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Summary

Biological diversity or biodiversity is the complexity of living organisms, as well as all
relevant ecological processes. Biodiversity is the fundamental feature of all life systems. The
diversity exists at a variety of biological levels such as genes, cells, tissues, organs, popula-
tions, species, communities, ecosystems and landscapes. Most of biodiversity studies have
been carried out on the three levels genetic diversity (genediversity) , species diversity and e-
cosystem diversity.

Genetic diversity includes all genetic information materials and carried by living organ-
isms on the Earth; however, under specific circumstances, genetic diversity only denotes the
genetic varieties within species. Heredity is a conservative process, but the mutation of ge-
netic materials, which includes the change of chromosome number and structure, or the se-
quence of nucleotides, will increase genetic diversity. The genetic diversity may be expressed
at the levels of cells, organs, physiological mechanisms and morphology.

Measurement of genetic diversity has been developed from the Research of chromo-
somes, the research on morphological variation, the disclosure of diversity at the molecular
level with enzyme electrophoresis, to the determination of sequence of deoxyribonucleic acid
(DNA). Research on genetic diversity can Reveals history of life evolution and be helps the
conservation of species resources.

Species diversity is the phenotype of biological diversity expressed at the species level.
The research on species diversity is much earlier, more extensive and with methods better
developed than These on genetic diversity and ecosystem diversity. Depending on scales of
different researches, there are two meanings for species diversity, that is, regional species
diversity and community species diversity. Measurements of regional species diversity mainly
include species richness, species-area relationship and the ratio of endemic species.

There are about 13 to 14 million of species on the Earth, but only 1. 75 million have
been scientifically described. So far we still know little about insects, lower invertebrates,
and fungi. Species are not distributed evenly on Earth, and 12 megabiodiversity countries
host 60% to 70% or even more species of the entire world. From the viewpoint of regions,
the 18 generally recognized hot-spots of biodiversity host 20% of world plant species, and
contain high ratio of endemic species, nevertheless, life species in these regions are also more
severely threatened. Because of different geography and history, those countries with high
ratio of endemic species will play an important role in the conservation of species diversity.

China is one of the countries with megabiodiversity and higher ratio of endemic species.
However, endemic taxa are not evenly distributed. There are three endemic centers for en-

demic vascular plants in China, 14 key regions with terrestrial biodiversity of international
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significance. They are of great significance in the conservation of species diversity in China.

Ecosystem diversity denotes the diversity of habitats, communities and ecological pro-
cesses within the biosphere. The habitat diversity is the basis for the formation of community
diversity and even the entire biological diversity. Community diversity is the diversity of
composition, structure and dynamics (succession and fluctuation). Ecological process is the
interaction or interrelationship among components and between those components and their
environments, reflected mainly by energy flow, material cycling and information transfer-
ence.

Ecosystem is a natural functional unit. The distribution of ecosystems is mainly affected
by water and temperature condition. There are many ways to classify ecosystems, but the
widely used one, nowadays, is based on the scale, that is, when at a large scale, classifica-
tion will be based on the characteristics of habitats, and otherwise when at a middle or small
scale, the classification will focus on the vegetation. The ecosystem diversity is also an im-
portant criteria for the determination of key region of biological diversity.

Ecosystem diversity is generally measured at two levels, that is, communities and e-
cosystems. As communities being kernel parts of ecosystems, the measurement of communi-
ty diversity is often used as of ecosystem diversity. Though some ecosystem diversity indexes
have been put forward, none of them have got widely accepted it is worthy of every attempt.

Ecosystem is also a dynamic function unit Those changes mainly include; the long-term
change of physical environment, the genetic change as a result of natural selection. Monitor-
ing of ecosystems is based right on those changes, but more attention is paid to the third
one. Two ways of monitoring are recommended : (1) using sampling quadrate to monitor the
change of composition, structure and major ecological processes of ecosystem; (2) using re-
mote sensing (RS) and geographical information system (GIS) to monitor the change of area
and distribution pattern of different ecosystems.

