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1. Introduction: Do biological evolution and civilization progress have a 
direction? 

Within the last two centuries of rapid scientific and technological progress a 
certain set of views emerged on the relationship between Homo sapiens and the 
biosphere. The accumulated data on biological fossils testified that in the course 
of the biological evolution the morphology and behavior of species get more 
and more complex and sophisticated. Owing to the scientific and technological 
progress humans have colonized practically all land having displaced other 
species from their natural ranges. Consequently, Homo sapiens is considered the 
winner of the evolutionary process. It is not considered as a big threat for our 
global civilization if most natural species of the biosphere are now eradicated 
and replaced by artificial sorts of plants and animal breeds that sustain human 
lives. The scientific and technological progress is considered by analogy with 
evolution as a process during which the human society gets progressively more 
complex and organized. This ever-increasing complexity is thought to demand 
increasing energy consumption in the view of the appreciation that with a 
diminishing flow of external energy all systems tend to a state of 
thermodynamic chaos. Development of science and technology in all possible 
forms is perceived as the humanity�s ultimate goal. 

 This spontaneous development continues even if there is no possibility to 
evaluate its consequences. There are efforts to make this development 
sustainable: for example, to ensure that the economic growth is not undermined 
by either political or ecological crises. However, unlike the sustainable 
development of an embryo that transforms into an adult governed by the genetic 
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program of its species, the scientific and technological progress as well as the 
economic development does not have a program. Sustained movement of the 
global civilization in an unpredictable direction can lead to a global catastrophe. 
To exclude unfavorable scenarios it is needed to elaborate a scientific theory 
that would be able to predict the future of the civilization based on the known 
laws of nature and the scientific evidence about the human society and the 
biosphere. In this article we make an attempt to advance in this direction. 

 

2. Informational precipice between the biosphere and civilization 

The Sun sends to the Earth ordered energy in the form of short-wave photons. 
On Earth this energy transforms into the chaotic energy of thermal photons that 
are emitted back to space. Photon�s energy is proportional to kT, where k = 
1.4×10−23 J K−1 is Boltzmann constant, T is the absolute temperature of 
radiation. The energy of solar and thermal photons is determined by 
temperatures of the Sun and the Earth, respectively, TS ~ 6000 K and TE ~ 300 
K. The energy of solar photon as it dissipates into thermal photons is conserved. 
Hence, we have kTS = n kTE and n ≈ 20: each solar photon decays on Earth into 
about twenty thermal photons. This decay can go through different channels. 
The unbounded diversity of possible decay channels maintains all ordered 
processes on Earth, both in animate and inanimate nature. If the Sun were 
sending to the Earth the same flux of energy but in the form of thermal photons 
that are emitted by the Earth, the temperature of the Earth�s surface could be 
about the same as it is now. But the decay of these thermal photons would be 
impossible. All the decay channels were closed. The Earth would remain warm, 
but no ordered processes would occur on its surface. Life could not exist. 

The main difference between life and inanimate nature pertains to the fact 
that life uses decay channels that are by many orders of magnitude more 
complex than in the non-living world. Orderliness of biological systems is 
characterized by molecular (not macroscopic as in the inanimate nature) 
�memory cells� or degrees of freedom. Per each square micron of the Earth�s 
surface there are several independently functioning living cells � plankton in the 
ocean, plants, bacteria and fungi on land. These cells react to local changes of 
their environment in a non-random way. They exchange energy, matter and 
information with the environment as prescribed by their genetic program coded 
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in the DNA molecules. The rate of information exchange between living cells 
and their environment can be estimated from the known rate of their energy 
consumption. Absorption of one solar photon by a plant cell changes the state of 
about twenty molecular memory cells within the cell as the solar photon decays 
into thermal photons. Assuming that one molecule corresponds to one memory 
cell with two possible states � excited (after absorption of energy of the order of 
kTE) and non-excited (after release of this energy) � we obtain that one act of 
excitation and relaxation corresponds to a flux of information of one bit per act. 
With the global mean efficiency of photosynthesis of about ε = 0.5%, global 
mean flux of solar energy absorbed by the planetary surface of about F = 170 
W m−2, total global flux I of information processed by living cells on the Earth�s 
surface of area SE = 5×1014 m2 is estimated as I = εFSE/(kTE) = 1035 bit s−1. 

