Nobel Conference 2003 -- Notes

Introduction

For the past 34 years Gustavus Adolphus College in St. Peter, Minnesota has hosted a conference focusing on the scientific disciplines recognized by the Nobel prizes.  The two-day events feature leading scientists and economists, many of them Nobel prize winners, who deliver high level talks on their research and fields of expertise.  The amazing thing is that these things attract more than 5000 attendees from around the world.   High school students and very senior citizens mingle in the halls and sit on hard bleachers and uncomfortable chairs to hear lectures on esoteric subjects that are often way over their heads.

Jean and I have been driving down to St. Peter along the Minnesota River valley for seven autumns now --it’s about 90 minutes away -- both for the pleasure of the trip and the pleasure of spending two days immersed in a stimulating intellectual environment.  We stay over in Mankato (20 minutes south) and continue to search for a decent restaurant.

This year’s topic was “The Story of Life.”  The speakers talked about various subjects relating to the current state of knowledge about evolutionary theory.  In some ways it was a break from recent conferences, which have focused on developments in genetics and microbiology.  While there were no talks about creationism --  a good thing, since every scientist at every conference has made the point that creationism is not science but a bogus overlaying of religious beliefs onto misrepresented scientific theory.  But I thought the speakers were looking over their shoulders, defending themselves and their disciplines too much against attacks from popular religious movements (Jean is less sure this was the case).  The result was a level of information a little below that of some other conferences: it’s tough to do cutting edge science when you have to defend every move from “true believers” who don’t understand or care much about it.  Still, it was a lovely visit -- fall seemed to happen overnight as the temperatures soared into the 80s and all the trees turned at once.

I take notes at these things -- scribbling in the dark, trying to keep up while feeling my legs and butt go numb.  My purpose is to fix the information so I can  remember it later and some of you have said you look forward to reading these notes.  Please remember, these are my interpretations of what was said: don’t hold the speakers accountable.

-- DW

October, 2003

Lecture One -- “What Drives Evolution?”  Niles Eldredge

Eldredge is a leading curator at the American Museum of Natural History in New York.  He was a colleague and friend of Steven Jay Gould who died of cancer in May at the age of 60.  The two of them were the main proponents of a theory called “punctuated equilibrium,” a major challenge to Darwin’s theories published 150 years ago.  While Darwin thought that evolution proceeded more or less steadily, with natural selection driving a continuous process of survival of the fittest, Eldredge and Gould’s research lead them to believe that species tend to stay more or less the same until some cataclysmic event occurs (like an ice age or global warming), after which we see dramatic changes.

The theory has had a huge impact on how we think about evolution, challenging old assumptions and opening up new avenues of inquiry.  The creationists think this means that the “theory” of evolution has been disproved -- which, like the rest of their rant, is nonsense.  A scientific theory is meant to be challenged when new evidence becomes available, but it has to be challenged using scientific methods, not religious belief.  While controversial, the punctuated equilibrium theory has become so important that the professor who introduced Eldredge claimed that no college student should leave school without knowing and understanding it.  This drew a laugh since most of the audience knows that many of today’s college students leave school barely able to write, handle quantitative thinking or their own finances, let alone able to distinguish among competing scientific theories.

Eldredge began by summarizing some of Darwin’s points: “he was right about so many things.”  All life descended from a single ancestor.  Evolution occurs through natural selection -- those individuals who develop superior assets have a better shot at surviving and their offspring have a better chance at “making a living.”  However we may have gone too far in our focus on the genetic aspects of all this.  Genes and their effect on survival are important, but so is the physical environment.  It’s the combination of “nature and nurture” that matters. Eldredge and his colleagues believe that changes in the physical environment lead to periods of “genetic anarchy” that produce major changes in species.

They try to understand the key patterns of evolution that have occurred over hundreds of millions of years, and to do this they need to understand both genetics and paleontology.  This divide between the two disciplines was one of the continuing themes of the conference.  The geneticists have a lot of new data and are framing new theories.  The paleontologists have a lot of old data and are trying to see if the physical evidence supports the new theories of how species develop.

The earth is about 4.5 billion years old and life began to appear about 3.5 billion years ago as stromatolites -- tiny organisms that photosynthesized air and water in response to sunlight.  The evidence suggests that about 3.8 billion years ago the earth came under intense bombardment from particles from space.  It also suggests that there was a major spike in the Oxygen levels on earth about 2.5 billion years ago -- “just” before we start to see organisms with nuclei and form (about 2.2 billion years ago).  About 700 million years ago the earth pretty much froze over -- the first episode of “snowball earth.” “Shortly” after that, about 543 million years ago, we see the first fossils of crabs, flies and other creatures.  These patterns suggest a connection between the physical environment and evolution.  “Every time you get a major change in the story of life there seems to be something extremely weird going on with the earth’s climate.”  Most of the research on life goes back about 325 million years -- the Cambrian period -- and sure enough there was another major Oxygen spike about 390 million years ago.

The fossil evidence indicates that there is lots of variety within species early on in their development but at the end of their existence (90% of all the species ever on earth have become extinct) you can’t tell them apart.  Why?  Eldredge thinks that evolutionary change occurs in short spurts.  Something happens, speciation (the development of a new species) occurs, variety ensues, the best adapted survive and then things level out until something else happens.  

