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Teaching Objectives
Population Growth examines the growth and decline of populations that 

inhabit planet Earth, and the effects of these populations on the planet and 
on each other.

 In Chapter One, students read about the historical view of island 
populations by as told by a guide who accompanied early Spanish explorers. 
They learn what was found on an island explored by the early Spaniards.  The 
story goes on to tell what happened to populations on the island over time as 
the Spaniards introduced various species, and to compare this experience with 
island populations today.  Students learn about the concept of limiting factors 
and experience hands-on activities illustrating this concept.

In Chapter Two, students address the patterns of population growth, 
including exponential growth and the appearance of a typical population curve.  
They examine positive and negative feedback in the light of population patterns 
and homeostasis. Students explore the implications of different predator-prey 
relationships in populations.

Chapter Three offers a discussion of the ways in which populations 
reproduce, the change of populations over time, and mathematical illustrations 
of population growth.  In this chapter, students read the explanations of both 
Malthus and Darwin for changes in populations.  They re-examine limiting 
factors in the light of survival of populations over time.  Students learn about 
gene pools and the Hardy-Weinberg principle in the study of the evolution of 

populations.  They also learn to calculate and 
interpret the frequencies of human genes such 
as blood type, earlobes, and sickle cell.

In Chapter Four, students track the history 
of human population growth from earliest records 
to today.  Students then discuss and interpret 
the factors that cause the growth and decline of 
human populations.

Chapter Five tells the story of two nations 
with large populations and how each has dealt 
with explosive population growth.  Students 
then examine China’s one-child policy along with 
political reactions to such a policy.  Students 
are asked to discuss and develop opinions about 
such policies.  This chapter also asks students 
to compare and discuss population growth in 
the United States.  Students are introduced 
to population pyramids  and will look at the 
demographics involved.

Chapter Six deals with the impact of 
population growth on natural resources such as 
soil, air, water, and energy is explored. Students 
look at these impacts in relation to their daily lives 
and their future existence.  Global climate change 

is introduced in this context.  Students then 
hold discussions on the political implications of 
population growth such as crowding, distribution 
of wealth, and conflict..

Chapter Seven brings up the topic of 
remedies for human population growth.  Students 
examine all sides of the debate on the means of 
controlling population, and discuss alternatives. 
Factual information is given, and students will 
be asked to decide for themselves what the 
ethical answers should be to this dilemma.  
Other issues students consider are the impacts 
of education and the emancipation of women as 
factors influencing population growth.  Students 
also study and compare population pyramids for 
different nations.

Chapter 8, Choosing a World, asks students 
to take all they have learned and use this 
information to decide what could be done, what 
should be done, and most important of all, what 
they themselves can do to make their world a 
better place.  They should complete the book 
feeling empowered by the knowledge they have 
gained.
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Goals of the Book
Goal 1: Students realize that island populations are illustrative of what can 

happen on a planet-wide scale.
Objective IA:  Students can describe the effects of populations on one 

another by looking at goat and dog populations on islands. 

Objective IB:  Students learn about limiting factors, and can relate these 
to populations.

Goal 2:  Students examine the patterns of population growth.
Objective 2A: Students can extrapolate the results of populations under 

different scenarios, and predict what changes in populations occur as 
a result of limiting factors.

Objective 2B:  Students can give examples of positive and negative 
feedback, and diagram feedback loops. 

Objective 2C:  Students can explain homeostasis.

 Goal 3:  Students explain the ways in which populations reproduce.
Objective 3A: Students can compare and contrast sexual and asexual 

reproduction.

Objective 3B: Students become familiar with Darwin’s writing and Darwin’s 
tenets. 

Objective 3C:  Students can describe gene pools and use the Hardy-Weinberg 
principle to determine whether or not a population is evolving.

Objective 3D:  Students can use their knowledge of the Hardy-Weinberg 
equations to calculate and interpret human gene frequencies.

Goal 4:  Students track the history of human 
population growth.
Objective 4A:  Students examine the human 

population over time and determine 
factors that cause the growth and decline 
of human populations.

Objective 4B:  Students learn extrapolation 
as they graph the human population.

Goal 5:  Students analyze population policies of 
various nations.
Objective 5A:  Students learn about population 

policies of China and India.

Objective 5B:  Students compare the policies 
of other nations with U.S. and United 
Nations population policies.

Goal 6:  Students know the impact of populations 
on natural resources.
Objective 6A:  Students learn how 

population pyramids can help analyze 
demographics.

Objective 6B:  Students explore the impact 
of population growth on natural resources 
and the distribution of these resources.

Goal 7:  Students consider what is being done 
about human population growth.
Objective 7A:  Students examine all sides 

of the debate on population control 
methods.

Objective 7B:  Students look at the effects 
of education and the emancipation of 
women on population growth

Objective 7C:  Students compare patterns of 
population growth in various nations, and 
relate growth rates to the various factors 
in each nation.

Goal 8:  Students feel empowered to choose 
action plans which they feel lead to a better 
world.
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Assessment Tasks
1. Portfolios

We encourage the use of portfolios as a means of providing feedback 
to students and to demonstrate evidence of student progress.  Portfolios for 
Population Growth might include:

• Writing assignments based on readings in the book and from outside sources

• Internet assignments

• Student self-assessments

• Group work

• Lab reports

• Quizzes and tests

2.  Questionnaire
These questions are designed to determine how students’ knowledge of key 

concepts have changed during the unit, and whether or not they have changed 
their opinions concerning personal actions and environmental issues.  

When used as a pre-test, the test will help to determine what knowledge 
the student already has, and help the student anticipate what they will be asked 
to learn.  The post-test will show gains in learning

Interpreting Student Responses
It is suggested that you use two colors for the pre and post test so that 

you can easily compare the before and after results.  The same could be done 
with the concept map. 

You can quickly glance at the chart below and see which objectives students 
may not know before they study the unit, and those they have learned or 
understood at the end of the unit. 

Goal Objective Questionnaire 

  Number

1  1A 1

  1B 2

2  2A 3

  2B 4

  2C 5

3  3A 6

  3B 8

  3C 9

  3D 10

4  4A 11

  4B 12

5  5A 13

  5B 14

Goal Objective Questionnaire 

  Number

6  6A 

  6B 15

7  7A 16

  7B 

  7C 17

8  8A 

  8B 

  8C 
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Name____________________________________ Date____________________

Population Growth—Questionnaire

Islands, goats, dogs, and feedback

1. Scientists study organisms which live on islands because:

a. Islands are small and easy to cover

b. Change happens more rapidly on islands

c. Islands are a model for what could happen to earth

d. Planet earth is an island in space

e. All of these answers are correct.

2. Name some things that might limit the growth of populations.  Write as many as you can:

 ___________________, __________________, _____________________, ________________________,

 ________________, ___________________, ______________________.

3. What is a negative feedback loop?_____________________________________

Give an example of such a loop._____________________________________________

4. What is a positive feedback loop?______________________________________

Give an example of such a loop___________________________________________

5. Give an example of homeostasis.________________________________________

Population Reproduction and Evolution

6. Define sexual reproduction and give an example_________________________________________________

____________________________________________________________________________________________

7. Define asexual reproduction and give an example________________________________________________

_____________________________________________________________________________________________
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8. List Darwin’s 4 tenets below and give an example for each:

a.___________________________________________________________________

b.___________________________________________________________________

c.___________________________________________________________________

d.___________________________________________________________________

9. What is a gene pool?_________________________________________________.

10. How would you express a gene frequency?_______________________________

Influences on Human Populations

11. When graphing human population, what year is often used to begin?_____________________

12. Name at least four factors which could decrease human population._____________________,

_________________, _____________________, _______________________.

13. Name four factors which could increase human population________________,

__________________,___________________,________________.

14. What are the three largest nations on earth in terms of population?___________________, 

________________, _______________________.

15. Are resources distributed evenly among all the peoples of the world?__________

16. What are some resources that make a nation wealthy?________________, _________________,

_______________________, ______________________

17. What are the two most important influences which slow the pace of  

population growth in humans? __________________, ______________________.

18. Name one suggestion which would slow down human population growth.________________
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Qustionnaire Answer Key
1. e. All  of these

2. lack of food, lack of clean water, air pollution, crowding, competition, 
disease, parasites.

3. A negative feedback loop is one which returns the system to where it began 
and cycles around an equilibrium point.  An example is a thermostat.

4. A positive feedback loop is one that increases the effect at each cycle and 
spirals out of control.  An example would be an argument that accelerates 
to a fist fight which ends with a winner. Microphone squeal is another 
example.

5. Homeostasis is balance.  An example would be the results of negative 
feedback.  Another example would be allowing a cold glass of water to stand 
until it reaches room temperature.  Heat transfer leads to homeostasis 
or steady state.

6. Sexual reproduction requires two parents with different kinds of sex cells.  
An example would be the sperm and egg in any mammal.

7. Asexual reproduction requires only one parent and the offspring are 
identical.  An example would be fission in amebas, budding in yeasts, 
cuttings or grafting in plants.  There are many more examples.

8. Darwin’s tenets are: 

a. populations reproduce in greater numbers than necessary to survive.  
An example would be the thousands of eggs laid by oysters, or seeds 
of maples.

b. There is a great deal of variation among offspring.  Each oyster and 
each maple seed is slightly different. 

15. No.

16. Oil, Fuels of other kinds, Uranium, Gold, 
rich soil with good growing season, educated 
people.

17. Emancipation of Women and education..

c. There will be a struggle for existence 
among these numbers.  The oyster larvae 
will compete with one another for food 
and space.

d. Only the fittest of these numbers will 
survive.  Some oysters will be eaten, 
some maple seeds will not land on soil.  
Those with the best traits are most likely 
to survive and pass their traits on to their 
offspring.

9. A gene pool is the sum of all the genes for a 
trait in a population which is reproducing.

10. A gene frequency is expressed as a decimal 
and represents the percentage of that gene 
in a population.

11. Often it is graphed from the birth of Christ.

12. Four factors which could decrease human 
population are:  famine, disease, war, low 
birth rates.

13. Four factors which could increase human 
population are:  plentiful space, food, water, 
medical treatment.

14. The three most populated nations in the world 
are:  China, India, and the United States.

3. Concept Map
Asking students to create a concept map 

before and after the unit is one way to determine 
which concepts they have learned and their 
understanding of the connections among these 
concepts. 

Asking students to develop a concept map 
before and after the unit will help the teacher to 
see what connections students have developed. 
They can even be used after each chapter, and put 
together at the end into a larger concept map. 

The written questionnaire, when used as 
a pre or posttest can show factual knowledge, 
but the concept map is a better tool to show 
conceptual understanding.  Visual learners also 
do better with a concept map.
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Name____________________________________ Date___________________

Population Growth—Concept Map

 A concept map is a way of displaying 
your knowledge about a certain subject area.  
It consists of a set of words in boxes repre-
senting the most important ideas.  The boxes 
are connected by lines and words showing how 
the ideas in the boxes are related.   For exam-
ple, at right is  a concept map about the United 
States.
 Your task is to create a concept map 
about population growth.  Your concept map 
should show ways of thinking about popula-
tion changes and what factors can affect them.  
Start with the phrase “Population Growth” at 
the top.  (If you’d like more space, you can 
draw your concept map on the back, or on 
another sheet of paper.)

Population 
Growth

   United States
  
  which includes  is a

 50 states  country

 each containing in governed by

rural          President
areas            
       Courts
     urban      suburban     North
     areas      areas     America     Congress

   which also includes

   Mexico Canada
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Sample Population Growth Concept Map

If students have not had experience in 
concept mapping, you might want to start them 
out with a hand-out showing an example (master 
on p. 7), a general idea of what they are to map, 
and starting word(s) to help get them started. 
Once they have had experience with concept 
maps, they can create them on blank sheets of 
paper (no photocopying required). Alternatively, 
they can use concept mapping software such as

Inspiration (http://www.inspiration.com)

Decision Explorer (http://www.banxia.com/dexplore/index.html).

CMap (http://cmap.ihmc.us/conceptmap.html - free for noncommercial use).

Compendium (http://compendium.open.ac.uk/institute/ - free download).

Omnigraffle (http://www.omnigroup.com/applications/omnigraffle  Mac OSX)

Freemind (http://freemind.sourceforge.net/wiki/index.php/Main_Page - open 
source software for mind-mapping.)

Microsoft Draw (comes with Microsoft Office)

Some possible key words to use:  biology, population, endangered, 
predator, prey, alien, nonnative, feedback, growth, reproduction, 
exponential, Verhulst, birth rate, family size, abortion, death rate, 
Malthus, doubling time, population growth, overpopulation, birth 
control, contraception, pregnancy, population growth, fertility, gene, 
genetic, Darwin, booby, exponential growth, armadillo, geometric, 
geometric growth, evolution, trait, sickle-cell, topsoil, depletion, 
nonrenewable, pollution, migration, refugee, overcrowding, waste.

http://www.inspiration.com
http://www.banxia.com/dexplore/index.html
http://cmap.ihmc.us/conceptmap.html
http://compendium.open.ac.uk/institute/
http://www.omnigroup.com/applications/omnigraffle
http://cmap.coginst.uwf.edu
http://www.banxia.com/dexplore/index.html
http://cmap.ihmc.us/conceptmap.html-freefornoncommercialuse
http://compendium.open.ac.uk/institute/-freedownload
http://www.omnigroup.com/applications/omnigraffleMacOSX
http://freemind.sourceforge.net/wiki/index.php/Main_Page-opensourcesoftwareformind-mapping
http://freemind.sourceforge.net/wiki/index.php/Main_Page-opensourcesoftwareformind-mapping
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Global Systems Science is intended to be an inquiry-based course, with 
many hands-on laboratory activities and interactive discussions; but the extent 
to which it actually is based on inquiry depends on you!  

The student guide, Population Growth, contains investigations and activities 
that involve students in experimenting with materials in class and at home, critical 
reading, discussions, and writing.  

This Teacher’s Guide to GSS provides additional ideas for you to enrich 
the course, offering additional investigations and activities developed by other 
participants in the GSS Summer Institutes.  They range from fairly well-developed 
descriptions containing lists of materials and student data sheets, to ideas for 
activities that you may wish to develop further.   We recommend that you spend 
some time looking through the entire Guide to decide which activities are most 
appropriate for your students, and which are feasible given the constraints of 
time and resources that you have to work with.

Additionally, we encourage you to supplement these materials with relevant  
articles about global and local environmental issues, as well as other related 
instructional materials that you may already have on your library shelf.

Population Growth follows logically in series with other GSS units.  For 
example:

Planning Your Global Systems 
Science Course

•  Life and Climate is concerned with the evolution of our 
planet over the past 4.6 billion years.  It emphasizes 
the factors that have affected the Earth’s atmosphere 
and climate, how the changing climate has affected the 
evolution of life, and how life has profoundly affected 
Earth’s climate in the past. 

•  Energy Use familiarizes students with the vast 
infrastructure that enables us to draw on Earth 
resources to meet our energy needs.  Students consider 
the magnitude of fossil fuel burning, how it effects 
global systems including Earth’s climate system, and 
what can be done to modify these trends.

•  Population Growth is about how the rapid growth 
of human populations is impacting world systems, 
including production of greenhouse gases.

The ideas presented in the Chapter-By-Chapter notes 
which follow are just suggestions.  From time to time we 
will make suggestions for small or large group discussions, 
questions to encourage thinking about the information that 
is presented, or ways to engage the students’ interests.  
However, your best guide will be your own intuitions 
about how to get the students to interact with each other, 
comparing and contrasting their reactions and opinions 
about the information in Population Growth and the results 
of their activities.
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Chapter 1. What Is A 
Population

Page-By-Page Suggestions

Page 2 
is the time to introduce the definition of populations and to solicit examples 

from students.  The picture of a typical Spanish ship can be examined and students 
can be encouraged to think about what it must have been like to explore unknown 
waters in such a vessel. We can begin by introducing the definition of populations 
and to soliciting examples from students.

This section also gives students the opportunity to tie the story of Robinson 
Crusoe to the exploration of islands by Spanish ships.  An interdisciplinary assignment 
with the English department whereby students read the story of Robinson Crusoe 
can be arranged

Ask students to close their eyes and imagine that they are the narrator on a 
ship of that era.  Ask them to be ready to list the changes they saw after each visit, 
and to speculate on the reasons for those changes. 

