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Unit 5: Unit 5: 生物多样性问题生物多样性问题



Biodiversity Loss and Extinction

• Two basic terms
–– BiodiversityBiodiversity: a broad term used to describe the diversity 

of genes, species, and ecosystems in a region.
–– ExtinctionExtinction: the death of a species, the elimination of all 

the individuals of a particular kind.
• Biodiversity is lost when a species becomes extinct.
• Extinction is a major consequence of human 

domination of the Earth. 
–– Complete extinctionComplete extinction: all the individuals of a species are 

eliminated.
–– Local extinctionLocal extinction: the future of the species is not 

encouraging.



Causes of Extinction

• Probability of becoming extinct



Extinction as a Result of Human 
Activity

• At one time, a human was just another consumer 
somewhere in the food chain – just like other 
animals.

– Human fell prey to predators.
– Human died as a result of disease and accident.

• As human population grew, and as their tools 
became more advanced, the impact that a single 
man could have on his surroundings increased 
tremendously.

– Purposeful use of fire – to change ecosystems.
– Wood was harvested for fuel and building materials.
– Human displaced other kinds of organisms.



Changes in the ability of humans      
to modify their world



Describing Biodiversity

• Genetic Diversity: the number of different 
kinds of genes present in a population or a 
species.

–– High genetic diversityHigh genetic diversity – many different kinds of 
genes, individuals within the population having 
different structures and abilities.

–– Low genetic diversityLow genetic diversity – nearly all the individuals in 
the population having the same characteristics.



Describing Biodiversity

• Several things influence the genetic diversity of a 
population

–– MutationsMutations are changes in the genetic information of an 
organism.

–– MigrationMigration of individuals of a species from one population 
to another alters the genetic diversity of a population.

–– Sexual reproductionSexual reproduction generates new genetic combinations 
superior to those of other members of the population.

–– Population sizePopulation size is a very important factor related to 
genetic diversity.

–– Selective breedingSelective breeding eliminates undesirable characteristics 
and selects for desirable ones.



Describing Biodiversity

• Species Diversity – a measure of the number 
of different species present in an area.

– Two kinds of species diversity
Species richnessSpecies richness: number of different kinds of species 
in an area.
Taxonomic richnessTaxonomic richness: the number of different 
taxonomic categories of the species present in an 
area.

– Species diversity is influenced by climatic events, 
introduction of new species, size of the area, and 
human activities.



Numbers of Described Species by Taxonomic Group
Taxonomic GroupTaxonomic Group Approximate Number of Described SpeciesApproximate Number of Described Species
Insects 751,000
Plants 248,428
Noninsect Arthoropods (mites, spiders, 
crustaceans, etc.)

123,151

Mollusks 50,000
Fungi 46,983
Protozoa 30,800
Algae 26,900
Fish 19,056
Flatworms 12,200
Roundworms 12,000
Earthworms and related organisms 12,000
Birds 9,040
Jullyfish, corals, comb jellies 9,000
Reptiles 6,300
Starfish, sea urchins, sand dollars, etc. 6,100
Sponges 5,000
Bacteria, blue-green algae 4,760
Amphibians 4,184
Mammals 4,000
TotalTotal 1,380,9021,380,902



Describing Biodiversity

• Ecosystem Diversity – a measure of the number of 
kinds of ecosystems present in an area.

– Many regions of the world appear to be quite uniformuniform in 
terms of the kinds of ecosystemsecosystems present.

Desert with similarities of low rainfall, thorny woody plants, 
animals that can survive on little water.

–– Natural eventsNatural events such as hurricanes, fires, floods, or 
volcanic eruptions may have destroyed the original 
vegetation, resulting in patches of early successional
stages. 

–– Local topographic conditionsLocal topographic conditions may create patches of the 
landscape that differ from the prevailing type.



