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Abstract. This commentary is devoted to the article by V. G. Gorshkov and A. M. Makaryeva (2020), in which the 

division of biota in forest ecosystems is considered using the concepts of both "immotile life" and "locomotive life". 
The article presents well-known arguments to prove the erroneousness of using such concepts, because motion  
is a fundamental property of living creatures and is realised at all levels of living system organisation. Representatives 
of all the kingdoms are widely distributed in space at different stages of the life cycle. In opposite the view by 
Gorshkov and Makarieva (2020), which the large herbivorous are destroyers of terrestrial ecosystems emphasizes, in 
the current commentary is considered the importance of mammals in forests, for the circulation of matter and ener-
gy flow in forest ecosystems to maintain biodiversity and the efficiency of trophic systems. 
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Аннотация. Настоящий комментарий посвящен статье В. Г. Горшкова и А. М. Макарьевой (2020), в которой 

разделение биоты в лесных экосистемах рассматривается с использованием понятий как «неподвижная 
жизнь», так и «передвигающаяся жизнь». В статье представлены известные аргументы в пользу ошибочности 
использования подобных представлений, поскольку движение является фундаментальным свойством живых 
существ и реализуется на всех уровнях организации живых систем. Представители всех царств природы 
широко расселяются в пространстве на разных стадиях жизненного цикла. Подчеркивается важная 
экологическая роль в лесах крупных растительноядных млекопитающих (которые в статье В. Г. Горшкова  
и А. М. Макарьевой (2020) рассматриваются как разрушители наземных экосистем), их необходимость  
для круговорота вещества и потока энергии в лесных экосистемах, поддержания биоразнообразия  
и эффективности трофических систем. 

Ключевые слова: биоразнообразие, экологическая пирамида, круговорот веществ, наземная экосистема, 
фитофаги, мегафауна.  
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Biology, as a science of living Nature, consid-
ers motion as the entire set of processes occurring 
in organisms – from the transmembrane transfer of 
ions in cells to the motion of an individual in an 
open area. In this case, motion in space occurs in 
different ways: as a result of growth and develop-
ment of an individual in the process of ontogenesis 
(growth of roots, shoots in higher plants); when 
organisms interact with environmental factors (tro-
pisms in plants, taxis in bacteria and animals); pas-
sive motion with the help of water and wind (bac-
teria, fungal spores, pollen and plant seeds) and 

with the help of animals (i.e. African elephants are 
the only modern species that spread the seeds of 
more than a dozen tropical species of woody 
plants) (Fig. 1) [1–3]; active motion with the help 
of special organs – pseudopodia, cilia and flagella 
(bacteria, unicellular and some multicellular ani-
mals, lower plants), with the help of special out-
growths of skin coverings and the contractile activ-
ity of muscles (invertebrates); and with the help of 
a musculoskeletal system controlled by the central 
nervous system and including the internal skeleton, 
muscles and specialised limbs (vertebrates). 

 

 
Fig. 1. Megafauna involved in distributing tropical tree seeds [3]: 

A – a tree from the genus Omphalocarpum (Congo rainforest) with large fruit on the trunk. The seeds  
of the tree are spread only by elephants because the fruit are very tightly attached to the trunks and can 

only be torn off with the great effort of large animals. Photo by David Beaune; B – forest elephants 
in the Mbeli River, Nouabalé Ndoki National Park, Congo. Photo by Thomas Breuer; C – seeds, fruit  
and seedlings of Poga oleosa, the seeds of which are carried by elephants. Photo by David Beaune;  
D – the seeds scattered by forest elephants are too large to be swallowed by other animals, such  

as the bonobo (Pan paniscus), one of which is shown feeding on Parinari excelsa fruit. Photo by David 
Beaune; E – Mammea africana fruit rot on the ground without scattering. Photo by David Beaune 

 
The concept of immotile life [4] is unacceptable 

for biology and, indeed, science as a whole be-
cause it contains a contradiction – motion is a fun-

damental property of living things. Motion is a liv-
ing base. Immotile life means the death of the or-
ganism – i.e. termination of its functions. The abil-
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ity to move in space is a necessary condition and 
the main property of representatives of all the 
kingdoms of Nature; it can manifest itself unequal-
ly at different stages of ontogenesis, but it neces-
sarily takes place during at least one stage of the 
life cycle. In bacteria, fungi and lower and higher 
spore plants, as a rule, the greatest ability to move 
over long distances is realised with the help of 
spores – specialised for the settlement and repro-
duction of cells, in seed plants – pollen grains 
(male gametophytes) and seeds, which can be 
transferred tens or even hundreds of kilometers 
from their parents. Animals, especially vertebrates, 
develop the ability to adequately move in area, as a 
rule, by an adult age. Invertebrates also actively 
settle in space at an adult age (the migration dis-
tances are certainly shorter than those of most ver-
tebrates) and can also passively moving at the egg 
stage (with water currents, wind and when other 
animals migration). 

