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- You will notice that | cover today’s material alit differently from the reading in the textbook
— pay attention to both!

— The term “evolution” refers to at least two diffeteéhings: dact, and aheory
— First, evolution refers to the observiadt that populations of living things change over time
— this is an empirical, observable process in nature
— contrary to what you sometimes hear, there are mafiydocumented cases of evolution.
- I'll mention some examples shortly.
— Second, evolution also refers tthaory that explains how the observed process of evalutio
could occur
— atheory is just a logical story that we hope hédpsmake sense of something
— we can't actually observe a theory
— but we can use it to make predictions or test iogblons
- that is, statements like “if the theory is corrélben we should expect to see x”
— if a theory makes logical sense, and if the teglications fit the facts in case after case,
we may be convinced that the theory correctly dieesrwhat is really going on
- in fact, the theory of evolution is so well supgarby so many cases and experiments that
effectively all biologists and anthropologists ek that it is basically correct.
— many scientists do argue about many of the details
— but they do not dispute the general theory
— once you understand it, you will probably agree, to

— The fact of evolution
— Preliminary definition #1 oévolution as an observable fact: change in the characteristic
a population of organisms over generations
— A few of the many examples:
- the famous study of "Darwin's finches" on one & @alapagos islands
— Peter and Rosemary Grant attached labels to teeofegmost every single member of
the “medium ground finch” species on the islandaphne Major, and recorded
numerous measurements about each one
— they kept updating this census of the birds oveerse years
— over several generations, there was a significammease in the average depth of the
birds' beaks
— that is, the type of bird that was typical amongthum ground finches" changed over
time: the population of finches evolved.
— we'll come back to the explanation for this later
— the point to notice now is that the average bezd at the end of the study was different
from the average beak size a few years earlienlufen was observed to happen.
— Another famous example involves moths near ManeheBnhgland
— prior to the industrial revolution in England, thégs of most of these moths were
patterned with dark gray and light gray mottles
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— but a small fraction of the moths were completelgkcgray
— after the industrial revolution, the very same gapon of moths was mostly dark gray,
with only a few of the light, mottled type
— The coloration of the typical, average moth of §pecies changed over time...
evolution was observed in action.
- You may have heard about antibiotic-resistant lvecte
— these are new, previously unknown variants of becthat cause illnesses such as
tuberculosis, syphilis, strep infections, pneumparad many others
— these new variants have developed the ability tegeidoses of antibiotics that
effectively killed these organisms just a few dessadgo
— this is evolution going on right before our eyeghvgerious health implications
— And there are many more
— The preceding examples were observations of ewoluti the wild. There are also many,
many documented observations of evolution in anionaéding, farming, and laboratory
settings, where people intentionally caused théuéiom to occur
— pigeons are a particularly well-documented groupx@mples
— including not only new and bizarre physical forms
— but also new, weird behaviors, like flight pattewith loops or rolls
— the many dog and cat varieties you know are alsentecreations
— many are known to have been "created" by intentibreseding at particular times and
places during historical times
— these varieties simply did not exist before then
— Researchers at the lllinois Experiment Station edwevolution in corn
— in 1896 the corn researchers planted a commontyafi€orn that had kernels with an
oil content of 4-6%
— each season, they selected the corn kernels thatrighest in oil, and planted those
— as the years passed, the average oil content abthencreased
— after 80 generations, the oil content was almo%t 19
- this is evolution caused by artificial selection
— There are many examples in laboratory populatidtiia flies, bacteria, etc.
— some are cases where breeders intentionally cawsdation to occur
— others are cases where scientists were obserVaigeatory population carefully for
some other reason, and happened to record evanyichanges that occurred
"accidentally” in the lab, without trying to makehiappen
— that is, with no artificial selection
— again, for more examples, see
- http://www.talkorigins.org/faqs/fag-speciation.html
— http://www.talkorigins.org/faqs/speciation.html
— unlike the first examples, these don't show thatwgion actually occurs in nature
— but they do confirm two things:
— evolution does happen under certain circumstances
- that is, species are not fixed and unchanging
— evolution can result in major, rapid changes inydajons of animals and plants
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— Chihuahuas and St. Bernards have evolved undéciattselection from a generic
dog in under 10,000 years -- a very short timegiolggical terms
— Notice that evolution doewot refer to changes imdividual animals or plants
— an animal maturing, getting stronger, developitgm etc. is not evolving.
— instead, evolution refers to changegapulations of organisms
— like the changing average beak depth of the finches
— or the most common color of the moths
- the individuals themselves do not change during tifietimes
— but the average characteristics of population change from one generation to the next
— Also, evolution only refers to changes in charastes that ardaeritable (inborn), that is,
that are passed on from one generation to the
— it does not refer to changes in individuals that@used by the environment
— for example, in the T®century, it was fashionable for white Americanfi&ve pale
skin, while more recently, it has been fashion&tehem to have suntanned skin
— presumably, the average skin color of white Amerscs darker now than it was then.
- but a suntan iacquired by individuals; it is noheritable
— Babies born to tanned parents are just as palakasdborn to pale parents
— So this change in average skin color, though realot anevolutionary change
— because it is not a change iheaitable feature
— so the color change cannot accumulate from onergoe to the next
— Preliminary definition #2 oévolution as an observable fact. change in the frequency or
magnitude of heritable characteristics of a popahadf organisms over generations
— a change in frequency would be like the moth exantple dark type became more
common than the light type
— a change in magnitude would be like the fincheakbethe average beak depth increased
— once we have looked at genetics a little, we v @ more precise definition
— Evolution, in this meaning of the term, is an amgibzumented fact