The Value of Biodiversity
• Biological and Ecosystem Services Values

Estimated values for ecosystem servicesEstimated values for ecosystem services
Categories of servicesCategories of services Examples of servicesExamples of services Estimated yearly value Estimated yearly value 

(Trillion 1994 USD)(Trillion 1994 USD)
Soil formation Weathering, organic matter 17.1
Recreation Outdoor recreation, ecotourism, sport fishing 3.0
Nutrient cycling and waste 
treatment

Nitrogen, phosphorus, and organic matter 
availability 

2.4

Water services Irrigation, industry, watersheds, aquifers etc. 2.3
Climate regulation Greenhouse gas regulation 1.8
Refuges Nursery areas for animals, stopping places 

during migration, overwintering areas
1.4

Disturbance regulation and 
erosion control

Protection from storms and floods, drought 
recovery

1.2

Food and raw materials Hunting and gathering, fishing, lumber, fuel 
wood, food for animals

0.8

Genetic resources Medicines, reservoir of genes for 
domesticated plants and animals

0.8

Atmospheric gas balance Carbon dioxide, oxygen, ozone, sulfur oxides 0.7
Pollination and pest control Increased production of fruits 0.5
TotalTotal 3333



The Value of Biodiversity

• Direct Economic Values
– People receive many values from the use of organisms

Easily valued resources
Timber resources harvested: $US 140 billion
Fisheries resources harvested: $US 57 billion

Resources never enter the formal economy
Firewood: over 60% of wood is burned as fuel worldwide
Wild foods: directly consumed by people who harvested them

– Gaining economic values may result in loss of 
biodiversity

Harvesting of ivory is reducing the number of elephants
Harvesting of alligators for their hides is cutting alligator numbers



The Value of Biodiversity

• Ethical Values
– An ethical position that is unrelated to social or economic 

consideration
All species have an intrinsic value and a fundamental right to 
exist.
Extinction of a species by itself is not bad, but human-initiated 
extinction is bad.

– The values held by a person are typically shaped by 
experience

People living in rural settings have a basic understanding of how 
ecosystems functions.
Urbanization results in a continual erosion of the nature 
experiences that can shape the values of people.



Threats to Biodiversity

• A tension between the desire to use biotic 
resources and a wish to maintain biodiversity.

– Farmland, lumber, or animal products can be given a 
measurable monetary value by the economic 
marketplace.

– It is often difficult to put an economic value on the 
preservation of biodiversity and the environmental 
services provided by organisms.

• Four major human activities threaten to reduce 
biodiversity:

–– Habitat lossHabitat loss
–– OverexploitationOverexploitation
–– Introduction of exotic speciesIntroduction of exotic species
–– Persecution of pest organismsPersecution of pest organisms



Threats to Biodiversity

• Habitat loss
– About 80% to 90% of threatened species are 

under threat because of habitat loss or 
fragmentation.

– The primary activities that result in habitat loss 
are:

FarmingFarming
ForestryForestry
Grazing by livestockGrazing by livestock
Modification of aquatic habitatsModification of aquatic habitats
Conversion to urban and industrial landscapesConversion to urban and industrial landscapes



Causes of Extinction Causes of Extinction Many organisms have become extinct as a result of 
human activities. On a worldwide basis, the most important of these activities is 
the destruction of habitat by humans modifying the environment for their own 
purposes.



Changes in Forest AreaChanges in Forest Area Most tropical forests in Central America, Africa, and much of 
Asia are being lost, while non-tropical areas are holding their own or growing. 



A Specialized Marsupial A Specialized Marsupial –– the the NumbatNumbat This small marsupial mammal requires 
termite- and ant-infested trees for its survival. Termites serve as food, and the
hollow limes and logs provide hiding places. Loss of old-growth forests with 
diseased trees will lead to the numbat’s extinction.



Threats to Biodiversity

• Environmental implications of various 
harvesting methods

–– Clear cuttingClear cutting - Removal of all trees in an area.  
Economical but increases erosion, especially on 
steep slopes.

–– PatchPatch--work clear cuttingwork clear cutting - Clear cutting in small, 
unconnected patches - preserves biodiversity.

–– Selective harvestingSelective harvesting - Single tree-harvesting -
Not as economical, but reduces ecosystem 
damage.



Extensive ClearExtensive Clear--cutting cutting Large, 
clear-cut plots of land can lead to a 
loss of species and accelerated soil 
erosion.



Threats to Biodiversity

• Special concerns about tropical deforestation
– Tropical forests have greater species diversity 

than any other ecosystem.
– Not easy to regenerate after logging due to poor 

soil characteristics.
–– Deforestation ConcernsDeforestation Concerns

Significantly reduces species diversity.
Impacts climate via lowered transpiration. 
CO2 trap – increased global warming.
Human population pressure is greatest in tropics, and 
still increasing.



