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Abstract: Human beings constantly interfere with nature by means 
of their activity. !eir role in shaping the current natural world is indi-
sputable. !e problem of saturation and unsaturation in nature conse-
rvation relates to the degree of genetic diversity, "ora and fauna species 
and ecosystems, which are managed by humans. !is paper makes an 
attempt at answering the question as to whether one can speak of satu-
ration in terms of biological diversity. For this purpose the issues rela-
ted to attempts at de#ning biological diversity are described. As a result, 
human impact on the surrounding natural environment is discussed. 
To illustrate the above issues, two cases of human interference in the 
natural environment, characterized by rich and poor biodiversity, are 
discussed.

Introduction

Can we say with any certainty that biological diversity may be satu-
rated2? Of course not; especially when many ecosystems are not fully 
recognized. Furthermore, we do not know all the species living on the 

1 Adres: Uniwersytet Kardynała Stefana Wyszyńskiego w Warszawie, Instytut Ekolo-
gii i Bioetyki, ul. Wóycickiego 1/3, 01-938 Warszawa. Adres e-mail: michal.lata-
wiec@uksw.edu.pl.

2 Saturated, i.e. when abiotic components are fully used by the biotic nature. 
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Earth. According to a fairly common belief, contemporary science knows 

only a small part of the plant and animal species in the world. Some state 

that the number of known species constitute about 10% of all the species 

in the world. Although a great number of species remain unknown too us, 

the number of those currently known ranges from 5 to 30 million. More 

than a half of these are found in tropical forests (Wiąckowski 2008: 358). 
It is also true that we o'en do not know all the functions that the parti-
cular species known to us perform in the ecosystem. As a consequence, 
we do not have a complete picture of mutual interactions between dif-
ferent species. !e result is that we also do not know all the consequen-
ces of the possible impoverishment of the ecosystem. !us, we do not 
know all the causes of species extinction in the situation when human 
activity is not the direct cause. 

We can only use simulation to predict the e*ects of "ora and fauna 
impoverishment. 

Contemporary trends in scienti#c research are related exactly to the 
causes and e*ects of the biodiversity decrease. Human impact on the 
natural environment is an important issue. We can consider indirect 
causes such as climate change, acid rains and the ozone hole expansion. 
Some of the examples of a direct impact of human interference on the 
biosphere are habitat fragmentation, reducing the surface of natural 
ecosystems or hunting animals.

!erefore, we can certainly discuss issues concerning unsaturated 
biological diversity. !e focus of the discussion is the extent of respon-
sibility and the impact of our interference related to biological diversity. 
!e purpose of this article is an attempt at describing human impact on 
the natural environment and the consequences of human actions. !e-
refore, in the #rst part of the article the concept of biological diversity 
is introduced. !is diversity can be seen through the prism of many 
aspects. !e second part contains a description of the three levels of 
biodiversity. !en the reader’s attention is directed to human activity 
and its in"uence on living organisms. As a result, natural consequences 
of human activity on the natural world are shown.
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1. !e concept of biological diversity

In the literature of the subject the term biological diversity is iden-
ti#ed with biotic diversity, although the synonymous term biodiversity 
is more o'en used. Colloquially speaking, the meaning of this term is 
the diversity of organisms on all levels of nature organization. !ere are 
several applicable scienti#c and legal de#nitions of biological diversity. 
!ey are commonly known and included in regulations of internatio-
nal conventions. 

!e Convention on Biological Diversity de#nes this concept in the 
following way: the diversity of all living organisms coming from, among 

others, terrestrial, marine and other aquatic ecosystems as well as ecolo-

gical complexes of which they are part. !is applies to the diversity within 

a species as well as between species and ecosystems (A: art. 2). A conside-
rably shorter de#nition can be found in the Polish legal act on the pro-
tection of nature: biological diversity – diversity of ecosystem-inhabiting 

living organisms within a species and between species as well as diversity 

of ecosystems. (B: art. 5 p. 16). On the other hand, in scienti#c literature 
we can encounter biologists’ and naturalists’ attempts at de#ning the 
concept of biological diversity. For example, E.O. Wilson writes that 
biodiversity is the variety of organisms considered at all levels, from gene-

