Living in the Environment, 20e

Chapter 9: Sustaining Biodiversity: Saving Species and Ecosystem Services

Core Case Study: Where Have All the Honeybees Gone?

Bees play a key role in pollination

European honeybees pollinate 71% of vegetable and fruit crops

Commercial beekeepers truck hives to farms to pollinate different crops

Colony Collapse Disorder

All bees abandon a colony

Since 2014, U.S. beekeepers have been losing 30–40% of their stock every season.

European Honeybee

9.1 Species Extinction

Species are becoming extinct 1,000–10,000 times faster than the historical rate

Human-related causes of extinction

Habitat loss

Climate change

Ocean acidification

Extinctions Are Natural but Sometimes They Increase Sharply (1 of 3)

Extinction is a natural process

Background rate measures the natural rate

1 extinct species/year/1 million species

Mass extinction

Extinction of many species in a short period of time

Past causes most likely involved global changes in environmental conditions

Extinctions Are Natural but Sometimes They Increase Sharply (2 of 3)

Human population has destroyed and degraded habitats

Huge resource consumption and large ecological footprint

Extinction rates have risen recently

Current extinction rate is 1,000 times higher than natural background rate

Extinctions Are Natural but Sometimes They Increase Sharply (3 of 3)

Rate of extinction and threats to ecosystem services likely to rise sharply in the next 50–100 years

Due to harmful human impacts

Biodiversity hotspots

Places where extinction rates projected to be much higher than average

Biologically diverse environments are being eliminated or fragmented 

Active Learning: Activity—Jigsaw

Break up into groups. Each group will access the HHMI Interactive Timeline of the earth’s major extinctions.

https://media.hhmi.org/biointeractive/click/extinctions/

Summarize your assigned extinction event and the geologic era that came before it. Share your findings with the class.

Science Focus 9.1: Estimating Extinction Rates

Problems estimating extinction rates

Natural extinction of a species a long process

Difficult to document

We have identified only 2 million of the 7–10 million species on earth

We know little about ecological roles of most identified species

Approach: Observe how reductions in habitat area affect extinction rates and estimate current rates

Endangered and Threatened Species Are Ecological Smoke Alarms (1 of 4)

Endangered species

So few individuals that the species could soon become extinct

Threatened species 

Still enough individuals to survive but numbers declining 

May soon be endangered

Endangered and Threatened Species Are Ecological Smoke Alarms (2 of 4)

Regionally extinct

In areas a species is normally found

Functionally extinct

Point where interactions with other species are lost or greatly diminished

Endangered and Threatened Species Are Ecological Smoke Alarms (3 of 4)

Endangered and Threatened Species Are Ecological Smoke Alarms (4 of 4)

9.2 Why Should We Care about Species Extinction?

Reasons to avoid hastening the extinction of wild species are as follows:

They provide valuable ecosystem and economic services.

It can take millions of years for nature to recover from large-scale extinctions.

Many people believe that species have a right to exist regardless of their usefulness to humans.

Species Are a Vital Part of the Earth’s Natural Capital (1 of 5)

Orangutans

Only about 119,000 remain in the wild

Tropical forest habitat being cleared to grow palm oil

They are illegally smuggled and sold

Lowest birth rate of all animals

May disappear within two decades without urgent protective action

Species Are a Vital Part of the Earth’s Natural Capital (2 of 5)

Species Are a Vital Part of the Earth’s Natural Capital (3 of 5)

Species provide vital ecosystem services

Pollination, pest control, and oxygen production

Many plants and animals provide economic services

Food crops, wood for fuel, paper from trees, and ecotourism

Bioprospectors

Search for species that can be used to make medicinal drugs

Extinction can hinder speciation

Many people believe species have an intrinsic right to exist

Which species should we protect

Species Are a Vital Part of the Earth’s Natural Capital (4 of 5)

Species Are a Vital Part of the Earth’s Natural Capital (5 of 5)

9.3 Humans and Species Extinctions

Greatest threats to species (acronym HIPPCO)

Habitat loss, degradation, and fragmentation

Invasive (nonnative) species

Population and resource use growth

Pollution

Climate change

Overexploitation

Habitat Destruction and Fragmentation: Remember HIPPCO (1 of 3)

Habitat destruction, degradation, and fragmentation occur when large intact habitat divided into smaller, isolated patches

