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Chapter 1

1. Earth Alive!
Earth

Imagine you are an astronaut viewing planet
earth from a space shuttle 160 miles above the
surface. Changing patterns of clouds and reflections
from water and snow fields create the illusion
of a colossal spherical organism. Many human
cultures have believed that Earth is alive; many
have attributed human qualities to the planet. The
ancient Greek goddess of the Earth was called Ge or
Gaia (Guy-ah). It was from this name that the words
geography and geology were formed.
In 1978, J.E. Lovelock published his book Gaia:
A New Look at Life on Earth. He begins by pointing
out that, “Journeys into space did more than present
the Earth in a new perspective. They also sent back
information about its atmosphere and its surface
which provided a new insight into the interactions
between the living and the inorganic parts of the
planet. From this has arisen the hypothesis, the
model, in which the Earth’s living matter, air, oceans,
and land surface form a complex system which has the
capacity to keep our planet a fit place for life.”
This controversial idea, now called the Gaia
Hypothesis, has sparked new research focusing on
the interactions between Earth systems. The process
of supporting or refuting a new idea such as this has
led to many important discoveries about life. As
you read this book, make a list of evidence related
to this scientific debate about whether or not Earth
operates as a single organism with the capacity to
regulate conditions for life. We encourage you to
critically examine this idea as you learn more about
the systems and interactions operating in nature.
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A small system

Living Systems
Organisms are living systems having life cycles that progress
from spores, ova or eggs to mature adults that reproduce new
offspring. These reproductive systems or cycles can be quite
complex and involve other organisms as sources of food or shelter.
If the system of reproduction breaks down at any point in the
cycle, the organism fails to perpetuate its kind.
Living systems can be large like a whale or ocean, and
microscopic like an Amoeba. Large systems usually include
many subsystems that interact with each other in a particular
way. Microscopic systems such as a Paramecium and a blood
cell have subsystems within them that interact, consuming and
producing things.

Paramecium

University of California
Museum of Paleontology

It is hard to imagine a gigantic sequoia having
single-celled ancestors, and yet each subsystem in
the tree depends on other systems to provide or
consume substances and trap or release energy.
For example, a leaf is made up of different kinds of
cells that have different jobs. Some cells control the
openings in the leaf, letting carbon dioxide gas enter
and leave. Cells that form the veins strengthen the
leaf and transport water and food to other parts of
the tree. Green pigmented cells capture light energy
and transform it into food.

Bigger systems
(but not necessarily more complex...)
Sequoia
National Park Service
CARBON DIOXIDE
FOOD

WASTE

HEAT

MOTION

THE WHALE AS A SYSTEM
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Biologists have been working for centuries to
identify and understand the amazing variety of life
forms on Earth. The science of ecology has grown
out of attempts to understand the relationships
between organisms and their surroundings. Eco
comes from the Greek word oikos or house,
and ology, is Latin for
to study. This area of
science brings together
research from Earth
science, physical science,
and life science to piece
together information
about our planet.

Desert biome. Photo by Reginald H. Barrett.

An ecosystem, or
“house system,” is a community of living organisms
interacting with its environment in an area that
has similar conditions such as climate and physical
features. It can cover a large area like a rain
forest, or be small like a pond in a city park. An
ecosystem includes all of the organisms in an area
and their non-living components such as rock, soil,

Deciduous forest biome

dead organisms, water, air, and sunlight. All of the
Earth’s ecosystems together make up larger areas
called biomes, that share common plant, animal
and climate characteristics, such as a desert or a
tundra, and they group into the largest system we
call the biosphere (life sphere), or the entire area
which supports life on Earth.

Everything’s Connected to Everything Else
When we start to look at the world as a vast
array of interlocking systems we begin to understand
the saying of ecologists, “Everything is connected
to everything else.” There are systems all around
us. Just look for the parts of the system and how
they are connected, and you’ll begin to see how the
system works.
Unfortunately, analyzing natural systems is
easier said than done. In this chapter we’ll introduce
two tools that you will use throughout the Global
Systems Science course to understand our planet:
systems diagrams and the concept of feedback. To
show how these tools are used, we’ll introduce them
in the context of an especially interesting part of our
planet that is currently undergoing rapid change—the
tropical rain forests of the world.

Aquatic Biome. Photo by George Goertz.
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Grassland biome. Photo by A. S. Leopold..
Alpine biome. Photo by Reginald H. Barrett.

Tundra biome. Photo by A. S. Leopold..
Marine biome. Photo by Reginald H. Barrett.

Biomes. Images on pages 4–5 from http://www.ucmp.berkeley.edu/glossary/gloss5/biome/
Ecosystem Change—Chapter 1: Earth Alive!
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Example of a System: The Tropical Rain Forest
Every forest is complex and tropical rain forests
are marvelously so. Imagine exploring a patch of
forest about the size of a couple of football fields with
a guide to trees. If the forest is in North American
you will be able to identify 10 to 15 different species
of trees. But if you were to explore a patch of the
same size in an Amazon rain forest, you would be able
to identify as many 230 different species of trees,
along with a very large variety of different plants
and animals.
Creating a diagram of such a system in detail is
an impossible task because many of the interactions
are still unknown. But it is sometimes useful to
draw a simple map that shows just a few of the most
important connections that we do understand.
For example, here is a diagram showing that
water is recycled by plants. Notice that it is composed
of boxes and arrows. Boxes are usually used to
represent the total amount of something. Arrows
represent changes or movements of the things in the
boxes. In this diagram, the arrows represent the flow
of water, and the boxes represent places in the system
where water is found.
Tropical rain forest.
http://fp.bio.utk.edu/bot120lect/Biomes/Biome09/
TropicalRainForestCostaRica-Schilling.JPG

Simple recycling
diagram: water

ATMOSPHERE

As in many systems diagrams, the water
recycling diagram shows a loop, or cycle, which
indicates how a certain material is recycled over
and over again. In this case, the diagram shows a
simple version of the water cycle. Other diagrams
can be drawn to show how oxygen, carbon,
nitrogen, or other materials are cycled through
a healthy rain forest ecosystem.

Clouds

Water Vapor

Rain

For millions of years nature has maintained
the rain forests by recycling water, carbon,
oxygen, and other materials. When human
activities interrupt natural feedback cycles the
results can be devastating for the rain forest
ecosystem. Today, for example, in many parts
of the world, rain forests are burned so that the
land can be used for farming.

TROPICAL
RAIN
FOREST
Plants
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When a rain forest is burned, water is no longer recycled by
the active processes of trees and plants. That means the water
vapor from the once-forested area is reduced. Fewer clouds form,
and there is less rain.
That is not the only change that occurs. The rain that does
fall washes the existing nutrients out of the soil. The rich topsoil
is carried in muddy rivers to the sea.
For these reasons, farmland that was created by the burning
of rain forests fails to produce good crops after a few years. The
once-rich farmlands are then used to pasture cattle for a few more
years, and when the fertility of the land is reduced even further,
the land is abandoned and new forested areas are burned.
In the past, when native peoples burned the land to plant
crops, the forest would eventually “reclaim” the land, and most
of the plant and animal species would repopulate abandoned
fields. But with the vast growth of the human population in
recent decades, rain forests that have been replaced by farms
and pastures soon become roads and settlements, so the size of
the rain forest becomes smaller and smaller each year.
The World Resources Institute has estimated that an amount
of rain forest equal in size to the area of the state of Washington
is burned or chopped down every year. If the current rate of rain
forest destruction continues, the rain forests of the world will be
completely gone in less than 100 years.

What Is Feedback?
On the previous page we used the term
“cycle” to describe the ways that water and other
materials are continuously recycled in a healthy
rain forest. But the term “feedback loop” can
also be used to describe what is going on. In the
language of systems, feedback means that the
output of a system automatically controls the
input.
This is slightly different from the way we
use the term feedback in everyday language—as
when someone asks you, “How did you like the
party? I’d like your feedback.” Suppose you
answered, “There were too many people at the
party!” From a systems viewpoint, the response
would be considered feedback only if your friend
really listened to you and decided to limit the
number of people who were invited to the next
party. Then the output (your experience at the
last party) would control the input (the number
of people who get invited to the next one.)
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The main difference between the way we use
the term “feedback” in ordinary language and in
science is that in science the output controls the
input automatically. A room thermostat can be
used to illustrate the principle.
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Thermostat
A wall-mounted thermostat senses and
controls the heat in the room. The desired
temperature can be set with a knob. When the
temperature of the room increases above that
level, a coil of metal inside the thermostat bends
and opens a switch. That automatically shuts
down the furnace. When the temperature falls
below a certain level the metal coil bends back
and automatically turns the furnace back on, so
the temperature of the room stays within a degree
or two of the desired level. The temperature
of the room is the output. It controls the heat
flowing into the room.
In a tropical rain forest, rain is the input, and
water vapor rising from the forest is the output.
The feedback loop of falling rain and rising water
vapor keeps the rainfall at about the same level
year after year.

mercury
switch

Thermostat
temperature
adjustment set at 65°F

to furnace

With room at 64°F
switch closes and
furnace comes on.

bimetallic coil
to furnace
With room at 66°F
switch opens and
furnace turns off.

In a thermostat, the metal coil expands and
contracts with temperature changes, tilting the
mercury switch back and forth, alternately turning
on and off the furnace.

When a rain forest is burned, the feedback loop changes.
Rain water that used to be absorbed by the plants and returned
to the air runs off into rivers instead, sometimes causing floods
downstream. That means less water vapor is returned to the
air above the forest. Less water vapor means fewer clouds and
reduced rainfall.

Negative Feedback
There are two kinds of feedback—negative
and positive. Like the term feedback itself,
these two kinds of feedback are sometimes
misunderstood because the common meanings of
the words “negative” and “positive” get in the
way. We are accustomed to thinking of something
negative as bad, and something positive as good.
But there are positive and negative numbers that
have nothing to do with good or bad. Positive and
negative feedback also do not necessarily mean
good or bad.
Keep
running

Keep running
Skin returns to
normal

In negative feedback the change to the
system is always reduced. The operation of
the thermostat on the previous page is a good
example of negative feedback because any
change in the temperature of the room is reduced
by the action of the thermostat. If it gets too hot,
the thermostat turns off the furnace and lowers
the temperature of the room. If it gets too cold,
the thermostat turns on the furnace and raises
the temperature. Negative feedback tends to
maintain systems at proper working levels.

Excess Heat

Sweat

Pores close
Wet skin

Running, an
example of
negative feedback

Skin Cools
Evaporation
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Another example of negative feedback is temperature
control within our own bodies. Imagine that you are running laps
around a track. Your body heats up by the time you complete
the first lap. If you are running fast, by the second lap your body
temperature may rise dangerously. A control center in your brain
sends a signal to the pores of the sweat glands in your skin to
open and water is released. The evaporation of sweat carries
heat away and your body begins to cool. If you continue running
the sweat glands will continue to do their job of cooling you off.
When you stop running you’ll feel a chill as the remaining sweat
evaporates. The control center in your brain senses the cooler
skin temperature and sends a signal for the pores to close. In this
way your body temperature is maintained within a range that will
not be dangerous. If you were out in the desert without water to
drink this negative feedback system could break down. Without
the cooling of water evaporation from your skin your body would
overheat and you would collapse from heat exhaustion.
If you think about it, many of our body systems are controlled
by negative feedback.
Question 1.1. Can you explain how the amount
of light coming into your eye controls how
much more light comes in? Or how the amount
of food you eat controls how much more food
you eat?

A thunderstorm—example of positive
feedback.

Positive Feedback
In positive feedback, the change to the
system is increased. An example of
positive feedback is an argument
between two people. When a
hateful remark evokes a response
that is full of hate the response
can be an even stronger hateful
remark. The level of hate can grow until
violence results. When this process
occurs between nations, we call
it “escalation of hostilities,”
and war may result. Whereas
negative feedback tends to
maintain systems at current
levels, positive feedback tends
to cause systems to break
down.
An example of a positive
feedback in nature is the
thunderstorm. When the energy
from the summer sun warms the
ocean, water molecules absorb that energy and
evaporate, becoming water vapor. The air is
also heated and it expands. A bubble of hot air
containing large amounts of water vapor floats
Ecosystem Change—Chapter 1: Earth Alive!