tic variants belonging to the same species, through sets of species, genera, 

families and higher taxonomic units; it is also the diversity of ecosystems, 

which consist of groups of organisms living in particular habitats and of 

physical conditions prevailing there (Wilson 1999: 49). According to M. 
Makomaska-Juchiewicz, the concept of biological diversity combines 
the concepts of nature conservation and sustainable development. Pro-
tection of biological diversity is to be closely related to sustainable use 
of biological diversity and is to be applied to the entire natural space 
used by people, rather than only to selected areas. !is implies the ne-
cessity to reconcile the economic policy of the state with conservation 
of biological diversity. It also means that various economic sectors sho-
uld cooperate in this #eld (Makomaska  -Juchiewicz 2007: 55).
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!e above-mentioned attempts show that it is di<cult to precisely de-
#ne all living organisms, and thus the biosphere. For this reason, biologi-
cal diversity is considered at three levels, namely genetic, species and eco-
system ones. !ese levels are interrelated and in"uence one another. It is 
impossible to consider one level in isolation from the others. It happens, 
however, that certain authors when writing about biological diversity is-
sues concentrate only on the species level. !is is so because the species 
level is the central and the best recognized level of diversity.

Biological diversity is also linked to the issue of determining the state 
of biosphere richness. !e easiest way of measuring and estimating bio-
diversity is the determination of the number of species. Estimating bio-
logical diversity at the species level can o'en be erroneous, especially in 
the so-called apparent centers of biodiversity (Adamski 2007a: 48). !is 
phenomenon can be observed in the areas located within the bounda-
ries of several habitats (within the boundaries of an ecotone). Single 
species, occurring in borderland habitats, may live in such an ecotone. 

2. !ree levels of biological diversity

!e above-mentioned division of biological diversity into three le-
vels (genetic, species and ecosystem ones) according to the hierarchical 
pattern, is somewhat arti#cial, but to a large extent it allows us to cap-
ture the methodological di*erences in the undertaken studies depen-
ding on the level of biodiversity. !is level also allows us to systematize 
the knowledge gained, which a*ects the transparency of the published 
study results. 

!e level of genetic biodiversity is an elementary level of biodiversity. 
It is the genetic diversity that forms the basis of species and ecosys-
tem diversity. Before the introduction of precise research on molecular 
genetics, the genetic level was studied indirectly, e.g., by de#ning the 
number of subspecies within a particular species. Currently, in spite of 
the fact that it is possible to analyze this level precisely, genetic research 
is not carried out on a large scale. In the literature of the subject the 
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concept of genetic diversity is usually narrowed down to the analysis of 
the concept of a particular genus, species or population. 

According to E. Symonides, in the case of "ora and fauna, with high 

probability one can expect continuous decline of genetic diversity in many 

wild species and even higher taxa (Symonides 2007: 315). Genetic di-
versity and maintaining its proper value is very important as far as the 
stability of the biosphere is concerned. Decrease in diversity may have 
a negative impact on a population. !is is so because decline in a gene 
pool means lower "exibility of the population’s reactions to changes in 
the environment. In short, such a population is much less able to adapt 
to changes taking place in an ecosystem. Consequently, the longevity of 
such a population becomes reduced. 

Another phenomenon associated with reducing a gene pool of a spe-
cies is related to inbreeding depression. !is phenomenon occurs in 
a small population in which closely related individuals begin to breed. 
However, it is noteworthy that the reduction of a gene pool also has 
positive consequences, which occur when the decrease in genetic di-
versity is a result of natural selection or other evolutionary processes. 
Problems may occur in the case of a sudden increase in a gene pool 
of a given population. Such a genetic variation may happen when the 
genetic material of the populations of the same species which were iso-
lated from each other begin to mix. 

!e level of species diversity, in comparison to the remaining diver-
sity levels, is a relatively well-recognized area of the biosphere as it con-
stitutes the diversity of "ora and fauna. For this reason, the term “spe-
cies diversity” was used earlier in the literature of the subject than the 
term “biological diversity”. !is level is an e<cient tool when it comes 
to the protection of nature. !is is so mainly because of two factors. 
!e #rst one, which was mentioned earlier, is connected with the state 
of our knowledge about particular species. Secondly, all changes in the 
composition of these species can usually be quickly and easily noticed. 