Caused by roads, logging, crops, and urban development

Barriers limit species ability to disperse and colonize areas, locate food and mates

Invasive (nonnative) species

Population growth and increasing use of resources

Pollution

Climate change

Overexploitation

Habitat Destruction and Fragmentation: Remember HIPPCO (2 of 3)

Habitat Destruction and Fragmentation: Remember HIPPCO (3 of 3)

Beneficial and Harmful Nonnative Species (1 of 2)

Many species introductions are beneficial

Nonnative species may have no natural predators, competitors, parasites, or pathogens

Nonnative species can crowd out native species

Viewed as harmful, invasive species

Beneficial and Harmful Nonnative Species (2 of 2)

Case Study: The Kudzu Vine and Kudzu Bugs (1 of 2)

Imported from Japan in the 1930s

Help control soil erosion

Spreads rapidly, taking over land

Very difficult to kill

Common fungus can kill Kudzu vine

Need to investigate harmful side effects

Potential benefits of Kudzu

Medicinal and nutritional uses

Potential uses as paper, biofuel

Case Study: The Kudzu Vine and Kudzu Bugs (2 of 2)

Case Study: Wild Boar Invasions (1 of 2)

Introduced to the United States in early 1900s

Privately owned hunting reserves

Some escaped, some released into the wild

Wild boars multiplied rapidly, with populations in 36 states

Prefer forests but can live anywhere

Eat almost anything

Do not have enough natural predators to control population

Case Study: Wild Boar Invasions (2 of 2)

Some Accidentally Introduced Species Can Disrupt Ecosystems (1 of 2)

Burmese python, African python, and boa constrictor in Florida

Pets imported from Africa and Asia and released into Everglades wetlands

Predation by these animals is altering food webs and ecosystem services

Some Accidentally Introduced Species Can Disrupt Ecosystems (2 of 2)

Controlling Invasive Species (1 of 2)

Prevention is the best way to limit the harmful effects of invasive species

Research programs to identify invaders

Track invasive species with ground surveys and satellite observations

Establish international treaties banning transfer between countries

Public education about releasing exotic pets and plants

Controlling Invasive Species (2 of 2)

Population Growth, High Rates of Resource Use, Pollution, and Climate Change (1 of 3)

Human population growth and rising resource use per person

Degrading wildlife habitat

Pollution

Bioaccumulation can cause extinctions of species not directly affected by pollution

Climate change

Will accelerate the sixth extinction

Major loss of diversity and ecosystem services

Population Growth, High Rates of Resource Use, Pollution, and Climate Change (2 of 3)

Population Growth, High Rates of Resource Use, Pollution, and Climate Change (3 of 3)

Science Focus 9.2: Honeybee Losses: A Search for Causes

European honeybee population cut in half over past 50 years

Possible reasons for decline

Parasites

Viruses

Pesticide use

Stress from transportation and overwork

Poor nutrition from pollinating single crops

Killing, Capturing, and Selling Wild Species (1 of 2)

Poaching and smuggling of protected animals

Organized crime involved because of huge profits involved

Elephants and rhinos killed for their tusks and horns

Tigers poached for skin and other body parts

Pet trade

Exotic birds, amphibians, reptiles, and tropical fish

Killing, Capturing, and Selling Wild Species (2 of 2)

Case Study: A Disturbing Message from the Birds (1 of 2)

70% of the world’s bird species are declining

One of eight bird species are threatened with extinction, mostly in tropical forests

Causes

Habitat loss and degradation

Migrating birds

Invasive species

Climate change

Case Study: A Disturbing Message from the Birds (2 of 2)

Exposure to pesticides

Overexploitation

Parrots threatened due to sale as pets

Birds are indicator species

Respond quickly to environmental changes

Birds perform critical ecosystem and economic services

Extinctions could affect many other species

Rising Demand for Bushmeat Threatens Some African Species (1 of 2)

Bushmeat is a source of food in West and Central Africa

Hunting wildlife has skyrocketed within past three decades

One species of red colobus monkey extinct

Reduced populations of orangutans, gorillas, chimpanzees, elephants, and hippos

USAID introducing methods for breeding alternative sources of protein to villagers

Farmed fish

Cane rat breeding

Rising Demand for Bushmeat Threatens Some African Species (2 of 2)

9.4 Sustaining Wild Species and Ecosystem Services

Ways to reduce species extinction and sustain ecosystem services

Establishing and enforcing national environmental laws and international treaties

