
ECOLOGY FOR EVERYONE

SCIENCES NECESSARY FOR SOLVING THE PROBLEM OF
HUMANITYSURVIVAL: ECOLOGY OF BIOSYSTEMS – BASIC CONCEPTS



BASIC CONCEPTS OF BIOSYSTEMS’ ECOLOGY

SECTION 2: POPULAR ECOLOGY (DEMOGRAPHY) The population of any kind within the local territory is called elementary
population.

The presence and ratio of individuals in different ontogenetic states in populations makes it
possible to assess their condition and make development forecasts.

Trees, as all the living creatures, have three main types of local population spectra, which
describe the processes of implantation, achievement of a steady state, and digression. Also, there
is a fragmentary type, which includes individuals in some ontogenetic states:

1. invasive spectrum consists of individuals at the initial stages of development (pl, j, im,
v ); such a spectrum indicates introduction of a species to the analyzed territory;

2. full-member spectrum consists of individuals in all ontogenetic states (from pl to s) in
the ratio necessary to maintain a balance between fertility and mortality; the presence of such a
spectrum indicates a stable existence of the species in the analyzed territory;

3. regression spectrum consists of aging and old individuals (g3, s); the presence of such a
spectrum indicates an unsustainable state of species in the analyzed territory and a high
likelihood of its departure from this territory.

4. fragmentary spectrum consists of individuals at different stages of ontogenesis, not
connected by a development sequence; to find out the reasons for its formation, it is necessary to
study the living conditions of a given species in the ecosystem and to identify the features of the
impact (as a rule anthropogenic) on this species and on the ecosystem as a whole (Uranov,
Smirnova, 1969; Coenopopulations of plants, 1976, 1984).

The method of compiling ontogenetic spectra of plants and animals is often used in
population biology (demography). It makes it possible to assess the prospects of populations
of different species cohabiting in the same territory, to make predictions of changes in their
composition and propose measures for the restoration of full-member spectra in
populations with a regressive ontogenetic spectrum.



INVASION ONTOGENETIC SPECTRUM OF SIBERIAN LARGE 
young larch forests of SOUTH YAMAL bordered with the tundra
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COMPLETE ONTOGENETIC SPECTRA OF SIBERIAN LARCH AND SIBERIAN 
SPRUCE
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A window in a spruce-larch forest that arose as a result of the death of old trees as
a habitat of light-loving grasses and shrubs 



REGRESSIVE ONTOGENETIC SPECTRUM OF SIBERIAN LARGE 
old larch woodlands in the SOUTH Yamal
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development of young stand is prevented
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15 years after a fire in a forest near Moscow: preserved adult pines and young
birches grown in the place of burnt pines



ACCORDING TO THE OFFICIAL DATA, THE AREAS AFFECTED BY FIRE ARE 5–7 
TIMES SMALLER THAN IN REALITY FOT THE COUNTRY AS A WHOLE, AND UP 
TO 200 TIMES AND MORE SMALLER FOR SOME CONSTITUENT ENTITIES OF 

   

BASES OF MAJOR FOREST FIRES IN THE RUSSIAN FEDERATION ACCORDING 
TO THE FIRMS FIRE INFORMATION SYSTEM, morning of July 27, 2012 



Until 1960, the Russian rules of forest management allowed for grazing in the forest: 
regrowth and young trees were periodically damaged by cattle and died.

FRAGMENTAL POPULATION OF WEEPING BIRCH: individual birches that survived 
after grazing 



ONTOGENETIC STRUCTURE OF THE POPULATION OF THE EARTHWORM 
APPORECTODEA CALIGINOSA 
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Ontogenetic groups of earthworms are distinguished by biomass, since the biomass of soil animals 
more fully reflects their functional role in soil compared to the population indicator (Dunger1974). 
Determination of the species, abundance and biomass of worms of different ontogenetic groups and life 
forms in the unit volume of the soil they cultivate allowed us to fully characterize their environment 
transforming activity (Geraskina, 2016).

