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See Unit I topics and resource outline for readings & activities

I. Assumptions about science & scientists:

A. Who does science?

B. What does science mean to you?

II. Science as a way of knowing: the nature of science & scientific thought

A. What is science?

1. literally, from Latin “scire”, to know

2. dictionary definition: “The observation, identification, description,

experimental investigation, and theoretical explanation of natural

phenomena”

3. More simply, science is a way of learning about and explaining the

empirical world

4. What is the empirical world?

a. the empirical world is verifiable through observation or

experimentation

b. this means it is the world that is perceived by our senses (or

instruments that extend the range of our senses)

c. verifiable means that what we observe must be observable by others

in the same way

1) This is important – observations that can’t be verified fall outside

the realm of science!

5. As we’ll see, scientific understanding grows when we take observations

about the empirical world and interpret them according to specific rules

6. Although scientific knowledge can influence other realms of thought,

science can’t tell us what’s “true” or “false” about anything except the

empirical world – everything else falls outside the realm of science – e.g.:

a. Ethics = a body of principles of right/wrong conduct

1) scientific advances make new kinds of conduct possible – e.g.,
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cloning, stem cell harvest

2) science can’t tell us whether those activities are right or wrong

b. Religion = the expression of belief in & reverence for a superhuman

power recognized as the creator & governor of the universe

(paraphrased from dictionary)

1) science can test specific aspects of “creation stories” and/or

historical events described in religious writings (e.g., science can

test predictions about the age of the earth)

2) science can’t address whether or not a supernatural creator

exists – by definition, anything supernatural is outside the realm

of science

c. Esthetics = theories of beauty & the fine arts

1) science can help us understand how our senses work and, in

some cases, why we have some general kinds of sensory

preferences (e.g., for sweet foods)

2) science can’t “decide” standards of beauty

d. Mores = traditional customs of a social group that often become the

basis for laws

1) science can sometimes help us understand the history of mores,

or how specific customs may have been important for the survival

of a group

2) science can’t tell us whether a particular custom should be kept

or discarded, or whether a particular law is just or unjust

e. Public policy = plans adopted by the government (local, state,

federal) to guide/influence decisions 

1) science can provide information about the consequences of

specific policies (e.g., wetlands protection)

2) science can’t determine what public policy will be
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B. Scientific reasoning is just “common sense thinking” with fancy names for the

rules:

1. Imagine that you come home one day and see a bunch of kids playing

baseball in the lot next door to your house.  As you walk into the house,

you hear a loud CRACK from outside, followed by a SMASH coming from

inside.  You run upstairs to the landing, where you see a broken window,

and a baseball lying next to a spilled vase.  What happened?

2. What you thought: The logical explanation is that a kid hit the baseball,

which broke the window and tipped over the vase, spilling the water.

3. Why you thought it: whether you are conscious of it or not, you used some

basic “common sense rules” when you developed your explanation:

a. You didn’t attribute anything to supernatural forces – no

poltergeists, etc.

b. You picked the simplest possible explanation that fit all the

evidence – you didn’t make it any more complex than necessary (no

“The baseball dropped down the chimney and rolled out the fireplace,

where the dog picked it up and carried it upstairs.  But then the cat

decided to fight the dog over the ball, and in the ruckus they bumped

into the table where the vase was.  When the vase spilled, it scared

them both.  The dog dropped the ball and the cat jumped out the

window, breaking it in the process.”)

c. You picked an explanation that was consistent with your prior

experience – e.g., you recognized the sounds of someone hitting a

baseball and glass breaking; you know how vases & other containers

get knocked over.

4. How you can tell if you’re right: 

a. if your explanation is correct, you should be able to verify it a number

of ways – e.g.
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1) observe where the baseball players were relative to the window (if

you’re right, they would have to be positioned where they could

actually break the window)

2) ask the baseball players (if you’re right, one of them might admit

to hitting the ball through your window – or point out who did)

3) check for fingerprints on the baseball (if you’re right, they should

match one or more of the players)

b. If any one of these “tests” isn’t met, then you know something’s wrong

with your explanation.

c. If all these “tests” are met, then you’re more certain that your

explanation is right – but can you ever be 100% sure?

5. The formal rules of scientific thought are just those common-sense rules

with sometimes fancier names.  The most important rules are:

a. Science uses only mechanistic explanations (nothing supernatural).

If it has a supernatural explanation, it’s not science.

b. When two or more explanations fit the observations, the simplest is

most likely to be correct.  This is the principle of parsimony, or

Occam’s razor (illustrated in the movie Contact).  

c. Scientific explanations must be consistent with all the available

empirical evidence.  If, for example, the scenario was exactly the

same but there was no baseball anywhere in your house and no way

for a baseball to get out of the house after breaking a window, you

would need to come up with a different explanation.

d. Scientific explanations obey the principle of uniformitarianism, which

holds that processes operate now the same way they have in the

past, and will continue to do so in the future.  This is the principle that

lets you use your prior experience – the sound of a baseball being hit

by a bat is the same now as it was in the past (assuming the same
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kind of ball and bat, of course!); the sound of glass breaking doesn’t

change; etc.  Explanations that require processes to work in

fundamentally different ways at different times aren’t scientific.

e. Scientific explanations are testable and falsifiable – this is the

reasoning you used to tell if your explanation was correct.  

1) Even when it follows all the rules above, scientific explanations

aren’t accepted just because they’re plausible – they always have

to be tested further.

2) To be testable, scientific explanations must make predictions that

can be proven wrong through experiments or observations.  If an

explanation can’t provide falsifiable predictions, it isn’t scientific.

3) Scientific explanations can be “disproven 100%”, but not “proven

100%”.  What we try to do is support explanations through

enough tests that they are “proven beyond reasonable doubt.”

4) Even explanations we’re very sure of are always subject to

change if new evidence becomes available.

C. Summary:

1. Science is limited to investigating and understanding the empirical world –

objects and events that are verifiably observed using our senses.  