Thunderheads form
Updrafts cause rain,
hail, and lightning
Warm air rises further
Clouds form
Heat is released

Warm, moist air rises
Sunlight evaporates water

aloft. As the bubble of moist air rises, it expands
and cools. The water vapor within the bubble
condenses into droplets. It is then that we see
the white fluffiness of a summer cloud. When the
9

water droplets condense they release the heat they absorbed when
they evaporated. This heat causes the air bubble to expand again
and the bubble floats upward with increasing speed, becoming a
huge cloud called a “thunderhead.” The energy of the thunderhead
system increases as more bubbles of air float upwards, condensing
into clouds and releasing more heat. The intense updrafts may
increase further if the storm drifts over land, where the surface
is warmer.
Throughout the growing storm system, water molecules come
together to form raindrops and begin to fall. Updrafts can swirl
them up again and they can freeze into hail in the higher, colder
air. Sometimes they increase in size by making many trips up and
down, picking up more water vapor as they fall, and freezing again
at higher altitudes. The energy of the moving air masses separates
charged particles, causing lightning flashes to leap from cloud to
cloud.
In a thunderstorm, the output of the system is the mass of
rising air. The further it rises, and the more water condenses, the
more heat is put into the system. This input makes the air rise
further and faster, producing even more heat. This is positive
feedback. And like all positive feedback processes, it can’t last
forever. Eventually the rain and hail become too heavy to be
sustained aloft and they fall with tremendous force. With its energy
spent, the thunderstorm is over.
Although the thunderstorm system breaks down, the larger
system of which it is a part continues to function. The hail melts,
and the tremendous amount of water deposited by the storm flows
into rivers and streams, watering forests and croplands as it returns
to the sea.
In global systems science, the terms positive and negative
feedback do not necessarily mean good or bad. They are two
different kinds of natural processes that we need to understand if
we are to determine how people are affecting those systems, and
what it will mean for the future habitability of our planet.

Using Models to Study Living Systems
Trying to study what happens in an ecosystem,
never mind a biome which is very large, is difficult.
Scientists use models to better understand the
interactions between the parts of a system. Often,
they cannot make a duplicate of what they are
building. Using models, they avoid manipulating
the environment in a way that might harm the
organisms living there. For example, mechanical
engineers test smaller, model oil rigs in wave
tanks, and population biologists use computer
models to predict trends in plant and animal
populations.
10
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In their quest to understand the relationships
between natural systems such as a forest,
scientists have turned to laboratory models. This
new area of research known as synthetic ecology
involves making artificial small-scale ecosystems.
These systems, while small, duplicate many of the
factors that effect life in a community.
Perhaps the most famous and controversial
artificial ecosystem is the Biosphere 2 project
in the Arizona desert near Tucson, is one of the
largest living laboratories in the world. It is an
Ecosystem Change—Chapter 1: Earth Alive!

airtight greenhouse covering 3.15 acres and 7.2 million cubic feet
of volume. Within Biosphere 2 are several different biomes, which
researchers use to experiment on Earth systems on a relatively large
scale. Inside Biosphere 2 is a rainforest, a million-gallon salt water
ocean, a coastal fog desert, and four other wilderness ecosystems.
In September 1991, four men and four women entered an eightstory greenhouse enclosure that covers an area the size of three football
fields. Their goal was to remain and be supported in the enclosed
system, independent from the outside world for two years. While the
early results were mixed, they gave scientists many new insights into
the complexities that underlie living systems. In 1994 Biosphere 2 was
converted from an experiment to test the feasibility of humans living in
a closed ecosystem to a large scale ecological laboratory and Western
branch campus of Columbia University.
Biosphere 2 has the capacity for sensing and controlling the
environment within. Sensors monitor the vital statistics of the
environment including temperature, light, humidity, carbon dioxide
and other qualities of the air and soil. In response to these readings,
operators can control many of these variables by controlling rainfall,
temperature and even carbon dioxide levels to mimic different
environmental conditions. Biosphere 2 is the only laboratory in the
world where a mature grove of cottonwood trees can be grown under
controlled conditions permitting researchers to examine the effects of
different levels of carbon dioxide on the growth of the trees.
We invite you to explore the concept of systems while designing
your own small ecosystem.

Biosphere II

Ecosystem Change—Chapter 1: Earth Alive!
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Investigation

Make a Model Ecosystem
Design your own miniature
ecosystem in a clear plastic or glass
container and observe it for at least
one month.
In the following laboratory
investigation, you will design a small
model ecosystem in a terrarium and
follow the changes in the living and
non-living components of the system.
Some of the questions you will need to
consider include the following: What
will the organisms consume? What will
they produce? What substances may be
reused in your system? What cycles may
occur over time?

Terrarium

What You Need:
• 1 large clear container with lid
• 1 large spoon for adding materials
• light source such as a grow lamp
• non-living materials
• small plants and animals
• measuring equipment: scales, measuring cup, ruler, thermometer,
graph paper, camera (optional)
Choose Some Items from Each Category:
Inorganic Materials

Organic Materials

Living Organisms

sand; pebbles; rocks;

garden soil* (not potting soil);

plants (alyssum, strawberry, violet)

natural clay

dead leaves (maple, birch, elm) seeds (bird seed, grass seed, beans)

water; iron nail

bark and twigs; bone, egg shell

carrot top; earthworms; crickets

corncob

pill bugs, sow bugs; wolf spider, beetle

Feel free to use other items not on this list.
* Soil is a mixture of inorganic, organic, and living things.
Avoid using commercial potting soil, which may contain
chemicals harmful to the insects.

12
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Getting Started
Begin by developing a plan for investigating a relationship
that you find interesting. The example on the next page outlines
an experiment with temperature. You may want to work with a
partner and plan several model systems.

Temperatures and Terrariums
Setup an experiment in a terrarium to test the effects of
increased temperature on the model system.
What You Need
• 1 terrarium with at least 3 different kinds of plants
• 1 heating pad with variable control
• 3 thermometers
• an outline for conducting your experiment over a period of
several weeks
• a chart or daily log for recording your observations

Experimenting with a Temperature Gradient
1. Choose a location for your terrarium that
does not get direct sunlight.
2. Measure and record the starting temperature
of the terrarium.
3. Place a heating pad under 1/3 of the
terrarium and set the control knob so that
the temperature increases by 5° Celsius at
one end of the terrarium.
4. Check the temperature above the heating
pad to make certain it remains close to the
desired 5 °C increase.
5. Keep a record of any changes you see in the
terrarium. Record vegetation change on a
weekly basis. Note which species decrease
in number and which species increase in
each half of the terrarium.
6.

Sketch your experiment.

Ecosystem Change—Chapter 1: Earth Alive!

Discuss Your Results
1. What changes did you observe in the growth
and distribution of organisms?
2. What changes did you observe in the
physical characteristics of the terrarium
environment?
3. Describe any surprises or particularly
interesting developments.
4. How would you improve your experiment?
5. What do you predict will happen if you
continue your experiment through a complete
life cycle of one of your plant species?

13

Decide on a format to use for reporting your project, for example:
Title: Observing a Model Ecosystem
Idea or Hypothesis:
Materials & Organisms:
Methods: Describe how you will regulate and monitor factors such as light,
air flow, temperature, and moisture levels.
Predictions: What changes do you think you will see? Consider possible food
chains and life cycles.
Sketch the model: Show organisms, non-living components, input and outflow
of energy. Graph paper is useful for mapping objects.
Daily Log: Keep a record of changes as well as things you add or remove.
Select a place to keep the ecosystem where you can observe it for a month or
more.
Gather your materials and set aside about one hour for building the system.
Record the mass of materials, length and numbers of organisms you add.

Questions to Consider
1. How many things are consumed or produced within your model system?
2. Does your model ecosystem operate as a living organism? Explain.

How Good are Models?
Models are merely a substitute for conditions
in the real world. Unfortunately, they can’t
tell scientists exactly what will happen, but
they can give important clues to some possible
consequences if an important nutrient is removed
or if a structure isn’t built with proper materials.
Models give scientists a glimpse of what the future
might hold. For us, they will be very important
towards understanding what might happen if we
change our environment.

14
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The Biosphere II model was fraught with
controversy. The original purpose of the model
was to sustain the participants within the
enclosure for a significant period of time where
everything they needed would be provided by
the system. However, problems quickly arose;
atmospheric gas levels were artificially changed
when oxygen began to run out and participants
left and returned to the biosphere, contrary
to the original goal of being a self-contained
community. While this sparked outrage in the
scientific community that it wasn’t a valid study,
the project nevertheless taught scientists a lot
about the difficulties in trying to duplicate the
conditions that occur in environments on Earth.

Ecosystem Change—Chapter 1: Earth Alive!

Conclusion
Trying to understand how ecosystems work is a difficult task.
When scientists try and change one factor another is affected.
As we have seen, every organism is dependent on every other
organism. Models are one way to try and understand them but
they are imperfect. In the following chapters, we will look at how
energy moves through the system and what happens when the
ecosystem is drastically changed.

For new material relating to this chapter, please see the
GSS website “Staying Up To Date” page:
http://www.lhs.berkeley.edu/gss/uptodate/7ec. We invite
you to send us new articles for the "Staying Up To
Date" web page for this chapter. Articles may be from
local newspapers, magazines, websites, or other sources
that you think would be of interest to classrooms around
the country. To send us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and
find the "Submit New Article" button.

Ecosystem Change—Chapter 1: Earth Alive!
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Chapter 2

2. Energy Through the System
Picture the following chain of events: hundreds of oak
caterpillars munching holes in the leaves of an old oak tree
while squirrels and jays collect acorns and gobble caterpillars
too. The squirrel stops to scratch a flea. A pair of chickadees
hop through the branches collecting caterpillars for their chicks
that are waiting eagerly in their hole nest in the trunk. Animal
droppings, egg shells, leaves and dead insects fall to the ground
beneath the tree. Soil organisms such as earthworms, mushrooms
and bacteria consume this organic matter, breaking it down into
nutrients that can be taken up by the tree roots.

Food Web

16
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Everything around us is interconnected. The plants and animals around us survive because of
interactions between each other and their environment. They depend on each other to maintain
a balance. They make up what is called a Community. There are communities all around us.
Ecologists use the term food web to describe the energy-getting relationships between
organisms in a community. Food webs are seldom simple. If we diagram an ecosystem like a pond,
with arrows pointing to the consumers of energy, we end up with quite a complex picture.

A pond ecosystem

Leech (parasite)

Birds

ducks, swans, etc

Frog
Water spiders

Humans
mosquito
larvae

Dragonlfy
nymphs

Smaller fish
Larger Fish

Consumers

Herbivores

Smaller fish

Yabbie
snails

Water bugs

Animal Plankton

Carnivores

shrimps

Tadpoles

Plant Plankton

Producers

Algazze

Larger Plants
Pond Slime

Decomposers

Dead Plants and Animals
Bacteria

Scavengers
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Fungi
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Forest Food Web
Squirrels live in oak
trees and gather the
acorns to eat during the
winter. However, squirrels
don’t remember where
they bury every acorn
so the acorns that are
forgotten may eventually
become the new oaks.
Sunlight helps them to
grow and the rain waters
the seeds.
In addition to the
squirrels there are also
owls that swoop down on
unsuspecting squirrels,
chipmunks, mice and
other small mammals that
live in the forest. They
keep the population from
getting too large. This
relationship between the
hunted and the hunter
keeps the community in
balance.
In northern Canada, for example,
lynx hunt snowshoe hares as their
favorite prey. As the hare population
shrinks, the lynx population follows into
decline. With less lynx hunting them,
the hare population rebounds and the
cycle continues.
Communities can be small or large
but many communities share common
physical characteristics such as the forest
in which they all live or a pond that
they all use. These shared
features bring communities
together into a larger unit
called an ecosystem.

Canadian lynx and hare
18
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Energy Transfer through Food Webs
In an ecosystem, each plant will be consumed by different
kinds of animals, and in turn, each animal may eat many different
types of food. Ecologists (scientists who study ecosystems)
call plants “Producers,” because of their ability to trap the
sun’s energy and use it to produce sugars. The following chart
summarizes the categories that have been established to describe
the different ways that plants and animals get food to survive:

Components of Food Webs—Energy-getting Strategies
Producers:

Organisms that add energy to an ecosystem. These organisms are
photosynthetic plants that trap light energy to make sugars.