It is worth remembering that there is geographical variation, which 
is manifested by species diversity. !is phenomenon was described by 
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Wallace in 1787, but it is not fully explained. !ere are three universal 

and very clearly visible tendencies: (1) the number of species is bigger in 

hot regions and decreases as we go from the equator towards the poles, (2) 

the number of species on land is larger than the number of species in seas 

and oceans, (3) the number of species decreases together with the increase 

of the height above mean sea level (Weiner 2008: 309). !ese tendencies 
are true for both the total number of all the species on the Earth, as well 
as for particular taxonomic groups. 

One of the di<culties related to estimating the level of biological di-
versity is the method of calculating it. It might seems that it is enough 
to add up all the species existing on the Earth but the percentage share 
of a particular species in relation to the others is also important. !e 
measures currently in use take the frequency of particular species into 
account3. Natural valuation remains an unresolved issue. In a simple 
method of calculation, particular species are given the same value re-
gardless whether they are common or rare. !erefore, it may happen 
that the environment, in which there are fewer species, will be more 
valuable in terms of quality than a similar environment with a larger 
number of species.

!e last and at the same time the most general level is that of ecosys-
tem diversity. In spite of its general character, it is most rarely described 
in scienti#c research. !is is primarily due to the fact that there are 
some di<culties related to delineating clear-cut boundaries of indivi-
dual ecosystems. It is impossible to precisely determine the place in 
which one ecosystem begins and the place in which the other one ends. 
Currently, it is also di<cult to determine whether the ecosystems being 
described are natural or whether they are - and to what extent - of an-
thropogenic character. 

In the case of the considerable diversity of ecosystems, the following 
justi#ed question may arise: is the considerable biodiversity of ecosys-

3 !e Shannon-Wiener index H’ = - ∑p
i
log

2
p

i 
is commonly used. In this index p

i
 

means the share of the individuals of the i species in the total number of individuals 
observed in a given area.
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tems a positive phenomenon? In fact, in the case of a relatively small 
area the concentration of many di*erent ecosystems is not always favo-
rable to nature. Such areas, which are a result of human activity, lead 
to habitat fragmentation. In consequence, the demands of big animals 
needing large areas of forest complexes or big open areas become cut 
down. 

3. Impact of human activity on biodiversity

Humans have always in"uenced the environment in which they li-
ved. All their activities constitute interference in biological diversity. 
!e extinction of species is a natural element of life and immanent feature 

of evolutionary changes but when we speak of the extinction caused by 

humans we consider it a result of arti"cial interference in the rhythm 

and order of nature, despite the fact that humans are nature’s integral 

component (Głowaciński 2007: 40). Human beings, as living organisms, 
have achieved a great success by being able to survive in all natural 
circumstances (o'en by using technical solutions). !us, in every place 
where humans appeared the local natural areas have been signi#cantly 
changed.

Unfortunately, there are many threats to biodiversity, which result 
from human activity. !e #rst of these, which should be mentioned, 
is the fact that people transfer with themselves – both consciously and 
unconsciously – species from their natural habitat to other new places. 
Such species, namely those which were brought to a new place, beco-
me alien species4. !e natural factor, which limits the range of species 
spreading, are abiotic barriers such as seas, oceans, mountain ranges 
and big open spaces. 

!e probability of the occurrence of such obstacles which are di#cult 

or impossible to cross increases together with the increase of the distance 

4 Currently the database on alien species in Poland is maintained by the Institute 
of Nature Conservation PAS in Kraków. !is database is available on the website: 
http://www.iop.krakow.pl/ias/.
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from the border of the current geographic range limit of the species to the 

border of the nearest area which can be colonized (Solarz 2007: 273). !e 
migration of all plant and animal species increases together with the 
progress of civilization. !e intensi"ed $ow of people and products has 

resulted in the fact that apart from the intentional introductions of species 

the unintentional introductions has started to gain signi"cance. Due to 

the development of quick means of transport, it is possible to transfer a 

species from its natural habitat to any place on the Earth in just a dozen 

or several dozen of hours (Solarz 2007: 274). !us, in the course of their 
travels, human beings can transport various species in an intentional or 
unintentional way. As history shows, humans have introduced known 
and domesticated animals, as well as useful plants to new places. At the 
same time, humans would take with themselves the specimen of ani-
mals and plants purely for esthetic and personal reasons (as souvenirs).