There is virtually a precipice between the information processing 
capacities of the biosphere and our civilization. It pertains total fluxes of 
information as well as the energy efficiency of information processing. If all 
people on Earth had a modern PC that runs about 1011 operations per second, 
total flux of information processing by the humanity would not exceed 1021 
operations per second, which is 14 orders of magnitude less than in the 
biosphere. Real rates of information processing in our civilization are much 
lower. For example, GOOGLE search processes data at rate of about 1013 bit 
s−1, i.e. by 22 orders of magnitude slower than the biosphere1. Modern 
supercomputers are able to perform about 1016 operations per second, occupy an 
area of about 102 m2 and consume power of about 107 W. Their energy 
expenditure per operation � about 10−9 J per operation � is twelve orders of 
magnitude larger than in the biosphere (kTE ≈ 4×10−21 J). If the entire Earth�s 
surface had been covered with such supercomputers their total flux of 
information processing would have been 5×1028 bit s−1. This is two million 
times less than in the biosphere. Meanwhile the energy consumption rate of 
such a global computer network would have been five hundred times larger than 
the flux of solar energy at the surface, a hundred thousand (105) times larger 
than the energy consumption of the biosphere and one million times larger than 
the energy consumption of modern civilization. 

                                                           
1 Dean J., Ghemawat S. (2008) MapReduce: Simplified data processing on large clusters. Communications of 
the ACM, 51(1), 107-113, doi: 10.1145/1327452.1327492 
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 To make use of the huge diversity of possible decay channels for solar 
photons life must have been minimized energy losses within each channel. The 
energy efficiency achieved by life is unprecedented. An egg transforms to a 
chicken without any external energy consumption. Internal energy losses (heat 
dissipation) during embryonic development in some reptilian and insects do not 
exceed 10% of the initial energy store of the egg2. The egg-to-chicken 
transformation represents an irreversible process of decay that is characterized 
by a diversity of channels that is unimaginable in the civilization. Living and 
non-living nature consume not energy but the information of the Sun. Living 
matter uses this information with maximum efficiency. 

 

3. Biotic regulation of the environment 

Thus, we can view the biosphere as a global distributed network of microscopic 
computers. Total number of such simultaneously working computers (living 
cells) in the biosphere is in the order of 1030. From the same perspective life can 
be viewed as a unique self-sustainable algorithm that operates on Earth 
governed by the genetic programs of the living cells. Copying (reproduction) of 
living objects is the simplest module of this algorithm. Indeed, copying is 
common to many simple processes in the inanimate nature � for example, to 
chain reactions. What is unique about life is that this algorithm by which the 
living organisms re-create themselves has never aborted during the nearly four 
billion years of life existence. This means that the genetic program of life 
comprises information about how to maintain conditions suitable for life itself. 
It is the complexity of this program that determines the outstanding complexity 
of all living objects compared to non-living ones. 

Biosphere and life as a whole can only exist in a narrow interval of 
external conditions. These conditions need to be continuously maintained 
because the suitable for life environment is physically unstable. Biota (the 
totality of natural living organisms) uses the huge information fluxes to control 

                                                           
2 Makarieva A.M., Gorshkov V.G., Li B.-L. (2004) Ontogenetic growth: models and theory. Ecological 
Modelling, 176, 15-26. 
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the environment and stabilize it in an optimal for life state. Below we briefly 
discuss several key aspects of the biotic regulation of the environment3. 

For the biota to function, stores of organic as well as inorganic carbon 
must be present in the environment. These stores in the modern biosphere are of 
the order of 103 GtC (1 Gt = 109 t). For example, atmospheric carbon dioxide, 
which is necessary for the photosynthesis, contains 700 GtC. The biotically 
active stores of organic carbon in soil, wood and ocean are of the same order of 
magnitude. The biota recycles carbon at a mean global rate of about 102 
GtC/year. If the fluxes of synthesis and decomposition of organic carbon by the 
biota had not been strictly correlated with each other (as they are not correlated, 
for example, in our civilization), the stores of carbon in either organic or 
inorganic reservoirs would have been depleted just in several decades. To 
stabilize the reservoirs of all life-important elements is only possible if the 
organisms that synthesize and decompose organic matter interact with each 
other in a non-random, coordinated manner such that in the course of this 
interaction all deviations of the environment from an optimal state are 
compensated. In this manner the biota prevented a catastrophic accumulation in 
the atmosphere of excessive carbon dioxide that is continuously emitted into the 
atmosphere due to the processes in the Earth�s core. In the absence of life the 
amount of atmospheric CO2 owing to filtration from the Earth�s core would 
have been doubling every hundred thousand years and increased by a hundred 
thousand of times in a billion years. This never happened, because the biota 
deposited the excessive carbon in sediments in the form of organic carbon and 
carbonates (shells). We also note that the coincidence, by the order of 
magnitude, of the amounts of atmospheric oxygen (105 Gt O2) and biotically 
inactive organic carbon in sediments testify to the biogenic origin of the 
atmospheric oxygen, as oxygen is emitted into the atmosphere when the organic 
carbon is photosynthesized. 

