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Introduction

Environmental Biology is a free and open textbook that enables students to develop a nuanced
understanding of today’s most pressing environmental issues. This text helps students grasp the scientific
foundation of environmental topics so they can better understand the world around them and their impact
upon it. This book is a collaboration between various authors and organizations that are committed to
providing students with high quality and affordable textbooks. Particularly, this text draws from the
following open sources, in addition to new content from the editor:

» “Biology” by OpenStax is licensed under CC BY 3.0

* “Sustainability: A Comprehensive Foundation” by Tom Theis and Jonathan Tomkin,
Editors, is licensed under CC BY 3.0

» “Essentials of Environmental Science” by Kamala DorSner is licensed under CC BY 4.0

Environmental Biology is licensed under CC BY 4.0 and was edited and co-authored by Matthew R.
Fisher, Biology Faculty at Oregon Coast Community College. If you have questions, suggestions, or
found errors in this text, please contact him at matthew.fisher@oregoncoastcc.org.

Special Note to Instructors:

Lecture slides for all chapters are available via Environmental Biology Lecture Slides.

Publication and on-going maintenance of this textbook is possible due to grant support from Open
Oregon Education Resources. Every time that you use this textbook, please email the editor
(matthew.fisher@oregoncoastcc.org) and provide the number of courses and students involved. This
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allows for the impact of this open textbook to be monitored, and hopefully, it justifies continued financial
support for it.

Also, please check with the editor prior to adopting this textbook to see if any substantial revisions or
additions are pending.

Updates to Section 10.2, November 2019

This section was rewritten to improve the quality and depth of the narrative. Some emerging scientific
evidence was included about the resurgence in CFC emissions. Most graphics were removed and new
images were added.

Major Updates Completed in Summer 2018

» Improved formatting of images throughout the text. (Completed)

» Chapter 2: Addition of a section regarding the different levels of biological organization,
from molecules to ecosystems. (Completed)

» Chapter 8: Revise the section about genetically modified organisms to better reflect current
science. (Completed)

+ Chapter 11: Update information about climate change. (Completed)

 All chapters: End-of-chapter multiple choice review questions, at different levels of Bloom’s
taxonomy, with answer key provided in a newly created Appendix. (Completed)

This book was last updated on November 9, 2019.

Photo above taken in the mid-Coastal Mountain range of Oregon, CC BY 4.0 Matthew R. Fisher
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Chapter 1: Environmental Science

=
“Environmental Protection” by ejaugsburg is in the Public Domain
cco
Learning Outcomes

After studying this chapter, you should be able to:

Describe what the environment is, and some of its major components.

Identify the shared characteristics of the natural sciences

Understand the process of scientific inquiry

Compare inductive reasoning with deductive reasoning

Describe the goals of basic science and applied science

Define environmental science

Understand why it is important to study environmental science

Explain the concept of sustainability and its social, political, and cultural challenges
Evaluate the main points of environmental ethics

Describe the concept of environmental justice

Differentiate between developed and developing countries


https://pixabay.com/en/environmental-protection-326923/
https://pixabay.com/en/users/ejaugsburg-148268/
http://creativecommons.org/publicdomain/zero/1.0/
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Chapter Outline

1.1 The Earth, Humans, and the Environment

1.2 The Process of Science
* 1.3 Environment and Sustainability
» 1.4 Environmental Ethics

* 1.5 Environmental Justice and Indigenous Struggles

1.6 Chapter Resources — Environmental Science

Attribution
“Chapter 1: Environmental Science” by Alexandra Geddes is licensed under CCBY 4.0
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1.1 The Earth, Humans, & the Environment

What is Environmental Science?

Environmental science is the dynamic, interdisciplinary study of the interaction of living and non-
living parts of the environment, with special focus on the impact of humans on the environment. The
study of environmental science includes circumstances, objects, or conditions by which an organism or
community is surrounded and the complex ways in which they interact.

Why Study Environmental Science?

The need for equitable, ethical, and sustainable use of Earth’s resources by a global population that
nears the carrying capacity of the planet requires us not only to understand how human behaviors affect
the environment, but also the scientific principles that govern interactions between the living and non-
living. Our future depends on our ability to understand and evaluate evidence-based arguments about the
environmental consequences of human actions and technologies, and to make informed decisions based
on those arguments.

From global climate change to habitat loss driven by human population growth and development,
Earth is becoming a different planet—right before our eyes. The global scale and rate of environmental
change are beyond anything inrecorded human history. Our challenge is to acquire an improved
understanding of Earth’s complex environmental systems; systems characterized by interactions within
and among their natural and human components that link local to global and short-term to long-term
phenomena, and individual behavior to collective action. The complexity of environmental challenges
demands that we all participate in finding and implementing solutions leading to long-term
environmental sustainability.
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Perspectives: A brief history of planet Earth:

Attribution
The Earth, Humans, and the Environment by Alexandra Geddes is licensed under CC BY 4.0. Modified
from original by Matthew R. Fisher.
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1.2 The Process of Science

(@) (b)

Figure 1. (a) The cyanobacteria seen through a light microscope are some of Earth’s oldest life forms. These (b)
stromatolites along the shores of Lake Thetis in Western Australia are ancient structures formed by the layering of
cyanobacteria in shallow waters. (Credit a: modification of work by NASA; scale-bar data from Matt Russell; credit
b: modification of work by Ruth Ellison)

Like other natural sciences, environmental science is a science that gathers knowledge about the
natural world. The methods of science include careful observation, record keeping, logical and
mathematical reasoning, experimentation, and submitting conclusions to the scrutiny of others. Science
also requires considerable imagination and creativity; a well-designed experiment is commonly
described as elegant or beautiful. Science has considerable practical implications and some science is
dedicated to practical applications, such as the prevention of disease (figure 2). Other science proceeds
largely motivated by curiosity. Whatever its goal, there is no doubt that science has transformed human
existence and will continue to do so.
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The Nature of Science

Biology is a science, but what exactly is science?
What does the study of biology share with other
scientific disciplines? Science (from the Latin
scientia, meaning “knowledge”) can be defined as a
process of gaining knowledge about the natural
world.

