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BBEJEHHE

Hacrosinee uznanue npenctasinger coboit cOOpHHK cTaTed Mo A0KIaAaM,
3acyHIaHHBIM Ha aMEPUKaHO-DOCCHHCKOM CHMIIO3MYME IO HHBA3HHHBIM BH-
1aM, KoTopblil npomwen B asrycre 2001 rona B mocenxke bopok SIpocnasckoi
obnacTH.

[Ipo6neMa 6HONOrUYeCKHX MHBA3HMH Yy)KEPOJHBIX BUAOB CTaja aKTyalb-
HOM [UIA YENIOBEYECTBA CO BTOPOH MONOBHHLI XX-ro Beka. IMeHHO yyeHsle
0OpaTHIN BHHMaHHE HA TO, YTO XO3AHCTBEHHAs AEATENbHOCTb YENOBEKa MO
nedopMalK IPHPOAHBIX 3KOCHCTEM, CTPOMTENLCTBO KAHATOB M TOHHENeH,
uHTeHCHHKAIMA [IEPEBO30K IPYy30B, HCKYCCTBEHHAs HHTPOAYKUHS NPHBENH
K THIAHTCKOMY POCTY 4HCJIa CJTy4aeB PacUIHPEHHS BHIAaMH XXHMBBIX -OPraHH3-
MOB CBOHMX €CTECTBEHHBIX apeanos. [ToHMMaHHE BaXKHOCTH MCCNENOBAHMHA M
NpPaKTHYECKMX MEPONPHATHH B OTHONIEHMM HHBa3HHMHBIX BHIOB Teneph
NpHILIO H K PyKOBOJUTEIAM MHOrMX rocynapcts. [Tonnucannas B 1992 rogy
8 Pro-ne-YKaneiipo «KoHBeHuus 0 GHONOrHYECKOM Pa3sHOOOpasHu» CONEPXKUT
CHENMALHBIA pa3fen O NPeJOTBPAINCHHH M CMAFMYCHHH BO3JIEHCTBHA dyXe-
POIHBIX BHIOB Ha OHONOrHYECKOE pa3HOOOpa3ue NPHUPORHBIX IKOCHCTEM.

Y106H1 MOHATH BAKHOCTE NpobsaeMbl GHOTOrHYeCKMX MHBA3HA UyXepon-
HBIX BHJOB NOCTATOYHO [PHBECTH HECKOJBKO NPHUMEPOB, KACAIOIUMXCS HameH
CTpaHBI: KONOPAACKHi XyK, COPHIKA poja aMOpO3Ks, 30/I0THCTas KapTodes-
Had HeMaToja, (PUTONATOreHHBIH rPHO HOMOIICHC NONCONHEYHHKA, TPeGHEBHK
MHEMHOIICHC, MOJUTIOCK Jpeiiccena, payeK IIepKOnartc, peiba potaH.

IMoyemy cumnosuyM B Bopke opramusoBamu umeHHo Poccua u CHIA?
JToMy €cTh HECKONbKO mpuuHH. [Ipexae Bcero, mpobneMa HHBa3HH WydKe-
pOOHLIX BHOOB B CHIYy OOLIMPHOCTH TEPPHTOPHIA HALIKX CTPaH CTABUT NEpen
y4eHBIMH M PAKTHKaMH OXPaHbI IPHPOJBI IOBOJBLHO CXOXUeE 3ajauH. B yact-
HOCTH, [IEPEHOC BHIOB M3 ONXHOrO 300reorpauIecKoro perHoHa Wil BOJHOTO
facceiiHa B ApYroi y Hac He COHPOBOXIACTCA TNEPECCYCHHEM rOCYIapCTBEH-
HOM TIPaHHMIBI, YTO CYLIECTBEHHO 06nerdaeT NMPOHMKHOBEHHE YY)XXEPOIHBIX
BUAOB B HOBHIE 3KOCHCTEMBI. Kpome TOro, aMepHKaHCKHH KOHTHHEHT He-
CKOJILKO paHblle ¥ B Gonbiiel cTeneH: NocTpagan oT npuiiesbues. COOTBET-
CTBEHHO Ui POCCHHCKHX CIELMAIMCTOB BaXHO HCIOJIb3OBAThH YXE HMElo-
IOMACK OMBIT, MOJYYEHHBIH aMEPUKAHCKHMH KoJUleraMH. B mocrenHue rojsl
B CBA3M C MHTEHCH(HKAILMEH TpaHCTIOpTa MEXAY HAIIHMH CTPaHaMu CyliecT-
BEHHO BO3DOCIO YHCIO BHJOB, KOTOPHIMM OOMEHHMBAIOTCA HAlIM CTPAHBI
(HampuMep, y Hac MOSBWICA aMepHKaHCKHit rpebHeBHK, B CeBepHO# AMepHke
pacceNndloTcs HAllM apeiicceHa u epu). B cBasu ¢ 3TMM HeoGxomnm obmeH
uspopManuell MeXy CHELMATUCTaMH MO BOMpocaM ObICTPOH HaeHTHGHKa-
MM H OLEHKM PHCKA BO3NEHCTBHA BCECHUEB HAa aGOPHIEHHBIE SKOCHCTEMBL.
M, HakoHel, CUMIO3HYM B Bopke mpoBOAWICS B PaMKaX POCCHHCKO-aMepH-
KaHCKOTO COorlameHus B o6nacTi oxpaHsi okpyxawomei cpeast (Ilpobnema 5
«OxpaHa NpUpOAB! X OPraHU3aliksA 3aM0BEAHHKOB)). JTOMY COITAMEHHUIO yXKe
donee Tpex JECATKOB €T M OHO MpHHecIo 6OMBINYIO NMONB3Y AeTy COXpaHe-
HHS YKHBOH MPUPOAbL B obenx cTpaHax. JIONroBpEMEHHBIE KOHTAKThl MEXIY
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BBenenne

B cinyyae BHempeHHs kakoro-nubo 4yXepOJHOTO BHAZ B COOBLIECTBO
NEPBUYHBIM QHILTPOM BBICTYNAKOT (akTOPh! Cpefpl. AGHOTHYECKHE YCIOBHS
CPEABI Cpa3y OTCEMBAIOT BCE HEMPHCIOCOGICHHBIE K JAHHBIM YCTIOBHAM XKH3-
HH BUIbl. BTOpHYHBIM e 6aphepoM SBIAIOTCH KOHKYPEHTHbIE OTHOILEHMS
yaile Bcero muuessle. OQHAKO, €C/IM B ClIyyae ¢ QH3MKO-XHMHYECKUMH Xa-
PAaKTEPUCTUKAMH CPEZbl MBI MOXKEM npencka3aTe Oe3 ocobbix npobnem npu-
€MJIEMbI /11 [JAHHBIE YCIIOBUS U1l KOHKPETHOTO BCEJICHIA HIIH HET, TO KOHKY-
PCHTHBIE OTHOIIEHHA SABIAKTCA 3HAYMTENBLHO Gosee CIOKHBIM (hakTOpoM,
Tpebyroum Gonee 06beMHOro aHanu3a GHONOTHYECKHX XAPAKTEPHCTHK.
Haxe eciu HaM M3BECTHbI 33aBUCHUMOCTH OCHOBHbBIX GHONOTHYECKHX 'mapa-
METPOB BCEX MCCIEAYEMBIX KOHKYDUPYIOIUMX BHJOB, MBI HE MOXEM MyTem
NpOCTOro aHanu3a mpeayragarb HCXOA KOHKYPEHUMH OTYaCTH OTTOTO, YTO
KOHKYPEHTHO€ MIPEMMYIIECTBO CKJIAJbIBAETCS H3 B3aHMONCHCTBHA MHOXECTBA
OHONOrHYECKNX XapaKTEPUCTMK, M OTYACTH NOTOMY YTO MPEHMYLUECTBO
KOHKYPUPYIOWMX BHIOB MOXET NIEPEXOAMTh OT OJHOrO BHAA K JAPYTOMY
B mipouecce pasBHUTUA nonysusiuui. [lostoMy B Takoro poma mccienoBanuax
IIMPOKO MPHMEHAIOTCS MATEMATHYECKHE MOJCIH, YBA3BIBAIOLIME BCE BO3-
MOXHBIE GHONOrHYECKHE XaPAKTEPUCTUKH KOHKYPEHTOB H CHOCOGHbIE YHH-
TBIBATh MX M3MCHEHMsA B NPOLECCE AMHAMMKH HX uyHciaeHHoctu (Robinson, -
Valentine, 1979; Case, 1990, 1991; Law, Morton, 1996; McCann, 1998; Fox,
Morin, 2001 u ap.). :

