
ECOLOGY FOR EVERYONE 
The main principle of life in nature is COMPLEMENTARITY, that is 

mutual benefits for all coexisting species

Authors: doctor of biological sciences, professor O.V. 
Smirnova , candidate  of biologica l sciences  V.N. Korotkov, 
candidate  of biologica l sciences  A. P . Geraskina
Art work – N. Bogomolova



Human life depends on the state of the Earth’s ground cover that has been forming for millions of years. However, currently the 
devastation of the nature poses a threat to all living organisms including humans. The attempts to preserve the Earth’s ground 
cover by creating nature reserves, zakazniks and other conservation areas are not enough: the share of these areas in the 
Biosphere is too small. Besides, even before they were creation their territories had already suffered from the negative impact of 
human activities. In our opinion, a way out of this situation is raising global ecological awareness starting from the preschool, 
school and tertiary education as well as constant promotion of awareness among adults. It will enable everyone regardless of 
their employment status to find and use their ways of communication with the nature aimed at its conservation. 

ECOLOGY FOR EVERYONE



CURRENT PLIGHT OF NATURE RESULTING FROM HUMAN ACTIVITIES IS MATTER OF GLOBAL DISCUSSION. A. LENKOVA IN HER 
BOOK THE DEVASTATED EARTH (1971) BRINGS HOME THE RESULTS OF THIS IMPACT. THE PRESENT CALLS ON NOT ONLY 

CONSERVATION OF THE SURVIVING ‘’SHATTERS” OF THE NATURE BUT ALSO ON FUNDAMENTAL CHANGES IN NATURAL 
RESOURCE MANAGEMENT BASED ON UNDERSTANDING OF THE VERY BASES OF EXISTENCE OF NATURE THAT HAD BEEN 

FORMING OVER MILLIONS OF YEARS BEFORE THE ADVENT OF HUMAN.
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The issue of Nature destruction by the man since the early days of its 
reclamation has long been a matter of concern. It has been covered by a 
wide range of literature, both scientific and publicistic. Let us have a look at 
a couple of lines from the book by A. Lenkova with the aphoristical title 
The Scalded Earth!

“It is no exaggeration to say that people living on one and the same
planet Earth act like bad-mannered residents in a shared flat… everyone
makes maximal use of all its conveniences, but no one takes care of the
house even if the roof is about to fall on their heads”. (A. Lenkova, 1971).

“In the early 16th century goats were brought to the Saint Helena
Island, which was abound in green forage and had no predators. Over a
short period of time, the animals multiplied; they browsed on all the
young trees, green shoots and even the bark of old trees. The goats
destroyed the forest so diligently, as if they were in a hurry to create a
dire setting for Napoleon Bonaparte. And they were on time all right. Five
years before his banishment to the island, no trees remained there”. A.
Lenkova

A. Lenkova
The Scalded Earth



COMPLEMETARY RELATIONS MEAN MUTUAL BENEFIT FOR LIVING BEINGS 
DURING INTERACTION WITH EACH OTHER AND WITH THE ENVIRONMENT 

RECOGNIZING COMPLEMENTARITY AS THE MAIN WAY OF COEXISTENCE OF VARIOUS SPECIES IN NATURAL FORMATIONS, E. G. ECOSYSTEMS, 
COMMUNITIES, NATURAL ZONES ETC. IS ONE OF THE MOST SIGNIFICANT MILESTONES IN MODERN BIOLOGY, AND IT IS ALMOST COMPLETELY 
IN LINE WITH LOVELOCK’S IDEA OF THE CRUCIAL ROLE OF BIOTA IN MAINTAINING LIFE ON THE EARTH (Lovelock, 1991, p.25).
“THE ENTIRE APPEARANCE OF THE EARTH, ITS CLIMATE, COMPOSITION OF ROCKS, AIR AND OCEAN WATER IS NOT ONLY A RESULT OF GEOLOGICAL PROCESSES, BUT ALSO A 
CONSEQUENCE OF THE PRESENCE OF LIFE. DUE TO PERMANENT ACTIVITIES OF LIVING ORGANSMS, FAVOURABLE LIVING CONDITIONS HAVE BEEN MAINTAINED ON THE EARTH 
FOR 3.6 BILLION YEARS...”



