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INTRODUCTION

The wide range of Earth’s biological 
variety is commonly referred to as biodiversity, which 
is the synthesis of the ecological complex formed 
by organisms and their environments and related 
ecological processes, including animals, plants, 
microorganisms and the genes they possess and the 
complex ecosystem formed by them and their living 
environment, including species diversity, genetic 
diversity and ecosystem diversity (PRIMACK, 2006). 
Species diversity refers to the richness of species on 
the earth, such as animals, plants and microorganisms. 
Genetic diversity mainly refers to the variation of 
genes within a species, including the genetic variation 

between significantly different species and within the 
same population. The diversity of ecosystem mainly 
refers to the diversity of ecosystem composition, 
function and various ecological processes on the 
earth. A rich assortment of species contributes to the 
function and stability of an ecosystem (NAEEM et 
al., 1994; MCCANN, 2000), and genetic diversity is 
inherent in the myriad species of plants, animals, and 
fungi. Varied ecosystems, such as croplands (HOU et 
al., 2014a; AN et al., 2015; BAI et al., 2016; DENG 
et al., 2016; CAO et al., 2017), saline-alkali soils 
(CHEN et al., 2010; DING et al., 2010; HAN et al., 
2011; HAN et al., 2012; CHENG et al., 2014; DENG 
et al., 2015; FENG et al., 2015; GUO et al., 2015a; 
CHEN et al., 2016), rainforests(ZHANG & LI, 2017), 
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ABSTRACT: Biodiversity plays a key role in human welfare by providing agricultural, economic, and health benefits. However, following the 
industrial revolution, the rapid expansion of the human population and subsequent economic activities have caused a dramatic loss in global 
biodiversity, resulting in significant disturbances to ecosystems and our own living conditions. Accordingly, the conservation of biodiversity has 
become one of the most important challenges for humanity. The vast numbers of plants, animals, and microorganisms, the enormous genetic 
diversity of these species and the different ecosystems to which these organisms belong are all part of a biologically diverse planet. A substantial 
proportion of the world’s biodiversity has been destroyed, this loss is a catastrophe for all living species, including humans. Fortunately, we are 
working to remedy the destruction of our ecosystems. Herein, we summarized the discovery and development of biodiversity as a field of study 
and discuss the importance of the genetic and metabolite diversity. We proposed potential solutions to the loss of biodiversity with the aim of 
facilitating further exploration and identification of biodiversity, contributing for human welfare through the conservation of human habitats.
Key words: biodiversity, ecosystem, agriculture, conservation, genetics, human welfare.

RESUMO: A biodiversidade desempenha um papel fundamental no bem-estar humano, proporcionando benefícios agrícolas, econômicos e de 
saúde. No entanto, após a revolução industrial, a rápida expansão da população humana e as subsequentes atividades econômicas provocaram 
uma perda drástica na biodiversidade global, resultando em perturbações significativas para os ecossistemas e nossas próprias condições de 
vida. Consequentemente, a conservação da biodiversidade tornou-se um dos desafios mais para a humanidade. O grande número de plantas, 
animais e microrganismos; a enorme diversidade genética destas espécies; e os diferentes ecossistemas aos quais pertencem esses organismos 
fazem parte de um planeta biologicamente diversificado. Uma proporção substancial da biodiversidade mundial foi destruída. Essa perda é 
uma catástrofe para todas as espécies vivas, incluindo os humanos. Felizmente, estamos trabalhando para remediar a destruição de nossos 
ecossistemas. Neste artigo resumimos a descoberta e o desenvolvimento da biodiversidade como área de estudo e discutimos a importância 
da análise funcional e metabólica. Propomos soluções potenciais para a perda de biodiversidade com o objetivo de facilitar a exploração e 
identificação da biodiversidade, contribuindo para o bem-estar da humanidade através da conservação dos habitats da nossa espécie.
Palavras-chave: biodiversidade, ecossistemas, agricultura, conservação, genética, bem estar humano.
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and coral reefs (WANG et al., 2015a; WANG et 
al., 2017a), are also part of a biologically diverse 
earth. As MA (Millennium Ecosystem Assessment) 
mentioned, ecosystem provide a state-of-the-art 
scientific appraisal of the condition and trends in the 
world’s ecosystems and the services they provide 
(such as clean water, food, forage, forest products, 
biomass fuels, flood control and natural resources). 
Ecosystems also perform fundamental life support 
services, which include the regulation of climate, 
regeneration of soil fertility, and production and 
maintenance of biodiversity, mitigation of floods, 
drought, erosive forces of wind and rain. Biodiversity 
boosts an ecosystem’s productivity because each 
species, regardless of size, plays a vital role in 
maintaining the overall fitness of the ecosystem 
(LIANG et al., 2010; HUANG et al., 2013; HE et 
al., 2016a; XIE & ZHOU, 2017). For example, a 
wider array of plant species means a greater variety 
of crops(ZHAO et al., 2010a; LIU et al., 2013; 
WANG et al., 2014a; AN et al., 2015; DENG et al., 
2016), and healthy ecosystems can better withstand 
and recover from a variety of disturbances(SONG 
& WANG, 2015). Additionally, greater species 
diversity ensures natural sustainability for all life 
forms (YUAN et al., 2013a).