Science is a very specific way of learning about
the world. The history of the past 500 years
demonstrates that science is a very powerful way
of gaining knowledge about the world; it is
largely responsible for the technological
revolutions that have taken place during this time.

(E. coli), a bacterium that is a normal resident of our
There are areas of knowledge, however, that the digestive tracts but which is also sometimes responsible for

methods of science cannot be applied to. These disease outbreaks. In this micrograph, the bacterium is
include such things as morality, aesthetics, or visualized using a scanning electron microscope and
spirituality. Science cannot investigate these areas digital colorization. (credit: Eric Erbe; digital colorization

because they are outside the realm of material bY Christopher Pooley, USDA-ARS)

phenomena, the phenomena of matter and energy,
and cannot be observed and measured.

The scientific method is a method of research with defined steps that include experiments and careful
observation. The steps of the scientific method will be examined in detail later, but one of the most
important aspects of this method is the testing of hypotheses. A hypothesis is an proposed explanatory
statement, for a given natural phenomenon, that can be tested. Hypotheses, or tentative explanations,
are different than a scientific theory. A scientific theory is a widely-accepted, thoroughly tested and
confirmed explanation for a set of observations or phenomena. Scientific theory is the foundation of
scientific knowledge. In addition, in many scientific disciplines (less so in biology) there are scientific
laws, often expressed in mathematical formulas, which describe how elements of nature will behave
under certain specific conditions, but they do not offer explanations for why they occur.

Natural Sciences

What would you expect to see in a museum of natural sciences? Frogs? Plants? Dinosaur skeletons?
Exhibits about how the brain functions? A planetarium? Gems and minerals? Or maybe all of the
above? Science includes such diverse fields as astronomy, computer sciences, psychology,biology, and
mathematics. However, those fields of science related to the physical world and its phenomena and
processes are considered natural sciences and include the disciplines of physics, geology, biology,
and chemistry. Environmental science is a cross-disciplinary natural science because it relies of the
disciplines of chemistry, biology, and geology.

Scientific Inquiry

One thing is common to all forms of science: an ultimate goal to know. Curiosity and inquiry are the
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driving forces for the development of science. Scientists seek to understand the world and the way it
operates. Two methods of logical thinking are used: inductive reasoning and deductive reasoning.

Inductive reasoning is a form of logical thinking that uses related observations to arrive at a
general conclusion. This type of reasoning is common in descriptive science. A life scientist such
as a biologist makes observations and records them. These data can be qualitative (descriptive) or
quantitative (consisting of numbers), and the raw data can be supplemented with drawings, pictures,
photos, or videos. From many observations, the scientist can infer conclusions (inductions) based on
evidence. Inductive reasoning involves formulating generalizations inferred from careful observation
and the analysis of a large amount of data. Brain studies often work this way. Many brains are
observed while people are doing a task. The part of the brain that lights up, indicating activity, is then
demonstrated to be the part controlling the response to that task.

Deductive reasoning or deduction is the type of logic used in hypothesis-based science. In deductive
reasoning, the pattern of thinking moves in the opposite direction as compared to inductive
reasoning. Deductive reasoning is a form of logical thinking that uses a general principle or law to
forecast specific results. From those general principles, a scientist can extrapolate and predict the
specific results that would be valid as long as the general principles are valid. For example, a prediction
would be that if the climate is becoming warmer in a region, the distribution of plants and animals should
change. Comparisons have been made between distributions in the past and the present, and the many
changes that have been found are consistent with a warming climate. Finding the change in distribution
is evidence that the climate change conclusion is a valid one.

Both types of logical thinking are related to the two main pathways of scientific study: descriptive
science and hypothesis-based science. Descriptive (or discovery) science aims to observe, explore, and
discover, while hypothesis-based science begins with a specific question or problem and a potential
answer or solution that can be tested. The boundary between these two forms of study is often blurred,
because most scientific endeavors combine both approaches. Observations lead to questions, questions
lead to forming a hypothesis as a possible answer to those questions, and then the hypothesis is tested.
Thus, descriptive science and hypothesis-based science are in continuous dialogue.

“Scientists have become the bearers of the torch of discovery in our quest for knowledge.” —
Stephen Hawking and Leonard Mlodinov, in The Grand Design (2010), Bantam Books

Hypothesis Testing

Biologists study the living world by posing questions about it and seeking science-based responses.
This approach is common to other sciences as well and is often referred to as the scientific method.
The scientific method was used even in ancient times, but it was first documented by England’s Sir
Francis Bacon (1561-1626) who set up inductive methods for scientific inquiry. The scientific method
is not exclusively used by biologists but can be applied to almost anything as a logical problem-solving
method.
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The scientific process typically starts with an observation (often a
problem to be solved) that leads to a question. Let’s think about a
simple problem that starts with an observation and apply the scientific
method to solve the problem. One Monday morning, a student arrives
at class and quickly discovers that the classroom is too warm. That is
an observation that also describes a problem: the classroom is too
warm. The student then asks a question: “Why is the classroom so
warm?”

