistical package
“Window 2000”. The variable considered was different climatic zone from where vegetation survey was
done and sample collected, these data were analyzed using one way ANOVA. Different agroclimatic zone
was considered as the main factor.

Results

Species population and diversity. A total number of 19 trees/shrub species were recorded during the
field study. In this, there were 9 tree and 10 shrub species belonging to 12 families (table 1).
Among these species, Leptadenia pyrotechnica (Forsk.) Decne, Prosopis cineraria (L.) Druce. and Zizyphus
nummularia (Burm.f) Wt were observed in all agroclimatic zones. Acacia nilotica(L.) Del., Acacia
Jacquemontii Benth., Butea monosperma (Lam.) Kuntze, FEuphorbia caducifolia Hains and Kandel
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(unidentified species) were observed only in transition plain of Luni basin (TLB), whereas Calligonum
polygonoides L., Capparis decidua (Forsk.) Edgew., Lycium barbarum and Maytenus emarginata Willd.
were recorded only in AWP zone. Falcourtia indica and Salvadora oleoides Decne. were recorded only in
the transitional plain of inland drainage (TID). Variations in tree and shrub population and basal area of tree
did not vary (P>0.05) between different agroclimatic zones. But basal area of shrubs approached a
significant level (P=0.083) due to the agro-climatic zones (table 2). Trees population was highest in TID
zone and lowest in TLB zone, but shrubs population and the population of L. pyrotechnica as well was
highest in AWS zone. The combined basal area of trees and shrubs were highest in TLB zone but the
lowest basal area was in TID zone. However, the lowest basal area was in TLB zone for trees and TID
zone for shrubs. Contribution of L. pyrotechnica to the total basal area ranged from 50.7% in TID to
33.6% in TLB zone.

L

®oto 1. Leptadenia pyrotechnica B e€CTECTBEHHBIX YCJOBUSIX COBMECTHOTO IPOU3PACTAHUSI C IPYTUMH
Bugamu pactenuit: Calligonum polygonoides (OenoBaThlii cTeOenb, CBsI3aHHBIA ¢ L. pyrotechnica Ha
MepeHEM IUIaHe C JIEBOW CTOPOHBI) U Acacia jacquemontii (Ha 3aiHeM IIaHe ¢ rpaBoii croponsl). Photo 1.
Leptadenia pyrotechnica in natural conditions along with the associated species i.e., Calligonum
polygonoides (whitish stem associated with L. pyrotechnica, left) and Acacia jacquemontii at right end
corner.

Tree and shrub diversity variables did not vary significantly (P>0.05) between the agro-climatic zones
except for shrub richness (P<0.01) and species diversity (P=0.078), which were highest in TLB zone
(table 2). Species richness, species diversity and species evenness were highest in TLB zone for both trees
and shrubs. Species dominance was highest in AWS and the lowest values were in TID for tree and in
TLB for shrubs. Tree and shrubs richness were lowest in AWP zone, the diversity values were lowest in
AWP and TID zone, respectively. Tree species evenness was lowest in TID, whereas AWP zone was less
even for shrub species.

Growth variables and biomass of L. pyrotechnica. Plants of L. pyrotechnica were taller and wider in
crown diameter in TLB zone but were thicker in TID zone. But plant height and crown diameter were
relatively less in AWP zone, whereas collar diameter was lesser in TLB zone as compared to the other
zones (table 3). The number of tiller (i.e., 23.3 numbers) was greater in relatively harsh AWP zone,
whereas the lowest number of litters was in TLB zone, which is relatively better in rainfall and climatic
condition as compared to the other zones. In root growth variables, L. pyrotechnica exhibited longer and
thicker roots in TLB zone. Root length was shorter in TID zone but shorter root diameter was observed in
AWP zone.

Total dry biomass (stem + root) of L. pyrotechnica plants ranged from 193.37 kg ha in TLB to
78.88 kg ha in TID zone. Both the above-ground biomass and root biomasses were highest in TLB and
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lowest in TID zone (table 3). Interestingly, the root biomass was lesser than above-ground biomass in
AWP and TID zone, but a reverse trend was observed in TLB zone, where root biomass was relatively
greater than that in other two zones. Ratio of root to above-ground biomass was highest (i.e., 1.23) in TLB
zone, whereas it was 0.69 in other two zone. We found significant (P<0.05) increase in above-ground and
root biomasses with height/ collar diameter and their linear multiplication. Though plant height showed best
fit to predict aboveground and root biomasses (table 4), but we selected GxH? (here G is collar girth and H is
height of plant), because of frequent variation in height due to harvesting of aboveground biomass for
different uses. GxH” is related with power equation for aboveground and compound equation with root
biomass.

Ta6muua 1. CooOmecTBa AepeBbeB W KYCTapHUKOB, IPOM3PACTAIONIMX COBMECTHO ¢ L. pyrotechnica B
pa3IMYIHBIX arpo-KIUMaTHIeCKuX parioHax mycteiHn Tap. Table 1. Trees and shrubs associated with
L. pyrotechnica in different agro-climatic zone in Thar desert.

S.No. | Species Habit | Family Zone of occurrence
1 Acacia nilotica(L.) Del. Tree Mimosaceae TPB

2 Acacia senegal (L.) Willd Tree Mimosaceae TPB, TID

3 Acacia tortilis (Forsk.) Hayne Tree Mimosaceae AWP, TID

4 Acacia jacquemontii Benth. Shrub | Mimosaceae TPB

5 Aerva pseudotomentosa Blatt.& Halb Shrub | Emaranthaceae | AWP, TID

6 Butea monosperma (Lam.) Kuntze Tree Fabaceae TPB

7 Calligonum polygonoides L. Shrub | Polygonaceaec | AWP

8 Calotropis procera (Ait.) R.Br. Shrub | Asclepiadaceae | AWP, TID

9 Capparis decidua (Forsk.) Edgew. Shrub | Capparaceae AWP

10 Euphorbia caducifolia Hains Shrub | Euphorbiaceae | TPB

11 Flacortia indica Tree Flacourtiaceae | TID

12 Kandel (Undentified) Tree TPB

13 Leptadenia pyrotechnica (Forsk.) Decne Shrub | Asclipiadaceaec | AWP, TID, TPB
14 Lycium barbarum Shrub | Solanaceae AWP

15 Maytenus emarginata Willd. Shrub | Celastraceae AWP

16 Prosopis cineraria (L.) Druce. Tree Mimosaceae AWP, TID, TPB
17 Prosopis juliflora (Swartz.) DC. Tree Mimosaceae TID, TPB

18 Salvadora oleoides Decne Tree Salvadoraceae | TID

19 Zizyphus nummularia (Burm.f) Wt. Shrub | Rhamanaceae | AWP, TID, TPB

[Ipumevanns k Ttabmumam 1-3: AWP — 3acymmmBas 3amagHas paBHuHA, TID — TpaH3uwTHas paBHHUHA
BHYTpeHHero JapeHaxa, TPB — TpansuTHas paBHuHA OacceiiHa p. Jlanm, ** = snaunmsiit (P<0.01), NS = He
3HaunMblii (P<0.05). Notes to table 1-3: AWP=Arid western plain, TID= Transitional plain of inland
drainage, TPB= Transitional plain of Luni basin, ** = significant (P<0.01), NS = not-significant (P<0.05).

Carbon and nitrogen concentration in L. pyrotechnica. Concentrations of carbon did not differ
between different agro-climatic zones, though it varied from 44.36% to 45.19% in aboveground and
41.60% to 43.06% in the root oven dry biomass. The carbon concentration was relatively greater in TID
zone as compared to the other zones. While considering aboveground and below ground carbon
concentrations, it was relatively greater above-ground than in the root (table 5). Nitrogen concentration in
stem and root varied significantly between agro-climatic zones. It was highest in the plants of AWP for
both stem and roots of L. pyrotechnica. In stem, the lowest N concentration was in the plants of TLB zone,
whereas the nitrogen concentration in root was lowest in the plants of TID zone.Interestingly, the nitrogen
concentration was relatively greater in roots of the plants in TID and TLB zones, whereas N concentration
in stem was relatively greater in AWP zone as compared to the plants of the other zones. Carbon to
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nitrogen ratio in stem increased from 35.06 in AWP 97.34 in TLB, whereas in root it varied from 41.17 in
TLB to 64.20 in TID zone.

Ta6amua 2. Ilokasarenu IUIOTHOCTH JepeBbeB M KyCTapHHUKOB B cooOmiectBax L. pyrotechnica, ux
0a3zaJpHOM IUIOIIAAM, BHJIOBOTO OOraTCTBA, JOMHHUPOBAaHHMS M PACHPENCNICHUS BUIOB B Pa3IUYHBIX
arpoKIMMaTHYECKUX paiioHax 3amamHoro Pamkactana (3HadueHuwe mepeMeHHOW — cpemHee+SE w3 10-Tm
noeropHocTeii). Table 2. Population, basal area and diversity variables of trees and shrubs associated with
L. pyrotechnica in different agro-climatic zone of western Rajasthan. Values are mean £SE of ten replicates.

Plant variable Vegetation Agro-climatic Zone One way
ANOVA
AWP TID TLB F value | P value
Population (no. /0.1 ha) Tree 9.2+42.59 | 143+7.88 | 8.7£5.24 | 0.38 NS
Shrub 70.6+13.40 (39.5£24.25| 30.3+24.41 | 1.52 NS
L. protechnica | 31.245.43 |23.849.33 | 14.746.39 | 1.19 NS
Basal area (m” per 0.1 ha) Tree 0.23+0.09 | 0.19+0.11 | 0.04+0.03 | 0.61 NS
Shrub 0.30+£0.05 | 0.17+0.09 | 0.67+0.34 | 2.99 0.08NS
Total 0.53 0.36 0.71 - -
% of L. pyrotechnica to - 41.2+8.14 |50.7¢17.51| 33.6+£21.78 | 0.29 NS
total basal area
Species richness Tree 0.55+0.09 | 0.68+£0.03 | 0.97+0.41 | 1.50 NS
Shrubs 0.31+0.03 | 0.32+0.08 | 0.71£0.16 | 8.28** | 0.008
Species diversity Tree 0.15+0.08 | 0.37£0.26 | 0.51+0.41 | 0.93 NS
Shrubs 0.63+£0.13 | 0.27+0.20 | 1.04+0.05 | 3.07 0.08NS
Species dominance Tree 0.86+0.18 | 0.56+0.23 | 0.73=0.23 | 0.53 NS
Shrubs 1.29+£0.69 | 0.83+0.16 | 0.34+0.05 | 0.35 NS
Species evenness Tree 0.42+0.17 | 0.32+0.00 | 0.63£0.33 | 0.30 NS
Shrubs 0.77£0.07 | 0.984+0.00 | 0.88+0.05 | 0.73 NS

Tabéanua 3. CpenHue BeTUUWHBI MapaMETPOB PAacTeHUH (BBICOTA, JHAaMETP KPOHBI, KOJMUYECTBO MOOETOB,
IUaMeTp CTBOJOB, JUIMHA KOpHEH) m Ouomaccel (HAA3eMHOH, MOA3eMHOH, oOmiei) L. pyrotechnica B
Pa3IMYHBIX arpoKIMMaTHYECKHX paifoHax 3anamHoro Pamkacrana (3HaueHue nepeMeHHoi — cpenHee+SE u3
10-tu moBTopHOcTeit). Table 3. Average growth variables and biomass partitioning of L. pyrotechnica in
different agroclimatic zone of western Rajasthan. Values are mean £SE of ten replicates.