When something radical happens to the environment (like ice sheets 16,000 feet thick covering the earth) species change.  What do we do when it gets cold?  Every Minnesotan knows the answer to that:  you head south.  Birds do it, bees do it and so do people.  Even trees do it, spreading their seeds through various vectors to places where they can adapt better and survive.  We all seek stasis, so when the climate changes we move, adapting to maintain our kind.  Analysis of remains of glacial pools reveals that their is little evidence for evolutionary change but a lot of evidence for environmental change.  If the environment changes too quickly, species become extinct, but if it occurs slowly then species adapt to local conditions or move.

How does local adaptation become species-wide and worldwide?  Eastern American robins live in the deep woods in summer, but come into our yards in the cooler weather.  The same is true in New Mexico, with robins moving among elevations depending on the season.  They share the same characteristics, food choices and parasites -- evidence that species are distributed over wide regions.  But the genes are different.  It’s hard to make a case for evolution being only genetic -- how do the genetically changed individuals get all around the world?  It’s easier to theorize that worldwide climate changes are important in wide ranging species change.

There’s a new theory called the “sloshing bucket” theory of evolution.  It begins with the proposition that all species share two traits:  they obtain nutrients and they reproduce.  Eating involves an exchange of energy.  Reproduction involves and exchange of genes. Being successful at getting nutrients requires that you adapt to changes in the local ecosystem.  Being successful at reproduction is a matter of natural selection -- the strongest and most attractive reproduce more so more of their heirs survive.

Eldredge notes that species tend to stay stable through many cataclysmic changes -- earthquakes, oil spills, eruptions, etc.  The changes may wipe out the gene pool of a species, but afterwards the new species look pretty much the same.  He cited the research of a guy who has spent decades studying a sandbar in Mexico.  As it shifted, whole species were wiped out, but afterwards the new ecosystem reestablished itself with most of the same species.  Coyotes were extinct on the Eastern seaboard but have now come back.  They’re slightly larger, but they look basically the same.  

The dinosaurs survived for hundreds of millions of years.  Tyrannosaurs Rex was wiped out a couple of times, but then came back.  Apparently what happens is that local ecologies are disrupted, species become extinct, but then they come back in other locations.  Eldredge calls these “turnover pulses” and they tend to coincide with global mean temperature changes.  So natural selection helps stabilize a species, then something happens to the climate and we see a whole new period of speciation and genetic change.  Evolution is not continuous, but a series of “races to the finish line.”

In the Q&A session Eldredge was asked if genetic change was a cause or an effect of evolution.  He thinks there’s an interplay.  Genes mutate and create new individuals and the climate “chooses” the ones best suited to survive.

What other climate changes are important to the story?  The closing of the Panama isthmus about 700 million years ago caused changes in the water flow in the eastern Pacific which resulted in dramatic El Nino patterns.  Among other things, this lead to a change in the climate of Africa, from a vast forest land to dry, open savannas.

What about another theory -- that asteroids have stuck the earth in cycles causing major changes in climate and species?  Eldredge thinks this theory is “on ice” because the evidence doesn’t support cyclicality.  Asteroids have struck the earth, but not in regular patterns.

The final question had to do with “the 6th extinction.”  Scientists have tracked five major extinctions since life began but none as severe as what we’re seeing now.  Species are going extinct at the rate of about 3 per hour and it appears that this is due to human activities over the last 10,000 years or so.  We are the only species that has figured out how to isolate ourselves from the climate.  We heat ourselves when it’s cold, cool ourselves when it’s hot, move water when it’s dry and shelter ourselves when it’s wet.  As a result we have overpopulated the planet and overused its resources and we are making species extinct at a rate equal to the most dramatic climatic changes.  “We don’t live in the natural world any more, so we don’t value it as much.”  This could very well lead to our own extinction -- a possibility that has only a remote connection to genes or climate.

Comment.  Eldredge is an amiable and authoritative speaker -- a good choice to lead off.  It was interesting to hear a review of punctuated equilibrium from one of it’s leading proponents.  And it was good to set up the debate between geneticists and paleontologists.  The gene folks claim to be on the cutting edge and acting as “true” scientists -- developing theories based on the new data that are becoming available.  The bone hunters claim that theories are fine, but you need the evidence -- the fossil remains -- to prove them.  Still, it seemed a little superficial, as if Eldredge was summarizing old ideas and defending his controversial theory against attacks more than making a case for it.  In the end I was convinced that both climate and genes play a part in natural selection and evolution and we need to integrate the disciplines.  Any one you know interested in becoming a paleogeneticist?

Lecture Two -- “Evolution of Darwin’s Finches”  Peter and Rosemary Grant

We took a lunch break -- sandwiches, chips, grapes and a cool bottle of California chardonnay, consumed under a beautiful maple tree, all yellows and reds.  Then we returned to hear a talk from the Grants, a husband and wife team who have been doing research on the Galapagos for 30 years.  They have become so familiar with the famous finches on the islands that they know them intimately, the way African researchers can tell lions apart by their roars.

Darwin, it turns out, was not all that interested in the finches he found in the Galapagos, in spite of his notes and drawings about their beaks.  They have become the classic case study to support evolution, but they are not mentioned in The Origin of Species.  He was more puzzled by the variations than anything else. The Grants have studied them from season to season for so long they know each bird and which ones pass along various traits.