Page 2
gives students the opportunity to tie the 

story of Robinson Crusoe to the exploration of 
islands by Spanish ships.  An interdisciplinary 
assignment with the English department whereby 
students read the story of Robinson Crusoe might 
be arranged.  After reading this page, ask students 
to answer the question at the top of the page.

Pages 3–4
Have students take turns reading aloud in 

class.  This is an excellent opportunity to check 
the reading ability of each student.  Ask students 
who are not reading to close their eyes and 
imagine that they are the narrator on a ship of 
that era.  Ask them to be ready to list the changes 
they saw after each visit, and to speculate on the 
reasons for those changes.

Page 4
Some examples of damage to wildlife in the 

Galapagos are given on this page.  Have students 
search on the Internet to find other examples of 

islands where wildlife is impacted by non-native 
species.  Suggestions would be islands like the 
Hawaiian Islands, Madagascar, Tasmania, the 
Philippines, the Seychelles, etc. 

Page 6
Limiting factors could be discussed either 

before or after the yeast lab is completed.  
Hemacytometers are very helpful for counting 
yeast populations if they are available.  Otherwise, 
students can dilute each sample until they can 
count all the yeasts they see in a microscope 
field of view.  Fruit flies are easy to raise and 
count.  Students may anesthetize the flies with a 
chemical called “Fly Nap” available from Carolina 
Biological Supply Company, or can be frozen after 
hatching for easy counting.  Duckweed, or lemna is 
available in most local ponds and multiples rapidly.  
The cell culture laboratory was developed by a 
Presidential Award winner and a cell biologist and 
may be easily accomplished if a source of cells is 
nearby.  It is on the following pages.
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Cells On The Grow
Integrating Biology and Algebra

By Dr. Jeffrey Osborn & Antonella Bona (Workshop I)

PART B: Cell culture of human fibroblasts

Overview
• Each of you will be given a flask with cultured human fibroblasts. The 

fibroblasts are attached to the bottom of the flask. They need to be 
detached with an enzyme, rinsed and centrifuged, and re-suspended in 
a small known volume of medium. An aliquot will then be counted to 
determine the concentration of cells, the rest will be plated in culture 
flasks.

• Cell culture. Human cell cultures need to be incubated at 37°C, 5% CO2. 
While incubating, cells need to be fed every other day. “Feeding” a cell 
culture consists in pouring out the old medium, now depleted of nutrients, 
and adding fresh medium.

• Safety. The cells you are using are free of contaminating viruses and 
other microorganisms. As a precaution, they require Bio-safety Level 1 
containment. You will wear gloves when handling the cultures. You will also 
wash your hands before you start the experiment and before you leave.  
NO eating and drinking in the lab.

• Counting cells. You will use a small amount 
of suspended fibroblasts to figure out the 
concentration of cells (i.e. amount of cells 
per unit of volume). You will do this by placing 
a drop of diluted cells on a hemacytometer. 
This is a special microscope slide engraved 
with a fine grid that allows to count cells 
without losing track. Moreover, with the cover 
slip in place, the volume is constant, so that 
the total number of cells in a culture can be 
calculated.

• Plating cell cultures. Cells can be either 
harvested directly or obtained trough a 
supplier. The cells for this lab have been 
obtained from a supplier. The shipment arrives 
overnight on dry ice. Upon receipt, the cells 
need to be either stored in liquid nitrogen 
for future use or immediately plated. Plating 
a cell culture requires incubating the cells as 
described above, in an appropriate medium.

• Sterile environment. Antibiotics are added 
to the medium to reduce unwanted growth 
of bacteria in cultures. It is, however, 
recommended that you use some precautions 
when working with cells. Keep everything 

clean and covered as much as possible. When 
using a sterile pipette, for example, keep it in 
the wrapper until ready to use it. Do not lay 
it on the counter or touch it to other objects 
before use.

• The reagents. Here is a list of reagents and 
their concentrations, with an explanation of 
their purpose:

- Minimal Essential Medium (MEM), liquid 
nutrient mixture to grow cells in.

- Sodium bicarbonate, 1.5 g/l, added to the 
medium to maintain pH.

- Fetal Bovine Serum (FBS), 10%, added to 
the medium to provide essential nutrients 
and growth factors.

- Antibiotics (100 units/ml of penicillin and 
100mg/ml of streptomycin) to reduce 
bacterial growth.

- Trypsin, 0.25%, an enzyme that breaks 
down the collagen fibers produced by 
fibroblasts to attach to the bottom of 
the culture dish. Trypsin, by breaking 
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with the cover slip in place. By capillarity, 
a controlled volume is drawn into the grid 
chamber. Cells within the central grid 
section can then be easily counted. A cell 
counter can help keep track of the number 
of cells as they are counted.

Procedures
Summary:

(a) Observing live cell cultures under the 
inverted microscope.

(b) Making up cell culture medium.

(c) Trypsinizing a cell culture.

(d) Plating and incubating cells.

(e) Counting cells.

(f) Collecting and analyzing final data

(a) Observe human fibroblast in culture under the 
inverted microscope. Take one of the flasks with 
cultured fibroblasts from the incubator. This is 
your supply of cells. Before you add trypsin to 
detach the cells, observe the cultured fibroblasts 
attached to the bottom of the flask. This will be 
done using the inverted scope. Sketch what the 
cells in the culture look like.

Human fibroblasts in culture 

down the collagen that anchors the cells to the bottom of the flask, 
will detach the cells and re-suspend them. A culture is trypsinized 
when it needs to be split (when the cells are confluent, about once 
every 7-10 days) or at the end of an experiment when cells need to 
be counted.

- Sodium pyruvate (1 mM) to supplement the energy needs of cells.

- Trypan Blue, a biological stain that attaches to the cell membrane of 
living cells and allows you to better see them under the microscope 
when counting them. If the stain enters the cell, then the cell is dead 
and should not be counted.

• The equipment.

- Inverted microscope. Used to look at cell cultures directly in the flask. 
The optical components of the scope are under the stage and the light 
source is above.

- Laminar flow hood. Used to conduct cell culture experiments in a sterile 
environment.

- Incubator. Used to culture cells in a controlled environment. An 
incubator allows to set a

constant temperature (37°C for human cell cultures) and atmosphere (air 
with 5% CO2 for human cell cultures)

- Hemacytometer. Microscope slide that allows counting of cells under the 
microscope thanks to a fine grid engraved on it. The cells, suspended 
in a liquid, are placed on the edge of the slide, on the V shaped notch, 
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• Add 3 ml of trypsin. Swirl gently to make 
sure that the solution covers the bottom 
of the flask. Observe under the inverted 
scope. The fibroblasts will detach and 
become suspended in the solution. Once 
detached, they will look rounded, not 
elongated. The cell layer will disperse in 
10 to 15 minutes. Once the layer of cells is 
completely dispersed, stop trypsinization 
by adding 8 ml of medium.

• Transfer the resuspended cells to a sterile 
centrifuge tube (orange cap) using a 
sterile Pasteur pipette. Rinse flask with 
1-2 ml of medium. Transfer to centrifuge 
tube. Cap tube and spin down the cells 
for 5 minutes in a tabletop centrifuge at 
low speed, to separate the cells from the 
medium.

• Discard the supernatant. Remove with a 
sterile pasteur pipette what is left of 
the supernatant. Do not disturb the cell 
pellet. Add  exactly 500 ml of medium 
to the cells, using the 1000 ml pipettor 
with blue tips. 

• Vortex the tubes until the cells are 
evenly distributed in the medium. During 
centrifugation, cells tend to clump 
together. Make sure that you thoroughly 
break up these clumps of cells.

(d) Plate a cell culture. The medium needs to be 
added to the flask before the cells. Add to a 
sterile cell culture flask 10 ml of medium at 
37º. Use a 10 ml sterile pipette with pipettor. 
Vortex the cell suspension. Add 400 ml of 
cell suspension to the medium in the flask. 
Cap the flask and immediately place it in the 
incubator. Within a few hours your cells will 
be attached to the bottom and the culture will 
start undergoing cell division at a rate of one 
division every 24 hours.

Feed cultures. Every 2-3 days (ex: Monday, 
Wednesday, Friday, Monday) pour the 
old medium out of the culture flasks and 
add fresh medium. Use the previously 
prepared medium warmed up to 37°C.

(b) Make up the medium. Each group of three will make up 100 ml of MEM. 
Use sterile glassware and sterile pipettes.

• Place 87 ml of MEM (use a sterile 100 ml cylinder) in a screw cap 
sterile bottle.

• Add to the MEM

• 10 ml of fetal bovine serum (FBS). Use a 10 ml sterile graduated 
cylinder.

• 153 mg of sodium bicarbonate. Weigh out the correct amount on 
a weighing boat and pour into medium.

• 1 ml of antibiotic solution. Use 1000 ml pipettor with blue sterile 
tips.

• 1 ml of pyruvate. Use same pipettor, with clean sterile blue tip.

• Gently mix by turning capped bottle upside-down a few times. Label 
the bottle and place it in a water bath set at 37°C.

(c) Trypsinize the cell culture. Take a tube (orange cap) of trypsin from the 
water bath, which is set at 37°C. 

• Pour the medium out of the culture flask and add 2 ml of trypsin at 
37°C. Use a sterile 5 ml pipette and a green pipettor. Swirl the 
trypsin around the bottom, then immediately pour it out. This step 
is necessary to wash off any medium left in the bottle, as the medium 
contains a trypsin inhibitor.
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be drawn by capillarity into the chamber 
formed by the gridded surface and the 
cover slip. Repeat on the other side.

• Count cells. Use the 10X objective. Center in 
your field of view the central square. This 
square is 1mm2, and is ruled into 25 groups 
(5x5) of 16 small squares (4x4). The ruled 
surface is 0.10 mm below the cover glass, 
so that the volume of the central square 
is 0.1 mm3 (see Fig. 1 in results section). 
Using a cell counter to keep track, count 
the number of cells in the central grid. 
You should have approximately 20-50 
cells in that area. Check both chambers. 
If you have fewer than 20, repeat the 
procedure described above using the 1:2 
suspension (label a tube 1:4T, add trypan 
blue, add suspension, load chamber, 
count). If you have too many to count, 
repeat the procedure with the 1:8 dilution 
(label a tube 1:16T, add trypan blue, 
add suspension, load chamber, count). If 
necessary, do more serial dilutions. Clean 
the slide in between samples using the 
squirt bottle with ethanol and patting the 
slide dry with Kim wipes.

• Enter your data in the results section.

• Calculate the initial number of cells in your 
culture.

• Predict the number of cells there will be in 
the culture after 10 days if cells undergo 
cell division every 24 hours. Graph your 
predictions on a cell number vs. time 
graph.

 (f) Data collection and analysis
A. Trypsinizing the cultures 
• Take cell cultures from the incubator.

• Observe cultures under the inverted 
scope. Record any relevant qualitative 
observations.

• Pour out the medium. Add 2 ml of trypsin 
to each flask, whirl around gently and 
immediately pour out (this step rinses out 
the medium which has a trypsin inhibitor)

• Add 3 ml of trypsin to each dish; allow trypsin 
to work for about 10-15 minutes (use the 
inverted scope to check if all cells have 
detached).

(e) Count cells. Use what is left of the cell suspension. From this point on 
you do not have to concern yourself with sterile procedures. The purpose 
of this step is to find out the concentration of cells in the culture. 
Counting the initial concentration of the plated cells as well as the final 
concentration at the end of a week of growth, for example, will make 
calculating growth rate possible.

• What is left in the centrifuge tube is 1/5 of the whole cell population. 
Add 400 ml of medium to the centrifuge tube. The total volume will 
now be 500 ml. This will be the stock suspension.

• Dilute the cells. Do a serial dilution of the cell suspension. Label a 
set of 3 small plastic test tubes 1:2, 1:4, and 1:8. Add to each tube 
0.3 ml (300 ml) of medium with the 1000 ml Pipetter (blue tips). Now 
add 300 ml of stock cell suspension, from the orange screw cap tube, 
to the tube labeled 1:2. Gently shake the tube to mix. Keep using the 
same tip. Take 300 ml from the 1:2 tube and add it to the 1:4 tube. 
Mix. Take 300 ml from the 1:4 tube and add it to the 1:8 tube. Mix.

• Get microscope and hemacytometer ready. Take the hemacytometer 
out of the box and gently place the cover slip on it. 

• Add the trypan blue stain. Label a tube 1:8 T (1:8 will be the final 
dilution, T is for trypan blue) and place it behind the 1:4 dilution of 
suspended cells. Add to the tube 50 ml of trypan blue stain using the 
200 ml Pipetter with yellow tips. With a clean tip add also 50 ml of 
the 1:4 cell suspension. Mix. 

• Load the cell suspension in the chambers. Use a pasteur pipet to load 
both chambers in the hemacytometer. Carefully place a drop of the 1:8 
T suspension in the V shaped notch of the slide. The suspension will 
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• Get microscope and hemacytometer 
ready. Take the hemacytometer out of 
the box and gently place the cover slip 
on it. 

• Add the trypan blue stain. Label a tube 
1:8 T (1:8 will be the final dilution, T is 
for trypan blue) and place it behind the 
1:4 dilution of suspended cells. Add to the 
tube 50 ml of trypan blue stain using the 
200 ml Pipettor with yellow tips. With a 
clean tip add also 50 ml of the 1:4 cell 
suspension. Mix. Fibroblasts should have 
a blue outline, as the stain binds to the 
cell membrane but does not enter into 
the cells. Totally blue structures are not 
fibroblasts (they might be fragments of 
dead fibroblasts, bacteria or dust).

• Load the cell suspension in the chambers. 
Use a pasteur pipette to load both 
chambers in the hemacytometer. Carefully 
place a drop of the 1:8 T suspension in 
the V shaped notch of the slide. The 
suspension will be drawn by capillarity 
into the chamber formed by the gridded 
surface and the cover slip. Repeat on the 
other side.

• Count cells. Use the 10X objective. Center in 
your field of view the central square. This 
square is 1mm2, and is ruled into 25 groups (5x5) 
of 16 small squares (4x4). The ruled surface 
is 0.10 mm below the cover glass, so that the 
volume of the central square is 0.1 mm3 (see 
Fig. 1 in results section). Using a cell counter 
to keep track, count the number of cells in the 
central grid. You should have approximately 20-
50 cells in that area. Check both chambers. If 
you have fewer than 20, repeat the procedure 
described above using the 1:2 suspension (label 
a tube 1:4T, add trypan blue, add suspension, 
load chamber, count). If you have too many 
to count, repeat the procedure with the 
1:8 dilution (label a tube 1:16T, add trypan 
blue, add suspension, load chamber, count). 
If necessary, do more serial dilutions. Clean 
the slide in between samples using the squirt 
bottle with ethanol and patting the slide dry 
with Kim wipes.

B. Analyzing the data
Compare the predicted growth curve with 

the experimental growth curve. Discuss geometric 
growth.

• Transfer each trypsinized cell suspensions to an orange cap tube with a 
pasteur pipette. Label the tubes before transferring the suspension.

• Add 2 ml of medium to the culture flasks to rinse out the cells that were 
not collected the first time. Swirl around gently, then transfer the fluid 
to correct centrifuge tube with a pasteur pipette.

• Use a tabletop centrifuge to spin down the cell suspension for 5 minutes 
with a setting of 3 (low). The purpose of this step is to separate the 
cells from the fluid so that cells can be re-suspended in an accurately 
measured and consistent volume for counting.

• With a pasteur pipette remove the supernatant from all 5 tubes. Be 
careful as you get near the bottom. You do not want to disturb the 
pellet.

• Add to all tubes exactly 1 ml of medium with the 1000 ml pipettor. Cap 
the tubes and vortex them to re-suspend the cells.

B. Counting the cells.
Prepare a dilution of suspended cells for each tube. Use small plastic 

tubes. Do a serial dilution of the cell suspension. Label a set of 3 small 
plastic test tubes 1:2, 1:4, and 1:8. Add to each tube 0.3 ml (300 ml) 
of medium with the 1000 ml pipettor (blue tips). Now add 300 ml of 
stock cell suspension, from the orange screw cap tube, to the tube 
labeled 1:2. Gently shake the tube to mix. Keep using the same tip. 
Take 300 ml from the 1:2 tube and add it to the 1:4 tube. Mix. Take 
300 ml from the 1:4 tube and add it to the 1:8 tube. Mix.
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RESULTS
Table 1. Initial cell counts

Final dilution # of cells in chamber 1 # of cells in chamber 2         Average

1 mm
1 mm

0.1 mm

 Fig. 1. Central counting  area/volume
                
Area = 1 mm x 1 mm = 1 mm2

Volume = 1 mm x 1mm x 0.1 mm = 0.1 mm3

- To calculate the number of cells you added to a culture:
• Average the cell counted in 0.1 mm3

• To obtain the number of cells in 1 mm3 you need to x10 the cell count.