Camo no cebe ABneHHe KOHKYPEHUMH H3BECTHO OYEHD [ABHO. Eme Yapins
Hapsuu (Darwin, 1905) oueHu1 OrpoMHYIO POJlb KOHKYPEHTHBIX OTHOLIEHH
B OpPraHH3allMH CTPYKTYPbI COOOLIECTB M BUN00OPA3OBaHHH. DKCILTyaTaLHOH-
HOH, WM NMILEBOH, KOHKYPEHLHMH IPUHAIEXHT GOJIbLUAS PO B YCTAHOBIIE-
HUM BHMAOBOHM CTPYKTYpbl COOOIIECTB M ONPENENEHMH YHCICHHOTO OOMIMsS
COCTaBAIOLIMX HX monynauui (Brian, 1956; Allan, 1974; Martgees, 1976).
MHorue aBTOpHI NOKA3a/I4, YTO KOHKYPEHIHSA ABIAETCS MOMIHEIM Gaphepom
NPOTHB NPOHMKHOBEHHA B COOOWIECTBO uyxepoausix Buiaos (Case, 1990,
1991; Law, Morton, 1996 u ap.). Ha ocHoBe MonenbHbIX HCCIeNOBaHHI

2* 35




110 U3YYEHHUIO POJIH KOHKYPEHLMH B MHBA3HOHHAIX IIPOLECCaX Aaxe ObUIO Bbl-
JBHHYTO NPEINONIOKEHHUE, YTO YyeM Goraue fo YHCIy KOHKYPUPYIOLUMX BHAOB
C0061ECTBO, TeEM CHIIbHee OHO OyleT NpOTHBOCTONTH BTODXEHHIO B HETO
4yXEPOAHBIX BHUIOB, AAXE B CTy4ae MONbITKH BCENEHUs Goslee CHIIBHBIX KOH-
xypentos (Gilpin, Nase, 1976). JlaHHoe NpEeANONOkKEHHE HAXOAUTCA B COOT-
BETCTBMM C TeopeTHYeckuM Gonee wnpokum Beionom Dnrtona (Elton, 1958),
CIE/IaHHOTO Ha OCHOBE aHANY3a HHBA3MOHHLIX [IPOLIECCOB, ITIABHBIM 00pa3oM,
Ha OKEAHHYECKMX OCTPOBAX O TOM, YTO Oojiee CIIOXHbIE COODIIECTBA MEHEE
YA3BHMbI [IPH BTOPXKEHHH Hy)XEPOAHBIX BHAOB, YEM NIPOCTbIE CHCTeMbI. OfHa-
KO B [IOCJIE/IHEE BPEMs MOABUIOCH XOCTATOHHO MHOTO CBEJEHHH, NPOTHBOpE-
YalMX YK€ CTABLIEMY LIMPOKO M3BECTHBIM MonoxeHuo Jntona (Levine,
1976; Lawlor, 1979; Kruger et al, 1989; Stone, Roberts, 1991; Knops et al,
1995; Levine, D'Antonio, 1999 u ap.).

B cBA3M ¢ TeM, YTO CYLIECTBYIOT IPOTHBOPEYMBBIE NPEACTABIEHHUA O IIPU-
pOZiE MHBa3Wii, Mbl PELIMIH NPOAHAIH3HPOBATH 3TOT MPOLECC NPH PasHBIX
YCJIOBUAX PEATH3aLMH KOHKYPEHTHOrO NpeuMyilecTsa BUaoB. [lockonbky Gbi-
JI0 PELIEHO U3y4aTh IKCIUTYaTALHOHHBIA THI KOHKYDEHLMH, TO LETBIO JaHHOH
paboThbl ObLI0 U3YUHTh MCXOJ KOHKYPEHLIMH MEXY BUAAMU NIPH Pa3HBIX yCIO-
BMAX BOCIIPOM3BOACTBa nuuieBoro pecypca. IlocTapieHHas ueib Obina Obl
HEBBLINOIHUMA 0€3 OTHOCUTEIBHOH OLEHKH KOHKYDEHTHOIO MpPEHMYILECTBA
BHJIOB, YTO ABJLUIOCK €11l OHOH 3aadeii HACTOALIEro HCCIEAOBAHUS.

Bbl60p H ONNHCAHHE THNIOTCTHYECCKHX BH/10B

B kauecTBe 00BEKTOR MccnenoBaHus ObUH BBIOPaHbI BETBHCTOYCHIE Pa-
K00bpasHbie. ITO GbUIO CBA3AHO, BO-TIEPBBIX, C TEM, YTO MEXAY ITUMH BHIA-
MH B NPUPOJIE YAaCTO YCTAHABIMBAIOTCA KOHKYPEHTHbIE OTHowenus (Weglens-
ka, 1971; Marsees, 1976; Gliwicz, 1977; I'nnspos, 1980 u np.), BO-BTOpBIX,
OHH MMEIOT KOPOTKOE BpeMsi FeHepaluH, 4To o6Neryaer pacueT; U B-TPEThHX,
OHM JOCTaTOYHO CIOKHBI, TaK, YTO B Npelenax 3Toi rpymnimsl HaOmoAalTCs
Pa3NMYHBIE CTPATETHH BEDKHBAHHUA B YCTIOBUAX AeQUUMATA NHUILH.

Jns mopenupoBanud Obuin BHIOpaHbl NATh THIOTETHYECKHX BHIOB.
O603HayaTh ux 6yneM uudpamu ot 1 1o 5. [lpu BeiGope 3aBHcHMOCTER Gu-
3UONOrHYECKHX U MOMNYIALUUOHHBIX [1aPaMETPOB OT KOHLEHTPAUKHH UM JUIA
[UIIOTETHUECKUX BUOB MBI HE CTPEMMUINCH NPHOIH3NTE HX K KAKOMY-TO KOH-

- KpETHOMY BHAY. Hoaromy BC€ BEIMYHHBI NAPAMETPOB M BUI 3aBHCHMOCTEH

6blty ycnoBHbIMH. OIHAKO NPHMHUMOHAILHBIE YEPThbI 33JaBaeMblX 3aBHCH-
MOCTEi ¥ fpejesibl BapbUPOBAHHA NOMY/ALMOHHBIX NAPAMETPOB COOTBETCT-
BOBAIH JAHHBIM JIUTEPATYPhl U PE3YNbTATaM COOCTBEHHBIX ONBLITOB C BETBH-
cToychiMH pakoobpasHbiMH. [10CKONBKY MHOTHE XapaKTEPUCTHKM ocobeil
(pasMep KJaakH, CMEPTHOCTb, MPOAOIDKUTENBHOCTD KHU3HH M T. A.) CBA3aHbI
¢ pasmepom tena (Neill, 1975; Lampert, Schober, 1980 u np.), To DyHKUMH
noaGHpanuch B COOTBETCTBHH C MX YCTIOBHBIMH pasMepamM Takum 00OpasoM,
YTO YBEJIMUEHHE YCIIOBHOrO pa3sMepa BHIOB IPOHCXOIMIO MOCTENEHHO OT I
(caMblii MENKHii BHL) 10 5 (CaMblit KPyMHbIH BUA).
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Puc. 1. 3aBuCUMOCTL MONYNSUKHOHHBIX NAapaMeTpoB (fUIOZOBHTOCTS,
CMEPTHOCTH MOSIONM H CMEPTHOCTH MOJIOBO3PENBIX CaMOK) OT KOHHEH-
TPalMH MHUILH Y BCEX UCCIEAYEMBIX BHAOB

37




T e

Jlna xaxnoro BuAa Tpe6oBajioch ONPEAETHTE MaTeMaTHYeCKuH BUIL 32-
BMCMMOCTH CJEyIOLUMX [1apaMETPOB OT KOHLEHTPAlMH MHMUIK: CYTOHUHBIX
DALHOHOB B PACYETE Ha OJHY 0CODb, IIOJOBUTOCTH, CMEPTHOCTH HEION0BO3-
penbIx 0coBei, CMEPTHOCTH TIONI0BO3PENBIX 0COOEH, NPOAODKHTENLHOCTH 110-
CTOMOGPHMOHANLHOTO PA3BHTHA, NPOJODKATENEHOCTH XM3HH, HPONODKHTCIR
HOCTH pa3BUTHUA AL (KOTopas 6bLna BrGpaHa KOHCTAaHTOHN pasHeH IBYM AHAM
JUISl BCEX BHJOB) M 33AEPXKU OTBETHOH peakLMy CMEPTHOCTH H ILIO0BHTOCTH
Ha M3MEHEHUE KOHIEHTPalUMM MHIIEBOTO pecypca (KoTopsie ObLiM BBRIOpaHbI
PaBHBLIMH TPEM [JHSAM JULS BCEX BHIOB).

Jli1s yIpoILeHus pacyeTos 0CO0H KaXA0ro U3 BUAOB pa3buBanuCh Ha TPH
BO3pACTHbIE I'PYNIBL: [JBE CTa[M¥ HENOOBO3PENbIX ocobeil ¥ omHa CTajgus
[0JIOBO3PEIBIX CAMOK. 3aBHCHMOCTH YKa3aHHBIX NMapamMeTpoB OT KOHIEHTpa-
UMM NHIH ANTPOKCHMHPOBAIH JIOMaHBIMU IMBHAMY JUIA YIPOWICHHUA nopdo-
pa ko3¢ guuueHToB (puc. 1).

