
 
 

TRANSCRIPTS 

BIOLOGICAL EVOLUTION AND THE KINSHIP OF ALL LIFE 
 

Dr. Neil Shubin: There is something incredibly beautiful about seeing the past, finding a fossil, 

and being one of the first humans on the planet to hold this piece of history of our planet. But 

there's a beauty that lies even deeper, because if you know how to look, you can begin to see 

connections. You can begin to see connections among humans and one another, among 

humans and other species, and between humans, other species, and the planet itself. The only 

reason that is possible is because we share an evolutionary connection with them. 

Dr. Jeff Hardin: Evolution, simply put, is the change of organisms over time. These changes 

suggest that if we were to go back in time, we would be able to see that current organisms have 

some shared common ancestor in the past. 

Dr. Neil Shubin: The Earth's a dynamic place. The more we study biology, the more we study 

paleontology and geology, the more we see that everything on our Earth is capable of changing, 

and that includes the species on it. 

Dr. Sean B. Carroll: I don't think the terms evolution and Darwinism should be interchanged. 

Darwinism is a left-over term from a 19th Century…but evolutionary science has grown 

enormously in the 150 years since Darwin. So, I think it's just better to refer to it as evolutionary 

science in all of its stripes. 

OUR GROWING UNDERSTANDING OF EVOLUTION 

Dr. Sean B. Carroll: Our understanding of evolution has expanded in the most dramatic ways 

in the last 30 or 40 years I'd say in two dimensions. One is the mechanisms. Changes happen 

in creatures because of changes in DNA. Well, that was just outside Darwin's grasp. It wasn't 

until the 1960's that we cracked the genetic code. It wasn't until the subsequent decades that 

we could really start looking at different creatures and say, "Well, they differ here versus there in 

the genetic code." So really, DNA is a forensic record of evolution. It's where all the blueprints, 

it’s where all the important changes are taking place. 

Dr. Jeff Hardin: The key idea is that genetic material changes through mutation. How mutations 

occur in an organism has nothing to do with desires or its fitness or its own adaptation. There's 

no obvious connection between that organism's life and the particular mutation it acquires. 

Dr. Sean B. Carroll: Here’s the random process. As DNA is replicated in germ cells making 

sperm and egg, there are random copying errors that take place, these typos, substitution of a 



letter, little deletions, et cetera. Where those occur in the DNA is essentially at random. So, 

that’s the raw material that evolution is working with. That's random. The nonrandom part is this 

sifting and winnowing process, which is now that you have a population of individuals with all 

these random mutations distributed throughout, who works better? Who just does a little bit 

better in terms of maybe getting to food, finding a mate, producing offspring, or whatever it 

might be? That's a nonrandom process. That depends upon the conditions that an organism is 

confronted with. That's natural selection. Natural selection works both ways. It works for things 

that are beneficial, and against things that are harmful, not random. The variations themselves 

have arisen at random. It's that interplay between random and nonrandom natural selection that 

is the evolutionary process. That's the machinery. 

The second big change in our understanding of evolution is the fossil record. Darwin, when he 

wrote The Origin of Species, he said, “The crust of the Earth is a vast museum that's barely 

been explored.” Well, we've been exploring that crust for the last 150 years, and great stuff is 

coming out of there. 

Dr. Neil Shubin: When you're a paleontologist, one of the greatest thrills is, from time to time, 

you'll find a species in the fossil record that bridges two great steps in evolution. What this 

represents is a great transition between fish and land living animal. This is a creature that has 

fins with limb bones inside. It shows us how this huge transition that if you just look at the end 

points, seems so incredibly impossible happened. It makes the impossible possible. It makes 

the impossible real. 

Dr. Sean B. Carroll: Whether it's feathered dinosaurs out of China or a dozen different Hominid 

species coming out of Africa, we keep finding new things that existed in the past that give us yet 

a fuller picture of the history of life on Earth. 

REWIND THE TAPE: CONVERGENCE 

Dr. Jeff Hardin: It's important to say that evolutionary biologists don't all agree to what extent 

evolutionary history is contingent. That is to say, if you were to wind the tape of history back and 

replay it forward, would you get a very different result or would you get something remarkably 

similar to what we have now? 

Dr. Neil Shubin: Would everything be the same? Would there be a bipedal, hairy, warm-

blooded species with big brains walking around? We simply don't know the answer to that, but 

there are some interesting little data points along the way. One interesting observation is 

convergence and parallel evolution. That is, we sometimes see similar patterns of evolution in 

unrelated creatures. 

Dr. Jeff Hardin: The eye is an example of convergence. The structures in eyes that things like 

squids or octopi have and mammals have are remarkably similar, yet they're derived from very 

different structures over evolutionary time, so we're converging on a particular solution. 

Dr. Sean B. Carroll: I don't think you would see exactly the same creatures emerge because 

there's a tremendous amount of contingency in history. The easiest way to think about that is a 

pretty good sized asteroid hit the world 66 million years ago, and that really changed the 



makeup of life on the planet. That said, biologists are struck that similar types of creatures can 

evolve independently in different parts of the world. 