With the increasing human population and aggravating economic activities, mankind is
exerting more and more influences on biological diversity. The most concerned one is the
fragmentation of habitats or landscapes. Influences of habitat fragmentation include; (1) the
energy budgets in fragmented habitats are significantly different from in those landscapes all
covered with dense vegetation; (2) fragmented habitats suffer more from the winds; (3)
fragmentation will affect the hydrological cycling of ecosystems; and (4) fragmentation will
affect the ratio of species migration and extinction.

The relationship between biological diversity and ecosystem function is one of the core
fields for ecosystem diversity research. What role do taxa play in the maintenance of struc-
tures and functions of ecosystems and whether different species or taxa are interchangeable
regarding their function. Chapter 4 will give you a discussion on these topics after an intro-
duction to the role of life species in ecosystems, keystone species and functional groups.

Comprehensiveness is the most significant characteristic in biological diversity research.
The following two aspects can refer to the comprehensiveness, first, the comprehensiveness

of all those levels from gene to landscape and even to the biosphere. The protection of endan-
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gered species is not only limited to protect individuals at the species level, but already ex-
tends to discover mechanisms of species endangerment at levels of genes, cells and popula-
tions, to consider protection measures at levels of habitats or ecosystems. The second aspect
is the comprehensiveness of different taxa and disciplines involved. For example, researches
on the mechanism of maintenance of ecosystem diversity not only consider effects of ecologi-
cal environment on system stability, but also pay more attention to effects of interactions a-
mong different taxa on system stability.

Biodiversity varies spatiotemporally, that is, growing out of nil and changing from sim-
ple to complex. The evolution of biodiversity has occurred at all of its levels, that is, closely
related with both intrinsic mechanism of living organisms and changes of geosphere, hydro-
sphere and atmosphere.

Evolution of life is affected by such macroscopic factors as vicissitudes between ocean
and land, the separation of Gawana and Laurasia, the drift of plates, and the vicissitudes of
paleo-climate. During the evolution of biodiversity, the most astonishing event is nothing
more than massive extinction of life species. What caused the massive extinction? Does it
happen periodically? Regarding to the disappearance of dinosaurs, there are a variety of opin-
ions, but no unanimous conclusion can be drawn from them. The event which happened in
Quaternary more seriously affected the distribution of modern life species. During that era,
because of the cold weather, glacial periods appeared on the Earth several times. The growth
and retreat of pole glacier and alpine glacier modified habitats and the distribution of
wildlife, and created conditions for species migration and new species formation. The Qua-
ternary glacier also influenced the ecological environment of China, resulting in changes of
vegetation among mixed coniferous deciduous forest, coniferous forest, grassland in alterna-
tion. Changes of vegetation caused fauna succession. The collision between the Indo-subcon-
tinent Plate and the Eurasia Plate brought about the uplifting of Qinghai-Tibet Plateau. The
raised plateau blocked warm and humid airflow and affected the air circulation in the north
hemisphere.

Life species extinction and replacement occurs incessantly. The formation of new species
increases biological diversity. However, there are heated debates on the concept of species in
scientific circus. In the chapter of “Species and their formation”, those concepts of species
put forward by those Essentialists, Nominalists, Darwinists and biologists are discussed, re-
spectively. The debates on the nature of species seemed to be originated from the emphases
of different schools and thus resulted in the contending of different ideas. Since the birth of
Modern Synthetic Evolution Theory, the biological species concept has been considered as
most valuable one by evolutionary biologists. However, the evolution of a species from its
ancestors cannot be always discrete and distinguishable event. The discontinuity in distribu-
tion, morphology, and reproductivity is also an important characteristic of species. The re-
productive isolation is prerequisite for sympatric speciation and geographical isolation is also
a possible cause. Human activities are major reason for modern species extinction and have