2. Science may inform other “ways of knowing” (ethics, mores, religion, etc.),

but can’t “decide truth” except in its own domain.

3. Scientific thinking is based on rules: explanations are

a. mechanistic, not supernatural

b. consistent with empirical evidence

c. as simple as possible (parsimonious)

d. uniform (uniformitarian)

4. Scientific explanations are testable and falsifiable

a. they are tested with further observation and experimentation
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b. they can be proven wrong

c. they can be supported until they’re “true beyond a reasonable doubt”

d. explanations are subject to change if new evidence becomes

available

III. Science method(s): how we develop and test scientific explanations.  For clarity,

we’ll discuss two broad “kinds” of science – but realize that these aren’t really

separate so much as complementary . . .

A. Discovery science is descriptive

1. Scientists describe natural objects and events

2. Discovery science relies on very careful observation and reliable

documentation – this allows the observations to be repeated and verified

by others

3. The observations/descriptions of discovery science are crucial because

they

a. prompt questions – once we see a pattern, we want to know what

caused the pattern

b. help us develop tentative explanations (hypotheses) to explain the

patterns

c. provide important data/evidence used to test hypotheses

4. Example #1 of discovery science: Mount St. Helens (a “natural

experiment”)

a. Mount St. Helens is one of a chain of volcanoes in

Washington/Oregon/N. California (part of the same “ring of fire” that

produced the San Andreas fault, earthquakes in Japan, etc.)

b. From the Mount St. Helens National Volcanic Monument website

(http://www.fs.fed.us/gpnf/mshnvm/) “At 8:32 Sunday morning, May

18, 1980, Mount St. Helens erupted. Shaken by an earthquake

measuring 5.1 on the Richter scale, the north face of this tall
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symmetrical mountain collapsed in a massive rock debris avalanche.

Nearly 230 square miles of forest was blown over or left dead and

standing. At the same time a mushroom-shaped column of ash rose

thousands of feet skyward and drifted downwind, turning day into

night as dark, gray ash fell over eastern Washington and beyond. The

eruption lasted 9 hours, but Mount St. Helens and the surrounding

landscape were dramatically changed within moments. “

c. In fact, a series of eruptions continued over the next several years,

destroying existing biological communities and altering the landscape

almost beyond recognition.

d. Where does discovery science fit?  

1) To begin with, many parts of the mountain had been well studied

before the eruption, so scientists had good information about

what the mountain was like “before”.

2) As soon after the eruption as possible, scientists began to

document the changes taking place in many different areas.

3) We know have 23 years worth of observations to help answer the

question “how do biological communities recover from major

disturbance” – and the answers turned out to be different from

what we expected.

5. Example #2 of discovery science: biological inventories

a. In general, biological inventories are just what they sound like: studies

that systematically explore an area to identify and document the

organisms that live there.  This basic exploration process is how new

species are discovered; it’s also critical for making decisions about

land management.

b. In the summer of 1988, some students and I were contracted to

conduct a survey of the small mammals on a new 40,000 acre tract of
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land being added to the Monongahela National Forest.  The basic

questions we needed to answer were:

1) What kinds of small mammals are present?  Are any

rare/threatened/endangered species present?

2) What kinds of habitat does each species live in?

3) What can we learn about population size and reproductive

cycles?

c. We answered the questions by:

1) systematically trapping in a variety of habitat types over 2 months

2) preserving “voucher specimens” of every species caught from

every habitat

3) documenting information on age, sex, reproductive condition,

location, time of capture, etc. for every specimen collected

d. Our results: we mostly found the species we expected in the habitats

where we expected to find them.  Unusual/unexpected results

included:

1) Unusually large populations of many species because of mild

winter and wet spring.

2) Some streamside habitats lacked the expected diversity of small

mammals (presumably because of acid mine drainage).

3) Two rare small mammals occur on the tract:

a) one species found in the habitat where we expected to find it

b) one species found in habitat very different from what we

expected

e. Our descriptions were important in deciding land use for the tract, but

they also could be starting point for lots of other studies.

B. Explanatory science seeks explanations for the patterns documented by

discovery science.
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1. Scientists use a systematic way of developing and testing explanations

called

a.  informally, the scientific method

b. more formally, hypothetico-deductive reasoning

2. A bit of history: 

a. This approach developed in Western science over 1000+ years,

beginning with the Greek philosophers (like Plato, Aristotle).  

b. During different periods of history, different aspects of the method

were favored; it wasn’t until relatively recently (18th-19th century) that

they were “combined” into the scientific method as it’s understood

today.

c. One of the first people to publish an extensive body of work using this

method was Darwin – particularly in the Origin of Species.

3. The steps:

a. We always start with an observation – either our own, or something

we’ve read that someone else has observed.

b.  The observation prompts us to ask a question – often “how” or

“why”.

c. We develop a tentative explanation, or hypothesis based on many

elements:

1) prior knowledge (ours or what we know others have discovered)

2) additional observations

3) the rules of scientific thinking – our hypothesis (tentative

explanation) must be

a) mechanistic

b) consistent with all evidence

c) as simple as possible

d) uniform
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e) testable and falsifiable

4) When we use specific observations to develop a general

explanation, we’re using inductive reasoning.

d. Start testing our tentative explanation by making predictions that will

either disprove or support the explanation

1) Predictions take the form “if . . . then” – “If my explanation is

correct, then I should observe . . .”

2) Predictions are statements about specific observations that

should follow logically from general explanations 

a) we do this via deductive reasoning (from general

explanation to specific observation)

b) so deductive reasoning is the “reverse” of inductive reasoning

(from specific observation to general explanation).

e. Continue testing our hypothesis by testing the predictions: carry out

the observations or experiments and see what happens.

1) If the predictions aren’t met, the hypothesis is falsified – it’s

proven wrong at least in part. 

2) If the predictions are met, the hypothesis is supported – we

accept it with a bit more certainty. 