Biodiversity contributes directly (through 
provisioning, regulating, and cultural ecosystem 
services) and indirectly (through supporting 
ecosystem services) to many constituents of human 
well-being, including security, basic material for a 
good life, health, good social relations, and freedom 
of choice and action. Many people have benefited 
over the last century from the conversion of natural 
ecosystems to human-dominated ecosystems and 
the exploitation of biodiversity. At the same time, 
however, these losses in biodiversity and changes 
in ecosystem services have caused some people to 
experience declining well-being, with poverty in 
some social groups being exacerbated.

Herein, we review selected publications 
relevant to biodiversity with the goal of providing future 
directions aiming to maintain this important global 
resource. While humans may dominate this planet, we 
still need to conserve biodiversity in our world.

Species diversity
Biodiversity emphasizes the importance 

and multi-disciplinary significance of systematics by 
providing a descriptive taxonomic classification for 
the diversity of organisms. The basis of biodiversity 
is addressed directly, and indirectly, through studies 
of taxonomic relationships (YUAN et al., 2013a; 

GAO et al., 2016) and of growth (ZHAO et al., 
2010a; ZHAO et al., 2011a; FENG et al., 2014a; 
ZHOU et al., 2014b), form (YU et al., 2012; CHEN 
et al., 2016), adaptation(YU et al., 2012; LIU et al., 
2013; SONG et al., 2017) and function (LI et al., 
2010; KONG et al., 2011; DENG et al., 2015; FU 
et al., 2015; ZHANG et al., 2016) of organisms. 
Additionally, analysis and synthesis of biodiversity 
patterns in time and space, especially with respect 
to environmental and human factors, and application 
of the theories and methodologies associated with 
conservation biology are essential to understanding 
the factors contributing to the rich array of organisms 
within an ecosystem (YUAN et al., 2013a; GAO et al., 
2015a; XIE & ZHOU, 2017; ZHANG et al., 2017b). 
Taxonomic classifications of biodiversity provide 
data for understanding the origin and history of 
diversification of life on Earth, while simultaneously 
gathering scientific evidence to inform decisions 
related to conservation and resource management. 
Over the past decade, many new species, mainly 
plants and animals, have been reported (DU et al., 
2010; MA et al., 2010; SUN et al., 2010; WANG et al., 
2010; ZHANG et al., 2010b; LU et al., 2011; TIAN et 
al., 2011; CHENG et al., 2012; GAO & REN, 2012; 
LU et al., 2012; WANG et al., 2012; ZHANG et al., 
2012; ZHAO et al., 2012; ZHOU et al., 2012; HU 
et al., 2013; LI et al., 2013c; LU et al., 2013; REN, 
2013; REN & KOU, 2013; WANG et al., 2013b; 
YUAN et al., 2013a; ZHANG et al., 2013b; ZHAO 
et al., 2013a; ZHAO et al., 2013b; HOU et al., 2014b; 
HU et al., 2014; REN, 2014; REN & ZHAO, 2014; 
ZHAO et al., 2014b; ELLIS et al., 2015; LIU et al., 
2015; REN, 2015; WANG et al., 2015a; WANG et al., 
2015c; YUAN et al., 2015a; ZHANG et al., 2015a; 
ZHANG et al., 2015b; ZHAO et al., 2015; WANG et 
al., 2016; ZHAO et al., 2016d; ZHAO et al., 2016e; 
LIU & YAN, 2017; REN, 2017; WANG et al., 2017a; 
ZHAO et al., 2017).

For the conservation of species diversity, 
we should establish professional conserved areas, 
mine some unknown species, and conserve them. 
This is a valuable asset for future human beings. At 
the same time, endangered species can be propagated 
through artificial breeding.

Plant diversity and conservation
China is one of the richest countries for 

plant diversity with approximately 33 000 vascular 
plant species, ranking second in the world (HUANG, 
2011). However, the plant diversity in China is 
increasingly threatened, with an estimated 4000–
5000 plant species being threatened or on the verge 
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of extinction, making China, proportionally, one of 
the highest priorities for global plant biodiversity 
conservation. Coming in the face of the current 
ecological crisis, it is timely that China has launched 
China’s Strategy for Plant Conservation (CSPC). 
Plants from the Gramineae, including wheat, rice, 
corn and bamboo, are the most economically 
important of seed plants. This family provides the 
main source of human food and livestock feed, we 
need to conserve the ancestors of these crops. For 
example, super rice was bred from wild rice hybrids 
(YU et al., 1997). Additionally, these plants serve as 
a source of important raw materials for processing 
into consumable products, such as starch, sugar, 
wine, paper, textiles, and construction materials. .The 
classification of grasses is contentious due to the 
array of natural crosses that create vague boundaries 
between species and difficulty in establishing 
distinguishing traits. Therefore, phylogenetic studies 
of the Gramineaeare are very important for generating 
a clear taxonomic classification of this family (ZHAO 
et al., 2010a; GUO et al., 2015a; SONG & WANG, 
2015; YUAN et al., 2015b; DENG et al., 2016; ZHU 
et al., 2016a; KONG et al., 2017). 