The Galapagos are a unique environment for studying evolution because they are so isolated and because they are still pretty much unchanged since Darwin visited on the Beagle 150 years ago.  No species on the islands has become extinct because of human activity.  The finches arrived two to three million years ago.  There are several theories as to why.  One suggests that a powerful El Nino caused a lot of rainfall on the eastern coast of South America which lead to overpopulation of the finches who were forced to fly further afield to find food  Another suggest that volcanic activity caused forest fires which drove the finches out.  

The islands have changed over the last 3 million years.  There are more of them now because of volcanic activity and they’ve moved east and south due to tectonic shifting. The first finches were probably two lineages of a warbler finch which had beaks that were well adapted to getting food from flower nectar and seeds.  All the other finches -- there are 14 distinct species -- evolved from these first warblers.  They filled in ecological niches, adapting to differences as the islands and the climates changed.  

So how does one species become two?  The evidence shows that evolution followed a clockwise circular path around the islands.  One species may have developed beaks suitable to living in a deep forest, then when El Nino and La Nina cycles caused the forest to disappear at a lower altitude, they migrated higher up or to another island, eventually becoming separate species which had a different genetic makeup and didn't interbreed with the older species.  

The beaks are significant.  Some are long and narrow to get nectar and eat small seeds.  Some are big and strong, used to crack seabird eggs or get through large nuts.  One even eats blood by pecking at the base of seabird feathers.  In 1977 85% of the small beak finches died off because of a drought that killed off smaller plants.  The larger finches with bigger beaks were able to get into larger seed that the smaller birds couldn’t penetrate.  By 1979 those birds constituted most of the survivors.  But in 1983 the most powerful El Nino in 400 years caused 8 months of rainfall and severe flooding.  This killed off the plants (like cactus) that had flourished in the drought and made small-beak finches better adapted for survival.  By 1985, most of the large-beaked finches were gone.

This kind of cycle, occurring in “real” time, has produced dramatic changes, but have the overall populations changed?  The Grants have charted Galapagos finches since 1973 and found relatively minor changes in the overall population.  Today the body size is slightly smaller, beaks are slightly more pointed and beak size is about the same.  This seems to support Eldredge’s contention that species tend to stabilize until something extreme happens in the climate, then a new population is rebuilt, closely resembling the previous one.  So natural selection oscillates due to environmental events and produces genetic variation but not much real change.

However reproductive barriers (species don’t interbreed) are “leaky.”  Once in a while a hybrid will be produced.  The most important factor in finches identifying their own species for mating purposes is the song.  The Grants have tested various factors, including color and courtship behavior, and found that the male’s song is the key identifying factor (females don’t sing).  The song is learned by sons from their fathers in the last days the young bird is in the nest, and it’s a very true mimicking.  You can tell the genealogy of birds from tracing their songs back to forefathers.  In one case a bird had damage to its throat and for generations the young male descendants sang a deeper, harsher version of the song.

Once in a while something will happen -- a father will die or be driven off the nest early.  In that case, the young bird may learn the song of a neighboring bird.  This can result in mating with a different species.  The resulting hybrids can mate, but they tend to mate with either the mother’s species or the new father’s species, not with each other, so the genetic pool tends to stabilize.  Still, this genetic variation provides an opportunity for natural selection to act and tends to speed it up.

The Grants’ research indicates that neither species nor climate change is dynamic -- species change, but they tend to regress to a point of stability, and climates change but they tend to be cyclical with not much net change over long periods.  The only way to ensure continuance is for a wide variety of species survive.  Today’s winners may be tomorrow’s losers, and the current rapid extinction of species is not a good sign for the future of life on this planet.

In the Q&A session were asked if the song is a genetic or an environmental trait.  It’s environmental.  They tracked a deaf finch and it never learned to sing.  When asked what lessons their research held for human beings, Peter Grant replied:  “Fathers, teach your sons to sing.”

Comment:  They’re an engaging couple, doing the kind of down and dirty research that produces hard evidence that others can use.  And they are THE experts in their field.  They made the case that climatic variation is a primary factor in setting the stage for natural selection and that genetic transmission is how the well adapted come to dominate.  But they’re almost too nice.  Neither is an especially accomplished speaker and the narrowness of their field tended to make it hard to relate this talk to larger issues... at least for this non-scientist.

Lecture Three -- “God After Darwin: Evolution and Divine Providence”  John Haught

Every Nobel conference includes some kind of religious component -- this is, after all, a church-supported college.  The idea is to answer the question “Where is God in all this?”  It gets annoying because, one, the speakers often are a notch or two down from those who are giving the other talks, and, two, the intellectual rigor isn’t there -- the subject seems overlaid and subjective in a milieu that is quantitative and challenging.

This year’s talk was an exception.  Haught is a theology professor at Georgetown University and a widely published writer on science and religion.  In an atmosphere  a little paranoid about religious critics, Haught stood up and offered a stimulating presentation suggesting how various theologies can -- or could -- accommodate evolutionary theory.  

He also has a quick wit.  He opened the talk by citing the story of a Jesuit priest who was asked if he believed in the evidence for evolution.  The priest replied:  “well, the very fact that monkeys have hands is enough to give us paws.” (heh heh).

Divine Providence, the belief that God cares about the world, is as central an idea to theology as natural selection is to evolution.  It also depends on a prima facie belief that there is hierarchy in the universe, a “great chain of being” that runs from God down.  