In terms of biomass, the ontogenetic spectrum Apporectodea caliginosa is inhabited mainly by juvenile 
individuals; the spectrum is characteristic of spring, when young worms intensively grow from overwintered 
cocoons. The presence of individuals in all ontogenetic states in a spectrum and predominance of juvenile 
worms indicates a steady development of the population (Geraskina, 2009).
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ONTOGENETIC STRUCTURE OF LUMBRICUS RUBELLUS POPULATION 
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The ontogenetic spectrum Lumbricus rubellus is characterized by approximately equal
proportions of juvenile and adult worms. The spectrum is characteristic of summer and
autumn, when juvenile worms develop from newly laid cocoons and juvenile worms
emerging from cocoons reach maturity in spring (Geraskina, 2009).



BASIC CONCEPTS OF ECOLOGY OF BIOSYSTEMS

POPULAR ECOLOGY (DEMOGRAPHY): EXPLANATIONSThe population of any kind within the local territory is called elementary
population. The continuity of the existence of the population of each species 
within the local territory is maintained by the flows of generations of organisms 
that share and transform the environment.

Indicators of elementary populations of different species:
space size necessary for the flow of generations; 
duration of a generational turnover; 
density (environmental according to Yu. Odumu, 1986): the number or mass of 

individuals per unit area or volume; 
way of environment transformations (Smirnova, 1998)
spacial arrangement – “population mosaic” (Whittaker, Lewin, 1977).
Full implementation of these indicators is possible only in populations with a

full-member spectrum.
The parameters of the listed indicators of elementary populations are largely 

determined by the type of strategy of the species. 



TYPES OF SPECIES’ POPULATION STRATEGIES

1. Competitiveness (greater competitive power) – an ability of some species
to suppress others by means of the high energy of life activity and a highly
intensive use of the environment. A species with these properties is called
competitor (C).

2. Tolerance (resistance, endurance to adverse phytocenotic or
environmental conditions) – an ability of species to exist for a long time in an
occupied territory by means of the maximum reduction in vital energy. A
species with these properties is called stress-tolerant (ST)

3. Reactivity (dynamism, pioneering, ruderality) – an ability of species to
invade the vacated territory as quickly as possible. A species with these
properties is called ruderal (R) (Ramensky L.G., 1938; Grime JP 1979; Smirnova,
2006c)

Most of the species studied are dominated by one of these types of
strategies.



SPECIES SPECIFIC ECOLOGICAL DENSITY OF EARLY SPRING PLANTS:
(the number and mass of individuals per unit area) depends on the type of strategy

spillway

Scilla – ST-strategist: 196 plants/m2 and 81 g/m2

It can survive for a long time on a limited resource, 
forms resting individuals. 

Gagea – R-strategist: 420 ppm2 and 23 g/m2 , forms
a lot of vegetative bulbs, grows rapidly on moulds left 

by animals.

Ramson – C- strategist: 2400 ppm2 and 60g/m2

Suppresses other types in terms of life-activity energy and 
full use of environmental resources.



METHODS OF ENVIRONMENT TRANSFORMATIONS BY FOREST AND MEADOW ANIMALS; USE OF 
MICROHABITATS CREATED BY PLANTS OF DIFFERENT ORIGINS AND WITH DIFFERENT STRATEGIES

(Smirnova, 1998, 1999) 

Mosaic 
Options 

Area/
save time

Depth 
of substrate

changes

Features of the changes of substrate/plants settling on 
the changed substrate 

Molehills tens of cm2/ 
years

2–3 m Improving aeration and increasing soil moisture
capacity/annual, perennial, and mesophilic herbs (R-
strategists), shoots of trees and shrubs 

Wallows of 
moose

m2/tens of
years

Up to 1–2 m Stagnant hydration, enrichment of the soil with minerals 
from urine and excrement/wetland herbs (ST-
strategists).

Lairs of
boars

m2/ years, 
tens of
years

Up to 1–3 m Improving aeration, increasing moisture capacity of 
soils, humus formation, distribution of fruits and
seeds/herbs and shrubs (R, C, and ST strategists) 
demanding on elements of mineral nutrition.

Foci of leaf-
eating 
insects

hundreds of
thousands
m2/ years

No Enrichment of the soil with nitrogen from excrement 
and corpses of insects; increase in illumination and 
temperature of soil and air/photophilous and 
hygrophilous herbs (C and ST strategists), regrowth of 
trees and shrubs of different strategies.