3) Note: this is what you did in the “how do you know you’re right”

part of our broken window scenario . . .

f. Then what?  It depends on the results of the tests:

1) If the hypothesis was falsified, scientists use what they observed

during the tests to revise the hypothesis and start the process

over again.  This is normal!

2) If the hypothesis was supported, additional predictions and tests

are done to strengthen support for the hypothesis and to see how

broadly the hypothesis applies (“Hmmm, my hypothesis explains
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my pet squirrel’s feeding behavior – I wonder if it explains feeding

in wild squirrels?”) – the process just continues!

4. Scientific knowledge grows as many investigators test similar/related

hypotheses and share information with each other

5. Example #1 of explanatory science: the case of the wing-waving flies –

follow the steps (and study in your text):

a. 4 key observations:

1) jumping spiders use leg-waving to defend feeding territories

2) jumping spiders eat flies

3) some flies have wing markings resembling spider legs

4) these flies, approached by spiders, wave their wings up and down

in a way that resembles the spiders’ territorial display

b. Question – why do flies display this behavior – especially when it

appears to make them more vulnerable to being eaten?

c. Hypothesis (induction): flies are protecting themselves by mimicking

the territorial display of jumping spiders – the display causes jumping

spiders to flee instead of attacking

d. General prediction: flies prevented from mimicking spiders are

attacked more often than those that can mimic spiders

e. Test – in this case, using experiments – a set of procedures in which

investigators:

1) vary specific conditions to see how they affect outcomes

2) compare experimental (manipulated = changed) setups to

control (unmanipulated) setups

3) this is a powerful approach because it allows investigators to

isolate the effects of individual factors (variables)

f. Test #1: masked wings:

1) specific prediction = flies with covered markings should be
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attacked by spiders more frequently than flies with normal wings

(because masked wings don’t look like spider legs)

2) experimental manipulation = some flies have wings dyed black

3) control = some flies have normal wings

4) investigators compared fates of the two groups when exposed to

spiders

5) results:

a) experimental group was attacked twice as often as control

group

b) prediction is met

c) hypothesis is supported – but not proved!

g. Test #2: wing surgery

1) specific prediction = flies need BOTH wing markings and

waving behavior to survive (only the combination of the two

mimics the spiders)

2) experimental manipulation more complex: investigators

surgically swapped wings between snowberry (marked) and

houseflies (no markings, no wing-waving behavior) – this

produced three experimental groups:

a) flies with markings but no waving behavior (houseflies

w/snowberry wings)

b) flies with waving behavior, but no markings (snowberries

w/housefly wings)

c) flies with no markings, no waving (normal houseflies)

3) because experimental manipulation is more complex, need more

controls:

a) normal snowberries have normal markings, normal waving

b) snowberries with their own wings removed and replaced
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control for the effects of the surgical manipulation

4) investigators compared the fates of all groups when exposed to

spiders

5) Results: 

a) surgical controls and normal snowberry flies had very low

rates of attack (surgery doesn’t seem to affect behavior)

b) all 3 experimental groups attacked more than 2x as often as

controls

c) predictions met

d) hypothesis now more strongly supported with independent

evidence

h. Summary:

1) Controlled experiments allow strong tests of hypotheses because

they allow investigators to isolate individual variables and test

their effects

2) In this specific case, two independent tests supported the

hypothesis

3) Further tests will add strength and refine the hypothesis – it’s not

done yet!

6. Example #2 of explanatory science: the case of the giraffe’s neck

a. Initial observations:

1) giraffes have extraordinarily long necks – much longer than any

other mammal

2) long necks present difficulties:

a) awkward to drink (makes animals vulnerable to predators)

b) requires a variety of adaptations of circulatory,

musculoskeletal system

3) giraffes sometimes forage high in trees
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4) male giraffes use heads and necks in fights over females

b. Question: Why do giraffes have long necks – more specifically, what

advantage outweighs the disadvantages?

c. Hypotheses: this time, investigators tested two hypotheses at the

same time

1) note that testing multiple hypotheses in the same study is very

efficient – a carefully designed study will allow investigators to

falsify one or more – hopefully while supporting one

2) Two hypotheses:

a) Hypothesis 1: the advantage of the long neck is that giraffes

avoid competing for food because they can reach higher in

trees – therefore, they are more likely to survive

b) Hypothesis 2: the advantage is that males with longer necks

are more successful when competing among themselves for

mates – males with the longest necks have the best

reproductive success

d. Test: using observation rather than experimentation

1) observation is an important scientific tool when

a) experimentation isn’t feasible (how many giraffes can you fit

into a research lab??)

b) natural settings are important

2) process of testing still the same

e. Specific prediction & test from feeding hypothesis: 

1) prediction: during dry season when food most scarce, giraffes

should forage at maximum height

2) test: observe many giraffes feeding during dry season, carefully

record food sources, feeding height

3) result: during dry season, 
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a) giraffes forage more on low bushes than trees

b) when foraging in trees, forage mostly at shoulder height

c) this falsifies the prediction, fails to support the hypothesis

f. Specific predictions & tests from mating advantage hypothesis:

1) predictions:

a) males will have longer necks, heavier heads than females

b) males with longest necks, heaviest skulls should be socially

dominant over males with shorter necks, lighter skulls

(because they should be able to beat them in head-butting

competitions)

c) females should prefer males with the longest necks, heaviest

skulls (otherwise male-male competition wouldn’t make

sense)

2) test by

a) measuring necks, skulls of males and females of the same

age

b) make careful observations of social interactions

i) among males

ii) between males and females

g. Results:

1) Compared to females of same age, males have necks 30-70 cm

longer, 1.7 x heavier; heads 3.5 x heavier & more stoutly armored

– supports hypothesis

2) Investigators observed social groups and counted events of

males displacing other males.  In 127 observations:

a) 89 were older/larger (head, neck) males displacing

younger/smaller males

b) 39 were equal age/size males displacing each other
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c) 6 were younger/smaller males displacing older/larger

d) supports hypothesis

3) Investigators observed males interacting with females and

counted incidents of males inducing female urination (chemicals

in female’s urine tells males whether female is fertile) – this is a

measure of female preference for different males. 

a) oldest/largest males were successful in 60.7% of enounters

w/females

b) mature but smaller males were successful in 55.5% of

encounters

c) juvenile males were successful in 33.3 % of encounters

d) supports hypothesis

h. Summary:

1) Careful observations are as useful as experiments for testing

hypothesis

2) Testing multiple hypotheses in one study is useful because

falsifying some hypotheses helps to support their alternatives

3) In this particular case, one test falsified one hypothesis; three

different tests supported an alternative hypothesis.  Falsifying an

alternative hypothesis helps strengthen the conclusion that long

necks evolved in the context of mate choice rather than feeding

competition.

4) We still need further tests – only one test falsified the feeding

hypothesis, so more study is needed there.

C. The language of science – fact, hypothesis, theory, natural law: Many non-

scientists become confused about science because they don’t always

understand how these terms are properly used in science (and sometimes the

scientists don’t get it right, either!)
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1. A fact is a statement about an observation – describes the way the world

is, but doesn’t explain how or why

a. quick examples:

1) “The gorilla is a male silverback” (describes object)

2) “The gorilla is displaying dominance” (describes event).

b. In science (as in our everyday lives), we recognize two kinds of facts

– empirical and inferred

1) Empirical facts are statements about observations we make

directly, like the above – or, e.g., “The gorilla is standing on his

knuckles.”

2) Inferred facts are statements about things we don’t observe

directly, but that are true beyond a reasonable doubt (based on

uniformitarianism, among other things!).

a) We would consider it a fact that a jet plane had flown

overhead if we saw a contrail.

b) We would consider it a fact that someone had held an object

if their fingerprints were on the object.

c) In our example – “The gorilla is a dominant male”

i) I can infer this from the size, shape, and color of the

animal without seeing anything else

ii) Based on years of observations of many gorillas by many

investigators, this is true beyond a reasonable doubt.

2. A natural law is a generalization that describes phenomena

a. It’s still a description of how the world is – just on a much larger scale

than a simple fact

b. examples of natural laws:

1) The law of conservation of energy: energy can be neither created

nor destroyed.
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2) Other laws of physics – e.g., every action has an equal but

opposite reaction

c. Natural laws are generalizations from facts:

1) The law of gravity describes how objects are attracted to each

other.

2) The law of gravity is a generalization from a whole bunch of facts,

ranging from the behavior of falling objects to the orbits of

planets, suns, moons, etc.

d. Note that natural laws describe, but don’t explain – they don’t tell us

why these generalizations hold.

3. A hypothesis is a tentative explanation for observed or inferred facts (the

process that leads to the pattern)

a. hypotheses can’t be proved, but can be supported

b. as they are more thoroughly tested, they become less tentative &

more certain

4. A theory is a hypothesis that has been repeatedly tested and never

falsified

a. Note that this is very different from common use – in everyday

language, “theory” is used to mean educated guess

b. In science, though, a theory is an explanation of which we are very

certain – developing theories is really the ultimate goal of scientific

investigation.

5. Relationships among terms/concepts:
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a. facts, generalized, become natural laws; both are descriptions

b. hypotheses, repeatedly tested, become theories; both are

explanations for the descriptions

c. The scientific endeavor is about making new and better descriptions,

and developing stronger explanations for them.

6. Applying terms to evolution: “The theory of evolution” is a misnomer –

people usually refer to several different concepts this way:

a. Change in populations and/or species over time: This is an

empirical fact; we have observed this many times (pesticide, antibiotic

resistance, e.g.).

b. Descent with modification (all species are descended from

previously existing species): This is an inferred fact; the evidence was

overwhelming in Darwin’s time, and is even more so now.

c. The theory of

natural selection:

This is an

explanation for

adaptive change

(how organisms

become better suited

to their

environments).

1) It was a

hypothesis when

Darwin proposed it, but it has been repeatedly tested and never

falsified; it’s now a true theory (an explanation we are very sure

about).

2) It is now accepted as the best scientific explanation for how
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species adapt over time.

d. Speciation (mechanisms by which new species arise from previously

existing species): we have good evidence that a handful of different

mechanisms can cause speciation; in any one case, scientists

hypothesize particular mechanisms, then test then against the

available evidence.  Currently, e.g., several competing hypotheses

are actively being tested for speciation in our ancestors.

7. Summary: the terms used to describe facts and explanations in science

are sometimes different from those used in everyday language:

a. facts describe objects and events; they can be empirical or inferred

b. natural laws are generalized descriptions of phenomena; they do not

explain

c. hypotheses are tentative explanations for facts, natural laws

d. theories are extremely well-supported hypotheses; our strongest

explanations, they are the ultimate goal of science

D. Disseminating science – How do scientists share information with each other

and with the general public?  What sources do you have; which can you trust?

1. Scientists share information formally and informally through

collaborations, meetings, and other venues as they develop their work.

2. When a project is complete, scientists use the process of peer-reviewed

technical publication to announce their results to the scientific

community and the public – this is a very important process, for a couple

of reasons:

a. In the peer-review process, a scientist’s work is evaluated by other

experts in that field before the paper is published.  Papers will be

critiqued and revised before publication; bad science is much less

likely to be published because of this.

b. Scientists are required to report all of their methods and results so
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others can replicate and/or evaluate their work independently – data

may be reanalyzed, conclusions debated, etc.  This gives

“transparency” to the process – we know exactly what the facts are

and how conclusions were drawn from them.

c. Peer-reviewed technical publications are the “gold standard” – any

valid scientific conclusion should be backed by a solid record of this

kind of publication.

d. The problem with peer-reviewed technical publications is that few of

us are sufficiently knowledgeable (or have the time!) to read and

critically evaluate all the scientific studies that are potentially relevant

to our lives – so we rely on the next step . . .

