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— Announcements
— Class user ID and password

— Recap of Darwin's theory of adaptation by natuetgction
— Darwin’s theory rests on three simple postulates:
— 1. Organisms produce many more offspring than ocavive and reproduce
— 2. Individuals vary in ways that affect how sucéelsthey are at surviving and
reproducing
— 3. Offspring tend to resemble their parents
— The logical, necessary resultnatural selection
— if the parents with the most offspring are différéom the average
— then their traits will become more common in thgtrgeeneration, changing the
averagedirectional selection
— directional selection is one cause of change
- that is, of evolution
— if the parents with the most offspring are the agertype
- then their traits will remain the most common ie tkext generation, and the average
will stay the samestabilizing selection
— stabilizing selection is one cause of species neimgithe same
- that is, of stasis

— An example: Darwin’s finches
— the same case | mentioned last time
— This is simply one very clear and well-documenteaneple case
- that shows that Darwin’s model actually does f#l tde
— there is nothing special about these finches exbapt that Peter and Rosemary Grant
went to the trouble to document them thoroughly
— and that they are historically associated with Daysince he observed these birds on the
voyage of théBeagle
— Other cases have been studied (although few sougbly) with similar results
— presumably the same kinds of things have happeaema the world and throughout
time, even when no scientists were looking.
— The finch study
— was conducted on one of the Galapagos islands,2ddajor, in the Pacific far off the
coast of Ecuador
— The subjects are medium ground finch@easpiza fortis), which mostly eat seeds
— The Grants captured, banded, and recorded measutearel other information about
almost all the birds on the island over a numbereais
— and also recorded other information about the enwrent, especially the availability of
different kinds of seeds
— Early in the study, the island received a lot af raut then is suffered a severe drought
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— This provided a great opportunity to watch natgedéction in action
— During the drought, the plants on the island preduewer of the small, soft varieties of
seeds that the finches prefer
— The finches quickly ate most of the small, softetyf seeds
— This left mostly larger, harder seeds, which maihe birds found difficult to eat
— The food shortage caused many birds to starvedthde
— Darwin’s first postulate was being met: more bindse born than survived to reproduce
— The finch population declined from 1200 birds t® I#rds in just two years of drought
— This was obviously a severe case, but not thatuaitus the real world
— The Grants’ found that there was variation in tepttd (height) of the finches beaks
— beaks ranges smoothly from relatively shallow baakelatively deep ones
- birds with different beak depths preferred différeinds of seeds
— birds with shallow beaks preferred smaller, softszds
— probably because their beaks were not strong entuigieak into the larger, harder
seeds
- birds with deeper beaks preferred larger, hardeiise
— probably because there were more of them arountihese birds were able to crack
them with their stronger (deeper) beaks
— So, the variation in beak depth caused a variatiditness when small seeds were scarce
— birds with shallow beaks had trouble finding enotabd
— birds with deeper beaks were more likely to findwgh food
— so birds with deeper beaks were more likely toiserduring the drought
— So, Darwin’s second postulate was also being rhetbirds varied in how well they
survived, because they varied in how well they d@dt food during the drought
— The deeper the beak, the more likely the bird wasitvive during the drought years
— Finally, the Grants showed that Darwin’s third pdeste was also working in nature:
offspring tended to resemble their parents
— They showed that shallow-beaked birds tended tdym® shallow-beaked offspring, and
deep-beaked birds tended to produce deep-beaksutiaf]
— This is no surprise, of course
- but it is absolutely necessary for the theory tokwo
— otherwise, the offspring would not perpetuate thag of their successful parents
— So, the three postulates of Darwin’s theory wekreladerved to actually be working
— And the expected result was also observed to hapipeird population evolved
— many birds with shallow beaks died, while only & f&f the deep-beaked birds died
— the distribution of beak depths shifted to a deeperage after a year of drought
— this left a population with relatively more deepaked birds
— who went on to have offspring that also averagepdebeaks than the previous year
— and the process repeated during the second yeaowght
— After two years of drought, the new generationailafinches had beaks that averaged 4%
deeper than the adults of just two years earlier
— This was evolution caught in the act!
— The Grants' study had two main points
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— 1. natural selection really did occur, just as smiin's theory
— we often observe evolution, in the sense of a chamg@ population
- but usually we just assume that the cause wastidinat selection
— in this case, we know that for sure that it hapdendhe way Darwin’s theory predicts
— all the details are documented
— all three of Darwin’s postulates held true
— more were born than survived and reproduced
- they varied in ways that affected survival (andelfi@re reproduction)
— that variation was heritable
— and evolution really occurred, just as the theoedts
— 2. the other main point is that in severe natuvalditions, evolution can be very rapid
- they observed 4% change in two generations
- this is not the slow, gradual evolution we usu#iink of
— this could add up to big changes, very fast
— Imagine what would happen to human stature if $elecaused it to increase this same
4% every two generations
- In twenty generations, the average height wouldeiage 48%!
— (if a typical human generation is 20 years, thass 400 years!)
— So after 400 years of selection at this rate, egame American male would be over
8 1/2 feet tall!
— or imagine if you found one island with small-beakmches, and another with finches
with beaks 50% larger
— you would probably call them separate species
- You would identify two distinct kinds of birds, avéhough in fact they might both
have been descended from the same group of pgushte/enty years earlier...
— This is what Darwin thought had happened on theyaos islands
— but he had no idea it could be this rapid
— that is, he thought one small population of birdd pbrobably gotten blown out to the
Galapagos chain
- these then managed to populate most or all ofsthads
- but were relatively isolated on each one
- so all the birds descended from the same origioplilation
— but the birds on each island evolved in differart¢ctions to suit the conditions on
each island
— this model still seems to be right, almost 150 yéaier.
- You might well ask: If large beaks are so muchdyetvhy hadn't the finches already
evolved deep beaks?
— Because of stabilizing selection
— as long as there is variation in fitness amongviddials, selection has to occur
— but it does not have to be directional, which cawsslution
— it can also be stabilizing, which inhibits change
— Before the drought, the average beak size remaeegame due to stabilizing selection
- birds with smaller-than-average beaks were legtylito survive and reproduce
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— because they were less likely to find enough fbedause they could eat only the
smallest, softest seeds
— in normal, non-drought years, birds with largerfaverage beaks were also less likely
to survive and reproduce
— true, they could eat larger, harder seeds as welesmall ones
- but there are costs, as well as benefits, to deaksb
— deep-beaked birds more often die as juveniles
- the Grants documented this with their bird censata d
— we don’t really know why
— it may be because growing a deeper, bigger beakresgmore food
— so these birds may be slightly more likely to bdemourished as juveniles, to
get sick, to be less able to avoid predators, etc.
— during the normal, wet years, there was a balarteden
— the higher mortality of the shallowest-beaked batds to their greater difficulty
finding food as adults
— and the higher mortality of the deepest-beakedshite to their difficulty finding
enough food as juveniles
— birds with medium-sized beaks were the ones mkaslylto survive and reproduce
— so the action of natural selection was to stabtlmepopulation
— to keep the most common type the most common
— this balance of opposing forces is called an “éouim”
— and the absence of change due to equilibrium isprentioned before, called stasis
— During the drought, the benefit of having a deegkliacreased, but the cost apparently
did not increase as much
- so having a deeper-than-average beak became ageanta
— and the selection ceased to be “stabilizing”
- instead, it became “directional”, favoring birdghvdeeper beaks
— Stabilizing selection and directional selection @ssentially the same process
— the only difference is whether the optimal chanastie is already the most common, or
not
— as long as there is variation among individualedi®n is always going on
— Boyd and Silk point out that stasis (staying th@epis no more “natural” than change
- both require explanation, which the theory of etiolugives us

