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GAUSE'S PRINCIPLE AGAINST DENNIS MEADOW’S FINDINGS

The work shows that the Gause’s principle of competitive population displacement can be violated, thus confirming
the existence of competition with balancing. Competition with balancing can be analogous to the principle of
sustainable development announced in the ideas of Jay Wright Forrester, Dennis L. Meadows and Jorgen Randers
on global environmental systems. It is likely that competition with balancing cannot exist for a long time without
external management.
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Analysis of the forefront. For the first time, a systemic factor limiting population growth was described by
Belgian mathematician Pierre Frangois Verhulst [2]. Unlike the Malthusian model, it showed the impact of
competition for resources, which limits population size.

The next stage in the development of environmental modeling science is to take into account the interactions and
interactions of populations. The model of Vito Volterra and Alfred James Lotka (1925) [3, 4] is a mathematical
description of Charles Robert Darwin’s principle of the struggle for the existence [5].

Further steps of generalization can be considered of model of A.N. Kolmogorov (1935, revised in 1972), where
the interaction of a generalized system of predator-prey is considered [6], models of A.D. Bazykin [7], MacArthur [8]
and others.

An example of the development environmental modeling development ideas and their globalization are the
models of global growth of Jay Wright Forrester "World 1", "World 2", which reflected the trends and
interconnections of the 5 major variables: population, capital, resources, pollution environment, food production.
Forrester models predicted a general systemic collapse of humanity due to resource depletion around 2050. While
developing Forrester's ideas, his student, Denis Meadows, created the "World 3" model and Eugene Randes — the
"World 4". These works became the basis of the so-called theory of sustainable development [9 — 11].

The purpose of the article. Global ideas for sustainable development and a stable future can be transferred to
simpler systems, for example, models of two species. Thus, by analogy, here is a chance of showing the possibility
of competing populations in metastable conditions by simple examples, such as the Lotka and Volterra models.

The main material. The mathematical model applicable to the described case can be obtained by modifying the
Tray and Volterra dependencies for the case of species competition in the following form:

v=ax+b, xy—cx
{ 1 XY — ¢ )

u=a,y+b, yx—c,y

where: v, u — is the rate of change in the number of individuals of the first and second populations, respectively; x, y
is the number of individuals of the first and second populations; a1, a> — relative quantitative growth of the first and
second populations, respectively, per unit time (relative "fertility" per unit time); b1, b2 is the coefficient
characterizing the interaction of the first population on the second and second populations on the first per unit of time
(for the predator-prey model, the probability that an individual of one population will eat the individual of another
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population); ci, ¢2 — relative quantitative reduction of the first and second populations, respectively, per unit time
(relative "mortality" per unit time under normal conditions).
Initial conditions:

t=0, x(0)=x, »0)=y, )

In competition, populations have a negative impact on each other, ie, b12 <0 and b>; <0. Competition is illustrated
by the examples, which are calculated under the initial conditions of Table 1.

Table 1 — Background to model of relationships in competition
ai as bin ba1 C1 C) X0 o

0.01 | 0.01 | 0.0001 | 0.0001 | 0.0001 | 0.0001 450 500

In this case, the conditions of existence of both populations are exactly the same except for the 10% difference
in the initial number of individuals.

However, as can be seen in Fig. 1, this is proved to be the deciding factor. If the extinction of the first population
occurs systematically throughout the observation period, then for the second population the extinction ends at the
level of 220 individuals (44% of individuals retained) at the boundary of the 90th generation, and then its growth
begins.

The fact of the complete extinction of one population and the survival of the other, in this case, confirms Gause's
principle: two species cannot coexist if they depend on the same limited environment.

The Gause’s principle also takes place with a very small, difference in the impact coefficients (for a clarity of
200 generations, a difference of 5% is established). Fig. 2 shows the simulation results provided xo = yo = 500 and b1»
=-0/000105 (other parameters are unchanged and the same in both populations).
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Fig. 1. The effect of the Gause’s principle on different initial numbers of individuals in competing
populations (xo < yo, b12 = b21 <0)

Very similar to the one shown in Fig. 1 or Fig. 2 the picture can be observed also in the slight uneven conditions
of birth or mortality of individuals in populations.
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Thus, any minor advantages in the competition of two populations over time will inevitably lead to the extinction

of one of them.
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Fig. 2. Representation of Gauze’s principle with different coefficients of influence in competing
populations (xo = yo, b12 < b21 <0)
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Fig. 3. Competition with balancing
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However, Gause's principle can be violated. For example, equalizing a person's population from one population
to another may change the birth rate and mortality ratio. Fig. 3 illustrates a situation where an increase in the mortality
of one population is balanced by a decrease in the birth rate of another.

