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Evidence of Changing Biodiversity

Biodiversity is the sum total of life 
forms that exist today and the habitats that 
support them. This diversity of organisms, or 
species, includes bacteria and viruses, as well 
as dandelions, mushrooms, and mosquitoes. 
The endangered habitats that support life 
range from tide pools and deserts to peat 
bogs and unexplored rain forests. Human 
cultures are also an important part of Earth’s 
biodiversity. 

Biologists estimate that there are 
between 7 million and 15 million different 
kinds of organisms alive on Earth today. The 
wide difference in the estimates is because 
scientists know so little about what lives in 
remote areas. Only 1,700,000 (1.7 million)  living species have been 
studied. In your school yard or in the vacant lot down the street, there 
may be living things that no one has ever taken the time to study or 
name. 

This book presents scientific processes and knowledge to help you 
identify causes of species extinction and habitat loss as well as potential 
solutions. As you learn about evolution, natural selection, genetics, 
and ecosystems, you will gain information and tools for conserving 
natural resources. In each chapter, you will encounter the work of 
scientists who have made important contributions to understanding 
life on our planet. The book also presents the successful efforts of 
citizens to reduce the impact of human society on the natural world. 
These efforts are paving the way for achieving  a sustainable global 
economy that maintains the productivity of Earth’s ecosystems.

Species: a population 
of organisms with close 
genetic similarities that 
can naturally mate with 
each other and produce 
offspring that can also 
reproduce naturally. 
Photo by Reginald H. 
Barrett.

1. Seeking Biodiversity

Why are there so many different kinds of 
organisms and environments that support them? Is 
species extinction a natural process that has been 
going on for millions of years?  How do we know that 
loss of biodiversity can cause problems for people 
and the planet?  These questions and others have 
led people to study many aspects of life on Earth.  
Although much still needs to be learned, important 
clues have been revealed by the collaborations of 
scientists around the world.

In ancient sedimentary rocks of Western 
Australia, scientists have found fossils that were 
formed by clusters of bacteria growing in coastal 
tide pools 3,500,000,000 (3.5 billion) years ago. 
Little is known about the structure of these early 

life forms other than they resemble modern 
bacteria. Another 3 billion years passed before 
more complex marine organisms, such as jellyfish 
and worm-like creatures, became common in 
the fossil record.  It is still a mystery how the 
first bacteria evolved into the more complex 
organisms, because their small soft bodies left 
few clues behind in the layers of sediments.

Examine the following graph that summarizes 
the research of paleontologists (scientists who 
study fossil life). You can see that over time, the 
different kinds of marine organisms identified in 
the fossil record have increased. There are deep 
valleys where the kinds of fossils are greatly 
reduced. 

Chapter 1
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Find the time period when more than 80% 
of ocean organisms became extinct.  Scientists 
haven’t yet discovered what caused this greatest 
of all known extinctions that occurred 240,000,000 
(240 million) years ago. Another gigantic extinction 
occurred 65,000,000 (65 million)  years ago, 
killing most marine organisms and wiping out 
the dinosaurs. (Reprinted with permission of the 
author from Dr. Art's Guide To Planet Earth, by 
Art Sussman.)

The causes of the mass extinctions are still 
under study and debate. Various hypotheses 
have included:  climate change, such as periods 
of cooling and warming; changing composition 
of the atmosphere and ocean; continental drift; 
impacts of asteroids; and emergence of aggressive 
new species. Paleontologists have discovered that 
new kinds of species emerged following each great 
extinction, so that the trend over millions of years 
has been an increase in the overall biodiversity 
of the planet.

Millions of Years Ago
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Near the end of the Pleistocene ice age, 
40,000 years ago, human populations expanded 
into Europe, Northern Asia, North America, 
and Australia.  Paleontologist, Paul Martin and 
colleagues, have pieced together evidence that 
the decrease in megafauna species (large animals) 
followed the migration of human hunters into new 
regions. In their article, “Prehistoric Overkill: 
the Global Model”  they provide compelling data 
for the link between early hunting cultures and 
the loss of large species. This is the first mass 
extinction that can be linked to the actions of 
humans.

Within a few thousand years, North America 
lost more than 70% of all large mammals, including 
species of horses, camels, giant sloths, giant 
armadillos, saber tooth cats, dire wolves, lions, 
mammoths and mastodons. Their remains have 
been identified among the tools and objects of 
early human settlements.  As human populations 
expanded into Central and South America, 80%  
of large animals became extinct. The extinction 
pattern in Europe and Asia was much the same. 

Extinctions Linked to Humans
Cave paintings in southern Europe document the 
hunting activities that exterminated animals like 
the giant cave bear.

The impact of early humans on Australian 
species was even greater with the extinction of 
86% all marsupial mammals, including several 
giant kangaroos, marsupials resembling  the 
rhinoceros, tapirs, ground sloths, and a giant 
lizard.  As human populations spread through 
the oceanic islands, more than 1,000 species of 
island birds became extinct, many of them large 
flightless species. 

? 
Question 1.1  

Why do you think the large 
species tended to be more 
susceptible to extinction?  

A piece of the puzzle:  In 1980, Walter and Luis 
Alvarez, Helen Michel and Frank Asaro published their 
evidence of a gigantic asteroid impact 65 million years 
ago.  They documented  a layer of ash in sedimentary 
rocks in Europe and North America that coincided with 
the great die-off of land and marine animals.  In 1992 
the location of the crater was found off the east coast of  
Mexico. 
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On a brighter note, people can learn from history and 
science and take action to decrease their negative impacts on 
the biosphere.  The following activity, Assessing Biodiversity, 
will give you experience using research methods that can guide 
biodiversity restoration efforts.

While extinctions have occurred frequently throughout Earth’s 
history, there is no evidence that any species prior to our own 
has caused a mass extinction similar to the one that is currently 
underway. Our modern impacts  greatly exceed the prehistoric 
activities of our ancestors in several dramatic ways: 

•  Habitats in all areas of the globe are affected from Antarctica  
to the Amazon.  Modern warfare is decimating entire 
regions.

•  Human activities  are affecting species of all types, plants, 
animals, and even microorganisms. Chemical pollutants are 
affecting food chains throughout the world.

•  Modern methods of travel are transporting alien species, 
including diseases, into new environments. 

•  Modern technology has made it easier for people to overfish 
and overharvest food species. 

How do we know that loss of biodiversity can cause problems 
for people and the planet?  In the chapters ahead, reports 
of scientific studies provide evidence of global problems and 
strategies for reducing our impact on the environment. 

Adapted from Martin, 1984 and Diamond, 1992.
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The "green patches" found in school gardens, city parks, backyards, 
and travel corridors are potential habitats for native species of plants and 
animals.  In this activity, you will record evidence of species diversity for an 
urban habitat that has vegetation.  Your habitat study will provide baseline 
information for developing a plan to improve the site for wildlife.  Then 
you will create a Habitat Action Plan of practical steps that can be taken 
to increase the species diversity of your site. 

What You Need
• clip board, pencil, and paper for recording observations

• camera for documenting the site

• hand lens

• zipper lock plastic bags for collecting non-living samples

• pack of 3x5 cards for drawing or describing each species

• field guides to plants and animals  
of your area (optional)

• microscopes (optional)

Biodiversity Assessment   
Field Investigation

Getting Started
1.  Choose a vegetated area within easy access of your home 

or school that shows human impact.  If the area is large, 
select a study site that is under an acre in size.

2.  Write a brief description of the site, noting the following: 
date, time, location, physical characteristics, and 
major ground cover.  Take photographs to document the 
vegetation and major features.

3.  Describe the extent of human impact.  

• How much of the site is paved? 

• How much of the site is covered by plants that have 
been planted by humans? 

• How often do people visit the area, and what is their 
impact? 

4. Draw a map to scale showing the main features of your 
study site, including sources of water, and areas of cover 
for animals.

Look closely for very small species.
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Draw or describe each species you see.

Your Habitat Action Plan
1.  Organize a binder or web page for your Habitat Action Plan that 

includes the following sections: 

 Map(s) and Photographs of the Site 

 Baseline Summary of Biodiversity

 Habitat Action Plan

 Appendices of Supporting Information:

  Site Inventory Cover Sheet 

  Species Cards 

  Descriptions of Human Impact 

   Information from Scientists

2.  Using your recent field experience much the way a conservation 
biologist would, compose a list of  recommendations for 
improving the species diversity of the site. 

3. Write a Habitat Action Plan that outlines your recommendations, 
including some easily implemented changes that could improve 
the site for native species.

4. Submit your Habitat Action Plan to a field biologist, such as a 
park naturalist, for his or her review.

5. Incorporate the feedback from scientists, then share 
your plan with others through a web page and/or articles 

Investigating Biodiversity
1. Observe your plot carefully using your sense of hearing 

as well as sight, because small birds and insects may 
reveal themselves by the sounds that they make.  

2. Look for indirect evidence of plants and animals, such 
as tracks, nests, seeds, droppings, and feathers.

3. Draw or describe, on its own numbered 3" x 5" index 
card, every plant and animal species you discover.  
Don’t worry about names at this point; you can use 
field guides to identify species at a later time. 

4. Get down close to the ground to look for small 
creatures living in the leaf litter.

5. You may want to use small plastic bags to collect non-
living evidence such as fallen leaves and berries.

Preparing Your Baseline Summary
1. Group your species cards into the following categories 

and record the numbers of each on your Site Inventory 
Coversheet: Plants, Fungi, Mammals, Birds, Reptiles, 
Amphibians, Fish, Insects, Non-insect invertebrates, 
Other.

2. Highlight or color code the 
cards for species that you 
find out are native to the 
area. Use field guides and 
input from a local biologist 
to identify these natives. 
Estimate the total number 
of native species for your 
site. 

3. What plants and animals 
dominated the site (most 
n u m e r o u s ,  g r e a t e s t 
biomass)?

4. Record on the map the 
locations of plants that 
provide important sources 
of food for animals. 

5. Write a one-page Baseline 
Summary of your  results. 
Present your methods, data, 
and site descriptions. 
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Biodiversity Assessment

Site Inventory Cover Sheet

Name(s)_______________________________________________________

Date(s) and Time(s) ____________________________________________

Address/ Location _____________________________________________

Description of Site:

Non-living Physical Characteristics:

Major ground cover (plant or other material that covers most of 
the ground):

Describe Human Impact

How many species did you observe? Total ____

Plants ____    Fungi ____    Mammals ____    Birds ____    Reptiles ____ 

Amphibians ____    Fish ____     Insects ____    Other Invertebrates ____  

Estimate number of native species ____              
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Why Conserve Biodiversity?

and presentations to local newspapers, city planners, and local 
environmental organizations.

6. Search the Internet for biodiversity resources and habitat restoration 
programs that can help you network with others who share your 
interests and concerns. 

7. Follow up on the interest you generate. The successful biodiversity 
restoration projects taking place in different areas of the world were 
started by small groups of concerned citizens. 

Wildlife Habitat Restoration Web Site: National Wildlife Federation 
http://www.nwf.org

In the following chapters, look for evidence 
provided by scientists, economists, urban planners 
and concerned citizens to support these reasons 
for conserving species and ecosystems:

1. Loss of Productivity:  The loss of  species and 
habitats can lead to a loss of biological and 
monetary productivity in a region.

2. Undiscovered Resources:   Nature’s 
undiscovered and unnamed plants, animals and 
microorganisms hold future value for society. 

3. Stability of the Global System:  Earth’s 
biodiversity is like a giant tapestry of millions 
of unique beads, woven into a colorful design 
with a single thread.  As organisms are plucked 
from the design, others nearby become loose 
and slip off.

4. Aesthetics: Each species and habitat is unique. 
These wonders of nature have aesthetic value 
to millions of people.

5. Ethics:  Much as it is morally wrong to commit 
genocide (extermination of a whole human  
racial, political, or cultural group), it is morally 
wrong to exterminate other species. We 
should find ways to share planet Earth with all 
existing species and safeguard a wide variety 
of habitats. Even from a more selfish human 
perspective, there is growing consensus among 
nations that it is unethical for people in one 
part of the world to exterminate organisms and 
damage ecosystems that might be of value to 
the human race as a whole.

http://www.nwf.org
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Giant Muntjac.  In 1992 scientists 
discovered this new deerlike species 
in the rugged mountains between 
Vietnam and Laos.  Adapted from 
TIME Magazine, June 20, 1994.

For new material relating to this chapter, please see the 
GSS website “Staying Up To Date” page:  
http://www.lhs.berkeley.edu/gss/uptodate/5lb 
We invite you to send us new articles for the "Staying Up 
To Date" web page for this chapter.  Articles may be from 
local newspapers, magazines, websites, or other sources 
that you think would be of interest to classrooms around 
the country. To send us articles please go to the link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Imagine you are sitting on a hill looking out 
over prairie grassland that stretches as far 
as your eyes can see. The time is the spring 
of 1492, and you, an Omaha Indian, eagerly 
await the return of the buffalo. On the 
southern horizon, a black tide moves steadily 
towards you.  With great excitement, you run 
to bring the good news to your people—buffalo 
have come back to the green grass of the north, 
bringing their calves to better pastures!

2. The Trail Back From 
Near Extinction

Five hundred years ago, vast herds of buffalo ranged from the 
Appalachian Mountains to the Rockies, and from central Mexico 
northward to the Arctic.  European explorers told of limitless grassy 
plains blanketed by the large shaggy beasts, known in scientific 
terms as Bison bison.  By 1850, the great herds had dwindled to an 
estimated twenty million animals.  Even then, trains were often 
stopped for long periods while migrating herds crossed the tracks.  
By 1888, only 1300 bison were left, and their numbers continued to 
decline.  Not only had the buffalo declined, but the daily routines 
of the Native American tribes, who had depended on the buffalo, 
had also suffered.  Deprived of their primary source of food and 
clothing, small clusters of survivors struggled to exist on government 
reservations.  

If we could return to the Great Plains of the 1500’s, we would 
find an abundance of animals and plants that today survive only 
in small islands of natural habitat—bison, pronghorn, elk, wolves, 
grizzly bear, prairie dogs, eagles, black footed ferrets, and more 
than 600 species of grasses and other plants.  The prairie soils for 
the most part would be rich and deep, protected by a thick sod 
of perennial grasses and plants like clover.  Today we find less 
biodiversity and less fertile soil throughout the region.

Bison—A Keystone Species
Because the bison affected the plants and 

wildlife across a million square miles of country, 
it was what biologists now call a “keystone 
species.”  A keystone species is a kind of organism 
that dominates a region, providing food, habitat, 
and special circumstances for other kinds of 
organisms that rely on it to maintain the natural 
community. 

Redwood trees are an example of a keystone 
species of the coastal mountains of Northern 
California.  The forests support communities of 

plants and animals that cannot survive without 
the redwoods.  The giant brown algae that forms 
the kelp forests off the California coast is another 
example of a keystone species.  These ocean 
“forests” provide food and shelter for many 
marine organisms.

The bison were the dominant large animal 
on the Great Plains following the retreat of 
the glaciers around 12,000 years ago.  Thick 
shaggy coats protected them from cold as well 
as predators.  Their powerful shoulders were 

Chapter 2
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A bull buffalo guards his herd.  From Animals, Jim Harter.  1979, Dover Publications.

adapted for plowing through heavy snow to reach food.  Other grazing 
animals benefited from the snow corridors opened up by the powerful 
bison.  Bands of pronghorn mingled with the bison herds and packs of 
wolves followed the migrations.  The wolf and the plains grizzly bear 
ate the less aggressive animals, the lone wanderers, and the sick.  

Based on the few observations of early explorers, biologists 
speculate that each herd migrated in a roughly circular route that 
covered a thousand or more miles.  The pattern and timing of bison 
movements enabled the regrowth of the depleted grasslands left in 
their wakes.  The bison shared the prairies with great flocks of prairie 
chickens, plovers, and curlews.  Prairie dogs, small squirrel-like rodents, 
benefited from the grazing herds, which ate the grass and improved 
the rodent’s view of lurking predators such as foxes, coyotes, hawks, 
owls, eagles, and ferrets.  
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1650

T h e  b i s o n  w e r e  a 
keystone species for Native 
American cultures as well.  
Every part of the animal was 
put to some use, and its value 
was acknowledged through 
art, language, religion and 
tradition.  The woolly capes 
were blankets and robes, the 
various kinds of tanned hides 
became ropes, moccasins, 
teepees, boats and shields.  
The hollow horns were made 
into cups and ornaments; the 
bones were fashioned into 
fishhooks, tent pegs and clubs; 
the hooves provided glue.  
Dried buffalo dung was the 
principal source of cooking fuel 
on the prairie.  

Map of the estimated distribution of bison 
in 1650 and in 1970.  From: The American 
Buffalo in Transition, Albert Rorabacher.

Drawings based on photographs from 
The Buffalo Book, David A. Dary.

The annual rhythm of grazing and migration, 
together with wild fires and drought, inhibited trees 
from invading the grasslands. The cycle of grazing and 
migration promoted hardy species of grasses and other 
plants with extensive root systems.

1970

  
The Historic Range 

of the Bison

  The Modern Range 
of the Bison
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Buffalo skulls that were shipped from Saskatoon to Minneapolis, Minnesota, to be made into 
bone charcoal.  The skulls are stacked eight feet high, and eight feet wide by two hundred feet 
long!  From The American Buffalo in Transition, J. Albert Rorabacher, 1970.

Investigation

 Estimate the Number of Bison Killed
Bison bones were used as a refining agent 

in sugar processing, for fertilizer, bone charcoal, 
and for fine bone china. Records of railroad 
shipments of bones into Kansas City reveal the 
following information:

•  From 1868 to 1881, $3,000,000 were paid for 
bison bones.  

•  A ton of bones sold for an average of $8.00.  

•  It took 100 buffalo skeletons to make a ton 
of bones.  

Question 2.1. How many bison were killed over the 
13-year period?

Question 2.2.  What was the average number of 
bison killed per year?

Question 2.3.  Kansas City was the major center 
for railroad shipments East, but there were other 
smaller trade routes to the north and along the 
rivers.  How does the number of bison estimated 
above relate to the total number that were 
actually killed?    

The human population of the United States 
doubled between 1840 and the end of the Civil 
War in 1864.  The California Gold Rush in 1848, 
the Homestead Act of 1862, and the building of 
the transcontinental railroad combined to bring a 
flood of settlers and market hunters westward.  At 
that time, there were no laws protecting wildlife 
from commercial hunting.

Along the eastern Coast of the United States, 
market hunting had already led to the extinction 
of the Labrador Duck, Heath Hen, and Great 
Auk.  Citizens were beginning to push for laws to 

What Happened to the Buffalo?
regulate the harvest of game animals.  The idea 
that people should be stewards or caretakers of 
the land and wildlife was beginning to spread 
among educated professionals who had the time 
and money to enjoy nature and sport hunting.  
This concept of stewardship was in its infancy, 
however, and the drive to develop new lands far 
outstripped the new ethics of conservation.

 In the summer of 1843, artist John J. 
Audubon traveled 1500 miles up the Missouri River 
to paint western wildlife. He noticed that buffalo 
were much less abundant than reported by earlier 
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Passenger Pigeon          Carolina Parrakeet

Renewable  Resources
Natural resources like grasslands, forests, 

wildlife and fisheries, are considered renewable 
because they can provide a crop of 
food or materials year after year.  
The grassland-bison community was 
an enormously productive renewable 
resource.  However, resources are 
only renewable if they are managed 
properly by maintaining habitats 
and controlling harvesting.  If a kind 
of plant or animal becomes extinct, 
its productivity is lost from Earth 
forever.   