!us, alien species are the organisms transferred beyond the area 
in which they naturally occur. Apart from adult individuals, this term 
applies also to juvenile forms of individuals (e.g., seeds, eggs, larvae) 
and their parts (e.g., rhizomes), thanks to which species can survive 
and reproduce. !erefore, the species are alien to the indigenous "ora 
and fauna. As has already been mentioned, these organisms are trans-
ferred unintentionally, and sometimes deliberately, by humans. Alien 
species pose a threat to indigenous biodiversity as they exert a negative 
in"uence on ecosystems. Invasive alien species are particularly dange-
rous. !ey directly in"uence indigenous "ora and fauna5. !e simplest 
example of such an in"uence is feeding on the encountered plants and 
animals. A typical predator is the American mink (Mustela vison), 
which contributes to a signi#cant decline in the number of wetland 
birds (Brzeziński, Romanowski 1996). 

A dangerous herbivore feeding on Polish "ora can be the muskrat 
(Ondatra zibethicus) – the number of muskrats in central Poland is 

5 Australian nature, in which humans have been deliberately and introducing alien 
species at various points in time, is a practical example of the consequences of alien 
species’ invasion.
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discussed by, among others e.g., Romanowski, Karpowicz 2013. A di-
rect in"uence on biodiversity is also exerted by numerous parasites, 
such as Asian blood-sucking Ashworthius sidemi, which attacks a part 
of ungulates in Poland. Ashworthius sidemi, which belongs to the Tri-

chostrongylidae family, being a typical parasite of the sika deer (Cervus 

nippon) was transferred to the red deer (Cervus elaphus) and currently it is 

also found in European bisons (Bison bonasus) (Demiaszkiewicz et al. 2008). 
!e threat posed by these alien species may also consist in competing 
for a similar ecological niche, namely the access to food, water, light or 
breeding sites. An example of such an invasion is the black cherry (Pru-

nus serotina). Another direct threat is the possibility of alien species 
interbreeding with related native species.

Another important issue related to the human interference in the 
natural environment is natural habitat fragmentation. It involves bre-
aching the integrity of the habitat. Infrastructure Line investments 
comprise the most common reason for such human interference and 
include, #rst of all, car routes and railways. Further reasons of interfe-
rence in natural habitats spring from the need to develop and expand 
the places, which are favorable to the economy and new building areas. 
Such cases of interference are made at the cost of natural habitats. Due 

to the reduction of habitat areas their space o&en becomes too small for 

even populations of animals, which need medium-sized acreages to live 

in. !is problem has been especially well examined on the example of 

small forest complexes, which are too tiny for certain birds typically living 

inside forests, to nestle down (Adamski 2007b: 85). !e re"ection on the 
phenomenon of habitat fragmentation requires the adoption of a certa-
in scale. Depending on the size of the habitat, this problem will be true 
for di*erent species. In other words, each species has di*erent require-
ments as to the size of its habitat. For some invertebrates, the essential 
living area is several hundred metres, while the total living area of large 
carnivores o'en spans over thousands of acres.

Dividing up each habitat, regardless of species, we have to deal with 
the phenomenon of the patch size e*ect, where the e*ects caused by 
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reducing the surface of a habitat are disproportionately greater than the 
habitat itself. It should also be borne in mind that the fragmentation of 

a habitat entails the fragmentation of a population. !is is the key issue 

for the protection of nature, because small populations are at higher risk 

of extinction than the large ones (Pullin 2007: 90).