— The second common use of the word "evolution” ia aBorthand term for thbeory of

evolution

— Thetheory of evolution is arexplanation of how thefact of evolution occurs

— the basics of the theory of evolution were propdse@harles Darwin, who got it amazingly
right in 1859, over 140 years ago.

— but the biological world is incredibly complex, atietre are all sorts of interesting wrinkles
and special cases that people are still workingpday

— so when people mention the "theory of evolutioh&ytare often referring not a single
theory, but to an accumulation of interlocking isié@sed on Darwin’s theory

— using the word "evolution" to refer to tkt@eory of evolution rather than the observable
process of evolution often confuses matters
— use "Darwin's theory of evolution" or "the theofyewolution" instead.

— Let's set the stage for the theory of evolution
— or more accurately, Darwin's "theory of adaptatgmatural selection”
— The starting point for the whole theory was the aZmgvariety of living organisms, and
how well all these organisms are adapted to thmirenment
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— Just go to a zoo or an aquarium, or watch a fewraatocumentaries, to confirm how
many varied, weird, and yet successfully functignineatures there are in the world
— Prior to Darwin’s theory of adaptation by naturalestion, there was no good way to explain
why organisms were so complexly, exquisitely adépoetheir environment
— One explanation was that God intentionally desigaedrganisms to be well adapted to
their environments
— how else to explain complex features like the eyth all its interdependent parts?
— in fact, this has been used as an argument faxiséence of God:
— if you find a watch, it implies the existence ofvatchmaker
— such a complex object could not have come abotitdoghance bumping together
of bits of native metal; someone had to designraake it
— s0, according to this argument, if you observe mlansly complex living creatures
with countless parts that work together perfe¢tgt must imply the existence of a
designer who created them, that is, God.
— But if there was a designer, why are so many osgasiso weirdly, even badly, designed?
— why do people have an appendix that serves no perpat is prone to fatal
inflammation?
— why do we have knees and backs that give out @llithe, when it is easy to imagine
better designs?
— why are humans made so that without modern mediginmg birth frequently kills the
mother just when she is most needed?
- if we were designed by a grand engineer, why daddhsuch a kludge job?
— or to return to the watch argument, if there wasatchmaker who designed us, he must
have been blind, lazy, or perverse
— Darwin showed that there was another possibility
- that there was a way in which even complex featlikeknees and eyes could arise “all
by themselves”, with no designer, through naturaflerstandable processes

— Who was this Charles Darwin guy?