• To obtain the total number of cells added to each of your cultures you 
need to figure out how many 1 mm3 you have in total (i.e. you need to 
figure out your dilution factor).                Remember: 1ml=1000 mm3 

• Your dilution factor needs to take into account the original volume added 
to each flask and the further dilution of this volume.

• You need then to multiply the number of cells in 1 mm3 by the dilution 
factor you just calculated.

Example:
• # of cells counted in 0.1 mm3 = 50

• # of cells in 1 mm3 = 50 x 10 = 500

• # of 1 mm3 of stock present in a 1:4 dilution of 1 ml of cell suspension 

= 1 ml x 4 = 4 ml 4 ml = 4,000 mm3        the dilution factor is x 4,000

• total # of cells present in each flask:

  = 500 x 4,000 = 2,000,000= 2 x 106
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Page 6 
To check student understanding of limiting 

factors, ask them to read and interpret the lynx 
and hare graph.  Especially note that the study 
took place over a long period of time.  There are 
a number of software programs available which 
simulate this type of population fluctuation.  
Again, students could be asked to come up with 
examples of other predator-prey relationships.  
Here, the concept of carrying capacity will be 
introduced, and must be emphasized as a key 
idea, since it will appear throughout the book.

Table 2. Number of cells added to each flask

Average #  # of cells  Dilution  # of cells 
of cells in  in 1 mm3 factor added to 
0.1 mm3   each flask

  

Table 3. Final cell counts

Final dilution # of cells in chamber 1 # of cells in chamber 2         Average

Table 4. Number of cells after 1 week of growth

Average #  # of cells  Dilution  # of cells 
of cells in  in 1 mm3 factor added to 
0.1 mm3   each flask

Page 7
Students summarize what they learned by answering 

questions.  This is a good group activity where each group 
can share their answers with the class.  This also could be 
a homework assignment.  The concept that alien invaders 
or alien species can wreak havoc on indigenous species 
is a key idea which students can explore by finding alien 
species in their own home areas and reporting on them 
to the class.  
If time permits, students could go outdoors and collect 
samples of local alien species to show in class. Examples 
on the east coast would be zebra mussels, purple 
loosestrife, or hydrilla; in the Midwestern states, garlic 
mustard and the asian longhorn beetle; and on the west 
coast, Italian thistle, leafy spurge, jointed goatgrass, or 
green crabs.  Students could participate with the local 
Audubon Society or Nature Conservancy to recognize and 
remove alien species from their local area.
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Page 8
Students can do the graphing activity either individually, in pairs, or 

as groups of three.  Each student in a group of three could take a different 
scenario and explain it to others in the group.  Each group could then report 
to the whole class.  This graphing activity could be used as an assessment of 
student understanding of limiting factors on populations.  A think-pair share 
activity is also possible, where students work individually, and then share their 
ideas with a partner, reach consensus, and then present their results to the 
class.  The graphs should look as follows:

Pages 9–12
The idea of feedback loops is central to many 

of the concepts throughout the Global Systems 
Science series.  The hardest thing to get across 
to students is that negative is not bad, but is a 
subtraction, just as positive is not good, but is an 
addition   the terms as used here are mathematical 
and not subjective.  Blank templates of positive 
and negative feedback loops are available below 
to allow students to come up with their own ideas 
by filling in the spaces of the loops.  Students 
have come up with such ideas for positive loops 
as drug usage, a bear stock market, and suntans.  
Negative loops are such things as cruise control on 
a car, air conditioners, and human pacemakers.    
Global warming is a great example of positive 
feedback.  Sample loops, which may be copied, 
are on the following page:

Chapter 2. Patterns in 
Populations
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Pages 11 and 12
These enlarged blank 

versions of feedback loops can 
be used for transparencies or 
copies for students to fill out.
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available, gallon water containers are good to use.   
Students will quickly figure out that they cannot 
use only a dropper, and that they need to figure 
out how many drops are in a milliliter.  They can 
then use graduated cylinders and beakers to more 
quickly add the doubled drops.  The teacher needs 
to avoid telling the students how to do this, but 
allowing them to construct their own solutions.  
It is interesting to watch the different strategies 
used by groups of students.  The teacher can have 
a prize available for the group, which makes the 
closest guess.

This activity may require that groups start 
over a number of times.  Students are amazed 
at how quickly a bucket can be filled once they 
know how many drops are in larger containers.  It 
is important that one student keep careful count 
of how many drops are being added.

Pages 12-15
Now feedback loops can be tied to the populations of dogs and goats 

learned about in Chapter 1.  Lynx and hare can also be discussed in terms of 
feedback loops.  If desired, students can make loops about the goats, tortoises, 
and iguanas as well.

Positive feedback can result in uncontrolled, or exponential growth.  
Here students learn for the first time about exponential growth.  This could 
be introduced by asking students to relate exponents to mathematics, and to 
describe a few exponents.  They will be most familiar with 2 as an exponent 
since they have “squared” numbers.  Since squaring is doubling, base 2 numbers 
are often used for exponential population calculations.  The activities on these 
pages direct students toward thinking of very large numbers, and how quickly 
certain populations can grow.  This leads to the question of why systems are not 
overwhelmed by this growth, and brings students back to limiting factors. 

For the first time, students are introduced to a growth curve and its 
phases.  Later on they will be asked whether populations are following this 
typical pattern.  The “drop in the bucket” activity is best done more than 
one time, and with groups of three.  Here you will see students truly doing 
problem solving.  After the first trial, they will realize that droppers alone 
are too small to use for measurement, and will ask if they can use larger 
containers.  Emphasize that they still need to know how many drops there 
are.  You will see students begin figuring out how many drops are in larger 
containers. Containers of a variety of sizes need to be made available, and 
the activity needs to be run more than one time. If plastic buckets are not 

Page 16–17
A limiting factor for armadillo populations is 

becoming road kill, and students will soon realize 
that armadillo populations could grow very quickly 
if it were not for limiting factors.  Bacteria and 
yeast populations that were graphed earlier were 
asexually reproducing.  The question that could 
be posed is whether or not sexually reproducing 
populations also grow exponentially and follow 
the population growth curve.  After students 
calculate the number of armadillos and complete 
the chart, they can reach their own conclusions.  
This is an activity, which can be offered as one, 
which is interdisciplinary with mathematics.

Mark and recapture activities allow us to 
estimate population sizes in a specific area.  The 
results of mark-recapture data are surprisingly 
accurate and are much quicker than a census. 

If it is the wrong time of year to go outside, 
or if fields of grasshoppers are not available 
outdoors, an alternative activity using rice for 
a mark-recapture is shown on the following 
pages.
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Investigation

Mark and Recapture
Materials needed for student groups 

1 cup of rice

1 small glass jar

Note paper

Calculator

Activity
1. Put 1 cup of rice into a jar. Have students imagine the kernels of rice are monarch 

butterflies in a wintering sanctuary. Give each student a slip of paper. Have them 
number from 1-3 and label:

Now, figure your estimate according to the 
MRR equation. Remember, you are solving for “Total 
Population Size”, or “b” in the equation below. The 
basic idea is that the number of individuals marked 
on the first visit (a) is to the total number in the 
population (b), as the number of marked individuals 
captured on the 2nd visit (c) is to the total number 
of individuals captured on the 2nd visit (d).

MRR Equation: a/b = c/d
a= # Individuals Marked on 1st Visit

b= Total Population Size

c= # Marked Individuals Recaptured on 2nd 
visit

d= # Individuals Captured on 2nd Visit, in 
Total

Here’s an example:
a=100 Individuals Marked on 1st Visit

b= Unknown (Total Population Size)

c= 20 Marked Individuals Recaptured on 2nd 
visit

d= 100 Individuals Captured on 2nd Visit, in 
Total

1) Count and Extrapolate

2) Mark, Release, Recapture (MMR) Estimate

3) Actual count

2. Count and Extrapolate
Have students take out a small number of rice 

kernels, count them, and put them back into 
the jar. Encourage them to notice the amount of 
space the small number of rice kernels occupies 
in the jar. Now, have them extrapolate in order 
to estimate the number of rice kernels in the 
full jar.

3. Mark, Release, Recapture (MRR)
Next, “capture” a number of rice kernels and mark 

them with a colored marker. Students should 
capture and mark at least 100 pieces of rice. 
Put all the rice back into the jar and stir. Record 
the number of pieces you captured and marked 
on your “1st Visit”.

Now go back for a “2nd Visit”. Record the 
number of MARKED individuals you recaptured on 
the 2nd visit. Also record the TOTAL NUMBER of 
individuals you captured. (Do not return the rice to 
the jar until you have counted the full number.)

We often talk about how big a population is 
and how fast it is growing, how many are surviving 
in a certain area, and whether or not a population 
is endangered.  How can ecologists find out what 
is happening in a population in the wild?  After 
all, they cannot go out into the field and see 

every individual organism. They can collect pelts 
and count them as they did with the lynx and the 
hare, or they can use what Field biologist call 
“mark-recapture”  You will perform an activity 
which shows how this works.

How do we know Population Size?
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4. Actual Count
Divide the rice among the students in the group. Have them count the 

actual number of objects in the jar.

Discussion
1. How did your 2 estimates compare to the actual number of objects? Which 

method of estimation was more accurate?

2. What assumptions are made in the MRR method? List as many as you can. 
(For example, between the 2 visits there are *no births or deaths, * no 
arrivals or departures, * there’s equal chance of capture and recapture, * 
monarchs don’t learn to avoid being captured, etc.)

3. Do you think MRR is a reliable method?

4. Does the estimate become more accurate if you mark a greater number of 
individuals? Why?

http://www.learner.org/jnorth/www/critters/monarch/826636643.html

Students could have a great time doing a mark-recapture exercise using 
hand stamps and school hallways for a day.  For this you would need to be in 
a rather large number of students.

Chapter 3. Population 
Reproduction, Growth and 

Change Over Time

Page 20
This chapter begins by addressing the idea 

that populations reproduce at an exponential 
rate until they come up against limiting factors.  
The two types of reproduction are compared.  
Students are asked to examine a moldy piece of 
bread to see an organism, which can reproduce 
both sexually and asexually.  They may begin 
to see that one adaptation organisms have 
evolved is a reproductive strategy designed to 
successfully propagate their species.  The picture 
on page 20 of the zygospore of the black bread 
mold demonstrates the sexual phase of rhizopus 
nigricans.  This stage can easily be observed with 
a magnifying glass or a stereomicroscope.

Pages 21-24
These pages describe a mathematical means 

by which population increases can be projected 
over time.  One can see how populations 
without limiting factors could reach high levels 
very rapidly.  This is an excellent activity to 
be shared with a mathematics teacher for an 
interdisciplinary presentation.  TI -83 calculators 
can also be programmed by knowledgeable 
students and/or teachers.  Students can allow 
the computer to graph the results, or graph 
data themselves by hand.  They will note the 
exponential rate of growth resulting from this 
data.  This is a place where limiting factors can 
be brought back into the discussion.  The use of 
semi-log paper for graphing can also be introduced 
in this chapter.

http://www.learner.org/jnorth/www/critters/monarch/826636643.html
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what he wrote, often called “Darwin’s Tenets”.  
The teacher can emphasize that evolution is 
defined as change over time, and that Darwin 
listed these tenets as the reasons for the changes 
that he postulated.  

This section probably will require some 
interpretation by the teacher and some discussion 
in class.   The tenets are simplified on the next 
page, but there is some value in reading Darwin’s 
original words.  His phrase “There is a grandeur in 
this view of life” is often quoted, and was used as 
a title of one of Stephen Jay Gould’s latest book 
entitled “Life’s Grandeur”

Students are asked a key question, “What 
determines which individuals are most fit to 
survive?” at the end of this section.  At this point, 
a homework assignment could be given asking 
students to list what they think are determining 
factors for survival.

Page 27–29
Students are introduced to the effects of 

density on populations and given examples of 
these effects.   Space as a limiting factor is 
expanded upon in this section.  The affect of 

various natural phenomena on populations is 
also discussed.  Current events such as tornados, 
floods, fires, hurricanes, or earthquakes could be 
brought up, and clippings from newspapers could 
be used as part of this lesson.  Cases where humans 
have interfered with the environment leading to 
greater disasters, such as the Yellowstone fire, 
could be discussed at this point. 

Pages 29–30
These pages present an introduction to 

population genetics.  Population genetics is 
important to the study of evolution because it 
maps changes in the gene pool of a population 
over a period of time.

The teacher might want to emphasize that 
it is easier to see evolution occurring in large 
populations.

The idea of the gene pool is introduced at 
this time, as are terms such as gene flow, gene 
frequencies, and genetic drift.  The Hardy-
Weinberg principle is defined and explained. 

Page 25
Students are asked to find a reproductive strategy used by an organism 

to successfully survive.  Many fascinating examples can be garnered, such as 
the fish who keeps its young in its mouth for protection, the method used 
by the kangaroo where the embryo crawls into the pouch, or the wolf spider 
which carries its young on its back.  Reproductive success also depends on 
finding a mate, and the story of Lonesome George, the last of his species, is 
told here.  Students can access the Darwin Research Station in the Galapagos 
via the Internet to see how Lonesome George is doing. 

Students could discuss other animals, which have become extinct, such 
as the last passenger pigeon who was kept in a zoo until it died.  Endangered 
species with low numbers could be introduced at this point, such as the 
cheetah, with a discussion about how a limited gene pool affects reproductive 
success.

Pages 26–27
Students summarize what they have learned about the advantages 

and disadvantages of sexual and asexual reproduction.  This is a good time 
to see whether or not they understand the concepts presented in previous 
chapters. 

This page introduces the idea of evolution, which is change over time.  
Darwin’s actual writing in his book “The Origin of Species” is often paraphrased 
or misquoted.  Students can read what he actually wrote, and discuss the 
meaning with one another.  They can then progress to the interpretation of 
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To see if these population frequencies are 
significant,  
a chi-square analysis can be done on the data.

Chi square = (observed results minus expected 
results) squared divided by expected results.  
In this case, (.34 - .25 )2   divided by .25 , or 
.0081/.25 

Chi square would equal .0324 

There would be one degree of freedom.  On the 
chi-square table below, p would equal between 
.5 and .9 that aa will exceed the values. 

If the calculated chi-square value is less than the 
probability of 0 .05 , we then expect that the 
population is not  the normal 3:1 ratio.  If the 
value is greater than .05 probability, we accept 
the hypothesis that the data fits  a 3:1 ratio.

Pages 30-31
Earlobes are used here as an example, but 

other human traits such as a widow’s peak, hair 
whorl, or hitchhiker’s thumb could also be used.  
Many human traits are difficult to use because 
they are the product of many sets of genes, or in 
the vernacular of geneticists, they have “multiple 
alleles”.  The expected frequency of a cross 
between two hybrids, or heterozygous parents, 
always results in a .25, .50, .25 ratio, so that is 
what is expected.  Since half will be mixed, and a 
quarter will be pure dominant, the total showing 
the dominant trait is expect to be .75. 

Answers to Page 31 with hypothetical student numbers:

Column I Column II Column III Column IV

Trait # with trait Frequency Expected Frequency

  45/131= .34 

aa 45 .34 .25

  86/131= .66 

Aa 86 .66 .50

  .34+.66=1.0 

Total 131 1.00 1.0

A Chi-Square Table
 Probability
 Degrees of
 Freedom 0.9 0.5 0.1 0.05 0.01
 1 0.02 0.46 2.71 3.84 6.64
 2 0.21 1.39 4.61 5.99 9.21
 3 0.58 2.37 6.25 7.82 11.35
 4 1.06 3.36 7.78 9.49 13.28
 5 1.61 4.35 9.24 11.07 15.09

Pages 31-32
These two pages demonstrate that human 

population frequencies can change, depending 
upon circumstances.  When frequencies change, 
a population is considered to be evolving.  If a 
human population isolates itself, the gene pool 
does not change, and the population will remain 
static, or will be in equilibrium according to the 
Hardy-Weinberg law.  Therefore, the Dunker 
population did not evolve.  Human populations 
are nearly always changing gene frequencies, 
as people migrate into other gene pools and 
intermarry. 
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Hemoglobin S occurs with greatest prevalence 
in tropical Africa; the heterozygote frequency is 
usually about 20 percent, but in some areas it 
reaches 40 percent. The sickle cell trait has a 
frequency of about 8 percent in African Americans. 
The sickle gene is found to a lesser extent in the 
Middle East, Greece, and in aboriginal tribes in 
India. On occasion sickle cell disease is found in 
Caucasians in many other areas.