4. Natural e"ects of anthropogenic activity 

Biological diversity is unique in the areas of anthropogenic character 
and di*ers signi#cantly from the naturally occurring biodiversity. Or-
ganisms that inhabit the environment transformed by human beings 
must have a high degree of ecological tolerance to changes in nature. 
Such organisms must have considerable species plasticity as far as envi-
ronmental changes are concerned. To analyze the e*ects that human 
activity has on biodiversity, the interference in the two cases should be 
considered. !e #rst one is when humans interfere in rich biodiversity, 
while the second one is when this activity relates to a low level of bio-
logical diversity. !is division is not precise, because it is not easy to 
determine the measure, which could be used to establish whether bio-
diversity is rich or poor. However, comparing analogous ecosystems, 
populations, species, or individuals themselves, it is usually possible to 
determine whether they represent a rich pool or not.

!e #rst case seems to be evident in the prediction and interpreta-
tion of the e*ects of human activity. However, human interference in 
rich biodiversity will be considered at all its three levels.

At the intraspeci#c level, namely at the genetic level, human inte-
rvention in recent years is becoming more evident. It is mainly due to 
genetically modi#ed organisms (GMOs). !e majority of modi#ed or-
ganisms are plants, which are important for economic reasons. Species 
are changed and improved by increasing their e<ciency, nutritional va-
lue or herbicide resistance. !us, the genes that are not useful and may 
cause losses from the point of view of human-oriented economy are 
removed from the organisms. Also, some genes are replaced with other 
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genes, which are supposed to be more bene#cial when growing these 
plants. A potential problem is that the changes of the adopted in agricul-

ture cultivation methods and e#cient weed control can cause a “domino 

e+ect “ along the food chain, removing the food of many species of insects, 

and thus, the food of the birds in the agricultural landscape (Pullin 2007: 
130). It can thus be concluded that genetic modi#cation resulting from 
human activity is detrimental to organisms, which have a rich gene 
pool.

Human activity also exerts a negative e*ect on the rich biodiversity 
between species - the second level of diversity6. A variety of species 
come to live together in ecological niches, which are characterized by 
favorable hydrological and geomorphological conditions. !ese are also 
the areas in which human beings have always created their settlements. 
Today, by building contemporary metropolises, humans substantially 
change the entire habitat. !e microclimatic conditions are also being 
changed, creating heat islands and reducing the sites in which orga-
nisms can safely reproduce. Large surfaces of monoculture lawns are 
being created and the soil is getting covered with asphalt or concrete 
parking lots, sidewalks and streets. !is obviously causes a decrease in 
biological diversity, mainly in urban areas. In general, when compared 

with natural and semi-natural ecosystems, the city biocoenosis is consi-

dered to be a poorer structure with respect to the number of species. !e 

spatial transformation process and the lack of mutual ties between vario-

us structures of vegetation hinder the full development of the biocoenoses 
(Zimny 2005: 76). According to the estimations made by H. Zimny, Po-
lish cities are inhabited by approximately 4000 of the 50,000 "ora and 
fauna species occurring throughout Poland. !us, the negative human 
impact on species diversity is undisputed in this case.

Human activity may also be detrimental to the third level of bio-
diversity, which constitutes the ampleness of various habitats. Ample 
ecological niches, that is the areas rich in clean running water, good 

6 More information on the extinction of species can be found in: Pullin 2007, Sy-
monides 2007, Weiner 2008.
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insolation and favorable climatic conditions, which are components of 
many ecosystems, also attract human beings. Such areas are chosen due 
to their fertile soils from which high yields can be obtained. In the case 
of agricultural crops, unfortunately, there is a signi#cant risk of the oc-
currence of the so-called monocultures, namely the occurrence of one 
dominant plant species in a given area. Obviously, such activities limit 
the number of species and reduce the number of individuals belonging 
to the species, which occur in a particular area. For example, as a result 
of applying signi#cant changes to a habitat, the number of invertebrates 
decreases. !e degree to which a habitat has been impoverished under 
the in"uence of agriculture depends, of course, on the type of agricul-
tural economy that was run in a particular area. !e di*erence between 
conventional and ecological types of agriculture is described by A. Au-
gustyniuk-Kram (Augustyniuk-Kram 2012). !is description is made 
using the example of the diversity of soil fauna. 

When demand increases, people expand the areas suitable for eco-
nomic use. !is is o'en done at the expense of natural habitats. !e de-
gree of such mechanisms increases intensifying the previously descri-
bed fragmentation of habitats. !us, diversity of ecosystems decreases. 