Photosynthesis is the energetic basis of modern life. For it to be possible, 
temperature of the Earth�s surface should be compatible with the liquid phase of 
water, i.e., it must be higher than 0 °C. On the other hand, it cannot exceed or 
approach ~60 °C, which is the limit when cell structures start to disintegrate. 
                                                           
3 Gorshkov V.G. (1995) Physical and biological bases of life stability. Man, Biota, Environment. Springer, 
Berlin. 
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Meanwhile for the Earth�s surface, two thirds of which are covered by the 
ocean, two physically stable states are a completely glaciated Earth with surface 
temperature of about −100 °C and an Earth with its oceans evaporated and 
surface temperature about +400 °C. In the absence of stabilizing biotic impacts 
a random climate state that occasionally happens to be suitable for life would 
undergo transitions to any of the two stable states in time periods of the order of 
thousand years. Biotic regulation of the environment has ensured biotic stability 
of the environment with a global mean temperature in the vicinity of 15 °C over 
the entire period of life existence4. 

Despite occupying over two thirds of the Earth�s surface, global 
biological productivity of the ocean is smaller than productivity of forests and 
swamps on land. Since the forest cover formed on land about three hundred 
million years ago land biota has been playing a major role in the regulation of 
the global environment and climate. Evolution of tree plants made it possible 
for the biotic pump of atmospheric moisture5 to operate on land, which enabled 
life to colonize all land. Moisture evaporated from the ocean surface can 
penetrate to the continental interior only in the presence of an extensive forest 
cover. Forest cover absent, land can turn into a lifeless desert on a time scale of 
a few decades.  Thus, as the genetic program of biotic regulation changes in the 
course of biological evolution, the environment can undergo radical changes as 
well remaining at the same time within the life-compatible interval under 
control of evolving life at all times. 

Besides the program of biotic regulation, the genetic information of life 
must also comprise a program preventing its own decay (erosion). All living 
objects form populations. Individuals of a given biological species are all 
similar to each other, which is why they can be assigned to a particular species. 
Within each population individuals compete with each other. This competitive 
interaction reveals individuals with eroded genetic programs whose behavior 

                                                                                                                                                                                     
Gorshkov V.G., Gorshkov V.V., Makarieva A.M. (2000) Biotic regulation of the environment: Key issue of 
global change. Springer-Praxis, London. 
4 Makarieva A.M., Gorshkov V.G. (2001) The greenhouse effect and the stability of the global mean surface 
temperature. Doklady Earth Sciences, 377, 210-214. 
Gorshkov V.G., Makarieva A.M. (2002) Greenhouse effect dependence on atmospheric concentrations of 
greenhouse substances and the nature of climate stability on Earth. Atmospheric Chemistry and Physics 
Discussions, 2, 289-337. 
5 Gorshkov V.G., Makarieva A.M. (2007) Biotic pump of atmospheric moisture as driver of the hydrological 
cycle on land. HESS, 11, 1013-1033. 
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and morphology deviate from the species� norm. Such individuals are forced out 
from the population in one way or another, while copies of individuals with 
normal genetic program fill the vacancies. This mechanism prevents loss of the 
genetic information of life. It is unique to life and has no analogues in the 
inanimate nature6. 

 

4. Information losses during evolution of large animals 

Animals interact with their environment via cells of their body surface. With 
increasing body mass the relative number of such surface cells diminishes 
inversely proportionally to the linear size of the animal: (S/s)/(V/v)=l/L, where 
S/s is the number of cells with surface area s = l2 on the body surface of area S = 
L2. Here l and L are, respectively, linear sizes of an average cell and the animal, 
V/v is the total number of cells of cellular volume v = l3 in animal body of V = 
L3. 

In particular, for large animals with l ~ 50 µm and L ~ 0.5 m, the share of 
surface cells is just one ten thousandth (10−4). Information flux in the animal 
body is proportional to total energy consumption of the animal. The larger the 
animal, the smaller share of its energetic and information flux it can spend to 
participate in the biotic regulation of the external environment, on which the 
animal depends. Large animals use the available fluxes of energy and 
information almost exclusively to maintain the orderliness of their internal 
milieu rather than external environment. (Note that in trees only the surface 
cells of leaves, roots and cambium are active, while the bulk of wood is, unlike 
animal bodies, biologically inert and does not consume either energy or 
information.) 

Living matter is characterized by a universal rate of energy consumption 
per unit volume7. Thus the total energy consumption of organisms grows 
proportionally to the cube of the linear body size, while energy consumption per 
unit area of the ground surface occupied by the organism grows directly 

                                                           
6 Gorshkov V.G., Makar'eva A.M. (2001) On the possibility of physical self-organization of biological and 
ecological systems. Doklady Biological Sciences, 378, 258-261. 
7 Makarieva A.M., Gorshkov V.G., Li B.-L., Chown S.L., Reich P.B., Gavrilov V.M. (2008) Mean mass-
specific metabolic rates are strikingly similar across life's major domains: Evidence for life's metabolic 
optimum. Proceedings of the National Academy of Sciences U.S.A., 105, 16994-16999. 
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proportionally to the linear body size. Per unit area of the ground surface large 
animals consume an energy flux that is several orders of magnitude higher than 
the solar energy flux consumed by life. For example, a human body with a 
metabolic power of 150 W and area of the body projection of about 0.5 m2 
consumes about 300 W/m2, which is three thousand times larger than the global 
mean power of photosynthesis 0.1 W/m2. 