High prevalence of sickle cell trait in areas 
of the world where malaria has been common has 
strongly suggested that persons with sickle cell 
trait have a selective advantage over individuals 
with only normal hemoglobin A. This advantage 

Chapter 4. The History of 
Human Population Growth

Page 34
Remind students that the biblical quotes are 

often used in a historical, not a religious context, 
and that the Bible is often used in a political 
context to further someone’s political agenda.  In 
this case, students could discuss the tremendous 
influence this passage has had on human behavior 
toward the earth and its inhabitants.

Page 35–37
The 3 skulls shown are from right to 

left:  modern human, Homo erectus, and 
Australopithecus.  All are hominids, meaning they 
walked upright.

As an excellent introduction to this chapter, 
teachers may wish to use World Population, 
which is the best-ever graphic simulation of 
human population growth. As the years roll by on a 
digital clock from 1 A.D. to 2030, dots light up on 
an illustrated map to represent millions of people 
added to the population. Historic references on 
the screen place population changes in context.

This video can be obtained from:
http ://www.popu lat ioneducat ion.org/ index.

php?option=com_content&view=article&id=24&Ite
mid=10

Students can graph human population on 
semi-log paper, and decide whether or not this 
growth is exponential. (On semi-log paper, the 
curve will be a straight line.)   They can also 
extrapolate the population curve to the future 
using different growth rates. Students can be 
assigned research questions on page 36 by groups 
and report back to the class for discussion.

Pages 37–38
Reasons for each surge in population growth 

can now be summarized and analyzed.

seems to be restricted to those infected with 
Plasmodium falciparum malaria. While readily 
affected, the parasite count remains low. When 
a red cell containing P. falciparum undergoes the 
sickling process, the parasite dies. It has also been 
suggestedthat the infected red cell sickles and is 
destroyed, probably in the vascular system, liver 
or spleen. Whatever the mechanism, the result 
is that the infection is of short duration and the 
incidence of cerebral malaria and death is low.  
Students can do an activity on sickle cell incidence 
at this site:

http://resources.schoolscience.co.uk/MRC/7/
page1.html

http://www.populationeducation.org/index.php?option=com_content&view=article&id=24&Itemid=10
http://www.populationeducation.org/index.php?option=com_content&view=article&id=24&Itemid=10
http://www.populationeducation.org/index.php?option=com_content&view=article&id=24&Itemid=10
http://resources.schoolscience.co.uk/MRC/7/page1.html
http://resources.schoolscience.co.uk/MRC/7/page1.html
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Doubling times have decreased rapidly since then: (in increases of 1 billion 
humans)

    Elapsed time Year Human Population
    ~2,000,000 10,000,000 BC 5 - 10 million

    10,000 1 A.D. 170 million

    1,800 1800 1,000,000,000

  130 1930 2,000,000,000

  30 1960 3,000,000,000

  15 1975 4,000,000,000

  12 1987 5,000,000,000

  12 1999 6,000,000,000

   2050 ??? 8,500,000,000 ???

On October 12,  1999 the 
population of the Earth reached 
6,000,000,000 - “Y6B”

Page 38-41
A supplementary activity on life 

expectancy and survivorship curves 
developed by GSS participants could 
be added at this point.  The activity 
follows: Authors are: Patty Brown, 
Diane Bernaciak, Bonita Deiter

Credits for sources used in this 
activity and write-up: Taggert, Biology 
Lab Manual,  Gary Anderson.

Pages 42–45
Students can analyze the predictions of Malthus 

in light of the populations of nations and looking at 
the charts on doubling times for countries.
h t t p : / / w w w. p o p u l a t i o n e d u c a t i o n . o r g / i n d e x .

php?option=com_content&task=view&id=36&Itemid=4l

Page 46
The investigation on pages 33–34 of this 

Teacher’s Guide (Population Growth Dynamics...
Or... How Many Kids on the Block?) is another activity 
that demonstrates the importance of reproductive 
age.

http://www.populationeducation.org/index.php?option=com_content&task=view&id=36&Itemid=4l
http://www.populationeducation.org/index.php?option=com_content&task=view&id=36&Itemid=4l
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Investigation

Bubble, Bubble, Toil and Trouble

Introduction
It is difficult for students to interpret population trends based on statistics 

only. A hands-on approach can be used to generate interest in this topic.  
This activity will involve students in gathering data and using it to develop a 
survivorship curve for a BUBBLE species.

Objective
To simulate a population of “Bubbles” and to determine the survivorship 

pattern of that species.

Concept
Survivorship is an expression of how long members of a group of newborns 

survive.  A survivorship curve is constructed by following the fate of young 
individuals throughout their lives, in order to describe mortality at different 
ages. Some individuals in a population may die before they mature and 
reproduce.  Other members of the same species may live to an old age.  Many 
factors contribute to the mortality rate.  In general, the pattern of mortality 
is characteristic of a species or of a population. 

“...all species have a reproductive potential 
that will result in a population explosion 
if a high percentage of offspring survive 
to adulthood and reproduce.  What 
keeps natural populations in check is 
environmental resistance, factors which 
cause the dieoff of a high percentage of 
young before they reach reproductive 
age.  Until the last century or so this 
situation pertained to the human species 
as well.”

(1990, Nebel)

Disease often limited populations prior to 
the late 1800s.  Although reproductive rates 
were high, child mortality rates were also high, 
so the population remained relatively steady.  
With the development of medicine, vaccines, 
and improvements in sanitation, there was a 
decrease in infant and childhood mortality.  This 
drop in mortality can be seen as an increase in 
survivorship.

The graph on the student activity sheet 
(page 32 of this Teacher Guide) indicates the 
three general patterns of survivorship.  Type I 
shows a population in which most individuals 
survive their early years and die during the last 
part of their life span.  An example would be 
in developed nations, like most areas of the 
United States.  Type III demonstrates the other 
extreme; there is a high mortality during infancy 
and childhood.  This occurs in areas with limited 
medical technology or proper sanitation.  Type II 
indicates that individuals in the population have 
an equal chance of dying at any age.

Materials
Each group of 3-4 students will need:

 one cup of bubble solution

 4 straws

 stop watch or timing device

 plastic bag, wax paper, or tray
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Preparation
It is better to make up the bubble solution the day before performing this 

activity.  To make the solution, you will need to mix 8 cups of water with 1/2 cup 
liquid dish soap, and 1 teaspoon glycerin (optional). This amount will be enough 
for 8 groups of 4 students (32 students total).  Each group will use 1 cup or less 
of the bubble solution.

Doing The Activity
Be sure the students understand the following terms:

• species-group of organisms with similar characteristics that can interbreed and 
produce fertile offspring

• population-a group of members of the same species in an area at a certain 
time

• life span-longest length of time any one member of a species lives

• survivorship curve-starting with a population of 1000, a survivorship curve 
indicates the number that will reach each age.

• mortality rate-death rate

Students should be prepared by doing the first page of the lab before 
“birthing” the bubbles.  This pre-lab activity could be done as homework or in-
class activity.

Divide students into groups of 3-4.  Have 
students prepare surface by putting a thin layer 
of bubble solution on plastic trays, bags, or table 
tops(not wooden).

Explain to students that in creating their 
bubble population, each individual bubble should 
be at least 15 cm in diameter.  Having a 15 cm 
circle drawn on the tray or area will help students 
create standard size bubbles. It is helpful that 
bubbles do not touch each other.

This activity takes two class periods; one to 
collect data and another for graphing and follow-
up questions.  If time is limited, teachers may 
have students pool data to reach the 50 bubble 
population.

Making Conclusions
The teacher needs to make the connection 

between survivorship curves and human population 
growth.  It is important to recognize that countries 
with a high child mortality rate have fewer 
members reaching reproductive age.

A factor that has had great impact on human 
population growth was the advancement of 
medical treatment. Because improved medical 
treatment decreased childhood diseases, the 
mortality rate declined.

References
Nebel, Bernard J. (1990). Environmental Science: 

The Way the World Works. 3rd Edition. 
Englewood Cliffs, NJ: Prentice Hall.

Taggert,   (1989). Laboratory Manual in Biology.

Going Further
1. Study the effect of female infanticide in China 

on population growth.

2. Visit a local historical cemetery and identify 
ages of death.  Determine trends.  Graph data 
as was done in the Bubble activity.

3. Collect obituaries and identify data concerning 
age of death.  Identify patterns based on 
mortality of 100 individuals.
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BUBBLE SURVIVORSHIP
Objective: To simulate a population and demonstrate a survivorship pattern.

STUDENT ACTIVITY SHEET

Introduction: Individuals in a population 
may die before they mature and 
reproduce.  Other members of the 
same species may live to an old age.  
In general, the pattern of mortality 
is a characteristic of each species.  
This pattern of mortality can be 
shown by a type of graph called a 
survivorship curve.  A survivorship 
curve is constructed by following the 
fate of young individuals through their 
lives, in order to describe mortality at 
different ages.  There are three general 
types of survivorship curves.  Study the 
graph below and answer the questions 
based on your interpretations.

    SURVIVORSHIP CURVES

This Figure Illustrates the Three Types of Survivorship Curves

In some populations (I), nearly all individuals survive for the 
potential life span and die almost simultaneously (e.g., 
human). In others (II), survivorship remains the same 
throughout the life span (e.g., Hydra). In some others, 
survivorship of young individuals is low but survivorship is 
high for the remainder of the life span (e.g., many marine 
invertebrates with planktonic larvae).

Interpretation questions:
1. Which survivorship curve shows that most of the individuals 

die at an early age?

2. Which survivorship curve shows most of the offspring 
surviving to maturity?

3. Which survivorship curve shows an initial period of high 
mortality due to genetic defects or accidents during 
development, birth, or hatching, then a constant number 
of individuals dying at any age?

4. Which survivorship curve would be for fish or insects?

5. Which survivorship curve would be for prosperous human 
populations?

6. Which survivorship curve would be associated with animals, 
like polar bears, that devote considerable care to a few 
young?

Procedure:
1. Wet your tray with bubble 

solution and practice blowing 
bubbles onto the tray.

2. Give “birth” to a bubble and 
time its life span in seconds. 
Bubbles should be about 15-20 
cm in diameter.

3. Record the data on your Bubble 
Population Data Sheet

4. Repeat for a total population of 
fifty bubbles.

5. Graph your results by plotting 
the age in seconds along 
the horizontal axis and the 
percentage surviving along the 
vertical axis. 

6. Examine your survivorship 
curve and answer the analysis 
questions.



32  Global Systems Science  Population Growth Teacher’s Guide

DATA SHEET: Bubble Population Data

Age at    Mark each bubble’s Total # Total # surviving %  Surviving
death (sec)   time of death  dead to this age to this age 
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Analysis Questions:

1. Does the survivorship curve for your bubbles most closely resemble Type I, II, 
or III?  What does that mean in terms of survivorship?

2. Does a survivorship curve take into account the size of your population? Explain 
why or why not.

3. Which survivorship curve would you most likely find in developing nations?  
Explain why.

4. What conditions might cause an organism’s curve to change?

5. What do you think a survivorship curve for human populations in Europe in the 1600s would have 
looked like?  Explain your reasoning.

6. How do you think the survivorship curve would change to reflect war time deaths? Draw a 
representative curve.
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Investigation

Population Growth Dynamics...
...Or... How Many Kids on the Block? 

Developed by Charles Walsh, a GSS teacher 

 Vianny High School, St.Louis, MO

There is probably no issue that impacts our planet more directly than 
human population growth.  There are other variables besides the number of 
children born.  The following activity will show you what some of these other 
factors might be.  Can you guess what a few of them are?  Let’s find out what 
they are by doing the following.

Imagine dividing your own neighborhood into two parts by taking one 
side of your street vs. the other.  By changing one variable, we will see how 
many people will be on each side of the street after 100 years.  There is a 
catch!  Here are the assumptions:

1. Every child born in the neighborhood is female.

2. Every female will have three children, all of whom are girls.

3. Every female on the left side of the street, called the “A” side, will have 
their first child at the age of 30, the second child at the age of 31, and 
the third child at the age of 32.  When their children get to that age, 
they will marry (add in the spouse) and have children at the same age as 
their parents.

4. Every female on the right side of the street, called the “B” side, will have 
their first child at the age of 17, the second child at the age of 18, and 
the third child at the age of 19.  When their children get to that age, 
they will marry (add in the spouse) and have children at the same age as 
their parents.

Each of you will start with one female on each side of the street.  Find 
out how many people will be on each side of the street after 100 years.  GOOD 
LUCK! (Hint..Remember, each female needs a spouse that they bring home 
with them, and that they either move in with their parents, or build a house 
on adjacent property.  (In other words, they stay in the neighborhood.) How 
many families will there be on the block at the end of 100 years?  The table 
below will get you started.
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Questions to Ponder:
1. What was the reason why one neighborhood grew larger 

and faster than the other?

2. Suppose you are in charge of establishing public policy 
with regard to population.  Would the outcome of this 
exercise influence your decision-making process?

3. Consider a country like India in which the vast majority 
of people are under the age of 25.  What does this tell 
you about further population growth in India?

4. Consider our own country:  What do you predict will be 
the population pattern in the United States?

5. In which parts of the world are women more likely to 
have children at an early age?  In which parts of the 
United States?  Give reasons for your answer and be 
prepared to justify your reasons.

Side of Street Woman + Spouse Number of  times in 100 years they and  Total in 100 years

  their offspring will have children is______

   First Child Second Child Third Child 

A 

    

Side of Street Woman + Spouse Number of  times in 100 years they and  Total in 100 years

  their offspring will have children is______

   First Child Second Child Third Child 

B

Graph your data, being sure to label your graph and give it a title.

6. As you have seen by the results 
of this activity, populations grow 
exponentially.  In nature, there 
are limiting factors which prevent 
overwhelming population growth.  
What might be some limiting factors 
on human population growth?

7. Which do you think is more likely to 
happen;  that the human population 
will be restricted by some natural 
limiting factors, or that humans 
will act to control the size of their 
population?  Defend your answer by 
giving reasons.
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Page 47
Students will now learn that a rate can decrease,but that a population 

can still increase.  It is very interesting to graph the rate of growth as well 
as do a population curve.

After examining population pyramids, teachers may wish to use an activity 
where students analyze pyramids. It can be downloaded as a pdf file at the 
following site: http://www.populationeducation.org/index.php?option=com_c
ontent&task=view&id=36&Itemid=4

Pages 47–51
You may wish to use the following data with students to help them 

understand the relationship the U..S. population has with the rest of the 
world:

You decide: which country is the most overpopulated in terms of 
resource consumption and creation of environmental damage?

  U.S.A. India
Production / consumption of goods & services 21%  1%

Use of world’s non-renewable resources 25%  3%

Creation of world’s trash and pollution 25%  3%

Percent of world’s population  5%    16% 

  ~270 million ~980 million

• Percentage of the world’s population comprised 
of Americans: 5%. Percentage of the world’s 
resources consumed by Americans: 30%

[Denis Hayes, “Eco-Nomic Power,” Seattle Weekly, 
November 10, 1993, p. 15.] 

• The amount of energy used by one American is 
equivalent to that used by:

o 3 Japanese

o 6 Mexicans

o 14 Chinese

o 38 Indians

o 168 Bangladeshi

o 531 Ethiopians

[Sandy Bauers.]

• A person in the U.S. causes 100 times more 
damage to the global environment than a 
person in a poor country.

[Dianne Dumanoski, “The People Problem,” 
The Boston Globe, February 5,1990, citing 
Paul Ehrlich.]

• Percentage of fossil fuel used annually that is 

consumed by the U.S.: 25%

[Peter A. A. Berle, “Beyond Rio: The Real 
Challenge,” Audubon, September-October 
1992, p. 6.]

• Percentage of all

• Since 1940 Americans alone have used up as 
large a share of the earth’s mineral resources 
as all previous generations put together.

[Alan Thein Durning, How Much Is Enough?, p. 
38]

 In the last 200 years the United States has lost:

o 50% of its wetlands

o 90% of its northwestern old-growth 
forests

o 99% of its tallgrass prairie and up to 490 
species of native plants and animals with 
another 9,000 now at risk.