Plant variable Agro-climatic Zone One way ANOVA
AWP TID TLB F value | P value
No. of tillers (per plant) 23.3+5.78 11.8£2.78 11.7£2.73 4.28** | 0.03
Height (cm) 132.7+£14.21 |146.3+12.31| 146.7+44.47 | 0.17 NS
Collar dia. (cm) 5.42+1.26 6.80+2.24 5.02+2.29 0.20 NS
Crown dia. (cm) 119.2+11.46 | 139.9432.60| 202.8£92.86 | 1.48 NS
Root length (cm) 185.1£14.93 |150.0+£29.07 | 231.0+42.51 1.92 NS
Root dia. (cm) 3.16+0.78 3.23+1.21 4.1342.28 0.15 NS
Above ground biomass (kg ha') | 78.94+17.49 |46.73+17.08| 80.40+70.63 | 0.37 NS
Root biomass (kg ha™) 49.83+£10.67 |31.45+£10.92| 112.97£99.97 | 1.22 NS
Total biomass (kg ha™) 128.77+£27.55 | 78.88+£27.98 | 193.37+£170.58 | 0.63 NS
Root/Shoot ratio 0.69+0.94 0.69+0.18 1.23+0.34 3.44 0.06NS
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Tabauna 4. YpaBHEHHsS perpeccHMd Ui HaA3eMHOM M IOA3EMHOW OHOMAacChl C TEPEeMEHHBIMH pOCTa
L. pyrotechnica. Table 4. Regression equations for above ground biomass (stem) and below ground (root)
biomass with growth variables of L. pyrotechnica.

Dependent |Independent| Curve fit | Regression constants R? SE F value P
variables variables a, a value
Above Height (H) | Compound 5.49 1.03 0.73 0.80 44 .85 0.00
ground Girth (G) Power 5.58 1.44 0.46 0.43 1437 | 0.01
b(lotmass GxH Power 0.03 121 0.63 0.94 28.39 | 0.00
stem) G x H Power 0.002 0.96 0.68 | 086 | 3665 | 0.00
Below Height Compound 7.36 1.03 0.59 0.97 24.23 0.00
ground Girth | Compound | 61.04 1.07 0.34 1.23 8.59 | 0.01
biomass GxH |Compound| 66.10 1.00 0.51 1.05 17.94 | 0.01
(root) GxH® |Compound| 82.22 1.00 055 | 1.01 | 2095 | 0.00

Tabauua 5. Comepkanme yriepoga u azora (%) B pasmuUHBIX 4acTAX L. pyrotechnica B pa3HBIX
arpoKJIMMaTHYeCKHX paioHax 3amagHoro Pamxkacrana. Table 5. Carbon and nitrogen content (%) in
different part of L. pyrotechnica influenced by agro-climatic zone in western Rajasthan.

Agro-climatic Zone Aboveground (%) Root (%) C:N ratio
C N C N Stem Root
Arid Western plain 44 .97 1.410 41.60 1.075 35.06 42.13
Transitional plain of inland drainage | 45.19 0.510 43.057 | 0.677 90.73 64.20
Transitional plain of Luni basin 44.360 | 0.460 42.170 | 1.020 97.34 41.17
Discussion

Species population and diversity- The vegetation of this region is the most dry deciduous type and
scrub indicating the dominance of shrubs species. Occurrence of L. pyrotechnica along with P. cineraria and
Z. nummularia in all studied agro-climatic zone (throughout the desert) with varying soil conditions
indicating its wide adaptability in the region, though P. cineraria and Z. nummularia area socially acceptable
species. K. Nawal, N. Al-Amin, C.J. Stigter and A. El-Tayeb Mohammed (2006) during their study on
survival and growth of different tree, shrubs and grasses including L. pyrotechnica in central Sudan, where
the variation of soil conditions with depth on a small scale influenced the growth differences in Acacia
tortilis and Prosopis juliflora, this difference in soil physical and chemical properties did not affect
L. pyrotechnica, which performed better in final survival as compared to than A. tortlis. Study of S. Kumar
and V. Shankar (1985) showed that the sprinkling of trees and shrubs in different grass cover areas in Indian
Desert varies in composition and density, by and large, according to the soil texture and the relief (GoR,
2010). However, wide variability in population and diversity variables of shrubs and trees in different agro-
climatic zone was due to climatic conditions but more importantly the soil characteristics and the availability
of soil water and nutrients. In a study carried out in a part of Barmer district, frequency of occurrence of
L. pyrotechnica varied from 19.2% to 64.3%, whereas abundance varied from 5.9 to 195.2 number per ha in
different land uses like agriculture, community and forest lands, whereas frequency of occurrence of tree
species was relatively less except for P. cineraria and T. undulata (Singh, 2008). Occurrence of 4. nilotica,
A. jacquemontii and Butea monosperma in TLB zone only was probably due greater rainfall and the
conducive soil and climatic conditions, but occurrence of C. polygonoides, Capparis decidua, L. barbarum
and M. emarginata in AWP zone only showed adaptability of these species to hard environmental conditions
of aridisol. Highest population of trees in TID zones and those of shrubs in AWP zone suggested that
shrubs had better adaptability to arid conditions as compared to the tree. This was also supported by less
tree richness in AWP zone. Satyanarayan (1963) grouped the plant communities of central Luni basin into
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five formations depending upon soil characteristics. However, lowest contribution in basal area by
L. pyrotechnica in TLB indicated occurrence of other shrub species indicated by the highest species
richness, species evenness and species diversity of shrubs in this zone. The highest basal area of trees and
shrubs combined in TLB, despite of relatively less population was probably due to better growth of the
growing vegetation. But the highest species richness of tree in TLB suggested that this zone have
relatively better resource availability influencing growth of both tree and shrub species. S. Kumar (1996)
found strong correlation of vegetation groupings with soil texture, moisture holding capacity but a low
correlation with pH and electrical conductivity that suggested the possible importance of soil physical
properties in affecting vegetation composition.

Growth variables and biomass of L. pyrotechnica. Growth and biomass production in arid region
depends upon soil water though rainfall, which influenced nutrient availability for plant uptake. For
example G. Singh (2004a, b) observed a reduction in growth and biomass production of A. fortilis and
Calligonum polygnoides due to reduced soil water under competitive effects of Dactyloctenium sindicum
grass that extracted and utilized soil water more efficiently. Relatively greater height and crown diameter of
L. pyrotechnica in TLB zone was probably due to greater rainfall and probably soil water and nutrients
influencing growth and biomass production. However, reduced growth variables of L. pyrotechnica in
AWP zone was certainly due to aridity and less availability of soil water and nutrients but favoured
increased number of tillers (the highest number of tiller in this zone). L. pyrotechnica exhibited longer and
thicker roots in TLB zone to exploit available resource for enhanced biomass production and carbon
accumulation. But, the smallest root diameter in AWP zone was due to water stress giving more emphasis
on fine roots development in surface soil layer to exploit whatsoever soil resources are available.
K.H. Batanouny and A.M. Abdel Wahab (1973) observed that the distribution of the roots and their
branching in L. pyrotechnica is closely related to the availability of the soil moisture in the different strata,
though this plant exhibits some characteristics (i.e., probably high concentrations of minerals/ solutes in root
cells), which help it to keep its water balance positive through increased absorption.

The highest biomass for both above-ground and root in TLB zone than in the other zone was due
relatively greater rainfall and soil water availability favouring growth and biomass production of
L. pyrotechnica. Increased root biomass was to extract soil water to support growing aboveground
biomass, but mild stress influenced root growth because of biomass partioning towards root resulting in
greater root to shoot ratio. Relatively lesser root biomass in AWP was due to severe soil water stress in
this zone and/ or due to fibrous root formation. The highest root to shoot ratio of L. protechnica plants in
TLB zone might be due to climatic and edaphic conditions, though it varied on age of the plants also.
Literatures suggests that tree under afforestation showed a progressive reduction in root to shoot ratio
specially after canopy closure, where a steady increase in stem biomass contrast with biomass turnover of
canopy and roots predominates in determining root to shoot ratio (Atwell et al., 1999). M.A. Bolinder,
D.A. Angers, G. Bélanger, R. Michaud and M.R. Laverdiére (2002) also observed variation in shoot to root
ratio of forage crops due to locations and climatic conditions, but their results suggested that average shoot:
root biomass of about 1.30 (values ranged from 1.01 to 1.72) in the first production year and 0.60 (values
ranged from 0.43 to 0.87) in the second production year could be used as a first approximation to estimate
the amount of root biomass left in the soil to a depth of 45 cm from forage crops in eastern Canada. Peichl,
Arain (2007) also observed a decrease in toot to shoot biomass ratio from 0.32 in the 2-year-old stand to
0.24, 0.16, and 0.22 in the 15-, 30-, and 65-year-old stands of Pinus strobes L., respectively, and this
decrease was during the first few decades after stand establishment.

Carbon and nitrogen concentration in L. pyrotechnica. Though plants maintain almost a constant
concentration of carbon but relatively greater carbon concentration in TID zone was due to variations in
uptake of other minerals influenced by their availability in soil. However, relatively greater carbon
concentration in stem than in root was probably due to variation in tissue chemical composition and
mineral accumulation. B. Didier and D. Frederic (2006) observed a large variation in the carbon
concentration between compartments that showed a quadratic relationship with relative height in the four
stem compartments and in branches and buds of Pinus pinaster but a negative exponential relation with root
diameter. The carbon concentration variations were in accordance with the tissue chemical composition
observed in literature and the weighted mean carbon concentration reached 53.6% in the shoots and 51.7% in
the roots with an average value of 53.2% at tree level (Didier, Frederic, 2006). H. Poorter and P. Pothmann
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(1992) observed variations in carbon concentration between the species and found that the carbon content per
unit total plant dry weight was higher for Deschampsia flexuosa (L.) than for Holcus lanatus L. and the dry
weight: fresh weight ratio of total biomass was also much higher for D. flexuosa, and this was associated
with a higher dry matter percentage in both leaves, stem and roots. However, the variation in the carbon
concentration in roots and above-ground biomass was probably due to the concentrations of other minerals.
There were significant variations in nitrogen concentration in both stem and root between agro-climatic
zones but the concentration is similar to the findings of T.S. Ksiksi, A. Elkeblawy, F. Al-Ansari and
G. Alhadrami (2006), who analyzed a number of species for their fodder quality potential and Leptadenia
pyrotechnica, Cyperus conglomeratus, Dipterygium glaucum and Pennisetum divisum were found better than
other species and L. pyrotechnica showed about 6.1% of crude protein. However, variation in plant nitrogen
content among different agro-climatic zones was probably depended upon soil availability of NHs-N and
NO;-N and their uptake by the plants. B.W. Touchette, J.M. Burkholder and Jr.H.B. Glasgow (2003)
observed that increased temperature promoted total carbon content of leaf tissue but increased nitrate
concentration increased the nitrogen per cent in belowground tissue of Zostera marina L. and depressed the
C/N ratio in aboveground tissues.