To summarize, an increase in animal body size leads, first, to a higher 
dependence of the animal on the environment owing to rising energy 
consumption per unit body surface area. Second, it leads to a decrease of the 
share of consumed energy flux that the animal spends on the maintenance of the 
external environment on which the animal is increasingly dependent. In other 
words, during evolution of large animals the genetic information about their 
interaction with the environment was continuously being lost. This process can 
be compared to reduction of various organs in parasitic species � for example, 
some parasitic worms lost their digestive system (and the corresponding genetic 
information from their genome) exploiting instead the internal milieu of their 
hosts. By analogy, large animals can be viewed as parasitizing on the 
environment maintained for them by the rest of the species of the biosphere. 

 

5. Why do large animals exist? 

Having lost a major part of the original information about environmental 
regulation the large animals nevertheless enjoy a nearly ubiquitous presence in 
the biosphere. This suggests that the regulating part of the biota for some reason 
keep them in existence, and that they do play a certain role in biotic regulation. 
Surprisingly, this role is related to the ability of large animals to destroy 
biomass, at the expense of which they exist8. 

Physical destruction of biomass of the regulatory part of the biota is a rare 
event. It may happen in the result of rare physical catastrophes like volcano 
eruptions, hurricanes, tornadoes, windfalls, and fires. The regulatory part of the 
biota has a program of self-recovery after such physical disturbances. This 
recovery is performed by professional �species-repairers� whose population 

                                                           
8 Makarieva A.M., Gorshkov V.G. (2013) Energetics of locomotion in animate and inanimate nature. Energy: 
Economics, Technology, Ecology, 6(2013), 46-52. 
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densities under normal undisturbed conditions are low. In the boreal zone 
conifers predominantly belong to the regulatory part of the biota, while species-
repairers are represented by deciduous trees like birch, aspen, alder and various 
herbs and shrubs. After disturbances these species restore the environment to a 
state optimal for the regulatory biota. They thus work to their own disadvantage, 
as they change the environment in a direction that is unfavorable for them. For 
this reason, when the optimal environment is restored, population densities of 
species-repairers radically decline. But these species must not disappear 
altogether! Otherwise there would be nobody to restore the environment after 
infrequent but catastrophic physical disturbances. 

Physical disturbances arise infrequently and unpredictably. Long periods 
of time can pass without such disturbances affecting a given region. During 
such periods population densities of species-repairers could drop below a 
certain critical threshold, when the intensity of competitive interaction weakens 
and the genetic information of the species deteriorates. Large animals help 
prevent such a scenario as they destroy the regulatory part of the biota in a more 
regular way independent of physical processes. Introducing disturbances to the 
vegetation cover large animals create favorable conditions for the existence of 
plants-repairers. Such plants increase their population densities in areas of such 
disturbances (e.g., animal-made lawns, paths etc.). Similar to other large 
animals, Homo sapiens is genetically programmed to destroy the regulatory part 
of the biota. Our optimal environment is represented by areas inhabited by 
plants-repairers along riverbanks, lakes and seashores that closely border with 
undisturbed regulatory biota (the so-called �climax� or �primary� forest). 

For biotic regulation of the environment to be stable, an important 
condition is that population densities of such species-destroyers (large animals) 
does not rise above a certain safety threshold. The regulatory part of the biota 
(trees, bacteria, fungi, insects) is organized in such a manner that the share of 
energy consumption available to large animals is strictly limited. In stable 
ecosystems the share of ecosystem primary productivity consumed by all larger 
animals combined (from mice to elephants) does not exceed 1% and rapidly 
declines with increasing body size of the animal, Fig. 1. Modern humans have 
exceeded this cumulative  threshold by about an order of magnitude: with an 
account of wood consumption, cattle fodder and food for people, our 
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civilization consumes about 10% of global net primary productivity of the 
biosphere. 

 

Fig. 1. Distribution of consumption 
of plant production in stable 
ecosystems. Unicellular organisms 
have controlled energy 
consumption at all times from the 
very beginning of life: in the 
modern biosphere over 90% of 
plant production is consumed by 
the smallest organisms (bacteria 
and fungi). Arthropods, the smallest 
mobile animals, consume about 
10% of primary productivity. 
Ecological function of insects is 
similar to that of immune system: 
invasions of locusts, bark beetles 
etc. destroy defective plant 
communities. Insects are also 
important as pollinators. Dark pink 
diagram shows consumption of 
forest herbivores (mammals and 
birds) in the boreal zone9. 

 

6. Principle difference between animals and man 

Cellular processes in all living organisms proceed according to the genetic 
program encoded in DNA macromolecules. All plants, bacteria and fungi this is 
the only source of information to govern organism functioning. Plants, bacteria 
and fungi lack head and brain. 

