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because some other aspect of the standard model was not fulfilled in nature. 
The assumption of stationarity is certainly critical. If the genetic structure of 
the populations still bore the imprint of a past unique historical event, then 
no inferences can be trusted because we have no idea of what effect that event 
had on the population. This problem of the lingering effects of history on the 
present genetic status of populations is widespread. It is fairly clear that most 
of the systematic causal forces acting on the evolution of populations are weak. 
Mutation rates arc of the order of 10 6 to 10-·5 per gene, and it now seems likely 
that most selection, especially on nucleotide variation, is of no greater order 
than 10- 3 • Although some local populations are small, if we take into account 
even low rates of migration, random differentiation among populations will go 
on quite slowly. As a result we cannot observe temporal changes directly and, 
instead, have come more and more to depend for our inferences on the differ­
ences between populations that have accumulated over long periods. But the 
weakness of the dynamic forces also means that the time for return to a steady 
state from occasional perturbations, the "relaxation time," is also very long, 
and so populations are likely not to be in the steady state. Once again, history 
matters. 
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SECTION A 

HISTORY OF AND IN EVOLUTIONARY BIOLOGY 

Introductory Remarks 

The following discussion is a composite of five lengthy interviews recorded 
over a 3-year period (1996-98). We have selected and arranged the material 
with three principles in mind. The first is to focus, not on personal aspects of 
Dick's life (at his request), hut on the history of population genetics from his 
point of view and as exemplified by his career. 

The second is to move beyond the published record. We anticipate a varied 
audience (scientists, philosophers, historians) with diverse prior knowledge of 
Dick's work. Some of the interview material will be familiar to one segment of 
the audience and new to another. But we chose not to incorporate material on 
topics about which Dick's work or perspective would already be known to most 
readers and about which the interviews did not divulge anything substantially 
new. For this reason, and also because Dick himself focused on the history of 
population genetics, there is relatively little, for example, on his critique of 
sociobiology. However, we have included substantial segments on his work on 
the political economy of agriculture, which is material that is not nearly as well 
known. 

Third, we aimed to present a coherent narrative (within the page constraints 
of a chapter in an anthology). 

It was our pleasure. 
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CHAPTER TWO 

Interview of R. C. Lewontin 

R. C. LEWONTIN, DIANE PAUL, JOHN BEATTY, 

AND COSTAS B. KRIMBAS 

2.1 Introduction 

RCL: I would like to begin by saying something for John's benefit that I said to 
Diane. [ was somewhat alarmed when I read the list of questions, beginning as they 
do with personal issues, parents, upbringing, political life, college, and so on. The 
question is not whether 1 have to answer such questions but what the posing of them 
reveals about what we arc engaged in here. I assumed that we were engaged in a 
piece of oral history in which an interview with a participant in population genetics 
during an era when it was being founded, in a sense, by Dobzhansky and others, 
and when it underwent major changes would be interesting because there would be 
first-hand recollections of events, people, and ideas that were not available through 
the written record. One could get nuanced, if biased views of a whole variety of 
substantive topics. I take it that is the purpose of oral history, but none of that has 
anything to do with the personal history of the actor. 

There obviously arc very extraordinary circumstances in which the life history 
of the actor may have some relevance. For example, if you believe as I do that 
Dobzhansky essentially single-handedly created the problematic of modern pop­
ulation genetics, namely, the description and explanation of patterns of variation 
in natural populations, then, of course, the question of where he got the idea is 
significant, and the fact that he spent early years collecting beetles in Central Asia 
and was impressed with the diversity of those beetles is directly relevant. That is 
really an extraordinary situation and certainly does not apply to me. \Nhen it comes 
down to it, after all, I have spent my life working out the problematic created by 
Dobzhansky, and I do no! see how anything personal is relevant. What bothers me 
is that the posing of those questions suggests that you have a very different project 
in mind than 1 do. Somehow, you are engaged in writing the career history of 
an individual, and I do not know why you want to do that. I understand that these 
interviews are supposed have something to do ,vith these volumes that are being 
produced on the excuse of my Festschrift, but my understanding was that this was 
simply an excuse and that the volumes were, in fact, to take up substant.ive issues 
in sociology and philosophy of science, and the science itself. I am ,-cry worried 
that the article that is prepared here will somehow be the life of RCL. Who the hell 
cares? Obviously, I care, but I have already made up a complete story about my own 
life, and 1 do not see why I should inflict it on anybody else. So, I hope you will not 
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get off on the wrong foot. I hope we will do a piece of oral history in which personal 
experiences can illuminate or, obviously, distort from a personal perspective the 
development of our field. That is the project I am interested in anyway. So, let me 
go on to the substantive questions: Columbia, life in Dobzhansky's lab, and so forth. 
This seems to me relevant precisely because Dobzhansky's laboratory was really a 
school, in the old sense of school, and the intellectual atmosphere there and the 
way life was carried on have had a very strong influence on the development of 
population genetics. 

