




was elaborated (Levchenko, 1993). The main principles of its construction were the
same as for the above model but the species populations are abstract here, i.e. here
aren't implied either known biological forms. Moreover, there are only two systems of
licenses: for "animals" and for "plants" (consumer-resource model). Such simple
ecosystem "construction" looks like complicated lichen in some aspects (Odum, 1975).
If the flows of matters constitute closed circulation in this ecosystem then it is living. If
the circulation is disturbed (for example because of some evolutionary variations of
populations) then the ecosystem may collapse and perishes. The experiments have
given the following interesting result: the ecosystem is surviving long time under
evolutionary changes of populations, only if some of the directions of evolution are
prohibited. Otherwise, the populations of parasitic forms arise and they demolish finally
the system because the circulation of matter is being disrupted. One can suppose,
therefore, that the basic populations of existing stable ecosystems are not able to
produce new evolutionary forms under usual conditions (Levchenko, 1993,2004:'
Menshutkin, Levchenko, I 988).

3 Simple Simulation Model of Human Civilization Evolution

3.1 The Description of the Model

Our new simulation model uses similar principles as in the above models but it
concerns the evolution of human populations. The program was written in Visual Basic
language using some ideas from our previous works (Menshutkin, Aschepkova. 1988:
Levchenko, Menshutkin, 1987; Levchenko, Menshutkin, Tsendina, 1988; Menshutkin.
Levchenko, 1988) and new monogrTtph of Vladimir Levchenko (2004). Of course, the
opinions and views of many biologists, who worked in the field of biological and
human evolution, were considered (Capra, 1996; Gore, 1993; Gorshkov, 1994'
Gumilyov, 1990; Maturana, Varela, 1980; Rindo5, 1985; Rosen, 1991; Vernadsky,
1989; Zhenbin, 1987).

In reality every human sub-population (more exactly - ethno-population, see
Levchenko, 2003,2004) is conjoined with some complex of surrounding conditions in
which it can successfully live. Central particularity, which distinguishes the man
evolution from classical biological one, is that the interaction between human-
populations and environment is controlled by human culture (complex of mental and
material means for selÊpreserving of the ethnos - see Levchenko, 2004). Modifications
of these interactions are coordinated with cultural changes, which may occur, for
example, because of cultural transmission (Brody, 2001; Gore, 1993). The "meme
language" (Dawkins, 1976) gives a chance to discuss "cultural mutations" and cultural
transmission: meme (from "memory") is some analog of gene, which was introduced
for description of cultural information.

As in the cases of above models we tried to use such mechanisms and parameters,
which can be explained in the language of evolutionary ecology. Here are some
analogies for mutations (but of memes), migrations of ethno-populations between
licenses, competition interactions of ethno-populations etc. In order to describe cultural
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transmission, additional special parameter was introduced: probability of meme
transmission between different cultures. In biological language such meme exchange
can be interpreted as what is called "horizontal transfer of information" (this
mechanism at genetic level is being discussed by biologists during long time for viruses
and sometimes more developed organisms). Moreover, we used also the parameter of
live time of ethno-populations; this time can't be more than 1000 years by estimation of
prominent Russian historian Lev Gumilyov (1990). We were obligated to use this
evaluation as some fact to simplify the model.

We assigned as meme-mutations in this model the appearance of new discoveries
and technical inventions in human culture. Of course, these are "macro-meme-
mutations" in fact. They can promote survival and development for ethnos-populations.
The nature of human knowledge is such that every new discovery md invention is
possible only after some ensemble of previous discoveries already exists (for example,
many physical laws were found only after energy conservation law was formulated).
Therefore the special oriented graphs of known important discoveries and inventions
were built; the graphs permit only certain variants for the meme-mutations. Obviously,
concrete 'Itineraries" of discoveries for every simulation experiment were different, but
in any case the arithmetic was somewhere at first steps, while nuclear physics - at the
ending. The probability of mutations for any ethno-population grows since its "young
age" to "maturity" and then the probability is being decreased to "old age". Besides, the
probability can be regulated by special parameter, which is named as passionarity
(from "passion"). L.Gr:milyov (1990) proposed this term to explain explosions of
ethno-development: passionarity provokes human activity in creative spheres.

The scientific discoveries can lead to æchnical progress and, thus, to the
intensification of using of srnroundings resources. The model considers the technical
development twice: as additional possibility to development of ethno-pqulation
(growth, expmsion to other regions) and as source of new environmental pollutions
(Gorshkov, 1994)-

Figure 5. "Cell-map" of Earth territories, which was used in the simulation.
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The natural habitats in the model are defined by simplified cell-map of Earth - see
Figure 5. The migration of ethno-population is possible to neighboring cell if it contains
necessary natural resources (different for every concrete ethno-population), and ifit has
not big level of pollutions (the number of ethno-population decreases along spending of
resources and increasing of pollutions). Of course, difficult environments are
considered also, some of them, for example Antarctica, are excluded from this
simulation in order to simpliff the model (Figure 5). Besides, one of the following
conditions has to be satisfied: l) new cell is free, or 2) fitness of migrating population is
more than fitness of population, which is already living in the cell. The probability of
migration can be regulated by special parameter. When a population colonizes some
cell and when native habitants are there eliminated, their useful cultural attainments are
being transmitted to the colonizer population. At last, there are some additional rules,
for example: only when the corresponding means of travel are invented (e.9., ships,
aircrafts) then rnigration to distant cell becomes to be possible.

Informational exchange between different ethno-populations can be also regulated:
not all discoveries can be transmitted right away after their beginnings. There is some
probability for that. This exchange can promote the increasing of survival. Before
elaboration of radio and Internet the informational exchange was allowed only for
neighboring cells.