directed the evolution of biological diversity.
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With so many life species living on the Earth, to protect biological diversity, one of e-
mergent tasks is to make an inventory of those species and to determine the list of identified
species, and the range of their distribution in a specific region. Inventorying is the basis for
biodiversity monitoring and research of conservation biology, and the prerequisite for con-
serving and sustainable utilizing biotic resources. Many globe-, region- and nation-wide in-
ventories have already been implemented. Categorizing endangered species can simply and
clearly demonstrate the status of endangered species and provide foundation for the imple-
mentation of species protection. The categorization of endangered species is generally based
on their population size, their population characteristics, their range distribution, their habi-
tat area and quality, causes of their endangerment. The categorization of species endanger-
ment of the International Union of Conservation of Nature, the World Conservation Union
(IUCN) contain eight levels, including extinction (EX), extinct in the wild (EW), critically
endangered (CR), endangered (EN), vulnerable (VU), lower risk (LR), data deficient
(DD), and not evaluated (NE). The Conservation on International Trade in Endangered
Species of Wild Flora and Fauna (CITES) decided the conditions of sign-off for the trade cer-
tification according to the degree of species endangerment. Because of the limited manpower,
and material resources for the protection of biological diversity, in order to use those re-
sources effectively, it is necessary to determine an order of priority for species protection.
Generally, the priority is given to on the measurement of species diversity with emphasis on
the endemism, keystone flora and fauna, and then set protection priority to determine which
region should be protected first.

Scientists usually divide populations of endangered species into small populations and
declining populations. Small population refers to those with extremely low number of indi-
viduals, which may extinct soon. Small populations hold special meaning for the protection
of biological diversity. Declining population denotes those with large but decreasing number
of individuals because of the pressures from destruction of habitats and hunting, but there is
no clear line between the two terms. A population is a declining one when its size is dimin-
ishing. If no immediate measures are taken, the declining population will be destined to be a
small population. Hence, declining populations and small populations are two different phas-
es of endangered species only with diftferent number of individuals. With the computer simu-
lation technology, population viability analysis (PVA), which calculates the living probabili-
ty of a population, can determine the surviving time of a small population. For different life
species in different ecological environments, their smallest viable population sizes are differ-
ent, thus, there is no common size of smallest viable population. Nevertheless there are quite
developed methods for the analysis of small population viability , however, the analysis of de-
clining population viability is still premature. Crested ibis is a critical small population.
PVA of Crested ibis is introduced in Chapter 10.

It is undoubtedly an optimal choice to protect an endangered species in its original habi-
tat. However, when the wild population of an endangered species is close to extinction and

its habitat does not exist anymore, ex-situ conservation will provide last choice for its protec-



Summary

tion. In fact, many life species, such as Przewalcki’s Horse, Arabian Oryx, and Pere
David’s Deer still living up to now, are right protected by ex-situ conservation. Ex-situ con-
servation includes the transfer of endangered species to both other habitats and artificial envi-
ronment. The aim of the management of those populations is to or restore their wild popula-
tions. North American Black-footed ferret is a successful example. In ex-situ conservation
environment, the development of individual behavior is easily neglected, so attention should
be paid to the influences of imprinting and parental care on behavior development of juve-
niles. Special attention should be paid to training the captively bred individuals to learn to i-
dentify natural enemies and preys. Modern zoological parks, aquariums and botanical gar-
dens have the responsibility to conserve, to breed, and to exhibit animals and plants, howev-
er, problems still exist such as small populations, heterozygosity and artificial selection in
z00s, aquariums and botanical gardens. Large seed banks and gene banks have preserved a
huge amount of genetic resources. Global actions are involved in present life species conser-
vation, and the Conservation Breeding Specialist Group (CBSG) of the Species Surviving
Commission (SSC) of IUCN has contributed much to the coordination and implementation
of global off site conservation.