If you took the 13.7 billion year history of the universe and published it in book form, you might end up with 30 books, each 450 pages and each page representing a million years.  The Big Bang occurs on page 1 of volume 1.  The earth’s story begins in volume 21.  The Cambrian explosion -- when we start to see a wide variety of life forms on earth -- begins in volume 29, and the dinosaurs become extinct on page 385 of volume 30.  Humans don’t show up until the last page of the last volume, with homo sapiens arriving in the last paragraph. This is a lot to go through if the purpose was to produce human intelligence, Haught pointed out, and cited Bertrand Russell’s question, “why did it take so long to produce so little?”  

Haught thinks there are six broad ways to think about Divine Providence after Darwin.  One:  if Darwin is right, then Providence is wrong.  Two:  Darwin can be right but God is responsible for an initial cosmic destiny.  Three:  God has a hidden plan that runs through evolution.  Four:  Evolution is simply God’s “pedagogy,” His way of teaching us.  Five:  We see broad trends in evolution and these are patterns where we can see God’s influence.  Six:  Darwin’s “recipe” for evolution contains three elements, accidents, natural selection and “deep time,”  and these offer hints of Divine Providence.

He then parsed each of these.  It’s easy to believe #1 -- where is God when reptiles eat reptiles and parasites survive while killing off “higher” beings?  The purpose of life seems to be genes trying to get into the next generation and this suggests no Providence at work.  In fact, to believe in Providence this way, you have to believe that life has been around for only 10,000 years... which is contradicted by every scientific field of inquiry.   So this way of thinking doesn’t allow for much beyond blindly ignoring the facts.

If we accept #2, a front-loaded cosmic destiny at the point of the Big Bang, then we have to ignore all of Darwin’s “chapters” in the story of evolution, such as natural selection.  We also have to ignore things like the evolution of the human brain, and other complexities like the origins of planets.  All we can accept are certain irrefutable patterns at the beginning of time (such as gravitational constants and the universal structure of the simplest atoms) and the “final” outcome -- us.  This isn’t very satisfactory because it doesn’t incorporate much and forces us to choose between belief and reason.

Number three, a “hidden plan” behind everything, also forces us to ignore a lot of things -- chance, accident, randomness, contingency, human ignorance, etc.  It allows for only a limited sense of order that doesn’t line up with the idea of God being an all-powerful cosmic planner.

Number four -- God is a divine teacher and evolution is his “soul school” to help us learn.  This has some appeal, but the world as we know it is awfully harsh and the lessons are very fragile.  Haught asks, “what kind of wild world would you create if you were God?” and the answer is probably not going to be one that has so many apparent cruelties, especially if you want to believe in a benevolent Creator.

Number five --  God’s plan is evident in the patterns we see in evolution. This holds up a little better.  Haught cited the work of a theologian, Pierre Teilhard de Chardin.  He was a priest, trained as a geologist, who became one of the foremost paleontologists of his time (1881-1955) and began writing essays about how to relate evolution and theology.  They scared the Church and he was exiled to China, a fortuitous event, because Teilhard could work in one of the world’s richest sources of ancient fossils.  Still, his work was suppressed during his lifetime and only became available in the 1960s. (I vaguely remember reading him as an undergraduate -- but at the time I was more interested in the sharing genes part of experience than the God’s plan part.)

Teilhard suggested that throughout nature there is a gradual increase in organizational complexity.  You start with atoms, move to molecules, then to cells, then to organisms, then to vertebrates and on to primates and humans.  In retrospect, you can predict the next step from the preceding one. Teilhard thought the next step is a more complex kind of human -- an organism that could incorporate law, politics, religion, economics, science, etc. This “noosphere” will be able to understand God’s purpose.

Teilhard’s idea of increasing complexity also applies to consciousness.  At each step up the evolutionary ladder, organisms have higher levels of awareness, culminating in the incredible ability to sense an “I” -- self consciousness.  There is also an increase in “centration” -- atoms have protons, cells have nuclei, vertebrates have backbones and humans have the “I.”  

So the meaning of life, the theological question linking the facts about evolution to God, is that the universe continues its drive toward complexity and centration.  The reason there is suffering and evil in the world is that the universe isn’t finished.  It’s imperfect.  But why would God not finish the job?

The answer is that there is no other option.  If the universe were perfect it would be identical to God, with no freedom of choice, no future, no life.  God draws us “up ahead” toward unity with Him.  There is hierarchy and order in evolution, and it comes from matter obtaining and developing consciousness.  In this view, the future, not the past, is the foundation of everything.

This sounds pretty good, but there may be a better way to understand Divine Providence in the context of evolution.  Haught cites the work of Alfred North Whitehead who, after a long career as a philosopher, turned to theology at the age of 65. (Haught asked why?  “One definition of a theologian is a philosopher who doesn’t make much money.  I tried to be a philosopher but cheerfulness kept breaking in.”)

Whitehead wanted to know why the universe is so restless.  Everything, from atoms to stars to frequent flyers, is in constant motion.  He thought this restlessness was driven by a search for beauty, which is a perfect balance of novelty and order.  Evolution is an adventure.  If we find too much novelty we get anarchy; too much order brings monotony.  God’s will is to maximize beauty.  Chance, accident, etc. are a source of novelty and the patterns of evolution are indicative of order.  

So can a Christian be a Darwinian?  No, if you insist on equating evolution with materialism.  But evolution is a science and materialism is a philosophy.  You should be able to separate the two.  If you can do that, you can have both God and Darwin,  especially a Christian God, one of whose primary traits (as exemplified in Jesus Christ) is humility.  This “divine kenosis” allows for a God who creates an imperfect universe and wants our help in completing it.  

