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1. Earth Alive!

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. 

 Earth
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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

FOOD

CARBON DIOXIDE

MOTIONHEAT
WASTE

THE WHALE AS A SYSTEM

Bigger systems  
(but not necessarily more complex...)

A small system 

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.

Sequoia
National Park Service
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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.

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, 

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.

Deciduous forest biome

Aquatic Biome. Photo by George Goertz.

Desert biome. Photo by Reginald H. Barrett.

Everything’s Connected to Everything Else

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.
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Tundra biome. Photo by A. S. Leopold..

Marine biome. Photo by Reginald H. Barrett.

Grassland biome. Photo by A. S. Leopold..

 Biomes. Images on pages 4–5 from http://www.ucmp.berkeley.edu/glossary/gloss5/biome/

Alpine biome. Photo by Reginald H. Barrett.

http://www.ucmp.berkeley.edu/glossary/gloss5/biome/
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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.  

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.

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.
http://fp.bio.utk.edu/bot120lect/Biomes/Biome09/

TropicalRainForestCostaRica-Schilling.JPG

TROPICAL 
RAIN 

FOREST

ATMOSPHERE

Water Vapor Rain

Clouds

Plants

Simple recycling 
diagram: water

Example of a System: The Tropical Rain Forest

http://fp.bio.utk.edu/bot120lect/Biomes/Biome09/ TropicalRainForestCostaRica-Schilling.JPG
http://fp.bio.utk.edu/bot120lect/Biomes/Biome09/ TropicalRainForestCostaRica-Schilling.JPG
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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.)  

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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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.  

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. 

Keep running

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.  

Running, an 
example of 
negative feedback

mercury 
switch

Thermostat 
temperature 
adjustment set at 65°F

to furnace

to furnace

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

bimetallic coil

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

Thermostat

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.

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.

Excess Heat

Sweat

Wet skin

Evaporation

Skin Cools

Pores close

Skin returns to 
normal

Keep 
running
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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?  

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 

A thunderstorm—example of positive 
feedback.

Sunlight evaporates water

Warm, moist air rises

Heat is released

Clouds form

Warm air rises further

Thunderheads form

Updrafts cause rain, 
hail, and lightning

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 
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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.  

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 

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
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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 eight-
story 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
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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

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 fol lowing 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

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.
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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?

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.
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How Good are Models?

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.

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.

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.  

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.
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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. 

http://lhs.berkeley.edu/gss/uptodate/7ec
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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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 

Chapter 2
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A pond ecosystem

Humans

Leech (parasite)

ducks, swans, etc
Frog

Water spiders

Yabbie

Larger Fish

mosquito 
larvae Dragonlfy

nymphs

Tadpoles
shrimpssnails 

Smaller fish

Herbivores
Smaller fish

Carnivores

Larger Plants

Water bugs

Pond Slime

Plant Plankton

Animal Plankton

Birds

Consumers

Producers

Decomposers Bacteria Scavengers Fungi
Dead Plants and Animals

Algazze

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.  
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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.

Canadian lynx and hare

Forest Food Web

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.  
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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.

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:

Energy Transfer through Food Webs

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.
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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. 

Energy pyramid

.01 
calorie
human

.1 calorie- 
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1 calorie - frog
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100 calories - grass

1000 calories of Sunlight
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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.  

For 10 Units of herbivore 
biomass consumed, a 
carnivore would pro-
duce 1 Unit of carnivore 
biomass

For 100 Units of plant biomass consumed...

...an herbivore would pro-
duce 10 Units of herbivore 
biomass.

DDT Buildup 
[adapted from http://csuchico.edu/~pmaslin/fbiol/]blgclmgnfctn.html]

http://lhs.berkeley.edu/gss/
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Food Chain Concentration of DDT in A Long Island Marsh sprayed 
for Mosquito Control 1967

 [from http://csuchico.edu/~pmaslin/fbiol/blgclmgnfctn.html]

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.  

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?

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. 

  ppm (parts per million)

Water .....................00005

Plankton ..................04

Silverside Minnow .......23

Sheephead Minnow .....94

Pickerel ..................1.23

Needlefish ...............2.07

Heron ....................3.57

Tern ......................3.91

Osprey ...................13.8

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.  

http://csuchico.edu/~pmaslin/fbiol/blgclmgnfctn.html
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Green Algae 

(Above and right)

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

Daphnia 
[© Ken Davis]
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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.  

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. 

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 

Daphnia and Algae in 
Dynamic Equilibrium
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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 
be killed.  As they decompose the oxygen level 
drops further causing more organisms to die.  

This is an example of a positive feedback 
response causing the system to change in a new 
direction.  Without plentiful oxygen in the water, 
many kinds of plants and animals will die and 
be replaced by ones that tolerate low levels of 
oxygen.  Positive feedback responses increase 
disturbance to a system.

Hole nesting birds such as chickadees and 
many kinds of woodpeckers and owls require 
mature forests to reproduce and successfully 
raise young.  The following is a hypothetical 
graph of a positive feedback response resulting 
from reduction of forest habitat.

Ecosystems are affected by what happens 
in neighboring ecosystems because organisms, 
water, air, nutrients, and energy move from 
region to region.  Whales, waterfowl, and 
caribou are a few examples of migratory 
animals that require international research 
and political cooperation to protect dwindling 
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, 
geese, and cranes, which cross international 
borders during their life cycle.

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.

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 

Negative Feedback Responses
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International efforts to ban whaling

Use of agricultural pesticides

The Endangered Species Act

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

Limits to the number of fish that  
can be harvested

Draining swamps and marshland

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

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?

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. 

http://lhs.berkeley.edu/gss/uptodate/7ec
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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An Interview with Samira Omar

3. Studying Desert Ecosystems

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.

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). Samira Omar

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.” 

Chapter 3
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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

http://visualizingearth.ucsd.edu/vis_earth/images/kuwait.jpg
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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]
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. 

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 
f rom her  pos i t ion  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.  

http://edcwww.cr.usgs.gov/earthshots/slow/Iraq/Iraq
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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

“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 
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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.

Digging soil at the Burgun oil fields

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 

Rangeland with fires and oil spills in Kuwait

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.”
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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. 

http://lhs.berkeley.edu/gss/uptodate/7ec
http://lhs.berkeley.edu/gss/uptodate/newarticle.html