Most organisms can be harvested 
to some extent by predators and 
maintain a healthy, stable population.  However, 
over-harvesting of plants and animals by humans 
has been a major cause of extinction in the past.  
The pictures on this page show two birds that 
were hunted to extinction for meat and feathers 
in the 1800’s.  These species were lost because 
some people valued immediate jobs and income 
more than the potential for future harvests.  The 
responses of concerned citizens and law makers 

Extinct birds.  From 
Our Vanishing Wildlife, 

William T. Hornaday, 1913.

explorers like Meriwether Lewis. 
“Before many years,” Audubon 
warned, “the Buffalo, like the Great 
Auk, will have disappeared; surely 
this should not be permitted.”

In 1865, the estimated annual 
bison kill was a million animals.  
With the arrival of the railroads on 
the prairies, the annual kill climbed 
steadily each year to a crest of 
nearly five million in 1872.  A good 
day’s work for a competent hunter 
was 40 to 60 bison.  The long-range 
Sharps rifle could drop a bison at a 
thousand yards.  William F. Cody, 
popularly known as “Buffalo Bill,” 
claimed he killed 4,280 buffalo in 
18 months.  

A herd of bison.  From Our Vanishing Wild Life, 
William T. Hornaday, 1913.

After 1873, only scattered bands remained south of the 
Platte River, too few to support commercial hunting, although 
cowboys, settlers, and prospectors shot the survivors whenever 
they could.  In less than eight years, nearly all of the tens of 
millions of buffalo that had roamed the prairies of Arizona, 
Colorado, Kansas, Oklahoma, Wyoming, New Mexico, Texas, and 
Utah had been converted to hides, bones, and for the most part, 
rotting carcasses.

came too late for those animals.  Luckily, people 
came forward in the nick of time to save the 
bison.

The return of the bison as both a free-
roaming and ranch-raised species has been 
made possible by thousands of private citizens 
including: Native Americans, journalists, artists, 
land owners, law makers, and scientists. 
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More than 100 years ago many people were 
concerned about saving some of the great bison 
herds.  Many Western settlers were keenly aware 
of the sharp decline in the populations.  Various 
laws were passed to protect the endangered 
species.  

• In 1864, the Territory of Idaho outlawed the 
slaughter of buffalo, but enforcement was 
controlled by the military, which allowed 
the mass killing to continue.  

• In 1871, Wyoming passed a similar law.  
Colorado outlawed the practice of leaving 
meat on the plains to decay.  

• In 1874, Congress passed a bill “to prevent 
the useless slaughter of the Buffaloes within 
the Territories of the United States.”  

In The Buffalo Book, author David Dary 
describes the efforts of a number of men who 
hung up their rifles to preserve the buffalo.  
Although some had profit in mind with the idea of 
domesticating the buffalo, most were genuinely 
concerned about saving the animal from certain 
extinction.  Samuel Walking Coyote, a Pend 

The buffalo nickel and ten dollar bill helped 
promote conservation efforts.  
From The American Buffalo in Transition,  
J. Albert Rorabacher.

d’Oreille Indian, saved 6 orphaned buffalo calves 
in 1872, and returned with them to the Flathead 
Reservation in Idaho.  He eventually sold his small 
herd of 13 animals to Michael Pablo and Charles 
Allard in 1884.  This small herd would become 
vitally important in bringing the buffalo back from 
the edge of extinction.

William Hornaday, a taxidermist for the 
Smithsonian Museum, was one of  the most influential 
persons to help save the bison from extinction.  
When he traveled to Wyoming in 1887 to collect 
bison specimens for a museum exhibit, he was 
shocked to realize that only a few hundred animals 
remained scattered across the west.  Hornaday 
helped establish a breeding herd at the New York 
Zoological Society, which eventually provided bison 
offspring for parks and reserves around the country.  
In 1905, he established the American Bison Society, 
which pushed Congress to create the National 
Wichita Forest Reserve in southwestern Oklahoma 
and the National Bison Range on the Flathead 
Indian Reservation in Montana.  The American Bison 
Society was also successful in pressuring Congress 
to fund protection for the few remaining bison in 
Yellowstone Park.

Who Helped Save the Buffalo?

The rapid extermination of the 
seemingly endless herds shocked 
many Americans who had grown 
to love and respect the wonderful 
shaggy beast.  The bison became a 
symbol and a rallying point for citizen 
action; it was featured on stamps, 
paper money, and coins to promote 
national conservation efforts.  From 
our vantage point today, we can 
look back over the story of the 
bison and learn lessons from the 
tragic series of events that brought 
so many Native American cultures, 
animals, and plants to the brink of 
extinction.  Learning about the values 
of biodiversity can help us avoid the 
mistakes of the past.
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Wolf and herd of bison.   
From The National Bison Range,  
U.S. Fish and Wildlife Refuge Leaflet 12-R.

Graph the Population of the Buffalo
Investigation

Historians and biologists have tried to estimate the pre-1500's bison 
population from descriptions and estimates of the early hunters and 
travelers.  These and the estimates of buffalo numbers during the 1800's 
are “informed guesses,” since scientific sampling methods were not used 
by early observers.  Nevertheless, the crude estimates do indicate a 
dramatic trend.  

Using the data below, graph the population of bison from pre-European 
settlement to the present. Label key points on the graph to show significant 
historical events from this chapter that help to explain changes in the 
buffalo population.

Researcher Date Estimate
T. McHugh 1500's 30,000,000

E.T. Seton 1850  20,000,000

C. J. Jones  1870 14,000,000

William T. Hornaday 1889  1,091

E.T. Seton 1895  800

Mark Sullivan 1900  1,024

Dr. Frank Baker 1905  1,697

American Bison Society 1910  2,108

American Bison Society 1914  3,788

American Bison Society 1920  8,473

American Bison Society 1929  18,494

Henry H. Collins 1951  23,154

J.A. Rorabacher 1970  30,000

J. R. Luoma 1993 120,000

National Bison Assoc. 2000 364,000
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Top: Prairie Dog. Photo by Marilyn Russel
Right:Pronghorn. Photo by Reginald. H. Barrett.
Bottom: Photos of ferrets  by LuRay Parker, 
Wyoming Fish and Game Department.

Question 2.4. How have these species been

 affected by changes to the Great Plains?
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Create a Private Land Cooperative
Another proposal for eastern Montana is called 

“The Big Open.”  To stimulate jobs and revenue from 
tourism, ranchers in the region would collaborate 
in restoring native populations of game animals.  
Tourists and sport  hunters would pay fees to use the 
wild areas for recreation.  Hunters would also pay 
the landowners fees to hunt on private lands.  The 
proposed natural area would support 75,000 buffalo, 
150,000 deer, 40,000 elk and 40,000 pronghorn.  

What Did We Learn From the Bison?
 There are many reasons for the accelerating rate of extinction 

throughout the world.  The story of the bison illustrates some of the 
major causes of loss of biodiversity worldwide.

There are many conflicting viewpoints about how public lands and 
resources should be managed.  As with every controversy, there are 
differing opinions among land owners, government agencies entrusted 
with protecting the public’s interest, and conservation groups that 
represent a wide spectrum of citizens.  The following issues are currently 

Investigation

  Biodiversity Issues     

Introduction of non-native species.  The 
replacement of the hardy bison with domestic 
cattle has contributed to a loss of native species 
because there is less habitat available.  Cattle are 
more vulnerable to predators, even small ones 
like coyotes.  Eventually, wolves and grizzly bears 
were exterminated from the region to protect 
cattle, and vast areas of rangeland were treated 
with poisoned bait to control coyotes.  

 The introduction of non-native species can set 
off a chain of events that causes a decline in 
native plants and animals throughout a region.  
Cattle and horses from Europe have changed and 
degraded the Great Plains grasslands.  The cattle 
carried diseases such as brucellosis.  Brucellosis 

affects the reproductive system of mammals, 
and now is found in native populations of elk and 
bison.  Many species of European plants traveled 
to North America clinging to the hair and hooves 
of the livestock.  Today many have become “pest 
plants” throughout the West.

"Pest" Control.  Overgrazing by cattle, as well as 
predator control benefited the prairie dogs, whose 
“towns” sometimes extended over hundreds of 
acres.  The prairie dogs competed with the 
cattle for grass. Ranchers attempted to reduce 
prairie dog populations through the widespread 
use of poisons.  The poisons also killed predators 
such as black-footed ferrets, badgers, owls and 
eagles.  The practice of poisoning coyotes and 

being debated in the Great Plains states:

Create a Buffalo Commons 
Across the arid plains, ghost towns have 

appeared as poor ranchers and farmers leave their 
boarded-up storefronts and empty farmhouses behind.  
One innovative proposal for bolstering the failing 
economies of plains communities is to turn thousands 
of square miles of damaged and marginal land into 
a vast nature preserve called the Buffalo Commons.  
Tourists could experience an American Safari where 
grazing animals like the bison and pronghorn, and 
predators like wolves could roam freely.   

Reintroduce Wolves to Western Parks 
and other Public Lands
Scientists and conservationists have 

taken steps to restore wolves to Yellowstone, 
The Grand Tetons, and New Mexico.  They 
point out that populations of bison, elk, and 
deer have increased with protection and are 
adversely affecting the health of the native 
vegetation.  Restoring wolves to the parks 
would have the added benefit of improving 
the genetic health of the herds by allowing 
a natural predator to eat the weak animals.  
Some land owners oppose the reintroduction 
of the predators because they believe the 
wolves will also attack their livestock.   

Choose a biodiversity issue of 
interest to you and your community.  
Research both sides of the issue.  
Write a letter to the editor of your 
newspaper recommending a course 
of action.
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Bison Web Sites
National Bison Association  

http://www.bisoncentral.com

Great Plains Buffalo Association  
http://www.gpbuffalo.org/

Texas Bison Association  
http://www.texasbison.org/

National Wildlife Federation  
http://www.nwf.org/buffalo

Intertribal Bison Cooperative 
http://www.itbcbison.com/

In Conclusion
As we have seen with the bison, commercial exploitation 

and changes in habitat to provide farms and settlements for the 
invading culture can quickly eliminate plant and animal species 
as well as less powerful human cultures.  Fortunately, the bison 
were not exterminated.  They were brought back from the edge 
of extinction by people with compassion and foresight.  It is 
also fortunate that despite the widespread decimation of Native 
American populations, many have survived and are working to 
preserve their rich cultures.

We should not end the story of the bison 
by leaving a wrong impression—that only a few 
members of each species need to be saved in 
order to preserve the biodiversity of our planet.  
When populations are greatly reduced, important 
inherited characteristics may be lost.  In the 
next chapter, we will investigate why conserving 
diversity within populations is important for 
enabling species to adapt to new environments 
and new circumstances, such as climate change, 
new diseases, and competitors. Scientists are 
continuing to explore ways to conserve bison 
genetic variability within the constraints of the 
limited habitat in national parks and reserves.

White buffalo were occasionally observed in the 
great herds that roamed the plains in the early 
1800's, but these animals were quickly shot for their 
valuable hides.  

Propose environmental conditions 
that might favor the increase of this color 
variant in bison populations.  

Big Medicine.  Born on the National Bison Range in 1933, 
this rare white bull bison was a favorite tourist attraction 
until his death in 1954. 

prairie dogs continues to receive government funding 
to this day.  In Chapter 7 we will investigate how the 
Endangered Species Act of 1973 has been pivotal in 
saving predators such as the black-footed ferret and 
the peregrine falcon from extinction due to poisons 
in the food web.  

New Technology.  Technology can bring about the 
extinction of a species.  The long-range Sharps rifle 
and the railroad certainly contributed to the rapid 
decline of the buffalo.  Barbed wire fences have been 
a major cause of mortality for pronghorn antelope.  As 
we will see in Chapter 7, sonar technology and plastic 
nets are major causes for declining fish populations 
worldwide.  What are some other technological 
advances that have led to the decline of species?

Military Operations.  Throughout human history, 
military operations have led to the destruction 
of wildlife and other natural resources, as well 
as genocide.  Historical records reveal that U.S. 
military personnel obstructed conservation of 
the buffalo during the critical period of 1874-
1889 in order to control the Native Americans 
who depended upon the bison.  In more recent 
times, World War II, the Korean War, herbicide 
defoliation of forests in Vietnam, the burning of 
oil fields in Kuwait, and the  mass killing of people 
in Africa are examples of how modern military 
weaponry have affected the biodiversity of the 
planet and revealed the vulnerability of human 
ethics in times of war. 

For new material relating to this chapter, please see the 
GSS website “Staying Up To Date” page:  
http://www.lhs.berkeley.edu/gss/uptodate/5lb
We invite you to send us new articles for the "Staying 
Up To Date" web page for this chapter.  Articles may 
be from local newspapers, magazines, websites, or other 
sources that you think would be of interest to classrooms 
around the country. To send us articles please go to the 
link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

http://www.bisoncentral.com
http://www.gpbuffalo.org/
http://www.texasbison.org/
http://www.nwf.org/buffalo
http://www.itbcbison.com/
http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Among the books Darwin packed for his trip 
was the recently published Principles of Geology 
by Charles Lyell.  In Lyell’s book was evidence that 
Earth was much older than anyone had thought 
possible, and that certain plants and animals 
had become extinct, while new species came 
into being.  Even at the outset of his journey, 
Darwin was very interested in the mysteries 
locked in the stone layers revealed along cliffs 
and riverbanks.  

Darwin’s voyage as ship’s naturalist presented 
him with an exciting but difficult task.  Most of 
the plants and animals caught in the ships nets 
and captured on overland journeys were new 

Fossil illustrations. From Heck's 
Pictorial Archive of Nature 
and Science by J. G. Heck, Dover 
Publications, NY. 

If you have seen science fiction movies like Jurassic Park, 
you may be able to imagine what Earth was like during the time 
of the dinosaurs—before human societies existed.  In the 1800s, 
however, most people couldn’t imagine a time before the Biblical 
descriptions of life on Earth.  Shell fossils on mountain tops were 
viewed as evidence of the Great Flood, and dinosaur bones were 
believed to be the remains of dragons.  

 In this chapter, we will learn how two self-taught scientists 
expanded our knowledge of the natural processes of evolution.  
Their research provided the groundwork for understanding why 
biodiversity is so important to Earth's living systems. 

Darwin's Voyage of Discovery
Charles Darwin grew up exploring nature.  He was a keen 

observer of all forms of life, and enjoyed collecting and identifying 
insects, especially beetles.  People who knew him well described 
him as a person of boundless curiosity.  His father wanted him to 
become a minister, so Charles entered Cambridge University to 
study religion.

In 1831, at the age of twenty-two and fresh out of the 
University, Darwin signed on as a ship’s naturalist aboard the 
H.M.S. Beagle.  Darwin’s education and beliefs stemmed from the 
view that living things were fixed and unchangeable products of 
God’s Creation. Captain Robert FitzRoy, a naturalist and clergyman 
himself, had enlisted Darwin to help collect evidence supporting 
that view of life.

3. The Origin of Species

Galapagos turtles in a farmer’s field. Photo by Christy Giuliano.

Chapter 3
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Galapagos Finches 
Adapted from Darwin's 
“Journal of Researches.”  
Returning to England, 
Darwin had scientists 
examine the finch 
specimens from the 
Galapagos Islands. 
They found that the 
birds were very closely 
related.   Darwin 
concluded that the birds 
were the descendants 
of a common ancestor 
from the coast of South 
America.  

The H.M.S. Beagle sailed around the world, 
visiting many environments.  Darwin wondered 
about the geological history of the landscapes 
and the relationships between similar species.  
He later wrote “When I was on board the Beagle 
I believed in the permanence of species, but as 
far as I can remember, vague doubts occasionally 
flitted across my mind...”  

 In 1835, while exploring the Galapagos 
Islands, Darwin noticed that there were several 
different species of land tortoises throughout the 
islands, each specialized for feeding on a certain 
kind of vegetation.  One species of tortoise had a 
notched shell that enabled its long neck to reach 
up easily to browse on bushes and trees.  Another 
species of tortoise that lacked the notched shell 
fed on low-growing plants and fruits.  Darwin’s 
careful observations of how similar species had 
slightly different ways of living provided the 
clues for his later hypothesis about the origin of 
species. 

England

Atlantic 
Ocean

Galapagos Islands South 
America

North 
America

Africa

Europe
Asia

Pacific Ocean
Pacific Ocean

New Zealand

Australia

The Voyage of the H.M.S. Beagle, 1831-1836.  

to science.  Everything had to be described and 
catalogued, then preserved.  The work had to 
progress despite bad weather and months of 
seasickness, because there was an endless variety 
of exciting new creatures.  

Question 3.1. 
What kinds of 
food do you 
think these 
finches ate? 

Ques t i on  3 .2 . 
Which finch do 
you think was 
most like the 
South American 
ancestor that 
fed on insects?
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Alfred Wallace.

Wallace's Line
Wallace visited the islands shown in black.  The dotted line shows 
the boundary between the Australian Continental plate pushing 
north into the Oriental land mass. This boundary between the 
continental plates became known as the “Wallace’s Line.”

Australia

Asia

Wallace's Line

Wallace wrote to Darwin, sharing his ideas 
of evolution and development of new species.  
Darwin had been working on his own case for 
the origin of species for twenty years but had 
been reluctant to publish his findings. He knew 
his ideas would cause great controversy, because 
they did not fit with the biblical explanation of 
creation.  He had been patiently amassing a body 
of evidence that he hoped would prove his claims 
beyond a doubt.  

Wallace and Darwin did not fight over who 
had prior rights to the ideas.  Instead they agreed 
to publish their findings together in a joint article 
in 1858.  

Alfred Wallace was another self-taught naturalist who pursued 
his curiosity about the origins of life.  Unlike Darwin, Wallace was 
born into a working class family, and as a child worked for his 
brother as an apprentice surveyor.  Throughout his life Wallace 
struggled with financial difficulties. He managed to fund his 
explorations with money borrowed from wealthy people and 
museums interested in buying specimens from exotic parts of the 
world.  Wallace was an independent thinker who often had ideas 
that were considered “far out” by the scientists of his day.  He 
read widely about the idea of evolution, and may have drawn some 
of his plans to explore new worlds from Darwin’s book, Voyage of 
the Beagle, which he read twice.

In 1848, at the age of 25, Wallace sailed to the Amazon in 
hopes of finding explanations for how the amazing variety of 
plants and animals arose to populate all of Earth’s environments.  

Searching the Globe for Evidence of Evolution

Exploring and mapping the Amazon 
River and the headwaters of the Rio 
Negro, he collected and identified 
hundreds of species of insects, birds, 
and plants that were new to science.  
Weakened by malaria, he headed 
back to England in 1852, but the ship 
sank off the coast of South America 
and with it most of his specimens 
and documents. 

Saved by a passing ship, Wallace returned to London 
penniless, but determined to pursue his dream of solving the 
puzzle of evolution.  He must have been very convincing, for 
his sponsors funded a new expedition to the Malay Archipelago 
in what is now Indonesia.  In eight years he explored dozens 
of islands, traveling more than 14,000 miles and collecting 
more than 125,000 species of insects and birds.