Conclusions

Dry conditions favoured population and basal area of shrubs as compared to tree species and the
contribution of L. pyrotechnica to the total basal area was about 42.1%. The carbon and nitrogen contents
were relatively greater in stem than in roots. Species richness was highest for tree, but species diversity,
dominance and evenness were highest for shrubs. Variations in climatic and edaphic conditions influenced
the population of tree and shrubs as well as growth of and carbon and nitrogen concentration in
L. pyrotechnica plants. Relatively greater population and number of tillers in L. pyrotechnica plants in arid
western plain and highest biomass in TLB zone suggested its wide adaptability and competitive utilization of
resources and biomass production contributing to the carbon stock in the region. However, L. pyrotechnica
showed compartmentalization in carbon and nitrogen accumulation probably an adapatation mechanism of
this species in this arid environment. Conclusively, L. pyrotechnica has significant contribution in vegetation
population, basal area, biomass production and carbon accumulation, but interesting greater biomass
allocation to roots may be helpful in increasing soil carbon and stabilizing wind prone soil.
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AKTYAJIBHBIE ITPOBJIEMbI COBPEMEHHOI'O CTEIIEBEJIEHU A
(MH®OPMALYS O VI MEXKAYHAPOIHOM CUMIIO3NYME
«CTEIIN CEBEPHOU EBPA3NN»)

©2012r. A.J.Psadyxa, A.A. Unounuaés, C.B. JIeBbIKHH

HUnemumym cmenu Ypanvcroeo omoenenus Poccutickotl akaoemuu HayxK
Poccus, 46000 Openbype, ya. [uonepckas, 0. 11. E-mail: orensteppe@mail.ru

Crennble naHmmadThl M CBA3aHHbIE C HUMHM OMOJIOTMYECKME BHUJAbI — BaXKHas YacTh
rJ1006anpHOro0 OMopa3sHoo0pasus, MpeICTaBiIsAoNIas IEHHOCTh AJis Bcero Mupa. OTBETCTBEHHOCTh 3a
X COXpaHEHHME JICKUT Ha CTPAHAX, paclojararllMX OCHOBHBIMH CTEIHBIMH TEPPUTOPHUSIMH, B
ymciie KoTopbix Poccust, Kazaxcran n Ykpauna. Jlns mHOorux peruosHos Poccuu, a emie 6onee s
Kazaxcrana u VYKpauHbl, CTEHNHBIE SKOCHUCTEMBl OOpa3ylOT OCHOBY IPHUPOJHOM Cpelbl,
o0ecreunBarOT 3KOJIOTUYECKUE YCIYyTH, KPUTUYECKH BaXKHbIE JUIS SKU3HM JIIOJEH U BEJIEHUs
xo3siicTBa. B Hacrosiiee BpeMs CTENHBIE DKOCHCTEMBI BO BCEM MHpe M B Poccum OTHOCATCS K
yKclly HauOoJiee HapyLIEHHbIX YEJI0BEKOM U HauMeHee 00eCIIeYeHHbIX CTIenaibHON 0XpaHOU, OHU
B CHJIBHEHIIEH CTEMEeHM 3aBUCAT OT CEINbCKOXO3SMCTBEHHON JesTenbHOCTH. [IpoGiema
YHUUTOKEHUS cTenHoro 6uoma nmeet B CeBepHoii EBpa3uu 1ByXBEKOBYIO UCTOPHIO M YKOPEHEHA B
KynbType. IloaTomy oOIIeCTBEHHOE MNpU3HAHME LEHHOCTH CTeMed U CBSI3aHHOE C HUM
MIOJINTUYECKOE PpELICHUE CIEAyeT IPU3HATh IEPBUYHBIMU 110 OTHOIICHHIO KO BCEM YaCTHBIM
NeUcTBUSAM (M3MEHEHUSIM 3aKOHOAATENbCTBA M aJMUHUCTPATUBHOM MPAKTHKH, SKOHOMUYECKUM
MepaM | T. J1.). UHCTpyMEeHTBI COXpaHEeHHs CTeTel JOJKHBI COOTBETCTBOBATH MHOT000pa3uio hopm
IIpaB Ha CTENHBIE YYacCTKH B CHUTyalUsX, KOTJa C KaXKIbIM Y4YacTKOM CBSI3aHO, KaK IIPaBHIIO,
MHOXECTBO 3aMHTEPECOBAHHBIX JUI. JIEHCTBHS IO COXPAaHEHMIO M BOCCTAHOBJICHUIO CTENEH
JOJDKHBl  MAaKCHMAJIbHO — MCIIOJIb30BaTh SKOHOMUYECKHME CTUMYJbl s IpaBooOsagarenen
3eMENbHBIX Y4acTKOB. KilroueBoe 3HaueHue I COXpaHEHUs CTENEH B MOCIEIHHUE TOJIbI IOy YUIN
MHCTUTYTBHl YINPABICHUS CEJIBCKUM XO3SIMCTBOM, a TaKXE HWHCTPYMEHTBI TEPPUTOPUATIBHOIO
wianupoBanus. [IpoOiema coxpaHeHUs psila KIIOUEBBIX CTEIHBIX BHIOB MOXKET paccMaTpUBATHCA
OTJENBHO OT COXPAaHEHMs CTENMHbIX COOOLIECTB, HO OHA TECHO YBs3aHA C COXPAaHEHHEM
Oropa3zHO00pa3Hsl CeTHCKOXO3MCTBEHHBIX JIAHIIIA(TOB B I[EIOM.

Pemenuro Bbllie 0003HAYeHHBIX MpoOseM Obul TOCBSIMEH VI MEXJIYHAPOJIHBIN
CUMIIO3UYM «CTEIINX CEBEPHOH EBPA3I/II/I»1, cocrogBmmiica 18-23 mions 2012 r. B T.
Open6ypre. Opranuzaropel — UHctutyT crenu YpO PAH, IlpuponooxpaHutenbHas KOMHCCUS
Pycckoro reorpagudeckoro oobmiectBa. CHMIO3MyM MPOXOAMI TpH coaercTBuM Poccuiickoro
¢donna dynnamenranbHbix uccaenoBanuit u Ilpoekra IIPOOH/MITP/TD® «CoBeplieHCTBOBaHNE
cucteMbl 1 Mexanu3MoB ympasieHus OOIIT B cremnom 6uome Poccun». B ero pabore mpunsio
yuactue Oosnee 180 yuenbix u3 9 crpan (®panums, Hunepnawnasl, Typrwus, Benrpus, Yexws,
Momnronus, Ykpauna, Kazaxcran, Poccust), B Tom uncie u3 24 peruonoB Poccum.

HayuHblii KOMUTET BO3IVIAaBUIIM YUEHBIE, NTpecTaBistonie Poccuiickyto akaieMuio HayK (4i1.-
kopp. PAH A.A. Uubunés, n.r.1o. A.A. Tumxkos, 1.6.H. B.A. [lemkusn, n.r.1. F0.M. CemeHos, 1.0.H.
N.H. Cadponona, a.r.H. A.H. 3onotokpeinus, a.r.H. H.U. Koponkesuu), bruocdepHslii 3anoBeHuk
«Ackanus-HoBa» (x.6.H. B.C. TI'aBpunenko), 3amanHo-Ka3zaxcTaHckuil ILI€HTp HCTOpUM U
apxeonoruu (a.u.H. M.H. CasikoB), LlenTp skonoruueckux uccieaoBanuii Benrepckoii akageMun

! Crermn CeBeproii EBpasun. Marepuaist VI MexayHapoaHoro cumnosuyma u VIII mexxyHapoiHOM IIKOIbI-CEMUHApa
«I"eonskomnormueckue mpodiemMsl CTemHBIX peruonoBy / [lox pen. wn-kopp. PAH A.A. Yubunesa. Openoypr: UIIK
«T"aznpommnedats» OO0 «Opendyprraznpomcepsucy, 2012. 940 c.
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Hayk (MonbHap 301bT), Akanemuto Hayk Yemickoil pecriyOnuku (5. Bonapak)u ap. ydensie. B
paboTte cuMIio3uyma MpUHUMAJ y4acTHE IIMPOKUI KpyT CHELMAIUCTOB, MUCCIEAYIOIUX CTEIHYIO
30HY — JaHamadToBenoB, reorpados, IKOJIOroB, OOTAHUKOB, 300JI0T0B, IOYBOBEIOB, UCTOPUKOB,
apxeoJIoroB U T.1.

K Hawamy paboTel cuMIo3uymMa HOArOTOBIEH M M3AaH cOopHUK «Matepuansl VI
MexayHapoaHoro cumnosuyma «Crenu CesepHoit EBpazum» u VIII MexayHapogHOW HIKOJIBI-
CeMMHapa MOJIOABIX YyueHbIX «['eoskonoruueckue MpoOIeMbl CTEHNHBIX PETUOHOBY, 7€
oIy OJIMKOBaHO 272 JOKJIana, B KOTOPHIX OXBadeHBI (hyHIaMEHTaJIbHBIE MPOOIEMbI COBPEMEHHOTO
CTETIEBEICHNUS.

Kpyr HayuHBIX HMHTEpECOB, 3aTPOHYTHIX YYACTHHKAMM CHMIIO3MyMa BEChbMa pPa3HOOOpa3eH.
IIpencraBneHHble JOKJIAAbl OTPA3WIM PE3yNbTaThl HCCIEJOBAHMM IO CJIEAYIOUIMM OCHOBHBIM
HaIPaBJICHUSIM: aKTyaJlbHbIE BOINPOCHl MUCTOPHUYECKOI'O CTENEBEACHMSI; NMPUPOIHOE U HUCTOPHKO-
KyJbTypHOE Hacliefue cTernei; OMOJIOrM4eckoe M MOYBEHHOE Pa3HOOOpa3ue CTENHBIX PErvOHOB;
CTpaTerusi CTEMHOIO MPUPOIOIOJIB30BAHUS M MPOOJIEMBI SKOJIOTMYECKON peaduIuTaluy CTEMHBIX
JaHqmadTOB; IKOJIOrO-reorpaMueckue HCCIEJOBAHUS CTENell M CMEXHBIX TEpPPUTOPHUIL:
IBOJTIOIHS, CTPYKTYpA U aHTPOTIOTEHHAs TpaHChOopMaIus JIaHa(ToB.

Ha nnenapHoM 3acenaHuu ObUIM MPEACTABICHBI MCCIEIOBAHUS B Pa3HBIX OOJIACTIX 3HAHMM.
OTtkpbln 1uieHapHOEe 3acenanue aupekrop Mucruryra crenu YpO PAH un.-xopp. PAH, n.r.m.
A. A. Un6unés, ocBeTuBIINA B CBOéM noknane «Cremuble ro0mien 2012 r.» BakHEHIIHEe IS
Crermn, OpeHOyprckoro Kpast 1 ecTecTBo3HaHus roowielinpie natel: 300-1eTre co AHS POXKICHUS
MepBOro wieHa-koppecnoHaeHta Poccuiickoil akagemun Hayk 1. M. PeiukoBa u 250-netue co aus
BbIxona ero «Tomorpadguu OpeHOyprckuidy; 220-1eTHe co JAHS POXKACHUS NHCATENII-OpeHOypxKIIa
C. T. Akcaxosa; 100-netue co qHs poxkaeHus ucropuka u reorpada JI. H. I'ymunesa; 100-netue co
nHs oOpaszoBanus IlocrossHHoU IlpuponooxpanurtensHoit komuccun Mmmeparopckoro Pycckoro
reorpaguueckoro oobmectBa. [lonBoas uTor crenHeiM roOmiesMm, A. A. UuOunaés oTMETHII, UYTO
ydyeHsle B Hadane XXI Beka NpOAOIKAOT M AOJDKHBI IPOJOJIKATh MCCIEIOBAHHA W Jena Io
00yCTpPOMCTBY M TapMOHH3ALMM CTEMHOIO JIAHAMA()THOTO MPOCTPAHCTBA, HayaThle HAUIMMU
MpeIIECTBEHHUKAMHU.