Locomotive animals cannot live on the basis of their genetic DNA 
program alone. Locomotion necessitates acquisition of additional information 
about new places visited by the animal. This information accumulates in brain 
and is stored as memory. Animal behavior is governed by the genetically 
encoded positive and negative emotions that ensure animal�s life in its natural 

                                                           
9 Makarieva A.M., Gorshkov V.G., Li B.-L. (2004) Body size, energy consumption and allometric scaling: a 
new dimension in the diversity-stability debate. Ecological Complexity, 1, 139-175. 
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environment. The animal tends to perform actions associated with positive 
emotions (sex, feeding) and escape actions entailing negative emotions (angst, 
pain). However, environmental factors that bring about these genetically 
encoded emotions can vary during the animal lifespan and be different for 
different generations in a population. This underlies the phenomenon of 
volition: the animal can undertake immediate actions associated with negative 
emotions (�to overcome itself�) in order to experience positive emotions later. 
Information about factors that can bring about such delayed positive emotions is 
stored in the animal memory. This effect is used in animal training. 

In animal species the genetic information of the DNA is transmitted to the 
next generation, while the information of memory accumulated during animal 
lifespan is lost with the death of the animal. This one-generation cycle of 
information accumulation and erosion contributes to the stable existence of 
species in their environment. The genetic information of DNA macromolecules 
has been tested on many generations of animals: it guides how the animal 
interacts with its environment in a sustainable manner and can remain 
practically constant during the entire period of species existence of the order of 
several million years. Meanwhile information accumulated in the memory 
inevitably contains some false elements that can prove useless or detrimental to 
the next generations. Thus memory must vanish with the death of the animal. 

Homo sapiens is the only animal species who has violated this rule. 
Memory information that accumulates during life of one individual is shared 
with and assimilated by the next generations. This additional information of 
memory with trans-generational transmittance comprises the human culture. 
Cultural information, like individual memory, contains false and detrimental 
elements, but also useful elements enhancing population stability at least on a 
certain time scale. Some of these useful elements take the form of mystic and 
religious rules and social dogmas governing people behavior.  

False and detrimental cultural information could often make whole 
populations perish. Those cultural elements propagated that contributed to or 
were compatible with social stability over a larger number of generations. But 
the continuously accumulating cultural knowledge facilitated anthropogenic 
transformation of the environment. In the result, those cultural rules that used to 
stabilize the society in the past, became destructive and threatening the 
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existence of the society in the new, changed environment. The variable cultural 
information is thus inherently in conflict with the invariable genetic information 
that determines the strategy of the human behavior. 

Accumulation of cultural knowledge became possible owing to the 
genetically programmed highly organized and complex social behavior of 
Homo sapiens. Many large animals form social structures comprising from a 
few to several hundred individuals. Within a social structure all individuals 
continuously interact with each other. In the course of competitive interaction 
the social status of all individuals is determined. Individuals with a lower than 
average competitive capacity get a low social rank but remain within the social 
structure and are not eliminated unless their competitive capacity drops below a 
certain threshold. Such hierarchic social structures represent a peculiar form of 
correlation between individuals that can be compared to correlation of cells 
within a multicellular body. Information about the internal correlation of the 
social structure is contained in the genetic program of the species. It is 
maintained by competitive interaction between different social structures, with 
defective structures eliminated from the population of such structures. 

Natural social structures of Homo sapiens contained from several tens to 
two-three hundred individuals. Competitive interaction of individuals within a 
social structure determined their social rank and the social significance. One of 
the most important parameters of a normal social structure is the optimal 
number of its members, which should not be higher or lower than, respectively, 
the maximum and minimum limits encoded in the genetic program of the 
species. Maintenance of the optimal number of members within a social 
structure was ensured by competitive interaction of neighboring social 
structures of humans. Under natural environmental conditions social structures 
that did not conform to the optimality criteria did not persist. However, this 
competition between social structures did not include military actions with 
massive homicides. It is in such regime that Homo species had likely existed for 
many hundred thousand years. Only a tiny part of the global human population 
had until very recently preserved this natural lifestyle: some tribes in Papua 
New Guinea; in the headwaters of the Amazon, in Central America to the north 
of Panama. In Africa probably only the pygmies in the Congo river basin 
continued to enjoy this lifestyle. These human populations consisting of natural 
social structures did not develop technological and scientific progress, nor did 
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they base their existence on economic growth: there was no need for these 
phenomena in the natural environment optimal for our species. 

Military conflicts and terrorist attacks unnatural for the species appeared 
when the maximum possible number of the natural human social structure was 
exceeded in human populations outside their natural environment. Under such 
conditions the minimal threshold of competitive capacity is lowered down to the 
viability threshold: all viable individuals remain within the population. Human 
sociality is most developed in the animal world owing to the high organization 
of human brain, which is for this reason prone to disintegration. In the 
developed world mental disorders is the leading cause of disability10. 