Since 1970’s, gene engineering technologies such as DNA recombination, cell fusion,
gene conversion have emerged, and now, we can transfer them to the genetic material of oth-
er organisms to produce human desired features. Till the end of 1995, American government
has approved more than 10 agricultural products of gene engineering to market, and totally
311 genetically modified living organisms approved by Europe Union were released to envi-
ronment from 1991 to 1994. Five years later (from 1991), the total sale of biotechnological
products amounted to 6 billion in American markets. However, DNA gene recombination
may be harmful to environment, such as crops with conversed genes may turn into weeds,
thus bring about negative effects on the protection and sustainable utilization of biological di-
versity, likewise to human beings’ health, and debates on moralities may be triggered when
human genes are involved in conversion. Therefore, relevant agencies began to pay attention
to those happenings. Biotechnology depends on biodiversity to provide genes, and it can also
preserve the genetic resources for biodiversity and may produce new varieties and species.
Because of these potential dangers, biotechnology risk assessment of should be strength-
ened.

Mankind has now already stepped into a civilized society and all countries have drafted
laws to regulate people’s activities of using natural resources, in order to protect the environ-
ment on which human beings depend and utilize biotic resources sustainably. For protecting
the common environment of human beings, all countries are now seeking international coop-
eration to confine nations’ actions, to coordinate actions for environmental protection and to
ensure rational development of global environmental resources, and a series of international
conventions have been formulated, such as Biodiversity Convention, the Convention on In-
ternational Trade of Endangered Wild Flora and Fauna and the Convention on the Protection

of Migratory Species. At the same time, many nations also have settled down some bilateral
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or multi lateral treaties. Based on the principles of coordination between social economic de-
velopment and environment protection, and respect for nation’s sovereignty public ocean,
outer space and the south pole can be managed the international society. Since the beginning
of 1980’s, the legislation on environment has developed rapidly in China. The principal law
for environment protection in China is “The Law of Environment Protection of People’s Re-
public of China”, which was issued in 1989. Besides, China has also formulated some specif-
ic laws for controlling environment pollution, for the protection of oceanic and terrestrial liv-
ing organisms, for the construction and management of nature reserves, and for the protec-
tion of wildlife species.

Nature reserves are set up to protect life species and their habitats, However, the exist-
ing. Existing nature reserves have not covered all areas with high biodiversity and of poten-
tial protection value. Using geographic information system (GIS) technology, Scott et al.
analyzed the spatial information of relevant biological diversity to find lacuna areas of biodi-
versity protection. This technology is called GAP method. Nature reserves also have the re-
sponsibility to protect nature value other than biological diversity. So, the construction of
nature reserves needs to consider ecosystem typicalness, fragility, species rarity, destruction
degree by pollution, attraction of natural beauties and potential economic and scientific val-
ues. Generally, there are conflicts between Conservation and economic development, then it
is necessary to make decision in line with local conditions whether to build one reserve with
larger area, or several ones with smaller area. On the other hand, habitat corridors should be
designed to link nature reserves to provide passages for the migration of wildlife. The effec-
tiveness of habitat corridors depends on their width, and different species need significant
different width of corridors. Nature reserves can be divided into kernel protection zones,
buffer zones, and scientific experimental zones. To carry out eco-tourism in the experimental
zone of nature reserves is a way to obtain revenue for the maintarinarie of natural reserve.
However, the tourism management of nature reserves should match the goal of biodiversity
protection, do best to abate the negative impacts resulting from tourism and allocate the
earning rationally. Much relevant work has been carried out internationally. After the con-
struction of nature reserves, their management should be based on the biological principles,
and their ecological evaluation and management assessment should be implemented periodi-
cally.

The development of non-destructive DNA sampling technology greatly simplified proce-
dures of DNA determination, and made it possible to identify the parenty in wild population,
thus could more truly reflect genetic background of all kinds of life species and provide im-
portant genetic data and basis for the decision-making of conservation strategy. In the mean-
time, scientific research and the sense of protection can really go well with each other, that
is, research will not be harmful to its objects any more. Using this technology in research on
molecular evolution of some precious and endangered animals and conservation genetics will
be helpful to reveal the evolution history of life species or populations, their evolution poten-

tial and future destination, and to inquire into the causes of species endangerment. Experts