2.2 Life in Dobzhansky's Laboratory and Dobzhansky's Problematic 

Let me say a word about Dobzhansky's personal influence that relates to the 
remarks I made before. Here's an opportunity to test a number of hypotheses 
about the role that individuals can play in creating and molding a field, and 
it's interesting in the case of Dobzhansky because he was a person of such im­
mense strength of personality and drive. If it can't be shown that Dobzhansky 
had such an effect, then it would be impossible to show it for anybody else. In this 
connection, I think the hypothesis of personal influence fails in the following 
sense: 

Dobzhansky had an immense missionary zeal for population genetics, and 
he went to Brazil, to Israel, to Egypt, to other parts of the Middle East, to other 
South American countries, spreading the gospel and recruiting people into his 
vision of population genetics. He goes to a country that is a scientific backwater, 
like Brazil, in which Rockefeller was putting money. He goes around Brazil, puts 
his arms up, and says in his loud voice, "now, my friend, you must work on the 
problem of genetic variation in Drosophila." That's what I mean by charisma. 
Everybody, unless you're repelled by that, as some people are if you're not 
repelled by it, you immediately become taken by him; he takes you, and he 
moves you; he moves you physically. I remember an occasion with Dobzhansky 
when I wanted to go downtown and he wanted to go uptown, and I engaged 
in a physical struggle with him in the middle of Broadway and 115th Street 
about whether I was going to go uptown with him. He wouldn't take no for an 
answer. So he goes to a country like Brazil, and he meets Dreyfus, who was a 
very important Brazilian scientist. And Dreyfus takes him around, introduces 
him to all kinds of people. And he recruits people to come to the United States 
on Rockefeller money; I think they all came to his laboratory. That's what I 
mean; he had personal charisma, but he also operated in conditions in which 
people also saw an opportunity to do something: Egypt, Brazil, Colombia. We're 
not talking about countries with big scientific establishments. He didn't recruit 
anybody from England. Englishmen came, but only with a certain authority. 
Phil Sheppard came to the laboratory, but Dobzhansky's charisma didn't work 
on Phil Sheppard. 

Ile was quite successful in recruiting people, but the fact of the matter is 
that none of that actually took in the long term. There arc no active schools of 
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population genetics of any size in Brazil, Germany, France, Yugoslavia, 
Egypt - all places where Dobzhansky had done very successful recruiting and 
had sent back people from his lab to begin programs. But none of the programs 
ever took, and population genetics is today an essentially Anglo-Saxon, if not 
totally American, operation. (I think ofJapan as an extension of the American 
school through Kimura, and in any case, Dobzhansky didn't recruit there). So 
despite Dobzhansky's driving personality, despite his recruitment of people, 
despite his almost charismatic appearance, he could not create a worldwide 
science, and this raises very interesting questions. 

I bring this matter up because it was characteristic of Columbia in Dobzhan­
sky's day that it was filled with people from all over the world. While I was 
a graduate student there, there passed through the lab Charles Birch from 
Australia; [Antonio] Da Cunha, [A. G. Lagden] Cavalcanti, [O.] Frota-Pessoa, 
Vicky [Warwick Estevam] Kerr, Antonio Cordeiro, and Waldo Pavan, all from 
Brazil; Danko Brucie from Chile; Lalith Sanghvi from India and Azim Tantawy 
from Egypt - all recruited by Dobzhansky (Sanghvi possibly by Dunn) to come 
to the laboratory. 

This was in addition to people like Phil Sheppard who came just on sabbatical 
but who were already part of the Fisher-Ford school in Britain. These people all 
passed through the lab while I was associated with it in one way or another as a 
graduate student, or perhaps one or two of them reappeared a little later when I 
used to spend periods in the lab while teaching on weekends at Columbia after 
I was a professor at Rochester. Later on, there were Germans, Frenchmen, and 
Yugoslavs, but I did not overlap with them. But the point is that the laboratory 
was always an international center. In addition, of course, there were emigre 
Russians and Ukrainians. Mikhail Vetukhiv, who did important experiments on 
coadaptation, was a postdoctoral fellow and also the President of the Ukrainian 
Academy of Sciences in exile in New York. The two Spasskys, Natasha and 
Boris, were Dobzhansky's chief assistants, and later added to that was Olga 
Pavlovsky, who made the slides for Dobzhansky and was regarded by everyone 
as Dobzhansky's favorite. Then there were individuals who appeared in the lab 
for strange reasons: Dr. Arkhimovich, who was a former beet breeder in the 
Ukraine, and a woman who for a long time did bottle washing in the kitchen. It 
was a whole crew of exiled Russians and Ckrainians who had not been recruited 
by Dobzhansky in the usual way, of course, since he was not allowed into the 
Soviet Union, but who hung out in the general atmosphere of the Upper West 
Side and who, in one way or another, came into the laboratory. 

Nearly all of the people who came into the lab in this way, postdoctoral fel­
lows of all kinds, with the exception of Phil Sheppard, who was already a very 
accomplished evolutionary geneticist, and Charles Birch, who was an estab­
lished ecologist, acted essentially as Dobzhansky's laboratory assistants. That is 
to say, by his driving personality, Dobzhansky would essentially tell each person 
what experiment really needed to be done. The person might or might not par­
ticipate in the planning of the experiment, but usually Dobzhansky planned 
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the experiment, picked out the flies to be used - sometimes in consultation 
with Howard Levene, who was his statistical adviser - and then the person did 
the experiment. The data were then brought to Dobzhansky, and he analyzed 
them or had Howard analyze them. Then Dobzhansky wrote the paper, and it 
was published under the name of the person who had done the physical work, 
with or without Dobzhansky's name as a coauthor. This included Krimbas, for 
example. Nobody seemed to be able to escape this mill. There was a great deal 
of falsification of history in the process, because many papers were published 
in the laboratory that didn't even have Dobzhansky's name on them, like the 
Vetukhiv papers, and yet for which he had planned the whole thing, designed 
the experiment, analyzed the experiment, and written the paper. 1 He often 
said that a good professor has written many more papers than he has his name 
on, but I regard his inversion of Robert Merton's Matthew principle as a serious 
falsification ofhistory. 2 Even a strong-minded, established, young professional 
like Waldo Pavan from Brazil, who was already a successful cytogeneticist, was 
pressed into doing work that later on he would not continue. Dobzhansky was 
virtually irresistible in this respect. 