Wallace discovered that some islands such as Borneo, 
Bali and Java had plants and animals closely related to 
species from Malaysia to the north.  Nearby islands such as 
Lombok and Sulawesi had very different kinds of plants and 
animals which were related to species from Australia and 
New Guinea.  He had discovered what came to be known as 

“Wallace’s Line,” a boundary between the Oriental 
and Australian regions.  We now know that the 
Australian land mass moved northward meeting Asia 
and resulting in dramatic differences in the species 
that inhabit neighboring islands.

The Theory of Natural Selection 
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The key ideas of their theory include:

1. Every population includes individuals with a 
variety of physical and behavioral characteristics, 
or "traits" that are inherited.

2. Every population produces more offspring than 
can survive.  

3. Competition for scarce resources and the 
natural hardships of living favor the survival of 
individuals whose traits make them well-adapted 
to their environment.  

4. The better-adapted offspring survive in greater 
numbers to pass on their characteristics. Over 
many generations, the population is dominated 
by individuals that have inherited the most 
favorable traits for that environment.   

5. Organisms less suited to the environment have 
a greater risk of dying young from predation, 
starvation, and other mortality factors or of 
failing to produce offspring. 

One of the first cases of natural selection observed in the 
wild involved the pepper moth in England.  This white speckled 
little moth hid among the lichens growing on the trunks of trees.  
As industrial pollution killed the light-colored lichens in the 

Case of the Pepper Moth

Question 3.3. Explain how the changing moth and lichen populations 
provide an example of natural selection at work.

Question 3.4. What do you think has happened to the moth 
population in those regions where pollution has decreased?

Question 3.5. What further research 
activities do you propose to strengthen 
evidence for natural selection in 
pepper moth populations?

A year later, when Darwin published his large 
book, The Origin of Species by Means of Natural 
Selection, he wrote  “This preservation of favorable 
variations and the rejection of injurious variations, I 
call Natural Selection.”  Darwin and Wallace theorized 
that over long periods of time, this process resulted in 
the evolution of the millions of species of organisms 
alive today.  The theory that organisms evolved from 
a common ancestor through the process known as 
“natural selection” became a major unifying concept 
of modern science. It explained the observations of 
scientists studying geology, paleontology, biochemistry, 
and biology.  

The concept of a population is a key to 
understanding the theory. Darwin and Wallace 
realized that individuals do not evolve into something 
different.  Instead beneficial traits are passed to 
the next generation causing an overall increase in 
the proportion of the successful trait within the 
population. After generations, a greater proportion of 
the population shows the helpful trait.

surrounding countryside, the 
light-colored moths, which 
were no longer camouflaged 
on the bark, became easy 
prey for birds.  As the lichens 
disappeared, so too did the 
white moths.

There were some darker 
varieties of the pepper moth 
that survived in greater 
numbers because they could 
easily hide on the dark bark 
of the trees.  These dark 
moths soon became dominant 
in the population.  However, 
some white moths survived in 
small numbers.  
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Continuing to Search for Clues
Darwin continued throughout his life to gather evidence of 

evolution. He was very interested in anatomy and studied the 
bodies and bones of thousands of organisms.  He noticed that 
the arm bones of very different animals such as birds, whales, 
and alligators have a similar structural pattern.  He proposed 
that these similarities were because the organisms shared a 
common ancestor.  

Wallace was also a careful observer 
and recorder of nature.  He collected and 
catalogued 125,660 species, mostly birds 
and insects. As he traveled from island to 
island throughout Southeast Asia, he noted 
that each species had very similar relatives 
living nearby.

Both scientists were greatly influenced 
by an article written by Thomas Malthus.  In 
his “Essay on the Principle of Population”, 
Malthus noted that human populations tend to 
increase in size geometrically, yet their food 
supplies don’t increase nearly as rapidly.  He 
proposed that human populations are kept in 
check by famine, plague, and war.

Both Darwin and Wallace realized 
that this implied a “struggle for existence” for humans. They 
proposed that this struggle to survive was probably true for other 
organisms. Darwin wrote: “It at once struck me that under these 
circumstances favorable variations would tend to be preserved 
and unfavorable ones to be destroyed.  The result of this would 
be the formation of new species”.

Comparing Ideas
How did Darwin's and Wallace's theory of natural selection 

differ from other ideas that came before? Early in the 1800's, 
Jean-Baptiste de Lamarck had proposed an explanation for why 
animals exhibited adaptations to their environments. 

Lamarck proposed that an animal's activities would, over 
time, change its body, and that these changes could be passed on 
to the next generation. To contrast Lamarck's ideas with those of 
Darwin and Wallace, let's consider the evolution of the giraffe.

Lamarck explained that the long necks of giraffes resulted 
from the animals stretching to reach the leaves of tall trees. The 
stretching caused the necks to grow longer than the necks of 
giraffes that didn't stretch as much. The giraffes with the most 
stretched necks had babies with the longest necks. Lamarck's 
hypothesis quickly fell out of favor because it failed to be 
supported with scientific observations.

Question 3.6. How would you explain the long necks of giraffes 
using the theory of natural selection?

In what ways do the "arms" 
of these vertebrates suggest a 

common ancestor?
 

Bird wing

Whale flipper

Alligator forelimb

Human arm

Photo by George Goertz.
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 Simulate Natural Selection with "Beetles"
Investigation

To get a feel for the process of natural selection, experiment 
with a population of M&M candy or paper dot “beetles” to test 
how well each color is adapted to survive on a field of wrapping 
paper or fabric.

You will need  a large piece of colorful patterned wrapping 
paper, and a large bag of M&M candy to represent beetles.  
Instead of candy, you may create a population of "dot beetles" 
by punching holes out of five different colors of paper.

•  First, cover a table with a large piece of colorful patterned 
wrapping paper.  This will simulate the environment.

•  Next count out equal numbers of "beetles" of each color 
and scatter them across the paper environment.  They will 
represent a population of “beetles” that show variation in 
the trait of color.

•  Pretend you are a bird predator and collect half the "beetles" 
by picking them up and setting them aside.  Don’t eat the 
“beetles” yet!

•  Turn your eyes away each time you capture a “beetle” and 
try not to intentionally favor one color over another. Your 
actions represent a bird searching for the most visible food 
in its habitat. 

•  Sort the captured "beetles" into piles by color and count 
them.  

1. Which color was the easiest to spot against the colorful 
background?  

2. Which color was best camouflaged?  

3. If the surviving camouflaged “beetles” were to reproduce 
one offspring each, which color of beetle would be most 
common in the next generation?

4. What do you predict will happen over several generations?  
How could you test your prediction?

5. What might happen if you altered the environment by 
using another pattern for the environment or by dimming 
the lights?

6. Scientists use simulations to test their ideas. What changes 
would you make in this activity to make it a better 
simulation of natural selection?



26 Global Systems Science Losing Biodiversity—Chapter 3: The Origin of Species

Variation in a Population
The Theory of Natural Selection explained how, as 

environments changed or species spread to new areas,  
traits best suited to the new conditions were favored.  The 
concept of "variation in a population" was very important to 
this new theory. Darwin and Wallace had observed that each 
species of plant and animal had many visible characteristics 
that differed slightly from individual to individual.  Evolution 
occurred when conditions changed so that some traits were 
favored over others.

Variation in Bison
Jerry McDonald, a graduate student at the University of 

California at Los Angeles, observed several traits in bison that 
varied from individual to individual.  He became interested 
in the evolution of the bison and set out to learn more about 
the original variation in bison traits.  He examined hundreds 
of fossil and modern skulls and looked at evidence from sixty 
museums in Canada, and Mexico, and the United States.  In 
1982, after four years on the trail of bison traits, McDonald 
published his doctoral thesis showing how new species of bison 
evolved in North America.

Jerry McDonald hypothesizes that the following 
characteristics favor grazing behavior and speed on the open 
plains: The skull of the modern bison has rotated downward 
so that it is easier for the 
animal to graze with its 
head down.  The thicker 
wool on the front of the 
body makes the animals 
look larger and pads it 
against injury.  The plains 
bison tended to travel 
in large herds over great 
distances; their bodies 
were better adapted to 
running from predators.

Bison. Photo by A. S. Leopold. 
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The ancestors of the modern bison were 
cattle-like animals with long massive horns, 
known in scientific terms as Bison latifrons.  

Question 3.7. How were these large animals 
protected against large predators such as 
saber-toothed cats and wild dogs?  

The modern Bison bison bison arose 
4,000 years ago showing adaptations for 
grassland grazing and social herd behavior  

Bison latifrons, the largest Bison to ever live, was 
common throughout North America 40,000 years ago.

Bison antiquus lived 11,000 years ago and 
was smaller, had smaller horns and was covered 
with a woolly coat on the front half of its body.
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Following a series of advancing and retreating 
ice sheets, and the arrival of humans on the 
continent, a new species, Bison antiquus spread 
across the Arctic and southern woodlands into 
present day Mexico.  It's horns were smaller and 
more curved, and it had evolved a heavy woolly 
coat over the front half of its body.  Shorter horns 
may be an adaptation resulting from herd behavior 
in which the species relies on social clusters for 
protection against predators.  

Question 3.8. How else might shorter horns benefit 
the new species?  

Its descendants, our modern Bison bison developed 
two distinct sub-species that were recognized by the early 
settlers and hunters.  

Bison bison athabasca, called the Woods Bison 
by the explorers, is taller and heavier, with larger and 
longer horns.  These bison lived in Canada, fed on trees 
as well as grass, and traveled in smaller herds than did 
the plains bison. 

The Plains Bison, Bison bison bison, is the most 
recently evolved and most highly adapted to favor social 
herd behavior. The smaller horns are rotated to the side, 
and the front skull is thickened so that butting in males 
has replaced hooking and goring, which can lead to injury 
and death.
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Loss of Biodiversity Due to Non-native Species
Non-native species are a major cause of biodiversity loss 

around the world.  When a species is brought to a new area 
accidentally or on purpose it may compete with native species 
for food, sunlight, shelter, space, or other special features of the 
habitat. It may also prey on native species that have not evolved 
defenses against the new predator.  

The house cat is an example of a very hardy and adaptable 
predator that has established wild populations wherever it has 
been released.  Birds that nest on the ground and small mammals 
are particularly at risk.  

Non-native species can also carry diseases and parasites to 
which the native species have little or no immunity. Europeans 
brought smallpox, tuberculosis and other human and livestock 
diseases to the American continents. A succession of epidemics 
swept through South, Central, and North America, drastically 
reducing the populations of Native Americans who had little or 
no  immunity to the "old world" diseases.

The brown tree snake, 
brought accidentally to Guam 
following World War II, is an 
incredible example of an exotic 
species that took over a new 
area because it had no natural 
predators or diseases.  The  
snakes have exterminated native 
species of birds and small mammals on Guam 
and now threaten Hawaii and other islands.  The snakes 
slither unseen into airplanes and are transported across the ocean 
to new habitats.

Investigation

House cats in Wisconsin alone 
may kill 19 million songbirds each 
year, according to a University of 
Wisconsin study by Stanley Temple 
and John Coleman.

Find out about non-native species in your area.  
Where did they come from?  
How do they change the local ecosystems?  
Do they compete with or prey on native plants or animals?  
Is anything being done to reduce their impact?

  Ideas for Research Projects
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Since Darwin and Wallace’s time, the idea of natural 
selection has frequently been distorted to justify political 
ideas such as Nazism, Communism, and Free Enterprise.  
However, research into the evolution of species has revealed 
that the notion of “survival of the fittest by tooth and 
claw”  is incomplete at best.  Animal behavior studies 
have revealed many examples of social evolution and 
mechanisms for the evolutionary benefits of cooperation.  
Humans are an obvious example of a species which has 
thrived through sharing resources and skills.  Wolves, bison, 
gorillas, musk oxen, and honey bees, are a few examples 
of other species that have successfully used a strategy of 
promoting the welfare of the group.

The great diversity in humans has undoubtedly enabled 
our species to colonize many challenging environments.  
From far flung Pacific islands, to the Arctic, deserts, and 
dense forests, human populations reflect special physical 
and cultural adaptations to their environments.   Judging 
from the  social nature of humankind, inherited behaviors 
that promote learning, communication, and cooperation 
appear to have been favored.  It appears that diversity, both 
physical and behavioral, has been important to humans in 
providing options for survival when environments change.

A Theory That Changed Our Perspective

Public concern for protecting Earth’s 
biodiversity has continued to grow with our 
understanding of the processes that have shaped the 
planet and all life forms.  A significant social effect 
of the Theory of Natural Selection is that humans 
are now seen as a part of the process of evolution, 
compelling us to view our relationship with nature 
in a more humble way.  In the next chapter we will 
investigate the link between natural selection and 
inheritance that has implications for our survival in 
a changing world.

Unfortunately, our physical and social 
diversity has tended to pit culture against culture, 
resulting in wars, slavery, and genocide.  It is only 
in recent times that combined ethical, political, 
and scientific wisdom is helping us to see our 
diversity as a great strength.  We have much to 
learn from cultures that developed in challenging 
environments.  

Wallace was an early champion of native 
cultures that were being destroyed by European 
colonization.  He was also a champion of social 
reform and better working conditions for the poor.  
He spoke out frequently throughout his life about 
the injustices perpetuated by England’s colonial 
systems.  

Using his growing reputation as the co-
developer of the Theory of Natural Selection 
to provide income from lectures and articles, 
Wallace continued to study and travel around the 
world.  Observing the destruction of the tropical 
forests, he was concerned about the future of the 
environment and wrote, “To pollute a spring or 
a river, to exterminate a bird or beast should be 
treated as moral offenses and as social crimes.”  

Charles Darwin.

For new material relating to this chapter, please see the 
GSS website “Staying Up To Date” page:  
http://www.lhs.berkeley.edu/gss/uptodate/5lb
We invite you to send us new articles for the "Staying Up 
To Date" web page for this chapter.  Articles may be from 
local newspapers, magazines, websites, or other sources 
that you think would be of interest to classrooms around 
the country. To send us articles please go to the link   
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Scientists use the term 
“mutation” to refer to a new 
characteristic that appears in an 
organism and can be inherited 
by its offspring.  Mutations are 
rare, and most organisms with a 
mutation die or fail to reproduce. 
Once in awhile however, an 
organism with a mutation turns 
out to be better adapted to 
the environment and survives 
to produce offspring with the 
different set of traits.  It was this 
normal process of passing on traits 
from parents to offspring, and 
occasional mutation, that made 
evolution possible. This process 
led from the first bacterium to 
the wide diversity of life that we 
see today.

Question 4.1. Looking for human variation: 

 Choose an easily visible trait like shape of face,  nose or mouth, 
and make a tally of all the different shapes you see on a TV news 
program that zooms in on people around the world.

Photographs by Rose Craig © Regents of the University of California

4. The Puzzle of Inheritance

How did millions of different kinds of organisms evolve? 
Darwin hypothesized that living organisms were descended 
from a common ancestor.  He and Wallace proposed that 
natural selection—operating on generation after generation 
of offspring—eventually resulted in the incredible variety of 
life forms we see around us today.  They didn’t have powerful 
microscopes and modern methods of estimating the age of the 
Earth and its fossils. They assumed that early life was simple 
in form and arose a very long time ago.

Evidence suggests that the Earth cooled enough to form 
solid continents and oceans about four billion years ago.  By 
3.6 billion years ago, and perhaps even earlier, the first forms 
of life began to multiply in the silt at the bottom of our 
planet’s shallow seas. Paleontologists (scientists who study 
fossils) have discovered evidence of ancient bacteria in the 
very oldest rocks.  

Bacteria are tiny organisms, so tiny that 10,000 can fit 
on the head of a pin. They can reproduce quickly, some as 
often as once every twenty minutes!  In most cases, bacterial 
reproduction results in new bacteria that are exactly alike.  
They are the same size and shape, and break down the same 
kinds of matter in the same ways.  In some cases, however, 
bacteria produce offspring that have a new trait or lack a trait 
from the parents.

Chapter 4
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Darwin was able to explain why some 
mutations survived and others didn’t, 
but he could not explain how organisms 
passed on traits such as eye color to their 
offspring, or how mutations occurred.   
He knew that a process of inheritance 
must exist, but he didn’t know how 
it worked.  The understanding of 
inheritance is now the focus of an entire 
field of science called genetics. Because 
genetics is so important to understanding 
the problem of losing biodiversity, we will 
devote this entire chapter to it.  By the end 
of the chapter you should understand the 
answers to several puzzles that Darwin was 
unable to solve:

• How do organisms pass on their traits to 
their offspring?  

•  Why do offspring have only some of the 
traits of their parents but not others?  

• Where is inheritance located?

•  What causes mutations?

•  How is inheritance related to 
biodiversity?

Five Kingdoms of Life Forms
This diagram shows the relationships among life forms 
that descended from ancient bacteria (Kingdom Monera) 
through the processes of mutation, inheritance, and 
natural selection.  

Protista

Monera

Animalia  

Fungi Plantae

How Do Organisms Pass on Their Traits? 

Gregor Mendel

The earliest inheritance research was done by Father Gregor 
Mendel, who experimented with plants. From 1853 to 1864, he grew 
pea plants in a monastery garden in Moravia, which is now part of 
the Czech Republic. Pea plants show a variety of different traits, 
such as: tall or short plants; wrinkled or smooth seeds; white or 
red flowers.  Mendel chose to study traits he suspected could be 
passed on in the seeds to the next generation of pea plants.  

The flower of the pea plant has both male and female 
structures.  Pollen from the male anthers travels down the female 
pistil to fertilize the eggs at the base of the flower.  Each fertilized 
egg may then develop into a seed.  To crossbreed flowers from pure 

anthers 
produce
pollen

pistil 
transfers 
pollen to eggs 

eggs at 
base of 
flower

strains, Mendel placed the pollen 
from red flowers onto the pistils 
of white flowers;  He also put the 
pollen of white flowers onto the 
pistils of red flowers.  
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Investigation

You can simulate Mendel's hybrid 
crosses by flipping two coins at the same 
time and observing how the pair lands.  
Each side of a coin represents a "coin 
gene" with heads the dominant trait.  • Toss a pair of coins 20 times.  

• Keep a tally of how they land.  

• Compare your results with the mathematical 
probabilities shown in the Punnett 
square.  

• How do you think your results might change 
if you toss the coins 100 times?

  Hybrid Cross Coin Toss

Perhaps he thought the traits would mix, producing plants 
with pink flowers, or that half the offspring would have white 
flowers and the other half, red flowers.  Instead, he found that 
all of the crossbred plants, or hybrids as he called them, had 
red flowers.  Why weren't there any white flowered plants? 
Where was the trait for white flowers? Had it been lost?

Mendel discovered that the trait for white flowers was not 
lost.  When he crossbred the red hybrid plants, he found that 
about one out of every four offspring had white flowers!  When 
he crossed the white flowered plants in the next generation, 
they turned out to be “pure.”  That is, they never produced 
red flowers.  

Mendel concluded that traits like flower color are 
determined by individual units, which he called “factors.”  He 
proposed that these factors are passed on in the seeds of the 
plants, and that each trait in an offspring is determined by a 
pair of factors—one factor from the pollen and one factor from 
the egg.  Today we call these factors “genes.”  

Mendel’s work revealed that some genes, like the red-
flower gene, could hide the second gene. He called these genes 
that are always visible “dominant.”  He called the genes that 
are hidden by dominant genes “recessive,” as in the case of 
the recessive gene for white flowers.