— Finally, let's be careful to separate our thinkaigput individuals and populations
— natural selectioacts on individuals, not the populations
- Individual organisms live or die, reproduce or don’
— but natural selection’ffect is on thepopulation, not the individual
— The population’s average type changes

— Natural selection and the evolution it can causaatmecessarily “improve” the population
— evolution is just the accumulation of whatever a&ats are most successful at getting passed
on
— natural selection can favor traits that are disathgeous for the group as a whole
— natural selection can even drive the whole grougxtmction
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— Consider Boyd and Silk’s hypothetical example @hhfecundity vs. low-fecundity females
(fecundity is the ability to produce offspring)
— high-fecundity females produce more offspring; tlodispring tend to be high-fecundity
as well; so female fecundity rises
— if food is scarce, it might be better for the graagroduce fewer offspring
— with a small number of offspring, there would b@egh food for most to survive
— with a large number of offspring, many would consuimod for a while but still starve
to death, wasting the food they ate
— more would survive overall if fewer offspring haddm born in the first place
— but natural selection won't favor low-fecundity fales for the overall good of the group
— all that matters is that the high-fecundity femadesduce more offspring
— if everyone’s offspring die off at the same rated &€males who produced more to start
with will have more surviving offspring in the end
— the high-fecundity females will have produced géarshare of the next generation
— so there will be more high-fecundity females in i@t generation, and the average
fecundity will keep rising
— even though the increasing competition for foodvadl fewer and fewer offspring
overall to survive to adulthood
— so the population gets smaller and smaller, mawpieitbecomes vulnerable to
disease, predators, or other bad luck and getsivapecompletely