Herbivores:

Animals that eat living plants.

Carnivores:

Animals that eat other live animals.

Omnivores:

Animals that eat both plants and animals.

Scavengers:

Animals that eat dead and decaying organisms.

Parasites:

Organisms that take nutrients directly from other living plants or
animals.

Decomposers:

Organisms such as fungi and bacteria that break down dead organisms
into nutrients for plants.

Question 2.1. Study the Food Web diagrams on the previous
pages. What animals would you classify as omnivores? What
animals are scavengers?
Question 2.2. Can you find an example of each energy-getting
strategy in these simplified food webs?
Question 2.3. What are some other organisms that could be
part of each food web?
Question 2.4. Make a diagram of a food web that includes you.
Identify the producers, herbivores, carnivores, omnivores,
scavengers, parasites, and decomposers for your food web.

Ecosystem Change—Chapter 2: Energy Through the System
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Energy Loss in the Food Web
As plants are eaten by herbivores, and herbivores are eaten
by carnivores, nutrients are transferred from one organism to
the next. Scientists use the word “biomass” to stand for the
matter or substances that make up organisms, both living and
dead. This biomass includes the chemical energy stored in the
tissues of the organism.
When one organism is eaten by another, much of the
original biomass is unavailable to the second organism. In
the case of plants for example, the roots, dead leaves, and
stem of the plant may be left behind. Some of the biomass
of the animal that was eaten may be left unused as bones or
feathers. The animal doing the eating is losing heat energy
to its surroundings. It is also eliminating waste products that
contain chemical energy.
You lose energy as well. You eat in order to maintain
your body temperature at about 35°C (98°F), but you also
produce waste products and you “leak” energy or heat at a
rate equivalent to a 100 Watt light bulb every second.
This transfer and loss of energy and biomass can be
illustrated with a pyramid. The following drawings show the
loss of energy and biomass that might occur each time one
kind of organism is eaten by another. An ecosystem usually
needs many producers to support fewer herbivores, and many
herbivores to support fewer carnivores.
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The Global Food Web
Ecosystems can have very complex food webs linking
plants with thousands of large and microscopic organisms that
pass energy along through the system and into neighboring
ecosystems. From the microscopic to the global perspective,
life is revealed as a continuum of relationships linked to the
past and to all parts of Earth’s physical environment. As the
science of ecology has matured, so has our understanding of how
humans are part of the food web and how they are affecting
the biosphere.
Fifty years of research into the effects of the pesticide
DDT is revealing the impact of this human-made chemical on
the global food web. When it is eaten, DDT becomes linked to
the fatty tissues of the body, since it is fat soluble. As larger
fish or birds eat thousands of small organisms such as insects,
the small amount of DDT in their bodies gets stored in the fatty
tissue of the larger animal. The larger animal passes its “dose”
of DDT onto a still larger predator, which may consume many
“doses” in its lifetime.
On every continent scientists have found harmful amounts
of DDT in organisms such as fish, eagles, and humans that are
near the top of the food pyramid. DDT was banned in the United
States in 1973. American companies continued to make DDT for
other countries, so the pesticide is still used outside the U.S.
and continues to invade the food web of the world.

DDT Buildup
[adapted from http://www.biology.iupui.edu/biocourses/N100H/ch41eco.html]

For 100 Units of plant biomass consumed...

...an herbivore would produce 10 Units of herbivore
biomass.

For 10 Units of herbivore
biomass consumed, a
carnivore would produce 1 Unit of carnivore
biomass

Ecosystem Change—Chapter 2: Energy Through the System
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Food Chain Concentration of DDT in A Long Island Marsh sprayed
for Mosquito Control 1967
[from http://www.biology.iupui.edu/biocourses/N100H/ch41eco.html]

		

ppm (parts per million)

Water......................00005
Lead, mercury, and PCP are other examples
of common and highly toxic substances that can
accumulate in the tissue of organisms and be
passed through the food web. As communities
around the world have become educated to the
harmful affects of chemical pollution, grass roots
organizations have sprung up to resist pollution
and toxic waste dumps in neighborhoods.

Plankton...................04
Silverside Minnow........23
Sheephead Minnow......94
Pickerel...................1.23
Needlefish................2.07
Heron.....................3.57
Tern.......................3.91
Osprey....................13.8

Question 2.5. Find out what toxic chemicals are a
problem in your home, school, and community.
What are the sources of the pollution? What
groups are working to solve the problem?

Merganser................22.8
Cormorant................26.4

Can Something that is Always Changing be Balanced?
Imagine a giant see saw with two people
standing at the central balance point. If the
people are the same mass, they can carefully walk
at the same rate to the opposite ends of the see
saw and back again without causing one end to
touch the ground.
The balancing mechanisms within living
systems, such as the ocean or a whale, are never
this simple. Some parts of the system produce
substances that are used and broken down by
other parts of the system. Living systems usually
have a way of reusing substances that build up in
one area of the system.
Think of a relay game for the giant see saw
that uses at least three people of different sizes
and involves the exchange of at least two items.
If one end of the board touches the ground, this
represents a break-down of the game and all
players lose. If you manage to have your players
moving around, exchanging things and never
touching the ground you will have achieved a
dynamic equilibrium.
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The health of an ecosystem like a pond
depends on the parts of the system being in
dynamic equilibrium with each other. Daphnia,
small pond organisms, feed on green algae floating
in the water.
Let’s suppose the environment and food
supply for the daphnia are excellent, enabling
the animals to rapidly increase in number. As
the daphnia reproduce and compete for food,
the population of algae is reduced. A shortage
of food can cause the adult daphnia to produce
fewer offspring. Some daphnia may starve.
Provided some algae survive, as the population
of daphnia declines, the population of algae can
rebound. As food becomes plentiful again, the
daphnia can increase in number until they again
exceed the ability of the pond plants to maintain
their populations.

Ecosystem Change—Chapter 2: Energy Through the System

Green Algae
(Above and right)

[Copyright © 1994-2000 by Charles J.
O’Kelly and Tim Littlejohn.]

Daphnia
[© Ken Davis]

Ecosystem Change—Chapter 2: Energy Through the System

23		

The daphnia’s response to the declining
food supply is a simplified example of a negative
feedback response. Negative feedback responses
bring a system back into balance, thereby acting
to reduce overall change in the system.

Weight in grams

Negative Feedback Responses

In most ponds there are populations of
fish and other predators that eat the daphnia.
These predator populations also provide negative
feedback mechanisms by keeping the daphnia
from drastically reducing the algae populations. Negative
feedback responses between organisms in a food web tend to
keep the populations in dynamic equilibrium so that no organism
wipes out its food supply.

Algae
Daphnia

Time in weeks

Daphnia and Algae in
Dynamic Equilibrium

Question 2.6. Study the drawing of the pond ecosystem (page 17).
Describe at least two negative feedback responses that could
maintain a balance between parts of the pond system.

Numbers of Owls & Trees

Positive Feedback Responses
Sometimes the dynamic equilibrium in an ecosystem becomes
disrupted. Substances coming from outside the system may
destroy the balance between parts of the system. For example,
if sewage enters the pond, the oxygen level in the water drops
because bacteria in the water use up the oxygen
as they break down the waste. Organisms like
daphnia and fish that require lots of oxygen may
Hole nesting birds such as chickadees and
be killed. As they decompose the oxygen level
many kinds of woodpeckers and owls require
drops further causing more organisms to die.
mature forests to reproduce and successfully
raise young. The following is a hypothetical
This is an example of a positive feedback
graph of a positive feedback response resulting
response causing the system to change in a new
from reduction of forest habitat.
direction. Without plentiful oxygen in the water,
many kinds of plants and animals will die and
Ecosystems are affected by what happens
be replaced by ones that tolerate low levels of
in neighboring ecosystems because organisms,
oxygen. Positive feedback responses increase
water, air, nutrients, and energy move from
disturbance to a system.
region to region. Whales, waterfowl, and
caribou are a few examples of migratory
Example of positive
animals that require international research
and political cooperation to protect dwindling
feedback response
populations. Oil spills in the Canadian tundra,
drainage of wetlands in Minnesota, and use
of DDT for mosquito control in the marshes
of Mexico can separately and together have
devastating effects on animals such as ducks,
Trees
geese, and cranes, which cross international
Owls
borders during their life cycle.
Time
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A Global Challenge
We live in an exciting and sobering time of scientific
collaboration and debate coupled with community awareness
and action. A growing body of research reveals that humans are
responsible for positive feedback responses that affect entire
regions and even global systems. To better understand the
gigantic systems and microscopic systems that affect all life,
scientists around the world are sharing data and planning joint
research projects.
Informed citizens are working together in families, schools,
community groups, and national organizations to prevent positive
feedback responses from reducing the diversity of Earth’s life
systems. These national and international efforts can be viewed
as negative feedback responses resulting from the growth of
knowledge and education about our global system.
Question 2.7. Examples of Positive and Negative Feedback
The chart shows examples of human activities that have
influenced ecosystems. Which activities do you think might
cause positive feedback in the system, and which might
promote negative feedback to the system?

Limits to the number of fish that
can be harvested

International efforts to ban whaling

Draining swamps and marshland

The Endangered Species Act

Harvesting the Dodo bird to extinction
Consumer boycotts of food
grown with pesticides
Education for family planning
Water subsidies for agriculture
Building nest boxes for chickadees
and bluebirds
Clear cutting large areas of forest land

Use of agricultural pesticides
Creation of marine parks off
our coastline
Construction of dams and water
diversion projects
Laws regulating dumping of oil and
wastes at sea
Recycling projects
Toxic waste dumps

Can you think of more examples of human impact
on living systems? Add them to the list.
For new material relating to this chapter, please see the GSS website “Staying
Up To Date” page: http://lhs.berkeley.edu/gss/uptodate/7ec. We invite you to
send us new articles for the "Staying Up To Date" web page for this chapter.
Articles may be from local newspapers, magazines, websites, or other sources
that you think would be of interest to classrooms around the country. To send
us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and find the "Submit
New Article" button.
Ecosystem Change—Chapter 2: Energy Through the System
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Chapter 3

3. Studying Desert Ecosystems
An Interview with Samira Omar
Desert ecosystems are very vulnerable to overgrazing
by domestic animals. Herds people living at the edges of
desert ecosystems have often triggered positive feedback
mechanisms that have further reduced the productivity
of the land both for wildlife and people. Nature’s time
frame for drought resistant plants to colonize and reclaim
desert sand and rock may well be measured in thousands
of years. Research on desert range lands around the world
reveals a difficult challenge for restoring the productivity
and diversity of plants and animals.
Samira Omar has been conducting research on desert
range lands for almost twenty years. Her homeland, Kuwait,
is one of Earth’s harshest desert areas, with powerful sand
storms, drifting dunes, and temperatures that range from
below freezing to greater than 40½ Celsius (104 ½ F) in the
shade. The average yearly rainfall is only 105 millimeters
(4 inches).
Wind blown sand and dust can be a great
problem for human developments as well as
natural habitats. One of Dr. Omar’s projects with
the Kuwait Institute for Scientific Research (KISR)
has been to investigate the biological, chemical
and physical methods for controlling mobile
sand. For example, Samira has investigated
many species of trees to determine which ones
could be planted as a fence and would continue
to grow and resprout even when the trunks were
covered by sand.
Samira has loved nature from an early age.
She remembers when she was seven and was
fascinated with watching insects feed on grasses
and wild plants. “My interest in science started
very early. Whenever my father went out to
inspect the oil fields in the desert, I would go
along. I love the desert ecosystem very much
and am very devoted to it; that is why I majored
in botany. I have a second major in chemistry
which was also very fascinating to me. I enjoyed
investigations such as watching crystals form.”
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Samira Omar

A pioneer of rangeland ecology in her region,
Dr. Omar has led efforts to study the relationships
between desert plants, animals, and human
activities such as livestock grazing. While working
on her doctoral project, Samira developed a
hypothetical model for predicting the succession
of plant species in rangelands that were subjected
to different conditions such as drought and grazing.
In 1990, at the Second International Conference on
Range Management in the Arabian Gulf, she won
an award for her research.
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Map of Kuwait

In August 2, 1990, Iraq brutally overran and occupied
Samira’s homeland, Kuwait. After a combined effort by
troops from other nations led by the United States, Iraq was
driven from Kuwait. In the aftermath, it was found that
significant damage was done on a vast scale to the desert
environment by Iraqi troops. They deliberately created
massive oil spills and oil fires as they retreated. This
devastation is Dr. Omar’s latest research project. Her goal
is to study the effects of crude oil pollution on vegetation
and soils in desert environments and to determine the long
term ecological effects on the desert brought about by human
interference and destructiveness.

http://visualizingearth.ucsd.edu/vis_earth/images/kuwait.jpg
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In designing her current
experiment, Samira wanted
to link the new research on
the effects of oil with the
seventeen years of data she and
her colleagues had collected at
KISR. The rangeland research
program she started had been
monitoring plant species
and studying soil samples to
establish baseline information
that could be used to make
informed decisions about
conserving the rangelands.