MOOSLINGEUROPEAN 

CHIPMUNK

PART I. TYPES OF COMPLEMENTARITY: 
TYPE 1: DIFFERENT SPECIES USE THE SAME RESOURCES AT DIFFERENT PERIODS OF TIME. 
TYPE 2: SOME SPECIES CREATE FAVOURABLE CONDITIONS (RESOURCES, HABITATS) NEEDED FOR SUSTAINABLE EXISTENCE OF OTHER SPECIES. 
TYPE 3: COHABITING GROUPS OF SPECIES, UNITED BY THE MANAGING AND ENVIRONMENT-TRANSFORMING ACTIVITIES OF THE KEY SPECIES, 
CREATE A SET OF MUTUALLY BENEFICIAL ACTIVITIES.



MAIN TYPES OF COMPLEMENTARY RELATIONS
Complementarity (Lat. complementum — addition)

UNDERSTANDING THE TYPES OF COMPLEMENTARITY IN THE NATURE IS THE FIRST STEP TO HELP EVERYONE BECOME AWARE 
OF THEIR ABILITIES TO CONTRIBUTE TO CONSERVATION AND/OR RESTORATION OF CERTAIN NATURAL SYSTEMS AND THEIR 



TYPE 1 COMPLEMENTARITY: DIFFERENT SPECIES USING THE SAME RESOURCES AT DIFFERENT TIME.
(Ephemeroids or snowdrops: plants that become active and start to use the sunlight, or PAR 

– photosynthetic available radiation, with the beginning of snow melt)

The life of above-ground organs of ephemeroids begins in early spring when sun energy (PAR) becomes available to them as the snow melts. 
Over 1–1.5 spring months they develop root systems and above-ground shoots, bloom and make seeds that later are disseminated by ants 
and other forest-dwellers. By the time seeds ripen, the bulbs, tubers or rootstalks develop buds with the supply of nutrients. They will ensure 
the cycle repetition the following spring, while the elements of mineral nutrition from withering shoots and roots of snowdrops are used by 
geobionts (Горышина Т.К., 1963, 1964, 1969; Стародубцева, 2017) .

Galanthus nivalis Scilla sibirica 



TYPE 1 COMPLEMENTARITY: snowdrops-ephemeroids. 
EPHEMEROIDS OF CROCUS, GALANTHUS, SCILLA ETC. GENERA ARE NOT AFRAID OF THE SPRING SNOW, WHEREAS 

EPHEMEROIDS OF CORYDALIS, ANEMONE, GAGEA, DENTARIA GENERA WAIT FOR THE SNOW TO MELT AND THEN DEVELOP 
BEFORE THE LEAVES OF TREES AND SUMMER HERBS ARE OUT SO THAT THEY HAVE ENOUGH SUNLIGHT FOR GROWTH AND 

DEVELOPMENT

Anemone ranunculoides 

Ficaria verna

Ephemeroids are early spring herbs with a short above-ground life cycle

Corydalis solida 



Campanula latifolia

Asarum europaeum –

Type 1 Сomplementarity continued – transition from spring to summer: 
The leaves of trees and summer herbs are out, and the above-ground life of ephemeroids is over. Their perennial 
organs, i. e. rootstalks, tubers, and bulbs come to rest. 

Aegopodium podagraria 

Stellaria holostea

Pulmonaria obscura is the smartest herb: its spring shoots 
wither together with ephemeroid inflorescences, while the 

summer ones survive until winter comes!!!! 

Lathyrus vernus 



Type 1 complementarity: birds
Spatial division of resources: birds eat the same food (maggots, spiders) at the same time but in different 
parts of the crown: pied flycatcher near the ground or in the bottom part of the crown; white-collared flycatcher
– in the top part of the crown.

Ficedula albicollis –
white-collared flycatcher

(male)

Ficedula hypoleuca – pied 
flycatcher (male)



Type 1 complementarity: insects
DIFFERENT SPECIES USE ONE AND THE SAME RESOURCES AT DIFFERENT TIMES

Spatiotemporal division of resources in insects is the change of spatial and trophic resources 
during ontogenesis

Melolontha melolontha – common cockchafer

Maggot is an actively feeding 
developmental stage of the beetle 

that lives and feeds in the soil

Pupa is a resting developmental 
stage of the beetle that takes 

place in the soil

Adult insect (imago) lives and 
feeds in the above-ground and air 

environment

The egg stage 
takes place in 

the soil

Imago



Type 1 complementarity: mammals

The badger, racoon dog and fox use the same dens for their young, but at different times. In the middle of 
spring, the dens are occupied by the badger, in late spring – by the raccoon dog, and in summer – by the fox 

(Рожнов, Сидорчук, 2017).