Recall that a hypothesis is a suggested explanation that can be
tested. To solve a problem, several hypotheses may be proposed. For
example, one hypothesis might be, “The classroom is warm because
no one turned on the air conditioning.” But there could be other
responses to the question, and therefore other hypotheses may be
proposed. A second hypothesis might be, “The classroom is warm
because there is a power failure, and so the air conditioning doesn’t
work.”

Once a hypothesis has been selected, a prediction may be made. A
prediction is similar to a hypothesis but it typically has the format “If .
..then....” For example, the prediction for the first hypothesis might
be, “If the student turns on the air conditioning, then the classroom
will no longer be too warm.”

A hypothesis must be testable to ensure that it is valid. For example,
a hypothesis that depends on what a bear thinks is not testable, because it can never be known what a
bear thinks. It should also be falsifiable, meaning that it can be disproven by experimental results. An
example of an unfalsifiable hypothesis is “Botticelli’s Birth of Venusis beautiful.” There is no
experiment that might show this statement to be false. To test a hypothesis, a researcher will conduct one
or more experiments designed to eliminate one or more of the hypotheses. This is important. A
hypothesis can be disproven, or eliminated, but it can never be proven. Science does not deal in proofs
like mathematics. If an experiment fails to disprove a hypothesis, then we find support for that
explanation, but this is not to say that down the road a better explanation will not be found, or a more
carefully designed experiment will be found to falsify the hypothesis.

Each experiment will have one or more variables and one or more controls.
Experimental variables are any part of the experiment that can vary or change during the experiment.
Controlled variables are parts of the experiment that do not change. Lastly, experiments might have a
control group: a group of test subjects that are as similar as possible to all other test subjects, with the
exception that they don’t receive the experimental treatment (those that do receive it are known as the
experimental group). For example, in a study testing a weight-loss drug, the control group would be
test subjects that don’t receive the drug (but they might receive a placebo, such as sugar pill, instead).
Look for these various things in the example that follows:

An experiment might be conducted to test the hypothesis that phosphate (a nutrient) promotes the
growth of algae in freshwater ponds. A series of artificial ponds are filled with water and half of them
are treated by adding phosphate each week, while the other half are treated by adding a non-nutritional
mineral that is not used by algae. The experimental variable here is presence/absence of a nutrient
(phosphate). One potential controlled variable would be the volume of water in each tank. The amount of
water that algae have access to may influence the results, thus researchers want to control its influence on
the results by making sure all test subjects get the same amount. The control group consists of the tanks
that received a placebo (non-nutritional mineral) instead of the phosphate. If the ponds with phosphate

Figure 3. Sir Francis Bacon is
credited with being the first to
document the scientific method.
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show more algal growth, then we have found support for the hypothesis. If they do not, then we reject
our hypothesis. Be aware that rejecting one hypothesis does not determine whether or not the other
hypotheses can be accepted; it simply eliminates one hypothesis that is not valid (Figure 3). Using the
scientific method, the hypotheses that are inconsistent with experimental data are rejected.

Make an observation

Y

Ask a question

Y

Form a hypothesis that ¢
answers the question

Y A

Make a prediction based
on the hypothesis

Y

Do an experiment
to test the prediction

Y

r Analyze the results 1

Hypothesis is Hypothesisis
SUPPORTED NOT SUPPORTED

Try again...

Report results

Figure 4. The scientific method is a series of defined steps
that include experiments and careful observation. If a
hypothesis is not supported by data, a new hypothesis can
be proposed.

In the example below, the scientific method is used to solve an everyday problem. Which part in the
example below is the hypothesis? Which is the prediction? Based on the results of the experiment, is the
hypothesis supported? If it is not supported, propose some alternative hypotheses.

1. My toaster doesn’t toast my bread.

2. Why doesn’t my toaster work?

3. There is something wrong with the electrical outlet.

4

. If something is wrong with the outlet, my coffeemaker also won’t work when plugged into it.
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5. I plug my coffeemaker into the outlet.

6. My coffeemaker works.

In practice, the scientific method is not as rigid and structured as it might at first appear. Sometimes an
experiment leads to conclusions that favor a change in approach; often, an experiment brings entirely
new scientific questions to the puzzle. Many times, science does not operate in a linear fashion; instead,
scientists continually draw inferences and make generalizations, finding patterns as their research
proceeds. Scientific reasoning is more complex than the scientific method alone suggests.

Basic and Applied Science

Is it valuable to pursue science for the sake of simply gaining knowledge, or does scientific knowledge
only have worth if we can apply it to solving a specific problem or bettering our lives? This question
focuses on the differences between two types of science: basic science and applied science.

Basic science or “pure” science seeks to expand knowledge regardless of the short-term application of
that knowledge. It is not focused on developing a product or a service of immediate public or commercial
value. The immediate goal of basic science is knowledge for knowledge’s sake, though this does not
mean that in the end it may not result in an application.

In contrast, applied science aims to use science to solve real-world problems, such as improving crop
yield, find a cure for a particular disease, or save animals threatened by a natural disaster. In applied
science, the problem is usually defined for the researcher.

Some individuals may perceive applied science as “useful” and basic science as “useless.” A question
these people might pose to a scientist advocating knowledge acquisition would be, “What for?” A
careful look at the history of science, however, reveals that basic knowledge has resulted in many
remarkable applications of great value. Many scientists think that a basic understanding of science is
necessary before an application is developed; therefore, applied science relies on the results generated
through basic science. Other scientists think that it is time to move on from basic science and instead
to find solutions to actual problems. Both approaches are valid. It is true that there are problems that
demand immediate attention; however, few solutions would be found without the help of the knowledge
generated through basic science.