NASA Landsat photos of oil fields Aug 1990: Before the Gulf War fires.
Large scale view above and closeup below.
[from http://edcwww.cr.usgs.gov/earthshots/slow/Iraq/Iraq]

Although most of the
records and photographs of the
research were destroyed by the
Iraqi army, the hypothetical
model and some data remain
as valuable tools for predicting
and comparing patterns of
plant succession in areas with
different levels of oil pollution.
Because the facilities at KISR
were destroyed, Dr. Omar
has taken a leave of absence
from her position as a
program manager to conduct
the laboratory portion of her
research at the University of
California at Berkeley. We
asked Samira how she found
the inspiration to reconstruct a
research project in the face of
such enormous difficulties.
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Fig 3-4. Feb 1991 Nov 1991 During the Gulf War fires

Fig. 3-5. Nov 1991 After the Gulf War fires
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“I am so anxious to
know what is happening to
the environment, and I am
enthusiastic about doing the
research myself because I
developed a succession model
on the range plants of Kuwait
for my Ph.D. It is a theoretical
model, but it gives us a good
understanding about what
is happening in the desert
ecosystem. It takes into
consideration many factors,
such as human impact on
the range, livestock, and
environmental factors such as
rainfall and temperature. And
now there is a new factor—
oil.”
“That is a challenge to
me; I want to make a model to study the
correlation between petroleum pollutants in the
soil and potential plant uptake of such compounds
so I can predict the effects of oil on desert
ecosystems.”
In August of 1991, Samira began collecting
samples at three study sites in Kuwait. One study
site is at the Burgon oil fields, which once were
so white that she had to use polarizing filters on
her camera to photograph the vegetation. Now
the area is completely black, and where the oil
lakes were burned the land is covered with a

Photo from Space Shuttle flight STS37

thick coat of crude oil. Here, and at Ahmadi, a
second study site, camels, sheep, and goats still
graze despite the oil. The third study site is at
the Sulaybia Field Station of the Kuwait Institute
for Scientific Research.
Undaunted by the lack
of research equipment and
the hazards of working in
a former war zone, Samira
took a shovel, meter stick,
camera, notebook, and pencil
out to her study sites. She
dug a series of deep soil pits
along a transect that started
with the heavily polluted
areas and continued outward
to less contaminated areas.

Kuwaiti rangelands
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Digging soil at the Burgun oil fields

Down in the Burgun soil pits she
found that the oil had formed two
layers: a molasses-like syrup which
was “stuck” on the surface, and a
thin gasoline-like component which
soaked into the sand forming a dark
brown layer. Samira measured the
layers and their depth, collected
samples, and described and sampled
the vegetation. She will continue
to collect samples over many years
to monitor the changes in levels of
chemicals in the soils, vegetation,
and animals, as well as changes in
the growth and distribution of plant
species.

With bags of plants and Kuwaiti soil in
hand, Samira returned to UC Berkeley where
she has access to equipment, such as a mass
spectrophotometer, for analyzing the proportions
of various chemical compounds in the soil and
plants.
But Samira needed uncontaminated soil
to which she could add known quantities of oil
compounds and then grow plants under controlled
conditions. With the help of soil scientists, she
determined that soil from Coalinga, California,
was similar to Kuwaiti soil. Ecological projects
such as the Kuwait oil and rangeland study, require
cooperation and input from scientists who work
in several different fields.
Collecting vegetation sample.

Growing Kuwait rangeland plants in Coalinga soil
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In the UC Berkeley greenhouses Samira is using the Coalinga
soil to grow three different species of plants native to Kuwait
rangelands. For each species, she is testing the plants’ responses
to different levels of crude oil applied at specific times in
the plants’ growth cycle. The greenhouse study will provide
information for understanding and predicting changes in Kuwait’s
environment.
The oil is a mixture of many carbon compounds and heavy
metals. Samira is analyzing what components of the crude oil
are taken up by the plant, what remains in the soil, and what
evaporates or breaks down quickly. She predicts that some
species of plants may appear to recover well. But one worrisome
question is the degree to which cancer causing compounds and
heavy metals pass from the plants into the food chain as wild
animals and livestock graze in contaminated areas.
Samira has a deep love of the desert that has inspired her
efforts to study and protect wild lands and educate people to
the values of Kuwait’s desert ecosystems. “When I joined KISR,
I faced reality — what is happening in nature. I made a promise
with myself that I would do my best within my jurisdiction in
Kuwait to conserve wild species and enhance public awareness
about nature.”
“My botany professor encouraged my love of plants and I was
greatly influenced by his love of nature. I also had a supervisor
at KISR who introduced me to a very beautiful area that was a
large depression where water accumulated and iris bloomed in
the spring. Both of these people died, and because I liked them
a lot, I made a promise that I would work to make this area
a national park. I wanted some role in the government that
would enable me to
dedicate and preserve
this special place. And
I did. In 1986, this
area became Kuwait’s
National Park. The
250 square kilometers
includes a variety of
ecosystems such as a
desert plateau and a
coastal area with cliffs
and sand dunes.”

Rangeland with fires and oil spills in Kuwait
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As part of her program at KISR, Samira worked to conserve offshore
islands as breeding sites for terns and other marine birds and sea turtles.
She prepared a program to reintroduce species of Arabian gazelle on
Falika Island, and planned to test the feasibility of using the island as a
self-contained area for the reintroduction of wildlife. Today Kuwait’s only
national park is full of abandoned military equipment, mines and bombs from
Iraq. The islands and their wildlife habitats have been heavily damaged.
We asked Dr. Omar about her view of the Gaia Hypothesis, the idea
that the Earth is one giant self-regulating system that functions somewhat
like a giant organism.
“Nature is very strong and mighty. Whatever we do, it seems to be
able to take care of itself. But I do have doubts, and I am worried that
this may not be true. Man can destroy part of nature in seconds. But in
the long term, nature heals itself because everything is part of it. I think
we should be very worried about the health and survival of humans as a
species as well as other living things.”

For new material relating to this chapter, please see the
GSS website “Staying Up To Date” page:
http://www.lhs.berkeley.edu/gss/uptodate/7ec We invite
you to send us new articles for the "Staying Up To
Date" web page for this chapter. Articles may be from
local newspapers, magazines, websites, or other sources
that you think would be of interest to classrooms around
the country. To send us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and
find the "Submit New Article" button.
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Chapter 4

4. Changes in the Global System
Dr. Steven Schneider, climatologist
with the National Center for Atmospheric
Research, has been very vocal in alerting the
public to the impending dangers of global
climate change. In an interview for the TV
documentary, “Race to Save the Planet,” he
shares his sense of urgency.
“Fifteen thousand years ago, the Ice
Age began to break up. There were ice
sheets literally a mile high over New York
City, across through the Great Lakes, over
most of northeastern Canada and parts of
Europe. And over the next 10,000 years, the
ice disappeared. Sea levels rose 100 meters
— 300 feet or so. Forests moved thousands of
kilometers. Literally, the ecological face of
the planet was revamped.
It took 10,000 years to warm the planet
up only 5 degrees Celsius, about 9 degrees
Fahrenheit. And we’re talking now about
change on that magnitude in a century. So
we could be modifying the climate — and the
whole Earth’s environmental system — at a
rate something between 10 and 100 times
faster than nature. And that’s guaranteed to
have nasty ecological surprises.”

Earth

The Ice Ages: A Natural Feedback Model
18,000 years ago, over half of North America
was covered by a vast sheet of ice stretching from
northern Canada to Long Island and across the
country to the Pacific Ocean. The climate was
very different during the ice age, with an average
temperature 5°C lower than today. In some areas,
the ice was as much as two miles thick.
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On Mount Washington in New Hampshire,
the highest peak in the northeast at 6,280 feet,
scratches on the rock point to evidence that a
large ice sheet that was at least one mile thick,
passed over the top. But by 6,000 years ago, all
of the ice had melted away to its current levels
in the western mountains, Alaska and Greenland.
What happened?
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Ice sheet over North America, 18,000 years ago.

CHINA

Arial Sea
Caspian Sea
Black Sea

USSR
Siberia
JAPAN

Alps
ARTIC
OCEAN

Beringia

There are a number of mechanisms that
control why large ice sheets form on the
Earth periodically. One reason, discovered by
Milutin Milankovitch in the 1920’s, and since
bolstered by new discoveries, is the Earth’s
orbit. He proposed that the cycles of ice ages
were the result of changes in the relationship
between the Earth and Sun.

NORTH
APCIFIC
OCEAN

The Earth’s orbit isn’t absolutely precise;
various elements change over time. For example,
the Earth’s axis is tilted 23° and is part of the
reason we have seasons. However, this tilt
“wobbles” or in a sense, spins like a top, over a
26,000-year cycle; this is called Precession. In
13,000 years, the longest day of the year won’t
be in June but in December. How might that
affect winter?
Also, the shape of Earth’s orbit changes
over time as well. It becomes less circular and
more oval in a pattern over many thousands of
years. Over time, as this happens, the Earth’s
distance from the Sun becomes even greater.
Right now the distance from the Earth to the Sun
doesn’t vary that much, but if the orbit became
more elliptical the difference between summer
and winter temperatures would become much
more significant.

Alaska

Cordilleran
Ice sheet

EUROPE
ICELAND
Greenland
Ice sheet

Laurentide
Ice sheet

Sea Ice
NORTH
ATLANTIC
OCEAN

Precession: Earth’s
axis wobbles on a
19,000–26,000
year cycle.

Eccentricity: Earth’s orbit, though
very nearly circular, has an elliptical
shape that changes with a 100,000–
400,000 year cycle.

Earth
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Finally, the Earth’s axial tilt changes over
a 40,000-year period, creating less tilt and less
dramatic seasons. When the axis was tilted to a
greater degree, winters would get colder and ice
sheets would expand. If it were tilted less, then
the seasons would be less extreme and ice sheets
would melt. Taken together all of these changes
to the Earth’s orbit can significantly affect the
overall climate of the Earth.
Ice sheet growth is also affected by
atmospheric composition. If the carbon dioxide
were to increase, then the atmosphere would
warm. One natural feedback mechanism between
the ice, the atmosphere and the Sun is called ice
albedo feedback.

Obliquity: The tilt of
the Earth’s axis, now
23.5°, changes in a
41,000 year cycle.

