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• Natural ecosystems carry information about the 
characteristics of their optimal environment and 
climate

• They stabilize the optimal environment and climate by 
compensating their perturbations, both external and 
internal, on a local and global scale

• Without such biotic regulation, the environment and 
climate on Earth are unstable and rapidly deteriorate to 
a state unfavorable for life

• Degradation of natural ecosystems results in a local and 
global destabilization of environment and climate

The concept

Can it provide 
conceptual basis 

for the global 
nature 

conservation 
movement?



The proof
Standards of proof vary widely across people and communities

Soviet newspaper PRAVDA (TRUTH) Father of thermodynamics Sadi Carnot and his book



The proof Victor Gorshkov (1935-2019)
Russian theoretical physicist with a profound experience of natural wilderness

• Gorshkov V.G. (1995) Physical 
and Biological Bases of Life 
Stability. Man. Biota. 
Environment. Springer: Berlin

• Gorshkov V.G. et al. (2000) 
Biotic Regulation of the 
Environment: Key Issue of 
Global Change. Springer: 
London

• https://bioticregulation.ru

https://bioticregulation.ru/


The proof Soviet theoretical physics
Vibrant, diverse, highly competitive community of top professionals

Alexei Abrikosov
Nobel Prize in Physics 2003 

Gorshkov et al. 1967 (Journal of Nuclear Physics 6: 
361) find an error in A. Abrikosov’s work. A. 
Abrikosov becomes V. Gorshkov’s official 
opponent on his doctoral dissertation. Another 
future Nobel prize winner, Vitaly Ginzburg, signs 
the official review of the dissertation. The famous 
Landau and Lifshitz Course of Theoretical Physics 
refers to V. Gorshkov et al.’s work.

https://bioticregulation.ru/ab.php?id=jnp67b


Human appropriation of biotic productivity

Vitousek P.M., Ehrlich P.R., Ehrlich A.H., Matson P.A. [Human 
Appropriation of the Products of Photosynthesis. BioScience
36: 368] obtained essentially the same results in 1986.

Gorshkov (1980) also showed 
that in stable ecosystems the 
share of primary productivity 
consumed declines with 
increasing body size of the 
heterotrophs. Human 
consumption globally violates 
this distribution.

Gorshkov V.G. (1980) The structure of the biospheric energy flows. Botanical Journal, 65: 1579. [in Russian]; 
Gorshkov V.G., Dol'nik V.R. (1980) Energetics of the Biosphere. Soviet Physics Uspekhi, 23: 386.

https://www.bioticregulation.ru/ab.php?id=vg80
https://www.bioticregulation.ru/ab.php?id=ufn80


The proof: 𝜏 ≫
𝑀±

𝑃±

𝜏 characteristic time scale of  
biological change (species duration ~ 
106 years)
𝑀± – store of organic (+) or inorganic 
(–) biogens
𝑃± – rates of synthesis (+) or 
decomposition (–)
For carbon, 𝑀±/𝑃± ~ 10 years

The biota could have perturbed the environment much faster than the biota itself 
changes. This implies that the biota’s functioning comprises information about 
environmental homeostasis.



Basis: Compensatory openness of nutrient cycles
Natural ecosystems carry information about the characteristics of their 
optimal environment and climate

They stabilize the optimal environment and climate by compensating their 
perturbations, both external and internal, on a local and global scale



Traditional view
Natural biota operates on closed biogeochemical cycles

“It is normally taken for granted that in the absence of man, the terrestrial biota 
would be in a steady state with regard to C content, as annual fluxes of CO2 to and 
from the atmosphere would be of the same size.” (Hampicke 1980 Experientia 35: 776)

“It is often assumed that in the absence of human activities such as deforestation, the 
terrestrial biosphere would be in a steady state with respect to C.” (Amthor 1995 
Global Change Biology 1: 243)

“…pioneering ecologist Eugene Odum … argued in the late 1960s that undisturbed 
ecosystems rapidly reach an equilibrium, after which they lose as much carbon 
through respiration, death and decay as they gain through photosynthesis.” (Popkin
2015 Nature 523: 20)

https://www.nature.com/articles/523020a


Traditional view
Odum’s paradox

“In a word, the "strategy" of succession as a short-term process is basically the same 
as the "strategy" of long-term evolutionary development of the biosphere- namely, 
increased control of, or homeostasis with, the physical environment in the sense of 
achieving maximum protection from its perturbations.” Odum 1969 Science 164: 262