One example of how basic and applied science can work together to solve practical problems occurred
after the discovery of DNA structure led to an understanding of the molecular mechanisms governing
DNA replication. Strands of DNA, unique in every human, are found in our cells, where they provide
the instructions necessary for life. During DNA replication, new copies of DNA are made, shortly
before a cell divides to form new cells. Understanding the mechanisms of DNA replication (through
basic science) enabled scientists to develop laboratory techniques that are now used to identify genetic
diseases, pinpoint individuals who were at a crime scene, and determine paternity (all examples of
applied science). Without basic science, it is unlikely that applied science would exist.

Another example of the link between basic and applied research is the Human Genome Project, a
study in which each human chromosome was analyzed and mapped to determine the precise sequence of
the DNA code and the exact location of each gene. (The gene is the basic unit of heredity; an individual’s
complete collection of genes is his or her genome.) Other organisms have also been studied as part of
this project to gain a better understanding of human chromosomes. The Human Genome Project (Figure
5) relied on basic research carried out with non-human organisms and, later, with the human genome.
An important end goal eventually became using the data for applied research seeking cures for genetic
diseases.



Scientific Work is Transparent & Open to Critique

Whether scientific research is basic science or applied science,
scientists must share their findings for other researchers to expand
and build upon their discoveries. For this reason, an important
aspect of a scientist’s work is disseminating results and
communicating with peers. Scientists can share results by
presenting them at a scientific meeting or conference, but this
approach can reach only the limited few who are present. Instead,
most scientists present their results in peer-reviewed articles that
are published in scientific journals. Peer-reviewed articles are
scientific papers that are reviewed, usually anonymously by a
scientist’s colleagues, or peers. These colleagues are qualified
individuals, often experts in the same research area, who judge
whether or not the scientist’s work is suitable for publication. The
process of peer review helps to ensure that the research described
in a scientific paper or grant proposal is original, significant,
logical, ethical, and thorough. Scientists publish their work so
other scientists can reproduce their experiments under similar or
different conditions to expand on the findings. The experimental
results must be consistent with the findings of other scientists.
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Figure 5. The Human Genome Project
was a 13-year collaborative effort
among researchers working in several
different fields of science. The project
was completed in 2003. (credit: the U.S.
Department of Energy Genome
Programs)

As you review scientific information, whether in an academic setting or as part of your day-to-day
life, it is important to think about the credibility of that information. You might ask yourself: has this
scientific information been through the rigorous process of peer review? Are the conclusions based
on available data and accepted by the larger scientific community? Scientists are inherently skeptical,
especially if conclusions are not supported by evidence (and you should be too).

Suggested Supplementary Reading:

Sundermier, A. 2016. “These 5 mind-melting thought experiments helped Albert Einstein come up

with his most revolutionary scientific ideas.” Business Insider. <https://www.businessinsider.com/
5-of-albert-einsteins-thought-experiments-that-revolutionized-science-2016-7>

Attribution
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1.3 Environment & Sustainability

Introduction to Sustainability

This section introduces the concept of sustainability, which refers to the sociopolitical, scientific, and
cultural challenges of living within the means of the earth without significantly impairing its function.

Taking The Long View: Sustainability in Evolutionary and Ecological Perspective

Of the different forms of life that have inhabited the Earth in its three to four billion year history, 99.9%
are now extinct. Against this backdrop, the human enterprise with its roughly 200,000-year history
barely merits attention. As the American novelist Mark Twain once remarked, if our planet’s history
were to be compared to the Eiffel Tower, human history would be a mere smear on the very tip of
the tower. But while modern humans (Homo sapiens) might be insignificant in geologic time, we are
by no means insignificant in terms of our recent planetary impact. A 1986 study estimated that 40%
of the product of terrestrial plant photosynthesis — the basis of the food chain for most animal and
bird life — was being appropriated by humans for their use. More recent studies estimate that 25% of
photosynthesis on continental shelves (coastal areas) is ultimately being used to satisfy human demand.
Human appropriation of such natural resources is having a profound impact upon the wide diversity of
other species that also depend on them.

Evolution normally results in the generation of new lifeforms at a rate that outstrips the extinction of
other species; this results in strong biological diversity. However, scientists have evidence that, for the
first observable time in evolutionary history, another species — Homo sapiens — has upset this balance
to the degree that the rate of species extinction is now estimated at 10,000 times the rate of species
renewal. Human beings, just one species among millions, are crowding out the other species we share
the planet with. Evidence of human interference with the natural world is visible in practically every
ecosystem from the presence of pollutants in the stratosphere to the artificially changed courses of the
majority of river systems on the planet. It is argued that ever since we abandoned nomadic, gatherer-
hunter ways of life for settled societies some 12,000 years ago, humans have continually manipulated
their natural world to meet their needs. While this observation is a correct one, the rate, scale, and the
nature of human-induced global change — particularly in the post-industrial period — is unprecedented
in the history of life on Earth.

There are three primary reasons for this:

Firstly, mechanization of both industry and agriculture in the last century resulted in vastly improved
labor productivity which enabled the creation of goods and services. Since then, scientific advance and
technological innovation — powered by ever-increasing inputs of fossil fuels and their derivatives —
have revolutionized every industry and created many new ones. The subsequent development of western
consumer culture, and the satisfaction of the accompanying disposable mentality, has generated material
flows of an unprecedented scale. The Wuppertal Institute estimates that humans are now responsible for
moving greater amounts of matter across the planet than all natural occurrences (earthquakes, storms,
etc.) put together.