For plant diversity, we focus on tall plants 
such as angiosperms and gymnosperms; however, 
lower plants, such as mosses, they are relatively 
small and easily overlooked by researchers, but 
their role in the ecosystem is very important and 
deserves our attention.

Animal diversity and conservation
Species diversity is changing globally and 

locally, but the complexity of ecological communities 
hampers a general understanding of the consequences 
of animal species loss on ecosystem functioning 
(LETOURNEAU et al., 2009; SCHNEIDER et al., 
2016). Insects are not only the most species-rich group 
on earth, but they also play crucial roles in the function 
of ecosystems and the global economy. Conservation 
of insect diversity is therefore of global importance. 
However, insects are often ignored in studies of 
biological diversity; for example, relationships between 
insect diversity, vegetation, or climate change remain 
unclear. Research and model approaches focusing on 
insect diversity patterns are widely lacking (YUAN 
et al., 2015b). Studies of the spatial distribution of 
different insect taxa are needed in order to understand 
the contribution of potential cross-taxon relationships 
to diversity patterns (LIU et al., 2015; LIU & YAN, 
2017). In addition, research aimed at insects studies 
(e.g., cockroaches) and at conservation of insects that 
function as bioindicators for environmental conditions 

and biodiversity (e.g., beetles and butterflies) is needed 
(HUANG et al., 2013; ZHANG et al., 2013a; ZHANG 
et al., 2014; HE et al., 2015). Relationship between 
insect and plant diversity has been examined in order to 
determine how environmental factors, such as changes 
in climatic conditions, affect this interaction (ZHANG 
& LI, 2017). Based on these research areas, the future 
of local and global insect diversity patterns can be 
predicted by using long-term historical studies of 
climate and vegetation quality. This approach will also 
allow an investigation into the relationship between 
pest insects, their host plants, and their predators.

Worms are one of the most diverse taxa 
in the animal kingdom, with estimates ranging from 
100,000 to 100 million different species (MAY, 1988; 
COOMANS, 2000). In past years, some new free-
living nematode species have been identified (WANG 
et al., 2015a; WANG et al., 2017a). Worms are used 
as an indicator species for biodiversity assessments 
and biomonitoring (ZHANG et al., 2014)(ZHANG 
et al., 2014)(ZHANG et al., 2014) (ZHANG et al., 
2014) (ZHANG et al., 2014) (ZHANG et al., 2014) 
(ZHANG et al., 2014). Additionally, many nematodes 
have developed parasitic life styles that cause 
numerous human diseases and enormous financial 
losses in agricultural and livestock sectors. Worms 
have also been increasingly used as model organisms 
to study human disease (GAO et al., 2015a; GAO 
et al., 2016). The worm, Caenorhabditis elegans, has 
been widely used as model to study human diseases 
such as infertility and senility (DOONAN et al., 2008; 
CASADEVALL I SOLVAS et al., 2011; PINCUS 
et al., 2011; GAO et al., 2015a). C. elegans is small 
and easy to propagate in large numbers; additionally, 
these animals are amenable to biochemical and 
genetic manipulations because mutations are easily 
induced. Furthermore, as C. elegans is predominantly 
hermaphroditic, the worms can produce offspring with 
homozygous mutations at a particular allele through 
self-fertilization (SMOLIKOV et al., 2009; SCHILD-
PRUFERT et al., 2011; CAHOON & HAWLEY, 2016; 
GEISINGER & BENAVENTE, 2016).

Fish occupy a key position in the evolution 
of the innate and adaptive immune responses; 
therefore, there is great interest in understanding 
the similarities and differences between their 
immunological defense mechanisms and those of 
higher vertebrates. For example, the effects of dietary 
nutrients or additives on the functions of the fish 
immune system have been under active investigation 
since the 1980s. Study of innate immunity in fish has 
become increasingly common since the discovery 
that many of the innate immune system components 
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and pathways in lower organisms are homologous to 
those in higher invertebrates (PLOUFFE et al., 2005; 
WANG et al., 2010; SUN et al., 2012; LI et al., 2013a; 
ROMBOUT et al., 2014; YANG et al., 2014; HE et 
al., 2015; SHAN et al., 2015; ZHU et al., 2016b; LI et 
al., 2017; ZHANG & LI, 2017; SHAN et al., 2018).