C ysenuyenneM pasmepa tena (1) MaKCHMaNbHbIi CYTOUYHBIH palloH
BO3pacTaeT, (2) MaKcMManbHas [UI0fOBUTOCTL CaMOK BO3pacTacT (puc. 1 a),
(3) CMEPTHOCTb HEMOJIOBO3PENBIX 0COOEA MPH HU3KHUX KOHLCHTPALMAX IHILH
yBenuuusaercs (puc. 1 6), (4) cMEPTHOCTH 110I0BO3PEJIBIX CAMOK [IPH HU3KHX
KOHUEHTpALMAX MMM YMECHBILAETCA (puc. 1 B), (5) MPOAOMKHTENABHOCTD 110~
CTOMOPHOHAIBHOTO Pa3BUTHUS YBEIHYHBACTCA, (6) NpOLOMKHTENBHOCTD KH3HH
ocobeil Bo3pacTaerT.

Takum 06pa3oM, KaX/IbIi U3 BHAOB MMEI KaKoe-11GO NpeuMyLUECTBO fe-
pen apyrumy Buaamu. Hanmpumep, Hernos0BO3pebie 0cO0M «MEJIKHX» BHJIOB
fydie BBDKMBATIM [IPY HU3KHX KOHUEHTPALMAX NHUIM, KKPYNHBIC) XKE BULLI
uMenu 6oJ1ee BLICOKYIO IMIONOBHTOCTh H 60Jiee BBICOKYIO IPOAOIDKHTENBHOCTD
KU3HM, a TaKoke Goee HU3KYI0 CMEPTHOCTD II0IOBO3PEIbIX CAMOK. «[Tpome-
JKYTOUHBIE» IO Pa3MEPAM BUIbI B YEM-TO BEIMIPBIBAIH y «MEIKHX) BU/OB, HO
B TO e BPEMA IO 3THM )K€ XapaKTEpPUCTHKaM NPOMIPHIBAIH (KDYIHBIM
BHIaM» W, Ha06OPOT, B TOM, B YEM MME/H [PEHMYILECTBO NMEPEN (MEIKUMUY,
B 3TOM K€ NPOUIPHIBAIM «KPYyNHbIM». Hannuue pa3HOOOpa3HbIX CTpaTerwii
BODKHBAHMA B YC/IOBHAX Ae(UIMTA MMM GHONOrMYECKH OOBACHUMO, UTO H
06yC/I0BNHMBAET MHOTOOOpa3HE BUMIOB B IPHPOAE. ).

Onucanue MaTeMaTH4YeCKOH MOAeaH

Kak yxe OTMeYaloch, CIOXHOCTh KOHKYPEHTHBIX OTHOLIEHHH MEXRY
BMAaMH BHIHYXKIAET MCCIefoBaTeNel 0bpamaTses K ¢dopmManuzalmMu MHOXeE-
CTBa cBs3eil MEXIY NONYIAUHOHHBIMH NAPAaMETPaMi KOHKYPUPYIOUIHX BH-
n0s. Hauanom [u1s pa3sBuTHs 3TOrO HANpaBICHHA MOC/TYXHNa MOAC/H Jlotku-
Bonsrepps (Lotka, 1925; Volterra, 1926). [lannas monens H ee moauduka-
LMK C YCTIEXOM NIPMMEHSIOTCA M [0 Ceil NeHb (Post, Pimm, 1983; Drake, 1988,
1990; Law, Morton, 1996 u ap.). B obuem Buae TaKo# Knacc MoAenen Bbi-
DIAAMT CENYonuM o6pasom:

dN.
——-—' = . - .as N > 1
- N.(t)- F(N,,N,,..N,) n
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rae N; (f) — uucnensocts Buaa i; F (N, Ny, .N;) — ynenpHas CKOpOCTh poOcC-
Ta MOMNY/IALUHH KaK GYHKLHS YHCIICHHOCTH BHAA §; f — BPEMA.

VI3 pMBEZICHHOTO YPABHEHHA BHHO, YTO CTENEHb BO3ACHCTBHS TMMHTH-
pyroero ¢akTopa Ha pOCT KOHKYPHPYIOUIHX BH/IOB OJHO3HAYHO ONMPEACHACTCA
[JIOTHOCTHIO CAMHX OPTaHH3MOB, @ He JMMHTHpyioumM dakropom. [ipyrumu
CNIOBaMH, B HHX HE ONMCAH MEXaHH3M KOHKypeHUMH. [109TOMy Mbl OTK3aIHCh
OT TAaKOro THIA MOJENEH M HCMOIb30BaNN CBOIO mozens (Romanovsky, Fenio-
va, 1985), rae (1) u3MeHeHHs [UIOTHOCTH MONYJLALMH 3aBHCE/IX OT ILI0J0BHTO-
CTH, CMEpTHOCTH, IPOIO/DKHTENBHOCTH Pa3BUTHA, KAK (YHKUHMH KOHUEHTpALMH
nuiuy; (2) 6buta BBEJEHA BO3pAaCTHasd CTPYKTypa TOMYJIAIMA KaXA0r0 BHAZ;
(3) KOHUEHTpALMA THIIEBOTO PECypPCa ONpeae/Aiach He TONBKO, Kak GyHKIHS
ero BOCHPOM3BOJCTBA, HO M, KaKk (YHKUMA PAlMOHOB PasHBIX BO3PACTHBIX
IPYII OT KOHLEHTPALKH IHILEBOTO pecypea; (4) Obuta yuTeHa 3akepiKKa B pea-
FMPOBAHMM [UIOJOBHUTOCTH, CMEPTHOCTH H TPOIO/DKMTENbHOCTH nocraMOpuo-
HAJIBHOTO Pa3BHTHS HA U3MEHEHHE KOHLEeHTpauuy nuiy. Mcenonesyemas Hamu
MaTeMaTH4ecKas MOZeNb [IPeIyCMaTpHBalla IPIMOe BIMsHHe OOWINA NMHILEBO-
ro pecypca Ha YHCJIEHHOCTh KOHKYPEHTOB.

JMHAMHKa KOHIIEHTpAUyH MHmeBoro pecypea K(t) Obln1a 3a7aHa CIEAYIo-
MM YPaBHEHHEM!

S5 RK@.DN,(1.])
K(t+1)=K(t)+0,8K(I)—kK2([)_. P .

v , )
rae t u t+ 1 — HacTOoAIWMI H MOCAETyIOMUA MOMEHTEl BPEMEHH; k — xo03d-
uUMENT ypaBHEHHA JTOTHCTHYECKOr0 POCTa KOHUEHTPALMM MHIIH, TIPOMCXO-
JAIETO B OTCYTCTBHME ee Buienamms; 0,8 — cyTounstit P/B ko3 duuHeEHT;
R (K (1), I) — pausio ocoGeii pasmepa [ Buna i; N; (¢, I) — 4MCneHHOCTh 0COo-
6eit pasmepa ! Buza i; ¥V — ofbeM cpensl.

WsMeHeHre YMCIEHHOCTH pakooOpa3HBIX B 3aBHCHMOCTH OT KOHLCHTpa-
L{¥HM TMIH GbUIH 3[aHbI CIEAYIOLIEH CHCTEMON ypaBHEHHHA:

N(t+1,1+Al) = N(t,D) - M(K(¢—),1)- N(t,1) 3)
N (t+1)=N,(1)-F(K(t-7))/D,

L —-L. .
Al p )= e Al(t) = —21—
D,..~D;(K(®) D, (K (1)
rae ¢ v 1+ 1 — HacTOsIMI U HOCIEMYIOUHIA MOMEHTEI BDEMEHH; N, N, D
1 Ny(f) — 4MCNIEHHOCTh HOBOPOX/JEHHBIX ocobeli, HEmoNnoBO3PENbIX HHAH-
BUAYYMOB pasMepa [ M B3POC/BIX CaMOK, COOTBETCTBEHHO, MK(@E-1),0)—
yHENbHAS CMEPTHOCTh KaK QYHKUMA [UIMHBI TeNa ¥ KOHUCHTaUMH MU

¢ BpeMeHHo# 3anepxKoit T; F (K (f — 7)) — IUIOJOBHTOCTh Kak QYHKIHA KOH-
UEHTpALMH TIHIK C BPEMEHHOH 3alepXKKOA T; D, —— BpEMA pa3BUTHA AHL,
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Al(t) u Al;(t) | — npupocT Tena 3a BPEMEHHOH 1uar MOJENH U1 MOJIOAHM H
LIS B3pOCIIbIX 0cobel, cootBeTcTBerHO; D; (K(¢)) — Bpems nocTamMGpHOHab-
HOro pa3BUTU; L; U Ly — OPUPOCT TENa 3a Bpems OCTIMOPHOHANBHOTO
Pa3sBUTUA M MaKCUMAabHBIH pa3Mep Tesla, COOTBETCTBEHHO; Dpay— MaKCH-
MaJibHas [MPOJOIDKHTENBHOCTE JKH3HH,