Hybrid Cross Coin Toss

Gene for red flower color
Gene for white flower color

Hybrid

Purebred red Purebred white

H T

H

T

1/4 (25%)—Two heads      
 2/4 (50%)—One head and one tail
1/4 (25%) —Two tails

H T (25%)

T T (25%)T H (25%)

H H (25%)

T

H

TH

The box below, called a Punnett Square, shows 
the possible combinations of the "coin genes" and their 
probabilities of landing with two heads, two tails, or 
one of each. 



Losing Biodiversity—Chapter 4: The Puzzle of Inheritance 33

With the development of better microscopes, 
scientists observed that plants and animals of all sizes and 
shapes are made up of tiny units called “cells.” The cells 
of different organisms differ in many ways, but all cells 
appear to have some basic features in common, including 
the ability to divide and form two new cells. 

Each of us began life as an egg cell from our mother, 
fertilized by a sperm cell from our father. The fertilized 
egg divided and formed two cells.  Each of those cells 
divided to form four cells.  The growth and divisions of 
the cells continued eventually forming all of the muscle 
cells, nerve cells, bone and body cells that make us a 
human. 

Careful comparisons of cells in different stages of 
growth reveal microscopic structures that are connected 
to inheritance.  Scientists found that the cells of plants 
and animals have a control center called the “nucleus.” 
The nucleus is enclosed by a membrane, and contains 
thread-like structures, called “chromosomes.” During the 
life of the cell, the chromosomes go through a regular 
series of changes leading up to division of the nucleus 
and, in most cases, the formation of two new cells. 

A single plant cell showing 
chromosomes in the nucleus.

A layer of cells taken from 
an onion root.

Chromosomes occur in pairs, and scientists 
inferred that the chromosomes contain the paired 
genes predicted by Mendel.  Studies revealed 
that each parent contributes one of the paired 
chromosomes. As an organism’s cells divide, 
exact copies of the chromosome pairs are made 
for each new body cell. Different species of 
organisms often have different numbers of paired 
chromosomes.  Humans, for example, have 23 
pairs of chromosomes in most cells of the body.

Where is Inheritance Located?—Inside Cells
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Biologists also figured out the steps of 
another type of cell division known as “meiosis” 
that forms the male and female sex cells. Each sex 
cell contains only one of each kind of chromosome 
from the parent.  The diagram on the following 
page shows a plant reproductive cell (A) dividing 
to produce 4 pollen sex cells (I).  

When a reproductive cell is ready to divide, 
the thread-like chromosomes duplicate themselves 
and become coiled thereby appearing shorter and 
fatter. The reproductive cell A starts with 2 pairs 
of chromosomes.  Lets assume the long pair of 
chromosomes carries the traits for height, and 
the short pair carries the traits for color.

Why Do Offspring Have Only Some of 
the Traits of Their Parents?

Cells Divide to Form New Cells
This diagram shows the 

process of “mitosis” in an 
animal cell.  The nucleus 
divides to form two identical 
new nuclei, each in a new cell.  
Before mitosis begins, the 
chromosomes in the nucleus are 
not very visible (A), however, 
once cell division begins, the 
chromosomes condense and 
look like long, thin “X’s.”  This 
first step of mitosis is shown in 
cell B.  It is during this step that 
the chromosomes replicate so 
that now there are two sets of 
chromosomes.  In step C, the 
chromosomes move towards 
the center of the cell.  The 
chromosomes then separate 
from each other during (D) 
and move to opposite ends of 
the cell (E).  During  the final 
stages of mitosis, the nuclear 
membrane pinches together 
to form two separate nuclei. Also the cell membrane pinches 
in to complete the formation of two new cells. It's important to 
remember that the cells resulting from mitosis are identical.

Mitosis in an Animal Cell

A B C

D E F

In step B, both long chromosomes and 
both short chromosomes have made copies of 
themselves.  The copies are still attached to the 
original chromosomes.  In steps C, D, and E, the 
chromosomes and their duplicates pair up, then 
get pulled into separate cells during division.  In 
step F, each new cell has one long chromosome 
and its duplicate and one short chromosome and 
its duplicate.  

Division occurs again in G and H, so that 
each new cell in I contains one long and one 
short chromosome. This process of reproductive 
cell division is called meiosis.  Each new 
sex cell contains only one of each kind of 
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Meiosis in the anthers 
of a flower produce 4 

pollen sex cells.

chromosome from the parent.  When 
sex cells from different individuals 
join, the new organism will have two 
of each kind of chromosome (2 long 
chromosomes with the genes for height, 
and 2 short chromosomes with the genes 
for  color).  The offspring that develops 
will have copies of half of each parent’s 
chromosomes.  The evolution of the 
process of meiosis increased variation 
in populations by bringing together new 
combinations of genes in the offspring.

B.  The pieces that are 
“crossed over” trade 
places, changing  the 
chromosomes.  

Diagram of 
Crossing Over

What Causes Mutations?
 There was a great flurry of interest in heredity in the early 

1900’s.  Improved technology and the use of mathematical models 
made it possible to detect errors in the duplication of chromosomes. 
Sometimes strands of the chromosomes get tangled, break, and 
fragments exchange places.  It turns out that this accidental exchange 
of genes, called “crossing over,” is relatively common, and is an 
important source of variation in organisms. 

A.  Each chromosome is attached to a 
copy of itself. In the cell nucleus pairs of 
chromosomes move next to each other.  
Some of their “legs” cross over.
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DNA: the Final Piece of 
the Puzzle
While the study of genetics was making 

major strides forward through crossbreeding 
studies, biochemists were identifying the 
molecular building blocks of cells.  They found 
that the long strands of chromosomes were giant 
molecules of deoxyribonucleic acid, called DNA 
for short. It turned out that DNA was made up 
of three kinds of smaller molecules: a sugar, a 
phosphate group, and a nitrogen base.  How these 
building blocks could carry and copy traits was 
still a mystery in 1951 when James Watson and 
Francis Crick decided to work together to identify 
the structure of DNA.

 In 1933, Thomas Morgan won the Nobel Prize in medicine 
for his Theory of the Gene, which he developed  over a period 
of twenty years of studying fruit flies.  These flies have just 
four pairs of chromosomes but the ones in the salivary glands 
are huge and have bands or stripes along their length.  Morgan 
proposed that control centers or “genes” for the various 
characteristics of the flies, such as wing shape and eye color are 
located on the chromosomes.  He kept careful records, and with 
his knowledge of crossing over and use of mathematics, was 
able to map the location of many genes on the chromosomes 
of fruit flies.

Mapping the Location of Genes

Scientists like Morgan, observed changes in the pattern 
of bands along the chromosomes and related these to specific 
changes in the characteristics of an organism.  They searched 
for causes of these unusual differences, and found through 
experiments with ultraviolet radiation, radioactive materials, 
and chemicals that the chromosomes could be damaged easily 
resulting in errors or “mutations.”  

Dr. Barbara McClintock showed that there were other 
ways that chromosomes can change.  Studying the genetics of 
corn in the 1950’s, she discovered that genes move or “jump” 
from one spot to another on the chromosomes. Her work has 
helped us understand the evolution of human diseases in 
which “jumping genes” enable bacteria to mutate and develop 
resistance to antibiotics.     

Organisms normally have pairs of each kind 
of chromosome, but scientists observed that 
plants sometimes have more than one pair of 
each kind of chromosome. They observed that 
additional sets of chromosomes can be added by 
chromosome mutation.  Organisms with three or 
more sets of each kind of chromosome are called 
“polyploid.” For example, there are species of 
roses with 14, 21, 28, 35, 42, and 56 chromosomes.  
Crop plants such as wheat, potatoes and bananas 
are also polyploid.  If a polyploid is capable of 
producing fertile offspring, but can’t interbreed 
with its parent species, a new species may be 
produced. 

  Mutations are a double-edged sword.  They 
provide a population of organisms with new traits 
for surviving more difficult conditions.  These 
traits can potentially be beneficial.  However, 
most mutations are harmful, resulting in death 
of the offspring or failure to reproduce. These 
discoveries of genes, chromosomes and mutations 
provided more pieces of the puzzle to explain how 
traits are inherited and how occasional mutations 
occur.
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 Watson and Crick experimented with models to determine 
how the building blocks are arranged— a sugar, joined to a 
phosphate group, and a nitrogen base form what is called a 
“nucleotide.”  The diagram below shows how they  arranged the 
nucleotides into a ladder-like structure.  The rungs of the ladder 
are pairs of nitrogen bases that always pair in the same way.  For 
example, adenine and thymine pair together, and cytosine and 
guanine pair together.  Weak chemical forces, called hydrogen 
bonds, join the nitrogen bases, but can break easily when the 
DNA molecule separates into two complementary strands.  

DNA replicates or copies 
itself during cell division.  This 
copying process begins when part 
of the DNA molecule unwinds.  
The hydrogen bonds in that part 
of the molecule break and the 
two complementary strands 
separate, exposing two rows 
of nitrogen bases.  Free DNA 
nucleotides that are present in 
the nucleus of the cell begin to 

Deoxyribose sugar          Phosphate groups      A   Adenine      T   Thymine      C   Cytosine      G  Guanine

Portion of a gene that codes for
normal hemoglobin

Portion of a mutated gene that codes for nor-
mal hemoglobin

Mutation

Proline Lysine LysineValineProline

Some amino acids in hemoglobin Some amino acids in defective hemoglobin

C T

A

A A AA

A A

A A A

G

G G G G G GGGGG

GG

C

C C C C C

C C

C C C C CT T T T

T T

T T T

Glutamic 
acid
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G

DNA replication

Exposed 
bases

Free DNA
molecules

Original DNA molecule 
beginning to replicate

match up and form hydrogen bonds with the exposed bases on 
each strand.  Each strand of the original DNA molecule acts as 
a pattern, or template, to form the new DNA strand.  

The nitrogen bases on a DNA strand provide a code for 
the various proteins every cell needs to function.  A single DNA 
molecule can code for thousands of proteins.  We now know 
that, in general, a gene is a part of a DNA molecule that codes 
for a particular protein.  A small mutation in the DNA code 
causes changes in proteins.  Some of these changes result in 
genetic diseases such as cystic fibrosis, Tay-Sachs, and sickle 
cell anemia.  The diagram below compares the DNA genetic 
codes for normal and sickle-cell hemoglobin.
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Normal red blood cells 
(top) and sickle cell 
anemia cells (bottom).

Africans who had two normal genes were more likely to 
die from malaria than people who carried the recessive trait. 
Apparently, having one normal gene and one sickle-cell gene 
provided an advantage in a place where malaria was common.

 The total number of genes in a population is called the 
“gene pool.”  Over thousands of years the frequency of the sickle-
cell trait increased in the African “gene pool” due to natural 
selection of individuals who were better adapted to survive in 
an environment where malaria was prevalent. 

 In the 1600’s, slave traders brought people from the African 
Gold Coast to the Americas.   The slave traders sold some African 
people to plantation owners in the swampy malaria-infested 
Surinam.  Africans were also sold to plantation owners on the 
malaria-free island of Curacao off the coast of Venezuela.  

The effects of 400 years of natural selection upon people 
living in these different environments are now evident.  Today 
the frequency of sickle-cell trait in the gene pools of the people 
of malaria infested Surinam and West Africa are relatively high.  
The trait has decreased in the African American gene pools of 
Curacao and the United States, which are malaria-free. 

Natural Selection for Sickle-Cell
Malaria is caused by a tiny protozoan that gets into the 

blood stream when a person is bitten by a mosquito.  The 
protozoa burrow into the blood cells and multiply.  When the 
blood cells burst, thousands of protozoa enter new blood cells.  
African people have a long history of exposure to malaria, 
which is one of the major causes of death in tropical areas of 
the world.

Perhaps as long as a million years ago, a mutation occurred 
in an African person’s genes that caused the hemoglobin protein 
in the red blood cells to develop in a crescent or “sickle-cell” 
shape instead of the normal round shape.  Children who inherited 
the abnormal sickle-cell gene from both parents died during 
infancy from blood disorders such as anemia and blood clots. 
Today thousands of babies in Africa die each year from sickle-
cell anemia.  If the mutated gene was killing individuals, why 
didn’t it disappear from the African population?

The answer to this question is twofold. 1) The mutation was 
a recessive trait, meaning that it was hidden if the person also 
had the gene for normal blood cells.  2) Africans who carried 
one recessive sickle-cell gene and one normal gene were more 
resistant to malaria and seldom died from the malaria parasite.  
These individuals passed the recessive gene on to their children 
who were also more resistant to malaria if they had one sickle-
cell gene and one normal gene.  

 Question 4.2. What do you predict would 
happen to the sickle-cell trait in the African 
gene pool and the American gene pool if 
malaria were completely eradicated?
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Protecting the Genetic Code
Our understanding of DNA has enabled us to unlock the molecular 

language of heredity.  With the exception of identical twins, each 
individual’s DNA is unique. The aftermath of World War II was a 
grim warning about the vulnerability of our genes.  The general 
public began learning about chromosomes and gene theory through 
the news coverage of birth defects and cancer in the children of 
Japanese people who survived the atomic bombs at Hiroshima and 
Nagasaki.  With the advent of nuclear technology, humans now run 
the risk of contaminating large areas of the planet with radioactive 
materials that can severely damage genetic codes for thousands of 
years to come. 

 Concern for the vulnerability of chromosomes has stimulated 
extensive medical research related to cancer, genetic disorders, and 
environmental contaminants.  The Food and Drug Administration and 
the Environmental Protection Agency were established in response to 
growing public concern about hazards such as radiation, pollution, 
and chemicals in our diet. The 1978 evacuation of the residents of 
Love Canal, who were experiencing cancer and birth defects, alerted 
Americans to the dangers of unregulated chemical dumping. The 
Environmental Protection Agency has identified thousands of toxic 
waste sites across the country which qualify for government clean-up 
under legislation known as the "Superfund." You and your neighbors 
can now find out if there are any old toxic dumps in your area.
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Genetic Engineering
With recent advances in genetic engineering, scientists can 

identify the location of genetic disorders on the chromosomes 
as well as the changes in the nucleotide codes causing the 
mutations.  With the recent success in mapping of the human 
genome, it may be possible to repair genetic damage in humans 
as well as in endangered species using genetic banks that store 
samples from healthy organisms. The Human Genome Project 
web site provides a wealth of information about molecular 
research: 

<http://www.ornl.gov/hgmis/education/education.
html>

DNA science is also providing tools for protecting biodiversity.  
It is possible to analyze tissue from an organism and produce a 
“DNA fingerprint.”  Game wardens and law enforcement people 
are using DNA evidence to identify and prosecute poachers who 
illegally kill animals and sell them on the black market.  In Japan, 
DNA “fingerprinting” is being used to identify protected species 
of fish that are illegally sold in restaurants and sushi bars.     

The Importance of Biodiversity in Food Crops
The continuing loss of genetic variation in food crops 

is a problem that may have severe consequences for human 
populations.  Edible plants growing in the wild have survived 
a multitude of plant eaters and are rich in genetic variation.  
Modern crops however are genetically uniform and highly 
susceptible to rapidly evolving pests and blights that can 
quickly spread throughout agricultural regions causing 
massive crop failure.  

The total number of important food crops is only about 
130 species, most of which have been planted by people since 
the Stone Age.  There appear to be twelve major areas around 
the world where a diverse gene pool for certain crops has 
been maintained in wild populations.  Most of these areas 
of crop diversity are threatened by development such as the 
spread of cities, logging, and livestock grazing.  For example, 
in 1977, scientists searching in Ecuador found a wild relative 
of avocado that was resistant to a disease called "blight."  
This wild strain of avocado was limited to twelve trees in 
a tiny patch of forest that had somehow escaped logging.  
Another region of crop diversity closer to home is in our 
upper Midwest, where the blueberry, cranberry, Jerusalem 
artichoke, pecan, and sunflower originated.  The value of 
genetic diversity has long been recognized by plant breeders, 
many of whom have helped establish seed banks to preserve 
the genes of wild crops.  

http://www.ornl.gov/hgmis/education/education.html
http://www.ornl.gov/hgmis/education/education.html
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The discovery of how natural 
selection interacts with inheritance 
has shown us the importance of 
conserving Earth’s library of genes.   
The diversity of traits in a population 
makes it possible for a species to 
adapt to a change in the environment.  
The millions of species that are alive 
today contain an incredible variety of 
successful traits that have withstood 
the test of ice ages, meteor impacts, 
shifting continents, disease-bearing 
viruses and bacteria, and competing 
life forms.  If a species becomes 
extinct, it is gone, and so is its unique 
combination of genes.  The loss of its 
genes is also a loss of many potential 
new species adapted to a different 
Earth of the future.

In the next chapter we will 
investigate diversity in living systems 
that depend on soil resources.  Because 
biological evolution is a relationship 
between genetics and environment, 
maintaining a variety of habitats is 
essential to conserving both species 
and genetic diversity within species.

Internet Web Sites for Genetics Education
• DNA Learning Center at Cold Spring Harbor 

http://vector.cshl.org/

• Genetics Education Center, University of Kansas Medical Center 
http://www.kumc.edu/gec/

• ACCESS EXCELLENCE about biotechnology 
http://www.accessexcellence.org/AB/GG/structure.html

• Science Explained, The Cloning of Dolly 
http://www.synapses.co.uk/science/clone.html

• Thornridge High School Biology Home Page 
http://www-ed.fnal.gov/help/97/peretz/inherit/biology.html

Dedication to Diversity

“In the winter of 1942, the city of Leningrad was under 
siege, surrounded by Nazi tanks.  For 900 horrifying 
days, the citizens endured artillery fire and aerial 
bombardment, but the worst was starvation.  Before 
the blockade lifted, it had caused more than 600,000 
men, women, and children to starve to death....At 
the Leningrad’s Vavilov Institute, a botanical and 
agricultural research center, thirty-one scientists 
remained to guard the unique collection of plants 
and seeds gathered meticulously from their places 
of genetic origin all over the world....Dr. Dmytry S. 
Ivanov, the institute's rice specialist was surrounded 
by bags of rice when he was found dead at his desk.  
He was reported to have said shortly before his death, 
“When all the world is in flames of war, we will keep 
this collection for the future of all people.”  

—From Earth in the Balance
by Vice President Al Gore,  

pg. 281, 1992.

For new material relating to this chapter, please see the GSS website “Staying Up To Date” 
page: http://www.lhs.berkeley.edu/gss/uptodate/5lb
We invite you to send us new articles for the "Staying Up To Date" web page for this chapter.  
Articles may be from local newspapers, magazines, websites, or other sources that you think 
would be of interest to classrooms around the country. To send us articles please go to the link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and find the "Submit New Article" button. 

http://vector.cshl.org/
http://www.kumc.edu/gec/
http://www.accessexcellence.org/AB/GG/structure.html
http://www.synapses.co.uk/science/clone.html
http://www-ed.fnal.gov/help/97/peretz/inherit/biology.html
http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Rivet Popper Hypothesis

Soil layers.  From: Terrarium 
Habitats, GEMS, Lawrence Hall 
of Science, ©1992 Regents of the 
University of California.

In this chapter we will learn how ecologists are studying 
the relationships between the diversity of plant species 
and the productivity of an area.  We will also find out how 
people are combining efforts to restore degraded areas and 
conserve soil resources upon which our society and other 
species depend for food.

5. Soil: The Living Skin of the Earth
Imagine you are standing 

barefoot in a grassy meadow.  
Beneath your feet countless 
earthworms, insect larvae, 
crustaceans, and roots are 
she l tered by  the  tough 
fabric of the grass.  Fungi 
and bacteria are dissolving 
away the dead bodies of tiny 
creatures, releasing nutrients 
for the plants.  The hidden 
world of living soil supports 
a rich variety of plant and 
animal communities across the 
continents of the world.