Q: How were you recruited into Dobzhansky's lab? 
RCL: That wasn't straightforward. I was an undergraduate at Harvard. L.C. Dunn 
had come to Harvard as Visiting Professor for one semester. We had no geneticists, 
so he was going to give the genetics course. I took the course and got interested, 
and then he offered that if anybody would work with him in the mouse colony -
he brought some mice with him - they wouldn't have to do the regular labs. And I 
thought, ah, I'd be glad to get rid of that, so I went to work with him doing mouse 
crosses. And we actually worked side-by-side for 5 or 6 months. At the same time, 
his assistant in the genetics course was Eliot Spiess. Spiess was a registered graduate 
student at Harvard but worked with Dobzhansky in absentia for his thesis since 
Harvard had no geneticists. After doing his thesis research, Eliot came back here as 
the chief instructor in genetics. So after finishing with Dunn, I became Spiess's 
research assistant, and I used X-rays trying to produce mutations in Drosophila 

persimilis. In my senior year, I was working with Spiess. Dobzhansky came to see 
Spiess. (Dobzhansky, as part of his empire, would go out and visit his former stu­
dents and make sure everything was okay). Spiess introduced me to Dobzhansky. 

Then, when time came for graduate school, I either wrote or spoke to Dunn 
saying that I would like to get into Columbia but I have not had many of the courses 
that are required, like embryology, and so on. Dunn said, "we'll take care of that." 
So I came to Columbia on the invitation of Dunn and Dobzhansky together. What 
I knew about population genetics was zero. 

The thing Dobzhansky did when I arrived was to hand me Schmalhausen's book. 1 

We had a seminar there on evolutionary genetics, run by Dobzhansky. It was a non­
systematic seminar, on different topics, and he said to me, "in 3 weeks I want you 
to give a seminar on chapters 2 and 3 or 1 and 3 or 2 and 4 of Schmalhausen; 
the business where he lays out the notion of morphoses." And so I started to read 
Schmalhausen, and I was immensely impressed; as they say now, it blew my mind. 
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I would go around to Tim Prout and explain Schmalhausen's ideas and how won­
derful they were. And of course Schmalhausen never left me. So that was the first 
influence Dobzhansky had on me - to push my nose into Schmalhausen. I began 
some experiments; they must have been Dobzhansky's ideas, I don't know. 

Q: Did Dobzhansky dictate your graduate research? 
RCL: I resisted him, but by a subterfuge. He assigned me a thesis experiment and 
then took off for one of his long periods in Brazil. I was totally uninterested in the 
experiment he'd assigned to me and simply didn't do it and began work that I found 
interesting myself. When he returned, I just told him that I began the experiment 
he suggested, which was a lie, and I couldn't get it to work so I did something else. 
I may have been the only person in the lab who did that. 

Q: What was your thesis research? 
RCL: It was an experimental demonstration of the importance of frequency- and 
density-dependent selection in Drosophila. From a general consideration of ecology 
and from a few papers in the literature, it seemed obvious to me that the relative 
viability of different genotypes should change with both population density and 
with the frequencies of the genotypes in the population. This turned out to be true 
for Drosophila melanogaster, for which I found facilitation effects. That means the 
presence of larvae of competing genotypes actually increased the viability of some 
strains, and there was an intermediate density at which the probability of survival 
was the highest. I maintained an interest in this subject for several years and did 
another slightly more complex experiment with Yoshiro Matsuo showing very strong 
effects of this kind in another species of Drosophila. Also, I did a general theoretical 
treatment of frequency-dependent selection. 

There's an interesting story about this theoretical paper. I sent it to Heredity and 
got it back with a note from R.A. Fisher saying that no doubt I would want to publish 
it somewhere, but not in hisjournal. I then sent it to Genetics, where it was published 
with no problem. I never did find out what Sir Ron didn't like. Perhaps he was right. 
There was a brief flurry of interest in the subject. For example, Bob Sokal tried my 
experiment in house flies and found the same results, but after a while interest died 
and has not been revived, and the theoretical paper has only occasionally been 
cited. I still think it's essential to our understanding of how selection really works, 
but it makes things more complicated, and people, especially theoreticians, hate 
complications because they can't put out grand-sounding general theorems like the 
maximization of mean fitness. 

To return to Dobzhansky's lab, Tim Prout, Don Cooper, and Dan Marien all 
did experimental things that were on Dobzhansky's list of things to be done. It's 
of more than incidental interest perhaps that we shared the floor with L.C. Dunn 
and his students, and the students were all on very close terms with each other. I 
don't think Dunn's students cared too much for Dobzhansky, and in at least one 
instance, Reba Mirsky, who was Alfred Mirsky's daughter- therefore, a family friend 
of the Dobzhanskys - had an active war with Dobzhansky. Dobzhansky and Dunn, 
on the other hand, got on extremely well. They taught together and they had 
similar political view, although Dunn was much more of a fellow traveler of the 
Communist party and its movements than Dobzhansky ever dreamed of being. But 

INTERVIEW OF R. C. LEWONTIN 27 

they were both left-liberals, and they certainly were antieugenicists and antiracist. 
Dobzhansky actually had an unusually large number ofleft-Rcd students, including 
several members of the Communist party. I don't know how that happened. I'm 
pretty sure he was aware of it, but that didn't seem to bother him. He claimed to 
have been a strong supporter of the February Revolution but not of the October 
Revolution, and I think he would certainly be described as a social democrat. 