Closed cycles = 
Zero environmental 
impact = NO 
control of the 
environment



The proof: A global experiment
Friedlingstein et al. 2019 
Earth Syst. Sci. Data 11: 1783

Biotic 
regulation

Traditional 
view

Biota not affected by 
land use change 

absorbs excessive CO2

from the atmosphere 
(partially) 

compensating the 
anthropogenic 
perturbation

https://doi.org/10.5194/essd-11-1783-2019


CONVENTIONAL
PARADIGM

BIOTIC REGULATION

Basic principle of natural 
biota functioning

Closeness
of the biogeochemical 

cycles

Compensatory openness 
of the biogeochemical 

cycles

Environmental impact of 
natural biota

Zero Maximum stabilizing 
impact

Validated by the “global 
carbon experiment”

NO YES

Environmental impact of 
disturbed biota

? Destabilizing



“The most vexing problem in global change 
science”

The “missing sink” could not have been predicted from the conventional 
understanding of how natural ecosystems work

https://youtu.be/qe3N-sp4BAk 17 December 2010 

Prof. Stephen Pacala, Director of the Princeton 
Environmental institute:
• The terrestrial carbon sink was not predicted 

but deduced “by elimination” (of other 
reservoirs and processes)

• Experimental studies show that extra carbon is 
synthesized in short-lived tissues and should be 
rapidly decomposed back to CO2 (equilibrate)

• People began to believe in the biotic response 
to increasing CO2 only after direct 
measurements of increasing tree biomass in 
world forests became available

https://youtu.be/qe3N-sp4BAk


The “eliminated” oceanic biota
Dissolved organic carbon was excluded from consideration because of the 

assumption that the oceanic biota is not controlled by carbon dioxide

Siegenthaler and Sarmiento 1993 Nature 365: 
119 
“The [oceanic] biogenic fluxes are usually not 
included in carbon-cycle models designed for 
studying the anthropogenic perturbations. This 
is because according to present understanding, 
biological productivity is controlled by 
nutrients (mainly phosphorus and nitrogen), 
light or zooplankton grazing, but not by CO2

concentration. Therefore, the biogenic fluxes 
do not sequester anthropogenic carbon, but 
rather act as a natural background process 
continuing to work as in pre-industrial times.”

Gorshkov 1986 Il Nuovo Cimento 9C(5): 937
”the productivity may increase due to 
absorption of additional CO2 from the 
atmosphere and to synthesis of the 
respective amount of primary carbohydrate 
products. These products are inaccessible 
for further synthesis of the cellular 
substances because the concentration of 
other nutrients (nitrogen, phosphorous, etc.) 
remains constant. The additional primary 
products must, therefore, be removed from 
the biotic cycle increasing the amount of 
dissolved and suspended organic matter.”

Tr
ad

it
io

n
al

 v
ie

w

B
io

ti
c 

re
gu

la
ti

o
n



An oceanic biotic carbon sink?
New accumulating data are consistent with the biotic regulation expectations

Arıstegui et al. 2009 Limnol Oceanogr 54: 
1501 ” Such high remineralization rates 
seem quite phenomenal and difficult to 
reconcile with presently assumed estimates 
of organic carbon supply to the dark ocean, 
which would account for only slightly more 
than half of the prokaryotic carbon demand. 
Constraining this imbalance is a huge 
challenge for understanding of the global 
carbon cycle but will give us mechanistic 
insights into … the amount of carbon 
sequestered in the ocean interior. Most 
likely, entire revision of the global carbon 
cycle will be necessary.”

Carlson, Hansel (2015): “When phytoplankton 
populations become nutrient depleted, carbon 
overproduction can proceed (Sambrotto et al., 
1993), in which the photoautotrophic populations 
continue to fix C as an energy dissipation 
mechanism, releasing it as C-rich DOM in excess of 
Redfield stoichiometry (Carlson et al., 1998; Conan 
et al., 2007; Hopkinson and Vallino, 2005; Wetz and 
Wheeler, 2007…) … As stated by Hopkinson and 
Vallino (2005) “if estimates of DOC export are correct 
we urgently need to understand the mechanisms 
that control the stoichiometry of DOM production, 
export and remineralization so that predictions of 
the response to climate and CO2 changes can be 
made.”” 



An oceanic biotic carbon sink?