3. When new discoveries are reported by scientists, that information usually

gets to the public via the print and television news media.

a. Major media outlets (and wire services) have journalists who

specialize in science and technology – they keep their eyes out for

newsworthy discoveries.

b. The “good news/bad news” about science reporting:

1) Reporters are usually trained to do a pretty good job of

“translating” complex science for non-scientists to understand.

2) To the extent that they work for a company that has high

standards, what they report will be relatively fair, balanced, and

complete.

3) But, even well-trained reporters may miss important nuances .

4) Space and time limitations may prevent important aspects of

studies from being reported adequately (e.g., the Women’s

Health Initiative Postmenopausal Hormone Therapy Study –

conclusions are widely reported, but not the study population –

and that makes a huge difference!)
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5) To the extent that they work for a company with a particular

editorial bias, what they report may be slanted.

c. So who do you trust?  Best bet is to use a variety of sources, and to

check to see whether or not the studies being reported refer to peer-

reviewed publications.

4. A variety of non-technical science publications are directed to non-

scientists interested in science (e.g., Scientific American, Omni, Discover,

Natural History) – 

a. The advantage of these sources is that they offer more in-depth

analysis and coverage than traditional news media.  They also

generally offer specific bibliographies and references to peer-

reviewed work.

b. But they can’t cover everything – you can’t always get a good, current

article on something you’re especially interested in.

5. Advocacy groups (groups with specific political agendas) often publish

newsletters, magazines, etc. that discuss scientific issues – e.g.,

conservation organizations. 

a. Like science magazines, these often offer more in-depth analysis and

discussion.

b. But, they have a definite agenda, and that may (although it doesn’t

necessarily) color their reporting.

6. The World Wide Web – very tangled!

a. The web has lots of good, reliable science info – especially from

government science agencies (Centers for Disease Control, US

Geological Survey, e.g.).

b. But remember – anyone can publish anything on the web, so you

have to be careful to check the sources of the information.

7. Junk science/pseudoscience: Tabloids, infomercials, ads for miraculous
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weight loss or cures, etc. often try to appear scientific, but aren’t.  How

can you tell?

a. testimonials instead of data: anecdotes or personal stories are used

instead of reporting data from carefully designed, peer-reviewed

scientific studies

b. no source information: claims are presented, but no information

about who conducted the studies or where they were published

c. financial motive: if someone is trying to sell something for profit,

that’s a clue that the motive is financial rather than educational or

informational

8. Summary: Scientific information is disseminated in a variety of ways

among scientists and between scientists and the general public.  Knowing

how the process works can help you make good decisions about what

sources to trust.

a. The “gold standard” for communicating scientific results is peer-

reviewed technical publications.  These papers have been screened

and offer enough information for independent analysis and review.

b. Non-scientists (or scientists looking for information from other fields)

get a lot of their information from the news media.  This is often well

reported, but may suffer from lack of completeness, bias, or problems

due to the reporter’s lack of expertise.

c. Non-technical publications provide in-depth coverage and references,

but can’t cover all the science that’s available.

d. Advocacy groups publish articles on science relevant to them; articles

are often well developed, but always serve an agenda.

e. The world wide web has everything from excellent information to junk

– reader, beware!

f. Tabloids, infomercials, and other kinds of ads often try to disguise
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junk as science.  Avoid at all costs, except for laughs.

IV. Review of basic biology – things you probably learned in high school then forgot!

A. To help start from a common point and have the essential concepts we need

for the semester, we’ll review:

1. the characteristics of life

2. the ecological organization of life

3. the evolutionary organization of life

B. Biology is the study of life – but what is life?  Life is hard to define, but fairly

easy to characterize.  Living things all share the following traits, each of which

is ultimately a function of the genetic material (DNA) we share:

1. Order: All living things have much more complex organization than do

non-living things.

2. Regulation: to maintain order and carry out life processes, living things

must maintain an internal environment (chemical, physical) appropriate to

life.

a. Homeostasis = regulating the internal environment independently of

the external environment

b. All living things engage in homeostasis to some degree – regulating,

e.g., temperature, salt/water balance, acidity of body fluids, etc.

3. Growth and development: 

a. even simple living things go through changes as they mature over

time; complex living things go through profound changes

b. the process of development is directed by the genetic material (DNA),

which all living things have.

4. Energy acquisition, conversion and use:

a. Life processes require energy; all living things are able to acquire

energy from some external source, convert it to a form that they can

use, and use it to perform life functions.
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b. Plants acquire energy from the sun and convert it 

1) first through the process of photosynthesis (PSN) – ultimately,

this is where the energy for animal life comes from

2) then through the process of cellular respiration

c. Animals acquire energy from the food we eat and convert it through

the process of cellular respiration.

5. Response to stimuli

a. To maintain homeostasis and carry out important life processes, living

things must be able to detect what’s happening in the environment

and respond appropriately.

b. This happens at every level of organization, from individual cells to

whole organisms.

6. Reproduction

a. All living things are capable of reproducing themselves (at least on a

cellular level).

b. Because reproduction involves passing along genetic material,

species reproduce their “own kinds”.

c. Reproduction can take place sexually or asexually; sexual

reproduction is the most common mode.

7. Evolution: The history of living things is a history of change – all groups

of living things change over time.