— Nothing less than one of the founders of moderane®, one of the most influential thinkers
of the last 200 years

— Darwin figured out and publicized the essentiatdess of the theory of evolution.

— This is not a history class, and our focus willdpeideas, not investigators.

— Nevertheless, Charles Darwin is one of the senfigates of the modern world, and you
really have to know a little about him.

— Born in 1809 to a wealthy, educated English family

— Dropped out of medical school in 1827 at age 18

— went to Cambridge University and become a minister

— Graduated in 1831 and immediately went off on &&r yourney as the volunteer ship’s
naturalist on the scientific voyage of the H¥8&agle

— Darwin observed geological features and collectadtp, animals, and fossils

— The common explanation for geological layers ars$ife wascatastr ophism
— the geological and biological world was the restila series of catastrophes, usually

envisioned as floods that covered the entire globe
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- these floods supposedly killed off many plants aninals, and left their remains as
fossils in layers of rocks
— different plants and animals would somehow aried,taen another catastrophe would
wipe them out and preserve their remains in andéyer
— Just as Darwin was finishing university, the gedb@harles Lyell published a book
arguing for an alternative model whifor mitarianism
— uniformitarianism rejects the idea of hypothetieabrmous events unlike anything we see
today
— uniformitarianism is the idea that the world waasd by the action of the same forces
we see around us today, but over a very long time
— for example, large valleys could be formed by tragal washing away of soil and rock
by a river over a very long period of time, rattiean by a single flood far bigger than any
recorded in history
— Darwin read and was influenced by this theory.
— While on theBeagle, Darwin became convinced that plant and animatispevere
“adapted” to their environments
- but he also noticed that species tended to beagitalother species nearby
— as in the case of slightly different variants afisi reptiles, and plants on each of the
many islands of the Galapagos.
— or the plants and animals on islands off Africa @ not exactly the same as anything
on the mainland, but are more similar to them tioaanything else
— He concluded that the simplest explanation forwas that these variants could have
arisen over time by gradual “evolutionary” changmnt shared ancestors.
— for example, one group of finches might have somegotten to one of the islands,
maybe blown there in a big storm
- then as they spread to the other islands, eaclpgrould gradually change to fit the
local environment
— this would explain the general similarity of thedhes on neighboring islands, as well
as the specialized differences on each island
— and if populations could develop these minor veoret, then presumably with enough
time the differences could become very great
— different species could arise through the accunaaif many small, gradual changes
— This general concept of evolution was not origbosaDarwin.
— it was widely discussed, although not many peopleted it was correct
- the more common idea was that species were "speciahted" and then remained
fixed, without changing over time
— Darwin's view was a uniformitarian one, in thatumusual, "special creation” process
was required
— it would involve simply the accumulation of processhat we can observe happening
today, but over a very long period of time
— So Darwin's observations on the Beagle got himestdyy convincing him of the "fact" of
evolution (that populations change over time)
- this was not nearly so well documented then astaday
— The problem was to explahow evolution could occur.
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— There was already a theory for this, originallygmsed by Jean Baptiste Lamarck in several
volumes from 1815-1822, when Darwin was still dathi
— Like Darwin and some others, Lamarck also belie¥ad evolution occurred
- he explained it by proposing that animals changest their lifetimes
— body parts that they used a lot developed morepaed that they used less developed
less
— for example, a giraffe that spent its life stragto reach high leaves would develop a
longer neck than it would have it if had grazedyoass
— Lamarck also suggested that these acquired chassiciewould then be inherited by the
animal's offspring
— so that the next generation of giraffes would statth a slightly longer neck to begin
with, and would develop it even further if they kegaching for high leaves
- this sounds reasonable, but there was no goodresads acquired characteristics actually
being inherited
— you can observe that tanned parents have kids vehjoist as pale as any other kids
— animal breeders did not succeed in creating fasteses by vigorously training them,
generation after generation, or fatter cows by feegling them over several generations
— it just didn't work
— Darwin (like many people at the time) was awarb@# animal breeders actually did
develop variants by controlling mating
— breeders would select the individual animals tlzat the desired characteristics and allow
them to mate
— then pick the best of their offspring and breedgs#)@nd so on
— controlling mating is what worked in animal breeglin
— not creating acquired characteristics by traingpgcial feeds, etc.
— this method is now sometimes calkdificial selection
— But artificial selection obviously had not happemedature...
- In 1838, two years after returning from the voyafthe Beagle, and at the ripe old age of
28, Darwin readhn Essay on the Principle of Population, by Thomas Malthus
— Malthus's book had been published 40 years beafofe;98
— Malthus argued that human populations grow geon#lyi(they double every so many
years), while food production grows more slowly
— so population eventually outstrips food supply
— and some correction inevitably occurs: famine, aise or war, which reduces the
population back down to what the food supply cgmpsut
— Darwin realized that the same thing happens witufadions of plants and animals
— more individuals are born than survive to adulthood
— so some kind of selectionnatural selection — would take place as some survived and
reproduced, while others did not
— the characteristics of the ones that reproduceddidmecome more common in the
following generations, just as if an animal bredusd artificially selected them
— The theory of adaptation by natural selection wa® b
— Darwin was a perfectionist, so he spent the neghtwyears working on his collections and
refining the evidence to support his arguments
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— When Darwin learned that a younger naturalist naAl&édd Russel Wallace had come to
the same conclusions that he had, and was platminigesent a paper about them, he finally
had to go public or become a forgotten footnoteigtory