Most land plants cannot 
grow without soil.  Even 
primitive mosses are found 
growing where moisture and 
some soil particles can be 
found.  Human civilizations 
have grown up and prospered 
in areas with well-developed 
soils that will grow food.  In 
regions where people have 
damaged the soil, the diversity 
of organisms and production of 
food have declined.   

Suppose you were taking a trip on an 
airplane.  The plane is crowded with many other 
passengers and you are lucky to have a window 
seat.  As you look out you notice that there is a 
black spot on the wing.  Looking more closely you 
can see that a rivet is missing.  Further down on 
the wing you can see another place where a rivet 
is gone.  Disturbed, you turn to the person in the 
seat beside you.  “Look,” you say, “there are two 
rivets missing from the wing!”

Your neighbor calmly looks where you are 
pointing.  “Don’t worry,” she says, “I’m an 
aeronautical engineer.  These planes are so 
overbuilt that a few missing rivets won‘t matter.”  

Just then you see another rivet pop out.  It 
occurs to you that there are places on the wing 
that you cannot see.  Are other rivets popping out 
unobserved?  “But if there are some rivets missing 
won’t that put added strain on the others?” You 
ask your neighbor.

Chapter 5
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“That’s true,” she replies.  “Can you see how many are 
missing?”  She seems concerned.  

“How many rivets can we lose before the danger point 
is reached?”   you ask.

“I don’t know,” is her reply.  

What has become known as the “rivet-popper” hypothesis 
was proposed in 1981 by Paul and Anne Ehrlich.  This view 
of biodiversity uses the analogy of rivets popping off the 
wing of an airplane.  Each rivet plays a small but significant 
role in the working of the whole plane, and the loss of any 
rivet weakens the plane by a small but measurable amount.  
Lose too many rivets and the plane will crash.  Similarly, 
our planet’s ecosystems depend on a diversity of species to 
maintain themselves.  The loss of each species changes and 
possibly weakens the ecosystem.  At some point the loss will 
become so great that the ecosystem will fail catastrophically, 
and most life forms will be lost.

Redundancy Hypothesis
Some ecologists contend it is an exaggeration to say that 

every species is important.  The “redundancy” hypothesis 
proposes that most species are more like passengers on the 
plane and that only a few keystone species are needed as 
"drivers" to keep the plane flying.  Current efforts seem to 
indicate that the answer lies somewhere between these two 
hypotheses: that every species, or “rivet,” counts; versus 
only a few keystone species as “drivers” are necessary to 
maintain ecosystem stability.

Research on the Prairie
The idea that species diversity provides 

“insurance” against catastrophe is supported 
by the work of David Tilman and John Downing. 
They set up an experiment in a prairie grassland 
north of St. Paul, Minnesota to investigate how 
the numbers of different plant species affect 
plant production levels. They measured plant 
productivity by weighing samples of plants 
periodically on plots located in native prairie and 
three abandoned fields of different ages. 

During a severe drought in 1987-1988, 
productivity in all the plots fell drastically.  
However, it dropped only one-fourth as much 
in the most species-rich plots compared to the 
most species-poor plots.  The species-rich plots 
recovered their former productivity in one season 

compared to the four seasons it took for the less 
diverse plots to recover.  A key factor seemed to 
be the diversity of types of plants and not just 
the numbers of species.  For example, a plot 
with grasses, bulbs, small shrubs, and nitrogen 
producing plants like clover, tended to produce 
more plant matter than a plot with an equal 
number of different grass species. 

Tilman points out that even though 
ecosystems may be able to tolerate some random 
losses of species, today’s human-caused losses 
tend to be systematic—such as logging specific 
species of trees, or cattle grazing that targets 
particular grasses.  He cautions that these 
selective losses of diversity may be more likely to 
alter the productivity of ecosystems than random 
loses caused by natural catastrophes.

Soil erosion. Photo by Reginald H. Barrett. 
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Research in the Ecotron
Ecologists Shahid Naeem and John H. Lawton designed 

a study using a series of controlled environmental chambers 
at a facility called the Ecotron near London.  They set up 14 
miniature ecosystems, each containing 80 plants representing 
either 2, 5, or 16 species.  Insects, soil organisms, and 
growing conditions were kept the same for all of the artificial 
ecosystems. 

The scientists suspected that a change in the number of 
plant species might affect various processes in an ecosystem.  
They measured how much water stayed in the soil, amounts of 
nitrogen, phosphorous, and potassium taken up by the plants, 
and decomposition. Their key findings include:

•As species numbers in the mini-ecosystems increased, 
average productivity increased.

•The most species-rich systems consumed the most 
carbon dioxide and produced the greatest mass of plant 
matter. 

•The species-rich systems that included various plant types, 
such as vines, captured more light and produced more 
plant matter. 

The scientists hypothesized that loss of diverse plant 
forms may have more impact on productivity in a forest than 
the loss of some of the actual trees. In a tropical forest, for 
example, understory palms and epiphytes (plants that live in 
the branches of trees) are able to thrive on sun flecks filtering 
through the canopy.  

Prairie. Photo by 
Reginald H. Barrett. 
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World's Productive and Potentially Productive Land  

Cropland 25% or more potential cropland Less than 25% potential cropland

Adapted from Production Yearbook, U.N. Food and Agriculture Organization , 1988.

 Comparing Soils
 Investigation     

Plants are essential to the development of soil.  
Their dead leaves and fruits are broken down into humus 
by hundreds of different kinds of soil organisms.  Humus 
is an organic mixture that is constantly broken down 
further by fungi and bacteria.  These decomposers reuse 
the nutrients in once-living things and break them down 
into small enough molecules to be taken up by plant 
roots.  In a healthy natural system, where plants and 
soils have evolved together, humus is in a state of relative 
equilibrium because it is continually replenished by dying 
organisms. 

 In this activity, you will investigate the components 
of soil, including both humus and the non-living soil 
components.  You will also get a close-up view of some 
of the amazing creatures that convert the waste products 
of other organisms into nutrients available to plants.  
After observing the characteristics of different soils, you 
will set up plant experiments to compare the fertility of 
the samples, perhaps even mixing a “super soil” of your 
own. 

What You Need
•  3-4 samples of soil, (2 cups each) 

•  3-4  labeled plastic bags

•  3-4 clear plastic vials with lids   
(1" in diameter, 3" high)

•  3-4 small flower pots

•  1 package of bean or pea seeds

•  1 large spoon or garden trowel

•  1 magnifying lens

•  1-2 trays 

•  1 measuring cup

•  1 small-point permanent marker

•  1 ruler

•  paper towels

•  water
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water

clay

rocks

organic
matter

sand

Getting Started
Collect soil samples from several different locations:  a for-
est, a fertile garden, and an area where much of the topsoil 
has been eroded.  Place these samples in separate labeled 
plastic bags. 
1.  Plan to collect your samples over a few weeks to take 

advantage of outings or trips that take you to different 
environments.

2.  As you collect and label soil samples, make notes about 
the nature of the vegetation at the site and the level of 
soil moisture.

Did You Know? Scientists 
estimate that 80% of soil 
microorganisms have 
not yet been identified, 
let alone studied! 

Conduct Soil Profile Tests
Conduct soil in water profile tests by putting some of 

each sample in water and comparing the layers of particles 
that settle out or float to the top.

1. Fill each plastic vial with one inch of soil from the various 
samples.  

2. Fill the vial with water one half-inch from the top.  Cap 
the vial and shake vigorously.  

3. Place the vial on a level surface and allow the soil to 
settle out for one to two minutes, then draw a diagram 
of the various layers.

4. What materials sank to the bottom?  What is floating on 
the top?

5. Draw the layers and determine if organic matter, clay, 
silt, sand, and gravel are present.

6. Compare the water profiles of the different soil samples 
collected from the different ecosystems.  Which soils had 
the greatest amount of organic matter?  

Observe the Soils 
Place a small amount of each soil on a light-colored 

tray or a paper towel. 

1.  Sample each soil with your fingers to get a feel for its 
texture and the types of particles in each sample.  If the 
soil feels gritty, sand is present.  If the soil feels like flour, 
it contains a lot of fine silt.  If the damp soil rolls into a 
smooth ball, clay is present.  

2.  What living and dead organisms do you notice in the 
samples? Record your observations.
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Compare Seedling Growth in Soils
Soil is a mixture of clay, silt, sand, rocks, organic matter, 

air, water, and living organisms.  The organic material will float 
and is made up of decomposed plants and animals that provide 
nutrients for plant growth.  Fertile soils have a top layer of organic 
humus and are dark with a crumbly consistency.  They are usually 
composed of about one-third clay, one-third silt and sand, and 
one-third organic matter.  

1.  Using the labeled samples that you have collected and the 
results of soil profile tests, create your own “super soil” that 
you think will be best to promote plant growth.  

2. Set up a controlled experiment to compare your “super soil” 
with other soils using flower pots and seeds.  Be sure to control 
variables by keeping everything the same except for the kind 
of soil used.  

3.  After a few weeks, write a report on the purpose, procedures, 
results, and conclusions of your experiment.

A Lesson from Prairie Soil
In Chapter 2 we learned how, in less than a 

century, the prairie was transformed from a sea of 
rich grassland covered with bison and pronghorn 
to agricultural lands fenced for crops, cattle and 
sheep. The North American prairie is actually 
made up of three sub-types that blend into each 
other, moving westward from the Mississippi River.  
The deep, moist soils of Iowa, Eastern Nebraska, 
and Kansas supported the tall grass prairie, which 
is now 98% agricultural land.  Next was the mixed 
grass prairie, followed by the short grass prairie, 
which covered the more arid lands from Texas to 
Montana.

 Scientists have been taking a bug’s eye view 
of a small area of prairie rescued by the Nature 
Conservancy—the Konzo Prairie which is managed 
by Kansas State University.  Digging down beneath 
the mat of roots, they find a rich, dark chocolate 
soil teeming with earth worms, nematode worms, 
mites, and insect larvae.  These tiny tunneling 
organisms, “eat” and churn the soil, improving it 
for plant roots.  An amazing 75-85% of the prairie’s 
living matter is underground, working all the while 
to capture and recycle carbon, nitrogen and other 
soil nutrients.  The masses of roots protecting the 
precious soil apparently live for hundreds of years, 
producing new vegetation without cultivation.

Take the same close look at a typical acre 
of Kansas farmland that is plowed and planted, 
fertilized and sprayed each year with pesticides 
and herbicides.  The complex structure of the 
loam soil has been broken down, and most of the 
soil organisms exterminated.  The annual plowing 
depletes the soil as wind and rain carry the clay 
particles into streams and rivers. To keep crop 
production high, farmers must spend more and 
more on chemicals, machinery, fossil fuels, and 
erosion control.

Researchers at the Land Institute in Salina, 
Kansas, want to develop new crops from 
prairie natives.  They also hope to develop new 
agricultural methods that take advantage of the 
hardy fertility of native species.  The idea would 
be to grow mixtures of deep-rooted perennial 
plants that are drought resistant and produce 
crops at different times of year.  This could help 
farmers build their soil resources while reducing 
the use of chemicals and water.
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Prairie to Dust Bowl
Overgrazing and poor farming practices 

have reduced the fertility of the soils over large 
areas of the mixed grass and short grass prairie.  
During the droughts that occurred in the 1930’s, 
huge areas of once-fertile land became a giant 
dust bowl.  Farms and ranches were abandoned 
and thousands of poor families fled to California 
hoping to find jobs.  John Steinbeck’s novel The 
Grapes of Wrath describes this desperate time 
for America’s western farmers.

Private lands weren’t the only ones damaged 
by overuse.  In the Great Basin states of Utah, 
Nevada and Arizona, large areas of public land 
under the Bureau of Land Management (BLM) were 
also degraded.  Ranchers can lease the public 
lands for a modest fee, and the BLM  was not 
vigilant in preventing overstocking of the range.  
The BLM also assisted ranchers in eradicating 
predators such as mountain lions, wolves, coyotes, 
and bobcats from public and private lands.

Following the end of the Great Depression 
a national effort was launched to teach farmers 
and ranchers how to prevent erosion and restore 
the fertility of the land.  The solutions usually 
required a reduction in the number of cattle or 
sheep per acre.  To this day, there is a struggle 
between ranchers and farmers trying to raise as 
many cattle as possible to support their families, 
and scientists recommending conservation of the 
soil and wildlife.
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Bison on a South Dakota prairie by James D. Yoakum.

Scientific research has been essential in providing 
information to better understand the ecological forces 
shaping the plant and animal communities of the Great 
Plains.  Perhaps the greatest challenge ahead for land 
owners, resource agencies, and conservation groups, is 
how to cooperate with each other and with scientists. 
Working together these stakeholders could develop 
models for restoring and sustaining natural resources 
while maintaining human communities.

Native Americans are also 
returning to their historical ways 
of tapping the natural productivity 
of the land.  The Inter Tribal Bison 
Cooperative is composed of 51 member 
tribes who are working to restore the 
bison to Indian culture.  The Cheyenne 
River Sioux Indian Reservation is one 
example of many Indian communities 
that have begun to restore their land 
and traditions with wildlife as a source 
of inspiration and productivity. 

Putting Nature Back to Work
 The Great Plains bison herds once rivaled the Arctic 

caribou of the tundra for annual production of plant matter and 
large animals.  Research at the Konzo Prairie is improving our 
understanding of how bison contributed to the fertility of the 
prairies.  The bison create 
micro sites through their 
patchy pattern of grazing, 
wallowing, and rubbing.  
Scientist David Hartnett 
found that the feeding 
and activities of bison 
actually increased the 
plant diversity in pastures 
by 19-54 percent.  On 
comparable sites where 
cattle were carefully 
stocked at moderate 
densities, plant diversity 
i n c rea sed   by  2 - 24 
percent.

The bison’s good 
reputation is spreading.  
The gigantic free ranging 
herds are gone forever, 
but a growing number of 
land owners are investing 
in the hardy bison.  It is able to survive harsh winters while 
producing plenty of good, lean meat without the use of hormones 
and antibiotics. More than a thousand ranches across the United 
States have turned to raising bison.  

A Cure for the Common Cold?
The purple coneflower (Echinacea 

angustifolia) is an attractive and widely 
cultivated prairie flower that was used 
as a medicine by Native Americans and 
settlers.  The species contains chemicals 
with painkilling and anti-inflammatory 
properties, that also appear to stimulate a 
person’s immune system. Echinacea tea is 
available in many supermarkets today.  

For new material relating to this chapter, please see the 
GSS website “Staying Up To Date” page:  
http://www.lhs.berkeley.edu/gss/uptodate/5lb
We invite you to send us new articles for the "Staying Up 
To Date" web page for this chapter.  Articles may be from 
local newspapers, magazines, websites, or other sources 
that you think would be of interest to classrooms around 
the country. To send us articles please go to the link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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 Brian recalled the pressure in the early 
days to find answers to practical questions 
such as best hatching temperature and rearing 
conditions. At first, peregrine eggs were hatched 
at his home in hand crafted incubators set up in 
bureau drawers. So few birds remained in the 
wild that every egg was precious. A breeding 
program was also underway in Boise, Idaho, and 

Photo of Brian J. Walton from the 
Predatory Bird Research Group 

 As I searched for the temporary portable office 
at the edge of the University of Santa Cruz campus in 
1999, I felt excited  about this opportunity to learn from 
scientists who have studied falcons for more than twenty 
years.  Brian Walton, who coordinates the Predatory 
Bird Research Group (PBRG) described how he became 
hooked on peregrine falcons at an early age. “I went to 
Aviation High School near the Los Angeles Airport.  Our 
mascot was the falcon...As fate would have it, I was 
assigned a term paper in the ninth grade that required 
research on falcons... When I graduated from high school 
there was only one pair of peregrines known to nest in 
California.  The nest was on Morro Rock, so I moved there 
and enrolled in the local college.”

6. Field Trip: Predatory 
Bird Research Group

 This story combines mystery, high adventure, 
and camaraderie, all dedicated to a creature of sky and 
cliffs.  In the 1970’s, a small team of California biologists 
set out to save the western peregrine falcon from what 
looked like certain extinction.  There were only a few 
breeding pairs left in the state and the birds were almost 
gone from North America. 

Photo of Falco peregrinus
from the Predatory Bird Research Group 

at the Long Marine Lab, University of California at Santa Cruz

 A chance meeting at Morro Rock in 
1973, with ornithologist (person who studies 
birds) Tom Cade, encouraged Brian at age 22 to 
begin his career in falcon restoration research. 
Professor Cade had established a breeding colony 
of peregrines at Cornell University in New York 
and was working to increase peregrine research 
and restoration efforts. With the backing of the 
late Professor Kenneth Norris at UC Santa Cruz, 
and veterinarian James Roush, the Santa Cruz 
Predatory Bird Research Group was born.

Chapter 6
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Photo of Falco peregrinus
from the Predatory Bird Research Group 

 A message that Brian has shared 
whenever he has the opportunity to 
talk with young people is how a 
few people who are knowledgeable 
and persistent can really change 
the chances of a species’ survival.  
“Where there is a will there is a way,” 
he commented, while describing how 
teamwork brought the peregrine back 
from near extinction.

the researchers shared information 
and birds as they developed methods 
of hatching, rearing, and releasing 
young peregrines back into the wild.

Rachel Carson was among the first scientists 
to alert the public to the worldwide decline in bird 
species and other wildlife.  Her careful reviews of 
field and laboratory research implicating DDT were 
presented in her book Silent Spring, published in 
1962. At first she was belittled as a “nature nut,” 
and “bird watcher” by the chemical industry, 
food companies, and some government agencies, 
but soon her hypotheses were vindicated by the 
growing body of research evidence.

In following years, DDT and eleven other 
chemical pesticides Carson warned about were 
banned or tightly restricted.  Extensive laboratory 
and field research revealed how DDT affects 
organisms, and how it is transported through 
the food web of ecosystems to cause declines 
in wildlife populations. Brian Walton read Silent 
Spring in high school and became a biologist so 
he could keep looking for peregrines.

The Mystery of Silent Spring
The research efforts that paved the way for the peregrine breeding 

programs began in the 1950’s when scientists like Tom Cade wondered 
why bird populations were in decline. Old newsreels from the 1940’s show 
tanker trucks traveling through neighborhoods and parks spraying DDT on 
lawns and ponds to wipe out mosquitoes.  Health officials hailed DDT as 
an amazing new chemical that didn’t seem to harm large animals, but 
was very effective in killing insects.  By the 1950’s DDT was being used 
throughout the tropical regions of the world in an attempt to wipe out 
malaria and other mosquito-born diseases.

Scientists documented that birds migrating 
to the southern US, Central and South America 
during the winter were feeding on grains and 
insects that had been sprayed with DDT.  The DDT 
was converted to DDE, which binds readily with 
fatty tissue and remains in the body until the fat 
reserves are used by the animal.  Birds that were 
stressed during migration often died when their 
bodies converted the fat, releasing the DDE.

Scientists also discovered that the low 
breeding success of many species of birds was 
due to DDT. The pesticide was found to cause 
eggshell thinning in peregrine falcons and many 
other predatory birds such as brown pelicans, 
bald eagles, and osprey. Bird predators that fed 
on contaminated wildlife were accumulating large 
doses of DDE. Accumulation of DDE in the fatty 
tissues disrupted calcium metabolism and caused 
thin-shelled eggs that often broke as the parent 
sat on the nest.
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Despite many years of strenuous field work 
and laboratory research involved with incubating 
eggs in the lab, including night shifts, 7 days a 
week for 4-5 months at a time, Janet has never 
gotten over her love of peregrines, nor tired of 
seeing them in the wild. She commented that 
“wildlife biology and the concept of evolution 
has provided endless room to think about origins 
and to speculate.”