C. Order is one of the key characteristics of life – here we’ll look at one form of

order, the ecological organization of living things

1. Living things are organized hierarchically (sometimes called the hierarchy

of life):

a. from lowest to highest: atoms, molecules, cells, tissues, organs, organ

systems, organisms, populations, communities

b. note: review definitions/descriptions in text
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2. Of the hierarchical levels, the cell is the fundamental unit of life: 

a. cells and the levels above the cell exhibit all the characteristics of life

b. below the cell, the characteristics of life disappear

D. Because all living things are genealogically related, we can also identify an

evolutionary organization of living things

1. Biologists use the evolutionary organization of living things to help us

manage information about the overwhelming diversity of life on earth.

a. Currently, scientists have named about 1.5 million species of plants

and animals currently alive (extant).

b. Best estimates are that 3-30 million actually exist – we haven’t come

close to identifying and naming them all yet.

c. Extant diversity represents about 1% of historic diversity – 99% of all

species that have ever existed have gone extinct.

d. That’s a lot of organisms to keep track of!

2. Classification is a tool people use to manage large amounts of

information (you’ll cover this in more detail in lab).

a. A classification is a system of information storage and retrieval.  By

developing specific rules about how objects are classified, we can

know (retrieve information) about an object by knowing how it’s

classified.

b. Classification is deeply embedded in our everyday language and

culture – people who share a common language and culture develop

shared classification schemes that help them store & retrieve

information – e.g.:

1) We have rules about how we classify motor vehicles.  You may

not know what a Ranger XL is, but you know what a pickup truck

is.  

2) We have rules about classifying lots of other things – music, TV
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shows, clothes, people, jobs, etc.

c. Most classifications are hierarchical – we group objects into larger

and larger categories based on essential characteristics – 

1) e.g., my vehicle might be classified (from smallest group to

largest): Ranger XL -> light pickup -> truck -> motor vehicle

2) note that the higher the category, the fewer characteristics its

members share in common

d. Biological classification is the same – it’s a system of storing and

retrieving information about living things.

1) the “objects” we classify are biological species

2) species are grouped into hierarchical categories originally

developed by Linnaeus in the 1750©s

3) The information we store and retrieve (which determines the rules

we use to classify species) is about evolutionary relationships –

we group organisms into categories according to how closely

related they are.

3. For now, we’re going to focus only on the highest levels of classification,

reflecting very broad patterns of evolutionary organization:

a. At the highest level, we recognize 3 broad categories = Domains; all

living things fall into one of these three groups:

1) Bacteria = a group of prokaryotes that include many of the

beneficial and harmful bacteria we’re familiar with

a) prokaryote means these organisms are single, simple cells

b) most important prokaryote characteristics for now are:

i) cells have DNA, but not in a true enclosed nucleus

ii) cells lack many of the specialized structures (organelles)

found in more complex cells

2) Archaea = a group of prokaryotes that often prefer to live in
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under extreme conditions (extreme heat, pressure, acidity, etc.)

a) don’t worry about differences between Archaea and Bacteria

– just know they are both prokaryotes

3) The Eukarya are descended from the Archaea; this domain

consists of eukaryotic organisms

a) eukaryote refers to larger, more complex cells than

prokaryotes

b) key features of eukaryotic cells include:

i) DNA enclosed in a specialized nucleus

ii) many specialized membrane-bound organelles to carry

out complex tasks

b. Each domain is further divided into Kingdoms; we’ll only look at

kingdoms within the Eukarya.  The major kingdoms for now are:

1) Kingdom Protista = algae, protozoa

a) consists of single-celled or simple multicellular organisms

b) current evidence suggests that this group really represents

multiple kingdoms rather than a single one – it’s highly

diverse

2) Kingdom Fungi = molds, yeasts, mushrooms

a) primarily parasites and decomposers; lack chloroplasts, so

can’t photosynthesize their own food

b) cells have rigid cell wall, but not the same as true plants

3) Kingdom Plantae = plants

a) photosynthetic

b) cells have rigid cell wall different from fungi

4) Kingdom Animalia = animals

a) can’t photosynthesize own food, so must eat other organisms

b) no cell walls
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c) range from very simple to very complex

E. Summary:

1. Biology is the study of life; life is difficult to define, but all life shares the

characteristics of order, regulation, growth & development, energy

use, response to stimuli, reproduction, and evolution

2. Living things display a hierarchical ecological organization

a. from molecules to cells, tissues, organs, organ systems,

organisms, populations, communities

b. of these levels, cells are considered the fundamental units of life;

below the level of cells, the characteristics of life can’t be found

3. Living things display a hierarchical evolutionary organization

a. Classification and taxonomy are tools biologists use to organize

information about the diversity of living things

b. Biological classifications are based on the evolutionary relationships

among living things

c. At the highest level, organisms are classified into 3 domains

1) Bacteria and Archaea are prokaryotes, with small, simple cells

2) Eukarya includes all the eukaryotes – organisms with larger,

more complex cells

d. Within the Eukarya, four kingdoms are recognized based on a few

essential features of cell structure and organization.

V. Introduction to ecology and the ecology/evolution connection

A. Ecology (Chapter 34) is the field of biology that forms most of the basis for

conservation, our general theme for the semester.  Before we get into the

details of conservation, we’ll introduce some basic ecological terms and the

ecology/evolution connection that we’ll be seeing repeatedly throughout the

semester:

1. Ecology = the study of organisms and their environments
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a. biotic = living; the biotic environment = all the living things an

organism encounters in its environment

1) Using the Oceanography pond as an example: the biotic

environment is all the plants and animals living in/around the

pond

b. abiotic = non-living; the abiotic environment refers to conditions like

soils, temperature, rainfall, wind, disturbances (fire, storms), etc.

2. Ecology is studied at levels ranging from organism to landscape:

a. At the level of individuals, ecology is really the study of adaptations

of individuals to their biotic and abiotic environments – in/around the

Oceanography pond, how are organisms adapted to 

1) changing air and water temperature?

2) changes in the amount of oxygen in the water?

3) hiding from predators?

4) finding food?

b. At the level of populations, ecologists study groups of interacting

individuals of the same species; patterns of population growth and

distribution are particularly important – e.g.

1) When do mosquito populations in the pond reach their peak?

2) Are mosquito populations the same size every year?