Secondly, the sheer size of the human population is unprecedented. Every passing year adds another

15
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90 million people to the planet. Even though the environmental impact varies significantly between
countries (and within them), the exponential growth in human numbers, coupled with rising material
expectations in a world of limited resources, has catapulted the issue of distribution to prominence.
Global inequalities in resource consumption and purchasing power mark the clearest dividing line
between the haves and the have-nots. It has become apparent that present patterns of production and
consumption are unsustainable for a global population that is projected to reach between 12 billion by
the year 2050. If ecological crises and rising social conflict are to countered, the present rates of over-
consumption by a rich minority, and under-consumption by a large majority, will have to be brought into
balance.

Thirdly, it is not only the rate and the scale of change but the nature of that change that is
unprecedented. Human inventiveness has introduced chemicals and materials into the environment
which either do not occur naturally at all, or do not occur in the ratios in which we have introduced them.
These persistent chemical pollutants are believed to be causing alterations in the environment, the effects
of which are only slowly manifesting themselves, and the full scale of which is beyond calculation. CFCs
and PCBs are but two examples of the approximately 100,000 chemicals currently in global circulation.
(Between 500 and 1,000 new chemicals are being added to this list annually.) The majority of these
chemicals have not been tested for their toxicity on humans and other life forms, let alone tested for their
effects in combination with other chemicals. These issues are now the subject of special UN and other
intergovernmental working groups.

The Evolution of Sustainability Itself

Our Common Future (1987), the report of the World Commission on Environment and Development, is
widely credited with having popularized the concept of sustainable development. It defines sustainable
development in the following ways...

* ...development that meets the needs of the present without compromising the ability of future
generations to meet their own needs.

» ... sustainable development is not a fixed state of harmony, but rather a process of change in
which the exploitation of resources, the orientation of the technological development, and
institutional change are made consistent with future as well as present needs.

The concept of sustainability, however, can be traced back much farther to the oral histories of
indigenous cultures. For example, the principle of inter-generational equity is captured in the Inuit
saying, ‘we do not inherit the Earth from our parents, we borrow it from our children’. The Native
American ‘Law of the Seventh Generation’ is another illustration. According to this, before any major
action was to be undertaken its potential consequences on the seventh generation had to be considered.
For a species that at present is only 6,000 generations old and whose current political decision-makers
operate on time scales of months or few years at most, the thought that other human cultures have
based their decision-making systems on time scales of many decades seems wise but unfortunately
inconceivable in the current political climate.

Environmental Equity

While much progress is being made to improve resource efficiency, far less progress has been made
to improve resource distribution. Currently, just one-fifth of the global population is consuming three-
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quarters of the earth’s resources (Figure 1). If the remaining four-fifths were to exercise their right to
grow to the level of the rich minority it would result in ecological devastation. So far, global income
inequalities and lack of purchasing power have prevented poorer countries from reaching the standard
of living (and also resource consumption/waste emission) of the industrialized countries.

Figure 1:

Global Consumption Inequality

24 % of the global population — mostly
in the high-income countries —
accounts for:

St

92% cars

70% CO2 emissions

86% copper and
aluminium

81% paper

80% iron and steel

48% cereal crops

60% artificial fertilizer

Countries such as China, Brazil, India, and Malaysia are, however, catching up fast. In such a
situation, global consumption of resources and energy needs to be drastically reduced to a point where
it can be repeated by future generations. But who will do the reducing? Poorer nations want to produce
and consume more. Yet so do richer countries: their economies demand ever greater consumption-based
expansion. Such stalemates have prevented any meaningful progress towards equitable and sustainable
resource distribution at the international level. These issue of fairness and distributional justice remain
unresolved.

Concepts in Environmental Science

The ecological footprint (EF), developed by Canadian ecologist and planner William Rees, is basically
an accounting tool that uses land as the unit of measurement to assess per capita consumption,
production, and discharge needs. It starts from the assumption that every category of energy and material
consumption and waste discharge requires the productive or absorptive capacity of a finite area of land
or water. If we (add up) all the land requirements for all categories of consumption and waste discharge
by a defined population, the total area represents the Ecological Footprint of that population on Earth
whether or not this area coincides with the population’s home region.

Land is used as the unit of measurement for the simple reason that, according to Rees, “Land area
not only captures planet Earth’s finiteness, it can also be seen as a proxy for numerous essential life
support functions from gas exchange to nutrient recycling ... land supports photosynthesis, the energy
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conduit for the web of life. Photosynthesis sustains all important food chains and maintains the structural
integrity of ecosystems.”

What does the ecological footprint tell us? Ecological footprint analysis can tell us in a vivid, ready-to-
grasp manner how much of the Earth’s environmental functions are needed to support human activities.
It also makes visible the extent to which consumer lifestyles and behaviors are ecologically sustainable
calculated that the ecological footprint of the average American is — conservatively — 5.1 hectares per
capita of productive land. With roughly 7.4 billion hectares of the planet’s total surface area of 51 billion
hectares available for human consumption, if the current global population were to adopt American
consumer lifestyles we would need two additional planets to produce the resources, absorb the wastes,
and provide general life-support functions.

The precautionary principle is an important concept in environmental sustainability. A 1998
consensus statement characterized the precautionary principle this way: “when an activity raises threats
of harm to human health or the environment, precautionary measures should be taken even if some cause
and effect relationships are not fully established scientifically”. For example, if a new pesticide chemical
is created, the precautionary principle would dictate that we presume, for the sake of safety, that the
chemical may have potential negative consequences for the environment and/or human health, even if
such consequences have not been proven yet. In other words, it is best to proceed cautiously in the face
of incomplete knowledge about something’s potential harm.