Q: Did the politics of the lab appeal to you? 
RCL: The only thing I thought about was population genetics. I have to tell you 
the truth; you're not going to believe me, but it's the truth. The beauty of the subject 
was that it was such a backwater of science; that and so irrelevant to political and 
social issues. So you could see what I knew about population genetics! I thought that 
I could do my thing, and I would be left alone; I would be free of all the pressures 
from the different sides. r really thought the subject had nothing to do with human 
welfare, and that's why I went into it. We arc talking about a 21-year-old who knew 
nothing. 

When I was first in college, I was very radical. I went to the meetings of the 
John Recd Society; I was a Communist sympathizer. I was a radical in high school. 
Mary Jane and I founded a movement in high school for progressive politics called 
"World We Want" (W.W.W.). I came to college. People used to say, "Here he comes 
again, telling us they can make a Ford car for $330; you know, it's all profits." I 
was considered the bad Commie, and I loved it. My father told me when I went 
to college that I was not to get involved in politics because it's dangerous. Then I 
failed all my courses and got thrown out of college. At the same time, Mary Jane 
and I were married; then not long after I was thrown out, we had a kid. I didn't 
know what the hell I was going to do with my life. I had a job, but I could have 
worked in the textile industry for the rest of my life. And I had the opportunity to 
go back to college. l put my nose to the grindstone. I thought, oh-oh, I've got to make 
up for this catastrophe in my life - I've got a fa miry to support. So I turned my back on 
any political or other extracurricular interest; I deliberately turned my back on all 
that and just became very careerist. And that included when I arrived in Columbia. 
That was an abreaction, so to speak. It was very deliberate. Most of my friends were 
radicals. When the workers went out on strike at Columbia, they wouldn't cross the 
picket line. I crossed the picket line. This was serious business. So that's the answer. 
I chose population genetics precisely because I thought it was apolitical. 

Q: What happened to bring you back to politics? 
RCL: My career program worked. That pressure was off me. 

Q: What about the politics of the other students? 
RCL: Dobzhansky had a lot of students who were in the YCL [Young Communist 
League] or in the Communist party. For some reason, the graduate students at 
Columbia were pretty radical. They were mostly New Yorkers for one thing. And we 
used to fight a lot on issues and have big discussions about what you should and 
shouldn't do. So there was a political atmosphere in the laboratory. Dobzhansky 
didn't publicly participate, but he didn't discourage it either. He knew who his 
students were. I thought it was a great mystery. 



28 Lewontin et al. 

Q: Did you ever talk with him about it? . 
RCL: No, I never did. Given his relationship to the Bolsheviks, I could never 
understand how such people came to be in the lab. Mikhail Vetukhiv was ~ real 
sweetheart of a man, very nice, spoke in a low tone of voice. But what was the history 
of Mikhail Vetukhiv? When the Germans invaded the Ukraine and then were kicked 
out of the Ukraine, he retreated with the Germans. He had to choose between the 
Bolsheviks and the Germans; like many Ukrainians, he chose the Germans. I think 
he was probably somewhere to the right of Attila the Hun as the pre~iden_t of the 
Ukrainian Academy of Sciences in exile. But he was very nice to me dunng his whole 
life. I haven't doped that out yet- in one sense, having deep political commitments; 

on the other hand, not taking them seriously on some level. 

Q: What were Dobzhansky's social views, on eugenics and rac~, for inst~nce'. 
RCL: I don't recall that we ever had a discussion of eugemcs or raosm m the 
laboratory. Everybody in the lab was antiracist, including Dobzhansky. Everybody 
knew that. Ifwe thought anything about Dobzhansky, it was what we learned,_ what 
I learned, from Fred Osborn. I never heard of Fred Osborn until I was mtro­
duced to him by Dobzhansky. What did Fred Osborn say to me about Dobzhan:ky? 
"Dobzhansky was my savior. Dobzhansky is the one who taught me the error of my 
ways and showed me that my views about eugenics were racist and ~ve1:e all wrong; ~he 
Eugenics Society was wrong." And he's the one who turned the Sooety from bemg 
a eugenicists' society to being one that studied human variati_on. And Fred Osborn, 
when r knew him, was a very antiracist liberal guy, and he clanned that Dobzhansky 
did that to him. I was on the Board of Directors of the American Eugenics Society. 

They changed their name after a while; they changed th_e name of the journal to 
Social Biology. It published a paper, for example, by Carl B,l]e~a showmg that people 
with very low IQs didn't have more children than people wHh average IQs.

4 
It_was 

really attacking all that eugenics stuff. Dobzhansky did that. And I became consoous 

of it maybe in my late graduate years, or just after I left. . 
Dobzhanskywas a very strong biological determinist, and that, I thmk, has some 

real intellectual interest. On the one hand, Dobzhansky popularized the notion of 
the norm of reaction that he got from Schmalhausen and kept insisting that one 
had to concern oneself with the norm of reaction. He taught the Clausen, Keck, and 
Hiesey papers 5 and so on. Yet, at the same time, he thought that popula~ions _wit~ 
the highest genetic variation would have a great advantage over those whrch d1dn t 
because each person could be specialized in one thing. He thought that human 
populations depended on the fact there were many differ~nt genetic talents in them. 
What made him different from the eugenicists was his attitude toward homozygotes 
and heterozygotes. Ile thought heterozygotes to be superior to hornozygotes and, 

therefore, eugenics would not work. 
Now, you ~ight ask, How can he on the one hand be a biological determ'.nist and 