IIpoBenenne Mone/ MpOBaHHA

Pacuersl UMCNEHHOCTH M KOHHEHTPALHH MHIIEBOro pecypca IpOBOAMIN
HO BblIE YKA3aHHBIM YpaBHEHHAM 3a nepHoa 60 axeidl ¢ waroM 1/8 oHa ana
yBEJIM4EHHS TOYHOCTH pacuyera. [Iporpamma ais pacyera Obila HamucaHa Ha
a3p1ke QopTpad 90 u pacyeTsl NPOBOAMIMCH HA NIEPCOHAILHOM KOMIIBIOTEDE.
Pacnpezenenune HayanbHOH YHCICHHOCTH 10 BO3pAcTaM OblJI0 PABHOMEPHBIM.
[TockonbKy Hac HHTEPECOBaNl TONBKO KaYECTBEHHDIH pe3y/ibTaT KOHKYPEHLIHH,
TO Mbl OIPaHHYHJIHCH AHANH3OM DPe3yJbTATOB, MOJYYEHHBIX TOJILKO [pH He-
CKOJIBKMX YPOBHAX BOCIIPOM3BOACTBA IHIUIH B Ka4eCTBE IPUMEPOB, B3AThIX H3
[MAana3oHa «HU3KOTro», «IIPOMEXYTOYHOIO» H «BBICOKOTO» ypoBHeH. Kauect-
BEHHBle PE3y/bTAaThl B NMpEAeiax KaKAOro auarnasoxa Obind cxopssl. Cko-
POCTH BOCTIPOM3BOACTBA IMMIIA MMMTHPOBaNH e€ 3HaycHUs, Habmonaemble
B OJIUTO-, ME30- 1 IBTPOGHLX BOJOEMaX, COOTBETCTBEHHO.

KpoMe u3MeHeHUs YHCNEHHOCTH M KOHUEHTPALMH IHIUM C [OMOLUBIO
MojeNn ObUla OLiEHeHa PABHOBECHAA KOHUEHTpALMS NMUIUM, T. €. Ta KOHLEH-
TPauMs, ApH KOTOpPOM POXKIAEMOCTh PaBHA CMEPTHOCTH H MO3TOMY YHMCIIEH-
HOCTb CO BpeMeHeM He MeHseTcs. J[na Toro, uTo6bl 10OUTHCA GBICTPOrO BhI-
XOJ]a YUCIEHHOCTH THNOTETHYECKHX BHJOB Ha IUIATO, 33JCPXKKH IIOJOBUTO-
CTM M CMEPTHOCTH NpHpaBHHMBaIM Hymo. Ilockosnbky BMA C MeHbLIEH
PaBHOBECHOH KOHLIEHTpalMeH CIocOOCH BBDKMBATH, WIIH JaX€ YBEIHUHBATh
CBOK 4HCJIEHHOCTb NpY 6ojee HU3KMX KOHHEHTPAUMIX NUIUH, 4eM BUI ¢ Go-
7lee BLICOKMM €€ 3Ha4Y€HHEM, TO JTa XApPAKTEPHCTHKA MOXET ObITh NpHHATA
K4K OlLIEHKA KOHKYPEHTHOM CHOCOOHOCTH BHIA. OKCIEPHMEHTAAbHOE MOA-
TBEPX/EHHE 3TOMY CONEPKMT, B 4acTHocTH, pabora Twnemana (Tilman,
1981), B KOTOPOH HCCNENOBANACh KOHKYPEHIHSA MEXAY AMATOMOBLIMH BOAO-
pOCAMH.

Pe3yanaTblM0ﬂeﬂﬂp0BaHHﬂ

PasnosecHbie KoHyeHRMpayuu.

[lpexxne, yeM nepedTH K ONMCAHUIO Pe3yNIbTATOB KOHKYPEHLIHH MEXIY
MCCNIEyEMbIMH BUJaMM, NPUBENEM 3HAYEHHsS DABHOBECHBIX KOHUEHTPaUMH
KK, CBOMCTBEHHBIX KaXJOMY M3 BHUJIOB, KOTOpbi€ MOIYT CHYXHTh Kak
OlLleHKa KOHKYpPeHTHOH cnocobHocTu. Kak u cnenoBaio 0xuiarh, B OTCYTCT-
BHE 3a[QEPKEK IUIOJOBMTOCTH M CMEPTHOCTH 4MCIEHHOCTh OOOHMX BMIOB B
«MOHOKYJITYPax» I0CJIE HENpPOJOIKUTENBHOIO €€ M3MEHEHHA BLIXOAM/A
Ha I1aTo. PaBHOBeCHas KOHLEHTpauua Obula TeM Bblii€, YEM KpynHee ObuIM
BHJibl. HAMMEHBIIEH pAaBHOBECHOH KOHUEHTpauMei o001ajan camblii MENKHA
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Bu1 |, a Haubonbwed cambiil kKpynublit BUA S (Tabm. 1). B CBA3M € 3THM Mbl
MOXEM DatXKHPOBaTh HAUIM [MIIOTETHYECKHE BU/BI I10 CIOCOGHOCTH MPOXON-
’KaTb POCT IPH HHU3KHX KOHUCHTPAUMAX MMM, CIEAYIOWMM 06pasoM: Buz 1,
BHA 2, BUA 3, BUA 4 M BUA 5. Buasl npuseneHs! 1o Mepe yObIBaHHA KOHKY-
PEHTHOH CIIOCOOHOCTH.

Tabanupga 1
PaBHOBeCHaR KOHUEHTPAUNs AIA KAKI0T0 U3 HCC/IeAYEMBIX BHIOB B K/1./MJ

Buast
I 2 3 4 5
8000 11000 16000 21000 31000

Aunamuxa yucnennocmu guoos.

Ha pucyHke 2a npencraBneHs! pe3ynabTaThl JMHAMHKH YMCIEHHOCTH BCEX
IATH BHAOB MPH HM3KOM YPOBHE BOCIPOM3BOACTBA MNMIUEBOTO pecypca
(50000). bynem xapakTepu3oBaTh ero B 3TOT pa3 U B HOC/EAYIOIEM Yepes
MaKCHMAaNbHO NOCTHTaEMYIO KOHLEHTPALUMIO MHILUM, XOTH CleayeT OTMETHTS,
4YTO KOHUCHTPALMS NHIUK KO1ebseTcs B 3aBUCHMOCTH Kak OT BLIENAHHS, TaK U
OT CKOPOCTH 3MMHHALUMH. MICXONHBIE YHCTIEHHOCTH BCEX BMAOB OBLIH B3STbI
OIMHAKOBBIMH PaBHBIMM 25 dk3semmaspam. [locne psaga kone6amuii mpouc-
XOAWIO BbITeCHeHHE 3, 4 U 5-ro BMAOB, 1-it U 2-i BHMAK COCYLLECTBOBAIIH,
NpH4eM C ABHBIM YHMCIEHHBIM MPEHMYMIECTBOM Oojlee MenKkoro 1-ro smaa.
[lo-BunumMomy, B TaHHOM CiTy4ae KOHKYPEHTHast CIIOCOGHOCTD, OIIEHEHHAs 110
PaBHOBECHOH KOHUEHTpalLMH, ObUIa ONpENENAIOMEeH B BbDKMBAHMM BUIOB.
Bunsl ¢ 61M3KMMH PaBHOBECHBIMH KOHUEHTPALIMAMHU COCYLUECTBOBANH, npu-
4eM JOMHHHPOBaJI BUJI C HaHOObLIEH KOHKYPEHTHOH CIIOCOGHOCTRIO.

[Ipu ysennuenun yposusa Bocmpou3ssozncTsa mumm (175 000) nabmona-
JI0Ch TAKXKe COCYIUECTBOBaHME 1-ro M 2-ro BuaoB. OcTanbHble BUAB OBUIH
BhITeCHEHb!. OHAKO 1-i BUI HE MOMYYHII B OT/IHYME OT NPEABLIYILETO ciayyas
YHC/ICHHOE IPEUMYIECTBO nepen 2-M. BepoaTHo, 3aecs chirpano posb apyroe
KOHKYPDEHTHOE IPEHMYLUECTBO, BO3IMOXKHO O0O0Jiee BBICOKAS ILIOAOBHTOCTD
BTOPOr'o BHAA B HEKOTOPBIX AMANA30HaX KOHUEHTPAUMH THIIH.