Mice are an ideal model system for the 
study of human biology and disease because they are 
relatively easy to maintain, have a high reproductive 
rate, can be genetically manipulated, and have 
high degree of similarity to humans with regards to 
metabolic, physiological and pathological conditions 
(BLAKE et al., 2011; CUI et al., 2011; SUN et al., 
2012; GUO et al., 2015b; LOU et al., 2015; YUAN et 
al., 2015b; MENG et al., 2016; LIU et al., 2017; YANG 
et al., 2017; DING et al., 2018). Additionally, mouse 
genome database includes a complete catalog of mouse 
genes as well as features that allow integrated access to 
genetic, genomic, and phenotypic information. 

Although, urbanization is very rapid, 
we still have to pay attention to animal diversity in 
suburban and rural areas. Some field animals not 
only provide us with extra food, but also effectively 
maintain the ecological balance of nature. The 
reintroduction of the wolf in Yellowstone is very 
interesting because it shows the changes that happened 
after the reintroduction of this animal at the level of 
the whole ecosystem. Animals can provide ecosystem 
functioning and consequently for human welfare.

Microorganism diversity and conservation
The diversity–stability relationship 

has been a controversial topic in ecology since 
the 1950s. Natural ecosystems are significantly 
influenced by human activity, so it is necessary 
to explore the diversity–stability relationship in 
relation to environmental disturbance and loss of 
biodiversity (TILMAN, 1996). Studies on this have 
focused more on above-ground terrestrial ecosystem, 
and consequently below-ground ecosystem has 
tended to be neglected, especially with regard to 
soil microbial diversity and stability. However, soil 
microbial diversity is crucial to the maintenance 
of ecosystem functioning as soil microorganisms 
influence many ecosystem processes and drive 
biogeochemical cycles. One important aim of soil 
microbial diversity research is to clarify the responses 
of soil microorganisms to various environmental 
fluctuations, so as to predict ecosystem stability 
and ecological service function (MARTINY et al., 
2006). Microorganisms, a large group of organisms, 
including bacteria, viruses, some fungi, and small 
protozoans, are important parts of ecosystems, and 

are essential to virtually all ecological processes 
such as the material cycle and energy transformation 
(PROSSER, 2002; KONOPKA, 2009). Microbial 
diversity mainly refers to microbial system 
classification, species quantity, species composition, 
etc. Microorganisms play important roles in various 
ecosystems and often impact human welfare. To date, 
the most metabolically versatile microorganisms are 
the purple non-sulfur bacteria, a group of an oxygenic 
photosynthetic microorganisms that, in the absence 
of light, can employ both aerobic and anaerobic 
respiration, and fermentation. Some bacteria play 
vital roles in host-defense; for example, a strain of 
bacteria reported in cockroach intestinal flora may 
provide the insect with resistance to infection with 
the entomopathogenic fungi, Beauveriabassiana 
(HUANG et al., 2013; LI et al., 2013a; ZHANG et al., 
2013a; SHAN et al., 2015; ZHU et al., 2016b).Similar 
to living organisms, viruses exhibit heritable genetic 
variation and evolve; however, these organisms are 
parasites that depend entirely on the energy and 
metabolic systems of the host cell (PLOUFFE et al., 
2005; LIANG et al., 2010; QI et al., 2010; YU et al., 
2012; HE et al., 2016a; ZHU et al., 2016b).