then on the other hand keep insisting on the importance of norm of react10n, that 
is, the reaction of genotypes in development to environment? The answer is that 
his particular form of biological determinism declare~ that the norm of re~:tion of 
heterozygotes was much flatter than the norm of reactron of homozygotes. I hat was 
his idea about homeostasis. So, although there was, in principle, a variable response 
of any genotype to the environment, what was characteristic of heterozygotes was 
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that they were on the average superior to hornozygotes and also much flatter in their 
environmental response. In a sense, you can say, he was a biological determinist in 
that heterozygotes were biologically determined in their phenotypes, but homozy­
gotes he thought were narrow specialists whose phenotypes were very sensitive to 
the environment. So, if you picture the norms of reaction, there would be a very 
jagged norm of reaction with a peak, perhaps, or a strong slope for homozygotes 
which might, for a few homozygotes in a particular environment actually project 
up above the norm of reaction for the heterozygote, but generally speaking the 
heterozygote lines would lie above those of the homozygotes, and they would be 
flat. So he could have his cake and eat it too. In fact, he spent a lot of his time 
measuring the norms of reaction for chromosomal homozygotes from nature that 
did have these strong response curves. But for him, heterozygotes were all much 
of a muchness, and they were all on the average better. He called homozygotes 
narrow specialists and heterozygotes generalists, but they were not only generalists 
but superior generalists. 

He was not always particularly logical about this point of view. For example, I kept 
taxing him with his exclusive use of variance as a measure of homeostasis. I kept 
pointing out to him that you couldn't usejust the variability of response to measure 
homeostasis because that would make an unconditional lethal the most homeostatic 
organism there was, since it was lethal in all environments. Dobzhansky thought this 
was ludicrous, but he didn't see that it was an attempt to reduce to absurdity his 
insistence on using only the variance to measure homeostasis rather than a low 
variance and a high average performance together. 

This brings up a point for the people trained by Dobzhansky. While they were 
all wowed by his personality, and he was pretty much of a steamroller, a significant 
fraction of them felt that his intellectual sharpness and especially his ability to do 
logical thinking was not all it could be. Maybe graduate students all think that 
about their professors, but we certainly thought that about Dobzhansky. Tim Prout 
and I, especially, because we were knowledgeable about mathematics and statistics, 
thought it ludicrous that Dobzhansky could barely add 2 + 2. It is definitely true that 
Dobzhansky was not strong on logical consistency; he was a very intuitive person. 

But having pointed out these limitations, I want to acknowledge that my own 
problematic is the problematic of my professor. For me, Dobzhansky was a fulcrum. 
IIe had a lot of admirable qualities and a lot of qualities that I'm glad I don't have. 
But one thing he was, was a person with a strong intellectual program against which 
you could struggle and with which you could struggle. He was a fulcrum\ You need 
a fulcrum to use a lever to pick something up, but you have to put pressure on it. 
Dobzhansky was different things to different students. For me, he was a really hard 
rock. I recognize that everything I do in science I get in one way or another from 
that program that he initiated. 

Q: Back to life in the lab ... 
RCL: Life in the laboratory was highly social. There were a large number of 
small rooms shared by two or sometimes three graduate students and postdoctoral 
fellows who were mixed in with each other. There was a large lab in which the 
Spasskys worked and a small room off that in which Mrs. Pavlovsky worked, and 
Dobzhansky had a teeny office in which he sat at his desk and wrote papers or 
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some correspondence. He had no secretary but shared in the typing pool of the 
department. Then, he spent a lot of his time in the big lab where he sat at the mi­
croscope reading chromosome slides and holding court. Typically, someone would 
come and sit down in the chair next to him and have a discussion with him about 
something ofinterest while Dobzhansky looked through the microscope and scored 
chromosomes. Dobzhansky would also do egg-counting for egg-laying experiments, 
but again, he would hold court while doing these things. There was a coffee club 
that met twice a day to which everybody came. We each chipped in a few pennies 
a week to buy the coffee, and when any visitor came to the lab, say Sewall Wright 
or E.B. Ford, or anybody of any importance, that person would be dragged along 
to the coffee club, either by Dobzhansky or by one of us who went to grab him 
away from Dobzhansky, and the graduate students got to chat with this person. The 
coffee club included both Dunn's students and Dobzhansky's students. We had 
many arguments and discussions at those coffee clubs, and they were a very impor­
tant source of education for all of us. 

I have no insight into the way things went in the field, as l never went to the 
field with Dobzhansky. The one time that he and l collected together,John Moore 
and Tim Prout and he and I went up to Palm Canyon to collect some flies and visit 
an old locality. That was years afterwards when Dobzhansky was already retired and 
in California. I don't remember that Dobzhansky was particularly knowledgeable 
about the field, although no doubt he was. We collected a few flies and walked back 
down again. Almost the entire walk up and down from Palm Canyon, about an hour 
or more each way, over stony ground, was occupied with a violent argument between 
me and Dobzhansky on biological determinism. I remember it very well because I 
sprained my ankle because I wasn't watching where I was going. 

This brings me to the question of his vision of population genetics. At the very 
center of Dobzhansky's whole intellectual structure was the importance of genetic 
variability. Darwin built his theory of evolution on selection among genetic vari­
ants and Dobzhansky, therefore, felt that population genetics really was a science of 
description of the variability and an attempt to sort out the forces operating and es­
pecially to demonstrate (a) that natural selection was operating but (b) that the out­
come of natural selection might be contingent on chance events. That is to say, he 
was a non-Fisherian strongly influenced by Sewall Wright. 

By 1950, when I first met Dobzhansky and began to work with him, he'd aban­
doned his original infatuation with a purely drift neutral theory and was trying to 
bring together both drift and selection, always insisting that both were operating 
simultaneously. What interested him was the differentiation in space and time of 
populations through selection and drift that would then introduce the early stages 
of speciation that would then result in the formation of species. 