— so natural selection does not necessarily lealdti€r’ organisms
— it just perpetuates whatever variants produce tbgt surviving offspring at that moment
- the end result might not be what a designer woalcpicked

— A useful clarification: There are two kinds of \&tron that selection can act on
— Continuous variation: variation in the magnitude of a characterisil® height or the
depth of birds’ beaks
— a smooth range of variation without gaps betweéerént types
— evolution can affect a continuously variable tkaitchanging its average value
— for example, the average height of Americans migtrease from one generation to the
next
— Discontinuous variation: variation in which there are a few discrete typiée mottled vs.
black moths
- there are no intermediate types
- there is not a range of coloration from mottlesbtlgh darker variants to black, but just
two (in this case) sharply defined types
— evolution can affect a discontinuously variablét oy shifting the frequency of the types
— S0 one type might start off rare, but become moreronon from one generation to the
next

— Another useful concept: very complex adaptatiomsarése from the accumulation of simpler
changes
— natural selection does not have long-term goals
— it just favors whatever variant results in morevsung offspring at the time
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— but these variants can accumulate into complexifest
— example: people who doubt that evolution is possitflen point to the human eye
— it has many parts that all have to be there inrai@®ork as a normal human eye does
— the lens has to be just the right shape and podibi@ast a sharp image on the retina, etc.
— just a lens, or just a retina, would not permitiig
— so how could such a complex device evolve grad@ally
— it must have been created all together, by a gdasdner!
- but this is looking at the process backwards, agsyithat the full, camera-like eye was the
goal
— natural selection was not aiming to produce a hueyan
— it was simply favoring certain variants every geatien
— each step was advantageous at the time
- these favored variants eventually accumulatedadymre the eye
— a hypothetical scenario
— imagine starting with an organism that could ndaedelight
— if some individuals happened to have slightly lighnsitive skin, they might have an
advantage
— since plant foods grow better where there is lighgy would know when they were
likely to be near food, and when they should mavenprove their odds of finding food
- there could be many other advantages to simplindisishing light from dark
- so light-sensitive skin would become more common
— if some had more light sensitivity on one parttedit body than another, by moving
around they could tell which direction was lighter
— and thus determine which way to move to go towérddight
— this would be advantageous, and would become nmmenon
— if the light-sensitive skin was concentrated iroa@ave part of the body, that would
restrict its “view” and improve the organism’s atyitto tell which in direction the light (or
dark) was
- that would be advantageous, and would become noonenon
- the deeper the concave area and the smaller tmengpéhe better the directionality...
— the ability to distinguish which part of the ligbénsitive lining of the pit was being
illuminated would also improve directionality
— improving that ability would allow detection of ma, as in the shadow of a predator
moving from one side to the other...
— a transparent layer over the skin might protect it...
— a thicker transparent layer with some curvaturehtnegncentrate the light...
— a thicker, curved layer might cast a very fuzzygean the light-sensitive skin, improving
the ability to detect direction and motion...
—and so on...
— the point is that selection simply favors the nmstcessful variant each generation
— and these successively better variations will keespmulating
- the end result may be very complex
— even though it was reached “by accident”, by takivgbest step at each generation
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— this lack of planning severely limits what featues®Iution can develop
— since each step has to be an improvement, theerajlgncannot be huge leaps
— if something cannot be reached by a successioradfigl improvements, natural selection
will never produce it
— which is probably why living things generally dotrimave wheels or screws, among other
seemingly useful features
— this partially answers the question | posed eaMény are organisms so strangely, even
badly, designed?
— because the only designs that ever develop are thascan be reached by small
improvements on a previous design
— this gradual tinkering approach can lead to logdihoa, but not necessarily global optima
— local optimum: the adaptation with the highest fitness of all thmes similar to it
— but not necessarily better than one that woulddrg different
— global optimum: the best of the various local optima
— Natural selection should push organisms to evalweatds local optima
— but not necessarily the global optimum
— it depends on the starting point, or rather, onpiteeious history of evolutionary change
— say you are in the woods and have no map, but seferbeing higher up than down in
the valley
— each step, you choose the direction that is mdstiup
— after a while, you may be high up on a mountain
— you got there without ever having any idea of whene were going
— but you will never get up the even higher mountairthe other side of the valley...
— example of camera-type eyes (like ours) versus comg eyes (like insects’)
— compound eyes are essentially bundles of mirrareds with light-sensitive spots at the
bottom; many of these tubes are mounted on patsphere, facing outwards
- they produce an image made up of one dot from esaEptor
— compound eyes are poorer than camera-type eyes
- they have a limited, fairly poor resolution (fewpixels” in the image)
— they are less efficient at gathering light, so tHeg’t work as well in low light
— so why aren’t compound eyes replaced by cameraeyps?
— because there is no gradual path to convert otieetother that goes through ever-
improving variants
- the two are results of different variants that heapgal to be selected for early in the
evolution of the eye
— as early eye-spots were evolving, in some lineagagnts that had larger spots were
favored
— in other lineages, variants that more, smallerspare favored
— both approaches improved the early eyes’ sensitiwitight
- the larger, single spots could be gradually impdolyg becoming concave eye to
improve directionality
- leading to pinhole eyes, and eventually camera eyes
— the multiple-spot approach could be gradually impobby becoming convex to
improve directionality
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- leading to leading to compound eyes
— once the first few steps were taken, progressiy@ornements to each design led in
completely different directions