[The 1993 Information Please Environmental 
Almanac, compiled by World Resources 
Institute (Boston & New York: Houghton 
Mifflin, 1993), p. 159.]

• Minerals due to run out in 50 years: copper, lead, 

http://www.populationeducation.org/index.php?option=com_content&task=view&id=36&Itemid=4
http://www.populationeducation.org/index.php?option=com_content&task=view&id=36&Itemid=4
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This might put the question in perspective:

Diet Snapple 16 oz $1.29 ....$10.32 per gallon

Lipton Ice Tea 16 oz $1.19 ...$9.52 per gallon

Gatorade 20 oz $1.59 ........$10.17 per gallon

Ocean Spray 16 oz $1.25 .....$10 .00 per gallon

Brake Fluid 12 oz $3.15 ......$33.60 per gallon

Vick’s Nyquil 6 oz $8.35 ......$178.13 per gallon

Pepto Bismol 4 oz $3.85 .....$123.20 per gallon

Whiteout 7 oz $1.39 ..........$25.42 per gallon

Scope 1.5 oz $0.99 ............$84.48 per gallon

and this is the REAL KICKER......

Evian water 9 oz for $1.49  ..$21.19 per gallon

$21.19 FOR WATER! ....and the buyers don’t even 
know the source.

So, the next time you’re at the pump, be 
glad your car doesn’t run on Scope, or Whiteout, 
or Heaven forbid, PEPTO BISMOL or NYQUIL!!!!

It is easy to continually blame someone else 
for the world’s population problems.  It needs 
to be pointed out that the U.S. is the third most 
populated nation in the world, and that is first in 
the use of resources.  Therefore, the U.S. impact 
on the environment is the most destructive.  
Emphasis also needs to be put on what students 
can do, so that they feel empowered, not 
helpless.

mercury, nickel, tin and zinc.

[The World Resources Institute, World Resources 1992-1993 (New York: 
Oxford University Press, 1992), pp. 320-21]

• Portion of U.S. water pumped annually from the groundwater supply that 
is not renewable: one-fifth

[Sandra Postel, “Increasing Water Efficiency,” Lester R. Brown et al, State 
of thc World 1986 (New York: W.W. Norton, 1986), p. 59.]

• Amount of rural land in the United States turned over to development every 
day: 9 square miles

[Alan Thein Durning, How Much Is Enough?, p. 148]

• Number of acres we blacktop each year: 1.3 million acres (equal to the 
state of Delaware)

[David Pimentel, panelist, “United States Carrying Capacity Overview,” 
Carrying Capacity Network conference, Washington, D.C., 1993.]

• Number of acres of cropland we lose to erosion each year: 1 million 

[Ibid]

• Per capita American consumption of soft drinks in 1989: 186 quarts
Per capita American consumption of tap water in 1989: 149 quarts

[Alan Durning, “Asking How Much Is Enough,” State of the World 1991, 
p. 160 ]

• Total energy consumed in producing a 12-ounce can of diet soda: 2,200 
Calories. Total food energy in a 12-ounce can of diet soda: 1 Calorie

[David Pimentel.]

• Within the lifetime of a child born today, virtually all of Earth’s petroleum 
will be burned, and Earth’s fuel tank will be empty.

[Gerald O. Barney, Global 2000 Revisited (Arlington, VA, Millenium 
Institute, 1993), p.31.]

You Think a Gallon Of Gas Is Expensive?
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Chapter 5. The Environmental 
Impact of Populations

Page 52
China’s population policy is in flux.   Teachers will probably have to check 

for the most recent changes to provide for accurate information on China. A 
good source for updates on information is the Population Reference Bureau  
http://www.prb.org/

China attended the International Conference on Population and 
Development (ICPD) in 1994 and is a party to its Program of Action. Prior to the 
ICPD, the Government announced its intention to move from an administrative 
family planning approach to a reproductive health/family planning service-
oriented approach, focused on the needs of clients. This new orientation was 
reflected in the Guidelines on Family Planning Work in China, 1995-2000. 
China is also a party to the Platform for Action of the Fourth World Conference 
on Women, held in Beijing in 1995, and has formulated a Chinese National 
Platform for Action.

Pages 54-55
India is also a nation where population is growing rapidly, and numbers 

must be updated.  The continual natural disasters in India are often a result 
of misuse of the land by populations.  The conditions in its cities are a good 
topic for a report by students, and some of them might be interested in 
investigating the work of Mother Theresa and her nuns.

Pages 57-58
Some students may be sensitive about what 

they do or do not eat, and may not be truthful.  
They have a great deal of difficulty in estimating 
amounts of food consumed, and may need a great 
deal of help in measurement.  There is a program 
put out by esha research called the Food Processor 
which will help with food analysis by students.  
The web site address is:    http://www.esha.
com/foodprosql

Pages 61-62
Students can obtain pictures of their local 

area from many years ago and from the present 
day, and compare the resources available.  
Sometimes resources may have increased, rather 
than decreased.  A discussion can ensue regarding 
the renewable and non-renewable resources of 
the region.

Pages 64–66
The population of a local area can be 

analyzed in the same way.  How was it 100 years 

ago as compared to today?  What are some of the results 
of increased population on the student’s living area?  Was 
there migration, or immigration?  Was there conflict?  
Are there increases in pollution?  (In some cases, where 
waterways have been cleaned up, there are decreases 
in pollution.)What happens to solid waste in your town?  
Where does the sewage go?  Students could benefit greatly 
from a field trip to the solid waste disposal facility or to 
the sewage disposal plant.

Pages 67–71
Wealth is hard to define.  GNP is often used, but as 

you can see, it is not infallible as an indicator of wealth.  
What can be compared is what currency will buy for a 
comparable standard of living.  Some people have used 
a Mc Donald’s meal as an indicator for comparison, but 
this can also be misinterpreted.  (See   http://www.
oanda.com/products/bigmac/bigmac.shtml for this 
comparison)

Some say economic growth is a sign of wealth and 
a healthy economy for all.  However, the earth is finite 
and growth is infinite.  There has to be a point where 
growth slows.  No one knows what will happen under 
those conditions. 

http://www.esha.com/foodprosql
http://www.esha.com/foodprosql
http://www.oanda.com/products/bigmac/bigmac.shtml
http://www.oanda.com/products/bigmac/bigmac.shtml
http://www.prb.org/
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Chapter 6. One Child
Pages 72–74

include a story that attempts to show what it may have been like to live 
in China under its very restrictive population policy.

Pages 74–75
contain an explanation for such a policy in China.  It is necessary that 

students examine this topic from all sides since they are very likely to encounter 
the problems presented in this chapter at some time in their lives.

Pages 76–79 
It is also important that students be informed regarding the position taken 

by the government of the United States, and by the United Nations under these 
controversial conditions.  They need to know the results of China’s policies 
and decide whether the results justified the methods used.

Pages 80–81
Here students get to see what India has been doing about its population 

problems, and to decide whether or not they have worked.

Chapter 7. Can We Limit 
Human Population Growth?

  This is a very controversial chapter, but a very crucial one. 

Page 83
Students should have realized that the 

earth is finite, and that populations cannot 
continue to expand at the present rate without 
major political and social disruptions.  They 
should be able to list reasons why it is important 
to limit population growth.  However, they 
should also realize that there are no easy 
solutions.

Pages 84–89
Students examine religious and cultural 

stands on population control.  Students need to 
know that there is no method of birth control 
that works 100 per cent of the time other than 
total abstinence.  They also need to know that 
there are better solutions than abortion, and 

that the education of women leads to better methods 
of controlling population.

You may decide that you wish to use the 
following information for discussion and debate in 
your classes:

Many different human groups from different 
cultures and religions cannot agree on acceptable 
methods of limiting populations, both at the time of 
birth, and the time of death. We know that limiting 
population growth requires that the birth rate be 
lower than the death rate. Thus, the debate among 
humans is centered on the discussion of when life 
begins and whether or not a human embryo is a 
human being, as well as when life should end. It also 
centers on what methods are acceptable to prevent 
conception.  Let us begin with what we know about 
human reproduction and development of human 
embryos.
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♦  12 days or so after conception: The blastocyst 
has fully attached itself to endometrium This is 
the event that physicians and most (or all) Pro-
Choice groups define as the start of pregnancy. 
If instructions are followed exactly, a home-
pregnancy test may reliably detect pregnancy 
at this point, or shortly thereafter.

♦  2 weeks: It is now called an embryo. It is a very 
small piece of undifferentiated tissue.

♦  3 weeks: The embryo is now about 1/12" long, 
the size of a pencil point. It most closely 
resembles a worm - long and thin and with a 
segmented end. Its heart begins to beat about 
18 to 21 days after conception. By this time, 
the woman’s period would have been missed; 
she might suspect that she is pregnant and 
conduct a pregnancy test. If it is an unwanted 
pregnancy, she might have arranged and 
carried through with a deliberate termination 
of pregnancy by this time.

♦  4 weeks: The embryo is now about 1/5" long. It 
looks something like a tadpole. The structure 
that will develop into a head is visible, as is 
a noticeable tail. The embryo has structures 
like the gills of a fish in the area that will later 
develop into a throat.

♦  5 weeks: Tiny arm and leg buds have formed. 
Hands with webs between the fingers have 
formed at the end of the arm buds. Fingerprints 
are detectable. The face“has a distinctly 
reptilian aspect.” 1 

♦  6 weeks: The embryo is about 1/2" long. The 
face has two eyes on the side of its head; the 
front of the face has“connected slits where 
the mouth and nose eventually will be.” 

♦  7 weeks: The embryo has almost lost its 
tail.“The face is mammalian but somewhat 
pig-like.” 

♦  2 months: The embryo’s face resembles 
that of a primate but is not fully human in 
appearance. Some of the brain begins to form; 
this is the “reptilian brain” that will function 
throughout life. The embryo will respond to 
prodding, although it has no consciousness at 
this stage of development.

♦  10 weeks: The embryo is now called a fetus. 
Its face looks human; its gender may be 
detectable.

The process leading up to the birth of a newborn baby can be divided 
into many steps:

♦  About 1 month before conception: An adult male produces thousands of 
spermatozoa (male germ cells) each second. It would take about 500 of 
them lined up in a row to total 1 inch in length. They take a month or so 
to travel through a long tube called the “vas deferens” and are stored in 
a small reservoir inside the man’s prostate gland, where semen (a mixture 
of spermatozoa and fluids) is formed.

♦  Perhaps one day before conception: The woman ovulates and produces one 
ovum (egg cell) that travels down one of her fallopian tubes. It is about 
1/100" in diameter, and is barely visible to the eye.

♦  at conception: One very lucky sperm out of hundreds of millions will 
penetrate the outside layer of the ovum and fertilize it. The surface of 
the ovum changes its electrical characteristics and prevents additional 
sperm from entering the ovum. A genetically unique entity is formed 
shortly thereafter, called a zygote. Half of its 46 chromosomes come from 
the egg and the other half from the sperm. It has a unique DNA structure. 
This is the point that most, or all, Pro-Life groups define as the start of 
pregnancy. They also define this as the transition from life (in the form of 
an ovum and sperm) to human life as a person.

♦  5 days or so after conception: The fertilized ovum, called a blastocyst, has 
traveled down the fallopian tubes and has started to attach itself to the 
endometrial, the wall of the womb.
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Pages 90-91
Students look at the effects of the 

emancipation of women on population growth.  
A full investigation and discussion of the rights 
of women in many nations can be facilitated at 
this point.  A great deal of information can be 
obtained on this issue at: http://www.un.org/
events/wssd/statements/unfpaE.htm

Page 92 
takes a look at pyramids again to remind 

students that the age of the population has a 
definite influence on future demographics. 

♦  3 months: The fetus is about 3 inches long and weighs about an ounce. 
Nails and bones can be seen. Over 90% of deliberate terminations of 
pregnancies are performed before this stage.

♦  4 months: 8" long and weighing a half pound, the fetus’ movements may 
be felt. Its heartbeat can usually be detected.

♦  5 months: 12" long and weighing about a pound, the fetus’ has hair on its 
head. Its movements can be felt. A deliberate termination of pregnancy 
is usually unavailable at this gestational age because of medical society 
regulations, except under very unusual circumstances. Halfway through 
this month, the fetus’ lungs may be developed to the point where it has 
a chance to live on its own.

♦  6 months: 14" long and almost two pounds. The lungs’ bronchioles develop. 
Interlinking of the brain’s neurons begins. Some rudimentary brain waves 
can be detected. State laws generally outlaw deliberate termination of 
pregnancy at this stage, except under very unusual circumstances.

♦  7 months: 16" long and weighing about three pounds. Regular brain waves 
are detectable which are similar to those in adults.

♦  8 months: 18" long and weighing about 5 pounds

♦  9 months: 20" long and with an average weight of 7 pounds, the fetus’ 
is born about this time.

 http://www.religioustolerance.org/abo_fetu.htm

The video Life Before Birth or the web site http://www.justthefacts.
org/flash.asp also show the above steps pictorially.

 There are excellent videos available at minimal cost which show what 
is being done to control human population.  You can find the resources 
available in your area by going to http://www.google.com and putting in 
human population videos as your search words.

http://www.un.org/events/wssd/statements/unfpaE.htm
http://www.un.org/events/wssd/statements/unfpaE.htm
http://www.religioustolerance.org/abo_fetu.htm
http://www.justthefacts.org/flash.asp
http://www.justthefacts.org/flash.asp
http://www.google.com
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The Tragedy of the Commons
Garrett Hardin (1968)

Chapter 8. Choosing a World
This chapter  ends the book on a positive note; making the point that we all 

can choose the kind of world we want to live in by making decisions now about 
our world.  

Pages 94 - 96
In the story Tres Amigos, a student can read about the difficult decisions being 

made by people in other countries about how they live their lives.  Students can look 
for other stories and other examples of difficult choices.  Perhaps their ancestors 
had to make such a difficult choice when they chose to migrate to this country. 

Page 96
If time allows, every student, or at least every teacher, should read the Tragedy 

of the Commons as a basis for discussion.  It is reprinted below, from

http://dieoff.org/page95.htm or 

http://www.constitution.org/cmt/tragcomm.htm

Footnote references may be found at those websites also.

The Tragedy of the Commons, Garrett Hardin, Science, 162(1968): 1243-1248.

At the end of a thoughtful article on 
the future of nuclear war, J.B. Wiesner and 
H.F. York concluded that: “Both sides in the 
arms race are…confronted by the dilemma of 
steadily increasing military power and steadily 
decreasing national security. It is our considered 
professional judgment that this dilemma has no 
technical solution. If the great powers continue 
to look for solutions in the area of science and 
technology only, the result will be to worsen the 
situation.’’1

I would like to focus your attention not on 
the subject of the article (national security in 
a nuclear world) but on the kind of conclusion 
they reached, namely that there is no technical 
solution to the problem. An implicit and almost 
universal assumption of discussions published in 
professional and semi popular scientific journals is 
that the problem under discussion has a technical 
solution. A technical solution may be defined as 
one that requires a change only in the techniques 
of the natural sciences, demanding little or 
nothing in the way of change in human values or 
ideas of morality.

In our day (though not in earlier times) 
technical solutions are always welcome. Because 
of previous failures in prophecy, it takes courage 
to assert that a desired technical solution is not 
possible. Wiesner and York exhibited this courage; 
publishing in a science journal, they insisted 
that the solution to the problem was not to be 
found in the natural sciences. They cautiously 
qualified their statement with the phrase, “It 
is our considered professional judgment....” 
Whether they were right or not is not the concern 
of the present article. Rather, the concern here 
is with the important concept of a class of human 
problems which can be called “no technical 
solution problems,” and more specifically, 
with the identification and discussion of one of 
these.

It is easy to show that the class is not a null 
class. Recall the game of tick-tack-toe. Consider 
the problem, “How can I win the game of tick-
tack-toe?” It is well known that I cannot, if I 
assume (in keeping with the conventions of game 
theory) that my opponent understands the game 
perfectly. Put another way, there is no “technical 

http://dieoff.org/page95.htm
http://www.constitution.org/cmt/tragcomm.htm
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A finite world can support only a finite 
population; therefore, population growth must 
eventually equal zero. (The case of perpetual 
wide fluctuations above and below zero is a 
trivial variant that need not be discussed.) When 
this condition is met, what will be the situation 
of mankind? Specifically, can Bentham’s goal of 
“the greatest good for the greatest number” be 
realized?