Changes in Earth’s orbit.
[Adapted from
http://www.bio.umass.edu/biology/conn.river/iceages.html]

As glaciers grow, their brilliant white color
reflects away the majority of the sunlight that
hits their surface keeping the ground colder. This
causes them to grow larger and cover more area.
As they grow they remove vegetation from the
ecosystem. This increases the amount of CO2 in
the atmosphere, which warms the atmosphere
and melts the ice sheet. As the ice retreats, more
trees once again grow and the carbon dioxide is
buried in the reservoir. As a counterbalance, the
amount of oxygen in the atmosphere increases.
This creates a greater likelihood that forest fires
will occur. In turn, this releases more carbon
dioxide into the atmosphere, which warms the
atmosphere and melts the ice sheets.
The carbon dioxide found in the oceans is
also released as the atmosphere warms and is
taken in by the ocean as the atmosphere cools.
Over time, coupled with the astronomical theory
and ice albedo feedback, glaciers have come and
gone during Earth’s history in a natural feedback
model regulated by factors in nature.
At present, glaciers around the world are
melting. In the Antarctic, large chunks of ice have
broken off from the ice caps that have been as
large as the state of Delaware. While this is an
enormous piece of ice, it is only a small piece of
a vast ice sheet that covers much of Antarctica.
The question remains, is it a natural feedback
mechanism or are we having a negative effect
on our atmosphere causing glaciers to melt
catastrophically?
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Venus and Mars: A Positive Feedback Model
What happens when there is no controlling
mechanism to keep a planet’s climate system in
dynamic equilibrium? The planets Mars and Venus
are instructive examples. Venus is the second
planet from the Sun. It is nearly the same size as
Earth, has an orbit that’s just a little faster and
has a dynamic weather system similar to ours.
However, what lies below is quite different.
When scientists first started to study Venus,
they imagined a planet like Earth but with more
water since it had thick clouds. Maybe it even had
life! However, when NASA and the Soviet Union
began to send probes to the planet, an entirely
different picture emerged from the data.
The atmosphere of Venus is 90 times heavier
than Earth’s (you would be crushed) and has a
composition of 96% carbon dioxide, 3% nitrogen
and 1% assorted gases like carbon monoxide,
which is a gas that comes out of the exhaust
pipe of your car. It has volcanoes and a cloud
cover that goes nearly to the surface. Venus does
have water, but it has evaporated into the upper
atmosphere where it mixes with the sulfur spewed
from volcanoes and forms deadly acids such as
Sulfuric Acid. The surface temperature of Venus
is more than 400°C, hot enough to melt lead. If
you could land on the surface, your spacecraft
would be eaten away by the acid rain and would
quickly melt if you didn’t takeoff quickly. You
would not survive very long.

Venus and Mars.

Venus is an example of a “runaway greenhouse
effect.” Because of the volcanoes carbon dioxide
is added to the atmosphere. This is turn causes
clouds to form which traps the heat, preventing
any moisture from making it to the surface of the
planet. Venus is a planet that might have supported
life if it had reached dynamic equilibrium before
conditions became catastrophic.
Mars on the other hand, is further from the
Sun than the Earth and has an average surface
temperature of -60°C, far too cold for hospitable
conditions. The reason for this is that Mars lost
most of its atmosphere billions of years ago.
Its current atmospheric pressure is less than
a hundredth that of Earth and there are only
tantalizing glimpses of water that may have
been on the surface eons ago. It can’t retain any
heat.

While Mars is also in dynamic equilibrium, it
is the opposite of Venus. We find that Venus is too
hot and Mars is too cold. Earth is the only planet
that is just right. This has come to be known as the
Goldilocks Effect after the fairy tale, Goldilocks
and the Three Bears. What about the Earth? Is the
Earth still “just right” or are we heating up?
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Is the System Heating Up?
If the input of energy from the Sun exceeds
the output of reflected light and heat energy
from Earth, then the global system may begin to
warm. We haven’t been able to put Earth in a
giant terrarium to monitor the total energy input
to our system and the output of energy to space.
However, scientists have been very inventive in
using a variety of atmospheric tests, core samples
from polar ice, soil and ocean samples, as well as
historical records of climate to support the idea
that increasing levels of carbon dioxide in the
atmosphere are triggering global warming.
Since the beginning of the industrial
revolution, enormous amounts of fossil fuels
have been burned, releasing large quantities of
carbon dioxide into the atmosphere. The once
vast forests of Europe, Africa and the Americas
have been cut or burned during this period to
provide building materials for ships and cities and
to increase farmland. Scientists have identified
the large scale burning of fuels coupled with the
reduction of forests as major factors contributing
to an increase of carbon dioxide levels in the
atmosphere.
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Release of carbon dioxide through industrial
burning, logging, and forest fire.
Images from http://commons.wikimedia.org
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Energy and Matter in and out of Ecosystems
Analyzing the flow of energy and matter in
an ecosystem can provide clues for understanding
the global impact of human activities. For
example, in a forest ecosystem, plants use the
Sun’s energy, water, minerals and nutrients from
dead organisms in the soil to grow and produce
more plant matter. Animals consume plants and/
or other animals, thereby producing new body
tissue. Heat and waste products such as carbon
dioxide and droppings are also produced.
Each ecosystem has an input of matter. This
can be in the form of gases, minerals and nutrients
from the atmosphere, from the weathering of
rocks and from other ecosystems. For example,
the monarch butterfly migrates south to Mexico
over winter in a different ecosystem. Air and
water may enter your terrarium ecosystem.
Energy also enters the system as light, heat, and
chemical energy from living and dead organisms.
What forms of energy enter your terrarium?

Each ecosystem has a flow of matter and
energy through it, with much of the matter being
recycled through the ecosystem food web again
and again. What organisms in your terrarium
are producing substances that eventually get
used by other organisms? The reuse of nutrients
by organisms in a system is another example of
a negative feedback response that promotes
equilibrium in the system.
Each ecosystem has an output of matter
and energy. This may take the form of gases and
heat energy to the atmosphere or of nutrients and
organic matter to other ecosystems, often in the
water runoff in streams.
Question 4.1. What matter and energy is being
lost from your terrarium?

The following diagram shows the
flow of energy and matter through
an ecosystem and may assist you in
identifying the input and output of your
The Flow of Energy and Matter in an Ecosystem terrarium system.
HEAT ENERGY

LIGHT ENERGY

Organisms & Organic
Matter* from other
ecosystems

INPUT

Organisms & Organic
Matter* to other
ecosystems

Food Web of
Organisms
CYCLING

Gases, water, soil
from other ecosystems

OUTPUT
Gases, water, soil to
other ecosystems

Non-Living Surroundings (water, air, gases, soil)
*The term organic matter refers to substances that contain carbon
such as decomposing organisms, waste products, coal, oil, gas, etc.
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Why are We Worried About Levels of CO2 ?
The simplified diagram on the previous page reveals many
interrelated processes that might be affected by a change such
as the atmospheric increase of CO2.The structure of the carbon
dioxide molecule enables it to absorb more heat energy than
the dominant gases in our atmosphere, nitrogen and oxygen.
Methane and chloroflouro-hydrocarbons (CFC’s) absorb even
more energy than CO2. Although these gases are found in
very small amounts in our air, we call them the “greenhouse
gases” because of their capacity to capture heat and warm
the atmosphere.
In 1750 the atmospheric concentration of CO2 was 280
parts per million (ppm). In 1991, the concentration had risen
to 355 ppm and many scientists predict CO2 levels will double
within the next century if the present rate of emissions
continues. Because our atmosphere and oceans are intertwined
as part of one gigantic water cycle, climate changes in one
region may trigger changes half a world away. The following
are just a few of the questions scientists are investigating in
the quest to understand the potential effects of global changes
in the Earth’s atmosphere.
• Will increasing levels of carbon dioxide and greenhouse
gases in the atmosphere stimulate further global
warming?
• Can we expect flooding of coastal areas due to melting
ice caps and expansion of warm water?
• What effect will an increase in carbon dioxide have on
vegetation; will food crops grow slower or faster?
• How might a warming trend affect the diversity of species
in each region?

Is There More Methane on the Way?
Buried just beneath the floor of the Arctic
Ocean, and also beneath the Arctic tundra, are
vast quantities of a substance that could cause
the world’s temperature to rise much faster
than the models are projecting. The substance,
methane hydrate, is a combination of methane
gas and frozen water. It looks like snow but is
90% methane, a potent greenhouse gas. Methane
is 20 to 30 times more effective than CO2 at
trapping heat in the Earth’s atmosphere. If global
warming thaws the tundra and warms the oceans
sufficiently, huge amounts of this gas could be
released.
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What Might Happen if
the Oceans Warm?
If projections are correct and there
is a rise in the level of the oceans due to
expansion of warmed water and melt from
the ice caps, the sea will come up about
one foot in the next 25 to 40 years. This
would result in flooding of many coastal and
island areas around the world, affecting not
only human resources but natural coastal
ecosystems as well.
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Mapping Future Wetlands
Find out how a coastal area might be affected if ocean levels rise.

What You Need
• several pieces of clear acetate
• fine tip pens for writing on acetate
• topographic map and street map of a low-lying coastal
area

Getting Started
1. Choose a coastal area of the country that interests you,
preferably one that includes urban as well as natural
areas.
2. Locate a topographic map that shows contour lines for
sea level and 5 foot increments of elevation. Locate a
street map that shows urban landmarks.
3. Lay a clear sheet of plastic or acetate over the topographic
map and trace the coastline with an indelible pen. Trace
any reefs or tide pools shown on the map.
4. Using another color, trace and label the
five-foot contour line.
5. Refer to the street map to determine the
urban developments located in the zone at
risk, and label major landmarks.
6. Write a one-page report on the potential
effects of a rise in sea level on urban and
natural areas. Include your recommendations
for how the community might respond to the
threat of flooding.

Questions to Research
Have there been recent floods or storms that have
damaged the area?
What was the natural ecosystem like before the
urban development?
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How Might Temperature Changes Affect Organisms?
The plants and trees used by wildlife
are adapted to specific climate conditions
that have been relatively stable for
thousands of years. Within the next fifty
years, the average global temperature
is predicted to rise by 3 degrees Celsius.
Computer climate predictions show entire
temperature and rainfall belts shifting
several hundred miles by the middle of the
next century. Those species of plants that
are unable to quickly disperse to the new
regions where the climate is suitable may
become extinct over large regions.
Plant species can move—up to half
a mile a year, as their seeds are blown by
the wind or carried by animals.
During the Ice Ages, the plant
communities were very different than
they are today.
Vegetation in North America—comparison
between present day and 18,000 years ago.
[http://www.esd.ornl.gov/projects]

Many wild places are hemmed in by
towns, cities and farms, so without natural
corridors forests could end up being
marooned in the wrong climate. Those
species of plants and animals that require
a mature forest in order to complete
their life cycle, may become extinct if
old forests die out before being replaced
elsewhere.

For new material relating to this chapter, please see the
GSS website “Staying Up To Date” page:
http://lhs.berkeley.edu/gss/uptodate/7ec. We invite you
to send us new articles for the "Staying Up To Date"
web page for this chapter. Articles may be from local
newspapers, magazines, websites, or other sources that
you think would be of interest to classrooms around the
country. To send us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
and find the "Submit New Article" button.
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Negative Feedback Systems on a Global Scale
Scientists who are skeptical of the
climate change models point to the
possibility of negative feedback systems
moderating the increase in greenhouse
gases. They point out that any or all of
the following responses could prevent or
counteract increasing levels of CO2.
A: Exploding algae populations in the
warmed oceans may use more CO2.
In the diagram below, the large
“A” arrow represents atmospheric
CO2 being taken up by ocean plant
life.
B: Land plants may photosynthesize
more and absorb more CO2. This
possibility is represented by “B”
as the increased uptake of CO2 by
land plants.
C: A warmer Earth may produce more
cloud cover reflecting more heat
back into space. This is shown by
arrow “C” reflecting the Sun’s rays
away from Earth.

Positive Feedback Systems
on a Global Scale
It is also possible that the following positive feedback
responses could accelerate the rate of global warming. A warmer
climate and ocean might result in any or all of the following:
• Warmer oceans might add more water vapor to the
atmosphere. The “A” arrow in the diagram below indicates
that more cloud cover could trap more heat at the Earth’s
surface and accelerate climate warming.
• Climate change might warm the permafrost represented by
“B”, thereby releasing large amounts of methane gas into
the atmosphere. Methane absorbs more of the Sun’s energy
than does carbon dioxide, and could accelerate a warming
trend.
• Warmer oceans might increase low cloud cover and thereby
decrease the amount of heat reflected back into space
represented by arrow “C”.
• A warmer climate might stimulate urban populations to
increase the use of air conditioning further increasing
emissions of CO2 and CFCs shown by arrow “D”.

Negative feedback on a
global scale.