Meles meles Nyctereutes procyonoides Vulpes vulpes 



TYPE 2 COMPLEMENTARITY: POPULATIONS OF KEY SPECIES – TREES

Gap-mosaic appears when old large trees die thus leaving free space (gaps) in the canopy. The gaps in the natural forests are 
the nurseries of tree undergrowth where it has enough sunlight and precipitation. In the developed countries, there is 
understanding that conservation of the natural forest structure (gap-mosaic) is the main prerequisite for maintaining stable 
climate. It is only possible if gaps are maintained or created regularly not only in the nature reserve forests but also in the 
forests in use.

Atleca, a zakaznik in Vologda Oblast The second type of complementarity
(individuals/populations of certain species 
creating favourable conditions for the life of 
individuals/populations of other species) was 
described about a hundred years ago in the 
course of studying forests not exposed to 
logging, fires or other man-made impacts over 
several centuries which is the life span of the 
majority of trees in natural conditions, i. e. in 
nature reserves and other protected areas.
The structure of such forests was called a gap-
mosaic. 
It was first described in beech forests in 
England (Watt,1925), and by now, it has been 
studied in the majority of remaining “shatters” 
of natural forests in conservation areas.



PAR and precipitation penetrating under the forest canopy and through the stand gaps create various settings of humidity, illumination, and 
temperature within one and the same ecosystems where the key systemic functions are fulfilled by tree populations… This enables 
cohabitation of adult plants and tree/herb undergrowth, animals of various types, microorganisms, fungi and other creatures with different 
needs. The vast variety of environment created by the species themselves during their life and death is the main way of sustainable 
maintenance of life on Earth!

TYPE 2 COMPLEMETARITY: TREES 



.

TYPE 2 COMPLEMENTARITY: FALLEN TREES ARE FOREST IRRIGATORS

Fallen trees slow down the velocity of water flows, increase the stored soil moisture and create new habitats for semi-aquatic and 
aquatic plants and animals. Such forests fully preserve the Biota even in dry years.



TYPE 2 COMPLEMENTARITY: ANIMALS
RESULTS OF THE MOLES’ ACTIVITIES: conservation of rainwater in the soil and digging molehills which are the only places 
where herb sprouts can take root. 

What happens if we kill all the moles: there will be no meadow grass restoration on the molehills anymore, and the rainwater 
that gets into the soil through the tunnels will evaporate from the surface and the soil will dry out.



TYPE 2 COMPLEMETARITY: EARTHWORMS

ROLE OF EARTHWORMS IN 
THE SOIL

“Soil biota acts as a big 
orchestra where soil musicians 
together play different 
instruments, and the 
conductors in this orchestra 
are earthworms that dig 
tunnels in the soil, activate 
soil bacteria, disseminate 
fungal mycelium and spores, 
stimulate the growth of 
protozoan and nematode 
populations” 

(Cunha et all., 2016; 
Eisenhauer, 2012).

Soil mites

Collembola

Summer diapause of the 
worm – resting time during 

the warm dry period

Earthworm cocoon

Worm leaving the 
cocoon

Endogeic worm

Anecic worm

Epigeic worm

Epi-endogeic worm



Profile of the soil inhabited by moles and
earthworms. Soil layers get mixed, and
systems of passages and cavities are created.

Earthworms or Lumbricidae (the majority of
worms in Russia belong to the Lumbricidae
family) are the main part of the moles’ diet.

“lumbricid” or “mole deserts” are
typical of anthropogenic soils near
large industrial production sites
(Воробейчик, Нестеркова, 2015) OR
UNSUSTAINABLE USE OF MINERAL FERTILISERS IN
AGRICULTURE.

Molehill in a forest

Soil without cavities filled with 
water and air is lifeless. Such soil is 
unsuitable for growing crops!

THE IMPORTANCE OF TYPE 2 COMPLEMENTARITY IS CLEARLY SEEN WHEN COMPARING THE STRUCTURE AND FERTILITY OF SOILS 
INHABITED BY MOLES AND EARTHWORMS WITH OTHER SOILS. THE SOILS NOT INHABITED WITH EITHER MOLES OR EARTHWORMS 
HAVE NO CAVITIES FILLED WITH MOISTURE AND AIR, THEREFORE THEY ARE CALLED LUMBRICID DESERTS.