Creating protected wildlife sanctuaries

Treaties and Laws

1975–Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES)

Signed by 183 countries

Enforcement varies by country 

Convention on Biological Diversity (BCD)

Commits governments to reduce the rate of biodiversity loss

Ratified by 196 countries (not by the United States)

Law lacks enforcement mechanisms

Case Study: The U.S. Endangered Species Act (1 of 5)

Endangered Species Act (ESA)—1973 and amended several times

Identify and protect endangered species in the United States and abroad

Creates recovery programs for listed species

National Marine Fisheries Service for ocean species

U.S. Fish and Wildlife Service for all others

Case Study: The U.S. Endangered Species Act (2 of 5)

ESA

Forbids federal agencies (except Defense) from funding projects that jeopardize endangered or threatened species

Requires commercial shipments of wildlife come through certain ports

In 2015, 1,661 species officially listed

90% of ESA-protected species are recovering at projected rate

Case Study: The U.S. Endangered Species Act (3 of 5)

2018 changes to ESA by Interior Department

Allow economic factors to be used in the listing and delisting process

Downgrade protections for threatened species

More difficult to list a species as threatened

Decrease or eliminate the use of climate change as a factor in determining a species’ status

Case Study: The U.S. Endangered Species Act (4 of 5)

Recommended changes to ESA by National Academy of Sciences

Increased funding

Emphasize developing recovery plans quickly

Identify and protect core habitats first

Give assistance to landowners

Case Study: The U.S. Endangered Species Act (5 of 5)

Active Learning: Resource

The IUCN Red List of Threatened Species™ provides a comprehensive list of species, categorized by status.

https://www.iucnredlist.org/

Wildlife Refuges and Other Protected Areas (1 of 2)

In 1903, Theodore Roosevelt established the first federal wildlife refuge

Pelican Island, Florida

Wildlife refuges

Most are wetland sanctuaries

Provide habitats for one-fourth of the U.S. threatened or endangered species

Harmful activities such as mining, drilling, and using off-road vehicles legal in most refuges

Wildlife Refuges and Other Protected Areas (2 of 2)

Seed Banks and Botanical Gardens

Seed banks

Preserve genetic material of endangered plants

Refrigerated, low-humidity environments

Botanical gardens

Contain living plants

Represent one-third of known plant species

Arboreta

Protect, study, and display trees and shrubs

Zoos, Aquariums, and Wildlife Farms (1 of 4)

Techniques for preserving endangered terrestrial species

Egg pulling

Captive breeding

Artificial insemination

Embryo transfer

Use of incubators

Cross fostering

Zoos, Aquariums, and Wildlife Farms (2 of 4)

Ultimate goal of captive breeding programs

Releasing/Reintroducing populations to the wild

Captive population must number 100–500 individuals

Public aquariums provide education

Not effective gene banks due to limited funds

Wildlife farms

Raise endangered species for commercial sale

Zoos, Aquariums, and Wildlife Farms (3 of 4)

Zoos, Aquariums, and Wildlife Farms (4 of 4)

The Precautionary Principle

Precautionary principle

Act to prevent or reduce harm when preliminary evidence indicates acting is needed

Good strategy in other areas

Preventing exposure to harmful chemicals in our air, water, and food

Emphasis on preventing species extinction

Act early rather than when species is nearly extinct

Protecting Species and Ecosystem Services Raises Difficult Questions

Should we focus on protecting species or ecosystems and services they provide?

How to decide which species get attention?

Protecting species appealing to humans can increase public awareness of the need.

How to determine which habitat areas to protect?

How do we allocate resources?

Big Ideas (1 of 3)

We are hastening the extinction of wild species and degrading the ecosystem services they provide by

Destroying and degrading habitats

Introducing harmful invasive species

Increasing human population growth, pollution, climate change, and overexploitation

Big Ideas (2 of 3)

We should avoid causing the extinction of wild species 

Species provide vital ecosystem and economic services.

Their existence should not depend primarily on their usefulness to us

Big Ideas (3 of 3)

We can work to prevent the extinction of species and to protect overall biodiversity and ecosystem services by

Using laws and treaties

Protecting wildlife sanctuaries

Tying It All Together: Honeybees and Sustainability

Honeybee populations have been declining

Acting to prevent species extinction

Preserves biodiversity

Preserves important services such as chemical cycling

Ethical
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