Carlson and Hansell 2015 doi:
10.1016/B978-0-12-405940-5.00003-0 

Friedlingstein et al. 2019 
Earth Syst. Sci. Data 11: 1783

https://doi.org/10.5194/essd-11-1783-2019


Biotic regulation of other climate parameters

Temperature (clouds)

Water (atmospheric moisture transport, the biotic pump)



Two levers for climate control by the biota

Высокая облачность нагревает
High clouds warm

Низкая облачность охлаждает
Low clouds cool

simplifying

https://earthobservatory.nasa.gov/features/Clouds/clouds4.php



The least disturbed forests are rapidly disappearing 
together with the information about climate stability

Least disturbed Eurasian forests (green, approx. 2 mln sq. km) and their disappearance in 
2000-2018 (red) http://earthenginepartners.appspot.com/science-2013-global-forest

http://earthenginepartners.appspot.com/science-2013-global-forest


• Natural ecosystems carry information about the 
characteristics of their optimal environment and 
climate

• They stabilize the optimal environment and climate by 
compensating their perturbations, both external and 
internal, on a local and global scale

• Without such biotic regulation, the environment and 
climate on Earth are unstable and rapidly deteriorate to 
a state unfavorable for life

• Degradation of natural ecosystems results in a local and 
global destabilization of environment and climate

The concept

Can it provide 
conceptual basis 

for the global 
nature 

conservation 
movement?



What to do?

1. Elevate protection of the remaining self-sustainable natural 
ecosystems, on land and in the ocean, to a top priority in the 
international climate change mitigation agenda

If we lose their climate-regulating potential, we are doomed to a global 
environmental collapse even under the “zero emissions” scenario



What to do?

2. Restore biological productivity on degraded lands, to lessen the 
anthropogenic pressure on the remaining self-sustainable natural 
ecosystems

Climate-regulating potential of the ecosystem cannot be maximized 
simultaneously with its economic potential. The ecosystem resources 

expropriated by humans are diverted from the regulatory processes that 
become less and less effective.



What to do?

3. Launch a focused global effort to study the climate-regulating 
potential of natural ecosystems, including, but not limited to, 
• soil carbon dynamics
• ecosystem impact on, and control of, cloud cover
• ecosystem impact on, and control of, local temperature regime
• ecosystem mediation of the atmospheric moisture transport
as dependent on the degree of ecosystem disturbance

Recognize ecosystem disturbance as a key dimension in the studies of biota-
environment interactions. Quantify salient differences in environmental 
responses of intact versus managed (disturbed, exploited) ecosystems.



Example: Expose the link between forest 
cutting and forest fires and pest outbreaks

Prof. Stephen Pacala (2010): “…the primary 
cause of the relatively large Russian [carbon] 
sink [in 2001-2009] is the collapse of the 
harvesting system … we do know from satellite 
records that [Russian forests] have not been 
plagued by the insect and forest fire frequencies
that we've had across the North American boreal 
[forest] … the [North American] sink is about 
zero and the primary reason is the bark beetle 
epidemics, some of that is climate-driven, right, 
gotten warmer, and also because there‘ve been 
fires … some of them associated with the 
epidemics - you get bark beetles killing large 
stands of timber and then Massachusetts-sized 
portions of timber burn.”

https://youtu.be/qe3N-sp4BAk


Example: The fate of the terrestrial carbon 
sink

Wood cannot accumulate infinitely. For the sink to persist, the excessive carbon should 
move to soil. Data on soil carbon dynamics are scarce for natural forests. As previously 

natural forests as a whole, now their soil is excluded from consideration.

Hubau et al. 2020 Asynchronous carbon sink 
saturation in African and Amazonian forests. 
Nature 579: 80
“Both continents show increasing tree growth, 
consistent with the expected net effect of rising 
atmospheric carbon dioxide and air 
temperature.”
The “expectations” formed a posteriori after the 
direct evidence about the sink came.
The word “soil” is not mentioned anywhere in 
the article.

Map of flux towers and available time series worldwide. 

Source: Fluxnet. Smith et al. 2020 10.1111/gcb.14815

https://doi.org/10.1111/gcb.14815


What to do?

4. Create an analogue of theoretical physics in global change science 
to formulate a holistic, non-contradictory cross-disciplinary framework 
to describe the biota-environment interaction and solve the climate 
change problem

K. Emanuel (2020) AGU Advances: 
“… are we computing too much and thinking too little?” 

Only robust theories can select plausible predictions from infinite varieties of 
model scenarios