JHupextop buocdeproro 3anosenuuka «Ackanusa-Hosa» B. C. I'aBpunenko (Ykpauna) caenain
JOKJIaJl O COBPEMEHHOM COCTOSIHUM M NEPCIEKTHBAX COXPAHEHUS IPHUPOAHBIX 3KOCUCTEM B
crapeiiiemM cremHoM 3anoBeaHuke «Ackanus-Hosay. [{oknan b. b. Pogomana (Poccuiickuit HUN
KyJbTYpHOTO M MPHUPOJHOTrO Haciemusi, T. MockBa) ObLI MOCBSIIEH MpobieMaM (U3NYECKOH U
MEHTAJIBHON peadwInTalMy cTeneil BBUIY IepeKoca PYyCCKOH KyJlbTypbl B CTOPOHY JIECHCTOIO
Cesepa. IIpeacraButens (paniysckoii neneranuu Openepuk xomu (Haydnslii neHTp mo oxpane
BOJHO-00IOTHBIX yroguii Cpeau3eMHOMOpPhs) Ha MpUMEpPE HKOJIOTHYECKOTO pernoHa [ oom
JOJIOKHUI 00 MCCIEIOBAaHUAX CE30HHOTO IMEPEMEIICHUSI CKOTa BMECTE C MOHTOJBCKUM KOYEBBIM
HaceJleHHUEeM IOCPEJICTBOM KapTHUPOBAaHUS CTOSHOK. B wacTHocTM ObUT caenaH BBIBOJ, YTO
HKOJIOTHYECKUE ClIep)KUBaroImue (GakTopsl (penbed), UrparoT pelarollyio pojib B BEIOOpPE MecTa
JUI pa3MEIEHUM CE30HHBIX CTOSHOK CKOTa, YTO MPHUBENIO K CHEHU(PUUECKOMY HCIOJIb30BAHUIO
yroaui: Ha OOIIMPHBIX y4YacTKaX HCCIEAYEeMON TEPPUTOPHHM CTOSHKU HE TOSBIUTUCH COBCEM.
[Tockonpky oBen, k03 1 KPC MOHrosbckue nactyxu AepKar psSaoM CO CBOMMH CTOsiHKamu, 43%
ocraeTcs CBOOOJHOMN IS BBINIAca JAPYTUX KONBITHBIX, KaK JOMAIIHUX (BEpOIIIO/IBI, JIOMAAN) TaK U
JTUKUX.

Oco0b1it uHTEpec BbI3BaN Jokiaan MonbsHapa 3osbTa (LleHTp SKOMOTHYECKHUX HCCIeTOBAHUN
BeHnrepckoii akajeMuu Hayk) O TOM, YTO HACTyXH HAallMOHAIBHOIO Mapka «Xoproldaab» HUMEIT
Xopoliee TMpeAcTaBieHne O ¢uope U PaCTUTENBHOCTU Talo(UTHBIX cTemed. KX 3HaHMA B
OOJIBIIMHCTBE CIy4aeB, HE OCHOBBIBAIOTCS Ha HAYYHBIX CYXJIEHHSX, OJHAKO OHM pa3iIMyaroT, o
MeHbIel Mmepe, 162 TtakcoHa pacTeHuit U 47-66 THIIOB MECTOOOMTAaHUHM, KpOME TOrO, ITyOOKO
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MIOHUMAIOT OCOOCHHOCTH AMHAMUKHU U UCTOPUH JIaHAIA(TOB.

[IpyuHIUIIBI TEOPUM U TEXHOJIOTMH PEAIIbHOM JKOJOTMYECKOW pecTaBpauuu crened EBpasuum u
MIPEIOTBPALLEHHUS UX OIyCTHIHMBAHMS, HOBBIM METOJOM arpoCTeNel HalllIl OTPaXEHHE B JOKJIAJC
. C. 361608 (CraBpomnonsckuit HUU cenbekoro xozsiiictBa PACXH). [lanHble MCCleOBaHUS
0COOEHHO Ba)KHBI, TAK KaK METOJ| arpocTeneil Mo3BojseT pealbHO U B KOPOTKOE BpeMs — 3a JiBa —
TPH roJia BO3POAUTH HEKOIJIa YHUUYTOKEHHYIO MHOTOBUOBYIO TPAaBSIHUCTYIO cTenb. B. A. JIEMKuUH
¢ coaropamu (MHCTUTYT (U3MKO-XUMHUYECKUX M Ouosoruueckux npobsiem mousoBeaeHuss PAH,
r. [IymuHo) mOoCBSTHII CBOE BBICTYIUICHHE TMajeomnoyBaM M kiumaty Bonro-JloHckux cremeit B
AMOXU HHEONuTa, OpoH3bl U panHero xene3a (IV Teic. 1o H.3. — IV B. H.3.). H. U. Koponkeuu (U
PAH, r.MockBa) npoaHanu3upoBall O0COOEHHOCTH (OPMHUPOBAHUS CTOKA B CTEMHON 30HE B
npenenax Pycckoil paBHHMHBL, yAensss oco0oe BHHMMaHHE €ro CMEHe II0J] BIUSHHEM
CeNIbCKOXO035HICTBEHHOM! JEATEIBHOCTH Ha BOJIOCOOPHBIX OaccerHax.

OnHoit U3 BayKHEHIIUX Mpo6IIeM JII000H HayKH BISETCS €€ TEePMUHOJIOIMYECKUH anmnapat. 9To
OTHOCHUTCSI U K CTENEBEACHUIO. YTOYHEHUIO TEPMUHOB — CTEMHON TUIl PACTUTEIBHOCTH MU €ro
MIOJITHIIBL, TOJI30HBI M UX HAa3BaHMUs, 30HAIBHBIN THUI U €ro 30HaIbHO-3KOJIOTHYECKHE BapUaHThI ObLI
nocsiten noxian M. H. Cadponosoit (BMIH PAH, r. Cankr-IlerepOypr).

CekLMOHHBIE JIOKJIQZBl OTIMYAINCh LIMPOKHM CIIEKTPOM  OOCYKIA€MbIX  BOIPOCOB.
Hacepimiennoi okasanace pabora cexkuuu «buojornyeckoe U MOYBEHHOE pa3HOOOpa3ue CTEMHBIX
peruoHoBy». HaunOonpmmuii uHTEpEC U JUCKYCCHIO BBI3BAJIU JOKJIAJIbl, NOCBALICHHBIE MpobieMam
nyroBeix ctenel, packpeiteie JI. A. HoBukoBoi (Ilensenckuit I'T1Y), H. U. bo6posckoit (BMH
PAH, r. Cankr-Ilerepoypr), I'. H.JIsicenko (HexuHckuii rocynapcTBEHHBI YHHBEPCHUTET,
Vkpauna), A. 5. I'puropbeBckoil (BopoHexckuil roc. yHUBEpCUTET) M JAp. YyueHbIMU. biiok
JIOKJIa/10B MTHOCTPAHHBIX YUEHBIX ObLI MOCBSAIIEH N3yUeHUIO JnaiHuKoB — S1. Bonapak (MHCTUTYT
o6oranuku YAH, Yexus), I'. Tammmxu (Opmxueiickuil yausepcutet, Typuus), 1. B. ®ponosa
(YuuBepcuter HOxHoii boremun, Yexus). Ilpaktuuecku BO Bcex JOKJIagaxX CEKIHMH ObLIN
3aTPOHYTHl BOIPOCHI SKOJIOTMYECKOM pecTaBpallid M MpoOJIEMbl BOCCTAHOBJIEHHS U OXpaHBI
CTeNMHBIX JaHamadroB. Meroandeckue NOAXOAbl K KapTUPOBAHMIO COXPAHUBLIMXCS U
BOCCTAaHOBUBILIMXCSI ~CTEMHBIX MAacCMBOB Ha TeppuTtopun Poccuu, ¢ HCNONb30BaHUEM
JUCTAaHIIMOHHBIX METOAOB OBbUTM pacKkpbIThl B gokianax A. A. TumkoBa ¢ coaBTopamMu u
O. B. IlpoxopoBoii (BopoHexxckuii rocyHMBEpCHTET). MeXropHsM KoTiIOBHUHAM CeBepHOro
KaBka3a, Kak MOTEHLHAJIbHBIM TEPPUTOPUSAM 0OCOOOr0 MPUPOJOOXPAHHOTO M KYyJIBTYpHOIO
3HaueHus: ObLT mocBsmieH nokian E. A. benonosckoit (UI" PAH, r. Mocksa). H. A. Co6ones (UI'
PAH, r. MockBa) Ha mpuMepe pacrpoCTpaHEeHUs BUIOB OOIIEEBPOIICHCKOTO 3HAYEHUS JOJIOXKHIII O
pa3HOOOpa3suM W aHTPONOTeHHOM TpaHc(hOpMalMKM NPUPOAHBIX JAHAMAPTOB B JIECOCTEIHOM
nonoce EBpomeiickoit Poccun u adpdexktruBHOCTH 0OecnieueHus] (PYHKIIUN KITIOYEBBIX TEPPUTOPHI
necocreny B [IaHbeBpONECKON 3KOJIOrMYECKOM CETH.

3HauuTeIbHOC BHUMAaHME YAEISUIOCh BONPOCAM 3KOJIOTO-reorpauueckux HUcciIel0BaHUN
crenieii. OcoOblii  uHTEpec BbI3BaN HoBamMOHHBIN Joknax T. C. [lemkunoit «OTpaxeHue
NaJICOKIMMATHYECKUX YCIOBUN B COCTOSIHUM MUKPOOHBIX COOOIIECTB NAJIEONOUB apXEOIOrHUECKUX
namsaTHUKOB Hwknero IloBomkesi». bBbul chaenan BBIBOA, YTO OCOOCHHOCTHM HW3MEHYHMBOCTHU
MHUKPOOHMOJIOTMYECKUX IapaMEeTpPOB B CBSI3U C BEKOBOM JUHAMUKON KJIMMaTa 32 HUCTOPHUYECKOE
BpeMsI OKa3aJMCh CHHXPOHHBIMU U OJTHOHAIPABJICHHBIMHU, XOTS HCCIIEIOBAHHBIE MATIEONOYBBI ObUIN
IIPUYPOUEHBI K Pa3IMYHBIM IOYBEHHO-T€OrpaueCKUM 30HaM, IIPUPOIHBIM pailoHaM U 3JIeMEHTaM
penbeda. brnok ngokimamoB ObUI, TOCBSIIEH IpoLEccaM aHTPOIOTEHHOM TpaHchopMaiuu
naaamadgToB: 3 X. AxmemkanoBoi (Kazaxckuilt HallMOHAIBHBIN YHUBEPCUTET) — [IprKacnuiickoro
peruona; E. A. T'opoxoBoii (Boponexckuii rocynusepcurer) — Kypckoit oonactu; C. B. ITamkosa
(CeBepo-Kazaxcranckuii rocynuBepcutet) — CeBepo-Kazaxcranckoi 001acTv ¥ Jp. pETHOHOB.

B pabore cekmum «AKTyalbHbIE BONPOCHI HCTOPUYECKOTO CTENEBEACHUS; MPHUPOJHOE U
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HCTOPUKO-KYJIBTYpPHOE HAacleque CcTeneW» XKuBoW OTKIMK BbI3Ban Joknax H. H. Cnacckoit
MOCBSIIICHHBII COXpaHEHHIO KyJbTa KOHs Yy HapoaoB CeBepHoll EBpa3uu B cOBpeMEHHOE BpeMsl.
BaxxHple BoOmpochl OXpaHbl NPUPOAHOIO M KYJBTYpPHOTO HacileIus IyTEM CO3AAHUA
sTHOTpaduueckoro naHamadTHoro mapka-mysesi «EBpaswiickuii MEpeKpecTok» 3aTPOHYTHl B
noknane A. B. T'ony6ea (O6mectBeHHbIi Gpon «EBpasuiickuii coro3 yueHsix», Kazaxcran). T. C.
KymaranOeToB (AKTIOOWHCKHI rocyHHBEpCHTET, Ka3axcTaH) MOCBATHI CBOM JOKJIAJ BOIPOCAM
HOMAJIHOTO cItocoba MpOU3BOJCTBAa HA Mpumepe rocynapcrsa «3onotas Opaa» U crenana BbIBOJ,
9TO CKOTOBOJIYECKAas SKOHOMHKA, OyAy4H TJIaBHBIM 3JEMEHTOM TOCyIapCTBOOOpAa3OBaHHUS HE
HCKJIIOYAET IPYIMX XO3SMCTBEHHBIX YKJIAalI0B B TPaHUIAX OJHOTO rOCyJapCcTBa.