No — for two reasons, each sufficient by 
itself. The first is a theoretical one. It is not 
mathematically possible to maximize for two (or 
more) variables at the same time. This was clearly 
stated by von Neumann and Morgenstern,3 but 
the principle is implicit in the theory of partial 
differential equations, dating back at least to 
D’Alembert (1717-1783).

The second reason springs directly from 
biological facts. To live, any organism must have a 
source of energy (for example, food). This energy 
is utilized for two purposes: mere maintenance 
and work. For man maintenance of life requires 
about 1600 kilocalories a day (“maintenance 
calories”). Anything that he does over and above 

merely staying alive will be defined as work, and 
is supported by “work calories” which he takes in. 
Work calories are used not only for what we call 
work in common speech; they are also required 
for all forms of enjoyment, from swimming and 
automobile racing to playing music and writing 
poetry. If our goal is to maximize population it 
is obvious what we must do: We must make the 
work calories per person approach as close to zero 
as possible. No gourmet meals, no vacations, no 
sports, no music, no literature, no art…I think that 
everyone will grant, without argument or proof, 
that maximizing population does not maximize 
goods. Bentham’s goal is impossible.

In reaching this conclusion I have made 
the usual assumption that it is the acquisition 
of energy that is the problem. The appearance 
of atomic energy has led some to question this 
assumption. However, given an infinite source 
of energy, population growth still produces 
an inescapable problem. The problem of the 
acquisition of energy is replaced by the problem 
of its dissipation, as J. H. Fremlin has so wittily 

solution” to the problem. I can win only by giving a radical meaning to the 
word “win.” I can hit my opponent over the head; or I can falsify the records. 
Every way in which I “win” involves, in some sense, an abandonment of the 
game, as we intuitively understand it. (I can also, of course, openly abandon 
the game — refuse to play it. This is what most adults do.)

The class of “no technical solution problems” has members. My thesis 
is that the “population problem,” as conventionally conceived, is a member 
of this class. How it is conventionally conceived needs some comment. It is 
fair to say that most people who anguish over the population problem are 
trying to find a way to avoid the evils of overpopulation without relinquishing 
any of the privileges they now enjoy. They think that farming the seas or 
developing new strains of wheat will solve the problem — technologically. I 
try to show here that the solution they seek cannot be found. The population 
problem cannot be solved in a technical way, any more than can the problem 
of winning the game of tick-tack-toe.

What Shall We Maximize?
Population, as Malthus said, naturally tends to grow “geometrically,” 

or, as we would now say, exponentially. In a finite world this means that the 
per-capita share of the world’s goods must decrease. Is ours a finite world?

A fair defense can be put forward for the view that the world is infinite 
or that we do not know that it is not. But, in terms of the practical problems 
that we must face in the next few generations with the foreseeable technology, 
it is clear that we will greatly increase human misery if we do not, during the 
immediate future, assume that the world available to the terrestrial human 
population is finite. “Space” is no escape.2
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Has any cultural group solved this practical 
problem at the present time, even on an intuitive 
level? One simple fact proves that none has: there 
is no prosperous population in the world today 
that has, and has had for some time, a growth rate 
of zero. Any people that have intuitively identified 
its optimum point will soon reach it, after which 
its growth rate becomes and remains zero.

Of course, a positive growth rate might be 
taken as evidence that a population is below its 
optimum. However, by any reasonable standards, 
the most rapidly growing populations on earth 
today are (in general) the most miserable. This 
association (which need not be invariable) casts 
doubt on the optimistic assumption that the 
positive growth rate of a population is evidence 
that it has yet to reach its optimum.

We can make little progress in working 
toward optimum population size until we explicitly 
exorcise the spirit of Adam Smith in the field of 
practical demography. In economic affairs,

The Wealth of Nations (1776) popularized 
the “invisible hand,” the idea that an individual 
who “intends only his own gain,” is, as it were, 
“led by an invisible hand to promote…the public 
interest.” 5 Adam Smith did not assert that this 

was invariably true, and perhaps neither did any 
of his followers. But he contributed to a dominant 
tendency of thought that has ever since interfered 
with positive action based on rational analysis, 
namely, the tendency to assume that decisions 
reached individually will, in fact, be the best 
decisions for an entire society. If this assumption is 
correct it justifies the continuance of our present 
policy of laissez faire in reproduction. If it is 
correct we can assume that men will control their 
individual fecundity so as to produce the optimum 
population. If the assumption is not correct, we 
need to reexamine our individual freedoms to see 
which ones are defensible.

Tragedy of Freedom in a 
Commons
The rebuttal to the invisible hand in 

population control is to be found in a scenario 
first sketched in a little-known Pamphlet in 
1833 by a mathematical amateur named William 
Forster Lloyd (1794-1852).6 We may well call it 
“the tragedy of the commons,” using the word 
“tragedy” as the philosopher Whitehead used 
it7: “The essence of dramatic tragedy is not 

shown.4 The arithmetic signs in the analysis are, as it were, reversed; but 
Bentham’s goal is unobtainable.

The optimum population is, then, less than the maximum. The difficulty 
of defining the optimum is enormous; so far as I know, no one has seriously 
tackled this problem. Reaching an acceptable and stable solution will surely 
require more than one generation of hard analytical work — and much 
persuasion.

We want the maximum good per person; but what is good? To one 
person it is wilderness; to another it is ski lodges for thousands. To one it is 
estuaries to nourish ducks for hunters to shoot; to another it is factory land. 
Comparing one good with another is, we usually say, impossible because goods 
are incommensurable. Incommensurables cannot be compared.

Theoretically this may be true; but in real life incommensurablesare 
commensurable. Only a criterion of judgment and a system of weighting are 
needed. In nature the criterion is survival. Is it better for a species to be small 
and hideable, or large and powerful? Natural selection commensurates the 
incommensurables. The compromise achieved depends on a natural weighting 
of the values of the variables.

Man must imitate this process. There is no doubt that in fact he already 
does, but unconsciously. It is when the hidden decisions are made explicit 
that the arguments begin. The problem for the years ahead is to work out an 
acceptable theory of weighting. Synergistic effects, nonlinear variation, and 
difficulties in discounting the future make the intellectual problem difficult, 
but not (in principle) insoluble.
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Adding together the component partial 
utilities, the rational herdsman concludes that 
the only sensible course for him to pursue is to 
add another animal to his herd. And another.... 
But this is the conclusion reached by each and 
every rational herdsman sharing a commons. 
Therein is the tragedy. Each man is locked into 
a system that compels him to increase his herd 
without limit — in a world that is limited. Ruin is 
the destination toward which all men rush, each 
pursuing his own best interest in a society that 
believes in the freedom of the commons. Freedom 
in a commons brings ruin to all.

Some would say that this is a platitude. Would 
that it were! In a sense, it was learned thousands 
of years ago, but natural selection favors the 
forces of psychological denial.8 The individual 
benefits as an individual from his ability to deny 
the truth even though society as a whole, of which 
he is a part, suffers. Education can counteract 
the natural tendency to do the wrong thing, but 
the inexorable succession of generations requires 
that the basis for this knowledge be constantly 
refreshed.

A simple incident that occurred a few years 
ago in Leominster, Massachusetts shows how 
perishable the knowledge is. During the Christmas 
shopping season the parking meters downtown 
were covered with plastic bags that bore tags 
reading: “Do not open until after Christmas. Free 
parking courtesy of the mayor and city council.” In 
other words, facing the prospect of an increased 
demand for already scarce space, the city 
fathers reinstituted the system of the commons. 
(Cynically, we suspect that they gained more votes 
than they lost by this retrogressive act.)

In an approximate way, the logic of the 
commons has been understood for a long time, 
perhaps since the discovery of agriculture or 
the invention of private property in real estate. 
But it is understood mostly only in special cases 
which are not sufficiently generalized. Even at 
this late date, cattlemen leasing national land 
on the Western ranges demonstrate no more 
than an ambivalent understanding, in constantly 
pressuring federal authorities to increase the head 
count to the point where overgrazing produces 
erosion and weed-dominance. Likewise, the 

unhappiness. It resides in the solemnity of the remorseless working of things.” 
He then goes on to say, “This inevitableness of destiny can only be illustrated 
in terms of human life by incidents which in fact involve unhappiness. For it is 
only by them that the futility of escape can be made evident in the drama.”

The tragedy of the commons develops in this way. Picture a pasture 
open to all. It is to be expected that each herdsman will try to keep as many 
cattle as possible on the commons. Such an arrangement may work reasonably 
satisfactorily for centuries because tribal wars, poaching, and disease keep 
the numbers of both man and beast well below the carrying capacity of the 
land. Finally, however, comes the day of reckoning, that is, the day when 
the long-desired goal of social stability becomes a reality. At this point, the 
inherent logic of the commons remorselessly generates tragedy.

As a rational being, each herdsman seeks to maximize his gain. Explicitly 
or implicitly, more or less consciously, he asks, “What is the utility to me of 
adding one more animal to my herd?” This utility has one negative and one 
positive component.

1. The positive component is a function of the increment of one animal. Since 
the herdsman receives all the proceeds from the sale of the additional 
animal, the positive utility is nearly + 1.

2. The negative component is a function of the additional overgrazing created 
by one more animal. Since, however, the effects of overgrazing are shared 
by all the herdsmen, the negative utility for any particular decision-making 
herdsman is only a fraction of - 1.
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and unpleasant advertising signs into the line of 
sight. The calculations of utility are much the 
same as before. The rational man finds that his 
share of the cost of the wastes he discharges into 
the commons is less than the cost of purifying his 
wastes before releasing them. Since this is true 
for everyone, we are locked into a system of 
“fouling our own nest,” so long as we behave only 
as independent, rational, free enterprisers.

The tragedy of the commons as a food basket 
is averted by private property, or something 
formally like it. But the air and waters surrounding 
us cannot readily be fenced, and so the tragedy 
of the commons as a cesspool must be prevented 
by different means, by coercive laws or taxing 
devices that make it cheaper for the polluter 
to treat his pollutants than to discharge them 
untreated. We have not progressed as far with 
the solution of this problem as we have with the 
first. Indeed, our particular concept of private 
property, which deters us from exhausting the 
positive resources of the earth, favors pollution. 
The owner of a factory on the bank of a stream 
— whose property extends to the middle of the 
stream — often has difficulty seeing why it is not 
his natural right to muddy the waters flowing 

past his door. The law, always behind the times, 
requires elaborate stitching and fitting to adapt it 
to this newly perceived aspect of the commons.

The pollution problem is a consequence of 
population. It did not much matter how a lonely 
American frontiersman disposed of his waste. 
“Flowing water purifies itself every ten miles,” 
my grandfather used to say, and the myth was 
near enough to the truth when he was a boy, 
for there were not too many people. But as 
population became denser, the natural chemical 
and biological recycling processes became 
overloaded, calling for a redefinition of property 
rights.

How to Legislate 
Temperance?
Analysis of the pollution problem as a 

function of population density uncovers a not 
generally recognized principle of morality, 
namely:

the morality of an act is a function of the 
state of the system at the time it is performed.10 
Using the commons as a cesspool does not harm 
the general public under frontier conditions, 

oceans of the world continue to suffer from the survival of the philosophy of 
the commons. Maritime nations still respond automatically to the shibboleth 
of the “freedom of the seas.” Professing to believe in the “inexhaustible 
resources of the oceans,” they bring species after species of fish and whales 
closer to extinction.9

The National Parks present another instance of the working out of the 
tragedy of the commons. At present, they are open to all, without limit. The 
parks themselves are limited in extent — there is only one Yosemite Valley 
— whereas population seems to grow without limit. The values that visitors 
seek in the parks are steadily eroded. Plainly, we must soon cease to treat 
the parks as commons or they will be of no value to anyone.

What shall we do? We have several options. We might sell them off as 
private property. We might keep them as public property, but allocate the 
right to enter them. The allocation might be on the basis of wealth, by the 
use of an auction system. It might be on the basis of merit, as defined by 
some agreed upon standards. It might be by lottery. Or it might be on a first-
come, first-served basis, administered to long queues. These, I think, are all 
objectionable. But we must choose — or acquiesce in the destruction of the 
commons that we call our National Parks.

Pollution
In a reverse way, the tragedy of the commons reappears in problems of 

pollution. Here it is not a question of taking something out of the commons, 
but of putting something in — sewage, or chemical, radioactive, and heat 
wastes into water; noxious and dangerous fumes into the air; and distracting 
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delegate the details to bureaus. The 
result is administrative law, which is 
rightly feared for an ancient reason —

Quis custodies ipsos custodes? 
—Who shall watch the watchers 
themselves? John Adams said that we 
must have a “government of laws and 
not men.” Bureau administrators, trying 
to evaluate the morality of acts in the 
total system, are singularly liable to 
corruption, producing a government by 
men, not laws.

Prohibition is easy to legislate 
(though not necessarily to enforce); 
but how do we legislate temperance? 
Experience indicates that it can 
be accomplished best through the 
mediation of administrative law. We limit 
possibilities unnecessarily if we suppose 
that the sentiment of Quis custodiet 
denies us the use of administrative law. 
We should rather retain the phrase as a 
perpetual reminder of fearful dangers 
we cannot avoid. The great challenge 
facing us now is to invent the corrective 
feedbacks that are needed to keep 

custodians honest. We must find ways to legitimate the 
needed authority of both the custodians and the corrective 
feedbacks.

Freedom to Breed Is Intolerable
The tragedy of the commons is involved in population 

problems in another way. In a world governed solely by the 
principle of “dog eat dog” —if indeed there ever was such 
a world—how many children a family had would not be a 
matter of public concern. Parents who bred too exuberantly 
would leave fewer descendants, not more, because they 
would be unable to care adequately for their children. David 
Lack and others have found that such a negative feedback 
demonstrably controls the fecundity of birds.11 But men are 
not birds, and have not acted like them for millenniums, 
at least.

If each human family were dependent only on its own 
resources; if the children of improvident parents starved to 
death; if thus, over breeding brought its own “punishment” 
to the germ line — then there would be no public interest in 
controlling the breeding of families. But our society is deeply 
committed to the welfare state,12 and hence is confronted 
with another aspect of the tragedy of the commons.

because there is no public; the same behavior in a metropolis is unbearable. 
A hundred and fifty years ago a plainsman could kill an American bison, cut 
out only the tongue for his dinner, and discard the rest of the animal. He was 
not in any important sense being wasteful. Today, with only a few thousand 
bison left, we would be appalled at such behavior.

In passing, it is worth noting that the morality of an act cannot be 
determined from a photograph. One does not know whether a man killing an 
elephant or setting fire to the grassland is harming others until one knows the 
total system in which his act appears. “One picture is worth a thousand words,” 
said an ancient Chinese; but it may take ten thousand words to validate it. It 
is as tempting to ecologists as it is to reformers in general to try to persuade 
others by way of the photographic shortcut. But the essence of an argument 
cannot be photographed: it must be presented rationally — in words.

That morality is system-sensitive escaped the attention of most codifiers 
of ethics in the past. “Thou shalt not…” is the form of traditional ethical 
directives, which make no allowance for particular circumstances. The laws of 
our society follow the pattern of ancient ethics, and therefore are poorly suited 
to governing a complex, crowded, changeable world. Our epicyclic solution 
is to augment statutory law with administrative law. Since it is practically 
impossible to spell out all the conditions under which it is safe to burn trash 
in the back yard or to run an automobile without smog control, by law we 
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It is a mistake to think that we can control 
the breeding of mankind in the long run by an 
appeal to conscience. Charles Galton Darwin 
made this point when he spoke on the centennial 
of the publication of his grandfather’s great book. 
The argument is straightforward and Darwinian.

People vary. Confronted with appeals to limit 
breeding, some people will undoubtedly respond 
to the plea more than others. Those who have 
more children will produce a larger fraction of the 
next generation than those with more susceptible 
consciences. The differences will be accentuated, 
generation-by-generation.

In C. G. Darwin’s words: “It may well be 
that it would take hundreds of generations for 
the progenitive instinct to develop in this way, 
but if it should do so, nature would have taken 
her revenge, and the variety Homo contracipiens 
would become extinct and would be replaced by 
the variety Homo progenitivus.16

The argument assumes that conscience 
or the desire for children (no matter which) is 
hereditary-but hereditary only in the most general 

formal sense. The result will be the same whether 
the attitude is transmitted through germ cells, 
or exosomatically, to use A. J. Lotka’s term. (If 
one denies the latter possibility as well as the 
former, then what’s the point of education?) The 
argument has here been stated in the context of 
the population problem, but it applies equally 
well to any instance in which society appeals to 
an individual exploiting a commons to restrain 
himself for the general good — by means of his 
conscience. To make such an appeal is to set 
up a selective system that works toward the 
elimination of conscience from the race.