— if there were a divine “designer”, she might piblk tight early step so that gradual
improvements would lead to the best possible atlapta

- but in the absence of such foresight, evolutionardy work with what it has at any given
moment, and can only go in a direction that immietiygproduces better results

— so the outcome will often be the best that couldd®e by improving the earlier design,
not the best that could have been done by desidgrongscratch or by starting with a
different design.
— that is, evolution cannot work towards a long-tgyoal
— it only selects for whatever leaves more offspright now, one generation at a time

— Two ways to look at evolution
— We can look at it up close
— as we did with the minor variations in the beakfirafthes over just a few generations
— or even the gradual evolution of the human eye
— What we see in the close-up, short-term, detailed Vs calledmicroevolution
— Microevolution = evolution within a species (changes in a pojputahat do not result
in a new species)
— Microevolution usually refers to changes that dterosmall and not very important in
themselves
— like the beaks of the finches on Daphne Major.
— microevolutionary changes are often fairly easyriderstand in terms of Darwin's
theory the process of natural selection
— or we can step back and look at long-term changpspulations that are visible in the fossil
record
— that is, the kind of evolution that explains whegith are many different, distinct kinds of
plants and animals
— What we see in the long-term view is the appearahoew species
— Macroevolution = evolution that creates new species, and grosmihgelated species
(genera, families, etc.)
— Darwin suggested that the accumulation of a l@neéll microevolutionary changes
ought to add up to bigger, more obvious differences
— Eventually, to entirely new species
— given enough time, the accumulation of microevolry changes in many different
populations ought to create countless differentiggewith all sorts of different
features
— which is precisely what Darwin originally set oatdéxplain: the profusion of different
species of plants and animals, each adapted énvisonment

— Next time, we will consider macroevolution: theatren of different kinds of organisms -- that
is, the "Origin of Species" that Darwin wrote about

— Now, let's take a slight detour to think about spisology
— epistemology: how you know what you know
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— There are two general ways of knowing something
— One way to know things is by accepting authority
— for example, memorizing what the professor saysise he or she supposedly knows
what is correct
— Another way is to be convinced by an argument
— for example, to really understand what Darwin mevwttt his three postulates, and to
be convinced that the only logical conclusion m@ttifithey really occur, then evolution
has to happen
— Accepting authority is the easiest way to know siting
- but it leaves you unable to explain or defend ymelirefs, much less convince anyone else
— it does not lead you to really understand things
— and it leaves you vulnerable to accepting things &ne not true
— Understandingvhy a claim is convincing is better
— it means that you understand the idea and its kbnte
— it means that you can defend your belief if somezdralenges it
— it means that you are protecting yourself froméaefig things that might not be true
— of course, you are depending on your own intellogeand reasoning to do so
— S0 you might make mistakes
— but would you rather depend on someone else?
- In this class, | don't want you to simply accephauty.
— | want you to understanghy claims and arguments are convincing
— you should be able to explawhy you came to your conclusions, not just remember an
answer
- if you don't believe the book, me, or some othé¢hauity, you should be able to explain
why they claim something is the case, and thdty you find that the claim to be wrong
— this is tough to do when you are new to a field,diueast keep it in mind
— 1 hope you will believe that | and the authorsha# textbook won't lie about empirical
observations like beak size measurements
— but keep in mind that even seemingly concrete featsbe mistaken
— Question authority!
— Some claims are more questionable than othershbytdgement call is yours.
— this is what science is about
— and it is also what the rest of real life is about.
— keep an open mind, but use it!
— your intelligence is your best defense.

- So, read, understand, and think carefully abounhthterial for the next class!