Her exciting career has enabled her to work 
throughout the west on population recovery 
efforts for peregrines, bald eagles, and the 
California Condor. She has become a radio-
telemetry specialist, and database specialist in 
the course of her work, and is co-author of the 
“Management Manual for Peregrine Falcons at 
the Eyrie”.

Janet is concerned that young people 
become interested in evolution and aware of the 
time involved for species and habitats to emerge. 
Often her free time is devoted to educating the 
public about the values of wildlife and habitat. 
“It seems wasteful to wipe out so many years of 
evolution for a temporary gain,” she points out.

Photo of Observation Team
from the Predatory Bird Research Group 

Janet Linthicum reminisced about her 
first year on the job with PBRG. She was a 
self-proclaimed science geek in high school, 
mainly interested in chemistry and physics.  As a 
freshman at UC Santa Cruz, she especially liked 
her wildlife biology course by Professor Todd 
Newberry, and decided to apply to Brian Walton’s 
ad for a Peregrine Nest Site Assistant. 

Her job description stipulated long hours, 
rigorous conditions, risk, and 11 months in the 
field each year, all for a tiny salary.  She began 
work in 1983, in northern California as a nest 
guard, observing the birds, and protecting the 
nest from falconers.  Camped alone in a tent, high 
on a bluff, she hauled water to her observation 
point. That spring, it rained constantly, and 
she read Fyodor Dostoyevsky's novel, Brothers 
Karamazov, three times!

Pathway to a Career

Janet Linthicum
from the Predatory Bird 

Research Group 

Return of the Peregrine Falcon
August 20, 1999, this champion sky diver was down listed from the 

Endangered Species List, to a threatened species, its numbers in California 
at more than 150 breeding pairs. Brian Walton pointed out that the success 
story was the result of the dedicated teamwork of hundreds of scientists 
and private citizens who performed a variety of tasks that ranged from 
rock climbing to analysis of egg shells and tissue samples. 

Information and successes were generously shared 
between the three peregrine breeding centers located at 
New York, Idaho, and California. Captive birds were donated 
as breeders, and citizens who maintained guardian watches 
on wild nest sites contributed thousands of volunteer 
hours.
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The Santa Cruz Predatory Bird Research Group continues to 
expand its research efforts. Here are some of the current questions 
the scientists are investigating:

What factors influence how local and migrating bald eagles use 
California habitats? 

How effective are satellite telemetry transmitters in revealing the 
migratory patterns and habitat use of bald eagles?

How many burrowing owls nest in Santa Cruz and Santa Barbara 
counties and what are their habitat needs?

What factors influence golden eagle mortality from wind generators 
in the Altamont Pass Wind Resource area of California?

How can predation by peregrines on other endangered species 
like least terns, marbled murrelets, and snowy plovers be 
reduced?

How are environmental levels of DDT along the California coast 
affecting the breeding and survival of peregrines?

On-Going Research Questions

Photo of peregrine hack site from the 
Predatory Bird Research Group 

Photo of peregrine in a flock of seabirds 
from the Predatory Bird Research Group 

The many successes of the Predatory Bird Research 
Group (PBRG) resulted  in a grant from the state to build a 
permanent “state of the art” facility at the Long Marine Lab, 
University of California, Santa Cruz.  You can see the layout 
of this new research center PBRG’s web site 

http://www2.ucsc.edu/scpbrg/  

New Research Facilities

•  Current research on bald eagles, golden eagles, burrowing 
owls, Harris hawks, island foxes, seabirds, and of course 
peregrines.

•  Field techniques and biology behind the raptor research

•  Accomplishments of the research staff.  

•  A live video of a peregrine nest site on top of the Oracle 
Corporation Campus at Redwood Shores, overlooking San 
Francisco Bay. 

•  Bibliography of research articles and links to other major 
raptor research and education groups (The Peregrine Fund, 
the Raptor Center, the California Condor recovery effort)  
http://www.dfg.ca.gov/wmd/condor.html

On the PBRG web site — http://www2.ucsc.edu/scpbrg/

Photo of peregrine on the Oracle building 
from the Predatory Bird Research Group 

For new material relating to this chapter, please see the GSS website “Staying 
Up To Date” page: http://www.lhs.berkeley.edu/gss/uptodate/5lb 
We invite you to send us new articles for the "Staying Up To Date" web page 
for this chapter.  Articles may be from local newspapers, magazines, websites, 
or other sources that you think would be of interest to classrooms around the 
country. To send us articles please go to the link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and find the "Submit New 
Article" button. 

http://www2.ucsc.edu/scpbrg/
http://www.dfg.ca.gov/wmd/condor.html
http://www2.ucsc.edu/scpbrg/
http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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“It is early morning.  I am alone on the deck of the research 
ship Calypso. The sea is flat and grayish-blue.  The air is hot 
and sultry.  There is hardly any breeze.  Overhead, heavy dark 
clouds are silently piling up into billowing pyramids...What is 
it about the sea, I wonder as I stare into its depths, that has 
always lured man on to explore its secrets?  

We are looking there for clues to our own distant past, for 
information about the formation of our planet and the origin 
of life.  Calypso is crammed with equipment to aid us in that 
search.  Our underwater observation chamber enables us to 
watch and photograph marine creatures wherever we venture.  
Divers going down to depths of 200 feet for a firsthand look 
at the ocean’s habitats enter and leave the water through 
our midships’ diving-well.  Our echo-sounders help us map 
the ocean floor.  Other research vessels have drills that bore 
into the earth’s crust and bring up cylindrical samples of the 
ancient material.  We are like detectives trying to unravel what 
happened millions and billions of years ago.”

 – Jacques Cousteau in Ocean World of Jacques Cousteau

7. One Global Ocean

Photo by Marilyn Russell.

Chapter 7
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The Ocean Ecosystem
Perhaps you have been to the ocean and seen a ship 

disappearing over the horizon as you felt the drumming 
power of the waves.  This pulsating, endless expanse of 
water serves as a circulatory system for the planet.  The 
water we drink is purified and transformed through the 
water cycle.  The microscopic plants at the surface of the 
sea convert the sun’s energy to food and produce most of 
the air we breathe.  The ocean is ultimately the source of 
all life on the planet, yet this vast system is very vulnerable 
to the impacts of our technological society.  This chapter 
examines how we are reducing the biodiversity of the 
global ocean.

The ocean is the one feature that distinguishes our 
planet from all others in the solar system.  About three 
quarters of the Earth’s surface is covered with water.  The 
oceans contain so much water that if all the land surfaces 
were leveled to fill the ocean gorges and valleys, the planet 
would be covered with water 4 miles deep!  The open seas 
may appear to be a limitless resource, but there are huge 
areas with little life.  

Ocean Explorer  
Jacques Cousteau
Across the television networks of the world, marine 

biologist Jacques Cousteau led the public on spectacular 
treks through the ocean frontiers aboard his research 
vessel Calypso. Many of today’s marine scientists and 
educators were stimulated to study the ocean because of 
this Frenchman’s dynamic example of speaking out and 
taking action. 

Cousteau—photographer, inventor, and educator—was 
living proof that one person can make a huge difference in 
changing public attitudes towards the environment. Before 
his death in 1999, he worked passionately to get the United 
Nations to adopt an “International Bill of Environmental 
Rights for Future Generations” modeled after the following 
document he helped draft in 1979.

The top hundred meters of the ocean 
where sunlight flitters down is called 
the photic zone.  This zone contains 
thousands of species of tiny plants called 
phytoplankton, which use sunlight to make 
food for themselves.  Phytoplankton serve 
as food for tiny animals called zooplankton, 
which are eaten by fish and certain kinds of 
whales.  The fish provide food for hundreds 
of thousands of seabirds, dolphins, and seals, 
which serve as food for sharks and other 
predators.  The term “food web” is used 
to describe the many pathways that energy 
from plant food is passed along to ever 
larger animals, as well as to scavengers and 
decomposers.  The great variety of ocean 
phytoplankton is the main source of food 
that sustains the vast marine food web.   

A tiny sample of the 
ocean food web.

Shrimp

Shark Human

Dolphin Eagle

Turtle

School of 
fish

Pelican

Plankton

Squid

Tuna

Sea water and marine organisms are carried by surface and 
bottom currents that keep the proportions of the minerals and 
salts in sea water relatively constant throughout the world ocean.  
The most productive zones in the ocean are located in areas where 
nutrient-rich waters rise from the bottom to the surface.  These 
nutrients act as fertilizer, causing blooms of diatoms and algae 
living in the sunlit surface waters.  Cold, nutrient rich water from 
Antarctica sinks and is pushed along the ocean floor all the way 
to Newfoundland, Canada where it finally rises up on the steep 
sides of the Grand Banks, creating one of the richest fisheries in 
the world.  
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International Bill of Environmental Rights  
for Future Generations

Article 1.  Future generations have a right to an uncontaminated and un-
damaged earth and to its enjoyment as the ground of human history, of 
culture, and of the social bonds that make each generation and individual 
a member of one human family.

More that 8 million people in more 
than 70 countries have signed 
Cousteau’s “Petition for the 
Rights for Future Generations.”

Article 3.  It is, therefore, the paramount responsibility of each generation to maintain 
a constantly vigilant and prudential assessment of technological disturbances and modi-
fications adversely affecting life on earth, the balance of nature, and the evolution of 
humanity in order to protect the rights of future generations.

Article 5.  Governments, non-governmental organizations and the 
individuals are urged, therefore, imaginatively to implement these 
principles, as if in the very presence of those future generations whose 
rights we seek to establish and perpetuate.

Article 4.  All appropriate measures, including education, research, and 
legislation, shall be taken to guarantee these rights and to ensure that they 
not be sacrificed for present expediencies and conveniences.

Article 2.  Each generation, sharing in the estate and heritage of the earth, 
has a duty as trustee for future generations to prevent irreversible and ir-
reparable harm to life on earth and to human freedom and dignity.
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Overfishing Empties the Ocean

Red hake, 
cod & 

haddock 
depleted

Ocean perch, king 
crabs & salmon 

depleted

Most species depleted

Yellowfin tuna & 
shrimp fully exploited

Sardines & 
anchovies depleted

Orange roughy & rock lobsters 
depleted

Most species 
depleted

Skipjack 
tuna fully 
exploited

Salmon 
depleted, 
halibut, tuna, 
billfishes & 
pollock fully 
exploited

Most species depleted

Shrimp 
depleted

Argentine hake & 
sardinella depleted

Where Have all the Fish Gone?
It swims 50 miles per hour, can weigh as 

much as a cow, and sells for $350 a pound in the 
sashimi restaurants of Japan.  Like the bison of 
1880, this graceful fish is nearing extinction, with 
an estimated population of only 20,000 left in the 
Atlantic Ocean.  If you guessed the  bluefin tuna 
you are correct.  Its decline is not due to disease 
or pollution, but to overfishing.  It has recently 
been proposed for listing as an internationally 
endangered species.

The once great fisheries of North America 
and Europe are on the brink of extinction while 
competing countries, companies and fishermen 
struggle against environmental regulation.  Where 
have all the fish gone?  A report released in July 
1994 by the WorldWatch Institute, outlined the 
relationship between increased fishing pressure 
and the drastic decline in fish populations in 
many areas of the world.  From 1970 to 1990, the 
world’s fishing fleet doubled, from 585,000 to 1.2 
million large boats. 

 Studies by the National Fish and Wildlife 
Foundation indicate that at least 14 species of 
oceangoing fish, including Atlantic salmon, cod, 
yellowtail flounder, grouper, Spanish mackerel and 
Pacific perch, have been so seriously depleted 
that it could take them 20 years to recover, even 
if all fishing were to stop tomorrow. The declines 
in fish populations can set off a chain of biological 
disasters that affect not only the fish but also the 
animals that feed on them. 

Overharvesting is the main cause of the 
worldwide decline of fish populations. The 
U.N. Food and Agriculture Organization (FAO) is 
another international organization that gathers 
information on global fish harvests. Their studies 
showed that in 1992, 90.9 million tons of fish 
came from the oceans, a decrease of 5% from the 
harvests of 1989. Since then, annual harvests have 
continued to decline. 
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New technologies have allowed the competing 
commercial fleets to fish with more efficiency.  
Electronic depth finders provide detailed images of 
the sea floor.  Computers “remember” the site of 
previous good catches, then using radio signals, help 
boats home in to within 50 feet of that site.  Spotter 
planes and helicopters enable fishermen to hunt 
down large schools of tuna and other fish. Outside of 
U.S. waters, gigantic trawlers longer than a football 
field drag immense gill nets 100 miles long, snaring 
not only tuna but also swordfish, marlin, dolphins, 
sharks, sailfish and almost anything that swims.  

The pattern is clear--unregulated fishing 
today means fewer fish tomorrow.  The search for 
solutions is stimulating new approaches to fisheries 
management.  A team of biologists in Florida for 
example, has recommended setting aside 10 to 20 
percent of all coastal waters as “reserves” where 
fishing is prohibited. Today less than 1% of ocean 
waters are protected reserves.

A study released February 2001 provides 
research support for this proposal. The national 
Center for Ecological Analysis and Synthesis released 
findings from 89 marine reserves around the world. 
The studies showed that, given the chance, fish and 
other marine life in protected zones quickly restored 
their populations. Adjacent areas benefited as the 
populations fanned out from the reserve.

The average size of captured bill fish 
like this marlin has been decreasing. 
Photograph by Elizabeth Collier.

Commercial ocean-going species at risk of extinction: 

   Minke, Right, and other whales (some protected, some not)        certain seal species  

 sea otters (protected)             Atlantic and Pacific salmon         Atlantic Cod

       yellowtail flounder                        grouper Spanish mackerel                           Blue fin tuna

     snapper species        swordfish          striped bass

shark species  sea bass species       Caribbean lobsters  Pacific perch  
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Coral reefs are the crown jewels 
of the ocean, adorning islands and 
coastlines with vibrant colors and 
fabulous life forms.  Tourists travel 
great distances to swim among coral 
canyons populated with parrot and 
clown fish, anemones and sea stars.  
Coral reefs are clearly valued by 
people from all walks of life, yet 
these marvelous ocean habitats are 
in great danger from overharvesting 
and pollution. 

Peoples' love of reef creatures 
has stimulated an enormous pet trade 
industry that threatens to destroy 
this renewable resource.  The U.S. 
is the world's largest buyer of tropial 
fish.  More than 10 million hobbyists 
in this country spend more than 1.6 
billion dollars a year on tanks and an estimated 3 
billion on pet fish.  While most freshwater tropical 
fish are now bred in captivity, marine organisms 
are taken from the ocean.  The people who collect 
reef life for the pet trade often use chemicals 
like sodium cyanide to stun the fish, as well as 
destructive tools including dynamite to pull apart 
the coral reefs.

Marine tanks are often decorated with 
chunks of dead coral and limestone rock called 
"live rock," because the surfaces are covered with 
living algae, beneficial bacteria, and animals like 
sponges, tube worms, and sea fans.  The demand 
for "live rock" and corals is causing  reefs around 
the world to be pulled apart and carved up.  An 
estimated 500 tons of "live rock" were removed 
from the Florida Reef Track in less than two 
years.  

Coral Reefs in Glass Tanks

In 1987, Germany outlawed the importation 
and sale of butterfly fish, angelfish, lampreys, 
Moorish idols, corals and clams.  Hawaii, Guam, 
and Puerto Rico have banned the taking and sale 
of coral and "live rock."  Nations around the world 
are beginning to take legal action to protect 
coral reef environments so that they may renew 
themselves.  Until consumers become better 
educated about the impact of their purchases of 
shell jewelry, coral, and reef fish, the thriving 
business in marine treasures will continue to 
flourish on the black market.

Coral reef. Photo by Reginald H. Barrett. 

Shrinking Wetlands
Wetlands encircle the continents of the world 

with salt water marshes, lagoons, and swamps near 
the mouths of rivers and bays.  These areas are 
among the most productive regions of the Earth 
and are the nurseries for many marine organisms. 
A tremendous number of organisms have adapted 
to the special conditions of these marine wetlands, 
which are alternately flooded with fresh and salt 
water as the tides ebb and flow.  

  In the shallow sunlit water, abundant plants 
use the sun’s energy, water, minerals and nutrients 
from dead organisms on the bottom to grow and 
produce more plant matter.  This rich plant life 
feeds teeming populations of mussels, shrimp, 
baby crabs, and other invertebrates that in turn 
support fish, ducks, otters, seals, and a host of other 
wetland animals.  Whales, seals, fish, and hundreds 
of species of ducks, shorebirds, cranes, and song 
birds migrate thousands of miles across international 
boundaries to complete their life cycles in the 
wetlands of North and South America.
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Wetlands provide people with hundreds of different 
products, many of which can be found in your grocery store, 
such as varieties of shellfish, rice, cat food, and fish.  Less well 
known items include: water chestnuts, fertilizer, vitamins, 
and caviar. 

The most heavily populated areas of the world tend to 
be along coastlines and near water, consequently, wetlands 
are among the most reduced and polluted of the world’s 
ecosystems. Wetlands are difficult to protect, partly because 
many people have very negative attitudes about these swampy, 
insect rich areas.  Land developers and farmers continue to 
drain or fill wetlands to increase the land available for farming, 
housing and industry, and to eradicate insect pests such as 
mosquitoes.  Exotic and beautiful wetland birds like flamingoes, 
pelicans, egrets, swans and wood ducks have stimulated the 
most citizen action to save wetland environments. 

Beginning in the 1800s, concerned citizens and biologists 
joined forces to form the National Audubon Society, and their 
farsighted efforts have led to a number of acts and treaties to 
protect species and their habitats.  The Migratory Bird Treaty 
of 1916 has resulted in cooperative planning and conservation 
efforts between Canada, the U.S., and Mexico.  There is 
increasing political pressure to relax conservation regulations 
protecting these important aquatic resources in order to 
expand coastal development projects.

Because there is a similar migratory pattern for many of 
Europe’s endangered species which fly to the wetlands of Africa 
to spend the winter, and other species that migrate between 
China, Southeast Asia and Australia, the International Union for 
the Conservation of Nature was established in the late 1940s 
to build and lead cooperative conservation efforts between 
countries.  Today the IUCN and other international conservation 
groups like the World Wildlife Fund are struggling to protect 
species and their habitats in the face of rapid expansion of 
urban populations.

In wetland food webs, millions of tiny 
animals eat aquatic plants and become 
food for fish, birds, and other predators 
like seals and humans.
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Plastic Jellyfish
Sea turtles, like the giant leatherback, have 

successfully navigated the oceans in search of 
squid and fish for 300 million years.  Populations 
of these marine reptiles have declined sharply in 
the last 50 years because of over harvest for turtle 
soup, accidental drowning in fishing nets, and the 
loss of protected beaches where they can safely 
lay their eggs.  Now their water environment has 
been invaded by huge populations of party-balloon 
“squid” and plastic-bag “jellyfish.”