3) Have new species of microscopic organisms colonized the pond

recently?  Where did they come from?

c. Communities are groups of interacting organisms of different

species; community ecologists study interactions like predation,

competition, and mutualism – e.g.

1) What do mosquito larvae eat and what eats them?

2) Do the trees around the pond have beneficial relationships with

soil fungi that help keep them healthy?
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d. Ecosystems are communities and their abiotic environments;

ecosystem ecologists are often particularly interested in how

interactions among organisms and between organisms and their

abiotic environments affect the movement (“flow”) of nutrients and

energy.  E.g.,

1) How much “food” enters the Oceanography pond as fertilizer

runoff from the surrounding lawns?  How much of that “food” is

“converted” to algae?  How 

e. Landscapes are large areas encompassing many ecosystems. 

Landscape ecologists try to understand how the spatial arrangement

of landscape components (patches of forest, meadow, streams,

lakes, in a large forest landscape, e.g.) affect the organisms that live

in them.  

1) In urbanized settings like ours, landscape ecologists might look at

the size and distribution of “green spaces” (parks, undeveloped

lots, wetlands, etc.) or artificial habitats (like stormwater ponds)

and see how those factors affect the numbers and kinds of “wild”

plants and animals that can survive there.

VI. Ecology at the individual level – the ecology/evolution connection (Chapter 13)

A. Ecological myths: the good of the species, nature’s plan, the balance of nature

1. In eastern deciduous forests like the ones in this area, there are some

interesting interactions among oak trees, white-footed mice, and gypsy

moths:

a. Gypsy moth larvae eat oak leaves (and leaves of other trees); an

outbreak can weaken or kill all the trees in a large area.

b. White-footed mice eat both acorns and gypsy moth larvae.

c. Oak trees in a forest often “mast” – they all produce extremely large

numbers of acorns at once.  Deer, squirrels, mice, and lots of other

animals eat lots and lots of those acorns, but they can’t eat them all
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(so some survive to become new oak trees).

d. In mast years, mouse populations rise; the following year, gypsy moth

populations are usually low because lots of mice are eating larvae.

2. If we were listening to a typical nature documentary about this oak-

mouse-moth disease system we just discussed, we might hear the

narrator say things like:

a. “When acorns mast, they are sacrificing many potential offspring, but,

in so doing, are ensuring the survival of the species.”

b. “The link between the white-footed mice and the gypsy moth is all part

of nature’s plan to maintain a balance in the community.”

3. Statements like these reflect a deep misunderstanding about how nature

really works – and represent the imposition of our own understanding and

values on natural systems.  Most specifically, they represent our own

(human) ideas about order and planning – ideas that might apply to things

like businesses and factories, but that don’t apply to nature.

4. The key myths are that:

a. individuals have traits (including behaviors) that may harm

themselves but benefit the species or community as a whole

1) in fact, individuals have traits (including behaviors) that benefit

their own survival and reproduction

b. nature acts according to some external plan, with every species

having a special purpose or role to play in its community

1) in fact, ecological communities assemble themselves through

complex processes, including large elements of chance – they

are not planned

c. natural communities, if left alone, will tend to remain constant over

time, with the actions of one species tending to balance the actions of

another

1) in fact, natural communities vary greatly in their stability over time;
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over the long term, change is the rule, not the exception

5. These myths are all wrong because of the process of natural selection –

so we need to understand how that process works.

B. Natural selection – the evolutionary process that leads to adaptive change

1. First some definitions:

a. adaptation = an inherited trait that enhances the ability of an

individual to survive and reproduce in a given environment

b. evolution = change in populations over time

2. Natural selection is, as Darwin proposed, the evolutionary process that

leads to adaptation

a. note: other processes besides natural selection can lead to changes

in populations over time (i.e., can cause evolution), but selection is

the strongest of these

3. How it works: Darwin proposed four basic premises (now called Darwin’s

postulates); if they are all true, then natural selection follows

automatically:

a. Organisms vary: no two individuals are exactly alike.  Darwin did

most of his work before Mendel’s work on genetics was understood,

so he didn’t know why this was true – but he could observe that it

was.  We know now that two processes produce variation among

individuals:

1) mutation = changes in DNA and chromosomes; mutation

happens spontaneously just because DNA is a fairly fragile

molecule and can’t always be repaired as quickly as it is altered

by natural processes (this is why deadly genetic diseases persist

– even though affected individuals die before they pass on the

“faulty” genes, the same mutations keep arising)

2) sexual reproduction (sexual recombination): the mechanisms
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that produce sex cells (eggs/sperm, pollen/ovules) are such that

no two sex cells are identical – and, therefore, no two

combinations of sex cells are identical

b. Most variation is heritable: much of the variation among

individuals can be passed from parents to offspring

1) note that not all differences among individuals is caused by

genetic differences – some is because of differences in

environment, behavior, etc.

2) but almost all variation has at least some genetic basis, so

differences among individuals will be reflected in differences

among their offspring as well

c. All organisms engage in a struggle for existence: the

interactions between individuals and their environment (biotic

and abiotic) cause most individuals to die before they reproduce

1) individuals “struggle” against the abiotic environment: they must

survive whatever conditions of temperature, aridity, pH, light,

dark, etc., are present in the environment – 

2) individuals “struggle” against their biotic environment for many

reasons:

a) overproduction: in any environment, far more individuals are

born than can be supported by the available resources (food,

shelter, water, etc.) – 

i) this leads to often intense competition within and among

species

ii) e.g., in our forest example, in a mast year, far more

acorns are produced than could possibly survive given

limited space, water, light in the forest – seedlings must

compete for those resources
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b) “3 p’s”: predation, parasitism, pathogens: all organisms face

one or more of these problems – in our system, e.g.

i) the mice eat the moth pupae (predation)

ii) the mice are hosts to ticks and Lyme disease bacteria

(parasitism – mice don’t actually contract Lyme disease)

iii) defoliated trees are infected with a variety of fungal,

bacterial pathogens (disease-causing organisms)

c) and, of course, predators, parasites and pathogens must

“struggle” against their prey/host defenses! – e.g., 

i) Lyme disease bacteria must “struggle” against mouse

immune systems

ii) Mice “struggle” against the toxic chemical compounds in

the acorns

d. Fitness varies based on individual traits: some individuals

possess favorable traits that make them better able to survive

the “ struggle”  and reproduce more than others in their

population.