Ilpu panbHefieM NOBbINIEHHH YPOBHA BOCIIPOM3BOACTBA NULLK (240 000)
(prc. 26) Bce BHABI COCYLUECTBOBAIH. BepoATHO, B 3THX YCIIOBHSX BbICOKa%
KOHKYPEHTHAs CIOCOGHOCTh MENKHX BMIOB KOMIEHCHPOBANACH CHOCO-
HOCTbIO 6onee KPYNHBIX BHAOB GHICTpEE HAPAIIMBATbL CBOK YHCIEHHOCTH
B YCIOBHAX NOJBEMA KOHUEHTpauuu nuiu. TakuM obGpasom, Mpl Habnogaem
CMEILEHHE PO KOHKYPEHTHbIX IPEHMYLUECTB B/IOJIb FPANMEHTA KOHLEHTpA-
UM MUK,

Hanee npu konuentpauun 280000 cocywectsosanu 3, 4 U S-if BumbL,
B TO BpeMsA Kak l-i u 2-H Buabl nornbann. Mbl Habmogaem ABHYIO TeHzeH-
UMIO K MOCTENEHHOMY HEPEXOQY KOHKYPEHTHBIX MPEHMYILECTB OT MeEIKHX
BUJIOB K KDYIIHBIM.
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Pitc. 2. JIunamMuKa YHCICHHOCTH BCEX MATH HCCIEHYEMBIX BH/IOB TIpH pas-
HBIX YPOBHSAX BOCTIPOH3BOJACTBA MHIIA (a, 50000 xi/mn; 6, 240000 k/mi;
8, 350000 wvmn). Hudpamu (1, 2, 3, 4, 5) oGo3HaxeHb BUILL

42

Ipyu xonuenTpamsax 300 000 u 350 000 BEDKHBAIM TONBKO KDYITHBIE BH-
mi4 5 (puc. 2 B). OYeBHAHO, YTO MPH BBICOKMX YPOBHSAX BOCIIPOM3BOACTBA
NHILEBOTO PECYpCa pellidioiliiM B KOHKYPEHTHOH O0phbe sBsercs criocobHOCTE
yBEJIMYMBATH CBOK) YHCIIEHHOCTb 33 CYET BBICOKOHM [UIOJJOBHTOCTH M HH3KOHK
CMEPTHOCTH TOJIOBO3pensix ocobed. Utak, Mbl Habmomam, 4To no Mepe yBenu-
4eHHA YPOBHA BOCIIPOH3BO/CTBA [HLUH PE3YIbTAT KOHKYPEHLMH MEHAETCS  IPH
BbICOKMX KOHUEHTPAUMAX OH CTAHOBUTCA IIPSAMO MPOTHBOMONOXHBIM TOMY, 9TO
Mbi HaOMIOAAIH HPH HU3KOM.

CeneM BCe pe3yibTaThl 10 KOJMYECTBY COCYIUECTBYIOUMX BHIOB MpH
pa3sHBIX KOHUEHTpaLMAX NHIUM B OAHY Tabnuuy 2. M3 tabnuupel BHAHO, YTO
MaKCHMalbHOE KOIHYECTBO (5 BHIOB) COCYHIECTBYIOT [IPH NPOMEXYTOYHOM
KOHUEHTPALIMH MUIIK U MX KONHYECTBO YORIBAET 110 Mepe MPUOIMKEHUS KOH-
UEHTPALMH NHIUK K KpalHHM €€ 3HAYCHUAM.

. Tabnuua 2

Ko/1H4ecTBO COCYUIECTBYIONIMX BHAOB IPH PA3HLIX YPOBHAX BOCIPOH3BOACTBEA
NHIEBOTO pecypca

mﬁh)“"m“ 50000 | 175000 | 200000 | 240 000 | 280 000 | 300 000 | 350000
Ko:1-BO BHIOB 2 2 3 5 3 2 2

Mooenuposanue uneazuii,

Hanee onpenensanu, Kakue W3 pacCMaTPUBAEMBIX BUIOB MOTYT YENEIIHO
BCENUTHCA NPH PasHeIX YPOBHAX BOCIPOM3BOACTBA NHINM. BceneHue Bupa
HMUTHPOBANH TakMM O0pa3oM, YTO €ro HCXOOHYIO YHMCIEHHOCTh 3aNaBajH
B MATH Pa3 MEHBIUE, YEM Y OCTANBHBIX BUAOB, T. K. BCENAIOUIMICA BHI BCerna
OKa3BIBAETCA B COOOINECTBE B MEHBIIEM KOHYECTBE. 3aTteM KaXIblil U3 BUAOB
BhLICTYNAJ B POJIH BCENEHLA 0 OTHOLWICHHIO K OCTaJbHBIM YETHIPEM BUIAM.
JlHHaMHKY YHCJIEHHOCTH [N BCEBO3MOXHBIX KOMOHHAUMH pAaCCYMTHIBAIH
npH pasHbIX KOHUEHTpauusx numu. [Iockonbky Hac MHTEpecoBan KauyecTBeH-
bl Pe3yNbTaT MHBA3HH, TO Mbl OTPAHUYMIIMCH TIPHBEAEHMEM DE3YNLTaTOB
BceneHus B Tabnuue 3.

Tabnuya 3

Pe3y/bTaThl BeesleHHA KaXI0r0 H3 MOJEILHBIX BHAOB B CO0GINECTBO,
cocTosIHIee U3 YeThIpeX KOHKYPHPYIOLIHX BHAOB

ﬁf}"tjj)"““‘“ 50000 { 175000 | 200 000 | 24 0 000 | 280 000 | 300 000 | 350 000
Bua | + + + + + _ -
Bua 2 - - - - - - -
Bual - - - + + - -
Bux 4 - - - - - - -
Bua s - - - + + + +

43




3Hak «+» B Tabsnuile 0603HaYaET TO, YTO BHI BbDKMBAJI B CIy4yae €ro Bce-
JIEHHA B MEHBIEM KOJHYECTBE, YEM OCTANIbHbIE BHIbL, B COOOILECTBO KOHKY-
PHPYIOIMX BHIOB. 3HaK «—» O3HA4YaeT, HA0OOPOT, €ro BHITECHEHHE NPH JaH-
HBIX YCJIOBHAX.

U3 Tabauupl 3 BUOHO, YTO NPH HH3KMX KOHIEHTPALMAX MMIH CrocobeH
BCEJATHCH B COOOIIECTBO BUI ¢ HaHOOMNbILEH KOHKYPEHTHOH CIOCOGHOCTBIO,
T.e. CNOCOOHOCTBIO YBEIHYHBATH CBOIO YMCIEHHOCTH NpH 00/ee HU3KHMX KOH-
uenTpaunsx nymy. [Ipy BHICOKMX KOHLUEHTPAMAX NMINH NOGEXaeT caMbii
KPYIHBIA BHJ, XapakTEPH3YIOIMACA BBICOKOH IUIOAOBHTOCTBIO H HH3KOH
CMEPTHOCTBHIO NOJI0BO3pENbIX 0co6eH, KOTOpPEIE MO3BONAOT GHICTPO YBENHYH-
BAaTh YHCJIEHHOCTh NPH HOABEMaX KOHLICHTPalUHM ITUINEBOro pecypca. Beerne-
HHE BUJOB C MPOTHUBONOJIOXHBIMH CTPaTeTHiMH l-ro M 5-ro, a Takxke 3-ro,
IIPOMEXYTOYHOTO, [I0 CBOHM NOMYJIAIMOHHBIM NapaMeTpam HabmonaeTcs npu
CpeIHUX YPOBHSX BOCIHPOM3BOJCTBA pecypca. 3aMETHM K€, YTO [pH IpoMe-
MYTO4HOM KOHLEHTPALUH pecypca HabIIOJaeTCs TAKXKe M COCYILECTBOBAHHE
HaubonbLero Konu4yecTsa BUAOB (Taba. 2). 3To CBHAETENBCTBYET O TOM, YTO
Hanbosee ONTHMAILHBIMU A BCEJIEHHMA, a TakXKe H ANA COCYIECTBOBAHUA
BH/IOB OKAa3bIBAIOTCA CpefHHEe KOHLEHTpaUMH nuiuy. J[pyrHMH CIOBaMH MbI
HaGMoAaT pe3yAbTal [POTHBONOJIOXKHLIA LUHMPOKO PAacHpPOCTPAHEHHOMY
MHEHHMIO O TOM, 4TO, uyeM Oonbiue pazHooOpasHe, T. €. KOJIMYECTBO HACEILAI0-
LIHX coOOLIECTBO BUAOB, TEM CIOXHEE BUAAM B HETO BCEIHThCH.

O6cyxaenue

* . .

U3 pe3y/IbTaTOB MOAECIHPOBAHUA MBI BUIHM, 4TO B YCIOBHSAX, TAE MOXKET
COCYLUECTBOBATH MaKCHMAIIbHOE YHCJIO BHIIOB, HMEIOT MIAHC BCENHMTHCA BUJIBI
C COBEPILEHHO Pa3HbIMH CTPATErMAMH JKH3HEHHOTO 1IMK/IA. JTO HE O3HAYAET,
YTO camo No cefe KOMMYecTBO BUAOB OnaronpusTcTByeT uHBasuAM. Ilo Ha-
UIEMY MHEHHIO, HIMEHHO 1IDH IIPOMEKYTOYHOH KOHUEHTPALIMH [THIUH CO3at0T-
CA YCIOBHA OUTHMANBbHBIE A1 BHUJOB C Pa3sHBIMH CTPATETHAMH U [OITOMY
HMEHHO TH yC/IOBHA ¥ ONaronpHATCTIBYIOT BCEJICHHIO CHIBLHO Pa3MYAOLIHX-
ca BujoB. Ilpu KpaiHHX € KOHLEHTPAUMAX [HIIH COCYLIECTBYIOT TOJIBKO
BHJIbl CO CXOJHBIMH CTPAaTETHAMH.