Some Indicators of Global Environmental Stress

Forests — Deforestation remains a main issue. 1 million hectares of forest were lost every year in the
decade 1980-1990. The largest losses of forest area are taking place in the tropical moist deciduous
forests, the zone best suited to human settlement and agriculture. Recent estimates suggest that nearly
two-thirds of tropical deforestation is due to farmers clearing land for agriculture. There is increasing
concern about the decline in forest quality associated with intensive use of forests and unregulated
access.

Soil — As much as 10% of the earth’s vegetated surface is now at least moderately degraded. Trends in
soil quality and management of irrigated land raise serious questions about longer-term sustainability. It
is estimated that about 20% of the world’s 250 million hectares of irrigated land are already degraded to
the point where crop production is seriously reduced.

Fresh Water — Some 20% of the world’s population lacks access to safe water and 50% lacks access to
safe sanitation. If current trends in water use persist, two-thirds of the world’s population could be living
in countries experiencing moderate or high water stress by 2025.

Marine fisheries — 25% of the world’s marine fisheries are being fished at their maximum level of
productivity and 35% are overfished (yields are declining). In order to maintain current per capita
consumption of fish, global fish harvests must be increased; much of the increase might come through
aquaculture which is a known source of water pollution, wetland loss and mangrove swamp destruction.

Biodiversity — Biodiversity is increasingly coming under threat from development, which destroys or
degrades natural habitats, and from pollution from a variety of sources. The first comprehensive global
assessment of biodiversity put the total number of species at close to 14 million and found that between
1% and 11% of the world’s species may be threatened by extinction every decade. Coastal ecosystems,
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which host a very large proportion of marine species, are at great risk with perhaps one-third of the
world’s coasts at high potential risk of degradation and another 17% at moderate risk.

Atmosphere — The Intergovernmental Panel on Climate Change has established that human activities
are having a discernible influence on global climate. CO2 emissions in most industrialized countries
have risen during the past few years and countries generally failed to stabilize their greenhouse gas
emissions at 1990 levels by 2000 as required by the Climate Change convention.

Toxic chemicals — About 100,000 chemicals are now in commercial use and their potential impacts
on human health and ecological function represent largely unknown risks. Persistent organic pollutants
are now so widely distributed by air and ocean currents that they are found in the tissues of people
and wildlife everywhere; they are of particular concern because of their high levels of toxicity and
persistence in the environment.

Hazardous wastes — Pollution from heavy metals, especially from their use in industry and mining, is
also creating serious health consequences in many parts of the world. Incidents and accidents involving
uncontrolled radioactive sources continue to increase, and particular risks are posed by the legacy of
contaminated areas left from military activities involving nuclear materials.

Waste — Domestic and industrial waste production continues to increase in both absolute and per capita
terms, worldwide. In the developed world, per capita waste generation has increased threefold over the
past 20 years; in developing countries, it is highly likely that waste generation will double during the
next decade. The level of awareness regarding the health and environmental impacts of inadequate waste
disposal remains rather poor; poor sanitation and waste management infrastructure is still one of the
principal causes of death and disability for the urban poor.

Attribution
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1.4 Environmental Ethics

Frontier Ethic

The ways in which humans interact with the land and its natural resources are determined by ethical
attitudes and behaviors. Early European settlers in North America rapidly consumed the natural
resources of the land. After they depleted one area, they moved westward to new frontiers. Their attitude
towards the land was that of a frontier ethic. A frontier ethic assumes that the earth has an unlimited
supply of resources. If resources run out in one area, more can be found elsewhere or alternatively human
ingenuity will find substitutes. This attitude sees humans as masters who manage the planet. The frontier
ethic is completely anthropocentric (human-centered), for only the needs of humans are considered.

Most industrialized societies experience population and economic growth that are based upon this
frontier ethic, assuming that infinite resources exist to support continued growth indefinitely. In fact,
economic growth is considered a measure of how well a society is doing. The late economist Julian
Simon pointed out that life on earth has never been better, and that population growth means more
creative minds to solve future problems and give us an even better standard of living. However, now that
the human population has passed seven billion and few frontiers are left, many are beginning to question
the frontier ethic. Such people are moving toward an environmental ethic, which includes humans as
part of the natural community rather than managers of it. Such an ethic places limits on human activities
(e.g., uncontrolled resource use), that may adversely affect the natural community.

Some of those still subscribing to the frontier ethic suggest that outer space may be the new frontier. If
we run out of resources (or space) on earth, they argue, we can simply populate other planets. This seems
an unlikely solution, as even the most aggressive colonization plan would be incapable of transferring
people to extraterrestrial colonies at a significant rate. Natural population growth on earth would outpace
the colonization effort. A more likely scenario would be that space could provide the resources (e.g.
from asteroid mining) that might help to sustain human existence on earth.

Sustainable Ethic

A sustainable ethic is an environmental ethic by which people treat the earth as if its resources are
limited. This ethic assumes that the earth’s resources are not unlimited and that humans must use and
conserve resources in a manner that allows their continued use in the future. A sustainable ethic also
assumes that humans are a part of the natural environment and that we suffer when the health of a natural
ecosystem is impaired. A sustainable ethic includes the following tenets:

* The earth has a limited supply of resources.

* Humans must conserve resources.

* Humans share the earth’s resources with other living things.

» Growth is not sustainable.

* Humans are a part of nature.

21
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* Humans are affected by natural laws.