3.2 Some Preliminary Results and Discussion

The experiments with the model are not finished and general construction of
computer program as well as some its tiagments are still being modified. Therefore,
only some simple results are presented below.

The Figur,, 6 and 7 gives the picfures of development of human civilization for
different parameters of the model. The frrst one illustrates the case of o'calm" changes,
when passionarity, probability of migrations and informational exchange have such
values to get the image, which looks like known from human history until the middle of
XX century. One can see that settlement of new regions is going quite slow (about 3000
years), resources are being spent not too fàst and therefore the environmental conditions
are not disturbed along almost all simulated period.

The Figure 7 gives the image of fast changes because of passionarity and probability
of migrations are large. This leads not only to acceleration of scientific and technical
development during some epochs but also to resources depletion and essential
worsening of environment. One of consequences of that is the following: evident
oscillations of the population number are taking place along evolution. Self-restoration
of environment is one of reasons of the oscillations; the process look like the situation
of so called "punctuated equilibria" (Eldredge, Gould, 1972; ZhenkJ:rin, 1987).
Increasing in the nurnber happens either after occupation of new territories or after
using of important technical inventions (for example, of nuclear energy on the last steps
of the simulation). It is interesting that large oscillations of number and of ethno-
diversity hamper scientific and technical development, so this suggests an idea to some
optimal rapidity of variations of environment and features of human sub-populations.
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Figure 6. The evolution of human civilization under conditions of slow scientific and
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cells with habitants, 3 - ethno-diversity, 4 - the quantity of scientific discoveries
(scientific "macro-memes"), 5 - the quantity of technical inventions (technical "masro-
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It is important to note that any results of the simulation have probabilistic nature
because generator of random numbers is used, in particular in order to simulate
mutations. This means (as well as in the case of simulation of biological evolution - see
part 2) that it is necessary to make many program launchings to get reliable
conclusions. Every realization gives own "human history" including final human
population number. In the Figure 8 one can see these numbers for different realizations
and for several sets of parameters. All diagrams demonstrate bimodal character what
resembles the behavior of complicated systems with bifurcations and probably with
anticipatory properties (Nikolis, Prigogin, I 977).

It is interesting also that the people migrations in every realization are geographically
different and we can see along simulated evolution some transient structures of "states"
and "nations". This looks like "diffrrsive chaos" (Dubois, 1998) after some fypes of
bifurcations happened. Although any single realization can't help to describe or predict
concrete ways of human history, nevertheless it is possible to formulate some general
regularities of the human development.

Firstly obviously, that intensive way of the civilization development leads usually to
fast exhaustion of planetary resources and as result to the decrease of the human
population number, not to mention destruction of environment. Although the social
phenomena was not simulated here but not difficult to arrive at a conclusion that so
called I'technocratic" paradigm, which implies self-regulation of deveiopment, isn't
satisfactory when we begin to take into consideration the interests of concrete people
and living nature. Humanity needs seemingly another paradigm of development when
just man controls technology but not conversely.

Figure 8. Final human population numbers in different cases of the simulated
conditions. Every diagram gives set of results which were obtained for several
realizations with identical initial parameters: A - fast evolutionary changes. B -
technical development is restricted, C - migrations are restricted, D - technical
development and migrations are restricted.

Secondly, one can see that some outputs of last simulation model look like results fbr
biological evolution but with corresponding corrections of terminology. For examplc,
the ethno-diversify as well as biodiversity is important factors of survival along
evolution. In other words, some known regularities of biological evolution, including
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given at the end of part 2.2, which are based on the gene mutations, can be translated
into the language for the case of evolution on the basis of the meme mutations. May be,
we meet here with some general rules of evolution - this is quite natural inference
(Levchenko, 2004; Menshutkin, 1995; Menshutkin, Natochin, Chemigovskaya,1992).
Then, if to understand the perfection of rules of behavior as one of the outcomes of
cognition, not diffrcult to see that evolution on the basis of genetic changes is "pre-
intelligent" way of that. Of course, more late mechanisms of informational exchange by
means of memes give new substantial possibilities for cognitive activiry.

One more of common conclusions, which can be also gotten from outcomes of above
simulations, concerns important role of evolutionary restrictions, including cultural
ones. If they define such directions of evolution when "symbiotic" interrelations of
human sub-populations and environment are maintained, then the evolution is going
along "calm" way. But if the restrictions are absent or insufftcient then we come to
situation, which looks like the ecosystem collapse (part 2.3). On the other hand, strong
restrictions are hampering evolutionary process and, thus, reduce adaptive possibilities
what isn't good in evolutionary context. All this suggests an idea to some optimal sets
of parameters (e.g. level of above restrictions, probability of migrations and cultural
mutations) have to exist to provide maximal rapidity of scientific and technical
progress. At that, the same rapidity can be provided by different sets of parameters i.e.
in the framework of different cultures.

Very intense informational exchange, which we can see on the last steps of the human
history (when radio and Intemet have arisen), catalyzes processes of ganerating of new
memes. In particular, the exchange promotes discussions about future of humanity and,
thus, contributes to creation of new paradigms of human development. The control of
own future implies anrticipatory activity, so one can suppose that acceleration of
informational exchange lads to the appearance of new form of life organization on the
plmet.

4 Conclusions

Our experience demonstrates that the "computer game" method can be unique
instrument for evolutionary investigations especially if to take into consideration that
we are not able to observe real evolution in living matter. The experiments allow us to
understand better some important factors, which can influence the development of life
in the planet. Among them there are, for exænple, soft competition, descendant re-
immigration, some evolutionary restrictions and other factors, which were discussed in
the article. The development of computer technologies gives surely new possibility for
this lield of evolutionanr studies.
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