— Fortunately, both Darwin and Wallace were honesii, geople, and they agreed to both
present papers at the same conference in 1858.

— Darwin then quickly finished the book that outlinsad defended his theory, and published
it in 1859. The title wa®n the Origin of Species by Means of Natural Selection or the
Preservation of Favoured Racesin the Sruggle for Life.

— TheOrigin was an instant bestseller. It sold out on tret fiay, and it eventually went
through five more editions.

— It was aimed both at specialists and the educaibtip

— It laid out a logical, scientifically supported trg of evolution and popularized it at the
same time
— it was controversial; some people accepted it,athdrs blasted it

— Today, theOrigin seems a bit too detailed and the writing is okhfaned, but it is clear
and understandable. If you can read Charles Dgkeyu can read Charles Darwin.
There are lots of copies around, and | highly recemd it.
— The class web page has a link to the full textrenli

— Darwin got it right
— Although some important details could not be filieduntil almost a century later,

Darwin’s basic theory is still at the core the maafesvolution that virtually all biologists
believe explains the nature and origins of lifeeamnth — and other things, too.

— Darwin's theory of adaptation by natural selection
— Adaptation has at least two meanings:
— Adaptation as a feature: a physical or behaviegdlre of an organism that helps it
survive and reproduce in its environment
— examples of adaptations in cats: good vision, stesih, and speed that make them
good hunters
— Adaptation as a processpiocess of biological change by which a population of
organisms becomes adjusted (“adapted”) to its enment over many generations.
— as in "The species adapted to its new environment."
- this usage of "adaptation” refershgritable change over generations (that is, evolution)
that makes the organisms better suited to their@mwent
— adaptation is aubset of evolution
— not all evolution results in better adaptations!
— this usage of "adaptation” doest refer to the adjustments that an individual orgami
makes during its lifetime, like developing strongauscles or a tan
— Darwin’s theory rests on three simple postulates:
— 1. Organisms produce many more offspring than oavive and reproduce
— This is easy to observe, even in human populations.
— Prior to modern medicine, a large percentage ahisfdid not make it to adulthood
- In a litter of kittens, unless people intervenajally only some survive
— Darwin called this "the struggle for existence”
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— 2. Individuals vary in ways that affect how sucéelsthey are at surviving and
reproducing
— All individuals are different
— Some of these differences affect how successfyldahe at surviving and reproducing
— This is sometimes expressed as: “There is variatiditness”
— note that "fitness" does not mean speed, beauglligence, etc. -- it means only the
ability to survive and reproduce
— 3. Offspring tend to resemble their parents
- not in all ways, of course, but many traits do teém@e inherited
— Short, blonde parents are likely to have shortadéochildren
- relatively more "fit" individuals will tend to hauwelatively more "fit" offspring
— This is sometimes expressed as: “Some variatiotheyited”
— The logical, necessary result is natural selection
— Some parents leave more offspring than others
— those offspring tend to be similar to their parents
— so the traits of the successful parents become aornenon in the next generation
— this is NOT "survival of the fittest"!
— surviving counts for nothing if you don't reproduce
— the bottom line is leaving the most offspring (ttreemselves survive and reproduce)