Biologists studying sea turtles frequently find 
starving animals with giant balls of plastic and fish 

Even with new laws that prohibit ocean dumping, 
plastics continue to be the most common kind of litter 
washed up on beaches.  It is difficult to catch ships dumping 
at sea. However, people around the world are joining citizen 
action groups to help report the polluters.  Every September, 

net lodged in their stomachs.  Plastic garbage dumped in the ocean 
comes in many enticing shapes and colors and has a life span of many 
years.  Many marine animals mistake plastic for food.  Each year on 
the South Pacific island of Laysan, thousands of albatross chicks die 
when their parents feed them plastic and Styrofoam “fish.”  Little 
piles of plastic debris are left in the nests after the bodies of the 
baby birds have decomposed. 

During the 1980’s the world’s merchant ships, ocean liners, 
and navy vessels dumped an estimated 690,000 plastic containers 
into the ocean every day!  As this tide of plastic covered the world 
ocean, scientists and environmentalists sounded the alarm.  Nets, 
bags, wrappers, and other debris have been found in the stomachs 
of whales, dolphins, fish, birds, turtles, manatees, sea lions, and 

Photo by 
Marilyn 
Russell. 

Photo by Reginald H. Barrett..

In the Mouth of a Whale— 
A Daring Rescue

A 45-foot humpback whale was drowning 
in a tangle of a 1,500-foot gill net.  The 
lines were caught in the baleen plates of the 
whale's mouth. 
 "Since I had the most experience in working 
with whales, it was decided that I would be 
the one to enter the whale's mouth....The 
humpback seemed to sense my apprehension, 
and held his mouth open above the surface of 
the water.  I climbed in, and tried to get my 
balance by sitting on the tip of his tongue...I 
began to remove the threads like so much 
spent dental floss... This went on for nearly 
30 minutes before the net fell away and 
released him." 
Reported by Juan Carlos Jimenez, professor 
at Springfield Technical Community College 
in Massachusetts, and a member of the 
Marine Mammal Recovery Foundation. 
Pacific Discovery, Winter 1996, pg.3.

seals.  Scientists estimate that plastics kill up to a million 
seabirds and over 100,000 sea mammals a year.  In 1989, 
the international Marine Pollution Treaty was amended to 
make it illegal for vessels to dump plastics into the ocean.  
The U.S. Marine Plastic Pollution Control Act carries a fine 
of up to $50,000 and five years in jail for dumping plastic 
at sea.
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are avoiding buying plastic products because 
of their impact on ocean life.  Recently a 
major fast food chain announced it was 
responding to consumer desires for packaging 
that was less harmful to the environment.  
This company replaced Styrofoam and plastic 
food containers with paper packaging.  Many 
plastic products now carry a recycling symbol 
showing its recycling category.  You can 
encourage companies to recycle by purchasing 
products made of recyclable plastic.  PETE 
can now be combined with cotton to make 
T-shirts!  Polyvinyl chloride (PV) can be used 
to make playground equipment.

Answers:
A. balloon
B. net bag
C. fish line
D. bottle cap
E. plastic bag
F. soda can rings

C.

A.

Can you identify these types of “plastic 
jellyfish” that populate the oceans 
of the world?

E. F.

D.

all along U.S. coastlines, students and teachers gather 
for the U.S. Coastal Commission’s Adopt-a-Beach Clean-
Up Program.  In 1992, the national average of garbage 
collected during coastal clean-up day was 550 pounds 
per mile of beach.  California averaged 180 pounds per 
mile, whereas Texas averaged 3,500 pounds of trash 
per mile. 

Since the development of plastic products in 
the 1940’s, this amazing and versatile substance has 
replaced many materials such as glass, paper, cloth, 
and metal.  It has become the packaging of choice for 
the fast food and convenience industry.  Because they 
float, plastic nets, bags, cups, plates and Styrofoam 
are more easily spread across the ocean.  Damaged 
nets cut loose by fishermen can drift for years.  These 
“ghost nets” even snare large animals like walruses 
and whales.  Catching the people who dump garbage 
illegally is just one part of the solution.  Reducing the 
amount of plastic that becomes garbage is perhaps an 
even greater challenge.

B.

The issue of plastics in the ocean 
is a good example of a complex problem 
without a simple solution.  Here 
are some questions that need to be 
answered to help consumers make 
environmentally wise choices:  

•  How do plastic products compare 
with other mater ia ls  with 
respect to the energy needed 
to manufacture them and the 
pollution that they cause?

•  To what degree are plastic products 
being recycled effectively to 
reduce the amount of waste? 

•  What are the special qualities of 
plastics which make them superior 
to other materials for certain 
uses?  

•  What is being done to make 
plastic products less dangerous 
to wildlife?  

The “plastic issue” 
begins with you and your 
family—the consumers.  You 
choose certain products over 
others for reasons of quality, 
price, advertising appeal, 
convenience, and many 
other reasons.  Many people 
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If you look on the bottom of plastic 
containers, you will find these symbols and 
codes.  In general, the lower the number, the 
more easily the container is to recycle.  Many 
recycling centers pay a refund for the #1 PETE 
containers.  Find out which plastics your local 
recycling center will accept.

21

P E T E H D P E

Recycling Fact:
It only takes one incorrectly recycled PV #3 container 
to ruin an entire batch of recycled  PETE #1.

Plastic Recycling Codes: 
PETE  #1 polyethylene terephthalate

HDPE #2  high density polyethylene

PV     #3  polyvinyl chloride

LDPE  #4 low density polyethylene

PP      #5 polypropylene

PS      #6  polystyrene

Other  #7 mixture of plastics

Question 7.1. How is production, consumption, and disposal 
of plastics done in your area? Is there a way you can 
share the information with your community?

How Can Consumers Help?
Every time you buy something, your choice 

has an impact on the environment.  Students 
around the United States discovered their 
collective power as consumers by leading the 
“Tuna Boycott.”  The stimulus for this student 
action was a video taken aboard a tuna boat 
by Sam LaBuddy working undercover as an 
environmental activist.  The film showed the 
violent death of dolphins caught in the tuna nets.  
The news media began to cover the grass roots 
efforts of students around the country, as they 
brought the issue into their communities and 
grocery stores.  

Responding to the flood of letters from 
students and the reduction in tuna sales, a 
leading U.S. manufacturer of tuna announced the 
company would stop purchasing tuna from fishing 
boats that netted dolphins.  Other manufacturers 
have responded to the growing public awareness 
of environmental issues. According to the 
Marketing Intelligence Service, a company that 
studies new products, between 1989 and 1991, 
the number of products claiming to be friendly to 

the environment nearly tripled.  The percent of 
products that make environmental claims is still 
less than 20%, but growing steadily. 

If you are shopping for food or household 
items, how can you tell if one product is less 
environmentally harmful than another?  Some 
companies are making changes to become more 
environmentally responsible, but sometimes it 
is difficult to distinguish these companies from 
pretenders that also claim their products are 
“green.”  In 1990, a nonprofit organization called 
Green Seal was launched to help shoppers identify 
honest environmental claims. Modeled after 
government programs in other countries, this 
organization develops strict standards for products 
ranging from motor oil to paper towels.  

Green Seal’s staff of scientists, engineers, 
and attorneys develop technical standards for 
about 40 categories of consumer products, and 
invite companies to let Green Seal test their 
products for a fee.  The scientists and engineers 
consider where the raw materials come from, 
how the materials are used, the product’s role 
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Sharing the Ocean Commons  
  The ocean, like the atmosphere, is an example of a common 

resource that is shared by people around the world.  Without strong 
international laws and enforcement efforts there is little incentive 
for some fishing groups to reduce their catch, because competitors 
will profit by netting the fish left behind.  Without global regulations 
and watchdogs, some shipping companies will try to cut costs by 
dumping garbage and oil waste at sea.  History has shown us that 
freedom to use a common resource without restraint leads to the 
extinction of species and the ruin of productive environments.  

International cooperation such as the Migratory Bird Treaty 
has proven essential in developing management systems to sustain 
resources.  Today, the fate of marine fish and marine mammals 
such as whales and dolphins teeters on the brink of disaster as 
scientists, conservationists, governments and industry work towards 
an international management plan for the ocean commons.  In the 
next chapter, we will examine the evolution of stewardship ethics 
and legal systems for conserving Earth's biodiversity.

Reprinted with permission from 
Scientific Certification Systems 
(SCS).  SCS has a hotline for 
consumer questions about the 
environment:
1-800-ECO-FACTS

in the environment  and what can be done to make the product 
less damaging.  Products that can meet the Green Seal standards 
can print its seal of a blue globe with a green check mark on the 
product packaging.

You may have noticed another environmental label, a green cross 
over a blue-lined globe, which is the logo for Scientific Certification 
Systems (SCS).  This is a for-profit company that was started in 1984 
to certify pesticide levels in produce.  SCS has developed a report 
card that quantifies a product’s environmental burdens and reports 
them on a chart on the SCS label.  This chart allows consumers to 
compare products making similar green claims. 

Reprinted with permission from Green Seal.
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You can help people in your community learn 
more about products that claim to have less of an 
impact on the environment.

• Gather a team of students and decide on a 
research question and a strategy for carrying 
it out. For example you might select a 
category of products such as paper goods, 
canned fish, or household cleaners.  Your 
team might develop a system that rates 
the products on the basis of environmental 
claims and how well those claims are 
supported.

• Once you have a plan of action, review it with 
others to get their feedback.  The manager 
of your local grocery store may have useful 
suggestions for your project.

• How might you determine if the advertising 
claims are accurate?  While making 
observations of product labels, keep a 
record of company addresses and telephone 
numbers so that you can request additional 
information about the product.

• Share your findings!  Write news articles for 
your school and community newspapers.

Investigation

  Product Research 

Monterey Bay Aquarium’s Seafood Watch page:

http://www.mbayaq.org/cr/seafoodwatch.asp

For new material relating to this chapter, please see the GSS 
website “Staying Up To Date” page:  
http://www.lhs.berkeley.edu/gss/uptodate/5lb
We invite you to send us new articles for the "Staying Up To 
Date" web page for this chapter.  Articles may be from local 
newspapers, magazines, websites, or other sources that you 
think would be of interest to classrooms around the country. 
To send us articles please go to the link  
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and find 
the "Submit New Article" button. 

http://www.mbayaq.org/cr/seafoodwatch.asp
http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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often gaining encouragement from friends and 
family.  Working together the “grassroots” group 
develops a plan for how to spread the word to the 
community and to law makers. 

In this chapter, we continue to describe a 
few of the many stories of how people have made 
a difference in saving species and environments.  
A Losing Biodiversity Timeline at the end of this 
chapter highlights some of the most important 
conservation successes and environmental 
catastrophes of the past two hundred years.  

 

What is Conservation?
The word “conserve” means to save.  We 

conserve energy by turning off lights when we 
leave the room.  We conserve water by turning 
off the faucet when we brush our teeth.  Gifford 
Pinchot invented the term “conservation” in 1906.  
At that time he was working under President 
Teddy Roosevelt and urging Congress to set aside 
national forests to provide a lasting resource for 
the future.  His motto was “A resource should be 
used to provide the most good for the most people 
for the longest time.”

“We abuse land because we regard it as a commodity 
belonging to us.  When we see land as a community to 
which we belong, we may begin to use it with love and 
respect.”

Aldo Leopold, 1948

8. Champions of a 
Sustainable World

Today the word “conservation” has evolved 
to mean “sustaining natural resources for future 
generations.”  People with widely differing viewpoints 
consider themselves conservationists.  Some want to 
save nature for its spiritual and aesthetic value.  These 
people are often referred to as “preservationists.”  
John Muir, founder of the Sierra Club and champion of 
the preservationist movement, wrote articles and led 
citizen campaigns resulting in Yosemite and Sequoia 
National Parks.

Visit Yellowstone today, and despite roads and tourists 
everywhere, you may still feel the awe of Nature which moved 
people to help make this the first National Park in 1872.  The 
history of the conservation movement in the United States 
is woven from thousands of individual stories.  Each one was 
inspired by Earth’s wonderful environments and variety of 
life.  

The recipe for successful conservation efforts often goes 
like this: 

A person discovers a problem that she or he cares very 
deeply about.  The person shares the concern with others, 

Conservation Perspectives.  
The "S" in the center represents the 
common goal of sustainability.

Resource 
preservation 
for spiritual and 
aesthetic value

Resource 
use for the 
maximum 

human benefit S
Resource 

maintenance for 
ecosystem and global 

stability

Chapter 8
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Some people want to use nature for its benefits to 
humankind.  Still others have an interest in sustaining ecosystems 
for their value to the global system. The following diagram is one 
way to show how conservationists may differ or agree on various 
environmental issues.

Who Can Be a Conservationist?
Anyone and everyone who helps sustain Earth's resources can 

be a conservationist. News reporters have traditionally been the 
first to alert the public to environmental problems discovered by 
scientists and observant citizens.  The journalists who traveled 
west in the 1800’s stirred people into action with their vivid 
descriptions and drawings of the bison slaughter. 

 Movies and television have vastly expanded the educational 
impact of the news profession by enabling the average citizen 
to see what is going on in environments around the world.  
Reporters can present the reality of oil spills, forest clear cuts, 
and slaughter of animals such as whales to millions of TV viewers 
in a single evening.

Economic Value of Nature

Students and teachers from schools and colleges have often 
helped spread information from the news media to their families 
and neighbors.  In the case of the Tuna Boycott, school children 
around the country made presentations in their communities 
describing the fishing practices that were killing dolphins along 
with the tuna.

Scientists are providing evidence of 
the importance of sustaining  species and 
environments over the long term:

• Population studies of species such as tuna,  
bison, and redwoods, reveal ways to 
ensure sustained production for future 
generations.

• Soil studies show how to maintain the long-
term fertility of the land.

• Atmospheric research reveals the importance 
of forests, marshes, and ocean  plankton in 
removing CO2 from the air.

• Plant ecology experiments reveal the 
relationships between various species and the 
effects of diversity on plant productivity.

• Biochemistry research into Nature’s “chemical 
factory” of living things enables the 
discovery and production of new drugs and 
manufactured goods.

• Physiology research into the effects of toxic 
chemicals such as DDT, PCP and dioxin has 
guided law-making to protect people and 
wildlife from pollution and pesticides.  

 More than a century ago, George Perkins Marsh 
was one of the first Americans to speak out about the 
waste of natural resources.  Marsh wasn’t a scientist, 
but a self-taught Vermont lawyer. While traveling 
in Europe and America Marsh noticed the results of 
widespread forest clearing and erosion of soil.  “Every 
middle-aged man who revisits his birth-place after a 
few years of absence, looks upon another landscape 
than that which formed the theatre of his youthful 
toils and pleasures,”  he observed.

Dismayed by the ruin of the land, Marsh set out 
to document how people were upsetting the balance 
of nature to their own detriment.  He made the case 
that the variety of life in wild forests had economic 
value.   He pointed to deforestation as a cause of the 
decline of Mediterranean empires.  In his book Man and 
Nature, published in 1864, Marsh set out the  principles 
of resource management and sustained productivity 
that stimulated the conservation movement. 

At the same time that Marsh was developing his 
view of wise use of the land, philosophers like Henry 
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George Washington High School 
students create an urban garden in 
San Francisco.

David Thoreau were voicing a spiritual view of nature that 
came to be known as Transcendentalism.  “I wish to speak 
a word for Nature, for absolute freedom and wildness. ...in 
Wildness is the preservation of the World.” Thoreau wrote 
in 1851.  Poet Ralph Waldo Emerson was another eloquent 
spokesperson for Earth's treasures—“Nature is the symbol 
of the spirit” (1836).

Environmental ethics are not new. Many cultures 
have strong beliefs about being caretakers of the land and 
wildlife.  European cultures, however, were  generally driven 
by expansionist goals to seek new resources elsewhere when 
forests, wildlife, and  farmlands were depleted at home.  
Voices like Henry David Thoreau, Alfred Russel Wallace and 
John Muir, were champions of the idea that the wonders of 
Nature should be protected for their spiritual and aesthetic 
values.  

Even before the voices of these early conservationists, 
Native Americans upheld an  ethic of land stewardship. 
As one writer about Native American culture pointed out: 
"Owning the land, selling the land, seemed ideas as foreign 
as owning or selling the clouds or the wind.” (Kirpatric Sale, 
Conquest of Paradise pg. 314)  This view of land stewardship 
was in sharp contrast to the utilitarian view of nature held by 
the majority of settlers who flocked to the “New World.”

The evolution of environmental ethics as a 
legal concept is beginning to provide a basis for 
protecting species and environments, even ones 
that may have no immediate monetary value.  
Does a species have the right to exist?  If so, how 
might we legally recognize that right?  Do future 
generations have environmental rights?  If so, 

what legal guidelines should we have for people 
today to make sure they sustain resources for 
the future?  How might we measure the value 
of a unique landscape or an unusual creature?  
These are a few of the ethical questions that are 
becoming more and more important as humans 
transform the planet at an ever-increasing rate.
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Desert saguaro provide food and 
homes for dozens of species.  The 
holes in the bottom photo are made 
by desert wrens.  Other animals 
like owls also use these for nests.  
Photographs by  Elizabeth Collier.

Why Save Old Growth Forests?
The creation of parks and reserves has almost always involved 

a struggle between land developers and citizens claiming benefits 
for the nation and future generations.  In the years just before 
World War II, conservationist Rosalie Edge led the battle to create  
Olympic National Park around the last major old growth redwood 
forest in Washington State.  Most of the State’s political leaders, 
journalists, and citizens rallied behind the timber industry’s claims 
that the proposed park would destroy the region’s economy.  The 
country was just beginning to recover from the Great Depression, 
so the prospect of losing jobs and 22 billion feet of timber was 
alarming to most people.  There were already a lot of parks, why 
did we need another one?

Rosalie Edge formed a team with scientist Willard VonNam, 
and journalist Irving Brant to educate members of Congress and 
citizens throughout the country about the aesthetic and biological 
importance of this special northern rain forest.  They distributed a 
carefully researched plan with maps and photographs of the unique 
forest.  When Franklin D. Roosevelt signed the Congressional bill 
in 1938 establishing Olympic National Park, it was a milestone in 
acknowledging the value of old growth forest habitats.

Why Save Desert Habitats?
The 1994 passage of the Mojave and Death Valley Deserts 

National Park Bill is another example of a battle that took many 
years.  Mining companies, cattle and sheep grazers,  and off-road 
vehicle groups successfully stalled the legislation year after year.  
“There are already a lot of parks, why do we need another one?” 
people asked.  “Parks are expensive; why use money on barren 
deserts that could go to the other parks?”

Perhaps because deserts seem 
inhospitable places, scientists and 
conservationists have had a difficult 
time educating us about these very 
special ecosystems.  In fact, deserts 
are rich in species diversity, supporting 
plants and animals that are uniquely 
adapted to surviving the harshest  
conditions.  Peter Burk and his wife 
Joyce, both librarians from the desert 
town of Barstow, fell in love with the 
desert wildlands during their daily hikes.  
Their grassroots efforts to save this 
fragile ecosystem began in 1976 with 
spaghetti dinners and T-shirt sales to 
promote desert protection.

Elden Hughes, a private citizen, 
devoted years to educating politicians 
and the general public about desert 
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wildlife.  He brought gentle tortoises to the halls of Congress 
to help people experience first-hand the amazing adaptations 
of desert evolution.  There are many other individuals who 
worked to preserve the unique species and habitats of this 
isolated region.  Senator Diane Feinstein’s and the late Senator 
Alan Cranston’s names have been linked to the desert park 
movement because of their perseverance in getting the bill 
through the Senate.  

U.S. species on the 
brink of extinction. 