* Humans succeed best when they maintain the integrity of natural processes sand cooperate
with nature.

For example, if a fuel shortage occurs, how can the problem be solved in a way that is consistent
with a sustainable ethic? The solutions might include finding new ways to conserve oil or developing
renewable energy alternatives. A sustainable ethic attitude in the face of such a problem would be that
if drilling for oil damages the ecosystem, then that damage will affect the human population as well. A
sustainable ethic can be either anthropocentric or biocentric (life-centered). An advocate for conserving
oil resources may consider all oil resources as the property of humans. Using oil resources wisely so
that future generations have access to them is an attitude consistent with an anthropocentric ethic. Using
resources wisely to prevent ecological damage is in accord with a biocentric ethic.

Land Ethic

Aldo Leopold, an American wildlife natural historian and philosopher, advocated a biocentric ethic in
his book, A Sand County Almanac. He suggested that humans had always considered land as property,
just as ancient Greeks considered slaves as property. He believed that mistreatment of land (or of slaves)
makes little economic or moral sense, much as today the concept of slavery is considered immoral. All
humans are merely one component of an ethical framework. Leopold suggested that land be included in
an ethical framework, calling this the land ethic.

“The land ethic simply enlarges the boundary of the community to include soils, waters, plants and
animals; or collectively, the land. In short, a land ethic changes the role of Homo sapiens from conqueror
of the land-community to plain member and citizen of it. It implies respect for his fellow members, and
also respect for the community as such.” (Aldo Leopold, 1949)

Leopold divided conservationists into two groups: one group that regards the soil as a commodity
and the other that regards the land as biota, with a broad interpretation of its function. If we apply this
idea to the field of forestry, the first group of conservationists would grow trees like cabbages, while the
second group would strive to maintain a natural ecosystem. Leopold maintained that the conservation
movement must be based upon more than just economic necessity. Species with no discernible economic
value to humans may be an integral part of a functioning ecosystem. The land ethic respects all parts
of the natural world regardless of their utility, and decisions based upon that ethic result in more stable
biological communities.

“Anything is right when it tends to preserve the integrity, stability and beauty of the biotic community.
It is wrong when it tends to do otherwise.” (Aldo Leopold, 1949)

Hetch Hetchy Valley

In 1913, the Hetch Hetchy Valley — located in Yosemite National Park in California — was the site of a
conflict between two factions, one with an anthropocentric ethic and the other, a biocentric ethic. As the
last American frontiers were settled, the rate of forest destruction started to concern the public.
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The  conservation  movement  gained
momentum, but quickly broke into two factions.
One faction, led by Gifford Pinchot, Chief
Forester under Teddy Roosevelt, advocated
utilitarian conservation (i.e., conservation of
resources for the good of the public). The other
faction, led by John Muir,
advocated preservation of forests and other
wilderness for their inherent value. Both groups
rejected the first tenet of frontier ethics, the
assumption that resources are limitless. However,
the conservationists agreed with the rest of the
tenets of frontier ethics, while the preservationists
agreed with the tenets of the sustainable ethic.

Figure 1. Yosemite valley, California, USA.

The Hetch Hetchy Valley was part of a protected
National Park, but after the devastating fires of the 1906 San Francisco earthquake, residents of San
Francisco wanted to dam the valley to provide their city with a stable supply of water. Gifford Pinchot
favored the dam.

“As to my attitude regarding the proposed use of Hetch Hetchy by the city of San Francisco...I am
fully persuaded that... the injury...by substituting a lake for the present swampy floor of the valley...is
altogether unimportant compared with the benefits to be derived from it’s use as a reservoir.

“The fundamental principle of the whole conservation policy is that of use, to take every part of the
land and its resources and put it to that use in which it will serve the most people.” (Gifford Pinchot,
1913)

John Muir, the founder of the Sierra Club and a great lover of wilderness, led the fight against the
dam. He saw wilderness as having an intrinsic value, separate from its utilitarian value to people. He
advocated preservation of wild places for their inherent beauty and for the sake of the creatures that live
there. The issue aroused the American public, who were becoming increasingly alarmed at the growth of
cities and the destruction of the landscape for the sake of commercial enterprises. Key senators received
thousands of letters of protest.

“These temple destroyers, devotees of ravaging commercialism, seem to have a perfect contempt for
Nature, and instead of lifting their eyes to the God of the Mountains, lift them to the Almighty Dollar.”
(John Muir, 1912)

Despite public protest, Congress voted to dam the valley. The preservationists lost the fight for the
Hetch Hetchy Valley, but their questioning of traditional American values had some lasting effects. In
1916, Congress passed the “National Park System Organic Act,” which declared that parks were to be
maintained in a manner that left them unimpaired for future generations. As we use our public lands, we
continue to debate whether we should be guided by preservationism or conservationism.

The Tragedy of the Commons

In his essay, The Tragedy of the Commons, Garrett Hardin (1968) looked at what happens when humans
do not limit their actions by including the land as part of their ethic. The tragedy of the commons
develops in the following way: Imagine a pasture open to all (the ‘commons’). It is to be expected that
each herdsman will try to keep as many cattle as possible on the commons. As rational beings, each
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herdsman seeks to maximize their gain. Adding more cattle increases their profit, and they do not suffer
any immediate negative consequence because the commons are shared by all. The rational herdsman
concludes that the only sensible course is to add another animal to their herd, and then another, and
so forth. However, this same conclusion is reached by each and every rational herdsman sharing the
commons. Therein lies the tragedy: each person is locked into a system that compels them to increase
their herd, without limit, in a world that is limited. Eventually this leads to the ruination of the commons.
In a society that believes in the freedom of the commons, freedom brings ruin to all because each person
acts selfishly.