Dr. Jeff Hardin: It's clear there is contingency in evolution, but to what extent is contingency the 

order of the day versus convergence? Well, evolutionary biologists are working that out. 

OUR CONNECTION TO EVOLUTION 

Dr. Jeff Hardin: Understanding our evolutionary history helps us understand who we are today. 

Evolutionary biology has incredible value for understanding how humans work. 

Dr. Sean B. Carroll: I think the discussion that’s really interesting between religious thinkers 

and scientists is getting over this question of, "Did evolution really happen?" The more 

interesting question is how should we think about the role of humanity, the role of individual lives 

and our meaning and purpose here in light of evolution, in light of our evolutionary history? 

Dr. Neil Shubin: When we look at other critters, we understand much more about ourselves. 

We understand how our cells work, how our cells divide, how they die. The trick of 

understanding much of cancer and some of the cell biology of cancers means understanding 

other creatures. I like to think that as we discover cures, from Alzheimer's to different cancers, 

that the breakthroughs that will extend and enrich our lives will in some way be based on flies, 

worms, and, in some cases, even fish. I can't imagine a more powerful or more beautiful 

statement on the importance of our evolutionary connection to the rest of life on our planet than 

that. 

 
A CLOSER LOOK: TIKTAALIK 

 

Dr. Neil Shubin: We live our daily lives working on a timescale of hours and minutes and days 

and years, but the time scale that I dwell in as a paleontologist is on the order of millions of 

years, tens of millions of years, hundreds of millions of years. When we take a great transition, 

say the one where fish evolve to walk on land, what we're really dealing with is something that 

happened over tens of millions of years. It's so hard to wrap your head around that stuff. What's 

a million years, let alone tens of millions of years? Yet as scientists, we have to grapple with 

those almost unimaginable quantities every day. 

We began the hunt for Tiktaalik in 1998, and the idea was we wanted to find a creature that 

really bridged the gap between life in water and life on land. One day in 2004, in the sixth year 

of our hunt, a colleague, working a layer with bones in it, saw this V sticking out of the rock. 

When I saw this V, I knew we had found what we had spent six hours looking for. The reason 

was is it was very clear it was a V of an upside down jaw and that jaw was connected to a flat-

headed snout. One of the big transitions from fish to early land living animal is going from an 

animal with a conical head to one with a flat head. Here I had a flat headed fish sticking out at 

me. It was really exciting for us. Here was a fish right at the cusp of the transition from life in 

water to life on land. 



Where Tiktaalik really gets fun is when you look inside its fin. Here is a fin of one of the big 

specimens of Tiktaalik. What you see here is the shoulder, so you're looking at it from the lateral 

external side, but inside these are the fin bones. If you remove the scales, if you remove the fin 

webbing, this is what you see inside. What does it have? It has one bone, two bones, and small 

bones and a joint out here. What do we have in our limbs? We have one bone, two bones, and 

a joint out here. Here is a fish with a shoulder, an elbow, and even parts of a wrist. This was 

really fabulous to see because here is a fish with parts of our own limb bones inside. What's 

remarkable about this is I can trace this upper bone here called the Humerus from fish, to 

amphibians, to reptiles, to mammals, to me. I am deeply connected to this fish, and I am 

connected to this fish by a shared history. That history is knowable. That we can discover 

creatures that show us that history; that's the power of science, that's the power of paleontology. 

That's why I've been spending the last 35 years doing this stuff this stuff because it's inherently 

exciting to me. 

 

A CLOSER LOOK: WHAT MAKE EVOLUTION A THEORY? 
 

TRANSCRIPT 

Dr. Jeff Hardin: Theory, for the average non-scientist, means something very different than 

what it means for a scientist. What we mean in modern parlance would be I've got a hunch, I've 

got a guess. Something like that. Don't really have facts to support my idea, but I've got a hunch 

about that. That is not what scientists mean when they use the word theory. 

THEORIES AND FACTS 

Dr. Jeff Hardin: Let's think about gravity. I think we'd all agree that gravity exists. If I raise an 

object and then I drop it, that object's going to fall. Why? Because through repeated 

observations we've shown that gravitational attraction is a fact. Now, gravitational theory is 

something different, right? Isaac Newton had a theory about how gravity works. Albert Einstein 

has a theory about how gravity works that encompasses Newton's ideas. It's a bigger one. The 

explanation for how gravity works, that's a theory. It's a very broadly encompassing set of 

inferences that explains the facts, and not only that, it makes new predictions that can be tested. 

WHAT MAKES EVOLUTION A THEORY 

Dr. Jeff Hardin: When people use the phrase ‘evolutionary theory,’ that's what they mean. 

They're not disputing that evolution has occurred. In fact, the evidence that evolution has 

occurred is overwhelming. The theory of evolution has to do with how does that evolutionary 

change occur over time? What are the mechanisms that explain evolutionary theory? That's 

where Darwin proposed a theory of evolution by natural selection. Now, that's been augmented 

with our understanding of genetics, so genetics comes into play, something Darwin didn't really 

know about. So, when we use the word theory, it doesn't mean a hunch, something we wish 

were true, something like that. No, it's something so compelling that it is the dominant paradigm 

by which we understand lots of biological phenomena 