In the modern world social structures of humans took the form of 
countries. Their competitive capacity is determined by military power that is 
proportional to total population number. (Military power of countries possessing 
nuclear weapon is to a large degree uncoupled from total population number.) 
Territorial integrity of countries whose population comprises different ethnic 
groups and nationalities is maintained by what can be termed the culture of 
patriotism. It should be emphasized that the culture of patriotism demands 
continuous efforts on its maintenance and propagation in the younger 
generation. This is because cultural integrity in a large population is unstable 
and spontaneously disintegrates into the genetically programmed cultural 
integrity of small social structures containing the normal (low) number of 
members. All the distinctive properties of modern humanity as compared to 
animal populations are related to this extension of human sociality determined 
by the accumulation of culture. 

  

7. Genetically encoded rights of Homo sapiens and the scientific and 
technological progress 

In animal populations in the course of competitive interaction the least 
competitive individuals are forced outside the species range where they cannot 
live normally (they either die or survive but do not leave progeny). Individuals 
of Homo sapiens forced out of the natural environment where our species came 
                                                           
10 The World Health Organization. The global burden of disease: 2004 update, Table A2: Burden of disease in 
DALYs by cause, sex and income group in WHO regions, estimates for 2004. Geneva, Switzerland: WHO, 
2008. 
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to existence did not perish but were able to spread all over the world owing to 
the accumulated cultural knowledge. However, human existence outside the 
natural species-specific environment is associated with excessive physical 
exercise and emotional stress. When humans colonized high latitudes with their 
low biological productivity and unfavorable (for our tropical species) 
temperature regime they had to exert more physical efforts to obtain food and 
maintain optimal temperature of their homes. This genetically encoded 
dissatisfaction with the unfavorable environment determined the direction of the 
technological progress, of which there was no need in human populations 
remaining in their optimal environments in the tropics. 

 

 

Fig. 2. In the natural environment feeding as well as satisfaction of all other animal needs is 
not accompanied by either burdening physical exercise or emotional stress. Human 
aspirations to return to a similar optimal state and lessen the physical and emotional burden 
were reflected in folklore (e.g., seven-league boots or flying carpet to move more easily). 

Indeed, in the last two centuries human lifestyles have been changed 
radically by the technological progress, which in fact worked to re-create and 
mimic the conditions of the natural ecological niche of humans. The last two 
centuries became a point of singularity in human history, because it is for the 
first time that technological progress eliminated the need for exhaustive 
physical labor in the majority of human population. One of the essential 
ecological rights of Homo sapiens, Fig. 2, was for the first time in human 
history satisfied outside the natural ecological niche. 
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However, at the same time the other equally essential ecological rights of 
humans remain unsatisfied or became violated. In particular, owing to the 
exponential growth of population density and total number of members in social 
structures people lost their rights for a large individual territory and social 
significance. A major human right that was respected in the natural environment 
is the right of any large animal to move, using muscle power, over an individual 
territory free from aliens and competitors. (Personal car transportation is 
popular with modern humans as it creates an illusion of the possibility of such 
movements.) This right was violated in our species at an unprecedented, global 
scale. Individual territories of modern people are comparable to individual 
territories of shrews, Fig. 3. 

 

Рис. 3. Individual territories of mammals in their natural environments (green symbols � 
herbivores, black symbols � carnivores) as dependent on body mass11. Humans were 
endowed by nature with 4 km2 per capita. 

Continuing automation turns labor, which in the right amounts is 
necessary for the normal human existence, to a privilege, a deficit. As a growing 
number of people become unemployed, they lose the right to participate in the 
maintenance of their society and thus lose their social significance. The deficit 
of social significance aggravates. The explosive development of Internet, 
                                                           
11 Kelt D.A., Van Vuren D.H. (2001) The ecology and macroecology of mammalian home range area. 
Am Nat 157, 637-645. 
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mobile connections and social networks, which were largely responsible for the 
global economic growth of the last two decades, made profit exactly from this 
deficit of social significance. With help of the Internet it became possible for 
people to group by interests and form small social structures (reference groups) 
with their size resembling that of the normal social structure of humans. 

 In the pre-industrial era a major difference in lifestyle between the poor 
and the rich was that the poor had to perform hard work, while the rich did not. 
From the viewpoint of the genetic program of our species this was a 
fundamental difference: some individuals had to overwork exhausting their 
biophysical capacity, while the others did not. In the industrial era this 
fundamental difference was erased. Today almost all people in the developed 
world have running water, central heating, various electric appliances to 
facilitate housekeeping and cars to move around. Income-related differences in 
lifestyles became to a large degree ephemeral. In the artificial environment of 
our civilization based on specialized easy but monotonous labor the emotional 
life is dull: people lack adventures � important happenings when the person may 
experience the full genetically encoded spectrum of species-specific emotions 
which actually define the human being. People with lower income attempt to 
compensate this shortage in virtual reality (e.g., computer games or TV shows). 
People with higher income are additionally able to travel over the overpopulated 
territory occupied by the civilization. Neither can fully satisfy the real human 
aspirations with those imitations. Even the richest people on Earth who are able 
to buy an individual territory of about 4 km2 (Fig. 3) cannot fully realize the 
ecological rights of Homo sapiens. These rights presume that the entire 
reference group to which an individual belongs exists on the adjacent territories, 
which even the richest people cannot afford. As the real difference between 
modern low-income and high-income lifestyles became negligible, the poorer 
majority of the population has been deprived of the ancient stimulus to 
participate in the technological progress. Until recently this stimulus remained a 
powerful driver of technological change. 