Pathogenic Effects of 
Conscience
The long-term disadvantage of an appeal to 

conscience should be enough to condemn it; but 
it has serious short-term disadvantages as well. 
If we ask a man who is exploiting a commons to 
desist “in the name of conscience,” what are we 
saying to him? What does he hear? — not only at 
the moment but also in the wee small hours of 
the night when, half asleep, he remembers not 

In a welfare state, how shall we deal with the family, the religion, the 
race, or the class (or indeed any distinguishable and cohesive group) that 
adopts over breeding as a policy to secure its own aggrandizement?13 To 
couple the concept of freedom to breed with the belief that everyone born 
has an equal right to the commons is to lock the world into a tragic course 
of action.

Unfortunately this is just the course of action that is being pursued by 
the United Nations. In late 1967, some thirty nations agreed to the following: 
“The Universal Declaration of Human Rights describes the family as the natural 
and fundamental unit of society. It follows that any choice and decision with 
regard to the size of the family must irrevocably rest with the family itself, 
and cannot be made by anyone else.’’14

It is painful to have to deny categorically the validity of this right; 
denying it, one feels as uncomfortable as a resident of Salem, Massachusetts, 
who denied the reality of witches in the seventeenth century. At the present 
time, in liberal quarters, something like a taboo acts to inhibit criticism of 
the United Nations. There is a feeling that the United Nations is “our last 
and best hope,” that we shouldn’t find fault with it; we shouldn’t play into 
the hands of the archconservatives. However, let us not forget what Robert 
Louis Stevenson said: “The truth that is suppressed by friends is the readiest 
weapon of the enemy.” If we love the truth we must openly deny the validity 
of the Universal Declaration of Human Rights, even though it is promoted by 
the United Nations. We should also join with Kingsley Davis15 in attempting 
to get Planned Parenthood-World Population to see the error of its ways in 
embracing the same tragic ideal.

Conscience Is Self-Eliminating
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Paul Goodman speaks from the modern point 
of view when he says: “No good has ever come 
from feeling guilty, neither intelligence, policy, 
nor compassion. The guilty do not pay attention to 
the object but only to themselves, and not even 
to their own interests, which might make sense, 
but to their anxieties.’’18

One does not have to be a professional 
psychiatrist to see the consequences of anxiety. 
We in the Western world are just emerging from 
a dreadful two centuries-long Dark Ages of Eros 
that was sustained partly by prohibition laws, 
but perhaps more effectively by the anxiety-
generating mechanisms of education. Alex 
Comfort has told the story well in The Anxiety 
Makers;19 it is not a pretty one.

Since proof is difficult, we may even concede 
that the results of anxiety may sometimes, from 
certain points of view, be desirable. The larger 
question we should ask is whether, as a matter 
of policy, we should ever encourage the use of 
a technique the tendency (if not the intention) 

of which is psychologically pathogenic. We hear 
much talk these days of responsible parenthood; 
the coupled words are incorporated into the titles 
of some organizations devoted to birth control. 
Some people have proposed massive propaganda 
campaigns to instill responsibility into the nation’s 
(or the world’s) breeders. But what is the meaning 
of the word conscience? When we use the word 
responsibility in the absence of substantial 
sanctions are we not trying to browbeat a free 
man in a commons into acting against his own 
interest? Responsibility is a verbal counterfeit for 
a substantial quid pro quo. It is an attempt to get 
something for nothing.

If the word responsibility is to be used at all, 
I suggest that it be in the sense Charles Frankel 
uses it.20 “Responsibility,” says this philosopher, 
“is the product of definite social arrangements.” 
Notice that Frankel calls for social arrangements 
— not propaganda.

merely the words we used but also the nonverbal communication cues we 
gave him unawares? Sooner or later, consciously or subconsciously, he senses 
that he has received two communications, and that they are contradictory: 
1. (intended communication) “If you don’t do as we ask, we will openly 
condemn you for not acting like a responsible citizen”; 2. (the unintended 
communication) “If you

do behave as we ask, we will secretly condemn you for a simpleton 
who can be shamed into standing aside while the rest of us exploit the 
commons.”

Every man then is caught in what Bateson has called a “double bind.” 
Bateson and his co-workers have made a plausible case for viewing the double 
bind as an important causative factor in the genesis of schizophrenia.17 The 
double bind may not always be so damaging, but it always endangers the 
mental health of anyone to whom it is applied. “A bad conscience,” said 
Nietzsche, “is a kind of illness.”

To conjure up a conscience in others is tempting to anyone who wishes 
to extend his control beyond the legal limits. Leaders at the highest level 
succumb to this temptation. Has any president during the past generation 
failed to call on labor unions to moderate voluntarily their demands for 
higher wages, or to steel companies to honor voluntary guidelines on prices? 
I can recall none. The rhetoric used on such occasions is designed to produce 
feelings of guilt in noncooperators.

For centuries it was assumed without proof that guilt was a valuable, 
perhaps even an indispensable, ingredient of the civilized life. Now, in this 
post-Freudian world, we doubt it.
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To say that we mutually agree to coercion is 
not to say that we are required to enjoy it, or even 
to pretend we enjoy it. Who enjoys taxes? We all 
grumble about them. But we accept compulsory 
taxes because we recognize that voluntary taxes 
would favor the conscienceless. We institute and 
(grumblingly) support taxes and other coercive 
devices to escape the horror of the commons.

An alternative to the commons need not be 
perfectly just to be preferable. With real estate 
and other material goods, the alternative we 
have chosen is the institution of private property 
coupled with legal inheritance. Is this system 
perfectly just? As a genetically trained biologist 
I deny that it is. It seems to me that, if there 
are to be differences in individual inheritance, 
legal possession should be perfectly correlated 
with biological inheritance-that those who are 
biologically more fit to be the custodians of 
property and power should legally inherit more. 
But genetic recombination continually makes a 
mockery of the doctrine of “like father, like son” 
implicit in our laws of legal inheritance. An idiot 

can inherit millions, and a trust fund can keep 
his estate intact. We must admit that our legal 
system of private property plus inheritance is 
unjust — but we put up with it because we are 
not convinced, at the moment, that anyone has 
invented a better system. The alternative of 
the commons is too horrifying to contemplate. 
Injustice is preferable to total ruin.

It is one of the peculiarities of the warfare 
between reform and the status quo that it is 
thoughtlessly governed by a double standard. 
Whenever a reform measure is proposed it is 
often defeated when its opponents triumphantly 
discover a flaw in it. As Kingsley Davis has pointed 
out,21 worshipers of the status quo sometimes 
imply that no reform is possible without unanimous 
agreement, an implication contrary to historical 
fact. As nearly as I can make out, automatic 
rejection of proposed reforms is based on one of 
two unconscious assumptions: (1) that the status 
quo is perfect; or (2) that the choice we face is 
between reform and no action; if the proposed 

Mutual Coercion Mutually Agreed Upon
The social arrangements that produce responsibility are arrangements 

that create coercion, of some sort. Consider bank robbing. The man who takes 
money from a bank acts as if the bank were a commons. How do we prevent 
such action? Certainly not by trying to control his behavior solely by a verbal 
appeal to his sense of responsibility. Rather than rely on propaganda we follow 
Frankel’s lead and insist that a bank is not a commons; we seek the definite 
social arrangements that will keep it from becoming a commons. That we 
thereby infringe on the freedom of would-be robbers we neither deny nor 
regret.

The morality of bank robbing is particularly easy to understand because 
we accept complete prohibition of this activity. We are willing to say “Thou 
shalt not rob banks,” without providing for exceptions. But temperance also can 
be created by coercion. Taxing is a good coercive device. To keep downtown 
shoppers temperate in their use of parking space we introduce parking meters 
for short periods, and traffic fines for longer ones. We need not actually forbid 
a citizen to park as long as he wants to; we need merely make it increasingly 
expensive for him to do so. Not prohibition, but carefully biased options are 
what we offer him. A Madison Avenue man might call this persuasion; I prefer 
the greater candor of the word coercion.

Coercion is a dirty word to most liberals now, but it need not forever be 
so. As with the four-letter words, its dirtiness can be cleansed away by exposure 
to the light, by saying it over and over without apology or embarrassment. To 
many, the word coercion implies arbitrary decisions of distant and irresponsible 
bureaucrats; but this is not a necessary part of its meaning. The only kind 
of coercion I recommend is mutual coercion, mutually agreed upon by the 
majority of the people affected.
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In a still more embryonic state is our 
recognition of the evils of the commons in matters 
of pleasure. There is almost no restriction on the 
propagation of sound waves in the public medium. 
The shopping public is assaulted with mindless 
music, without its consent. Our government has 
paid out billions of dollars to create a supersonic 
transport which would disturb 50,000 people for 
every one person whisked from coast to coast 
3 hours faster. Advertisers muddy the airwaves 
of radio and television and pollute the view of 
travelers. We are a long way from outlawing the 
commons in matters of pleasure. Is this because 
our Puritan inheritance makes us view pleasure as 
something of a sin, and pain (that is, the pollution 
of advertising) as the sign of virtue?

Every new enclosure of the commons 
involves the infringement of somebody’s personal 
liberty. Infringements made in the distant past 
are accepted because no contemporary complains 
of a loss. It is the newly proposed infringements 
that we vigorously oppose; cries of “rights” and 
“freedom” fill the air. But what does “freedom” 
mean? When men mutually agreed to pass laws 
against robbing, mankind became more free, not 
less so. Individuals locked into the logic of the 

commons are free only to bring on universal ruin; 
once they see the necessity of mutual coercion, 
they become free to pursue other goals. I believe 
it was Hegel who said, “Freedom is the recognition 
of necessity.”

The most important aspect of necessity 
that we must now recognize, is the necessity 
of abandoning the commons in breeding. No 
technical solution can rescue us from the misery 
of overpopulation. Freedom to breed will bring 
ruin to all. At the moment, to avoid hard decisions 
many of us are tempted to propagandize for 
conscience and responsible parenthood. The 
temptation must be resisted, because an appeal 
to independently acting consciences selects for 
the disappearance of all conscience in the long 
run, and an increase in anxiety in the short.

The only way we can preserve and nurture 
other and more precious freedoms is by 
relinquishing the freedom to breed, and that very 
soon. “Freedom is the recognition of necessity” 
— and it is the role of education to reveal to all 
the necessity of abandoning the freedom to breed. 
Only so, can we put an end to this aspect of the 
tragedy of the commons.

reform is imperfect, we presumably should take no action at all, while we 
wait for a perfect proposal.

But we can never do nothing. That which we have done for thousands 
of years is also action. It also produces evils. Once we are aware that the 
status quo is action, we can then compare its discoverable advantages and 
disadvantages with the predicted advantages and disadvantages of the 
proposed reform, discounting as best we can for our lack of experience. 
On the basis of such a comparison, we can make a rational decision which 
will not involve the unworkable assumption that only perfect systems are 
tolerable.

Recognition of Necessity
Perhaps the simplest summary of this analysis of man’s population 

problems is this: the commons, if justifiable at all, is justifiable only under 
conditions of low-population density. As the human population has increased, 
the commons has had to be abandoned in one aspect after another.

First we abandoned the commons in food gathering, enclosing farm land 
and restricting pastures and hunting and fishing areas. These restrictions 
are still not complete throughout the world.

Somewhat later we saw that the commons as a place for waste disposal 
would also have to be abandoned. Restrictions on the disposal of domestic 
sewage are widely accepted in the Western world; we are still struggling 
to close the commons to pollution by automobiles, factories, insecticide 
sprayers, fertilizing operations, and atomic energy installations.
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(2) that, possessing this criterion of judgment, 
‘coercion can be mutually agreed upon,’ and 
that the application of coercion to effect 
a solution to problems will be effective in 
modern society; and

(3) that the administrative system, supported 
by the criterion of judgment and access to 
coercion, can and will protect the commons 
from further desecration.” [p. 55]

ERODING MYTH OF THE 
COMMON VALUE SYSTEM
“In America there existed, until very 

recently, a set of conditions which perhaps made 
the solution to Hardin’s subset possible; we 
lived with the myth that we were ‘one people, 
indivisible. . . .’ This myth postulated that we 
were the great ‘melting pot’ of the world wherein 
the diverse cultural ores of Europe were poured 
into the crucible of the frontier experience to 
produce a new alloy — an American civilization. 
This new civilization was presumably united by 
a common value system that was democratic, 
equalitarian, and existing under universally 
enforceable rules contained in the Constitution 
and the Bill of Rights.

“In the United States today, however, there 
is emerging a new set of behavior patterns which 
suggest that the myth is either dead or dying. 
Instead of believing and behaving in accordance 
with the myth, large sectors of the population are 
developing life-styles and value hierarchies that 
give contemporary Americans an appearance more 
closely analogous to the particularistic, primitive 
forms of ‘tribal’ organizations in geographic 
proximity than to that shining new alloy, the 
American civilization.” [p. 56]

“Looking at a more recent analysis of the 
sickness of the core city, Wallace F. Smith has 
argued that the productive model of the city is 
no longer viable for the purposes of economic 
analysis. Instead, he develops a model of the city 
as a site for leisure consumption, and then seems 
to suggest that the nature of this model is such is 
such that the city cannot regain its health because 
the leisure demands are value-based and, hence 
do not admit to compromise and accommodation; 
consequently there is no way of deciding among 
these value- oriented demands that are being 
made on the core city.

THE TRAGEDY OF THE COMMON REVISITED
by Beryl Crowe (1969)

reprinted in MANAGING THE COMMONS

by Garrett Hardin and John Baden

W.H. Freeman, 1977; ISBN 0-7167-0476-5

“There has developed in the contemporary natural sciences a recognition 
that there is a subset of problems, such as population, atomic war, and 
environmental corruption, for which there are no technical solutions.

“There is also an increasing recognition among contemporary social 
scientists that there is a subset of problems, such as population, atomic war, 
environmental corruption, and the recovery of a livable urban environment, 
for which there are no current political solutions. The thesis of this article is 
that the common area shared by these two subsets contains most of the critical 
problems that threaten the very existence of contemporary man.” [p. 53]

ASSUMPTIONS NECESSARY TO AVOID THE 
TRAGEDY
“In passing the technically insoluble problems over to the political and 

social realm for solution, Hardin made three critical assumptions:

(1) that there exists, or can be developed, a ‘criterion of judgment and 
system of weighting . . .’ that will ‘render the incommensurables . . . 
commensurable . . . ‘ in real life;
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Vietnam, although we now realize that 
war is political and cannot be won by 
military means. It is apparent that the 
myth of the monopoly of coercive force 
as it was first qualified in the civil rights 
conflict in the South, then in our urban 
ghettos, next on the streets of Chicago, 
and now on our college campuses 
has lost its hold over the minds of 
Americans. The technology of guerrilla 
warfare has made it evident that, while 
the state can win battles, it cannot 
win wars of values. Coercive force 
which is centered in the modern state 
cannot be sustained in the face of the 
active resistance of some 10 percent 
of the population unless the state 
is willing to embark on a deliberate 
policy of genocide directed against 
the value dissident groups. The factor 
that sustained the myth of coercive 
force in the past was the acceptance 
of a common value system. Whether 
the latter exists is questionable in the 
modern nation-state.” [pp. 59-60]

EROSION OF THE MYTH OF 
ADMINISTRATORS OF THE 
COMMONS
“Indeed, the process has been so widely commented 

upon that one writer postulated a common life cycle for 
all of the attempts to develop regulatory policies. The 
life cycle is launched by an outcry so widespread and 
demanding that it generates enough political force to bring 
about establishment of a regulatory agency to insure the 
equitable, just, and rational distribution of the advantages 
among all holders of interest in the commons. This phase 
is followed by the symbolic reassurance of the offended 
as the agency goes into operation, developing a period of 
political quiescence among the great majority of those who 
hold a general but unorganized interest in the commons. 
Once this political quiescence has developed, the highly 
organized and specifically interested groups who wish to 
make incursions into the commons bring sufficient pressure 
to bear through other political processes to convert the 
agency to the protection and furthering of their interests. 
In the last phase even staffing of the regulating agency is 
accomplished by drawing the agency administrators from 
the ranks of the regulated.”