The spaces that are colonised by plants and 
fungi through their growth and development are 
sometimes larger than that colonised by some ani-
mals during migrations. The mycelium of a mycor-
rhizal fungus can spread over hundreds of hectares; 
this phenomenon underscores why fungi are some-
times called the largest organisms on the planet [5]. 
The vegetative organs of a number of herbaceous 
plants – stolons and rhizomes – enable them to 
move in space over tens of metres or more in a 
year. An adult tree, due to its developed root sys-
tem and crown, occupies a much larger volume in 
space than a large phytophage; the lifespan of 
woody species, as a rule, is several times longer 
than that of vertebrates. At the same time, the size 
and structural and functional organisation of the 
crown of a living tree continuously change in the 
course of ontogenesis, creating conditions for the 
settlement of various nesting birds at different 
times of the year. In addition, its living and falling 
foliage is a trophic resource and habitat for numer-
ous litter micro-, meso- and macrofauna. A dead 
tree is a habitat for hollow-nesting birds, large bark 
beetles and the species accompanying them and 
other numerous invertebrates of myriad trophic 
groups [6]. 

Biosphere stability is maintained by the contin-
uous flow of matter and energy, which is provided 
in ecosystems by organisms of different trophic 
levels [7]. In particular, forest ecosystems are in-
cluding producers (autotrophic plants), consumers 
of different orders (heterotrophic phytophages and 
predators that regulate the number of phytophages) 
and decomposers (invertebrate saprophages, sapro-
trophic fungi and bacteria). The loss of biomass at 
each trophic level is about 10 % (Lindemann’s 
rule), that is, the biomass of all phytophages (from 

invertebrates to large mammals) in forests should 
be 10 times lower than that of autotrophic plants. 

Gorshkov and Makarieva [4] controversially as-
sert that "locomotive life" has an abundance of 
space and food. The ratio of producer biomass to 
all consumer biomass in natural ecosystems is 
quite stable. Violation of the required ratio be-
tween the constituent parts of the ecosystem does 
not reach a critical level and, due to the presence of 
negative feedbacks, the ecosystem returns to a sta-
ble state. It should be noted that plants capable of 
vegetative reproduction can restore the size of their 
population much faster than large mammals, which 
are K-strategists (species that stay near their carry-
ing capacity) and never present sudden large in-
creases in their numbers. 

In most modern terrestrial ecosystems, the main 
biomass of animals comprises small arthropods 
with a short life cycle and soil organisms – ticks, 
springtails, annelids, etc. [8] – and it is they who 
consume most of the primary production, which is 
reflected in figure 5 of Gorshkov and Makarieva’s 
work [4]. In this regard, it is clearly not true to call 
large mammals ‘hot spots’ of imbalance in synthe-
sis and decomposition that pose a potential threat 
to the stability of ecosystems and the environment. 

R. May (1981) quotes from P. J. Darlington’s 
classic Zoogeography: The Geographical Distribu-
tion of Animals [9]: "Throughout the known histo-
ry of vertebrates, in cases where the fossil data are 
sufficiently complete, it turns out that both the 
Earth as a whole and its individual parts were in-
habited by the fauna of vertebrates, which re-
mained fairly constant in size and adaptive struc-
ture. Neither the globe, nor one or another part of it 
were overpopulated by animals in one epoch and 
empty in another, and there were no such ecologi-
cal niches that would remain unoccupied for a long 
time. There have always been (except, perhaps, 
very short periods of time) herbivores and carni-
vores, large and small forms, and many different 
less significant adaptive groups, all of which were 
represented in a certain ratio with each other.  
The same balance is observed in the existing fau-
nas. The fauna of each continent generally corre-
sponds to its area and climate, and in each main 
fauna there is a rational ratio of herbivores, preda-
tors, etc. It cannot be accidental". 