1) This is the actual mechanism of natural selection – differential

survival and reproduction based on characteristics of the

individuals and their environment.

2) E.g.’s from our forest system:

a) among moths, some larvae find more obscure places to

pupate; they will be better able to avoid being found and eaten

by mice

b) among individual oaks, some produce more acorns than others

during a mast year; they are more likely to have some of their

offspring escape being eaten

c) among individual acorns that survive being eaten, some may
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sprout earlier, giving them a competitive advantage against

other sprouting acorns in the forest

d) among mice, some are more resistant to ticks than others,

leaving them more energy for reproduction

3) The most important advantage is ultimately reproduction – survival

matters only to the extent that increased survival increases

reproduction.

e. If the postulates are met (and they are in virtually all natural systems!),

the natural conclusion is inevitable: Favorable traits will increase in

the population over time.  Think about why this is inevitable:

1) Individuals in a population with the traits that are best adapted to

the environment have more offspring than do less well-adapted

individuals.

2) Because traits are heritable, their offspring are more likely to

possess their parents’ favorable traits.  

3) As long as the environment doesn’t change, those offspring will

also be the most fit in their generation – and will have more

offspring than others.

4) They’ll pass their favorable traits on to their offspring, etc. 

C. Visualizing selection as a “filtering” process clarifies some important points:

1. Think of the environment as a selective filter that allows some individuals

“through” (to survive and reproduce) but not others:

a. The individuals with the traits best suited to that environment pass

through the filter and contribute offspring to the next generation.

b. Every generation, the filtering process happens again – the individuals

with the traits best suited to that environment pass through, etc.

2. Important point #1: The environment doesn’t cause adaptive

variation/favorable traits to arise

a. The environment is just a filter, not a “creator”.
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b. Variation arises through mutation and sexual reproduction – which are

essentially random with respect to the environment .  Sometimes

variation produces a trait that is advantageous; much of the time it

doesn’t (most natural variation seems to be either neutral or slightly

harmful).

3. Important point #2: Fitness is a function of specific environmental

conditions – so selection changes in space & time.

a. Traits that are adaptive in one environment may not be adaptive in

another (think, e.g., of an animal’s “camouflage”).

b. If the environment changes, new traits may be favored that were once

selected against (i.e., the “filter” changes, so different organisms are

passed through).

4. These points are well covered in section 13.5 p. 264, “ Connection:

Scientists can observe natural selection in action”

D. Some other important points about natural selection

1. Selection can’t create “ perfect”  organisms

a. One important reason is that the complex ecological interactions

individuals engage in will often lead to conflicting selection pressures –

e.g.,

1) the acorn that sprouts earliest may get a head start competing

against other seedlings, but might also be at greatest risk for dying

from a late frost

2) blue-footed boobie feet from Ch. 13 opening essay

b. In these cases, the best selection can do is an optimal compromise

c. See also reasons discussed in section 13.25 of text

2. Selection acts on individuals; populations evolve  

a. Remember that selection means the differential survival and

reproduction of individuals.  An individual will either live or die; leave
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many offspring or few (or none).  An individual does NOT change

(evolve) as a result of selection.

b. As selection acts over time, the frequency of different traits in a

population will change.

1) This change reflects a change in the underlying genetic makeup, or

gene pool, of the population.

2) At the population level, evolution is defined as a change in gene

frequencies over time – so selection causes populations to evolve.

E. Back to ecology: natural selection and “nature’s plan”:  

1. Remember that the ecological interactions among organisms and their

environments create the “struggle for existence” that leads to natural

selection.

2. Selection favors traits that enhance individual survival and reproduction –

selection favors traits that help individuals, not traits that act “for the good of

the species” or “the good of the community.” 

a. E.g., mice aren’t eating gypsy moth pupae to protect the oak trees;

they’re each trying to get enough food to survive and reproduce.

b. Individual masting oaks aren’t “sacrificing” their own acorns (offspring)

for the good of the other oaks; each is using masting to ensure that the

maximum number of its own acorns survive being eaten.

c. Ultimately, in human terms, nature is ultimately selfish (even, as we’ll

see later, when it’s cooperative!). 

3. Ecological communities aren’t planned; they are made up of groups of

organisms that have the adaptations necessary to survive and reproduce in

the environment they create for each other (biotic and abiotic).  

4. The “balance of nature”, or the stability of communities, depends on many

factors, including the stability of the environment and the specific

adaptations of the members of the community – some will be very stable

over time, some much less so!
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F. Summary:

1. Natural selection is the mechanism that leads to adaptive change. 

Selection will occur whenever Darwin’s postulates are met: organisms vary,

variation is heritable, organisms face a struggle for existence, and fitness

varies among individuals based on their differences.  Under these

conditions, the traits that are most favorable in a given environment will

increase in frequency over time.

2. Selection is more of an “editing” or “filtering” process than a creative one – it

doesn’t create the favorable traits; it merely preserves the most favorable

traits present in a given environment at a given time.  

3. Fitness is a function of specific environmental conditions – traits that are

favored in one environment may not be favored when environments

change.  Even when environments don’t change, selection can’t lead to

“perfect” adaptation, in part because organisms often face conflicting

selection pressures.

4. Selection acts on individuals through differences in their survival and

reproduction.  Populations evolve as a result of selection acting on

individuals.

5. Because selection acts on individuals, preserving traits that improve

individual survival and reproduction, thinking about ecological communities

in terms of “nature’s plan” and “acting for the good of the species or

community” is misguided.