Ha6r0naeMoe HaMi COCYIUECTBOBAHHE TMITIOTETHYECKHX BUIOB CXONHbIX 110
CBOMM CTPATErUsM KU3HEHHOTO LMK/IA B YCIIOBHAX HM3KHX M BHICOKHMX YPOBHEH
BOCIIPOM3BOACTBA MUIUM (PHC. 2) XOPOLLO COTIaCYeTCs C NMpaBWiIoM TuHeMaHHa
(1918) (uut. no B.C. Usnesy, 1977): «Hem Gonpiue cpea OTKIOHAETCA OT HOPMbI
WK YeM Ooree CNENHANM3MPOBAHHON MNM KpaiiHeH no kakuM-1ubo dakTopam
OHA CTAHOBMTCA, TEM HACE/AIOIMIA ee )KMBOTHBIA MHMD Oyner OemHee NO 4MCly
BUAOB M Ooraue no komuyectBy ocobeit. BunoBoii cocraB manHHOro GuoneHO3a
CKIaAbIBAETCA M3 (POPM B PABHOM Mepe NPUCHOCOOIEHHBIX K JaHHBIM YCIIOBHAMY.
B. C. Usnes (1977) Takke 0TMedal, 4TO B Cpelie CAERYET OXXMUAATh COCYIECTBO-
BaHHE IKONOHYECKH GNMH3KUX BUNOB. KOHKYPEHLMA MEXIY IKONOrHYeCKH GIH3-
KHMH ocobaMu 6bUIa MM Ha3BaHA FOMOKOHKYpeHuueit. Paitnu (Riley, 1963) Toxe
OOBACHAI COCYILECTBOBAaHHE DOJIBIIOTO KOIHMYECTBA BUAOB [UIAHKTOHHbLIX BOJO-
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pocieii B OAHOPOJHOH 3BGOTHYECKOH 30HE CXOACTBOM BMA0B. Ha cxomctso
BHAOB 300[UIAHKTOHA KAK OAHY M3 NPHYMH HX COCYLUECTBOB2HMS YKa3biBall H
A. M. [unapos (1981).

Hpyro#i Npv4MHOM COCYIIECTBOBAHMA SBIAETCA MEPEXOI KOHKYPEHTHOFO
[PEMMYLIECTBA OT OJIHOTO BHAA K APYTOMY, YTO M OOBACHAET COCYLIECTBOBAHHE
BHJIOB C Pa3sHbIMH CTPAaTEIHAMH NPH IPOMEXYTOYHOM YPOBHE BOCIPOHM3BOACTBA
nuieBoro pecypca. Ilpy 3ToM KOHKYPEHTHOE NPEUMYILECTBO AODKHO MEpexo-
AUTH K BUAY, UMetolIeMy 60i1ee HM3KYKO YHCIEHHOCTb. Takoi crnocob cocylect-
BOBAaHHA BHIOB Habmogancs v B apyrux paborax (Utida, 1957; Ayala, 1969;
McCann, 1998; Morin, 1999; Diehl, Feibel, 2000). Takum obpasom, B HacTosiILEE
BpeMsi MOXKHO BBIIE/IMTE JIBE NPHYMHBI COCYLIECTBOBAHHMA KOHKYPHPYIOLIMX BH-
710B — [€peX0/ KOHKYPEHTHOTO NMPEHMYLIECTBA Y BUIOB C Pa3HbIMU CTPATETHs-
MH XXH3HEHHBIX LHKJIOB H, HA0BOPOT, CXOACTBO BUOB.

Otcrona MOXHO NPEANONOKHTE, YTO NPU KPAMHHX 3HAYEHHAX JTHMHTH-
pywouiero ¢axropa B COOOILECTBO MOTYT BCERATLCA BHAbI KOJIOTHYECKH
CXO[Hble C abOPUreHHBIMH, HO HaHboEee CHIIbHBIE 10 CBOMM KOHKYPEHTHBIM
npeuMyluecTsaM (kax 1-it BUI NpH HM3KOH KOHUEHTpAaUMH NHIUM K S-if BHA
IPH BBICOKOH KOHUEHTpauuH). IIpu cpeaHMX ke 3HaYeHMAX KOHLEHTpaLMH
MHLIM UMEIOT IHAHC BCEJIMTHCA KaK BHABI C DKOJIOTMYECKH PasHbIMH CTpate-
THAMH, TaK U BHABI IPOMEXYTOYHbIE 10 CBOMM IOMYJIILIHOHHBIM [1aPaMeTPaM.
Takux BHROB pasymeeTcs B npupole OOsbllie, YeM BHAOB 3KOJIOTHYECKH
cxonusiX. [TosToMy npu npoMexyTouHOH KOHLEHTPAUKH ITMLIM CIEXYET OKH-
IaTh Oonee BHICOKOE pa3sHOOOpa3ye BHIOB.

BriBozb! HacToswEeH paGoTel HAX0NATCA B NPOTHBOPEYHH C PE3YIIbTATa-
MH MOJENNPOBAHUS HHBA3HHA B YCIOBHAX KOHKYPEHLMH, NIONYYEHHBIX B pAIe
apyrux pabot (Gilpin, Case, 1976; Case, 1990, 1991), rae HaoGopoT Obino
0Ka3aHO, YTO 4eM GOJbliie KOHKYPEHTOB B COODIUECTBE, TEM MEHbILE BEPO-

ATHOCTb BCEJICHHA B HEIr0 Yy>XCpPOJHBIX BHUIOB. 310 MBI 0OBACHAEM TEM, 4TO ~

B MOJIENIAX IIPUBOAHUMEIX B CCBUIKAX, aBTOPAMH HE YYMTHIBANACh Pa3HOKAYECT-
BEHHOCTb 0cobeil B nmomylauuu. Bce HHAMBMAYYMBI OZHOrO BMAA ObUIM
COBEPILUEHHO WACHTHYHBI H, TaKMM 00pa30oM, HCKII0YaNach BO3IMOXKHOCTH
nepexoia KOHKYPEHTHOTO NPEeMMyILecTBa OT OJHOro Buaa K apyromy. [lpu
MOZENMPOBAHMH, M0 HALEMY MHEHHUIO, COBEPUIEHHO HEOOXOAUMO YUUTHIBATE
BO3PACTHOH COCTaB MOMYJNAUMH, OT KOTOPOTO 3aBMUCAT LIAHCH HA BBDKHBaHME
BUJIa B YCJIOBHAX [EHCTBHA JIMMHTHPYIOIUMX (AaKkTOPOB H, B YaCTHOCTH,
B YCIIOBMAX JedyLUTa [HLLH.

Ha ocHOBaHMH NONyYeHHBIX PE3VILTATOB MOXHO MNPEANOIONKUTH, UYTO
YPOBEHb BOCIPOM3BOACTBA MHLIM OINpeICNAET CTPYKTYPY COOOLIECTBA H KO-
JIHYECTBO HACESIONIMX €T0 BUOB, & TAKXKE BIMAET HA MHBA3HOHHBIH npoLecc.
Ilpn aToM B onmrorpodHbiX (aHAnoroM B Hamled MOAENH ABILUIHCH HU3KHE
YPOBHH BOCIIPOM3BOACTBA NUILM) H >PTpodHBIX (aHANOr B MOJENH — BBICO-
KHE YPOBHHM BOCIPOM3BOACTBA MHIUH) BOJOEMAaX ClEAYET OXHAATL HM3KOE
pasHoobpasue. B onuroTpodHeix BojoeMax, NO-BUAMMOMY, AOKHbBI NPE06-
nafaTh BM/b!I C BBICOKOH KOHKYPEHTHOH CIIOCOOHOCTBIO, M 1UAHC BCEIHMTHCA
MMEIOT TONIbKO CYNEPKOHKYPEHTHI, T.€. BUJbl C HAMMEHBIUUMH PABHOBECHBIMH
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KOHLEHTpauAMH [THUIH (K-cTpateru). B Haineit paboTe 3TO caMblii MENKHi
1-# BuA. D¢TpodHEIE BONOEMBI, BEPOATHO, NOJDKHEI IIPEHMYILECTBEHHO Hace-
AATH BUJb! C BHICOKHMH CKOPOCTAMHM pocTa (r-ctpareru). [foatoMy Bcenureca
B HMX HMEIOT HIAHC BHJIbI CIOCOOHbIE GRICTPO HAPALIHBATh CBOKX YHCIIEHHOCTh
pH NOAbEMaX KOHLEHTPALWH NHIK. B Haweil pabote 310 5-f KpyNHbIA BHA.
B Me30TpodHBIX BOAOEMAX (aHAJIOr — IPOMEXXYTOYHBIE KOHLEHTPALMU IH-
(M) CO30AI0TCA YCIIOBUA [ COCYIIECTBOBAHHUS H BCENIEHUS BUIOR C Pa3HBIMHU
CTpaTervsiMH, YTO JODKHO obecneunBaTh Gosee BbICOKoe GMOpasHOOOpasue
B 9THX BogoeMax. CjenaHHble HAMH Ha OCHOBE MOJEIHPOBaHHA BBIBOABI Tpe-
6yI0T 3KCIIEPMMEHTANLHOK NMPOBEPKH M (aKTHYECKMX JAHHBIX MONEBBIX Ha-
OJuOIeHHH.
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B XX cToneTun HenpenHamepeHHas M HelpeIHAMEPEHHAS HHTPOIUYKLUS
Pa3sNUYHBIX OPraHU3MOB B PE3y/IbTaTE€ HMHTEHCHBHBIX YKOHOMHYECKHX OTHO-
WweHui (TOProBiA PaCTHTE/IbHOH CENbCKOXO3ANCTBEHHON NPOMAYKLHEH, K30~
THYECKHMH OpraHHM3MaMH, TYPH3M) BBUIBHHYIIACH KaK MpobneMa rno6aisHoro
6uoTnyeckoro obMena Mexay OuoreorpapuyueckumMu 06maCTAMH (Tuuixos
H 1p.,1995). JroT npouecc 3aTpouyn u TeppuTopHio GeiBmero CCCP, 3anu-
MaIOILIET0 OCHOBHYO 4acTh CeBepHOA EBpasuu. MHBasuu anseHTHBHBIX opra-
HHU3MOB B NPHPOIHEIE IKOCHCTEMBI MPH3HAHBI OJHHMH H3 BEAYIIMX (HaKTOPOR
TpaHc(opmauHK UX 6HOpasHOOOPasHA U ABIAIOTCA HONONHUTEIBHON MUIATOM
3a CO3JaHHE BRICOKOMPONYKTHUBHLIX arpOLEHO30B, MIOBBULEHUS 3(PEKTHBHO-
CTH 3BEPOBOACTBA M MYLIHOTO NPOMHCIA H PEIGOBOICTRA.