Positive Feedback
Might Increase
Global Warming

C

A

A

C

B

D

B

Ecosystem Change—Chapter 4: Changes in the Global System

43

Chapter 5

5. Carbon in the Biosphere
The Carbon Dioxide Cycle
When we enjoy the beauty of a tree we
probably aren’t thinking of this marvelous
structure as a carbon-based system that transforms
sunlight and gases into food. A single cell in a tree
leaf is a tiny system that uses light energy plus
water and carbon dioxide from the air to produce
sugar. During this process oxygen and water are
also produced by the cell. All life on the planet
depends on this very commonplace but remarkable
process known as photosynthesis.

Cells need more than the energy from sugar.
They use other nutrients and minerals to repair
tissue and to produce new cells for growth and
reproduction. Overall, a healthy tree produces
more oxygen than it uses during the year, and
takes in large amounts of carbon dioxide while
growing roots, trunk, branches, leaves, fruits or
cones, and seeds.

In order to use the chemical energy stored in
sugar molecules, cells must use oxygen to break
down the sugar. Carbon dioxide and water are
produced and heat energy is released as the sugar
is used. This process is known as respiration, and it
goes on night and day while the cells are alive.
Photosynthesis and respiration
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The Tree as a System
Plants remove CO 2 from the atmosphere and
convert it to organic molecules that can be used by
all living things. In the more than 3 billion years that
photosynthetic organisms have been operating on
Earth, they have removed vast quantities of CO2 from
the atmosphere and oceans. Why hasn’t the carbon
dioxide been used up?
As the leaves of a tree produce sugar molecules,
other areas of the plant use the sugar for various life
functions. While chemical energy is being produced
by the plant, the tissues of the plant are also using the
energy in a process known as respiration. The great
majority of living organisms, including plants, animals,
and many bacteria, use sugar for their energy and release
carbon dioxide back into the atmosphere. ----->

Light Energy
Carbon Dioxide

This is a simplified chemical equation for
photosynthesis in green plants:

Oxygen

Water
Water

Leaf cells

CO2 + 2H2O + Sun's energy
⇒ CH2O + H2O + O2
carbon water
light
YIELDS sugar water oxygen
dioxide

Respiration in plants and animals as they “burn” sugar to get energy:
CH2O + H2O + O2
⇒
CO2 + 2H2O + ENERGY FOR LIFE
sugar
water oxygen YIELDS carbon water
chemical energy & heat
			
dioxide

The tree as a system.
Light Energy
Carbon
Dioxide

Water

Oxygen

Water—Minerals—Nutrients

Ecosystem Change—Chapter 5: Carbon in the Biosphere

45

If all of the sugar produced during photosynthesis is used
for energy then all of the carbon dioxide is returned to the
atmosphere. However, when growing conditions are good for
the plant, it will produce far more sugar than it needs just to
maintain itself. The excess can then be stored by the plant or
used for growth and reproduction.
Over millions of years, animals have evolved many ways of
getting and using plant sugars. Likewise, plants have evolved
numerous ways protecting themselves from being eaten.

Where on Earth is Carbon?
Carbon in the atmosphere is found mainly in the form of
carbon dioxide gas (CO2). It enters the atmosphere from several
sources and is removed or stored by a number of processes
which are referred to as “carbon sinks.” On land, carbon is
stored in the tissues of plants and animals and as deposits of
dead materials in soil. In bedrock, carbon is found in coal, oil,
shale, and limestone deposits. In the ocean, carbon is found in
the bottom deposits of organic mud and dissolved in the water
as ions called carbonates (CO3- ).

The Carbon Cycle
This diagram shows amounts of carbon that are stored in various “carbon
sinks” and how much transfers between sinks on a regular basis.

ATMOSPHERE
740 (IN 1988)
+3 PER YEAR

1-2
(DEFORESTATION)

5
(FOSSIL FUEL USE)

93
(BIOLOGICAL
AND
CHEMICAL
PROCESSES)
90
(BIOLOGICAL
AND
CHEMICAL
PROCESSES)

W h a t a r e t h e f e e d b a ck
mechanisms that affect the level of
carbon dioxide in the atmosphere?
Let’s trace the carbon pathway
between the atmosphere, land, and
the ocean. Before industrialization,
the primary sources of atmospheric
carbon dioxide were respiration
from plants and animals, volcanic
eruptions, decomposition, and
combustion from natural and
human caused fires. You breathe
in air containing oxygen, carbon
dioxide and other gases, and exhale
air with a higher concentration
of carbon dioxide and a lower
concentration of oxygen.

FOSSIL FUELS
5,000-10,000
3
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Trees by the Billions
Ecologist Richard Houghton of Woods Hole Research Center
in Massachusetts calculates that the burning of tropical forests is
pumping about 2.4 billion tons of carbon into the atmosphere each
year. This is .6 billion tons more per year than ten years ago.
It is the carbon connection that has led ecologists and
economists to propose massive tree planting efforts in the tropics.
According to the World Bank and the U.N. Food and Agriculture
Organization, one acre of the fastest growing trees used for tropical
tree plantations generates an estimated 8 tons of wood each year,
thereby storing 4 tons of carbon.
Ecologist Norman Myers has proposed a combination of forest
preservation and reforestation as a potential method for curbing
the greenhouse effect. He estimates that to soak up one
billion tons of carbon, we would need to plant 400,000
square miles of fast-growing trees.
Dr. Meyers points out that an example has already
been initiated by a public-spirited utility company in
Connecticut. The company is building a new power plant
that will emit 15.5 million tons of carbon during its 40-year
life. To compensate for the projected carbon release,
it is also funding the planting of 52 million trees in 400
square miles of Guatemala.

Cooling Our Cities
Over the last several decades, Atlanta, Georgia,
has become one of the largest areas of commercial and
industrial development in the southeastern United States.
This rapid growth has made Atlanta one of the fastest
growing urban areas in the country. The population has
increased over 25% since 1970 and over 30% just in the
last ten years.
To accommodate this growth, the city has expanded
to a diameter of over 60 miles, consuming vast areas of
former agricultural/rural land that formerly surrounded
the city. Two results of this explosive growth have been an
increase in the unhealthy air in the area and a significant
difference in the temperature between the city and the
rural area around it. This phenomenon creates an “Urban
Heat Island.”
Many cities in the United States experience this
phenomenon. This trend may cost your city a lot of money
because the cost of cooling increases 1.5% for every 0.6°C
(1°F). As an example, in Washington, DC, air conditioners
run for about 1300 hours a year. This costs ratepayers
about $40,000 for each hour or about $2,000,000 a year!
(http://www.epa.gov/heatisland/)
Growth of Atlanta as seen from space
(Landsat) from 1973 to 1997.
Ecosystem Change—Chapter 5: Carbon in the Biosphere
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Late Afternoon Temperatures (°F)

Sketch of an Urban Heat-Island Profile
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Atlanta is one of many cities to realize that the loss of
trees surrounding and within the city has contributed to the
rise in temperature and the loss of air quality over the last
few decades. In Tucson, Arizona, the Trees for Tucson program
encourages people to plant trees and provides information on
appropriate trees to plant and where to put them to be the
most effective in reducing energy use.
Tree planting is a simple way to counter the urban heat
island effect. Trees cool by shading and from evapotranspiration
or the release of water vapor by trees. The energy savings
from tree planting can be significant with an average of 20-25%
reduction in costs.

Atlanta

The Tree Musketeers
El Segundo, a city adjacent to Los Angeles, is
home to several large oil refineries and chemical
factories. A major highway and the Los Angeles
International Airport lie within the city limits.
It is a city surrounded by polluting industries.
The students who go to school in El Segundo
have first-hand experience with environmental
degradation.

http://www.treemusketeers.org

Thirteen eight-year-old students were
attending school in El Segundo in 1987 and
were learning about loss of the world’s forests,
the depletion of ozone in our atmosphere and
pollution of the earth’s air and water. These
students decided to take action on their own!

Their first project was to plant a tree that
they named “Marcie the Marvelous.” Sitting in the
shade of their newly planted tree, they debated
what to do next. Using the collective genius that
a cooperative group of people can generate, these
students formed an environmental action group
called the Tree Musketeers. They easily enlisted
the aid of other enthusiastic friends and began a
series of projects to improve the environment of
their local community.
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Here are some of the projects the Tree Musketeers
accomplished in less than four years:
• Planted hundreds of trees in their community and around
local industries to form living screens that help absorb
air pollutants
• Established the city’s first complete recycling drop-off to
reduce the amount of garbage in the dumps and to slow
consumption of the earth’s resources
• Worked to re-establish the native vegetation for the
severely endangered species, the El Segundo Blue
butterfly, whose habitat has been reduced to two
acres
• Taught other students and youth groups about safe
products as alternatives to environmentally harmful and
hazardous chemicals used in the home, and persuaded
local stores to carry these “green” products
• Educated the public by publishing a regular column in the
newspaper and by producing an environmental quiz show
called “Tree Stumper” for the local cable network.
This is only a partial list of this group’s actions. They
have avoided negative confrontations and finger pointing.
Instead, they have chosen to take action and deliver positive
messages through projects that directly benefit the community.
They have enlisted help from large industries for projects that
benefit the environment.
Estimate the tree canopy of your school or neighborhood, then
develop a plan with your friends to increase the tree cover by 50%.

Carbon Sinks
When plants and animals die, their tissues are decomposed
by bacteria and fungi, which release carbon, nitrogen and other
nutrients. Some of the free carbon becomes locked up in the soil.
When animals eat plants, the carbon in the plants is changed
to other forms inside the animal’s
body. A very small percentage of
the world’s carbon is stored inside
animal tissues.

Carbon Cycle

As algae and other plants
growing in oceans, ponds and marshes
die, the vegetation sinks to the
bottom. Because these bottom areas
are anaerobic, meaning that they
lack free oxygen, decomposition is
inhibited. The sediments containing
carbon accumulate to form large
deposits at the bottom of these
waters. Coal mined in the world
today formed by this very process.
Ecosystem Change—Chapter 5: Carbon in the Biosphere
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During the carboniferous period, 400 million years ago, large
stands of ancient forests grew and died in swampland, adding
layer upon layer of carbon. This carbon was buried by other
sediments and later compressed into coal.
Tundra ecosystems, found around the polar regions and
at high mountain elevations, are areas where large deposits
of organic matter have formed. When plants growing in these
frozen environments die, they accumulate layer after layer,
eventually forming peat bogs. People in the British Isles,
Northern Europe and the Arctic have a long history of mining
and burning peat as fuel for their homes.

Carbon Beneath the Forests
In the temperate forests of the world, leaves, pine
needles, fruits, cones, and other debris that have fallen from
the canopy build up, forming a rich layer of organic material.
This deposit of carbon-rich plant material is home to a myriad
of small invertebrates, fungi and microorganisms that feed on
the cellulose and animal matter, thereby returning many of
the nutrients to the soil.
Decomposition and decay are processes that most of us
try to avoid! Dead things smell when they break down and
look weird and scary. For all its unpleasant aspects, organic
decomposition is essential to the well-being of life on Earth.
The nutrients and energy within living things get passed on
to future generations of organisms via the hidden world of
scavengers and decomposers. In your lifetime, you will eat
about 50 tons of “second hand” food made up of recycled
nutrients! The unappreciated “realm of the rotten” can provide
fascinating observations of changes in soil, vegetation, and
organic matter.
Tropical rain forests have small amounts of dead organic
matter (humus) in their soils, which are composed mostly
of clay. Temperate forests have a well developed layer of
organic humus in their soils. In the following activity, observe
changes in foods and organic materials as you test the affects
of temperature on the process of decomposition.
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Decomposition in a Bag
Investigate the role of temperature in decomposition.

What You Need
• 12 zipper-locking plastic bags, or clear plastic soda bottles with lids
• thumbtack for making small holes in the bags or bottles
• heating pad
• several thermometers
• measuring cup and water
• 6 half-gallon milk cartons cut in half lengthwise to make trays
• several large paper grocery bags
• variety of organic items from each category below to put into the
decomposition bags
• 1-2 cups of rich garden or forest soil to provide a variety of decomposers
and scavengers (bacteria, fungi, earthworms, isopods)
Moist Items		

Dry Items

carrot

uncooked beans

apple

uncooked pasta

lettuce or spinach

popped popcorn

natural bread

unpopped popcorn

cooked pasta

matzo cracker

grass clippings

dead leaves

Getting Started
1. State your hypothesis about the effect of
temperature on decomposition.
2. Outline an experiment to test your hypothesis.
Sketch your setup.
3. List the factors that you will control in your
experiment.
4. Monitor your experiment over a two-week
period. Keep a daily log.