Threats to Biodiversity

• Plantation forestry
– Many lumber companies maintain forest 

plantations as crops and manage them in the 
same way farmers manage crops.

Plant single species, even-aged forests of fast 
growing hybrid trees.
Competing species are controlled by fire and insects 
controlled by spraying.
Mature rate as low as 20 years (vs. 100).

Quality of lumber reduced.
Low species diversity and wildlife value.



Habitat Needs of the RedHabitat Needs of the Red--
Cockaded Woodpecker Cockaded Woodpecker The 
red cockaded woodpecker 
excavates its nest in old living 
pines that have a disease known 
as red hart. Old diseased trees 
are rare in forests that are 
intensely managed for wood 
products. Modification of its 
habitat by removing old, diseased 
trees has led to this bird being 
endangered.



Threats to Biodiversity

• Rangeland and grazing practices
–– Rangelands Rangelands - Lands too dry to support crops, but 

received enough precipitation to support grasses and 
drought-resistant shrubs.

Wildlife are usually introduced species.
– Management techniques and selective grazing of 

animals may lead to the elimination of non-preferred 
species.

– Important to regulate number of livestock on rangelands -
especially in dry areas.

–– DesertificationDesertification - Process of converting arid and semi-arid 
land to desert.

Over-grazing
Firewood cutting



Use of Rangelands Use of Rangelands 
The arid and 
semiarid regions of 
the world will not 
support farming 
without irrigation. In 
many of these areas, 
livestock can be 
raised. Permanent 
ranges occur where 
rainfall is low but 
regular. Nomadic 
herders can utilize 
areas that have 
irregular sparse 
rainfall.



Desertification Desertification Areas of the 
world where desertification is 
prevalent. 

Desertification Desertification Arid and semiarid 
areas can be converted to desert 
by overgrazing or unsuccessful 
arming practices.



Threats to Biodiversity

• Habitat loss in aquatic ecosystems
–– Marine ecosystemMarine ecosystem: Use of drawls to harvest bottom-

dwelling fish disturbs the seafloor and create conditions 
that make it more difficult for the fish populations to 
recover.

–– Freshwater ecosystemFreshwater ecosystem: Modification of lakes and rivers 
for navigation, irrigation, flood control, or power 
production alters the natural ecosystems and changes 
the numbers or kinds of aquatic organisms present.

• Conversion to urban and industrial uses
–– UrbanizationUrbanization results in land coverage with impermeable 

surfaces that prevent plant growth.
–– Industrial sites constructionIndustrial sites construction results in land alternation in a 

way that the natural ecosystems are destroyed. 



Threats to Biodiversity

• Overexploitation
– Overexploitation is responsible for

Over 30% of endangered species of animals.
About 8% of endangered species of plants.

– Some of the organisms, or their parts, are highly 
prized by buyers. This is one reason for 
overexploitation.





Threats to Biodiversity

• Overfishing of marine fisheries

Trends in World Fish ProductionTrends in World Fish Production The amount of fish captured increased steadily 
until about 1989 and remained essentially constant since then. Aquaculture has 
continued to increase so the total production continues to increase.



Changes in World Changes in World 
Marine Fish Harvests Marine Fish Harvests 
19501950--19951995



Threats to Biodiversity

• Unsustainable harvest of wildlife and plants
– Wildlife are harvested for a variety of reasons:

Need for food
Trade in animal products
Harvest of living animals for the pet and aquarium trade
Particular value of animal parts
Traditional medicine

• Introduction of exotic species
– Purposeful introduction

Agriculturally important plants and animals
People’s fondness for particular plant or animal

– Accidental introduction
Accidental transfer



Native and Introduced Fish Species in the Great Lakes Native and Introduced Fish Species in the Great Lakes The Great Lakes 
have been altered considerably by the introduction of many non-native fish 
species. Some were introduced accidentally (lamprey, alewife, and carp), and 
others were introduced on purpose (salmon, brown trout, rainbow trout).



The Impact of the Lamprey on Commercial Fishing The Impact of the Lamprey on Commercial Fishing The lamprey entered 
the Great Lakes in 1932. Because it is an external parasite on lake trout, it had 
a drastic effect on the population of lake trout in the Great Lakes. As a result of 
programs to prevent the lamprey from reproducing, the number of lamprey has 
been reduced somewhat, and the lake trout population is recovering with the 
aid of stocking programs.