Hardin went on to apply the situation to modern commons: overgrazing of public lands, overuse of
public forests and parks, depletion of fish populations in the ocean, use of rivers as a common dumping
ground for sewage, and fouling the air with pollution.

The “Tragedy of the Commons” is applicable to what is arguably the most consequential
environmental problem: global climate change. The atmosphere is a commons into which countries are
dumping carbon dioxide from the burning of fossil fuels. Although we know that the generation of
greenhouse gases will have damaging effects upon the entire globe, we continue to burn fossil fuels. As
a country, the immediate benefit from the continued use of fossil fuels is seen as a positive component
(because of economic growth). All countries, however, will share the negative long-term effects.

Suggested Supplementary Reading

Blankenbuehler, P. 2016. Why Hetch Hetchy is staying under water. High Country News.
<https://www.hcn.org/issues/48.9/why-hetch-hetchy-is-staying-under-water>
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1.5 Environmental Justice & Indigenous Struggles

Environmental Justice

Environmental Justice is defined as the fair treatment and meaningful involvement of all people
regardless of race, color, national origin, or income with respect to the development, implementation,
and enforcement of environmental laws, regulations, and policies. It will be achieved when everyone
enjoys the same degree of protection from environmental and health hazards and equal access to the
decision-making process to have a healthy environment in which to live, learn, and work.

During the 1980’s minority groups protested that hazardous waste sites were preferentially sited in
minority neighborhoods. In 1987, Benjamin Chavis of the United Church of Christ Commission for
Racism and Justice coined the term environmental racism to describe such a practice. The charges
generally failed to consider whether the facility or the demography of the area came first. Most
hazardous waste sites are located on property that was used as disposal sites long before modern
facilities and disposal methods were available. Areas around such sites are typically depressed
economically, often as a result of past disposal activities. Persons with low incomes are often
constrained to live in such undesirable, but affordable, areas. The problem more likely resulted from
one of insensitivity rather than racism. Indeed, the ethnic makeup of potential disposal facilities was
most likely not considered when the sites were chosen.

Decisions in citing hazardous waste facilities are generally made on the basis of economics,
geological suitability and the political climate. For example, a site must have a soil type and geological
profile that prevents hazardous materials from moving into local aquifers. The cost of land is also an
important consideration. The high cost of buying land would make it economically unfeasible to build a
hazardous waste site in Beverly Hills. Some communities have seen a hazardous waste facility as a way
of improving their local economy and quality of life. Emelle County, Alabama had illiteracy and infant
mortality rates that were among the highest in the nation. A landfill constructed there provided jobs and
revenue that ultimately helped to reduce both figures.

In an ideal world, there would be no hazardous waste facilities, but we do not live in an ideal world.
Unfortunately, we live in a world plagued by rampant pollution and dumping of hazardous waste. Our
industrialized society has necessarily produced wastes during the manufacture of products for our basic
needs. Until technology can find a way to manage (or eliminate) hazardous waste, disposal facilities
will be necessary to protect both humans and the environment. By the same token, this problem must
be addressed. Industry and society must become more socially sensitive in the selection of future
hazardous waste sites. All humans who help produce hazardous wastes must share the burden of
dealing with those wastes, not just the poor and minorities.

Indigenous People

Since the end of the 15th century, most of the world’s frontiers have been claimed and colonized by
established nations. Invariably, these conquered frontiers were home to people indigenous to those
regions. Some were wiped out or assimilated by the invaders, while others survived while trying to

25



26 Matthew R. Fisher

maintain their unique cultures and way of life. The United Nations officially classifies indigenous
people as those “having an historical continuity with pre-invasion and pre-colonial societies,” and
“consider themselves distinct from other sectors of the societies now prevailing in those territories or
parts of them.” Furthermore, indigenous people are “determined to preserve, develop and transmit to
future generations, their ancestral territories, and their ethnic identity, as the basis of their continued
existence as peoples in accordance with their own cultural patterns, social institutions and legal
systems.” A few of the many groups of indigenous people around the world are: the many tribes of
Native Americans (i.e., Navajo, Sioux) in the contiguous 48 states, the Inuit of the arctic region from
Siberia to Canada, the rainforest tribes in Brazil, and the Ainu of northern Japan.

Many problems face indigenous people including the lack of human rights, exploitation of their
traditional lands and themselves, and degradation of their culture. In response to the problems faced by
these people, the United Nations proclaimed an “International Decade of the World’s Indigenous
People” beginning in 1994. The main objective of this proclamation, according to the United Nations,
is “the strengthening of international cooperation for the solution of problems faced by indigenous
people in such areas as human rights, the environment, development, health, culture and education.” Its
major goal is to protect the rights of indigenous people. Such protection would enable them to retain
their cultural identity, such as their language and social customs, while participating in the political,
economic and social activities of the region in which they reside.

Despite the lofty U.N. goals, the rights and feelings of indigenous people are often ignored or
minimized, even by supposedly culturally sensitive developed countries. In the United States many of
those in the federal government are pushing to exploit oil resources in the Arctic National Wildlife
Refuge on the northern coast of Alaska. The “Gwich’in,” an indigenous people who rely culturally and
spiritually on the herds of caribou that live in the region, claim that drilling in the region would
devastate their way of life. Thousands of years of culture would be destroyed for a few months’ supply
of oil. Drilling efforts have been stymied in the past, but mostly out of concern for environmental
factors and not necessarily the needs of the indigenous people. Curiously, another group o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>