Lichenization is one of the major lifestyles 
among Fungi. The currently recognized more than 
19,000species of lichen fungi make up 17% of the 
known 110,000 fungal species and 27% of the known 
Ascomycota (FEUERER & HAWKSWORTH, 2007; 
LüCKING et al., 2017). Because lichens are highly 
sensitive to air pollution, changes in lichen diversity 
are used as indicators of environmental conditions; 
therefore, lichens have been widely utilized in air 
quality assessment and monitoring programs around 
the world (LLOP et al., 2012). Lichen diversity has 
been used as an indicator since the nineteenth century 
for monitoring the effects of air pollution in urban 
areas. The diversity of lichen species and the change 
in species quantity serves as one indicator of an 
ecosystem’s diversity(DU et al., 2010; MA et al., 2010; 
SUN et al., 2010; WANG et al., 2010; ZHANG et al., 
2010b; LU et al., 2011; TIAN et al., 2011; CHENG 
et al., 2012; GAO & REN, 2012; LU et al., 2012; 
WANG et al., 2012; ZHANG et al., 2012; ZHAO et 
al., 2012; ZHOU et al., 2012; HU et al., 2013; LI et 
al., 2013c; LU et al., 2013; REN, 2013; REN & KOU, 
2013; WANG et al., 2013b; YUAN et al., 2013a; 
ZHAO et al., 2013a; ZHAO et al., 2013b; HOU et al., 
2014b; HU et al., 2014; REN, 2014; REN & ZHAO, 
2014; ZHAO et al., 2014b; LIU et al., 2015; REN, 
2015; WANG et al., 2015c; WANG et al., 2015d; 
ZHANG et al., 2015a; ZHANG et al., 2015b; ZHAO 
et al., 2015; WANG et al., 2016; ZHAO et al., 2016d; 
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ZHAO et al., 2016e; REN, 2017; ZHAO et al., 2017). 
Therefore, accurate species identifications and proper 
taxonomic classification of lichens is necessary for 
effective characterization of biological diversity. With 
the increasing availability of molecular profiling and 
improvement of analytical methods, criteria used for 
delimiting species have changed dramatically over 
the last decades (DU et al., 2010; MA et al., 2010; 
SUN et al., 2010; WANG et al., 2010; ZHANG et al., 
2010b; LU et al., 2011; TIAN et al., 2011; CHENG et 
al., 2012; GAO & REN, 2012; LLOP et al., 2012; LU 
et al., 2012; WANG et al., 2012; ZHANG et al., 2012; 
ZHAO et al., 2012; ZHOU et al., 2012; HU et al., 
2013; LI et al., 2013c; LU et al., 2013; REN, 2013; 
REN & KOU, 2013; WANG et al., 2013b; YUAN et 
al., 2013a; ZHAO et al., 2013a; ZHAO et al., 2013b; 
HOU et al., 2014b; HU et al., 2014; REN, 2014; REN 
& ZHAO, 2014; ZHAO et al., 2014b; LIU et al., 
2015; REN, 2015; WANG et al., 2015c; ZHANG et 
al., 2015a; ZHANG et al., 2015b; ZHAO et al., 2015; 
WANG et al., 2016; ZHAO et al., 2016d; ZHAO et 
al., 2016e; REN, 2017; ZHAO et al., 2017).

Pollution can directly poison the 
microorganism, hinder the normal growth and 
development, cause the environment to change, cause 
the microorganism to lose the living environment, 
affect the structure, function and dynamics of each level 
of ecosystem, then cause the ecosystem to degenerate 
(BOLDT & JACOBSEN, 2010; WASILKOWSKI et 
al., 2015). This results in a reduction at the genetic, 
population and ecosystem levels.

Molecular phylogenetic analysis plays 
a very important role in the study of microbial 
diversity, it enables the investigation of phylogenetic 
relationships among microorganisms in a manner that 
was not feasible through traditional microbiological 
methods. The phylogenetic diversity based on the 
comparative sequence analysis produced new insights 
into the biodiversity conservation. It provides a 
method for biodiversity judgment and a guideline for 
biodiversity conservation. Also, it produces the aim 
of conservation, which is to keep the phylogenetic 
information as much as possible (HE et al., 2016a; 
DU & ZHOU, 2018).

The virgin forest is the main gene bank 
and source pool of microorganisms. Conserving 
the original forest also conserves the microbial 
resources themselves. In general, we don’t know 
the distribution, type and use of microorganisms (it 
will not be fully understood after 100 years). The 
insurance method is based on different climate types, 
geological conditions, different ecological types and 
different vegetation types. Choose a representative 

original habitat and a unique original (some are 
not original) to conserve the environment from 
human activities. Unified planning, selecting typical 
areas under the premise of being small and precise, 
organizing multidisciplinary and batching in batches, 
using advanced means microbiological resource 
background survey, while preserving the isolated 
strain resources.

Genetic diversity
Genetic diversity usually refers to the 

genetic diversity within a species, that is, the sum 
of genetic variation between individuals within a 
species or within a population. Genetic diversity is 
one of the three forms of biodiversity recognized 
by the World Conservation Union that requires 
conservation (REED & FRANKHAM, 2003). 
The need to conserve genetic diversity within 
populations is based on two arguments: the necessity 
of genetic diversity for evolution to occur, and the 
expected relationship between heterozygosity and 
population fitness. Because loss of genetic diversity 
is related to inbreeding, and inbreeding reduces 
reproductive fitness, a correlation is expected 
between heterozygosity and population fitness. 
Genetic diversity is the sum of different genes of 
all living organisms, including plants(WANG et al., 
2013a; LI et al., 2015), animals (BLAKE et al., 2011), 
animals (GAO et al., 2015b; GAO et al., 2016), 
and microorganisms(ZHU et al., 2016b). Genetic 
diversity serves as a way for populations to adapt 
to changing environments, such as global warming 
(ZHAO et al., 2014a) and increased salinity (YU et 
al., 2012; LI et al., 2015; SONG & WANG, 2015). 
Genotypic and phenotypic diversity has been reported 
in all species at the level of the organism, protein, and 
DNA. The importance of genetic diversity is two-fold. 
First, increased genetic diversity is directly attributed 
to the adaptive ability of a species(GUO et al., 2012a; 
YU et al., 2012; LIU et al., 2013; ROMBOUT et al., 
2014; SONG et al., 2017); second, a populations’ 
fitness is closely related to its level of heterozygosity, 
a common measure of genetic diversity. The best way 
to illustrate the importance of genetic diversity is to 
highlight the consequences produced by loss of genetic 
variation (ZHAO et al., 2012; SONG et al., 2017).