B cBs3u ¢ TaKOH aKTyaIbHOCTBIO NPOOEMBI H OTCYTCTBHEM O6LIEH Kap-
THHB BTOPXKEHHH YYXEDOAHBIX BHIOB Ha TeppuTopuio PO u CCCP 6nia
NPENNPHHATA NOMBITKA OLUCHHTs HHPOPMALIMOHHBIT Pecypec Mo JaHHOH mpo-
Gneme. BJl uveer Haspanue «Buabl-uHTpOxyueuThr CeBepHoH EBpasum»
(BHUCE), anrmuiickuii Bapuant nHassanus: «North Euroasian Invasive species
Data» (NEISD). B cooTsetcTBHE C Uensi0 cBOero cosnanus BJ] umeer cie-
AYIOLYIO CIPYKTYDY:

Kox
JlatuHckoe Ha3sanwme Takcona (Latin name of taxon)

I
2
3 | Pycckoe HasBanHe takcoHa (Russian name of taxon)
4 | Kinace (Class)

5 | Orpan

6 | CemeiictBo (Family)

7 | Touka BrBO3a — Point

8 | Crpana, o6nacts BuBo3a — Country, region of

9 | buoreorpagugeckmit pernon (Biogeografical region)
10 | Croco6 npoHukHOBEHUS

11 | Touxa o6Hapyxenns (sbimycka) Point

12 | Obnacts obHapyxeHHs (BLITYCKa)

13 | Crpana oGHapyxerHs (BBIMycKa)
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Introduction

When an alien species invades the community, environmental factors act as
the primary filter. Abiotic conditions soon sort out all species which are not suffi-
ciently adapted to these particular conditions. The secondary barrier is competi-
tion, most often for food. Knowledge of physical and chemical characteristics of
the environment allows us to predict if these conditions are appropriate for the
particular invasion species. However, competitive relationships are a much more
comphcgt_ed factor, requiring detailed analysis of various biological characteristics.
Competitive relationships depend on numerous biological characteristics and
processes. Furthermore, competftive advantage of a particular species may change
in the course of competitive interactions. Thus, even if relationships between all
biological parameters of the competing species are known, it is often hardly possi-
ble to predict the outcome of competition. Therefore, mathematical modeling is
w1de!y used in these studies. Models can take account of various biological char-
acteristics of competitors in the course of their interaction and population dynam-
ics (Robinson and Valentine, 1979; Case, 1990, 1991; Law and Morton 1996;
McCann, 1998; Fox and Morin, 2001).

The phenomenon of competition has been known for a very long time.
Charles Darwin (1905) acknowledged the importance of competitive interactions
In speciation and community structure organization. Food competition plays an
important role in determining the species structure of the community and the
abundance of its populations (Brian, 1956; Allan, 1974; Matveev, 1976). Many
auth(_)rs showed that competition provides a strong barrier against invasion of alien
species into the community (Case, 1990, 1991; Law and Morton, 1996). Modeling
stpd1e§ of competition in invasion processes suggested, that the higher the species
diversity of the community, the stronger its resistance against invasion by alien
species, even if these invading species are superior competitors (Gilpin and Case,
1976). This hypothesis agrees with the theoretical position of Elton (1958), based
on the analysis of invasion processes in islands, that more complex communities
are less vulnerable than simple systems. However, during the recent years, many
studies appeared, which contradict this widely accepted hypothesis (see Levine,
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1976; Lawlor, 1979; Stone and Kruger et al., 1989; Roberts, 1991; Knops et al,,
1995; Levine and D'Antonio, 1999).

As the views on the nature of species invasions are so contradictory, we
studied it under various conditions of the realization of competitive advantage
of particular species. The aim of this work -was analysis of food competition
between species at various levels of the food renewal. However, the study of
competition would be impossible without assessment of competitive advantage
of the species. That was the second objective of our study.

Selection and description of hypothetical species

Cladoceran crustaceans were used as the study object. First, these organisms
often compete in natural environments (Weglenska, 1971; Matveev, 1976; Gli-
wicz, 1977; Ghilarov, 1980). Second, they have short generation time which
makes computation more easy. Nonetheless, these organisms are enough compli-
cated and show different survival strategies under the food deficit.

Five hypothetical species were chosen for modeling which are designated
by numbers from 1 to 5. While choosing the relationships between physiological
and population parameters and food concentration, we did not try to imitate any
particular species. All the values and relationships were arbitrary. But the most
important characteristics of the relationships and variability ranges corresponded
to literature data and the results of our own experiments with Cladocera. It is
known (Neill, 1975; Lampert and Schober, 1980), that many characteristics of
individuals (clutch size, mortality, longevity etc.) are linked with the body size.
That is why the functions of the hypothetical species were selected with respect
to their body size. The size of the hypothetical species gradually increased from
the first, the smallest, to the fifth, the largest species. ‘

For each species, we determined the relationships between the following
parameters and food concentration: diurnal ration per one-individual, fecun-
dity, mortality of juveniles, mortality of adults, duration of postembryonic de-
velopment, life longevity, duration of egg development (which was constant,
two days, for each species), and the delay of mortality and fecundity responses
to alteration of food concentration (it was equal to three days for each species).
Relationships between these parameters and food concentrations are approxi-
mated by piecewise linear relations (Figure 1). To simplify the computations,
individuals of each species were split into three age groups: two stages of ju-
veniles and one stage of adult females.

With increase of the body size (1), the maximum daily ration increases,
(2) the maximum fecundity of females increases (Figure 1 a), (3) mortality of
juvenile individuals increases at low food concentrations (Figure 1 b), (4) mor-
tality of adult females at low food concentrations decreases (Figure 1 ¢),
(5) the duration of postembryonic development increases, (6) life longevity
increases.

Thus, each species had specific competitive advantage over the other
species. For example, juveniles of small species survived better at low food
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Figure 1. Relationships between population parameters (fecundity, mortality _of
juveniles and mortality of adults) and food concentration in all hypothetical species
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concentrations while large species had higher fecundity and longevity and
lower mortality of mature females. Medium-sized species had certain advan-
tages over small ones, but in these very characteristics they lost when compet-
ing with larger species and vice versa. Such a variety of survival strategies at
food deficits is biologically justified and provides high species diversity in
nature.

The model

Complexity of competitive relationships makes investigators use mathe-
matical symbols for formalization of numerous relationships between the
population parameters of the competing species. The Lotka-Volterra model
(Lotka, 1925; Volterra, 1926) was the starting point for this direction of re-
search. This model with various modifications has been widely used up to the
present days (Post and Pimm, 1983; Drake, 1988, 1990; Law and Morton,
1996). Generally, this class of models can be written as follows:

aN,
— = . - Rl 1
& = N(O-F(N,N,,.N) 6y

where N; (f) is the abundance of the i th species, F (V), Ny, ...N)) is the specific
growth rate of the population, as a function of the i th species abundance, and ¢
is the time.