Y MOJIOIBIX yUYEHBIX, paOOTaBIIMX Ha cUMIO3uyMme B pamkax VIII MexmayHapoTHOW IIKOJIBI-
CeMHMHapa MOJIOJIBIX Y4eHbIX «I'eoskosornueckue mpoOiIeMbl CTEMHBIX PETHOHOBY, HAHMOOJBIINN
uHTepec Bei3BaM Aokiaansl 1.0.H. VM. H. CadhpoHOBOM, TpeacTaBUBIICH KIACCHYECKYIO IKOJIOTHIO
CTernel, pacCTUTENbHOTO IIOKPOBA U ONpeieNIeHHsl 30HaNbHOCTH, U A.I.H. b. b. Pogqomana — o cyas0e
Poccun. Konuenmuss cooOmieHust 3akiioyajack B IIOUCKE KOMIIDOMHCCA: CTaThb CTpaHe
«3alOBEIHUKOM» WM  «OOIIEMUPOBOW  HMHGOPMALMOHHOM, SKOJIOIMYECKOM, COLUabHON
MMOMOWKOM» M BbI3BaJia MOYTH JIBYX4YaCOBYIO JUCKYCCHIO.

Cpenu cBoux KoJIer MoJjofble YydeHble oTMeTwin aokiaasl A. M. Illamosamosa (MC
YpO PAH, OpenOypr), pacCMOTPEBIIEr0O OCOOCHHOCTH  paclpelelicHUus psga  BUIOB
KECTKOKpBUIBIX B mpenenax OpeHOyprckoil o0yacTv ¢ MO3MLIMH UX CBA3M C ONpEAETICHHBIMU
O0oTaHuKo-reorpaduIeckuMu 30HaMu H no30HaMu, u H. Viixasu (Benrpusi) o0 akrtyanpHeHIIeH
npobsemMe 3Tol eBponeickoi cTpaHbl — coXpaHeHuM mactounl. Ho u B meiaom paboTa IIKOJBI-
CEMHUHapa, B KOTOPOH MpPHUHSUIM y4acTUE ACHUPAHTHI, MOJOJbIE YYEHbIE U CHELUUAINUCTHl U3
BeJyIMX Hay4dHbIX LeHTpoB Poccuu, Uexun u Benrpuu, npomnuia Ha BBICOKOM HayYHOM YPOBHE,
YTO MOJTBEPANIIO KAUECTBO CIEIAHHBIX JOKJIAJO0B.

B pamkax cummosumyma cocrosuiock pabouee 3acemanue B IIpaButenbcrBe OpeHOyprckoit
obnactu no teme «BoccraHoBlIeHHE CTENMHBIX dKOCUCTEM OpeHOYpXbsi: PEMHTPOAYKLMS JIOIIa N
[Ip>xeBanbCcKOro, pa3BUTHE aJAaNTHUBHOTO MSCHOIO >KMBOTHOBOJCTBa». B Xozae 3acemanust OblIo
MOTYEPKHYTA HEOOXOIUMOCTh BOCCTAHOBICHHS Jomanu [IpeBalbCKOTO B TPUPOAE IyTEM
CO3MAaHHUSA HECKOJBKHX MPHUPOJHBIX MOMYJSILUHA 3TOro BUAA. B CBA3M € O3TUM IPOEKT
peunTpoaykuuu somaau [IpxeBanbeckoro B OpeHOyprekoit 001acTi NpHoOpeTaeT MEKIYHAPOIHOE
3HAYCHUE.

Y4acTHUK cUMIO3MyMa OTMETWJIM, 4YTO CHUTyauus, Bo3Hukwas B Poccum, Kaszaxcrane u
VYKpauHe B OCIIEAHNE T'OJIbl B CBSI3U C BOBJICYEHUEM B 000POT OOJIBIION AONIH CTEIHBIX 3aJI€XKHBIX
3eMeNlb CTaBUT IOJ Yrpo3y IUIaHbl M NEPCNEeKTHBBl pa3BuUTUA 31ech ceTd HOoBbIX OOIIT nu
COXpaHEHHUs CTemHoro OuopasHooOpa3us EBpasun. Bce 910 mpomcxoautr Ha  QoHe
MIPOJOJDKAIOIIMXCS KIMMAaTHUECKUX M3MEHEHHI, KOTOpble BHOCAT CYIECTBEHHbIE HM3MEHEHUS B
3a/1a41 TEPPUTOPHATIBHON OXpaHbI CTeNeH, uX (JIophl U GayHbI.

B cBa3u ¢ BerymnenuemM Poccum B BTO obGoctpsiercst mpoGieMa Hpoa0BOIBCTBEHHON
0€30I1aCHOCTH CTPaHbl, YCTOHYHMBOIO MPOU3BOJCTBA CEIbXO3MPOAYKIUH, YTO BO MHOIOM 3aBHCUT
OT COCTOSHUSL CTENHBIX 3€M€Jb, IPaBWIbHO OPraHHU30BAHHOM  CTPYKTYpbl  CTEIHOIO
arposiasmagTa, ceBOOBOOOOPOTa U ONTHUMM3ALMU COCTaBa CEJIbCKOXO3SHCTBEHHBIX KyJbTyp. B
BBICTYIUICHHUSIX YYaCTHHKOB CHMIIO3MyMa OBUIO OTMEUYEHO, YTO MOBBIIMICHHUE NPOJYKTHUBHOCTU
CEJIbCKOXO3SIUCTBEHHBIX KYJBTYp, IIOJOPOAMA IIOYB, YCTOMYMBOCTM K 3acyxaM H JAPYTHM
HETaTUBHBIM TIpolieccaM 00eCIleunBaeTCsl B CTEMHOM 30HE BO MHOTOM 3a CYET BBIBEJCHHS W3
UCIOJb30BAHUS U 3alCIMHEHUS SPOAMPOBAHHOW M Ae()OpPMUPOBAHHOM MAIIHU, ONTUMAJIBHOTO
HACBIIICHUS] MOCEBHBIX IUIONIAJe MHOrojeTHUMU TpaBamu (25-35%), yBenuueHus Iuiomaaei
MacTOUI ¥ CEHOKOCOB, YYaCTKOB OXPaHsAEMBIX CTETICH ¢ pa3HOOOpa3rueM abOpUTCHHOM OHOTHI.

B nepuon mexay V m VI cumnosuymamu B Poccum u Kazaxcrane crapTroBaii KpyNHbBIE
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MexyHapoasblie npoekTsl [IPOOH/I'D® no coxpaHeHUIo 1 yCTOHYUBOMY YNPaBIECHUIO CTETTHBIMU
skocucteMamMd. VI cummosmyMm crtan  HMHQOPMAIMOHHOW IUIOMAAKOH Uil OOCYKICHHUS
IIPOMEXYTOUHBIX pe3yiabTaToB NpoekToB B Ka3zaxcrane m Poccum — «CoxpaHeHne U yCTOHYMBOE
yIOpaBIE€HUE CTEMHBIMU 3KocucTeMaMn» UM «COBEpIICHCTBOBAHUE CHUCTEMBI M MEXAaHHU3MOB
ynpasinenust OOIIT B crenHom 6uome Poccumy, 4TO MO3BOJIMIIO YTOYHUTH HEKOTOPBIE MOJIXOABI U
METO/Ibl, HUCIIOJIb3YEMbIE MPOEKTaMH, BHECTH KOPPEKTHPOBKY B HUX IUIaHbl M IPUBJIEYb HOBBIX
9KCIEPTOB A peanu3anuu npoektos. B 2011 r. Yopasnsaromum coserom PI'O nmpussito pemenue
o Boccosnanuu IlocTostHHONM mpupomooxpaHuTenbHOM kKomuccuun PI'O u yupexxnenun 30510TOM
Meganu PI'O umenn axkanemuka M.II. bopoanHa 3a 3aciiyru B COXpaHEHUH NMPUPOJHOTO HACIEAMS.
B 2012 r. mo manmmatuBe PI'O B 1. OpenOypre crapToBajq MHOTO3TAIHBIN SKCHEIUITAOHHBINA
uccnenoBaTenbckuil npoekt «CrenHoit mup EBpasuny», paccuntannslii Ha 3 rona (2012-2014 rr.) u
OpUEHTHUPOBAHHBI Ha BBISBIECHUE OOBEKTOB MPHUPOJHOTO M KyJIbTYPHOI'O HACJIEOUsl CTEMHBIX
peruoHoB oT Benrpuu 10 MoHromauu.

[Tocne mmomoTBOpHOW pabOTHI HA IJICHAPHBIX M CEKIMOHHBIX 3acelaHUsX, JJIsi yYAaCTHUKOB
CHUMIIO3UyMa Obula OpraHu3oBaHa HayuHas 5Kckypcusi «lIpupogHoe M KyibTypHOE Hacieaue
Opendyprckoro [Ipenypanbs». YdyeHbiM 0€3 COMHEHHUS OBLJIO MHTEPECHO IMOCETUTH JIaHIIIA(THI
Cpa3y JABYX NPHUPOJHBIX CTpaH — Ypanbckux rop u EBponeiickoil paBHUHBI. YueHble-00TaHUKU
0co00€e BHUMaHME YJEJsUTN CTEMHBIM yYacTKaM, CpaBHUBAs UX CO CBOMMH PErMOHAMHU, 00CY KIaaln
pa3HyIo CTENEHb aHTPOIIOTEHHON OCBOEHHOCTH U (hOPMBI UCTIOIb30BAHUS TEPPUTOPHH.

[lIupokoe MpenCcTaBUTENBCTBO HA CHUMIIO3UYyME JaHAMAadTOBEIOB, TeorpadoB, HKOJOTOB,
OO0TaHMKOB, 300JI0I0B, TIOYBOBEJOB M3 HAayuYHBIX OpraHuzaluii u By30B Poccum u 3apyOexps, a
TaKKe ydacThe B paboTe CUMIO3MyMa HAy4YHOH MOJOJEKHU TIO3BOJSIOT HAJIEAThCSA, YTO
o0cy»1eHue 0003HaYeHHBIX Ha CUMIIO3MyMe Ipo0JIeM BbI3BAJIO HHTEPEC, A €r0 Pe3ysIbTaThl BHECYT
BKJIaJ B JaJbHEWIIEe pa3BUTUE CTEMHOTO0 IPHUPOAOIOJIb30BAHUSA, H3YyUYEHUS M COXpaHEHUS
nanamadTHOro U OGHOIOrHYecKoro pazHooopasus creneit B XXI Beke.