There is principle difference between scientific and technological 
progress. Scientific progress reflects the accumulation of objective knowledge 
about the external world. It is based on the genetically encoded ability of 
humans to accumulate culture. People experience positive emotions when they 
get to know something new about the world irrespective of the field of 
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knowledge to which the new information belongs. Scientific research is 
continuously generating an enormous amount of new knowledge. From that 
technological progress selects information that could be used to satisfy human 
needs and make the artificial environment resemble natural environment of our 
species. Great scientists and engineers who made outstanding discoveries 
opening new horizons for technological progress appear in the human 
population very infrequently. Fundamental breakthroughs like the discovery of 
electricity or invention of the Internet did not lead to financial prosperity of the 
creators. Rather, the new inventions are brought to mass culture by active 
entrepreneurs. In the large global population of individuals unsatisfied with 
their living conditions the number of such entrepreneurs has always greatly 
exceeded the number of new potentially useful inventions. 

Nowadays there appear few remaining ways in which technological 
progress could satisfy real human needs: its potential has been exhausted. 
Practically, technology has been able to improve human lives in but one 
essential way � it freed people from rough tiring labor. In this situation it is 
quite useless to call for an increase in the buying capacity of the consumers and 
consider them as the main drivers of technological progress and economic 
growth12. What modern consumers might wish to buy (e.g. a large territory), 
technological progress cannot in principle offer. Further technological progress 
in the form it took lace in the 20th century � on the basis of mass consumption � 
is not possible. Islands of economic growth remain in the world only in those 
regions where a major part of the population is still engaged in rough physical 
work (China, India, African countries). 

The only direction of modern technology that remains of real interest to 
mass consumers is medicine, which appeals to the fundamental genetically 
encoded human instinct of self-preservation. It is for the first time in human 
history that technological progress caters mostly for the needs of the sick and 
the elderly who continue to play a significant role in the society. 

At the same time as the global resources become depleted this global 
challenge creates a novel stimulus for technological progress. If the global 
stability of the environment is not lost, technological progress will be directed at 
maintaining modern living standards in the situation of aggravating shortages of 
                                                           
12 Nick Hanauer (2012) �Rich people do not create jobs�. Censored TED talk. 
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all resources. Deterioration of regional environments is not spatially uniform. 
Regions where natural ecological systems (forests, rivers) are preserved are 
least prone to environmental and climatic cataclysms13. The ability of states to 
defend their territories becomes of increasing importance, and the military-
industrial complex may regain its role of the main driver of technological 
development. 

 

8. Conclusions 

Cultural information of the humanity comprises, among with other elements, 
objective scientific information which is not subject to pluralism. Scientific 
information is truth, because it is checked for its concordance with observations 
and generates meaningful results (similar to the genetic information of DNA 
molecules). Until recently the achievements of science were judged by their 
ability to enhance human transformation of the biosphere that was accompanied 
by a rapid population growth, destruction of the natural biota and its regulatory 
environmental potential. The natural environment was transformed into a 
techno-environment and lost biotic stability. 

�Environmental problems� are understood by modern society as the 
challenge to protect the environment from technological pollution. One assumes 
that if the technological cycle becomes closed based on environmentally 
friendly �green� energy, such that the pollutants including CO2 emissions are 
done away with, the environmental problems will be solved. The problem of 
non-renewable resources could be solved by transition to renewable energy 
sources and recycling, which will lift any limitations on further growth of global 
economy and population. 

However, the environment favorable for life is not stable. Environmental 
conditions making human life possible are maintained by the natural biota, 
whereby plants, bacteria and fungi claim the main energy fluxes. During 
evolution of large animals, of which Homo sapiens is an example, they lost the 
genetic information about environmental regulation. The genetic program of 
Homo sapiens as well as of other large animals prescribes a behavior that to a 

                                                           
13 Makarieva A.M., Gorshkov V.G. (2012) Preservation of the Eurasian forest belt as Russia's strategic goal. 
Energy: Economics, Technology, Ecology, 9(2012), 18-25. (in Russian) 
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certain degrees destroys the biotic environment. If the humanity possessed 
unlimited energy sources then following this genetic program would have led to 
a complete degradation of natural ecosystems. As a consequence, the 
environment that is favorable for humans would have been also destroyed. 
Degradation of the biotic pump on deforested land would have led to disruption 
of the water cycle, while overexploitation on land would have resulted in 
irrecoverable soil erosion. Meanwhile a technological substitute of the biotic 
regulation of the environment is not possible (see Section 2). 