The Act prohibits federal agencies from “funding, 
authorizing, or executing” any action that would jeopardize 
or destroy or modify areas designated as its “critical habitat.”  
The Act also requires the agencies overseeing its enforcement, 
which are generally the National Marine Fisheries Service and 
the U.S. Fish and Wildlife Service, to draw up recovery plans for 
listed species.  These may include purchase and management 
of land as well as captive breeding programs. 

Why is the Endangered Species Act considered a 
cornerstone of efforts to protect biodiversity?  It was the first 
national legislation to recognize that species have aesthetic, 
recreational, and scientific values in addition to the more 
commonly recognized commercial values.  This distinction has 
been particularly important for protecting plants and animals 
that are small and little studied.  

An important feature of the Act has to do with the decision 
of whether a species should be listed as endangered.  The 
Secretary of the Interior may consider only whether the species 
is endangered or threatened, not whether it would be too costly 
or inconvenient to protect.  This key point recognizes a species’ 
legal right to protection if it is designated as “endangered.”

Does a Species Have the Right to Exist?
The 1973 Endangered Species Act cast a spotlight on the 

issue of biodiversity.   It has been described as a safety net for 
species such as the bald eagle and the whooping crane that 
were “falling through the cracks” of our nation’s resource 
management systems.  The controversies and political decisions 
stimulated by this Act have helped to educate the American 
public about the importance of protecting biodiversity.  This 
landmark legislation supported and signed by President Richard 
Nixon reads in part:  

 “The Congress finds and declares that various species of 
fish, wildlife, and plants in the United States have been 
rendered extinct as a consequence of economic growth 
and development untempered by adequate concern and 
conservation.... These species... are of esthetic, ecologi-
cal, educational, historical, recreational, and scientific 
value to the Nation and its people...  The purposes of 
this Act are to provide a means whereby the ecosystems 
upon which endangered species and threatened species 
depend may be conserved...”

red wolf

ivory-billed 
woodpecker

California condor
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The frisky little black-footed ferret may be 
rescued from the brink of extinction as a result of 
years of scientific research and the funding and 
the protection it received through the Endangered 
Species Act.  Its survival depends on a combination 
of captive breeding programs and changes in 
range land practices.  The ferrets were once an 
important predator of the Great Plains ecosystem, 
feeding almost exclusively on prairie dogs. 

 Following World War II, ranchers began an 
eradication campaign against coyotes and prairie 
dogs.  Coyotes killed farm animals such as chickens 
and lambs, while prairie dogs competed for grass 
with the livestock.  The landowners used a new 
weapon, “1080”, an extremely toxic, odorless 
poison developed by the Nazis for chemical 
warfare.  For decades, ranchers used 1080 across 
the western plains causing the decline of many 
wildlife species that ate the poisoned grain and 
meat bait.  Populations of golden eagles, owls, 
foxes, skunks, and other mammals were greatly 
reduced along with the near extermination of the 
prairie dog.  

Black-footed ferrets eat prairie dogs and 
use their burrows for dens and to hide from 
bigger predators.   Along with coyotes, bobcats, 
and eagles, they undoubtedly helped to regulate 
prairie dog populations.  So, by using 1080, the 
farmers destroyed not only prairie dogs but their 
natural predators as well.

From U.S. Fish and Wildlife 
Service Refuge Leaflet 12-R

The “Black-footed Ferret Endangered Species 
Program” began with about a dozen ferrets, so the 
genetic diversity of the breeding colony was very 
small.  As we saw in previous chapters, variation 
in genetic traits provides a species with built-in 
insurance against changes in the environment.  To 
guard against diseases like distemper that could 
wipe out the entire population, biologists have 
been very careful to establish breeding colonies 
in a number of laboratories.  

Fish and Game Departments in Wyoming 
and Montana and the Fish and Wildlife Service 
have invested millions of dollars in breeding and 
research studies to save this unusual and lovely 
ferret.  Their success will also depend on the 
responses of local ranchers, community members, 
and politicians, in maintaining a climate of 
support over many years. Black-footed ferrets are 
now being released into the wild and time will tell 
if the species will overcome difficult biological 
and political odds.  

The Case of the Black-Footed Ferret
The black-footed ferret is a 
member of the weasel family.  
Once thought to be extinct, 
ferrets bred in captivity 
have been reintroduced in 
Wyoming and Montana.
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Toxins in the Food Web
Following the publishing of Rachel Carson's book Silent 

Spring in 1962 DDT and eleven other chemical pesticides Carson 
warned about were banned or tightly restricted.  Extensive 
laboratory and field research has revealed how DDT affects 
organisms, and how it is transported through the food web of 
ecosystems to cause declines in wildlife populations.  

Rachel Carson predicted that people would eventually 
exhibit the effects of DDT, and recent studies of breast cancer 
in women and prostate cancer in men have shown high levels 
of DDE in the fatty tissues of these cancer victims.  A tragic 
irony is that Dr. Carson died of cancer in 1964 before witnessing 
the successful efforts to finally ban DDT in the U.S. in 1972.  
Her very popular book stimulated wildlife and human research 
that continues today. 

For example, biologists are finding that peregrine falcons, 
brown pelicans, and many migratory birds in California are still 
accumulating DDT twenty years after it was banned.   DDT is 
still manufactured by foreign subsidiaries of U.S. companies, 
and other countries continue to spray vast wetland areas 
for mosquito control.  Several U.S. government agencies are 

Note:  The use of 1080 for predator control was banned in 
1972, but some states continued until recently to use it for 
rodent control.  Countries like Australia still use 1080 to 
control rabbit, fox, and dingo populations. 

now in litigation to stop production of DDT by 
the Montrose Chemical Corporation, the largest 
manufacturer of DDT in the world. 

The spotlight that Rachel Carson put on 
environmental pollution has resulted in success 
stories like that of the bald eagle.  In 1963 there 
were only 147 breeding pairs of bald eagles in 
the lower forty-eight States. The banning of DDT, 
combined with captive breeding and research 
programs made possible by the Endangered 
Species Act has enabled the eagles to bounce back 
from the brink of extinction.  Today there are an 
estimated 4,000 breeding pairs of bald eagles 
south of Canada, and the birds have been down-
listed from endangered to threatened status.  

Today there are resources on the Internet 
that give people access to information about the 
pollutants in their area. The group Environmental 
Defense has a web site that provides maps and 
information about the location of air and water 
pollution and toxic waste dumps:

The Chemical Scorecard:  
http://www.scorecard.org/

Bald eagle.  Photograph by 
James D. Yoakum.

Question 8.1. What are the sources of air 
and water pollution in your area? Are 
there any toxic waste dumps? Where?

http://www.scorecard.org/
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San Francisco Chronicle, 
December 16, 1994.

How Can We Protect Habitats?
Another crucial part of the Endangered Species Act is 

the legal recognition of the need to protect critical habitats.  
All species are part of a natural community of interacting 
plants, animals, fungi, bacteria, and other microorganisms.  
Conserving natural habitats provides the basis for long-term 
protection of entire communities of species.  Up to this time, 
the most effective way to protect critical habitats has been to 
create parks and reserves.  As we have seen earlier, beginning 
with the protection of Yellowstone in 1872, the U.S. has 
provided an important model for the world by establishing an 
extensive system of national parks, wildlife refuges, national 
reserves and sanctuaries.  

Did you know that less than ten percent of the U.S. is 
protected in parks and reserves?  These relatively small and 
isolated environments are not enough to ensure the survival 
of a reasonable representation of North American species.  
If school yards, backyards, farms, range lands, industrial 
parks, highway corridors and other plots of open land become 
havens for native species and are managed to promote 
species diversity, the prospects for wildlife would be brighter.  
Ecologists have shown us that we can bring back species 
from the brink of extinction and restore environments.  This 
powerful message is being acted upon by millions of citizens 
around the world.  Let’s look at some specific ways that people 
have restored environments in their own backyards.

Adopt A Species 
In 1992, Lorette Rogers and her fifth grade 

class at Brookfield elementary school decided they 
wanted to help save an endangered species.  The 
class had just learned about the Audubon Society’s 
Adopt A Species Program, which encourages 
school groups in California to help a local plant 
or animal that is threatened.  After finding out 
about all of the endangered species in their area, 
the Brookfield students chose a very unusual and 
little-known animal—the California fresh water 
shrimp.  

Students read scientific reports and 
interviewed biologists to find out that grazing 
was a major cause of the problem.  Cattle feeding 
along stream banks had destroyed the shrubs and 
grasses that provided shelter and shade, and cow 
droppings had polluted the water.  Erosion of soil 
along the stream banks caused muddy water which 
also affected shrimp reproduction.  With advice 
from biologists, the students identified a region of 
a stream that might have some surviving shrimp 
that could benefit from a restoration project.  

The students agreed that confronting the 
local land owner could create hard feelings and 
decrease their chances of success.  The farmer was 
having a hard time making a living from the land 
and might refuse to work with them.  To develop 
cooperative strategies for working with private 
citizens and groups, the students  completed a 
training program on techniques for productive 
communication.  This helped them have more 
appreciation for the different viewpoints within 
their community.

The students conducted water tests, 
cleaned trash and old junk out of the stream, 
replanted areas of the stream banks with plants, 
and conducted awareness campaigns in their 
school and community.  They were so successful 
in working with the dairyman who owned the 
cows, and in getting donations of native plants 
to restore the stream vegetation, that they won 
a national conservation award of $30,000 from 
the Anheuser Busch Foundation.  The students 
went on to recruit other classes and volunteers  
to their project.
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Adopt an Urban Habitat
Chances are you live in a city—three out of every four 

Americans do!  Between 1950, and 1990 the number of people 
living in cities rose tenfold from 200 million to over two billion.  
We have become an urban species living with pollution all 
around us.  Thousands of students around the country have 
chosen to help change their communities to be healthier places 
for people and nature.  

Back from near extinction.  

Left: Whitetail deer 
illustration adapted from: 
Animals: 1419 Copyright-
Free Illustrations,     Dover 
Publications, NY.

Right:
Wild Turkey. Photo by 
Reginald H. Barrett 

The problems of cities are well-known. 
People can lose touch with their families and 
community.  In a city it is easy to go to school 
or work and back each day without talking with 
or even saying “hello” to other people who live 
nearby. 

On the other hand, cities bring together a 
richness of cultures, ideas, and enterprise that 
can make our country more productive.  Cities 
have always been a lure for young people for 
all of the choices they offer.  The often grim 
conditions of cities have  inspired great examples 
of problem solving from all sectors of society.  
Urban environments have become part of our 
humanity, and have fostered the social evolution 
of cooperation among cultures.

A growing number of Americans are realizing 
that efforts to improve the ecological environment 
of cities must also address the civil rights issues 
that link environmental and social justice issues.  
For example, in many poor urban neighborhoods, 
industrial pollution goes unregulated and the 
government is slow to require the clean-up of toxic 
waste dumps. The term “environmental justice” 
is being used for the grass roots actions of local 
citizens working to improve the environmental 
health of their living and working conditions.

According to a 1987 study by the United 
Church of Christ Commission for Racial Justice, 
“Three out of every five  black and Hispanic 
Americans live in communities with uncontrolled 
toxic waste sites.”  In Chicago, nearly two-thirds 
of the city’s 162 federally designated toxic “hot 
spots” are in neighborhoods where predominately 
people of color live.  

Hazel Johnson, mother of seven children and 
an African American, received the 1991 President’s 
Environment and Conservation Challenge medal 
for her work in improving the environmental 
health conditions of a Chicago housing project 
surrounded by industry, landfills, and incinerators.  
She founded People for Community Recovery, 
a nonprofit group that has convinced Chicago 
officials to place a moratorium on new waste 
dumps and incinerators in the area and to begin 
to monitor and regulate local air quality.

The Urban Habitat Program is an example 
of a San Francisco group that is working to bring 
the urban poor together with environmental 
organizations to solve inner city problems.  By 
linking economic and social justice issues to related 
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environmental problems, this group gets minority communities 
involved in local environmental and economic restoration.  A few 
of the issues being tackled through the legal system by community 
groups working for environmental justice include: 

• clean-up of toxic waste dumps near neighborhoods,

• protection from toxic chemicals in the workplace, 

• creation of urban parks, 

• access to safe drinking water, 

• improvements to local schools, 

• better access to public transportation, and 

• removal of lead contamination in buildings.

Adopt A Garden
As you read this, thousands of acres are being covered with 

parking lots and contaminated with chemicals.  At the same time, 
thousands of city people are reclaiming small plots of soil and 
bringing gardens and wildlife back to the urban expanses of concrete 
and freeways.  In San Francisco, one hundred community gardens 
have been created on what were once neglected plots of private 
or public land.  These neighborhood gardens have brought together 
people from many cultures with the common purpose of producing 
food and flowers where none grew 
before.  

The idea for community gardens 
is not new, and examples can be found 
in many towns and cities.  The San 
Francisco League of Urban Gardeners, 
known fondly as SLUG, began its 
educational campaign in 1983.  This 
multicultural group has demonstrated 
that the benefits of urban gardening 
go far beyond the small pieces of land 
that get transformed.  People come 
together and learn from each other, 
gaining new ideas and skills that they 
pass along to new members. 

 SLUG staff teach the techniques 
of composting, organic gardening, and basic horticulture in their 
“Garden for the Environment.” All of the food grown in the garden 
is donated to homeless shelters.  The steep parts of the garden 
are planted with native species to provide a habitat for wildlife.  
Teenagers sentenced to community service can choose to help SLUG 
build and maintain community gardens.  Students can eventually get 
paid for their work while they learn valuable job skills and are put 
in touch with the weather, the seasons, and the beauty of nature.

George Washington High School 
students creating a native plants 

garden in San Francisco.
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A Global Conservation Strategy

Adopt the Planet
Across the world there are examples of people 

working together to reduce our collective impact on the 
environment.   Clinton Hill was a sixth grader who in 1988, 
started a group called Kids for Saving Earth (KSE).  Clinton 
died of cancer, but his determination to make a difference 
in protecting the environment stimulated other students to 
join the effort.  The non-profit group now has more than 
10,000 KSE  clubs in North America and more than 400,000 
student members worldwide who are working to conserve 
natural resources. 

The KSE Worldwide web site features action projects 
for students and has links to environmental education 
resources: http://kidsforsavingearth.org/

The Kids for Saving Earth Promise
The Earth is my home.

I promise to keep it healthy and beautiful.

I will love the land, the air, the water and all 
living creatures.

I will be a defender of the planet.

United with friends, I will save the Earth.

Many wonder if the ESA, a milestone in 
environmental ethics legislation, will survive a 
political process that is often driven by economic 
considerations.  It may seem very sensible to 
establish regulations for conserving plant and 
animal populations so that they may renew 
themselves year after year.  Unfortunately, the 
immediate well-being of a select group of people 
often comes into conflict with preservation of the 
last habitat of an endangered species.  

It may be easier for the U.S. Congress to 
weaken the Endangered Species Act, than to 
develop alternatives for helping people find new 
means of support.  Whatever the fate of the 
Endangered Species Act, its impact has already 
been felt worldwide, as other countries have 
developed environmental policies incorporating 
U.S. models. The 1993 Convention on Biological 
Diversity, signed by 170 nations, marked an 
unprecedented worldwide commitment to stem 
the loss of the earth’s species, habitats and 
ecosystems.

The Convention called for countries to 
establish national parks and protected areas, 
promote recovery and rehabilitation of threatened 
species, expand research and public education, 
and utilize environmental impact assessments.  
A second major goal of the Convention was to 
promote the sustainable use of biodiversity.  By 
emphasizing measures to realize the economic 
and other benefits of biodiversity in a sustainable 
manner, the Convention encourages countries to 
conserve their biodiversity.

Humans are a resilient species and we do 
learn and teach others quickly.  This capability to 
communicate and cooperate may be our greatest 
tool in sustaining our planet’s rich resources.  
As we examine the history of how people have 
changed the face of the Earth, we find the 
recurring forces of population growth, technology, 
and uncontrolled competition for Earth’s rich but 
limited resources.  By taking a global view of this 
pattern of loss, we can begin to understand the 
urgency of global conservation.  We encourage 
you to look for ways that you might help maintain 
Earth’s biodiversity.

During the writing of this book, congressional 
subcommittees of the Senate and House of Representatives 
were changing key provisions of the Endangered Species Act 
(ESA) to weaken its protection of organisms and habitats.  
Congress was also cutting funds to wildlife research and 
to the National Fish and Wildlife Service, which enforces 
the ESA.  

http://kidsforsavingearth.org/
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Write an essay about a key issue or event that has affected 
biodiversity.  The Biodiversity Timeline at the end of this chapter 
may give you ideas for a topic.  The essay should be written 
according to the format and length requirements set by your 
teacher.  In preparing for your essay, please do the following:

1. Research the issue, using the Internet, local scientists, and 
your library. The"Bibliography for Students"  at the end of 
the chapter can also provide ideas.

2.  Draft a short statement of the event or controversy, then 
draw a line down the center of a sheet of paper.  On the 
left, list the most important points that were made by 
conservationists. On the right, list opposing arguments held 
by other citizens, industry or government agencies.

3.  Decide what actions would be consistent with your position 
regarding the controversy.

4.  Make an outline of your essay.  Decide on the order in 
which to present your points on both sides of the issue.  
Give your own opinion and support it with logical arguments 
and information.   End the essay by saying what actions 
you and others might take (or not take) that are consistent 
with your opinions on this subject.  Choose a title that 
captures your most important idea or conclusion.  Make a 
list of references that you used.

5.  Share your outline with your classmates.  Find out what 
they think, and discuss the points where you agree and 
where you differ.  Modify the outline based on new 
information or ideas.

6. Write an essay.  If, in some way, you have called for action, 
consider what specific steps should be taken to achieve the 
result you are calling for.  Identify actions which you could 
initiate, then undertake those actions yourself!

7.  Share your essay with other groups of people.  For example, 
send a copy to a conservation magazine like National 
Wildlife, a community paper, or your school paper.  

  Final Essay  

Sample worksheet

Biodiversity Issue:
Conservation 
Arguments

Opposing 
Arguments

For new material relating to this chapter, please see the GSS website “Staying Up To 
Date” page: http://www.lhs.berkeley.edu/gss/uptodate/5lb. We invite you to send us 
new articles for the "Staying Up To Date" web page for this chapter.  Articles may 
be from local newspapers, magazines, websites, or other sources that you think would 
be of interest to classrooms around the country. To send us articles please go to the 
link http://lhs.berkeley.edu/gss/uptodate/newarticle.html and find the "Submit New 
Article" button. 

http://www.lhs.berkeley.edu/gss/uptodate/5lb
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Ideas for Research Projects ........................................................... 28
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http://www-ed.fnal.gov/help/97/peretz/
inherit/biology.html

National and International Agencies
IUCN World Conservation Organization threatened 

species list 
http://www.iucn.org/about/work/
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The Chemical Scorecard 
http://www.scorecard.org/
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The Nature Conservancy 
http://www.nature.org/

Sport Fish and Wildlife Restoration 
http://wsfrprograms.fws.gov/

World Wildlife Fund 
http://www.worldwildlife.org/

Bison 
Great Plains Buffalo Association  

http://www.gpbuffalo.org/

National Bison Association  
http://www.bisoncentral.com

National Wildlife Federation 
 http://www.nwf.org/buffalo

Texas Bison Association  
http://www.texasbison.org

Genetic Education
ACCESS EXCELLENCE about biotechnology 
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