It is clear that in the above equation the effect of the limiting factor on the
abundance of the competing species directly depends on the density of the or-
ganisms rather than the limiting factor. Thus, the mechanism of competition is
not described by this equation. That is why we used our own model (Ro-
manovsky and Feniova, 1985) in which (1) the dynamics of the population
density depended on fecundity, mortality, and the duration of development as
functions of food concentration; (2) the age structure of each species was m-
troduced; (3) the concentration of food was described not only by the function
of its renewal but it was also dependent on rations of various. age groups as
functions of the food concentration; (4) and the delay in the response of the
fecundity, mortality, longevity, and the duration of postembryonic develop-
ment to alterations of food concentrations was accounted for. The model al-
lowed us to estimate direct effects of food concentration on the abundance of
competitors. , ,

The dynamics of food concentration K(#) was given by the following
equation:

22 RE@DNWD
K(@+1)=K(t)+0,8K(t) - kK*(t) - — 7 , )]
where ¢ and t+1 are the présent and the following moments of time, & is the
coefficient of the logistic growth of food concentration in the absence of its
consumption; 0.8 is the diurnal P/B coefficient; R; (K (¢), /) is the ingestion rate
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of individuals of size / of the i th species; N, (£,/) is the abundance of individu-
als of size / of the i th species; and V is space volume.

The dynamics of the cladoceran abundance in relation to food concentra-
tion was given by the following system of equations:

N(t+1,1+Al) = N(t,[)- M(K(t-1),1)- N(t,0) 3)
N,(t+1)=N,(1)- F(K(t-1))/ D,

L —L. )
- max ) )= — 2
A= pxe 7D,

where ¢ and ¢+ 1 are the present and the next time; N, (), N (£, 1) and N (¢) are
the abundance of newly emerged individuals, juveniles with size /, and adult
fernales, respectively; M (K (t—1), /) is the per caput death rate as a function of
the body length and food concentration with time delay 7, F (K (1=7) is the fe-
cundity as a function of food concentration with the time delay 1; D, is the dura-
tion of egg development from deposition until hatching; A/ () and Alf (1) are the
body increment for the time step of the model, respectively, for juveniles and
adults; D; (K (¢)) is the duration of postembryonic development; L; and Liay are
the body increment during postembryonic development and the maximum body
size, respectively; and Dy, is the maximum longevity.

The model study

The computation of cladoceran abundance and the concentration of food
resources was conducted according to the above equations for a period of
60 days with the step 1/8 day. The program for these computations was writ-
ten in Fortran 90 and all computations were conducted on a PC. The initial
age distribution was uniform. As we were interested only in general qualita-
tive result of competition, we limited ourselves only to sevc:eral particular lev-
els of food renewal taken from the range of low, intermediate, and high lev-
els. The results within each level range were qualitatively similar. The levels
of food renewal simulated oligotrophic, mesotrophic and eutrophic water

ies, respectively. .

bod Ifx’ addri)t(iaon, ch model assessed the equilibrium food concentration, i. €. the
concentration, at which birth rate is equal to death rate, so that the abundance does
not change over time. In order to obtain rapid transition of the abundance of the
hypothetical species to the plateau, the delays of fecundity and mortality were set
to zero. As the species with lower equilibrium concentration can survive and even
increase its abundance at lower food concentrations than species with higher equi-
librium concentration, it could be accepted as a measure of the species competitive
ability. The study of diatomaceous algae by Tilman (1981) provides experimental
support for this.
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Modeling results

Equilibrium concentrations.

Before describing competition between the species, we found the equilib-
rium food concentrations for each species, which could be used as an estimate
of the species competitive ability. As expected, in the absence of fecundity and
mortality lags, the abundance of both species in monoculture reached plateau
after some period of fluctuations. The equilibrium concentration increased
with increase of the body size (Table 1). Species 1, the smallest, had the low-
est equilibrium concentration, and species 5, the largest, was, on the contrary,
characterized by the highest equilibrium concentration of food. Therefore, the
growth of smaller species could continue at lower food concentrations than
larger species. So we can rank our hypothetical species with respect to their
competitive ability, i.e. the ability to continue growth at low food concentra-
tion, as follows: $, 4, 3, 2, 1 (increasing competitive ability order).

Table 1
The equilibrium concentrations of food for each of the five hypothetical species
(cells/ml)
Species
1 2 3 4 5
8000 11000 16000 21000 31000

Abundance dynamics of the species.

Figure 2 presents the population dynamics of all the five species at low
level of food renewal (50000).

The food concentration is given in its maximum value but it fluctuates as
well. The initial abundance of each species was equal to 25. After several fluc-
tuations, species 3, 4, and 5 were displaced, whereas species 1 and 2 coexisted
with clear dominance of smaller species 1. Most probably, the competitive
ability, assessed by the equilibrium concentration, determined the species sur-
vival. The species with similar equilibrium concentrations coexisted with
dominance of species with higher competitive ability.

At higher food concentration (175000), species 1 and 2 also coexisted.
The other species were displaced. However, unlike the previous case, species 1
did not show dominance over species 2. Most probably, the higher fecundity
of species 2 during the rises of food concentration influenced the dynamics of
species number more sufficiently in this case.

After further increase of food concentration (240000), all the species co-
existed (Figure 2 b). Probably, the high competitive ability of smaller species
was compensated by the ability of larger species to increase their numbers
when the food concentration increased. Thus, we observe shifting of the com-
petitive advantage along the food concentration gradient.
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At low food concentrations only species with the highest competitive abil-
ity (such as species 1) can invade the community. The largest species character-
ized by high fecundity and low adult mortality (as species 5) «wins» at high
food concentrations. Successful invasion of species with opposite strategies,
species 1 and 5, and also intermediate species 3, is observed at intermediate lev-
els of food resources. Note that coexistence of greater number of species is ob-
served at intermediate food concentration than at its extremes (Table 2). This
indicates that the outcome of competition between invader and resident species
depends on the level of food renewal. In addition, intermediate levels of food
renewal are mostly optimal for successful invasion. And as it is shown in Table
2 at intermediate levels of food resource species-can more probably coexist.

In other words, our results contradict the widely-spread view that the
higher the species diversity, the more resistant it is against invasion.

Discussion

The results of our study indicated that the conditions allowing coexistence of
maximum number of species can be suitable for invaders with completely differ-
ent life history strategies. This does not means, of course, that the maximum num-
ber of species itself facilitates invasions. In our opinion, only intermediate levels of
food resources provide the optimal conditions for species with various strategies.
Therefore, these conditions favor invasions of various species. At extremely high
or low food concentrations, on the contrary, only species with similar strategies
can coexist. :

The observed coexistence of hypothetical species with similar life history
strategies at low and high food levels agrees well with Tinemann's rule (1918,
cit. in Ivlev, 1977): «The more the environment deviates from the norm or the
more specialized or extreme it becomes, the poorer its species diversity and
the higher each species abundance occurs. The species composition of a par-
ticular biocenosis is composed’of forms which are equally adapted to these
conditions». Ivlev (1977) also expected coexistence of ecologically similar
species. Competition between ecologically similar species was called by Ivlev
as homo-competition. By similarity of species, Riley (1963) explained the co-
existence of large number of species of plankton algae in a homogenous eutro-
phic zone. Similarity of zooplankton species was also marked as one of the
causes for their coexistence by Ghilarov (1981).

The other cause for coexistence is a shift of the competitive advantage
from one to another species which was observed in species with different
strategies at the intermediate level of food renewal. Note that the competitive
advantage must shift to the species with lower abundance. Such a pattern of
species coexistence was also observed in several other studies (Utida, 1957;
Ayala, 1969; McCann, 1998; Morin, 1999; Diehl and Feibel, 2000). Thus, two
causes for coexistence of competing species can be outlined: (1) a shift of
competitive advantage from one to another species with different life strategies
and (2) similarity of species strategies.
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One can therefore hypothesize that species similar to the resident species
can invade the community at extreme values of the limiting factor only if it is
a superior-competitor. Species with strategies different from those of resident
species could invade successfully at medium food concentrations. Species with
different strategies more often occur in nature than ecologically similar spe-
cies. Therefore the invasion might be more probably observed at intermediate
levels of food renewal.

Our results clearly contradict other modeling studies (Gilpin and Case,
1976; Case, 1990, 1991), which indicated, that the more number of competi-
tors in the community, the lower the probability of invasion. We explain this
by the fact that the above authors did not take.into account differences be-
tween individuals within the population. If all the individuals are absolutely
identical that excludes the possibility of shift of the competitive advantage
from one species to another. Individual differences and age structure of the
population provides more chances for species to survive under the effects of
limiting factors such as food deficit.

Based on our results, we propose that the level of food renewal deter-
mines the community structure and the number of each species inhabiting it
and also significantly affects the invasion processes. Low diversity should be
expected in oligotrophic (low food levels in our model) and eutrophic
(high food levels in our model) water bodies. Species with high competitive
ability should probably dominate in oligotrophic water bodies, and only
superior competitors (species with lowest equilibrium food concentrations,
K-strategers) had a chance to invade these communities. In our study, that is
species 1. Eutrophic water bodies may be inhabited mostly by species with
high growth rates (r-strategers). Therefore, only invaders which can rapidly
increase their numbers at temporary rises of food concentrations can survive.
In our study, that is species 5, the largest species. Mesotrophic water bodies
(the intermediate food concentrations in our model) might provide conditions
for coexistence and invasion of species with a greater range of strategies re-
sulting in higher biodiversity. However, these conclusions require further
study and experimental support.
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