Table 1. The structure of global energy consumption in 1973 and 2011 (source: Key World 
Energy Statistics 2013, International Energy Agency) 

 1973 2011

Energy consumption, TW 8.1 17.4

Oil, % 46.0 31.5

Coal, % 24.6 28.8

Natural gas, % 16.0 21.3

Fossil fuels as a whole, % 86.6 81.6

Biofuels and waste, % 10.6 10.0

Nuclear, % 0.9 5.1

Hydro, % 1.8 2.3

Other, % 0.1 1.0

�Other� includes geothermal, solar, wind etc. 

Therefore, the only possibility to preserve a suitable for humans 
environment is to reduce the antropogenic consumption of the biosphere 
resources down to the natural threshold of about one tenth of per cent (Fig. 1). 
This means that the modern rate of the anthropogenic consumption of primary 
productivity and consequently the global population number should decrease by 
two orders of magnitude. Energetic needs of such a population can be fully met 
by the hydropower (Table 1), which is the only renewable energy flow, which 
can be exploited by people without a massive destruction of the land biota. The 
per capita energy consumption can remain the same or even increase. 



Translated from Makarieva A.M., Gorshkov V.G., Wilderer P.A. (2014) On the scientific analysis of evolution, 
progress and future of humanity. Energy: Economics, Technology, Ecology, 9(2014), 65-70; 10(2014), 70-75. 

[in Russian] 

 20

In the last three decades fertility has been declining rapidly on a global 
scale. This process affects practically all countries with the exception of perhaps 
the poorest countries on the African continent. In Islamic societies the number 
of births per woman has dropped twofold in the last three decades. In many 
developed countries like Japan or Germany the total population number began 
to decline as well. Modern population of the Earth rapidly destroys its own 
ecological foundations, which is manifested as soil degradation, shrinking 
forests, declining fisheries as well as unfavorable climatic changes including the 
aggravating water deficit. Therefore, stabilization of modern population at its 
present level is not compatible with a long-term existence of the civilization. 

The only solution consists in reducing the total population number. 
Declining fertility and increasing longevity do not pose real problems. Even in 
primitive societies people are able to support themselves up to the age of 60-65 
years14. In modern world per capita energy consumption is about 2.5×103 W 
(Table 1), which exceeds the biological energy consumption of a human adult, 
150 W, by more than one order of magnitude. One can say that every person has 
more than ten servants � robots working with a power equal to the power of an 
adult man. With increasing automation of all the spheres of life, increasing 
pension age and decreasing load by children, the increase of the mean 
population age does not pose any economic problems. Only those concerned 
about the decelerating economic growth perceive this increase as catastrophic. 
However, as we discussed above, global economic growth will cease in any 
case. Developed countries where fertility declines faster than the global average 
should be interested in investing resources to foster similar processes in other 
regions of the world. 

It should be emphasized that whatever the global population number is, 
without modern civilization the humanity would be unable to exist sustainably 
in the natural tropical environment of Homo sapiens. The reason is the unique 
genetic property of our species � the ability of humans to accumulate cultural 
knowledge. If the humanity now returned to this natural state (�back to the 
caves�) preserving natural ecosystems and biotic regulation and having lost all 
information accumulated during the civilization development, this would mean 
a return to the initial conditions from which the technological progress started. 
                                                           
14 Kaplan H., Hill K., Lancaster J., Hurtado A. M. (2000) A theory of human life history evolution: Diet, 
intelligence, and longevity. Evol. Anthropol., 9, 156-185. 
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Then, several thousands or hundred thousand years later (which is a negligible 
time scale from the evolutionary viewpoint), the rise of civilization and the 
accompanying degradation of the biota would have repeated themselves. This 
would yield the same high probability of the global collapse that the modern 
humanity have not so far escaped. 

 Therefore one should not foster the illusion that the humanity could exist 
in a stable oscillatory regime, from the caves to the technological civilization 
and back. The only possible sustainable mode is the existence of a global 
civilization that would occupy all land and use additional energy sources 
outside the natural ecological niche of humans. The necessary condition of 
sustainability would be strictly regulated population density, which can be only 
achieved in a highly technologically developed civilization. The humanity has 
got into the present critical situation, which threatens the very existence of the 
civilization, owing to science and technology. Religions, on the contrary, have 
often stood unconsciously in the way of scientific and technological progress 
and thus delayed the technological destruction of the biota and the environment. 
However, now it is only with help of comprehensive scientific knowledge about 
the humanity, our planet and life as a whole we can hope to overcome the 
current global environmental crisis and preserve our civilization. 

 