Human activity may be assessed di*erently when biodiversity is low 
at a given level. To provide an example, in the case of genetic diversity 
people can, in certain situations, enrich the DNA in genetically modi-
#ed organisms. However, such organisms, despite apparent and measu-
rable bene#ts, which they bring, are le' without scrutiny. It happens 
that released organisms are introduced into the environment without 
prior long-term studies of the consequences of such actions. !erefore, 
it is di<cult to predict how this kind of human interference may in"u-
ence the remaining levels of biodiversity. !e genes which provide po-

sitive characteristics, such as herbicide resistance or tolerance to salinity 

may be transferred to wild varieties leading to the widening of their niches 

and the creation of “superweed” varieties that will win the competition 

with native plants and reduce biotic diversity (Pullin 2007: 130). !us, it 
is impossible to determine whether such genetic changes are a positive 
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or negative phenomenon. In some cases the interference in genes of 
particular species may be a tool for nature protection. 

When species composition is poor, human activity could theoreti-
cally improve it and lead to an increase in species diversity. An example 
of such activities is the re-introduction of extinct native species to local 
natural areas and, indirectly, also the restoration of endangered spe-
cies in natural areas (restitution). On the other hand, human activity 
in built-up areas cannot be unequivocally evaluated. New species, i.e. 
those that have not occurred before in a given territory, are introduced 
to the urban areas by human beings. What is more, these species are 
o'en invasive alien species whose presence has a negative impact on 
native "ora and fauna. It should also be noted that "ora of urban areas 
is mostly made up of alien species. A signi#cant part of the species oc-
curring within cities is to a great degree shaped by people. !e species, 
which are introduced, are o'en selected according to aesthetic criteria, 
for example, at squares, on lawns and in parks. Also, plants are planted 
for purely utilitarian and economic reasons. Trees and shrubs planted 
along tra<c lanes are selected according to such criteria. An important 
criterion is that they do not make streets dirty when they release sap in 
the spring and that the leaves falling down in the autumn could be quic-
kly picked up. !erefore, the following question can rightly arise: is the 
increase in the diversity of species, achieved most o'en at the expense 
of native species; a phenomenon bene#cial to the local ecosystem?

Human activity, in cases of poor biodiversity of the ecosystem, can 
lead to an increase in the number of di*erent types of habitats. Howe-
ver, it may turn out that in the same area a bigger number of ecosystem 
types will be created, but their size will be smaller. !us, the habitats 
existing earlier will be reduced, which in turn a*ects the species occur-
ring in them. !erefore, one cannot determine unambiguously whether 
this is a positive or negative phenomenon.
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Conclusions

Although biodiversity is sometimes di<cult to de#ne clearly, as 
a biological phenomenon it is an important component of nature con-
servation. All levels of biological diversity are interlinked and in"uence 
each other. !e changes, which are the easiest to observe, are the ones 
occurring at the species level in the environment. Currently this is the 
level best recognized by scientists. A degree of species diversity can 
also be quite easily examined. However, instead of speaking about sa-
turation in biological diversity, one can only speak about unsaturation. 
Due to the fact that the entire biodiversity of the Earth is not precisely 
known, it is di<cult to de#ne the threshold from which diversity can 
be de#ned as saturated. 

By “beautifying” the environment, human beings contribute to si-
gni#cant changes in biodiversity. !e natural e*ects of human activity 
presented in the article do not instill optimism. When the degree of 
natural diversity is high, people contribute considerably to its reduc-
tion. However, when it is low, human activity may lead to an increase in 
the level of diversity. However, despite of the short-term improvement 
to the situation, further consequences may be disastrous for the entire 
biosphere. !erefore, the #nal assessment of human activity is di<cult.

Biological diversity is unsaturated in the human environment. It 
should also be noted that besides biological diversity itself, its quali-
ty is in many cases equally important. It may turn out to be true that 
biological diversity is maintained or increased at the expense of much 
more valuable genes, species and ecosystems. To prevent the decline in 
biodiversity, people should limit or at least control their excessive inter-
ference in it. !erefore, the protection of biodiversity, combined with 
sustainable development, is an e<cient means of nature conservation. 
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