Humility means emptying yourself, which is what God had to do to create the universe.  He couldn’t be both omnipotent and omniscient and had to get rid of one of those in order to create a universe that was “other” than Him.  He did this by creating an independent universe and that independence, and its evolution, is a sign of God’s participation in the world.  God seeks to give Himself away to the universe, a process of self-transcendence that, through evolution, lets the infinite become finite.  

Providence becomes promise.  In fact the word “providence” comes from the Latin -- pro video -- to look forward.  So the Christian explanation of evolution is that creation is God’s promise that novelty and order will come together.  Novelty is all around us and the patterns in evolution are the “seeds” of a Divine order.  All of this is consistent with the ambiguities of an unfinished universe... one in which all suffering will be redeemed in an ultimate beauty.

In the Q&A session, Haught was asked how these theories hold up for other religions.  He replied that most of the theologians of organized religion he has talked with have little problem with these views.  Most Christian sects can find their place in it, as can Buddhists and Hindus.  The one exception seems to be Islam which can’t get past the connection of evolution with materialism. 

One problem seems to be that these theories call for a God of extreme patience -- to some a “boring” God, one not worth believing in. Another problem is among those who like the status quo.  They don’t want to believe in novelty and change as good things and see disturbance of any sort as inconsistent with God.  And strict fundamentalists of all kinds are in direct conflict with science, so they don’t accept anything but their own narrow bias.  They don’t want to believe that the future is open to change.

Another question was about what constitutes the evidence for a supreme being.  The evidence provided by a religious experience is different from that provided by science. Haught noted that religious belief means allowing yourself to be grasped by something larger and outside of yourself.  It’s untestable.  Scientific evidence means using empirical knowledge to test hypotheses.  Both are ways of understanding our place in the world and its hierarchical order.  But too many religious people engage in “wishful thinking” and “infantilism” -- they choose to ignore pieces of the puzzle or simplify them beyond usefulness.  This is a kind of entropy, falling back to the narrowest possible explanations for life rather than seeking broader truths.  Haught’s theological theories offer a way out of this kind of chaos and despair and the promise that change -- and evolution -- provide a direction for the future.

Comment:  A heady talk, especially for the last one of the afternoon.  The final connections (numbers 5 and 6) sort of ran together, but there is much to contemplate here, if one gives a damn -- good, solid ways to go beyond those stupid bumper stickers with fish.  I like the idea that God is humble and manifests this humility in the universe which is a way of creating an otherness.  My biggest complaint was that so much of this seemed like intricate rationalization -- sort of like Clinton trying to explain what “have sex” means, or Bush explaining what WMDs are.  

Still, the fact that people like Haught are thinking, not just giving up, is a good thing. After the talk a student was holding court outside, explaining the presentation to half a dozen peers (kind of reminded me of me, sitting around a pitcher of beer 35 years ago).  His comment was that, while he couldn’t accept everything Haught was saying, he gave him credit for taking on the issue at the intellectual level it deserved.  

In the end, Haught left us with his personal take on the subject:  “The universe exists because God loves stories.”

Lecture Four -- “Evolution: A View from Afar”  Tim White

After an evening of trying (unsuccessfully) to find a good meal in Mankato, and watching playoff baseball in our very comfortable hotel room, we returned to the conference.  Tim White is a paleontologist at Berkeley and travels to some of the most remote places in the world to investigate digs that are producing new evidence about ancient fossils.  

His talk was mostly about a multi-disciplinary effort in the Horn of Africa looking at the evolution of human beings. It involves 50 scientists from 14 countries with specialties ranging from geology to molecular biology.  This is a particularly useful site because volcanic activity and erosion has separated the earth into very clear layers dating back 6 million years.  It’s called the Middle Awash project and it’s been going on since 1981.  Its purpose, as White put it, is to answer the question, “how did we get this weird?”

White cited Mark Twain’s comment that “man is the only religious animal.  In fact man didn’t stop at having one religion; he has several of them.”  This is important because, in spite of Haught’s ideas, all religions have some kind of origination myth, most of them derived from ancient pastoral civilizations and most in direct conflict with science.  The Middle Awash findings document evidence for hominids dating back millions of years.  But a recent Gallup poll showed that nearly half of Americans (44%) still believe that human beings arrived on earth looking pretty much as we do now within the last 10,000 years. “All modern humans all the time,” as White phrased it.  Part of this is religious belief blinding us to scientific data and part of it is willful ignorance.  As White reminded us, George Bush said, “I think we all agree, the past is over.”  It’s true.  It’s just meaningless.

The Afar river runs through part of the Great Rift and because of its flooding and receding and the sediment it deposits it’s easy to find date fossil remains, of which their are millions.  It’s easy to date things because of volcanic eruptions.  These events produce lots of ash and include shards of glass (fused silica) with distinct molecular structures.  You can date fossils based on the kinds of glass fragments you find in them and around them.  

One interesting find has been evidence of the use of stone tools.  One jaw of an extinct wildebeests showed distinct marks that matched those that would have been made by a nearby stone chipping tool.  Both are 2.5 million years old.  This proves that hominids were going after large beasts when the area was covered in grasslands.  But these creatures were competing with lions and tigers and at least one very large bear.  How did they do it?  And how were they so successful?  About 1.8 million years ago we find the first evidence for hominids outside of Africa and within a short period -- by a million years ago -- we find evidence for them all over the world.