Genetic diversity plays a key role in 
a species’ survival and adaptive ability. When a 
population’s habitat changes, the population may 
need to adapt to survive; the ability of the population 
to adapt to the changing environment determines its 
success in coping with an environmental challenge 
(REED & FRANKHAM, 2003). The more genetic 



6

Ciência Rural, v.49, n.5, 2019.

Zhang & Zhou

diversity within a population, the greater   is 
likelihood that the population will be able to adapt. 
Genetic diversity is essential for a species to evolve. 
When there is little genetic diversity within a species, 
successful reproduction becomes increasingly 
difficult and offspring are more likely to have health 
and fertility issues resulting from inbreeding. The 
vulnerability of a population to certain types of 
diseases can also increase with reduction in genetic 
diversity. Conservation of genetic diversity is 
especially important in large mammals due to their 
reduced population size as a result of human activities.

Genetic diversity has declined globally, 
particularly among domesticated species. Since 1960 
there has been a fundamental shift in the pattern of 
intra-species diversity in farmers’ fields and farming 
systems as a result of the “Green Revolution”.

Ecosystem diversity
Ecosystem diversity refers to the degree 

of ecological diversity in a region, covering various 
existing ecosystems within the biosphere (such as 
forest ecosystem, grassland ecosystem), which are 
different biological ecological processes occurring in 
different physical backgrounds. An important function 
of the ecosystem is to provide ecosystem services 
(supporting, provisioning, regulating, and cultural 
services) to humans. These services are essential for 
human well-being. However, at present there are few 
studies that link changes in biodiversity with changes 
in ecosystem functioning to changes in human 
well-being. Conserving the Catskill watersheds that 
provide drinking water for New York City is one 
case where safeguarding ecosystem services paid a 
dividend of several billion dollars (PIRES, 2004).

The importance of biodiversity for mankind
Agricultural relevance

A detailed knowledge of biodiversity 
has allowed farming systems to evolve since 
agriculture began approximately12, 000 years ago. 
When humans initially started farming, they used 
selective breeding to accumulate desirable traits 
within crops, while omitting the undesirable ones. 
Agricultural biodiversity (agrobiodiversity) is a 
fundamental feature of farming systems around the 
world. It encompasses many types of biological 
resources involved in agriculture(LI et al., 2010; QI 
et al., 2010; ZHAO et al., 2010a; KONG et al., 2011; 
WANG et al., 2011; ZHAO et al., 2011a; HAN et 
al., 2012; LIU et al., 2012; TANG et al., 2012; YU 
et al., 2012; ZHAO et al., 2012; GUO et al., 2013; 
LIU et al., 2013; WANG et al., 2013a; YANG et al., 