Worm castings consist from the soil that passed through the digestive tract of worms and became rich in potassium,
magnesium, nitrogen, calcium, which is necessary for seed germination. It has been found out that 70% of seeds of
different plant species on meadows and pastures come up from earthworm castings; besides, the species of plants and
worms don’t matter (Grant, 1983; Eisenhauer et all., 2008, 2009).

castings

Type 2 complementarity:
Earthworm castings facilitate seed germination



TYPE 3 COMPLEMENTARITY: DEVELOPMENT OF SYSTEMS OF SPECIES GROUPS LIVING TOGETHER THAT ARE UNITED 
AND CONTROLLED BY KEY SPECIES AKA EDIFICATORS AKA ECOSYSTEM ENGINEERS. 

A CRUCIAL CREATOR OF LIFE IN OUR FORESTS: A BEAVER IS MENDING A DAM TO PRESERVE MOISTURE NEEDED FOR ALL 
INHABITANTS OF THE RIVER. BESIDES IT PROTECTS THE FOREST FROM FIRES. 



BEAVER AND GAP-MOSAIC: DEVELOPMAENT OF GAPS
BEAVERS GNAW AT THE BASES OF TREES (UP TO 15 TRUNKS) NEAR WATER BODIES

Gap diameter is up to 50 m2 (Алейников А.А., 2010)



Beaver's lodge

Beaver dam

Logged land – area where beavers chewed on 
birches

Overgrowing pond abandoned by beavers

Lowland swamp resulted from beavers’ lodges building

Macro-, meso- and microlandscapes created by beavers: paths, lodges, dams, logged land, swamps, and ponds 
( h  di    l i ik )



Perennial nitrogen-fixing tubers on the roots of alder (Alnus glutinosa)

Nitrogen-fixing 
tubers

Alder roots

BIOLOGICAL NITROGEN FIXATION is the
consumption of atmospheric 
molecular nitrogen by 
microorganisms and its 
transformation into organic 
compounds. This is the main way to 
provide plants with nitrogen. 
Bacteria, cyanobacteria and 
actinomycetes have this ability. They 
grow tubers on the roots of many 
legume grasses such as clover, 
soybeans, alfalfa, lupine, peanut and 
many others as well as on roots of 
trees, e. g. alder, sea buckthorn, and 
oleaster.
In silviculture, valuable tree species 
cultivated in nursery forests are 
planted together with nitrogen-fixing 
plants. 



TYPE 3 COMPLEMENTARITY: LIFE IN THE SOIL
multispecies complexes of living creatures of different types, modes of existence and different intensity of 

environment modification living together in the soil and creating coherent subsystems within the living cover as a 
whole.

Digging activity of soil animals transforms the dense homogeneous substrate into the medium filled with air and 
water that is suitable for the life of millions of small organisms, i. e. animals, fungi, bacteria, as well as for the 
growth and development of plant roots. 

Mole tunnels are used by small mammals such 
as voles

Plant roots grow into earthworm 
passages

Mites and collembolas inhabit 
earthworm passages



Type 3 complementarity – forest-meadow landscapes: 
The complex of living beings: large herbivores, plants they feed on, soil-dwellers, fungi, bacteria that gradually 
decomposing organic material into simple compounds and ultimately returning nutrient elements, vital for the 

growth and development of every living being ,into the soil. In above-ground ecosystems, soil biota acts as a 
regulator of biogeochemical cycles (transformation of compound matter into simple elements) and has a sanitary 

function (digging-in and eating animal feces and dead carcasses).

Nutrient cycle is driven by the 
activities of soil-dwellers (Maria J. 

I. Briones, 2018)

Earthworms and 
dor beetles in bison 

manure. Oryol
Polesia National 

Park (Geraskina et 
al., 2018)

Bisons on Arkhyz plot of 
Teberda Nature Reserve Bison manure L. rubellus



HABITATS MAINTAINED BY THE BISON:
А - a meadow-forest complex, В – a clearing with biting marks on asps, С - bare ground

Teberda Nature Reserve Kaluzhskiye Zaseki Nature Reserve

Prioksko-Terrasny Nature Reserve



Educational system
Creating the ecological world outlook requires:
• a paradigm shift in teaching natural sciences at secondary and tertiary institutions, providing students with easily
understandable information on interactions between the human and the Nature from the beginning of Earth reclamation
until now, on modern concepts of forest ecology and sustainable use of natural resources;
• creation and development of scientific popular information resources to make wider population aware of the
possibilities of sustainable interaction between the human and the Nature and to encourage the population to conserve
and restore the Biota, as well as to demonstrate the role of everyone in tackling general problems.
• helping each person to develop creativity  to focus on knowledge, creation and advocating the Nature instead of being
a “service consumer”.

Consumerist society Knowledge Creation



Save the Nature to save yourself!
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