Describe Your Results and Conclusions

For new material relating to this chapter, please see the
GSS website “Staying Up To Date” page:
http://lhs.berkeley.edu/gss/uptodate/7ec. We invite you
to send us new articles for the "Staying Up To Date"
web page for this chapter. Articles may be from local
newspapers, magazines, websites, or other sources that
you think would be of interest to classrooms around the
country. To send us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
and find the "Submit New Article" button.

If Earth’s climate warms, what do you
predict will happen to the rate of decomposition
in the temperate forests of the world? How might
this affect the level of CO2 in the atmosphere?

Ecosystem Change—Chapter 5: Carbon in the Biosphere
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Chapter 6

6. Carrying Capacity
In an influential essay entitled, “Essay on the Principle
of Population,” Thomas Malthus noted that the growth of
population and what he thought should be the inevitable
tidal wave of people that would eventually inhabit the Earth,
hadn’t occurred and that somehow the human population
must be kept in check by other factors such as famine and
war. Charles Darwin on his voyage around the world on
the HMS Beagle, was greatly influenced by Malthus’ work
and noted that in nature, populations also do not overrun
an environment but are kept in check in a struggle for
existence.

Fig 6-1. Thomas Malthus

Charles Darwin

In Chapter 2, we discussed negative feedback mechanisms
that contribute to the stability of a system. All populations
of organisms are limited by a combination of environmental
and biological factors such as sunlight, physical space,
temperature, shelter, water, food supply, predation, and
disease. If a system is in dynamic equilibrium, its populations
of plants and herbivores will fluctuate slightly over time,
as populations of predators, parasites, and disease causing
organisms rise and fall in response to food availability. These
Limiting Factors determine the Carrying Capacity of an
ecosystem. The carrying capacity of an ecosystem will also
fluctuate slightly with changes in weather patterns.
In the past, large predators such as wolves, bears, and
mountain lions have controlled the populations of deer, elk,
caribou, and moose by eating fawns and sick individuals.
With the extermination of large predators from most areas
of the country, populations of herbivores have often grown to
the point that they damage the vegetation and soil, thereby
reducing the carrying capacity of the area. Removal of
predators from natural systems has been a major positive
feedback mechanism contributing to instability in our North
American ecosystems.
All of our public parks, forests and range lands have
wildlife biologists who conduct research and develop
management plans to maintain diversity and stability in the
ecosystems. Their management plans focus on restoring
species of plants and animals that have been lost from the
system and controlling populations of herbivores.
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Coyote.
Photo by Michael Jaeger

Elk. Photo by
Reginald H. Barrett.

Predator
and
grazer

Overstocking of livestock
and overgrazing has created
high degrees of bare soil
(55-65% in some areas)
throughout the grassland
community. From Land Use
History of North America—
Colorado Plateau; Northern
Arizona University
http://www.cpluhna.nau.edu/
Research/grazinglitcolr2.htm

Wolf. Photo National Park Service.

In a recent success story, wolves have
been reintroduced to Yellowstone National
Park. Over the last few decades, coyotes
have taken over the role played by wolves
before their extinction in the lower 48
states. Coyotes expanded their range
rapidly and are currently found in every
state. They have even become pests,
killing family pets and have reportedly
attacked small children where human
population density has clashed with the
habitat of the animal.
However, a study of the effects of
returning the wolves to Yellowstone has
found that the wolves have quickly reestablished
themselves as the primary predator and the coyotes
have been “put in their place” by the return of
wolves, seeing their range shrink and population
dwindle to their proper levels. In reality, coyotes
should only be a secondary predator to wolves.
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The numbers of coyotes in some areas have shrunk
significantly and the wolves have begun to once
again “cull” sick animals from the Elk herds in
the park, something coyotes rarely did. Coyotes
tended to attack domestic animals rather than
those in the wild.
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Yellowstone Park in Wyoming.

This successful reintroduction of
wolves bodes well for the reestablishment
of a dynamic equilibrium to ecosystems
that existed before the advent of large
numbers of humans in North America.

Habitat Fragmentation and Carrying Capacity
In a landmark study in 1966, E.O. Wilson and
Dan Simberloff wrapped a small Mangrove island
in Florida in plastic and proceeded to eliminate
every insect on the island. The purpose of this
study was to see how long it took for the island to
regain its former insect population levels. It took
only a year before the same number and variety
of insect species inhabited the small island.
In a similar study, scientists saved tracts of
the Amazon Rainforest as it was being clear cut
to determine the area that was needed to avoid a
collapse of the rainforest ecosystem. The answer
was a large area. Why was this? The answer can
be found by looking at how many species an area
supports prior to deforestation.
If we look at a map of species density, we
see that the areas around the equator support the
most species. Conversely, the further north and
south we go and the further offshore, the less the
number of species we find.

Tropical rainforest
http://www.inform.umd.edu/PBIO/ biome/lec35g.html
Color image on electronic version.
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This map illustrates relative
biodiversity at country level,
taking into account richness and
endemism in the four terrestrial
vertebrate classes and vascular
plants, and adjusting according to
country area.

Species density map

Tropical rainforests support a large number of species. If
the area of the forest shrinks then the number of species that
can survive is limited as well. As humans change the ecosystem
by converting forest to farmland, the area available to the
tropical species shrinks and many of them become extinct. Many
scientists suggest that only a fraction of the species in tropical
forest ecosystems have been identified, particularly smaller ones
such as insects and microfauna.

Numbers of Species, Known and Unknown, Late 1990’s
Estimated
Described species
numbers of
as % of total and
described species
level of accuracy
Viruses................... 4,000......................1.00 VP
Bacteria.................. 4,000......................0.40 VP
Protozoa................80,000.................... 13.33 VP
and algae
Vertebrates............52,000.................... 94.55 G
Insects and........... 963,000.................... 12.04 M
myriapods
Arachnids...............75,000.................... 10.00 M
Molluscs.................70,000.................... 35.00 M
Crustaceans............40,000.................... 26.67 M
Nematodes.............25,000......................6.25 P
Fungi....................72,000......................4.80 M
Plants................. 270,000.................... 84.38 G
Level of accuracy:
VP ................... very poor
P .......................... poor
M .................... moderate
G .......................... good
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Note: Estimates of described species
are invariably incomplete because
new species are being added all
the time. The generally accepted
working totals are about 1.75
million for all described species
and 13.6 million for all species,
both described and unknown.
Source UNEP-WCMC
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Habitat Change Close to Home
The first settlers to North America saw a very different
vista than that which we see today. It was said that a squirrel
could travel tree to tree, from the east coast to the west
coast, without ever touching the ground. Since that time we
have changed our ecosystems significantly. We have made
farms, built cities and created ribbons of highways crisscrossing
the country. The original, vast ecosystems of the United
States have been fragmented into smaller units, and we have
“designed” our environments to reflect our economic needs.
This has resulted in a number of unintended consequences.

Fishes
48%

Vertebrate
species

Invasive Species

Mammals
Birds
9%
19%

In many areas of the country, as ecosystems
are fragmented, a number of native species are
being “pushed out” by new, more aggressive
species that were purposely or unintentionally
brought into the country. Examples abound
around the country, such as the purple loosestrife
which is choking northeast waterways, zebra
mussels in our rivers and a loss of native grasses
in the Midwest.

Amphibians
Reptiles 10%
14%

Color images on electronic version.

Examples of invasive species:
Loosestrife

Mussel
Brown Tree Snake

Cheat Grass
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Striped skunk. Photo by Reginal H. Barrett.

Unwanted Interaction
with Animals
As people push out from the
cities and make large suburban
developments in formerly wild areas,
many animals have moved into the
“new habitat” coming into contact
with humans with greater frequency.
Skunks and raccoons are found
frequently rooting through trash cans,
and deer often graze on lawns.
One consequence of this has
been an increase in diseases unknown
and undiagnosed, such as Lyme
Disease, carried by ticks, and the
introduction of diseases from other
continents such as the West Nile
virus, SARS, and monkey pox.

Dear in the garden [photo from Dan (The Birdman) Marquis]
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Raccoon [photo from Pacific Northwest National Laboratory
http://www.pnl.gov/ecology/gallery/Animal/raccoon.htm]
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Loss of Biodiversity
While we have made good progress in preserving vast tracts of
national forest, we are less vigilant about protecting the ecosystem around
us. Many small towns have seen explosive growth in population and the
once open fields and forests that characterized the area have given way to
subdivisions and shopping centers. Many towns can’t afford to buy open
space to preserve it because of the skyrocketing costs of land.
What is your city or town doing to preserve open space or combat
the invasive species found in your area?

Food Resources and Carrying Capacity
If climates warm and precipitation patterns
change this will probably affect food production
in various areas of the world. Foods that a local
culture formerly depended upon may be unable
to grow in the region’s changing climate. For
example, climate models could predict less
precipitation falling in the Midwest, the nation’s
main grain growing region. Currently, our country
ships surplus grain to nations without adequate
food resources. If the United State’s crop
production declines, we may be unable to ship
food to people in other countries.
Farmers and herdsmen have been managing
plant and animal populations for more than 10,000
years. Farmers, who are trying to maximize
production, whether it is wheat, chickens, or
catfish, must consider all the factors that might
limit the population to be harvested. In the case
of wool production, the rancher may focus on the
carrying capacity of the rangeland and the rainfall
fluctuations that affect the location of drinking
water and the growth of grass. For an intensive
farm system to produce pigs, the farmer uses
sophisticated technology for feeding, breeding,
and medical intervention to prevent disease and
maximize the productivity of the herd.
For every domesticated plant or animal,
there is a fascinating history of cultural evolution
and the application of mathematics and science.
Humans have been very ingenious in removing the
limits to population growth for the species they
want to harvest.
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Overuse of Natural
Resources
Evidence from archaeology suggests that a
number of ancient cultures may have overused the
land resulting in a decline in the culture itself.
For example, archaeological evidence reveals
that Easter Island, a small island off the coast of
western South America, was once forested with
several species of trees including a giant palm that
today grows only on the coast of Chile. The island
also once supported enormous bird rookeries.

For new material relating to this chapter, please see
the GSS website “Staying Up To Date” page:
http://lhs.berkeley.edu/gss/uptodate/7ec.
We invite you to send us new articles for the
"Staying Up To Date" web page for this chapter.
Articles may be from local newspapers, magazines,
websites, or other sources that you think would be of
interest to classrooms around the country. To send
us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
and find the "Submit New Article" button.
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Easter Island

About 500 years ago Polynesian
explorers landed in canoes and established
a civilization that is famous for creating
hundreds of gigantic heads sculpted in
stone. When Admiral Jacob Roggreveen of
the Dutch West India Company discovered
the island on Easter Sunday in 1722, the
islanders were using simple reed floats as
their only boats and appeared to have little
knowledge of the culture that produced
the large stone statues. The trees and
birds had also become extinct, almost
certainly as a result of over-harvesting by
the island’s early human population. The
population of the island reached a peak
of over 10,000, far exceeding the carrying
capacity of the island’s ecosystem.
Resources became scarce and the lush
forests were destroyed. In this regard,
Easter Island has become a metaphor for
ecological disaster.

Investigation

How Do Cultures Affect Ecosystems?
Conduct a library research project to
analyze what is known about a culture and its
relationship to natural resources and the land.