“In looking for the cause of the erosion of the myth of a common value 
system, it seems to me that so long as our perceptions and knowledge of other 
groups were formed largely through the written media of communication, 
the American myth that we were a giant melting pot of equalitarians could 
be sustained. In such a perceptual field it is tenable, if not obvious, that 
men are motivated by interests. Interests can always be compromised and 
accommodated without undermining our very being by sacrificing values. 
Under the impact of electronic media, however, this psychological distance 
has broken down and now we discover that these people with whom we could 
formerly compromise on interests are not, after all, really motivated by 
interests but by values. Their behavior in our very living room betrays a set 
of values, moreover, that are incompatible with our own, and consequently 
the compromises that we make are not those of contract but of culture. 
While the former are acceptable, any form of compromise on the latter is 
not a form of rational behavior but is rather a clear case of either apostasy 
or heresy. Thus we have arrived not at an age of accommodation but one of 
confrontation. In such an age ‘incommensurables’ remain ‘incommensurable’ 
in real life.” [p. 59]

EROSION OF THE MYTH OF THE 
MONOPOLY OF COERCIVE FORCE
“In the past, those who no longer subscribed to the values of the dominant 

culture were held in check by the myth that the state possessed a monopoly 
on coercive force. This myth has undergone continual erosion since the end 
of World War II owing to the success of the strategy of guerrilla warfare, as 
first revealed to the French in Indochina, and later conclusively demonstrated 
in Algeria. Suffering as we do from what Senator Fulbright has called ‘the 
arrogance of power,’ we have been extremely slow to learn the lesson in 
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Pages 98-99
Point out to students that we are a a critical time in history when 

the path we take will determine the future of the planet.  How can we 
make it a better world?

Page 100
In choosing a world, there are many heros  who took the more 

difficult road..  Below is the story of what one man decided to do about 
what was happening to the rain forests.  Chico Mendes gave his life in a 
cause he believed in.  The movie, The Burning Season, is about the life 
and sacrifice of Chico Mendes.

December 22nd , 1998 marked the tenth anniversary of the 
assassination of Amazon rubber tapper, union leader and environmentalist 
Chico Mendes. In honor of Chico Mendes life and work, on the occasion 
of the tenth anniversary of his death, the Environmental Defense Fund 
(EDF) has launched the Chico Mendes Sustainable Forest Campaign, in 
partnership with the National Council of Rubber Tappers of Brazil. The 
campaign promotes the creation of new “extractive reserves”, Chico’s 
concept of reserves managed by forest peoples.

 “If a messenger from the sky came down and guaranteed that 
my death would strengthen our struggle, it would be worth it. 
But experience teaches us the contrary. It’s not with big funerals 
and motions of support that we’re going to save the Amazon. I 
want to live.”

— Chico Mendes
(From an interview December 9, 1988, published 
posthumously in O Jornal do Brasil.) Image and Quote 
appear courtesy of The Chico Mendes Sustainable Rainforest 
Campaign About Chico Mendes: Remembering Chico (Words 
and photos by Stephan Schwartzman)
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“Never doubt that a small group of thoughtful, 
committed citizens can change the world, indeed 
it’s the only thing that ever has”

Margaret Mead, Anthropologist

Students should feel hopeful and empowered 
upon finishing this book.

So that students do not feel so powerless, they could be asked to 
find the answers to the following questions, and to read the following 
quotes:

How many did it take to rescue the man on the Jericho road? One good 
Samaritan. 

How many did it take to confront Pharaoh and lead the Exodus? One man 
- Moses. 

In 1645, one vote gave Oliver Cromwell control of England.

In 1776, one vote gave America the English language instead of 
German.

In 1868, one vote saved President Andrew Jackson from impeachment.

In 1941, one vote gave Adolph Hitler control of the Nazi party! 

Esther, a Jewish girl who was married to a pagan king, broke longstanding 
tradition, marched into her husband’s throne room, spoke her mind and 
rescued her nation from a Holocaust. One woman - only one - saved 
the nation, because she was willing to get personally involved to the 
point of sacrifice. She said, “If I perish, I perish” (Est 4:16). 

Before you say, “Somebody else should be doing this instead of me,” read 
these words: “I am only one, but I’m still one. I cannot do everything 
- but I can do something. And because I cannot do everything, I 
will not refuse to do something that I can do.”  In the words of 
Eleanor Roosevelt, “It’s better to light a candle than to curse the 
darkness.” 

Students could be asked to search for other individuals who made 
a great difference in the world.
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Resources for Teaching 
Population Growth
Organizations
Population Reference Bureau, from Population Reference Bureau, 1875 

Connecticut Ave., N.W., Suite 520, Washington, DC 20009-5728. Various 
types of information dealing with population education and activities.

World Resources Institute, from World Resources Institute, 1709 New York 
Ave, N.W., Washington, DC 20006,  (202) 638-6300. The institute deals 
with population education and activities.

World Watch Institute, from World Watch Institute, 1776 Massachusetts Ave. 
N.W., Washington, DC 20036, (202) 452-1999. This institute deals with 
population education and activities.

Zero Population Growth, Inc., from Zero Population Growth, Inc., 1400 
Sixteenth St., N.W., Suite 320, Washington, DC 20036,  (202) 332-2200. 
Deals with population education and activities.

Software and CD-ROMs
Earthquest Explores Ecology, from Earthquest 

Inc., 125 University Ave., Palo Alto, CA 94301, 
(415) 321-5838. Students can explore and learn 
about the major Earth ecosystems and the 
vital relationships and cycles that sustain all 
life through this program.

EnviroAccount, from EnviroAccount Software, 
605 Sunset Court, Davis, CA 95616, (800) 
688-9006. A personal environmental impact 
accounting software that enables the user 
to keep an environmental record as the year 
progresses.

Ecomap, from Planet Software, P.O. Box 45, 
Pitkin, CO 81241, (303) 641-5035. A new 
electronic atlas that helps students and 
teachers visualize the placement and variety 
of global ecosystems.

1:2,000,000-Scale Digital Line Graph Data, from 
U.S.G.S. National Mapping Division, Earth 
Science Information Center, 507 National 
Center, Reston, VA 22092, (703) 648-6045. 
Contains data for all 50 states, organized 
into 21 geographic regions.  The data are 
from late 1979 to the present.  Categories 
of data include: political boundaries, 
administrative boundaries, streams, water 
bodies, hypsography, roads and trails, railroads 
and cultural features.

World Weather Disc, from CD-ROM Inc. Contains 
massive meteorological data base that 
describes the climate of the Earth today 
and during the past few hundred years.  
The disc includes many of the sought after 
meteorological data sets held in the archives 
of the National Climatic Data Center and the 
National Center for Atmospheric Research.  
The data sets offer information on a wide 
variety of questions ranging from the nature 
of global temperature trends to inquires about 
the weather at specific locations around the 
world.

The USA Factbook, from Wayzata Technology, 
800-735-7321 or 612-447-7321. An electronic 
almanac of the fifty United States and its 
territories [sic].  Includes information about 
vital statistics, economies, transportation, 
geography, traditions, etc.  Published annually.  
Macintosh only.

Alaskan Marine Contaminants Database, from 
Dr. Jaweed Hameedi, NOAA/OAD, Alaska 
Office,  222 W. 8th Ave., Anchorage, AK  99513. 
This disc contains data collected from 35 
studies of the marine waters of Alaska and 
includes information about the areas of study, 
contaminants, and the quality of the data.  
The database allows oceanographic chemists 
to access data from the past decade.
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Environmental Data Disc, from Environmental 
Data Dis, PEMD Education Group, PO Box 39, 
178 Vine Street, Cloverdale, CA  95425, 707-
894-3668. Contains 70 Data Stacks.  It has 
critical numerical data bearing on a number 
of environmental challenges.  It contains 
the following: General environmental data 
from the World Resources Institute, Global 
Change Climate Data from the Carbon Dioxide 
Information Analysis Center, United States 
temperature and precipitation data from 
1918-1987, bearing of the Greenhouse Effect, 
worldwide food and agricultural data, world 
demographic data, atmospheric ozone data 
from 106 stations across the world and sample 
energy, economic and trade data from the 
industrialized countries.  Macintosh only with 
CD-ROM reader, Hypercard 2.0 (incl.) and 
System 6.07 (incl.) or 7.0

Bathymetry of Monterey Bay Region, from USGS 
Department of the Interior, 810 National 
Center. Reston, VA  22092. High Resolution 
bathymetry and selected geoscience for the 
Monterey Bay region.

Global Ecosystems Database, from US EPA, 
NOAA National Geophysical Data Center, 325 
Broadway, Boulder, CO  80303. Major databases 
on atmospheric data, vegetative patterns, etc.  
IBM/compatible, DOS format only.

GEO-disc US Atlas, from CD-ROM Inc., 1667 
Cole Blvd., Ste 400, Golden, CO  80401, 
303-231-9373; FAX: 303-231-9581. A CD-ROM 
geographic database that contains a complete 
digital representation of the United States 
at the 1:2,000,000 scale.  It includes major 
highways, waterways, political boundaries, 
railroads, federal land areas, and hydological 
districts [sic].  In addition, it contains a 
complete place and landmark names file of 
more than one million entries, each with 
the appropriate coordinate information to 
allow it to be placed on the map.  Using the 
Windows/On the World application software 
program written for the Microsoft Windows 3.0 
allows complete interactive vector graphics 
capability, ability to generate accurate map 
overlays, ability to display distance, bearing 
and position information, links to external 
databases, ability to cut and paste maps to 
other documents.  IBM/compatible, with 
Windows only.

North American Indians, from CD-ROM Inc., 
1667 Cole Blvd., Ste 400, Golden, CO  80401, 
303-231-9373; FAX: 303-231-9581. A text/
image database on the history of Native 
Americans.  Included are leadership, tribal 
heritage, religion, family life, and customs.  
IBM/compatible or Macintosh.

1990 Census Data, from CD-ROM Inc., 1667 Cole 
Blvd., Ste 400, Golden, CO  80401, 303-231-
9373; FAX: 303-231-9581. The 1990 census data 
are provided in dBase III format, allowing you 
to use it with a number of third party software 
programs.  In addition, the data are provided 
by ZIP Code, as well as by tract, place county, 
state, and the US.  IBM/compatible only.

Water Resource Abstracts; Volume 1., from CD-
ROM Inc., 1667 Cole Blvd., Ste 400, Golden, 
CO  80401, 303-231-9373; FAX: 303-231-9581. 
1967-present.  The entire 225,000 abstracts 
of the USGS on one disc.  Advanced software 
features make this disc of choice for the USGS 
and any other users.  A NISC DISC Publication.  
IBM only.

Wildlife and Fish Worldwide — Volume I, from 
CD-ROM Inc., 1667 Cole Blvd., Ste 400, 
Golden, CO  80401, 303-231-9373; FAX: 303-
231-9581. 1971-present.  More than 200,000 
citations from the US Fish and Wildlife 
Services Wildlife Review and Fisheries Review.  
Excellent subject coverage, taxonomic, and 
geographic identifiers as specific as the county, 
community, lake, and stream level make this 
CD-ROM an excellent choice for the natural 
resource researcher.  Semi-annual updates.  
IBM/compatible only.

Population Statistics, from CD-ROM Inc., 1667 
Cole Blvd., Ste 400, Golden, CO  80401, 303-
231-9373; FAX: 303-231-9581. Full range of 
population and housing characteristics from 
the 1980 census for states, metro areas, 
counties, places of 10,000 or more, and 
other areas.  Also Census Bureau population 
estimates by age, race, and sex for counties 
through 1984; population and per capita 
income estimates for 40,000+ areas for 1980 
and 1986; and census population projections 
through 2010.  SEARCHER search and retrieval 
software included with the disc searches 
the databases, creates and prints reports, 
generates files for use with other computer 
programs.  IBM/compatible only.
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Acid Rain, from University of Vermont, Bailey/Howe Library, Burlington, VT  
05405-0036, Attn: Albert Joy, 802-656-8350. A selection of more than 100 
Canadian federal and provincial documents, many in French and English.  
There are also over 6000 images in the two disk set.  IBM/compatible 
only (386+).

Wildlife and Fish Worldwide — Vol. 1, from National Information Services 
Corp. Citations from the US Fish and Wildlife Service’s Wildlife Review 
and Fisheries Review.  Over 200,000 in-depth records of taxonomic and 
geographic identifiers.

1989 Toxic Release Inventory, from Government Printing Office, N. Capitol 
and H Streets, NW, Washington, DC  20401,  202-783-3238. The complete 
National 1989 Toxic Release Inventory and Hazardous Substances Fact 
Sheets containing reference materials on the health and ecological effects 
of the regulated substances.  IBM/compatible only.

Pacific Ocean Temperature and Salinity Profiles, from National Oceanographic 
Data Center, 1825 Connecticut Ave., NW, Room 404, Washington, DC  
20235, Attn: Richard Abram,  202-673-5591. Over 1.3 million Pacific Ocean 
temperature-depth and salinity-depth profiles taken from 1900 and 1988.  
IBM/compatible only.

Agricola, from Quanta Press, Inc., 2550 University Ave. W., Ste. 345N, St. 
Paul, MN  55114,  612-641-0714. Contains the bibliographic cataloging 
and indexing records of the National Agriculture Library, from 1985 to the 
present.  IBM/compatible only.

Videos
Ozone: The Hole Story, from Ozone: The Hole Story, 5000 Park 

St., North, St. Petersburg, FL  33709,  800-243-6877. Originally 
shown on PBS.  Three 20-min. segments.  Investigates sources 
of, and possible solutions to, upper level ozone depletion.  
Through interviews with ozone researchers and computerized 
graphics, Emmy-award-winning newscaster Bill Kurtis explains 
some little-understood myths about this critical environmental 
issues.  An accompanying Teaching Guide provides suggestions 
for using this video effectively.

Infinite Voyage (Crisis in the Atmosphere), from PBS? Deals with 
connections between many GSS phenomena but focuses mainly 
on global warming.  It shows evidence for the phenomena, 
current research, and offers solutions. One 15 minute segment 
deals with DR. Rosenfeld of Cal Berkeley and his research on 
ways of conserving energy. Excellent video.

World Population (Revised Edition), Zero Population Growth, 
Inc., and Southern Illinois University at Carbondale, available 
from ZPG, 1400 16th Street, N.W., Suite 320, Washinton, D.C. 
20036 (202) 32-2200. This short (6-1/2 minute) video is a 
graphic portrayal of human population growth since the year 
1 AD.  Dots which represent 1 million people each appear on 
the globe as time progresses in the simulation.  The video 
comes with a guide that contains suggestions for questions 
and activities for use while viewing the video, and to deepen 
students’ understanding of concepts such as logarithmic 
growth.

Earth Science Data Directory (ESDD), 
OCLC Online Computer Library 
Center, Inc.

6565 Frantz Rd., Dublin, OH  43017-0702, 
Attn: Mary Marshall,  614-764-6000. 
Contains over 155,000 bibliographic 
records of the acquisitions of four 
of the USGS libraries since 1975.  
IBM/compatible only.

Arctic and Antarctic Regions, 1950-
Present, from National Information 
Services Corp. More than 260,000 
abstracts and citations from six 
important databases dealing with 
the Arctic and Antarctic regions.
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Bibliography for Population Growth
Climate Change: The IPCC Scientific Assessment, 

Cambridge Univ. Press, New York. This is THE 
“scientific consensus” that A Planet Under 
Siege refers to in Chapter 7.  It is full of all 
the details and figures you’ll ever want to 
know about climate change processes, effects, 
uncertainties, modelling, etc.  Put together 
by a team of several hundred renowned 
scientists from around the world.  There is 
a “Policymakers’ Summary” for this nicely 
summarizes the guts of the main volume 
extremely well.  Not sure how available it 
is.

Governmental Publications
USA by Numbers: A statistical portrait of the 

United States.  (Susan Weber, Ed., 1988), from 
Zero Population Growth, Washington, DC. An 
update is in progress using the 1990 census.  
A Teaching Kit is available to accompany the 
book.

Trends ‘90 (Boden, TA, Kanciruk, P., and Farrell, 
MP, 1990), from Carbon Dioxide Information 
Analysis Center, Oak Ridge, TN. A compendium 
of data on global change.  Data tables 
and graphs from frequently used research 
reports on atmospheric CO2 and methane 
concentrations, sources of emissions, and 
temperature trends.                                

See also the bibibliography in the GSS 
Population Growth Student Book
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