CURRENT IMPORTANT PROBLEMS OF THE MODERN STEPPE SCIENCE
(INFORMATION ABOUT THE VI INTERNATIONAL SYMPOSIUM
«STEPPE OF NORTHERN EURASIA»)

© 2012. A.G. Ryabukha, A.A. Chibilyov, S.V. Levykin

Institute of Steppe of Ural Branch of the Russian Academy of Sciences
Russia, 460000 Orenburg, Pionerskaya str., 11. E-mail: orensteppe@mail.ru

The VI International symposium «Steppe of Northern Eurasia» took place in Orenburg on June 18-23,
2012. It was organized by the Institute of Steppe Ural Branch of Russian Academy of Sciences, Nature
protection committee of the Russian Geographical Society, with the assistance of the Russian foundation for
basic research, and the UNDP / MNR / GEF project "Improvement of the mechanisms and management of
protected areas in the steppe biome of Russia”. The purpose of the Symposium was to address urgent
problems in the steppe of natural resources, study and preservation of landscape and biological diversity of
the steppes in the 21st century. Over 180 scientists from 9 countries (France, the Netherlands, Turkey,
Hungary, the Czech Republic, Ukraine, Kazakhstan, and Russia) attended the VI International symposium
«Steppe of Northern Eurasia» including from 24 regions of Russia. More than 80 papers were presented in
two plenary sessions and four case ones. The reports to reflect the results of research in the following areas:
emerging issues of historical steppe science, culture and natural heritage of steppes, biological and soil
diversity of steppe regions, steppe nature use strategy and problems of ecological rehabilitation for steppe
landscapes, ecological and geographical research of steppes and adjacent areas: evolution, structure and
anthropogenic transformation of landscapes.
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K IOBIUJIEIO EKATEPUHBI UBAHOBHBI PAYKOBCKOM

Exarepuna lBanoBHa PaukoBckas — W3BECTHBI OOTaHUKO-
reorpad), Teo0OTaHWK, CHEIUATUCT B  OONACTH  HM3ydYeHUS
PACTHTEIBHOCTH apUAHBIX PETHOHOB, TOKTOP OMOJIOTHYECKHX HAYK,
OlHA M3 JYYIINX 3HATOKOB pPACTUTENBHOTO IIOKPOBa CTENed W
mycTeiHb A3un. 17 centsOps 2007 roma eil wcrmomHWIOCh 85 IeT.
Hayunbsie unTepecst Exarepunsl VIBaHOBHBI MHOTOTPaHHBI — 3TO
Ouonorus MyCTBIHHBIX pacTeHHUil, CTPYKTypa pacTHUTEIHHOIO
MOKpOBa, KapTorpadupoBaHWE M PaiOHMPOBAHHE PACTUTEIHHOCTH,
apearnorusi, OoTaHmueckass reorpadus, odkojorus u 1p. Ee
SKCIIEANIIMOHHBIE MapIIPYThl OXBATHJIH OTPOMHYIO TEPPUTOPHIO
BHyTpeHHel uwactu EBpasmarckoro koHtuHeHTa (Kaszaxcran,
Cpenusis Asus, Monronus, Kurait, U3pauns) u SAnonun, EBporsr
(ABctpus, BemukoOpuranms, I'epmanus). Ilociae oxoHYaHWS
oOyueHnsi B JIeHMHTpaJCKOM TOCYJapCTBEHHOM YHUBEPCHTETE B
1950 r., 3aBepmMBLIErOCsS ITUIUIOMHOW  paboToit  «JlyOpaBbl
3akapnaTtes» 1ox  pykoBoactBoMm  B.b. CouaBpl, Exarepuna
HBanoBHa OblIa IpUHATA B acCIUpaHTypy boTannueckoro MHCTUTYTa
um. BJL Komaposa (BMH) AH CCCP, roe u Hadama cBou
ucciaeioBaHUs B apuAHblx pailoHax Cpemnedt Aszum. Ilon
pykoBoactBoM JLE. Pomuma, eto B 1953 1. ObpIa ycHemHo
3aluIleHa KaHAuaaTcKas quccepranys Ha TeMmy: «bruonorus
ITyCTHIHHBIX TONyKyCTapHUYKOBY». Ka3zaxcTaH cTajd OCHOBHBIM paliOHOM UccliefoBaHUil ExaTepuHsl
VBaHOBHB, W WMEHHO 37eChb OHa Hadajla CBOIO [IEATENIbHOCTb B O0JacTH Te000TaHHYIECKOTO
kaprorpadupoBanus u palioHupoBanus. OHa NpPUHUMAJAa aKTHBHOE y4YacTHE B KOJUIEKTUBHON paboTe
«IIpuponnoe paitonupoBanue CeepHoro Kazaxcrana». Pe3ynpTaTsl HEepBOTO OIBITa KOMIUIEKCHBIX
nccinenoannii B CCCP mpu ee yuactun omyOIMKoBaHbl B MOHOTpadun « BHOKOMITIIEKCHBIE UCCIIEAOBAHUS B
Kazaxcrane» B 3 kuurax (1969-1976 rr.). B monorpadun «boranudeckas reorpadusi CTEmHOW YacTu
HenTpansHoro Kazaxcrana» (1973), nanucannoit coBmectHo ¢ 3.B. KapambimieBoli, 00Cyx/IeHbI Ba)KHBIC
TEOpPETHUYECKUE MPOOIIEMBbI OOTAaHHKO-TeOTpaUIecKOTO paiioHUPOBaHU: 00BEM U CO/EepKaHHE OCHOBHBIX
eAVHWI] palOHHWpOBaHWS; TeoOOTaHWYecKHe W (IIOPUCTHYECKHE KPHUTEPHH BBIIEICHUS EIWHUIL;
COOTHOIIICHHE OOTaHUKO-TeorpadUuecKoro ¥ MPUPOAHOTO PAHOHUPOBAHHUS U JIP.

C 1971 r. HaunHaeTca HOBBIM JTam B HcclenoBaHusix Exarepunsl VBaHOBHBI — paboTa B cocraBe
CoBeTcko-MOHTOIBCKON KoMImiekcHOH Ononorumdeckoit skcrequiiun AH CCCP u AH MHP. Exarepuna
WBanoBHa mocBsATHIA Oojiee NBYX NECATHIIETHH M3YUYEHHIO PAaCTHUTEIBLHOCTH 3TOTO PErruoHa. Pe3ynbTaTsl
9THUX HWHTEPEeCHEMIINX HCCIEeOBaHUM HallIM OTpakeHHWE B JOKTOPCKOW JHcCepTalldd, YCIEHIHO
3amuieHHoi B 1989 r., a Takxke B «Kaprte pacturensHocTH MoHronbckoit Hapoanoit PeciyOommkmy» (1990),
MoHoTpadusx «PacturenpHOCTh TOOMHCKMX mycThIHE Monromuny (1993), «dPuToskoIorudecKre
HCCIIeIoBaHus B H0kHOM ['00u» (B coaBTopcTBe ¢ M.O. Baitrynmuneim u 10.I'. EBctudeessim, 1993), «Kapre
skocucteM Monromum» M 1:1000 000 (1995), xomnexTuBHONH MOHOTrpaduu «IKOCHCTEMBI MOHTOIHI
(1995) m MHOTOUNCIICHHBIX Ty OJIHKAITHSIX.

B 1985 r. Exkarepuna MBanoBHa mepee3xaeT B T. AnmaThl (KazaxcTaH) M CTaHOBUTCSA 3aBEIyIOIICH
naboparopueii B MucTutyTe 60oTanuku Kazaxckoit CCP, rae 6maronapst ee HEYyTOMUMOMY TPYAY, BEICOKOMY
mpoecCHOHANM3MY W HOBAaTOPCTBY B TNPUMEHEHHH HOBBIX COBPEMEHHBIX TEXHOJOTHHA (KOCMHYECKHE
CHHMKH U T.II.) 0)OPMUIIOCH U YKPEIIIIOCh HOBOE HampaBiieHHe (QUTOIKOIOTHYECKOTO KapTorpadupoBaHusl.
Pazpaborannsie u omyOnukoBannbsie Exarepunoii VIBaHOBHOH KapThl UMEIOT OONBLIOE HAYYHOE 3HAUECHHE HE
TOJIFKO KaK UCTOYHHK 3HAHHUIA O PACTHTEIHHOM TIOKPOBE KaKOTO-THOO PETHOHA, HO U B BSI3U C pa3pabOTKOH 1
anpoOUpOBaHNEM TEOPETHIECKHIX MPEICTABIEHUI O IPOCTPAHCTBEHHOH CTPYKTYPE PACTUTEILHOTO MTOKPOBA,
cnocobax W Meromax TreoboraHmueckoro kaptorpadupoBanums. OnyOmukoBanHas B 1975T1. «Kapra
pactutenbHOCTH cTenHOoW yacTu Kazaxckoro menkocomoynuka» M 1:1 500 000 mo HacTosIIEro BpeMEHU
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OCTaeTcsl aKTyallbHOM, TaKk KaKk Ha HEH Halllli OTpa)KeHHE HOBbIE MPEJCTABIEHUS IIOKa3e Ha KapTax
3aKOHOMEPHOCTEH MNPOCTPAHCTBEHHOW OpraHU3allUd PACTUTEJIBHOIO IIOKPOBAa Kak CTPYKTYpHO-
JUHAMHYECKOH CHCTEMBI M 00 OCHOBHBIX XOPOJIOTHYECKHX €AMHHUIAX, OTPAKAIOIIUX CTPYKTYpYy
pacTUTENBHOTO TIOKPOBa B Hamboiee IIHPOKO HCIoab3yeMoM MacmTade. ODHMM U3 KPYHHBIX
kaprorpadudeckux npousBeAeHuid sBisgercs Kapra pacrutensHOocTH  Cemupeuss M 1: 500 000,
OXBaTHIBAIOIIAs OOMTUPHBINA peruoH bamxam-AmakoilbCcKoro OacceiiHa, pazpadoTanHas (aBTOPCKUH MakeT)
OOJBIIM KOJUICKTUBOM Ka3aXCTAaHCKUX Te0OO0TAaHWKOB MOI €€ pyKoBoacTBoM. B 1999 r. coBmecTHO cO
cneunanucramu-kaprorpapamu BMUH PAH (E.A. Bonkosa, B.H. XpamioB) Obia cozgana 3J€KTpOHHAs
Bepcus KapThl «PactutensHocTs Kazaxcrana u Cpenneit A3uny». PasBepHyThIll aHamu3 MOJyYeHHOU KapThl,
BBIIIOJIHEHHBIM IIOJ PYKOBOJACTBOM EkarepuHbl VIBaHOBHBI, Hamen OTpPaX€HUE B KOJUIEKTUBHOMN
moHorpaduu «borannueckass reorpadus Kazaxcrana m Cpemneit Asum» (2003), omyOnauKoBaHHON Ha
pycCKOM M aHIMHACKOM s3bikax. lllumpora B3rnsmoB, rinyOokue 3HaHUS Npuponsl LleHTpambHON Asuw,
IIpUYeM HE TOJBKO (JIOPHl U PACTUTEIBHOCTH, HO M T'€OJOI'MH, IeéOMOP(OJIOTHH, ITOYBEHHOTO IIOKPOBA,
KIMMaTHYECKUX 3aKoHOMepHOcTer mo3Bommiau E.M. PaukoBckoit pa3paboTaTh HOBYIO CXeMy OOTaHHMKO-
reorpadudeckoro paionuposanus LlenTpanpraoit Azun (2005).

B nacrosmee Bpems E.M. PaukoBckas MpomoipKaeT IUIOAOTBOPHO paboTaTh, MPUHUMAET YYacTHE B
MIOJIEBBIX HCCIEAOBAHUAX B paMKax IPOEKTOB IO MEXIyHApOJHBIM Hay4yHbIM rpaHTaMm. OHa sBIseTCS
aBTopoM (coBmectHO ¢ KO.I'. EBctdeessiM, H.IT. Orapp u ap.) Takux kaprorpaduueckux padoT, Kak KapTa
skocucteM llentpamsHoit Asum (2004, WWF), kapTel pacTHTEIhHOCTH W 3KocucTeM Kazaxcrana,
co3manabix B 2006-2007 rr. s HoBoro HarmmonansHoTO aTiiaca PecrryOmmkm.