Include in your report:
• What are the culture’s main sources of energy
and food?
• Describe the nature of land use.
• To what extent do these land use practices
change the ecosystem?
• What evidence is there that the culture is “out
of balance” or “in harmony” with nature?
• What lessons can we apply to current
environmental problems?
• Document your references and include maps
or diagrams.
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The following lists of existing and vanished
cultures are offered as possible topics, but feel
free to come up with your own selection.
Lost Civilizations
Anasazi of the Southwest U.S.
Easter Island
Mayan culture
Mali empire of Africa
Native American Mound Builders
Ancient Hebrews
Ancient Egyptians
Contemporary Cultures
African forest people
Bushmen of the Kalahari,
Shoam
Eskimo people
Native Americans of the Amazon
Various Native Americans from North America

59

Chapter 7

7. Neighborhood and
Global Stewardship
The citizens of the United States use more energy
and resources per person than do people in other
countries. What can we do to reduce our individual
and collective impact on earth’s global system? On
the pages that follow, we have described some actions
taken by students to help solve environmental problems
afflicting their communities.
How much does your family recycle? Does your
school have a recycling program? Individuals can make
a big difference when they work together. The average
American throws away 4.5 pounds of trash a day and
pays about $1.50/day to have it carted to a landfill.
When you recycle one aluminum can, you save enough
energy to operate a television set for three hours. You
can help persuade others to join in waste reduction
efforts by calculating how much you are saving in
natural resources and family expenses.

Recyclables
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Waste Busters: Recycling at Home and at School
Students from all areas of the state of Washington have
been collaborating with the Pacific Science Center to drastically
reduce the amount of resources wasted in their State. They
use the mathematics of recycling to help persuade families and
schools that money and resources can be saved by everyone.
Items which have been recycled in different areas of the
country include newspaper, white and colored paper, cardboard,
glass, aluminum and tin cans, motor oil, batteries, certain
plastics, yard clippings, and Christmas trees.
• How much household waste does your family generate in
one week? In one year? Find out by weighing the family
trash and garbage using a bathroom scale.
• Start or expand the recycling you do at home. Start a
compost area in your yard. Keep a record of the weights
of the materials such as paper, plastic, glass, and aluminum
you recycle so that you can calculate the resource savings
later.

Investigation

Environmental Savings for Recycling
For every ton (2,000 pounds) of paper
that is substituted for wood pulp in the
manufacturing process:
• 17 trees are saved
• 60 pounds of air pollutants aren’t
emitted
• 7,000 gallons of water are saved
• Enough energy is saved to power the
average home for 6 months
• landfill space is saved (2.5 cubic yards
is saved for paper; 4 cubic yards for
cardboard)

Investigations:
• Calculate the number of trees you will save by
recycling paper for one year.
• Calculate how many trees could be saved if
every student in your class recycled paper for
one year?
• Write an article for your local newspaper
to publicize your efforts and attract more
community support.
• Conduct a survey at your school to find out what
percentage of students recycle at home and at
school.
• Get together with some of your classmates and
start an awareness program on recycling at your
school to increase student participation.
• Get a baseline measurement of how much is being
recycled at the beginning of the program then
monitor your progress.
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Another Look at Gaia
Studying ecosystems is complicated and frustrating because
many of the puzzle pieces are invisible and hard to measure.
Global changes such as the atmospheric increase of carbon
dioxide and the spread of DDT provide compelling reasons for
cooperation in research and public education.
When the Gaia hypothesis was first proposed many scientists
were turned off by its poetic interpretation. The image of
Gaia as a tremendous living organism living on the Earth and
creating environmental conditions that would be beneficial for
life seemed more like science fiction than science fact. As more
ways in which living organisms modify the environment for their
benefit have been discovered the Gaia concept has become
more respectable.

Gaia model
Sun
O2

O3 Ozone produced

Energy radiated
at night

Ozone layer
Reflected

Evaporation
Precipitation

Energy
trapped to
maintain
heat

Cloud cover

Energy absorbed by
plankton

O2
Absorbed by
plants

Reflected
CO2

Loss of vegetation

Advance

Water from rivers
and groundwater

Melt
Gain of vegetation

Glaciers
Water
storage

Energy consumed by herbivores
& into the food chain
CO2 , O2 reservoir locked in Earth’s crust and soil

Also the original hypothesis has been modified. James
Lovelock now explains the concept as follows: The physical
systems of the Earth and the life on it have evolved together as
a single, tightly interlocked system. He explains that through a
series of feedback mechanisms this system operates to hold the
temperature of the planet within a range that is more or less
acceptable for the continuation of life as a whole.
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The Gaia hypothesis has been very useful in
stimulating a new way of looking at and making
models of natural systems. In studying your
terrarium, have you noticed relationships within
the system that help maintain life? The growth of
plants, for example, can provide food and oxygen
for small animals.
The smaller an ecosystem is, the more vulnerable
it is to outside influences and the less likely it will
provide all the requirements for particular life cycles.
Overpopulation of one organism may exceed the carrying
capacity of the system and trigger rapid changes and
loss of diversity.

Terrarium

Question 7.1. What limitations and positive feedback
responses have you identified that threaten the
health of your terrarium system?
Read the science fiction story on the following page
and describe your explanations for the stability of this
distant planetary system. How does matter and energy
flow through this imaginary system?
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The Daisy World Report
Bernard’s Star Planetary Mission: 30 Feb. 2297
From: Information Officer Janis II Hargrove
Our mission to Bernard’s Star is now entering Year 2. As reported
earlier, we have confirmed and extended the observations of Earth
astronomers. There are seven planets and a multitude of asteroids orbiting
this star. However, only the second planet, at an average distance of 96
million miles from the star, has an atmosphere that contains oxygen and
harbors life.
Daisy World, which is what we have taken to calling the planet, is
extraordinarily like our Earth. Not only is the composition of its atmosphere
almost identical, but its size, orbital distance, ratio of land to water and
even its general climate is Earth-like. We have been able to work on the
surface without life support systems. The “character” of the land surface is
similar on all continents except right around the poles which are ice covered.
The surface is mostly rolling hills almost completely covered with densely
packed plants which constantly produce flowers resembling daisies.
The daisy plants are quite amazing. The
flower is 100 cm in diameter, and blooms all
year. There are only two varieties, and they
both grow quickly to a height of about 2 meters.
The main difference between the two is in the
This long-term stability of the climate is very
color of the petals; one variety has black petals, puzzling because on our approach to Bernard’s
the other has petals that are completely white. star our astronomers discovered a vast cloud
Near the equator the ground is covered with the of dust in an irregular orbit around the star. At
white variety. In the polar regions the black different periods it cuts down on the light to Daisy
plants dominate. In the temperate zones of both World for months at a time. When the space
hemispheres, where the average temperature between Bernard’s star and Daisy World becomes
approaches 20° C, there is a mix of plants.
completely clear of dust, the amount of light
We are at a loss to explain why this planet energy reaching the surface increases greatly.
does not have the diversity of animal and plant It is a mystery to us how the temperature could
species we have on Earth. Insect-like creatures remain the same, since changes in the output of
seem to be the dominant animal life form, and we the central star cause great changes in the climate
have found one that is definitely a carnivore! The of the other planets we have explored.
climate seems to have remained nearly constant
for a very long period. Preliminary studies of Question 7.2. What explanation do you have
sedimentary rock layers indicate that they were
for the stable climate of Daisy World?
formed under temperature conditions that have
remained within a narrow range for thousands
Question 7.3. What negative feedback
of years.
mechanisms may be operating on the planet?

64

Global Systems Science

Ecosystem Change—Chapter 7: Neighborhood and Global Stewardship

People and the Biosphere
Two hundred years ago, more than three-quarters of the
world’s land area was in its natural condition, undeveloped,
unmapped and mostly unexplored. As humans have begun to
dominate the earth, entire ecosystems have been transformed
and the composition of the atmosphere changed in the relatively
short period of time. Experience so far suggests that for some
time at least, our activities will continue to produce changes that
may generate far reaching positive feedback responses.
Throughout this unit, we have considered the characteristics
of ecosystems and how they function. Evidence from numerous
scientific studies reveals a long history of life on Earth, with the
evolution of large numbers of species developing in a great variety
of habitats. Each species has become adapted to a particular
environment and a particular way of life. All the species in the
biosphere interact with one another and the non living surroundings
in a highly complex web of life that is linked by the recycling of
nutrients, CO2, O2, water and minerals.
What is clear is that our effects on the biosphere result
from the collective daily activities of every human being. Some
effects of these in the future can be predicted. It is hard to avoid
the conclusion that in the long run the future of humans and the
biosphere depends to a great extent on how many of us there are,
how each of us lives from day to day, and how we collaborate in
becoming better stewards of our environment.
Humans have learned to survive the ice ages and the expansion
of deserts. As a species, we are capable of tremendous adaptive
changes in our behavior through education. Today we are faced
with the challenge of forging a global effort to reduce human
impact on the biosphere. Attitudes about pesticides and disposable
containers have begun to change, and industry is beginning to
provide materials that can be recycled and reused. Communities
have begun to work together to protect and improve habitat for
endangered species of plants and animals. We encourage you to
look for other adaptive strategies that might help maintain Earth’s
diverse ecosystems.

Write A Letter to the Future
Draw up a contract for yourself to reduce your impact on the biosphere
by changing things you normally do.
Leave a space for reporting your results 2 months from now.
Date the contract and seal it in an envelope labeled “Impact”.
Address the letter to yourself and put a stamp on it.
Give the letter to your teacher, who will mail it to you in 2 months.
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The Global Commons
The Gaia theory has shown us that the Earth is an
interconnected planet in many ways. The many systems that
regulate the flow of energy, carbon, oxygen and other nutrients
throughout the planet are deeply interconnected. In a sense,
we live in a Global Commons. Though we may live across the
ocean from others or on the other side of the country, we share
resources, breathe the same air and drink the same water. When
the atmosphere has industrial pollutants or water is contaminated
by sewage, it affects everyone eventually.
There are many difficult issues connected with how Earth's
wealth of life forms and environments are shared and conserved
for future generations. The increase in carbon dioxide and other
greenhouse gases due to human activity may cause global climate
change in a relatively short period of time.
Most animal and plant species require many generations
to adapt to environmental changes. Through the process called
"natural selection," genetic changes that improve an organism's
"fitness" for surviving in the altered environment get passed on
to the next generation. The offspring of the "better adapted"
organisms survive in larger numbers and produce more offspring
in successive generations. Eventually the genetic character of the
species is dominated by the new and more successful traits suited
to the new environment.
The genetic characteristics of humans
have also changed in this way over hundreds of
thousands of years. But humans have prevailed
as a dominant species mainly through their ability
to adapt to new situations through learning. The
process by which this adaptive behavior spreads
among human populations is education, or in
scientific terms, cultural evolution. For example,
our modern knowledge of microorganisms has
changed our systems of cooking, cleaning,
washing, and using water for drinking.
If the rate of environmental change is fast,
as has been predicted by many scientists who
are studying global climate data, then it is likely
many species of plants and animals will become
extinct. It is true that there have been many
mass extinction throughout the history of life
on earth precipitated by events such as asteroid
impacts and volcanic eruptions. Following each
environmental change, Earth's surviving life
forms have evolved new ways of surviving in the
altered habitats. Humans have learned to survive
the ice ages and the expansion of deserts. As a
species, we are capable of tremendous adaptive
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changes in our behavior in the short time span
of one generation. Today we are faced with the
challenge of forging a global effort to reduce
human impact on the biosphere. Attitudes about
disposable containers have begun to change, and
industry is beginning to provide materials that can
be recycled and reused. Communities have begun
to work together to protect and improve habitat
for endangered species of plants and animals. We
encourage you to look for other adaptive strategies
that might help maintain Earth's biodiversity as
we explore scientific research, history, sociology,
economics, geography, and other topics related
to the Global Commons.
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Conclusion
As we have seen in our study of ecosystems, they are
complex systems that depend on many factors to maintain them
in a state of balance. However, we have also seen the destructive
effects of human activities on our world. We live together on
the Earth with all plants and animals, each of which needs its
place to survive. We can all survive on our world but we need
to work together to form better solutions for all if we want the
complex model known as Gaia to work in a way that will ensure
the survival of all inhabitants of Planet Earth.

For new material relating to this chapter, please see the GSS
website “Staying Up To Date” page:
http://lhs.berkeley.edu/gss/uptodate/7ec. We invite you
to send us new articles for the "Staying Up To Date"
web page for this chapter. Articles may be from local
newspapers, magazines, websites, or other sources that you
think would be of interest to classrooms around the country.
To send us articles please go to the link
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and
find the "Submit New Article" button.
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