One reason for the success of hominids is that they learned to stand up -- to move and act as bipeds.  This gave them a better view and a more effective way of attacking prey, especially in groups.  The hominids closest to modern humans are the neanderthals (“It’s may be especially appropriate to look at neanderthals after the election in California” -- big laugh).

Molecular biologists have determined that we share a common ancestor with apes, though that doesn’t mean we are descended from apes.  Apparently apes took one evolutionary path and humans took another.  The big question is whether neanderthals are our ancestors or another evolutionary branch (like the apes) that split off and became extinct.  Neanderthals are the most abundant form of hominid fossils. There is a lot of variety in neanderthal fossils, much less in homo sapiens.  Genetic studies have shown that the greatest diversity in hominids is found in Africa, which proves that hominids originated there and moved on with fewer and fewer species surviving until now there is only homo sapiens.  

Does this mean we are all descended from “one lucky mother” -- an “Eve?”  It’s more likely that there were several evolutionary paths and some of them didn’t survive (White also reminded us that 90% of all species that have been on earth are now extinct).  Neanderthals have distinct head skeletons, with the widest part being about the level of the eyes and the top of the skull being narrower.  Modern humans usually have the widest part of the skull at the top.  This is how we can tell them apart.  After a period of intense glaciation, the neanderthals stop appearing.  Were they unable to adapt to the new climate?  Were they wiped out by the newer homo sapiens species?  Did they intermarry?  The answers aren’t definite yet, but it’s clear that “the more we look back, the more remote and varied the species look.”  This -- again -- disproves creationist and other religious theories about modern man being a constant throughout history.

In the Q&A session White was asked about the reliability of dating fossils.  There are breaks in the fossil record which make it difficult to be certain, and new finds and technologies constantly shift our understanding of dates.  A site in northern Spain has produced evidence that neanderthals may have existed as far back as 300 thousand years ago and continued until as recently as 35,000 years ago.  A site in the Caspian mountains shows some evidence that another species of hominids was around 800,000 years ago.  New technologies based on Argon gas dating (which can be verified accurately by using baselines from the eruption of Vesuvius in 79 AD) are helping to resolve some of these questions.

White also made the point that hominids never “left” Africa.  They’re still there, of course.  What’s important is that some hominid species found there way out of Africa and spread remarkably quickly around the world.  He was asked how it felt to walk in the footsteps of the most ancient ancestors of modern man.  His reply:  “hot.”

Comment:  This talk was really about the difficulties of this kind of scientific endeavor.  Research teams need to be made up of a wide range of experts and they suffer through a lot of hardships -- heat, flooding, drought, dust, insects, lions, political unrest, etc.  That’s a useful reminder of how hard this is.  The talk was also the most accomplished technically and included a very fine short film about the Middle Awash project.

But it seemed a little disjointed and light.  How scientists work is important, but I was interested more in what they’re finding and how they’re resolving apparent conflicts.  Again I got the feeling that White was making the case for the value of science over popular ignorance and religious overlays.  At some point you have to get beyond that.  You can’t advance scientific knowledge if you’re looking over your shoulder and arguing with idiots.

Lecture Five -- “Feathered Dinosaurs and the Origin of Birds”  Phillip Currie

We slipped down to Patrick’s, for a beer and some of our favorite bar food.  It’s a nice hike (in good weather) into town and back up the hill to the college -- enough exercise to walk off the beer and get the kinks out of the backsides.

Currie is a curator at the Royal Tyrell Museum of Natural History in Alberta and a lifelong paleontologist.  He became interested in dinosaurs at age 4 and has been studying them ever since.  He considers himself exceptionally lucky to be from Alberta which is another of those sites in the world where you can just stumble over ancient bones every time you go for a walk.  The museum is located in the middle of a beautiful and huge area where the geology lets you do research on 10 million years of history.  Currie says they have made important finds literally outside their back door.  There are 112 digs within the city limits.

His interest is in the relationship between birds and dinosaurs.  For over a hundred years this theory has been promulgated, but it’s been debated all the time -- mostly because it’s such a stretch to link robins and wrens, small, feathered, flying creatures, with Tyrannosaurs and Brontosaurs, huge, scaly, lumbering reptiles. But all dinosaurs weren’t giants.  There are hundreds of smaller ones that are so birdlike that when you examine their craniums it’s hard to remember you’re not looking at a modern bird.

Flight is not limited to birds.  Squirrels, frogs, fish and even some spiders “fly,” either by coasting from a high spot to a lower one, or by catching wind currents.  Creatures with feathers, however, fly best and there are numerous ancient examples.  The most important is archaeopteryx, a fossil discovered in 1862 and related to modern birds by T.H. Huxley in 1868, not long after Darwin published.  In the 1920s scientists discovered that many dinosaurs had neck bones like birds.  They had been misidentified as ribs or other bones, and many museum skeletons still have them in the wrong place. 

But dinosaurs don’t have clavicles.  Crocodiles and birds, however, do.  So are birds related to crocodiles?  Research done in the 1970s indicates that maybe they are.  The same research also showed that many smaller dinosaurs had a bone called a furcola which looks like a primitive clavicle.  Research about the same time also showed that maybe dinosaurs were warm blooded -- a key finding since there would be no need for feathers unless the creature was warm blooded.  