2013; HAN et al., 2014; HOU et al., 2014a; WANG 
et al., 2014a; WANG et al., 2014b; ZHOU et al., 
2014b; AN et al., 2015; LI et al., 2015; BAI et al., 
2016; DENG et al., 2016; HE et al., 2016b; KONG et 
al., 2016; YUAN et al., 2016b; ZHANG et al., 2016; 
ZHAO et al., 2016b; CAO et al., 2017; KONG et al., 
2017; WANG et al., 2017b; WANG et al., 2017c; 
ZHANG et al., 2017a), including genetic resources, 
edible plants and crops (WANG et al., 2011; YU et 
al., 2012; ZHAO et al., 2012; WANG et al., 2014b; 
GUO et al., 2015a; DENG et al., 2016), and livestock. 
Additionally, ‘wild’ resources (e.g., species and other 
elements) of natural habitats and landscapes can 
provide ecosystem maintenance and services (e.g., 
pest control and stability) to agriculture. Although, 
humans consume approximately 7,000 species of 
plants, only 150 species are commercially important, 
and only 103 species contribute 90% of the world’s 
food crops (LOBELL et al., 2011). Just three crops—
rice (LIU et al., 2012; LIU et al., 2013; YANG et al., 
2013; ZHOU et al., 2014b; BAI et al., 2016; HE et 
al., 2016b), wheat (DENG et al., 2016; KONG et 
al., 2017), and maize (ZHAO et al., 2010a; WANG 
et al., 2014a)—account for approximately 60% of 
the calories and 56% of the protein humans derive 
from plants. Reduction in diversity often increases 
crop vulnerability to climatic and other stresses, 
raises economic risks for individual farmers, and can 
undermine agricultural stability. Worldwide, there is 
a growing realization that biodiversity is fundamental 
to agricultural production and food security, as well as 
a valuable component of environmental conservation. 
Agrobiodiversity, includes not only the maintenance 
of a wide variety of species and genetic resources, 
but also the many ways in which farmers can exploit 
biological diversity to produce and manage crops, 
land, water, insects, and biota (YUAN et al., 2015a; 
YUAN et al., 2019). The concept of sustainability 
also includes habitats and species, outside of farming 
systems, that benefit agriculture and enhance the 
maintenance of a viable ecosystem. For example, 
agricultural pest populations could be maintained 
by providing a source of host plants for natural 
enemies and predators of these pests. Developments 
in agriculture over the last 30 years have brought 
significant increases in global crop production, partly 
as a result of cropland expansion, but also because 
of changing technologies. However, one of the 
main concerns in, and around, agricultural land has 
been the serious degradation of natural resources, 
including soil changes, water pollution, and loss 
of biodiversity. These effects can undermine crop 
productivity; therefore,  agricultural ecosystem needs 
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to be conserved (WANG et al., 2011; ZHAO et al., 
2016d; ZHU et al., 2016b). Saline soil is one of the 
important factors in restricting agriculture production 
and improving living environment. With rapid growth 
of human population and the high-speed development 
of economic construction, the concomitant increase 
in saline-alkali soil has severely affected crop 
growth; crops are hard to grow in saline-alkali fields, 
exploitation and utilization of saline soil, collecting 
salt-tolerant plants resources and mastering the 
plant salt resistance physiology and mechanism has 
become one of the important tasks of researchers 
(SONG et al., 2011; SONG & WANG, 2015; SONG 
et al., 2016; SONG et al., 2017). Limonium bicolor 
and Suaeda salsa are halophytic species of flowering 
plants that thrive in saline-alkali soil. While the 
molecular mechanisms of resistance are poorly 
understood, these plants have developed efficient 
saline-alkali resistance systems that can potentially 
be used to determine the genetic factors contributing 
to saline-alkali tolerance(CHEN et al., 2010; DING 
et al., 2010; LI et al., 2010; QI et al., 2010; SUI et 
al., 2010; YANG et al., 2010; ZHANG et al., 2010a; 
ZHANG et al., 2010c; ZHAO et al., 2010b; HAN 
et al., 2011; KONG et al., 2011; PANG et al., 2011; 
SONG et al., 2011; WENG et al., 2011; ZHANG et 
al., 2011; ZHAO et al., 2011a; ZHAO et al., 2011b; 
GUO et al., 2012a; GUO et al., 2012b; HAN et al., 
2012; HOU et al., 2012; LI et al., 2012; LIU et al., 
2012; TANG et al., 2012; YU et al., 2012; CHEN et 
al., 2013; GUO et al., 2013; LI et al., 2013b; LIU et 
al., 2013; REN et al., 2013; SUN et al., 2013; YANG 
et al., 2013; YUAN et al., 2013b; CHENG et al., 
2014; FENG et al., 2014b; HAN et al., 2014; HOU et 
al., 2014a; JIANG et al., 2014; LI et al., 2014; SHAO 
et al., 2014; SHEN et al., 2014; SUI & HAN, 2014; 
WANG et al., 2014a; YUAN et al., 2014; ZHOU 
et al., 2014a; ZHOU et al., 2014b; AN et al., 2015; 
DENG et al., 2015; FENG et al., 2015; FU et al., 
2015; GUO et al., 2015a; LI et al., 2015; MENG et 
al., 2015; SONG & WANG, 2015; SUI, 2015; SUN et 
al., 2015; WANG et al., 2015b; YUAN et al., 2015b; 
BAI et al., 2016; CHEN et al., 2016; DENG et al., 
2016; HE et al., 2016b; KONG et al., 2016; LIU et 
al., 2016; LU et al., 2016; SONG et al., 2016; XU et 
al., 2016; YUAN et al., 2016a; YUAN et al., 2016b; 
ZHANG et al., 2016; ZHAO et al., 2016a; ZHAO et 
al., 2016b; ZHAO et al., 2016c; ZHOU et al., 2016; 
CAO et al., 2017; SONG et al., 2017; WANG et al., 
2017b; WANG et al., 2017c; ZHANG et al., 2017a; 
ZHENG et al., 2017). Until recently, Arabidopsis 
thaliana has been the preeminent model system used 
in plant molecular biology research; however, as 

a true glycophyte, little information regarding salt 
tolerance in plants can be obtained from the study 
of A. thaliana. Therefore, as a relative of A. thaliana, 
salt cress, Thellungillahalophila, is a potential 
model for the study of salinity tolerance (GUO et 
al., 2012b; CHEN et al., 2013; SUI & HAN, 2014; 
LIU et al., 2016; WANG et al., 2017b).L. bicolor is 
a typical recreto halophyte with a multicellular salt 
gland structure that is suitable as a model system 
for the study of the salt glands in dicotyledons; this 
species is distributed in coastal and salinized area 
and is employed as a “pioneer plant” for utilizing and 
improving saline soils (DING et al., 2010; YUAN et 
al., 2013b; FENG et al., 2014b; YUAN et al., 2014; 
DENG et al., 2015; FENG et al., 2015; YUAN et al., 
2015b; YUAN et al., 2016a; YUAN et al., 2016b).