Threats to Biodiversity

• Control of pest organisms
– Certain organisms have been systematically 

killed because they interfere with human 
activities.

Large predators locally exterminated
Mountain lions and grizzly bears in North America
Tigers in Asia
Lions and wolfs in Europe

Pigeons killed because they became pests to farmers 
– Methods for controlling pest organisms

Predator and competitor control
Hunting
Habitat modification



What Is Being Done to Preserve Biodiversity?

• Four categories to classify species in danger of 
extinction set by IUCNIUCN (The World Conservation 
Union)

–– EndangeredEndangered: those whose survival is unlikely if the 
conditions threatening their extinction continues.

–– VulnerableVulnerable: those that have decreasing populations and 
will become endangered unless causal factors are 
eliminated.

–– RareRare: those that have small worldwide populations and 
that could be at risk in the future.

–– IndeterminateIndeterminate: those that are thought to be extinct, 
vulnerable, or rare, but so little is known about them that 
they are impossible to classify.



What Is Being Done to Preserve Biodiversity?

• Legal protection
–– UN Convention on Biological DiversityUN Convention on Biological Diversity

Signed by 168 countries in 1997
Objectives: conservation and sustainable use of BBiological 
DDiversity (BD)
Key components

Develop national strategies
Identify important components of BD 
Monitor BD
Identify activities that have adverse impacts
Establish a system of protected areas
Rehabilitate and restore degraded ecosystems
Develop legislation for protecting threatened species
Integrate consideration for national decision making



Endangered Species Endangered Species 
Many species have been 
placed on the endangered 
species list. These are 
plants and animals that 
are present in such low 
numbers that they are in 
immediate danger of 
becoming extinct.



EEndangered and threatenndangered and threateneed species by taxonomic d species by taxonomic 
groupgroup

Taxonomic Taxonomic 
groupgroup

Approximate Approximate 
number of number of 
described described 
species in the species in the 
worldworld

Number of U.S. Number of U.S. 
species species 
endangered or endangered or 
threatenedthreatened

World World 
Conservation Conservation 
Union Union 
threatened listthreatened list

751,000 557

5,714
436

939
742

1,192

293
157

1,137
0

248,428
180,000

50,000
19,056
9,040

6,300
4,184

4,000

Percent of Percent of 
total species total species 
on World on World 
Conservation Conservation 
Union Union 
threatened listthreatened list

Insects

109,400

44

744
33

102
115
92

36
21

74
2

0.0076%

Plants 2.3%
Invertebrates 
other than insects 
and mollusks

0.24%

Mollusks 1.9%
Fishes 3.9%
Birds 13.2%

Reptiles 4.65%
Amphibians 3.75%

Mammals 28.4%
Fungi, bacteria. 
Algae, protozoa

0%



What Is Being Done to Preserve Biodiversity?

• Sustainable management of wildlife 
populations

–– Habitat analysis and managementHabitat analysis and management
An animal’s habitat must provide food, water, and
cover

CoverCover: places where the animal can rest and raise 
young, escape from enemies.

Habitat management: habitat modifications made to 
enhance the success of a species.



Cover Requirements for Quail Cover Requirements for Quail QuailQuail need several kinds of cover to be need several kinds of cover to be 
successful in an area. When raising young, they need areas of tasuccessful in an area. When raising young, they need areas of tail grass il grass 
and weeds to provide protection from predators. In the winter, tand weeds to provide protection from predators. In the winter, they need hey need 
thickets to provide cover from weather and predators.thickets to provide cover from weather and predators.



What Is Being Done to Preserve Biodiversity?

• Population assessment and management
– Wildlife managers use population censuses to 

check if populations are within appropriate 
levels.

– With suitable habitat and protection, most wild 
animals can maintain a sizeable population.

– But high reproductive capacities and/or heavy 
protection can cause very large populations.

Whitetail Deer in Eastern US
Elephants in Zimbabwe



What Is Being Done to Preserve Biodiversity?

• Population assessment and management
– Wildlife management often involves harvesting 

for sport and meat.
– Hunting regulation is crucial.

Seasons usually occur in the fall to take advantage of 
surplus animals.

– When populations get too small, artificial 
introductions can be implemented.