According to Zherikhin (1993), maintenance of 
steppes and savannas is based on the co-evolution 
of grasses and large herbivorous mammals. It is 
known that the basis for the existence of these 
communities is a remarkable coadaptation of 
grasses and phytophages that dominate in the plant 
cover: grasses do not have effective protection 
against their consumption (thorns, poisonous sub-
stances, etc.), but they can compensate for the bit-
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ing of aerial parts by a sharp acceleration of their 
regeneration (due to intercalary meristems, the 
function of which stimulates by the saliva of large 
phytophages in the process of biting). Therefore, 
regulation in such a community is achieved very 
simply: with a decrease in the pressure of phy-
tophages, the primary production also automatically 
decreases – and vice versa. Mammals, primarily 
various ungulates and carnivores, play the main role 
in the grazing chains of these ecosystems [10, 11]. 
The main features that characterise such grass bi-
omes are: extremely high productivity, very fast 
turnover of organic matter and the presence of an 
easily mobilised reserve of this organic matter in 
unusually fertile soils (such as chernozem) [10]. 

In modern forest ecosystems, especially in the 
boreal forests of the Northern Hemisphere, large 
phytophagous mammals are few in number, mainly 
due to active extermination by humans in the early 
Holocene (primarily as a result of fire and driven 
by hunting and slash-and-burn agriculture) [12–
15]. As a result, pasture ecosystems transform into 
detrital ones [16], while modern soils in forests are 
considered the result of only microbial–plant inter-
actions [17]. However, it has been proven many 
times that the absence of large mammals leads to a 
reduction in ecological forest niches: zoogenic 
glades; gaps; breakthroughs in the forest canopy, 
that is, those spaces that are inhabited by light-
loving flora, where renewal becomes possible, in-
cluding woody light-loving plant species; and 
trophic groups that feed on animal remains, i.e., 
coprophages and necrophages, which ensures the 
decomposition of excrement and animal carcasses – 
one of the important links in the cycle of the sub-
stance necessary for the restoration of soil fertility 
[18], and, consequently, for the growth and devel-
opment of the next generations of plants. The di-
versity of soil biota decreases and groups of taxa 
disappear; it will be extremely difficult to restore 
them over large areas even in the case of reintro-
duction of large phytophages into forests [12, 19]. 
In the absence of large mammals, this is also ob-
served when the regime of absolute nature conser-
vation, which often leads to the formation of shady 
forests and a reduction in the species diversity of 

flora due to the loss of light-loving species [20, 
21]. Intra- and intercenotic flows of plant diasporas 
are carried out mainly by birds [22] and small- and 
medium-sized mammals [22, 23]. However, in 
some cases, grazing is a necessary condition for 
maintaining certain plant species. Thus, in the li-
chen pine forests of the northern taiga, pine cannot 
be renewed with a well-developed lichen cover; its 
seedlings take root in places of intensive grazing 
by reindeer [24]. Based on the study of the influ-
ence of grazing on the pasture ecosystems of 
Serengeti, when isolated from the hoofed areas of 
the pastures as a result of their fencing, Themeda 
triandra, one of the common and well-eaten cereal 
species, practically disappears within 5 years.  
In Yellowstone National Park, the United States, 
elk and bison grazing areas were on average 47 % 
more productive (in land production) than fenced 
areas [24]. In addition, the spread of seeds by large 
animals for tens and hundreds of kilometers pro-
tects plants from closely related crossbreeding, 
which provides the genetic basis for the adaptation 
of species to a constantly changing habitat.  

Thus, in the absence of megafauna, taxonomic 
as well as functional diversity of forest ecosystems 
decreases. This decline slows down the cycle of 
matter, decreases the productivity of ecosystems 
and, ultimately, leads to their degradation. Poly-
dominant forests with a clearly pronounced mosaic 
of habitats are being replaced by monodominant 
forests, most often shade-tolerant dark conifers, 
which are highly susceptible to fires, diseases 
caused by insect irruptions and the activity of 
pathogenic microorganisms. 

In modern conditions of global environmental 
challenges (catastrophic degradation of ecosys-
tems, withdrawal of primary production mainly by 
humans, climate change, etc.), biologically funda-
mental knowledge and ideas about the functioning 
of ecosystems should become the basis, including 
for mathematical calculations of biosphere pro-
cesses. Real, and not hypothetical, ideas should 
serve as the basis for the restoration of communi-
ties and planning experiments for the reintroduc-
tion of lost species and functional groups in eco-
systems. 
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