As I wrote recently in Genetics, 6 all graduate students had to be able to reproduce 
on their qualifying examination which was a very serious written qualifying ex­
amination, that people could actually be thrown out of Columbia for failing - the 
mantra that populations became isolated from one another and differentiated in 
space through isolation and local selection in combination with drift; that these di­
vergences became greater and greater until finally, when the populations came back 
together again, they were so divergent they couldn't mate anymore very successfully, 
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and those who did try didn't leave any offspring; therefore, there was reinforcing 
selection, and, finally, sexual, isolation as a consequence of the reinforcement, and 
species were formed. So, you began with population differentiation, geographic 
race formation, and then species formation. 

Dobzhansky's view of population genetics was that this process is what we were 
supposed to work out. That was always informed essentially by a deep-seated selec­
tionism on his part. That is to say, he did agree that random events were important, 
but for him the most interesting aspect of random events was that you might find 
yourself with different sets of genotypes and that the result was that the direction you 
actually went changed, you might go up a different adaptive peak. But his primary 
interest, by the time I got to know him, really was in the selective process itself, and 
he regarded population genetics as having to work out the origin of variation and 
the selection of that variation. So, he thought recombination was a very important 
process, and he developed a whole program to study the origin of fitness variation 
through recombination, the so-called "synthetic lethals." He studied the chromoso" 
rnal polymorphisms because he thought they were a model of how natural selection 
operated- not because he was particularly interested in inversions but because they 
showed the power of coadaptation and the effect of selection winnowing out those 
alleles which nicked in heterozygous condition. As inversions holding the genes 
together, they exaggerated the effect, but it was really the idea that populations 
maintained those alleles that were superior in heterozygous condition and rejected 
those that were not. 

The whole theory of coadaptation was at the very heart of much of his view of the 
selective process. So, for Dobzhansky, the plan for population genetics was (a) to 
show that there was a lot of variation of all kinds in populations at the genie level, 
at the chromosomal level, and so on, (b) to try to measure the rates of introduction 
of that variation through mutation and recombination, and ( c) to show how selec­
tion would operate to winnow out that variation largely, as I said, by purifying out 
those mutations and variants that were not superior in heterozygous condition and, 
therefore, would disappear and would not be part of the variation, leaving behind 
variation that was superior in heterozygous condition and, therefore, balanced. 

It was explicitly not part of his plan to give ecological and physiological expla­
nations of this superiority except as an armchair exercise once in a while. No part 
of his experimental program or, indeed, of what he tried to get people interested 
in doing, involved real experimental work in the field or real attempts to measure 
physiological properties that would serve fitness. In this sense, Dobzhansky's vision 
of population genetics was a formal one. It really did not intersect very seriously 
with the British view that the object of the study of natural populations was to 
give ecological and behavioral explanations of the selection that was operating. For 
Dobzhansky, these would he particular circumstances in each case and in themselves 
not all that interesting, except as teaching devices. After all, he did not expect that 
the gene contents of Arrowhead or Chiricahua subserved any particular physiolog­
ical function but rather large numbers of different physiological functions. 

He was a generalizer and regarded the task of population genetics to provide 
generalizations about the evolutionary process through exemplification. Hetero­
zygotes were generally more fit. Heterozygotes were generally more homeostatic. 
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Populations generally consisted of loci that were coadapted. He wouldn't have 
dreamed of spending a large amount of time studying one particular behavioral or 
physiological mechanism in one particular organism the way the E.B. Ford school 
did. Only a tiny handful of his papers was generally biological in this sense; for 
example, his work with yeast to try to show that the yeasts that flies really ate were 
also the ones on which they had higher viability (which didn't work out), and one 
paper in which he claimed that maybe changes in chromosomal frequencies in 
California were a consequence of the use of DDT. But, again, he never actually 
tried it. 

I emphasize all this because I believe that attitude of Dobzhansky has had a pro­
fr,und effect on the current shape of population and evolutionary genetics. The 
school of ecological genetics that we characterize as the English school - Ford, 
Fisher, Phil Sheppard, Arthur Cain, and so on just never made any real inroads 
into the bulk of work in the United States. An important exception was the work 
of Bill Heed on desert Drosophila, but that work was not really appreciated by most 
population geneticists. In the Lnited States, population genetics adheres to that for­
mal structure that Dobzhansky laid on it. Certainly, that's what all of electrophoresis 
was, that's what all of the work on DNA polymorphism is, all of the theoretical work 
being done on coalescence theory, and so on. It's all meant to provide observa­
tions and tools to make generalized statements about the importance of selection, 
the importance of drift, how strong are our selection intensities, and so on, but as 
general statements. 

2.3 North Carolina State: Quantitative Genetics 

Q: How did you end up going to North Carolina State? 
RCL: A.s far as I know, I was hired at North Carolina State precisely because it 
was felt by the quantitative geneticists there that Mendelian population genetics 
needed to he on the scene and to interact with quantitative genetics. That was very 
farseeing of them, and I was brought there precisely to do that. Originally, they 
had wanted Bruce Wallace, but he decided to stay in Cold Spring Harbor, so I was 
second choice. 

There had been (and remained) no quantitative genetics at Columbia. One 
couldn't even learn it. Columbia graduate students never heard of additive genetic 
variance, and I do not know that Dobzhansky ever heard of it. There were cer­
tainly selection experiments going on, even for Ph.D. theses, but these were never 
analyzed in terms of heritabilities or additive genetic variance or anything of that 
kind. They were simply made to illustrate that there was a lot of genetic variation 
for traits in natural populations and that the same selection might reach different 
results because of sampling of the initial genomes or because of some drift during 
the course of the experiment. At North Carolina State, the situation was exactly 
the reverse. There was no population genetics there, but there was quantitative ge­
netics, largely in the Department of Experimental Statistics with Ralph Comstock, 
Clark Cockerham, and Harold Robinson, Robinson being largely an experimen­
talist, whereas Cockerham and Comstock were theoreticians planning experiments 
and analyzing them in corn, but also in pigs, and generally providing consultations 
with all kinds of agricultural people. 
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I was not in statistics but in the four-person Department of Genetics headed by 
a very well-known geneticist of cotton, Stanley Stephens, who worked on speciation 
in cotton, and with Dan Grosch, a person who worked on radiation sensitivity in 
wasps, and Ben Smith, who worked on cytogenetics in speciation in plants. The 
formalization that Dobzhansky had pushed for population genetics plus my own 
predilections for statistics and mathematics put me in strong contact with the sta­
tistical people, and they, of course, as 1 said, had hired me because they wanted 
somebody like that. 