Peoxonnecus u uyumamenu HCYpHANA IHCENAIOM  00PO2OMY WOOUNAPY 000p020  300p08bA,
HeuccAaAKaemoul IHep2ul, CHaACmbA U 60NIOWEHUA C6OUX MHOZ0]IEMHUX MPYO0E 6 HO8ble MOHOZpaduu u
Kapmozpaghuueckue npouseedeHusn.

TOWARDS ANNIVERSARY OF EKATERINA RACHKOVSKAYA

Ekaterina Ivanovna Rachkovskaya is well-known botanical-geographer, geobotanist, specialist in the
sphere of arid land vegetation, doctor of biological sciences, one of the best experts in vegetation of steppes
and deserts of Asia. On September 17, 2007 she was 85. Scientific interests of Ekaterina Ivanovna are
multifaceted — biology of desert plants, vegetation structure, cartography and zoning of vegetation, teaching
about habitats, botanical geography, ecology, etc. Her expeditions covered the vast territory of the inner part
of Eurasia (Kazakhstan, Central Asia, Israel, Mongolia, China, Japan,), Europe (Austria, Great Britain,
Germany).

She graduated from the Leningrad State University and completed the postgraduate at Botanical Institute
of the USSR Academy of Sciences. Kazakhstan became the principal region of her research works. It is here
she began the research works in the sphere of geobotanical mapping and zoning. As the results of her studies
the monographs were written in collaboration with other well-known botanists: “Natural zoning of the North
Kazakhstan”, “Complex biological researches in Kazakhstan” in 3 volumes (1969-1976), “Botanical
geography of the steppe zone of Central Kazakhstan” (1973), “Botanical geography of Kazakhstan and
Central Asia” (2003) as well as maps: “Map of vegetation of the steppe part of Kazakhstan low-hill land”
Scale 1: 500 000 (1975), «“ Map of vegetation of Semirechie” Scale 1: 500 000, that covered the vast region
of Balkhash-Alakol’s basin, electronic map “Vegetation of Kazakhstan and Central Asia”.

Ekaterina Ivanovna devoted more than two decades to studying of Mongolian vegetation. Results of
these very interesting researches implemented into doctoral thesis which was successfully defended in 1989
as well as into “Map of vegetation of Mongolian People’s Republic” (1990), into monographs “Vegetation of
the Goby deserts of Mongolia” (1993), “Phyto-ecological researches in the Southern Goby”(in collaboration
with 1.O. Baitulin and U.G. Evstifeev, 1993), “Map of Ecosystems of Mongolia” Scale 1:1 000 000 (1995),
into collective monograph “Mongolian ecosystems” (1995) and multiple other publications.

Beginning from 1985 E.I. Rachkovskaya is the worker of the Botanical Institute of Kazakhstan. At the
present time E.I. Rachkovskaya continues to work productively, takes part in field researches within
international scientific grants. She is the author (in collaboration with U.G. Evstifeev, N.P. Ogar et al.) of
such works as the map of ecosystems of Central Asia (2004, WWF), map of vegetation and ecosystems of
Kazakhstan created in 2006-2007 for the new National Atlas of Republic of Kazakhstan.
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XPOHUKA:

HOBBIE KHUIT'U
HMHCTUTYTA 3KOJOI'MA BOJIKCKOI'O BACCEMHA PAH

NEW BOOKS
OF THE INSTITUTE OF ECOLOGY OF THE VOLGA RIVER BASIN RAS

3unuenko T.JI. JxoJoro-paynucrnueckas  xapakrepucruka  xupoHomua  (Diptera,
Chironomidae) manbix pek OacceiiHa Cpennedi m Hukneit Boarm (Artaac). ToabarTn:
Kaccanapa. 2011. 258 c.

OO6001IeHbl  MaTepuallbl MHOTOJETHUX OPUTHHANBHBIX HCCIEJOBAHUNA IO DJKOJOTUU U
pacnpoctpanenuto xupoHomun (Diptera: Chironomidae) B BogoTOKax W BojgoeMax OacceifHa
Cpenneii u Hwxnaeit Bonru. [lana oleHKa COBPEMEHHOTO COCTOSIHUS XHPOHOMUAO(DAYHBI,
OTMEYEHBI U3MEHEHUS, MPOU3OIIECAININE 3a MOCICAHUE TOIbl C MOMEHTA MEPBOTO U3/IaHUS KHUTH B
2002 r. IlpencraBiieH ayTIKOJIOTHYECKUN TOPTPET («IKOJIOTHYSCKUN CIIeKTp») Oosee 230 BUIOB U
JUYUHOYHBIX GopM xupoHoMu. [TokazaHa poib XUPOHOMUJ KaK OMOMHAMKATOPOB B MOHUTOPUHTE
MOBEPXHOCTHBIX BOA. IIpuBOAATCS KapThl-CXeMbl pAaCIpPOCTPAHEHHS] XUPOHOMHUJI B pPEKax
Camapckoit obmactu. IlomydeHHBIC pe3yNbTaThl HCCIEAOBaHWUN (DayHBI, OMOJOTHU W IKOJOTHUU
XUPOHOMHUJT MOTYT OBITh HCIOJIB30BaHBI MPH COCTABICHUHM KaJacTpa THAPOOMOHTOB Boimkckoro
OacceiiHa, YTEHUHW JIEKIIMOHHBIX KYpPCOB MO THAPOIKOJIOTHU M CAHUTAPHOW THUAPOOHOJIOTHH B
BBICIIMX U CPEIHUX Yy4eOHBIX 3aBeleHHsX. KHura mpeacraBisieT HMHTEpPEeC ISl SKOJOTOB,
CTHENUAINCTOB XUPOHOMHUIOJIOTOB, JIMMHOJIOTOB M THUAPOOMONIOrOB, pabOTHUKOB PBIOHOTO
XO03SIICTBa U THAPOMETEOCITYKOBI.

bubnworp. 733 Ha3s.; wi. 13 + 228 (mpwn.); Tabm. 12.

Zinchenko T.D. Ecological and faunal review of chironomids (Diptera, Chironomidae) small rivers in
Middle and Low Volga basin (Atlas). Togliatti: Kassandra. 2011. 258 p.

Book contains summarized materials of many years of original research on ecology and distribution of
chironomids (Diptera: Chironomidae) in water bodies and lades of Middle and Lower Volga basin.
Contemporary condition of chironomids fauna is assessed, changes occurred since first publications in 2002
year are noted. Autecological description (“ecological spectrum’) of more than 230 chironomid species and
larval forms is presented. Bioindication role of chironomids in surface water monitoring is shown. Schematic
maps representing chironomid distribution in rivers of Samara region are adduced. Data obtained on
chironomid fauna biology and ecology can be used for compiling Volga basin hydrobionts cadastre,
delivering lections on hydroecology and sanitary hydrobiology in institute of higher and secondary
education. Book holds interest for ecologists, chironomidologists, limnologists and hydrobiologists, workers
of fishing industry and hydrometeorological service.

Bibliog. 733 items.; ill. 13 + 228 (appx.); tables 12.

OCo0eHHOCTH NPECHOBOAHBIX JKOCHCTEM MaJbIX pek Bosukckoro Oacceitna / Ilox pen.
I'.C. Pozenbepra, T./.3unuenko; MHHcTHTYT »3Ko0g0ruM Boskckoro ©Oacceiina PAH.
ToabsarTi: 000 «Kaccanapay». 2011. 322 c.

B kHure o6001IeHbI pe3yabTaThl MOJIEBBIX U SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN OIHON M3
paBHHHHBIX pek Bomkckoro OacceiiHa — pekn COK M ee NPUTOKOB, HEKOTOPBIE W3 KOTOPHIX
SBIIAIOTCS ATaNOHHBIMU. [IpuBomATCs OOMIMpHBIE CBEACHHUS O TeorpaduyeckoM MOJOKEHUU H
MPUPOJHBIX YCIOBHSX; TEOJIOTMUYECKOM M TEKTOHMYECKOM cTpoeHun OacceitHa p. Cok,
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AHTPOTIOTEHHON Harpy3kKe Ha BOJOCOOPHYIO IUIOMIAb; THAPOJOTHYECKHX U MOPPOMETPHUUECKHUX
XapaKTEPUCTUKAX MAJIBIX PEK U POJHUKOB. M3ydeHBI CTPYKTYpHBIE XapaKTEPUCTUKHU TUIAHKTOHHBIX
U JIOHHBIX COOOIIECTB, cocTaB UXTHOdayHbl. [IpuBeneHbl NaHHBIE MO PA3IUYHBIM aCMEKTaM
WCCIICIOBAaHUI (IIOPBI M PACTHTENBHOCTH JOJMHBI PEKH W TEPpUTOpHH OacceiliHa, BKIIOYast
pe3yNbTaThl UCCIENOBAHHUM TMOYB, PACTUTENBHOTO MOKPOBa (C YYETOM JaHHBIX MO 3aCOJIEHHBIM
skoToraM). [IpencraBiieHbl pe3ynbTaThl OMOXMMHYECKOW OIeHKH Bojopocieit. [lpuBomsrces
MaTepuanbl COBPEMEHHOTO COCTOSIHUS TeIbMUHTO(GAYHbl HM3IIUX HA3€MHBIX TO3BOHOYHBIX,
amMpuOnit 1 MPECMBIKAIOIIUXCS OacceiiHa PeKH.

PaccmaTpuBaroTcsi METOIWYECKHE aCMeKThl OIICHKHM BHJIOBOTO 0OOrarctBa CoOOOIIECTB
JOTHYECKMX CHCTEM M  Pa3jIMYHbIE  CTaTUCTUYECKHME  3aKOHOMEPHOCTHM  OpraHU3aluu
TaKCOHOMUYECKOU CTPYKTYphI coobmiecTs. [IpuBoaurcs macnopt p. Cok Kak MHTETpasibHAas OlEHKA
9KOJIOTMYECKOTO COCTOsIHMSL peku. Kuura mnpencraBiser uUHTEpec A TUAPOOHMONIOIOB,
THIPOIKOJIOTOB, CIICIUAIUCTOB PhIO0X03SICTBEHHON HAYKHU U OXPAHbI OKPY KAIOIIEH CPeIbl.

Small rivers in the Volga basin: freshwater ecosystems characteristics / Eds. G.S. Rozenberg,
T.D. Zinchenko. Togliatti: IEVB RAS, OO0 «Kassandra». 2011. 322 p.

The book generalizes the results of field and experimental researches of one of the plains rivers in the
Volga basin — the river Sok and its tributaries some of which are reference patterns. There are given the
extensive data on geographical description, geological and tectonic structure of the Sok river basin,
anthropogenic load on the collecting area; hydrological and morphometric characteristics of small rivers and
springs. Structural characteristics of planktonic and ground communities, fish fauna structure are studied.
Data on various aspects of researches of flora and vegetation of the river valley and the basin territory,
including the research results of soils, vegetative cover (taking into account data on saline ecotopes) are
provided. The results of biochemical assessment of algae are presented. There is given the information of
modern state of the helminth fauna of the lower tetrapods - amphibians and reptiles — in the river.

Methodical aspects of assessment of species diversity in the communities of lotic systems and various
statistical mechanisms of organization of taxonomic communities’ structure are considered. The river Sok
passport — as the integral estimation of its ecological condition — is provided. The book is of interest for
hydrobiologists, hydroecologists, experts of fishery science and environmental protection.

HIntukoB B.K., 3unuyenxo T.[d., Po3enGepr I'.C. Makpo3Koj0rusi peyHbIX COOOIIECTB:
KOHIeNMIMU, MeTobl, Moaeau. ToabsarTu: Kaccanapa. 2011. 255 c.