For various reasons there was a 20-year hiatus in this kind of research but since the 1990s things have picked up at key sites around the world.  New digs are uncovering new species of dinosaurs at the rate of about one every 3 months and some of them have legs like birds and beaks.  They also have air and fluid systems like birds.  Large dinosaurs needed air sacs to help them breathe and had tubes in their legs filled with air or fluid to help them maintain balance.  Birds have similar features.  In fact 125 characteristics have been identified that link bird skeletons to dinosaur skeletons.  For most scientists there is no longer a question that birds and dinosaurs are related.

In 1996 a skeptic was asked what would convince him that birds were descended from dinosaurs.  “Show me a dinosaur with feathers,” he said.  And that has been the focus of Currie’s research recently.  In 1994 a dinosaur fossil was discovered in China that appeared to have wing-like markings.  It was called Confuciusornis and it lead to an explosion of new fossils from the area.  It’s a depressed rural area and the farmers figured out that they could make good money by digging around in the hills and putting their finds on the market.  Since then over 1000 specimens have been unearthed and in 1996 the Chinese government announced the finding of clear evidence that a dinosaur had feathers.  It was called sinosauropteryx and had feathers along the head.  More specimens have shown feathers growing along the legs and long tail feathers.  Recent finds have also uncovered nests of dinosaur eggs that are laid in patterns resembling some birds (and crocodiles).  Currie’s conclusion:  “The dinosaurs didn’t become extinct.  The air is full of flying dinosaurs.”

In the Q&A session Currie was asked why dinosaurs are found in some places but not others.  They were very successful creatures, surviving for hundreds of thousands of years.  But we tend to find their remains in selected places where the geology -- both ancient and modern -- is favorable and erosion has revealed the bones.  Another question asked whether flight began from the ground up or the top down.  Currie thinks it was probably a little of both.  As feathered systems and wing structures became more complex, ground animals discovered they could extend a leap and tree (or cliff) lovers discovered they could extend a glide into flight.

Comment:  An interesting talk about a fairly narrow topic.  But Currie tends to mumble so it was sometimes hard to decipher his comments.  He also used old slides that didn’t contribute much to his talk.  And in a way it’s old news.  The “controversy” about birds and dinosaurs seems to have been put to rest a decade ago and the discovery of feathered dinosaurs in the 90s is just confirmation of the theory.

Lecture Six -- “Butterflies, Zebras and Fairy Tales: Genetics and the Making of Animal Diversity”  Sean Carroll

Many years ago Jean attended my graduate class on advertising strategy at the University of St. Thomas.  She pointed out a critical aspect of successful pedagogy that I’d missed until then: do NOT go overtime.  Especially in an evening class or at the end of the day.  She took to reaching for the car keys and rattling them around if it seemed like I might violate this key commandment. Sean Carroll needs someone to point this out to him.  His one-hour talk ran 40 minutes long -- at the end of two days of intense lectures.  People were fleeing the place like bats spooked in a cave.

Carroll’s a molecular biologist at UW-Madison whose research focuses on how genetics influence variations in animal species.  As the only geneticist among this group of paleontologists his talk was much anticipated.  He’s also one of the foremost representatives of what is called Evo Devo -- not a rock band but a shortening of the term “evolutionary development,” the study of how genetic change has influenced species development. It’s the current hot buzzword in this field.

One way of defining the quest of science is that it’s an attempt “to explain the complex visible by some simple invisible,”  that is, to take the huge variety of empirical experience and make sense of it by defining patterns and constants in elegant theories.  Carroll's research attempts to answer two questions:  how do individual animal forms develop and how have so many different animal forms evolved?

Genetics has been providing recent answers to the most apparent objection to Darwin’s theories:  how can we all have evolved from the same ancestor and share so much of the same genetic code when there is so much apparent diversity all around us?  In attempting to answer this question geneticists have had to think outside the box.  Do different animals have different “rules” for how their genes get manifested?  Does the evolution of new animal forms even require new genes?  Why don’t humans have more genes than other animals?

Carroll thinks that most animals share a genetic “tool kit.”  We are “serial homologs” -- beings that can take the same parts and arrange them so they work in different ways.  It’s like mass manufacturing -- the same basic parts for a car can be arranged in many ways.  You don’t need customized parts to create difference.  These genetic tools are building blocks that create the variety of animal architecture.  Snakes, lobsters and humans all share versions of a vertebrate structure.  Human hands don’t need customized parts: we have two sets of 5 fingers, not 10 different appendages.  We share most of the same genes with insects (who make up 75% of all known species).

Williston’s Law, published in 1914, proposes that “the parts of an organism tend toward  reduction in number with the fewer parts greatly specialized in function.”  We don’t need ten separate hand appendages, but the thumbs do different things than the pinkies.  This basic idea is born out through all of the research into ancient species.

Carroll, like a lot of biologists, has spent a lot of time with fruit flies.  They multiply quickly and it’s relatively easy to manipulate their genes.  You can track the effects of genetic change in hours instead of eons.  You can grow flies with legs coming out of their head, multiple eyes, different kinds of wings, etc.  Some of these are quite successful -- able to pass the change on to ancestors -- while some are deadly, making it impossible for larvae to develop.  He’s also done work with frogs -- you can grow frogs with eyes on their knees -- and verified that the patterns of induced mutations hold true across species. Genes not only tell the organism what parts to make, but where to put them.  