Mole’s life activity results.
Molehills are the only places where meadow grasses can take root 

If we destroy all moles meadow grass will cease to 
renew on their emissions and rain moisture, which
penetrates into the soil through their holes, will 
evaporate from the surface and the soil will dry out. 



MOOSE’ WALLOWS IN PITS FORMED AS A RESULT OF 
FOREST FALL: PLACES OF MOISTURE  PRESERVATION IN 

THE FORESTS AND PLACES OF WETLAND GRASSES



Anthill of red ants 

Ants spread the seeds of many plants and create 
habitats suitable for their life.



METHODS FOR TRANSFORMING THE STEPPE AND SEMI-DESERT ENVIRONMENTS BY BURROWING 
ANIMALS, USE OF THE HABITATS CREATED BY PLANTS OF DIFFERENT ECOLOGY AND DIFFERENT 

STRATEGIES ( Smirnova, 1998, 1999) 

Mosaic 
Options 

Area/
save time

Depth 
of substrate

changes

Features of the change of substrate/plants settling on 
the changed substrate 

Giant mole 
rat 
emissions

Tens cm2/ 
years

2–3 m Improving aeration and increasing soil moisture
capacity/annual, ruderal ("weed") herbs (R-strategies).

Colonies of
ants (Lasius
niger)

Hundreds of 
cm2/ years
tens of
years

Up to 1–3 m Improving aeration, increasing moisture capacity of soils,
humus formation, distribution of fruits and seeds/herbs
and shrubs (R, C, and ST strategies) demanding on the 
elements of mineral nutrition.

Emotions 
and 
burrows of 
speckled 
ground
squirrels

Tens and 
hundreds of 
meters2/
Tens of
years

Up to 1–2 m Improving aeration, increasing moisture capacity, 
enriching the soil with minerals from urine and 
excrement, creating a mosaic of saline sites/annual, salt-
tolerant herbs (R- and ST-strategies).

Emissions
of bobacs
(butanes)

Hundreds
and 
thousands
m2/
h d d

Up to 1–2 m Soil and air temperature increase, local salinization and 
desalination, compaction, enrichment of the soil with
minerals/annual and perennial, salt-tolerant, xerophytic 
herbs of different strategies (C, ST, R ).



Individuals and their groups in elementary populations create 
habitats specific in size, conversion methods, and recovery time

In the steppes and semi-deserts, where gophers were destroyed so that they did not spoil the
pastures of domestic animals, most of the precipitation evaporates in the first hours after
the rain whereas, in the gophers habitats, up to 70-90% of precipitation seeps through their
burrows deep into the soil and this moisture ensures high productivity of pastures and
weakens the effect of droughts.

The role of gophers in the steppes and
semi-deserts



WEEDINESS OF BUTANES – GROUND EMISSIONS LEFT BY MARMOTS

The modern habitat of marmots includes a huge area in Eurasia: from the Ukrainian steppes to the high 
mountain meadows in Central Asia. Systems of underground passages and chambers retain rainwater in 
the soil. Soil emissions, fertilized areas, and exposed substrate allow plant species of different strategies 
and different ecology to live in close proximity (The past, present and future of the Eurasian marmots, 2015).



GIANT MOLE RAT – INHABITANT OF THE SEMI-DESERTS OF THE CIS-
CASPIAN REGION

The animal digs underground 
passages at a depth of 25-50 cm
and underground chambers at a 
depth of 3 m. 
Mole rats throw the earth to the 
surface, forming cones of 25-50 
cm. They feed on rhizomes, 
tubers, bulbs making reserves up 
to 2-2.5 kg. 
A huge system of underground 
passages and chambers allows
them to save meager supplies of 
moisture, coming mainly from 
heavy rains and evaporating very 
quickly in the absence of travel 
systems and chambers.

The moisture in the steppes 
and semi-deserts is preserved 
largely due to the burrowing 
activity of these animals.



SPATIAL DISTRIBUTION OF GERBIL MOUSE COLONIES:
the ability of gerbil mice to change the type of distribution depending on soil conditions, composition, and abundance 

of fodder plants allows them to maintain the stability of local populations 

Types of 
accommodation
solid:
1 – uniform
2 – lace;

tape:
3 – narrow, 
4 – wide;

island: 
5 – small 
6 – large; 

congestion: 
individual colonies - 7.