What each side discovered was that the other side was thinking of some of the 
very same problems and making the same models using different letters for the 
parameters and the variables but coming out with the same conclusion. My own 
work was supported by funds from Research and Marketing and other USDA fonds, 
and we planned experiments together with the theoretical statisticians Comstock 
and Cockerham. They had been concerned with the possible role that restricted 
recombination might play in the estimates of the dominance for yield in com, and 
I got kind of interested in recombination as I began to teach population genetics, 
which is what my task was. And so Ken Kojima and I started to work on the formalism 
of recombination and selection together, which had previously not been done. 
Indeed, in 1957, I asked Sewall Wright whether he didn't think we ought to treat 
selection at two loci with recombination built into it specifically, and he said no, 
he didn't think that was worthwhile because recombination was snch a strong force 
that it would randomize the genes with respect to each other, and we didn't have to 
worry about it. That's not what I found. It is not what Ken Kojima found, and Ken 
Kojima's thesis on the optimum model actually was the first complete work on this 

subject. 
I had worked out the general approach, the problem, and some solutions, but I 

wasn't very happy with how much you could do analytically, so I put it aside and then 
:vtotoo Kimura published a paper showing the results for a very specific model in 
butterflies, and that impelled me to get back to work on the selection-recombination 
problem. But all this was in the context of the interest that the quantitative geneti­
cists had in the role of recombination in biasing their estimates of overclominance. 
After years of experiments they were able to show that there was no average over­
dominance for yield in maize and that all the apparent overdominance was a linkage 
bias effect. 

It's probably important to realize that putting together classical population ge­
netics with quantitative genetics was an impetus from the quantitative genetics side 
and not from the population genetics side. The American school of Mendelian 
population genetics really had very little interest in these issues, again, I think, 
under the influence of Dobzhansky. Quantitative gen<;ticists, on the other hand, 
understood that all of their models were really based on Mendelizing factors, and 
they really somehow felt that the experimental and theoretical point of view that 
Mendelian population geneticists had would inform what they were doing; thus 
they took the active steps to bring them together. For example, Alan Robertson was 
a visiting professor at North Carolina when I first started there, and it was he who 
first suggested that computer simulation of genetics of populations would be useful 
to quantitative genetics people. He pushed the first programming of simulations 
on the old IBM 650. Everett Dempster came as a visiting professor, and Everett 
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was, again, somebody with one foot in quantitative genetics of poultry and one foot 
in Mendelian population genetics. Jim Crow was a frequent visitor, and he again 
had started life interested in overdominance in corn but was, in fact, a Mendelian 
population geneticist of the Sewall Wright and Fisher schools. Somehow, he man­
aged to combine the two schools. All of these people made long-term or regular 
appearances in Raleigh. Indeed, when I gave my job seminar, they were sitting in 
the audience. When I started to teach population genetics, Alan Robertson used to 
sit in the back of the room and listen. 

It's interesting that, although Mendelian population geneticists did lots of selec­
tion experiments in Drosophila and mice, they never incorporated the quantitative 
genetics point of view. Only Mather did that in Britain. What's even more curious is 
that Sewall Wright himself began as a quantitative geneticist working on inbreeding 
in guinea pigs at the USDA but nevertheless just didn't give much attention to the 
quantitative genetics formulation of selection problems. He was a gene-frequency 
monger as Dobzhansky was and as the whole school of population genetics was. 

Of course there was a potential link between the two schools with Michael Lerner, 
who was a very close friend ofDobzhansky's and a very influential person. Dobzhan­
sky had immense admiration for Lerner's intellect. Lerner knew quantitative genet­
ics. He was an animal breeder, but he also was steeped in Mendelian population 
genetics. And if anyone from the side of Mendelian population genetics could be 
said to be doing any bridging, it was Michael, but I am never quite clear from 
which side he was really coming originally. At any rate, he never succeeded in get­
ting Dobzhansky to take a really quantitative genetics viewpoint largely because 
Dobzhansky could not do the math and statistics. In the later generation,Jim Crow 
was also a bridging person between the two fields since he was an adept at Fisher's 
quantitative genetic theory and also a close follower of Sewall Wright's. Of all of the 
generations that essentially followed Dobzhansky, Crow would he the chief bridging 
person. But again, most of Crow's active research work was on the Mendelian side. 

2.4 Rochester and Chicago: Origins of Electrophoretic Methods 
and Population Biology 

When I left North Carolina State and went to Rochester, population genetics 
was still pretty much in the state it had been when I was a graduate student. 
The problematic was the same. The Dobzhansky school of population genetics 
still characterized the field. One was interested in selection for inversions in 
characterizing the variation that existed in populations, and so on. Indeed, I 
would say that in the 6 years I was in Rochester, population genetics was probably 
at its lowest ebb. The old problematic was still with us. No real progress was being 
made. Dobzhansky's crop of students and postdoctoral fellows really were not 
quite sure what to do next. There was a kind of scattering of a bit of this and a bit 
ofthat, which was also reflected in my own work. I pursued the theoretical work­
largely on recombination and selection -more actively than experimental work. 
The work that was clone on house mice, again, used computers. 