Values of Table 1, were accepted for modeling, however, given different conditions for populations, were given
(c1=10.009; a, =0.001).

As we can see, such balanced competition leads to the gradual extinction of both populations. Therefore, if this
process is uniform, it will take a very long time, slowing down until the resource base matches the size of both
populations.

However, such a stable environment does not exist in nature, and, as we have seen from previous calculations,
any fluctuation in the conditions of population coexistence will immediately trigger Gauze's principle.

Conclusions. It is confirmed that a competitive balancing situation is possible. However, it is situationally limited
in time. Providing monitoring and control, the balancing mode can be extended over time. Thus, balancing is
analogous to stability in Dennis Meadow’s conclusions about global systems.

Prospects for further research. Natural competition is not limited to the coexistence of two population systems.
Therefore, studies of the impact of increasing population numbers due to a common resource base on the dynamics
of changes in the number of individuals, methods and consequences of balance management are of interest.
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Hlaéniu O. B., Cioopos /1. E., I'vpvesa JI. H., I'nywgenxo M. O.
OPUHIUII TAY3E ITIPOTU BUCHOBKIB JEHUCA MEJJIOY3A

L. Doppecmep npozro3yean 3a2anbHull CUCIEMHUL KOAANC NONYAAYIL HA NPUKAOI 2100aTbHOT MO0 iCHY8aAHHS
nmodcmea. B anomepnamusy, enobanvui ioei’ Jenuca Medoysa ma Hoeena Pandeca wodo cmanozo po3eumxy ma
CcmabinbHo20 MAubYmHb020 MOJCYMb Oymu nepeHeceHi HaA OilbWl NPOCMI CUCMEMU, HANPUKIAO, MOOei
cnigicHyeanus 080X 6u0ie. Taxum YUHOM, 34 AHANIOZIEI0, MONCHA NOKA3ZAMU MOMCIUBICIb ICHY8AHHSA KOHKYDYIOUUX
nonyayiu y MemacmaoiibHux yMosax Ha npocmux npukiaoax, Ha kuimaam mooeni Jlomxu ma Boromeppu.

s npunyuny I'ayze 6i00y6acmvcsi i 3a YMOBU GeIbMU HE3HAUHOL, MOJICIUBO Y YACMKU 8I0COMKIB, PIZHUYL Y YMOBAX
icnyeanns nonynayiu (koepiyienmax enaugy). Taxum uunom, 6y0b-Ki 6elbMu HE3HAUHI nepedac y KOHKYPEHMHIl
60pomvbOi 080X NONYIAYIL 3 YACOM HEMUHYYE NPU3BOOAMb 00 BUMUPAHHS OOHIET 3 HUX.
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Ilpome, nokaszano, wo npunyun I aysze moxciueo nopywumu. Hanpuxnao, supieniosannsa Kintekocmi ocoou oOHiei
NONYAAYIL 00 PIGHS THULOT MOJICTUBO BIICE MINbKU 30 YMOBU 3MIHU CNIBBIOHOWEHHSA (PAKMOPI6 HAPOONCYBAHOCII |
cMepmHocmi.

3banancosana KoHKYpeHyin npuszgooums 00 NOCMYN08020 BUMUpants 000x nonyrayit. Omoice, AKWO yel npoyec
pisHomipuuil, mo 6in Oyoe 6iobysamucs 0yce 00820, CHOBLILHIOIOUUCL Y YACi, 0ONOKU pecypcHa baza He 0yoe
8i0nosidamu YuceibHoCmi 000X NonyasAYiu.

Ilpome, maxux cmanux ymoe KOHKYPY8aHHs y Npupooi ne Oysac i 06yO0v-sika Quykmyayis yMO8 CRnigicHy8aHH:A
HONYAAYIU MUMMEBO 3anyckae y dito 3axon I ayse.

ITiomeepodiceno, wo ModCIUBA CUmMyayisi KOHKYpeHyii 3 6a1ancy8aHHiIM, Xo4 60HA CUMYAMUBHO | 0OMedceHa y 4aci.
Peotcum banancysanns moosice 6ymu no008I’CEHO Y YACI 3 YMOBU MOHIMOPUHSY MA KePYBAHHS YMOBAMU CRIBICHY 8ANHS
nonyaayiu. Taxum yunom, 6aIaHCY8aHHA € aHAI020M cmabinbHocmi y suctoskax [enuca Medoysa uooo enobanbHux
cucmem.

Knrouoei cnosa: npunyun I'ayse, nonyisyis, KOHKypeHyis, ekoro2iuna cucmemd, 6aiancy8ants, CManull po3gumox.
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