In the meadows, steppes, and semi-deserts, the activities of all burrowing animals contributes to 
loosening the soil, improving aeration and moisture capacity of the soil; soil mixing on an open surface
stimulates active soil-forming processes. Changes in the physicochemical properties of the soil contribute to 
the enrichment of soil fauna, including species of vertebrate animals (digging amphibians, mouse-like 
rodents, lizards, large whip snakes) and an increase in the density and biomass of the animal population
(Gilyarov, 1934; 1951) 



Micro- and mesomosaicity created in the settlements of single and colonial species of small vertebrates and 
colonies of invertebrate animals leads to sustainable coexistence of microgroupings of plants of different 
ecology and different types of strategies. 
Salt-tolerant (halophytes) and non-salt-tolerant (glycophytes), moisture-demanding (mesophytes) and
drought-resistant (xerophytes) species, as well as types of C, ST, and R strategies stably exist within the same
colony. Soil emissions from burrows of colonial animals are natural habitats of “weed-field” flora 
(Gilyarov, 1951)



SPATIAL ARRANGEMENT OF DIFFERENT SPECIES OF TREES IN THE 
CONIFEROUS AND DECIDOUS FORESTS IN THE PRIMORSK REGION 

(helicopter shooting)

Mosaic arrangement of trees of different species significantly reduces the risk of their damage by leaf-
eating and wood-destroying insects, pathogenic fungi, and viral infections (Eastern European Forests, 

2004)



SPATIAL ARRANGEMENT OF HERBS IN THE STEEP OF THE STAVROPOL
TERRITORY

The cohabitation of plant species of different strategies and of different ecologies makes it 
possible to more fully utilize resources, occupying habitats that are most favorable for each 

species.



COMPARISON OF PECULIARITIES OF A POPULATION LIFE 
OF PLANTS AND ANIMALS IN NATURE AND ON THE FARM

IN NATURE, MAINTENANCE OF THE MAXIMUM POSSIBLE DIVERSITY IS REGARDED
AS THE BASIS OF STABILITY OF A POPULATION LIFE OF SPECIES:
1. all species exist as stable flows of generations of individuals in elementary populations;
2. continuous transformation of the environment by individuals of different species and different

ontogenetic states determines its dynamic mosaic structure;
3. the sizes of the mosaic elements and the duration of the existence of each mosaic element are

different for different species at each stage of ontogenesis;
4. use of certain types of environmental elements, transformed by other species, by individuals

is a process of “HABITATES COLOGICAL CAPACITY INCREASE” (Yu. Odum, 1969) and
one of the main mechanisms of maintaining THE MAXIMUM POSSIBLE BIOLOGICAL
DIVERSITY.

ON THE FARM, MAINTENANCE OF THE MAXIMUM POSSIBLE UNIFORMITY IS
REGARDED AS THE BASIS FOR PRODUCING HIGH-QUALITY PRODUCTS AND
FOR THE CONVENIENCE OF ITS ACCOUNTING;
The population life on the farm exists within very limited boundaries:
1.in hunting farms, the size of production is regulated by estimating the number of local
populations of hunting objects;
2.at timber enterprises, it is planned to cultivate multi-breed (multi-species) plantations based on
the natural regeneration of trees.



CONSEQUENCES OF CREATION OF MONOCULTURES IN FORESTRY: 
SPRUCE FORESTS DIED FROM EIGHT-DENTATED BARK BEETLE IN THE MOSCOW 

REGION IN 2010-2013 



RESULTS OF COMPARISON OF PECULIARITIES OF POPULATION LIFE 
OF PLANTS AND ANIMALS IN NATURE AND IN FARM

NECESSARY ACTIONS
It is necessary to scrutinize the nature of the region based on modern

concepts of ecology of biosystems and historical ecology data by
TRAVELING AND STUDYING HISTORICAL DOCUMENTS OF PLACES.
Also, we need to:

1) find, isolate, and preserve territories that have not yet been transformed
or poorly transformed by humans, determine their sizes, assess the possibility of
the sustainable existence of all modern inhabitants (plants and animals) on them
and conduct long-term observations of their lives;

2) restore, by reintroduction (introduction), elementary populations
(population) of animal and plant species that lived in historical times in
territories with favorable soil and hydrological conditions;

3) organize highly productive plantation-type farms using modern
technologies in highly transformed territories.
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