— Darwin called his theory “natural selection” by bgy to the “artificial selection” practiced
by animal breeders who created all those new tgpbpgyeons, dogs, cattle, etc.
— But instead of a animal breeder who intentionaibkg the desired traits, in nature it is the
“struggle for existence” that does the selecting
— many individuals don’t survive, or if they do, doréproduce as much as others
— The variants that are most “fit” survive and reproel most
— The traits they have are passed on to the nextagjtoe
— over time, the most “successful” traits become nam@ more common, and the least
“successful” traits become rare and disappear
— So where is "evolution" in this picture?
— natural selectiomay cause evolution
— say the parents that leave the most offspringadier than average for the population
— and tallness tends to be inherited
— then there will be more tall offspring in the ngeneration
— so the average height will be greater
— evolution will occur
— this isdirectional selection: selection that causes change in some direction
— but natural selection does rabtvays cause evolution
— say the parents that leave the most offspringredeight that is already average in the
population
— then they will leave lots of offspring with thatrsa average height
— and the average height of the population will remaichanged
- the average height is already optimal, so them®iselective advantage for those who
are taller or shorter
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- in this case, natural selection is maintainingsta¢us quo, and no evolution occurs
— this isstabilizing selection: selection that keeps the features stable

- So, let's go back to the watchmaker analogy

— when you see an intricate, functioning watch, yssuane there was a watchmaker

— when you see an intricate, functioning organismatw the difference?
— living things reproduce themselves
- but they reproduce themselves with some variation
- this makes life a whole different ballgame
— it makes evolution possible

— now, consider that we are beginning to make auifthings that reproduce themselves
— computer viruses
— genetically engineered organisms
- perhaps, eventually, machines
— if they do not reproduce themselves perfectly, thiegf vary in the number of "offspring”

that they produce, then these things will evolve to

— And finally, let's think briefly about science anbrality
— | said that the bottom line in natural selectiofemsving the most offspring
— the traits of those that leave the most offspriagdme more common in the next
generation
— we often say that organisms act in ways that maartheir reproductive success
— does this mean that it good to maximize reproductive success?
— am saying that you should all go out and havedbthildren?
— does it mean that the most successful survivorggmaducers (the most "fit"
individuals) arebetter than the others?
— does it mean that evolution causes organisms tbetfet over time?
- of course not.
— evolutionary theory simply explains what happensheout assigning any moral value to it.
— maybe the "fittest" of some species are strongcahatful
— we might consider them better than the others
— or maybe the "fittest" are those that kill theirgihdors and feed them to their offspring
— we presumably think this is bad
— either of these strategies might maximize repradecuccess, but we approve of one and
condemn the other
- the "fittest" are not necessarily “better” than ttkers
— they simply leave more offspring
— whether or not natural selection favors somethig othing to do with our moral
judgement of it
— a scientific question is "what kind of worislit?"
— a moral question is "what kind of world do want it to be?"
— the answer to one tells us nothing about the other
— but we need to think about both.