Causes leading to extinction
Between 10% and 50% of well-studied 

higher taxonomic groups (mammals, birds, 
amphibians, conifers, and cycads) are currently 
threatened with extinction in accordance with IUCN–
World Conservation Union criteria for threats of 
extinction. In which, there are extrinsic and intrinsic 
factors, extrinsic factors and examples are shown 
as follows: habitat degradation (Aurochs in 1627, 
Caucasian Bison in1925, New Mexican Wolf in 1920, 
Barbary Lion in 1922 and Tasmanian Wolf in 1933), 
introduction of exotic species (Eichhornia crassipes 
in China), over-exploitation (hunting and fishing). 
Intrinsic factors include the following, inbreeding, 
genetic drift, reduction of effective population size. 
Over the past few hundred years, humans have 
increased species extinction rates by as much as 
1,000 times background rates that were typical over 
Earth’s history (PIMM & BROWN, 2004).

Biodiversity conservation
Conserved areas are an extremely 

important part of programs to conserve biodiversity 
and ecosystems, especially for sensitive habitats. 
Conservation of wild animals and plants around the 
world is now mainly based on the in-situ and ex-situ 
conservation. It is of more practical significance to 
maintain the reproduction and evolution of organisms 
in the ecosystem, maintain material circulation and 
energy flow in the ecosystem, and maintain the 
ecosystem services and functions. It is the most 
effective measure for biodiversity conservation. In-
situ conservation is also one of the important research 
fields and contents in conservation biology (FAZEY 
et al., 2005).The conservation of the Iberian lynx 
in the Iberian Peninsula, Panda in China have been 



8

Ciência Rural, v.49, n.5, 2019.

Zhang & Zhou

proved that the improvement of habitat quality and 
comprehensive and detailed improvement of existing 
habitat can effectively conserve endangered animals. 
At the same time, the establishment of multiple 
conservation centers realized gene exchange and 
gene diversity conservation of different populations 
(FERRERAS, 2001; LU et al., 2012).

Conversely, due to the limitations of in-
situ conservation, some key wildlife conservation 
measures must be taken in order to conserve the wildlife 
effectively, expand the population scale and play its role 
in the economic and ecological fields. The reintroduction 
of the wolf in Yellowstone turned out to be a success, 
which is a very interesting example, because it shows 
the changes that happened after the reintroduction of 
this animal at the level of the whole ecosystem.

To achieve good conservation, the crucial 
step is to correctly identify and distinguish species, 
especially endangered and rare species that need 
to be conserved. Only when species are accurately 
divided and identified can it be determined whether 
an individual is in the same taxonomic unit as other 
individuals, which is very important for biodiversity 
conservation. For a long time in the past, species 
identification relied mainly on morphological 
identification. However, morphological identification 
is not a simple work, and the number of taxonomists 
is still shrinking year by year. The professionalism 
of morphological classification methods and the 
shortage of taxonomists are undoubtedly a challenge 
for biodiversity conservation. The DNA barcoding has 
unique advantages in expanding the range of research 
objects, especially for endangered species that cannot 
be shot or observed at close range. At the same time, 
DNA barcode technology is not affected by subjective 
judgment, which is conducive to the discovery of new 
or hidden species, rapid and accurate identification 
of species, formation of a unified identification 
standard, establishment of a database platform, and 
the communication with global network information, 
and the effective conservation of biodiversity.

CONCLUSION

Over the last decade, biodiversity 
conservation has become a topic of international 
conventions and a policy device employed in 
the environmental sector. National governments, 
state agencies, non-governmental organizations, 
local communities, schoolclubs, and individuals 
are becoming aware of biodiversity importance. 
However, the world’s countries that are the richest in 
biodiversity are, at the same time, where biodiversity 

is under the most serious threat. The study of 
biodiversity is not an integrated science, for example, 
botanists and zoologists still study plants and animals 
independently of one another. Animal, plant and 
microbial diversity need to be examined together to 
gain a complete understanding of the relationship 
between diverse species. Additionally, increased 
research is needed to explore genetic and metabolic 
diversity. Finally, further study of genetic diversity 
and its link to human diseases will provide insights 
into disease prevention and therapy. Human should 
conserve biodiversity, for example, the consumption 
of goods, reducing the use of plastics, etc. The authors 
hold that a global biodiversity survey is a fundamental 
necessity and suggest a comprehensive investigation 
and evaluation of the factors contributing to 
biodiversity and the establishment of a biodiversity 
monitoring network system.
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