B kHure paccmaTpuBalOTCS COBPEMEHHBIE TEOPETHYECKHE KOHLEIIMU aHalu3a BUIOBOMN
CTPYKTYpbl ~OCHTOCHBIX COOOIIECTB JIOTHYECKHX OJKOCHCTeM. [lompoOHO TmpencTaBiICHBI
CTPYKTYpPHBIE CXE€MbI CTATUCTUYECKOW OOpPaOOTKH JAHHBIX THIPOIKOJIOTHYECKOTO MOHHTOPHUHTA C
WCIIOJIb30BAHUEM  PA3IMUHBIX METOJOB  Makpodkonoruu. (Ocoboe BHUMAHUE  YIEISICTCS
OMMCAHUIOTUIIOB M CIOCOOOB TMPUMEHEHHUS HyJIb-MOJENEH U HemapaMeTpUYecKuX MeETOJI0B
MPOBEPKHA CTATHUCTHYECKUX THUIIOTE3 HAa OCHOBE MPOLEAYpP PaHIOMH3AIMH W PECAMILIMHTA
(byTcTpen, «CKIAQgHOW HOX», TIIEPECTAHOBKHM U T.J.). MeToauyeckass dYacTh MOAPOOHO
HIUTIOCTPUPYCTCA pacucTamMu, BBITIOJIHEHHBIMHU Ha OCHOBC C€ANHOI'O MaccuBa JaHHBIX
TUIPOOMOSIOTUYECKON ChEMKHU JIOHHBIX OPraHU3MOB Ha MajIbIX peKax CTEMHOM U JIECOCTENHOMN 30H
Cpennero IloBomkbs. OmnucaHbl CXEMBl pa3jIOXKEHHUs IOKa3aTeled BUAOBOro OorarcTBa H
pa3HooOpa3usi Ha anb(da- U OeTa-COCTABIAIOIINE, a TAKKE METOAbl CTATHCTHYECKH KOPPEKTHOMN
OIICHKH X BCJIWYHH 11O MOJCIIAM PAa3pCKCHUA B 3aBUCUMOCTH OT BCIIMYMUHBI BI:IGOpO‘-IHOI‘O ycuius.
Cnenan moOApOOHBIM aHAIM3 pa3IMYHBIX METPUK BIOKEHHOCTH (nestedness) CTPYKTYpPHBIX
Q)paFMCHTOB U CTATUCTUYECCKUX METOAOB OIICHKH B3aMMHO COIJIACOBAaHHOU BCTPCHACMOCTHU
TakcOHOMUYecKuX Tpynn. OOcykaalTcs COBpEMEHHbIE MOAXOAbl K MOJETHUPOBAHUIO PAHTOBBIX
pacnpenenenuii oounus BuaoB. llogpoOHO paccMaTpUBAIOTCS METOMAbI OpJIMHALIMKM U JpYTHe
MPOLEAYPHI, TO3BOJISIONINE OLIEHUTh U3MEHUYUBOCTh BUJIOBOM CTPYKTYphI THIPOOMOHTOB IO IIKaJe
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IIPOOJIBHOTO IPAJJUEHTA BOJIOTOKA, YTOOBI IPOBEPUTH CTATUCTUYECKYIO THIIOTE3Y O 3aKOHOMEPHOM
KOHTHHYYME JOHHBIX COOOIIECTBA MPOTUB aJIbTEPHATUBBI O CTOXACTUYECKOH «MO3AMKE TISITEHY.
BBoauTcs MOHATHE «3KOJIOTMYECKHUX IOCIEI0BATEIbHOCTEH MECTOOOMTaHUi» M 00CyKaaroTcs
MpoOJIEMBI X CTaTUCTUYECKOTO aHaiu3a. KHura opueHTHpoBaHa Ha MIHUPOKUI KPYT CIELUATIUCTOB
B 00JacTH TEOpPEeTHYECKOH 5SKOJOruM, TIuapoduosoruu, Ouoreorpaduu, panvoHAILHOIO
UCIOJb30BAHUS PECYPCOB BOJOEMOB, a TaKK€ MOXKET OBbITh HCIIOJIb30BaHA B KayeCTBE Y4EOHOTro
nocobuss MO CTATUCTMYECKUM METoJaM  JUii CTYACHTOB W AaclMPaHTOB BBICIIUX YYEOHBIX
3aBe/IeHUH, U3yYalolUX U CHEIUATU3UPYIO IIUXCS 110 3KOJOTUH.

Shitikov V.K., Zinchenko T.D., Rozenberg G.S. Macroecology of river communities: concepts,
methods, models. Togliatti: Kassandra. 2011. 255 p.

The book considers modern theoretical concepts of analysis of specific structure of benthos communities
of lotic ecosystems. Here is given the detailed account of the structure charts of statistical data processing of
hydro-ecological monitoring using various methods of macroecology. The special attention is given to the
description of types and ways of null-models application and nonparametric examination methods of
statistical hypotheses on the basis of randomization and resampling procedures (bootstrap, "penknife", shifts
etc.). The methodical part is in detail illustrated by the calculations executed on the basis of the uniform data
array of hydrobiological survey of ground organisms in the small rivers of steppe and forest-steppe zones of
the Average Volga region. The book describes the decomposition schemes of indicators of species diversity
and the variety on alpha- and beta-components, as well as the methods of statistically consistent assessment
of their sizes on dispersion on models depending on size of selective effort. The detailed analysis of various
nestedness metrics of structural fragments and statistical methods of assessment of mutually coordinated
occurrence of taksonomic groups is made. Modern approaches to modeling of rank distributions of species
abundance are discussed. Here in detail are considered the ordination methods and other procedures,
allowing the estimation of the variability of specific structure of hydrobionts on a scale of longitudinal
gradient of a waterway in order to check the statistical hypothesis of natural continuum of ground
communities against the alternative of stochastic "spots mosaic”. The concept of «ecological sequences of
habitatsy is introduced and problems of their statistical analysis are discussed. The book is focused on a wide
range of experts in the field of theoretical ecology, hydrobiology, biogeography, rational use of resources of
reservoirs, and also can be used as the manual on statistical methods for students and graduate students of the
higher educational institutions studying and specializing on ecology.

APUJHBIE S5KOCUCTEMBI, 2012, Tom 18, Ne 4 (53)



APUJTHBIE DKOCUCTEMBI, 2012, mom 18, Ne 4 (53), c. 107-108

IIOTEPU HAYKM:

Enena I'puropsesna Msiiio

(24 mapta 1933 1. — 06 cenTsiOpst 2012 r.)

6-r0  CEeHTAOpS  CKOpPOMOCTHXKHO
ckoHuasace Enena ['puropeeBHa Msmo —
npodeccop kadenpel  Omoreorpadum.
Enena I'puropbeBHa ObL1a BBIIAIOIIMMCS
YYEHBIM, TIpenojaBaTeieM C OOJBIIOi
OykBbl. Ee cumraror cBouMm Yuurenem
JIECSATKU BBIITYCKHUKOB Kadeapsl,
KOTOPBIM OHA IIOCBSITWJIA TOJABI CBOEH
kn3HM. VIMEHHO ee  JeKuMH 1O

ouoreorpaduun OTKpBIBAIH TUTSE
MEPBOKYPCHHUKOB (haKyJIbTeTa MHUpP KUBOU
TPUPOJIBL, CTaHOBUBIINHCS B

JanbHEWIIeM i MHOTUX U3  HHX
00BEKTOM H3YUYEHHUS.

Enena I'puropreBHa ObUTa yUYeHHIICH
n copatHune A.I'. BoporoBa. Omna
AKTUBHO  CIIOCOOCTBOBAJIa  Pa3BUTHIO
mKojasl  Ouoreorpadguu  MOCKOBCKOTO
yHUBEpcUTeTa. B TeueHuMe MHOruX JeT
Enena I'puropbeBHa uyMTana CHELKYpPCHI
nekiui «Mcropudeckas 6muoreorpadusi»,
«buoreorpadust mupay, «PactTurenbHOCTb
mupay. E.I'. Mo — aBTOp MHOTOYHUCIIEH-
HBIX HAY4YHBIX cTaTeil, MOHOTpaduii,

yu4eOHMKOB, CTaBIIMX KiaccuyeckuMu. Bo Bcex pabotax Enensl ['puroppeBHBI Haxoauwin
OTpPaKCHUC Ha6J'[IOI[€HI/I$I, IMOJIYUYCHHBIC B OJKCHCAUIUAX — OT TYHAP OO0 TPOIMMUYCCKHUX JICCOB
Brernama. [log ee pykoBOJACTBOM YCHENIHO OBLJIO 3aIIMIIIEHO MHOXECTBO MHTEPECHBIX JAUILIOMOB,
KaHANAATCKHUX U JOKTOPCKUX I[HCCGpTaHHfI.

MHuoro cun u BpemeHu Enena I'puropreBHa oThaBana yd4eOHO-METOIMYECKOH pabore Ha
kagenpe u reorpaduaeckoM (aKyabTeTe, IOMOTaza MOJIOABIM IPETOAaBATEISIM.

Enena I'puropneBHa Bcerzia Obuia BHUMATEIbHA K MPO0JIeMaM CTYI€HTOB, aCIIUPAHTOB, KOJUIET.
Ona Haxoauja BpEMs BLICIYIIATb, IMOMOYb W MOAACPKATH JIIO60FO, O6paTI/IBIHeFOC$I K HEH ¢
npoeCCUOHATBHON WU JUYHOW mpoOiemoil. OCTphlii yM, NMPOHHUIATEIBHOCTh, 3aMeuaTelIbHOEe
YyBCTBO IOMOpA, CIIOCOOHOCTh K CAaMOMPOHUU Jienanu obmenue ¢ Enenoil ['puropseBHoi Sipkum u
He3a0biBaeMbIM. OOpa3 OJapeHHOro 4YejloBeKa, JIOOMBLIETO0 JH3Hb, HCTHHHOIO YYEHOTO,
TAJTAHTIMBOI0 IperioaaBaTeysd — Enennr rpI/IFOpbeBHLI Msmno — HaBCCrja OCTAaHCTCA B ITaMATHU
YYEHUKOB, KOJIJIET, APYy3€H.
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Elena Grigorievna Mialo

(March 24, 1933 — September 06, 2012)

Elena Grigorievna Mialo — Professor of the Biogeographical department is gone.Elena Grigorievna was
an outstanding scientist and teacher. Dozens of the department alumni name her as their Teacher. She
devoted many years of her life to her pupils. Her lectures opened the world of living nature for the first-grade
students of geographical faculty, for many of them it became the object of study for the whole life.

Elena Grigorievna was the pupil and follower of A.G. Voronov. She contributed a lot to the
development of the school of biogeography at Moscow State University. For many years Elena Grigorievna
read such courses of lectures as “Historical Biogeography”, “World Biogeography”, “World Vegetation”.
E.G. Mialo is the author of many scientific papers, monographs, textbooks that became classical. All works
of Elena Grigorievna reflected her field observations and studies which she obtained at the expeditions from
tundra to the tropical rainforests of Vietnam. She leaded many diploma, candidate and doctoral works.

A lot of time and enthusiasm FElena Grigorievna devoted to educational-methodical work at the
biogeographical department and geographical faculty, she helped young teachers a lot.

Elena Grigorievna was always considerate to the problems of students, PhD students and all her
colleagues. She always found time to listen, help and support everybody who addressed her with professional
or private problem. Sharp intellect, spiritual insight, bright sense of humor, ability for self-irony made
communication with Elena Grigorievna very bright and unforgettable. The image of gifted person who loved
life, real scientist, talented teacher — Elena Grigorievna Mialo — will remain forever in the memory of her
pupils, colleagues and friends.
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