All of this sounds a bit like an architecture problem so Carroll has charted organisms using a system of longitude and latitude lines like a globe.  This lets you draw coordinates for specific genetic effects.  You can tell if a change will occur in the west, middle or east and the north, middle or south.  Genes act to specify which zone their effects will take place or not take place.  They stimulate chemical reactions in proteins that then become physical manifestations, and they are very specific, both about the “what” and the “where.”

What’s more, there are “worlds within worlds.”  Specialized parts of the body -- like arms and legs -- begin with groups of cells that are placed in a specific location and have their own system of longitude and latitude.  This means you can study the structure of organisms on a large or a small scale using the same sort of architectural geography.  And you can do it in fruit flies, frogs, mice and everything else and find the same patterns.  Similar genes are used in “body building” across all species.

This is the foundation of Evo Devo.  You begin to understand the patterns of how genes work in simpler organisms and then you extrapolate those patterns to more complex ones and see how mutations have affected species over time.  It’s the science of how form evolves.  It also raises questions about Darwin’s notion of natural selection.  Did changes have to be reinvented every time a species mutated?  Or did the successful genetic changes carry through to the new species?

Eyes, for instance, are remarkably similar in the kinds of cells that compose them and the genes that direct them.  Squids, fruit flies and human eyes look different, but they are controlled by the same genes.  Legs, or leg-like appendages, are also similar in species ranging from humans to flies, crustaceans and butterflies.  The cells in hearts, or “pumping engines” of almost all species are controlled by the “Tin Man” genes.  Male and female variation is controlled by the “Ken and Barbie” genes.  Similar gene sets also control the gut or digestive organs and central nervous systems.

So it seems like all species inherited a basic toolkit -- perhaps 100 genes -- that guide the development of key body parts and their placement.  Variation among species then becomes not an issue of gene differences but of ecological systems and interactions with other species.  We are different because we’ve adapted to different environments (and the changes in them) or to defend ourselves from (or attack) other species.

But there’s a basic paradox here.  We share 98% of our genes with chimps and monkeys and something like 70% with insects.  Ecological differences aren’t enough to account for the wide range of diversity among species and within species.  Caroll quoted Eric Clapton:  “It’s in the way you use it.”  There are switches that control how and when genes get used.  They regulate the activation of gene sets.  Mutations are not the result of “broken” genes but of broken switches, and the switches act like GPS locators, controlling where the gene can be turned  on and where it can’t.  If you don’t need something in the southeast, but do need it in the northwest, a genetic switch will set those coordinates so you don’t grow eyes on your knees.  This is in keeping with Williston’s law:  You need fewer genes because the switches modify how you use them.

Carroll’s work on butterflies explores this.  Why do butterfly wings have such a variety of patterns?  It’s been known since the 1860s that one main reason is predator avoidance.  Butterflies along the Amazon develop bright, colorful spots so predators will mistake them for eyes.  The butterfly may lose part of a wing, but it won’t be killed.

Some butterflies modify their spots with the season -- they grow larger or smaller and even change color to match changes in the surrounding vegetation.

Species diverge because of changes in their DNA.  These are genetic modifications, not whole new sets of genes. Apes got remodeled into other kinds of ape-like creatures.  Evolution is a series of incremental changes over time in the way switches govern how genes work.

At this point I sort of lost track of where Carroll was going.  He showed a video which was mostly to demonstrate that butterflies are beautiful and look good with music playing. He offered more proof that conclusions reached by studying one species are transferrable to others.  He also showed a letter from an irate Wisconsin citizen who wanted to know why his tax dollars were being “wasted” on fruit flies and butterflies instead of something more useful -- yet another example of scientists being worried about the Luddites around them.

Comment:  A rambling, disjointed talk about things we mostly had heard before, or already knew.  And way too long.  It’s one thing to leave an audience wanting more, it’s another to bore them through disorganized presentation.  Still, Caroll made an impressive case for his main point, that genetic switches control the placement of specialized body parts and that this process is very much the same across all kinds of species.  And the butterflies were, indeed, quite beautiful.

Overall comment:  This was not one of the best conferences.  The information seemed a bit old and the background fear exhibited about attacks on scientific research was scary.  It’s a little like the problems the Bush administration has when it listens only to what it wants to hear and claims anything other than the master plan is “unpatriotic.”  Scientific advances come through free and open inquiry.  And they come from research that sometimes seems to have no immediate usefulness.  If we start locking up our current Galileos and Copernicuses,  our Einsteins and Darwins, then we’re in deep dinosaur dung.

I guess the main thing I took away was how Darwin’s ideas are both proving true and being modified.  Those aren’t contradictions.  As Niles Eldredge, the first speaker, said, it’s amazing how much Darwin got right.  New technologies and discoveries, especially new work in genetics and the uncovering of new fossilized information, is revealing that natural selection is driven by both genetic and environmental forces.  Evolution is not a straightforward process but runs in fits and starts.  When change happens it’s sometimes successful and sometimes not.  Lines run out or modify over time.  Neanderthals become extinct and dinosaurs become birds.  Hominids emigrate from Africa and become different.  The religious nay-sayers are still whatever they are, but they’re not scientists.

And as part of the “deep time” process, Jean and I end up enjoying a couple days of hearing and thinking about stuff we don’t normally encounter.  Next year’s conference should be especially interesting.  It’s about “the science of aging.”  The conference director has vowed not to restrict the Gustavus bands to playing Guy Lombardo.