Native species for augmentation.
Non-native species for empty niches.



Managing a Wildlife Population Managing a Wildlife Population These seasonal change in this population These seasonal change in this population 
of blackof black--tailed deer are typical of many game species. The hunting seasontailed deer are typical of many game species. The hunting season is is 
usually timed to occur in the fall so that surplus animals will usually timed to occur in the fall so that surplus animals will be harvested be harvested 
before winter, when the carrying capacity is lowerbefore winter, when the carrying capacity is lower



What Is Being Done to Preserve Biodiversity?

• Special issues with migratory animals
–– Migratory birdsMigratory birds can fly thousands of kilometers 

and can travel north in the spring and return to 
the south before the winter.

– Habitat management has taken several forms in 
North and Central America

To prevent the draining of small ponds and lakes that 
provide nesting areas for the birds in the north.
To provide resting places, food, and protection from 
hunting in the south.



Migration Routes for North American WaterfowlMigration Routes for North American Waterfowl Migratory waterfowl follow traditional Migratory waterfowl follow traditional 
routes when they migrate. These have become known as the Atlantiroutes when they migrate. These have become known as the Atlantic, Mississippi, Central, c, Mississippi, Central, 
and Pacific flyways. Many of these waterfowl are hatched in Canaand Pacific flyways. Many of these waterfowl are hatched in Canada, migrate through the da, migrate through the 
United States, and winter in the southern United States or MexicUnited States, and winter in the southern United States or Mexico.o.



What Is Being Done to Preserve Biodiversity?

• Sustainable management of fish populations
– Management of the near shore seawater area

Control of fishing in the area within the 200-nautical-
mile limit by each country 
Solving conflicts between neighboring countries

– Management of marine fisheries resources
Management is important
Difficult in achieving international agreement on limits 
to the harvest

– Management of freshwater fisheries
Usually domestic problems



Summary
• Biodiversity can be measured in several ways

–– Genetic diversityGenetic diversity is a term used to describe the number 
of different kinds of genes present in a population or a 
species.

–– Species diversitySpecies diversity is a measure of the number of different 
species present in an area.

–– Ecosystem diversityEcosystem diversity is a measure of the number of kinds 
of ecosystems present in an area.

• Biodiversity can be valued regarding
–– BiologicalBiological and ecosystem services values
– Direct economiceconomic values
–– EthicalEthical values



Summary

• The causes of biodiversity loss include
–– Habitat lossHabitat loss by humans converting ecosystems to 

agriculture and grazing.
–– Overexploitation Overexploitation by harvesting species at unsustainable 

levels.
– Introduction of exotic speciesexotic species that disrupt ecosystems 

and compete or prey on native organisms.
– Purposeful killing of pest organismskilling of pest organisms.

• Protection of biodiversity typically involves
–– Legal protectionsLegal protections by national laws and international 

agreements.
–– Management Management of the use of species and ecosystems at 

sustainable levels.



Key Terms
•• BiodiversityBiodiversity

The diversity of genes, species, and ecosystem in a region.
•• Bush meatBush meat

Meat from wild animals.
•• CoverCover

Any set of physical features that conceals or protects animals from the 
elements or enemies.

•• DeforestationDeforestation
Forest-destroying activities.

•• DesertificationDesertification
The process of converting arid and semiarid land to desert because of 

improper use by humans.
•• Endangered speciesEndangered species

The species that have such small numbers that they are in immediate 
jeopardy of becoming extinct.



Key Terms
•• ExtinctionExtinction

The death of species, the elimination of all the individuals of a particular 
kind.

•• Habitat managementHabitat management
The habitat modifications made to enhance the success of a species.

•• Migratory birdMigratory bird
The birds that can fly thousands of kilometers and, therefore, can travel 

north in the spring and return to the south in the autumn. 
•• MutationsMutations

Changes in the genetic information of an organism.
•• Threatened speciesThreatened species

The species that could become extinct if a critical factor in their 
environment were changed.



Review Questions

• Why is the impact of humans greater today 
than at any time in the past?

• Describe three factors that influence the 
genetic diversity of a population.

• Describe three major causes of the loss of 
biodiversity.

• What is desertification? What causes it?
• What is extinction, and why does it occur?
• List three actions that can be taken to 

prevent extinction.
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