What people were doing was a kind of unfocused collection of bits and pieces 
of the Dobzhansky program. What hung over all of our heads was the classic 
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problem of whether there is a lot of heterozygosity or not at the genie level 
and whether the selection is purifying or not. The experiments were the same 
old experiments of making chromosomal homozygotcs and heterozygotes and 
then having big arguments about how to interpret the data. I'm not saying that 
there wasn't a lot of work being clone. What I am saying is that it did not seem 
to be going anywhere. There were B/A ratios, D/L ratios, and so on. 

The one promising direction was Bruce Wallace's very original work on the 
effect of newly induced heterozygous mutations on an otherwise homozygous 
background. This experiment was the first really new idea in the field. And when 
Bruce, in his huge experiment, showed that there was some average selective 
advantage to the newly arisen heterozygous mutations, Dobzhansky went wild. 
This was the thing he had been looking for, and Bruce became his absolute hero. 
But unfortunately, as time went on, the evidence got weaker, and it didn't work 
out as Dobzhansky had hoped. The feeling of a thickening impasse pervaded 
the whole field. There was the Macy conference on genetic load. There were 
papers in the American Naturalist. We could go on and on and on. 

The late 1950s and early I 960s were really the time when the field was begin­
ning to collapse of its own internal contradictions. It seemed pretty obvious that 
we needed to find some way out that would enable us to actually observe what 
the frequencies of different variants at different loci were so we could settle 
once and for all how much heterozygosity on a per-locus basis was out there 
and what the frequency of the alleles was and, if possible, even try to then go on 
and determine the fitness relations. l chewed on this problem a lot while l was 
in Rochester and even developed an experimental protocol involving a special 
technique for detecting isoalleles at a locus whose only effect was to modify 
the phenotype of a known mutant at another locus, but to make this into a 
general program would have meant finding many, many such modifier loci and 
studying each one separately, and it would have been a real pain. I also had the 
idea that one might use the fourth chromosome of Drosophila melanogasteras a 
model for the rest of the genome, and when Alice Kenyon did that experiment, 
she found essentially no variation on the fourth chromosome, and we really 
didn't know what to make of it. It's only with Andrew Berry's demonstration, 
more recently, that there's really no variation on the fourth chromosome at the 
DNA level, together with our present understanding of the effect of selective 
sweeps, that the old fourth chromosome data could be made sense of. 

At any rate, we were all pretty discouraged. I kept formulating in my mind 
what the requirements of an experimental program would be, but l didn't have 
the faintest idea how to carry it out. Then, I went on a visit to the University 
of Chicago to give a talk, and I met Jack Hubby there. And Jack showed me 
these mind-blowing observations on protein variation in Drosophila. What Jack 
was doing was taking strains of Drosophila, grinding them up, extracting protein 
wholesale by alcohol and salt precipitations, and then running these proteins 
on electrophoretic gels and characterizing the different Drosophilas according 
to their pattern of proteins, equating each band on the gel with some protein 
coded for by some unknown gene. There were no enzymes in the problem -just 
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these gross proteins - and Jack's interest was essentially systematic rather than 
population genetic. 

Jack came from the school of evolutionary genetics at Texas where there was 
no real population genetics in our sense going on but a tremendous interest in 
the genetics ofspeciation and sexual isolation. Wilson Stone, who was the head 
of that program, and his students wrote a lot of stuff on species isolation, on 
sexual isolaton, and on the differentiation in chromosomes between species, 
and they are responsible for having done the major work on chromosomal 
evolution in the genus Drosophila and on doing all of the systematic work as 
well, based on morphology. So when Jack came to Chicago, he had this system 
of comparing proteins as a way of comparing species. He was working with Lynn 
Throckmorton on phylogenetic problems in Drosophila. He also realized that 
one could find differences even between strains in the same species. It must be 
emphasized thatJack was not a population geneticist and was not participating 
in the struggles in population genetics, nor was he even aware of what the 
problematic in the field was. And here l was, puzzling over the problematic of 
the field and seeing a technique that could clearly be applied directly. It was a 
case of a problem without a technique meeting a technique without a problem, 
at least in population genetics. It would really be interesting to know how many 
cases of experiments that have had some influence in a field arc a result of a 
similar process for which a technique is developed for one purpose and it seems 
suddenly by accident to fit the purposes of some other question. 

When I went to work in Chicago,Jack and I immediately started the electro­
phoresis work. By this time, Jack and Sumiko Narise was looking at enzyme 
proteins that could be visualized on gels from single flies rather than having 
to grind up huge numbers and produce proteins of unknown function. We at 
once started work together on the population genetic problem and within a 
very short time produced results that seemed very exciting to us. Most of that 
story is in my 1974 book; at least my point of view is in that book. 

At the same time, Chicago had a strong program in ecology, which continued. 
Tom Park was a very strong experimentalist in Triboliumdemography in ecology. 
Alfred Emerson, whose position I took, had of course been very powerful in 
ecology. While I was there, the department hired Monty Lloyd and Dan.Janzen 
and a number of plant ecologists and, in general, ecology was pretty important. 
The result was that we had an interaction between a group interested in ecology 
and a program in population genetics that began originally with me but then 
came to include Jack. The outcome of that was a fusion of interests in genetics 
and ecology. 

Being entrepreneurial, I got together with Tom Park, and we applied to the 
Ford Foundation (I guess Tom had the enlreeinto that) for a large training pro­
gram in what we called "population biology," which was to include evolutionary 
genetics and population genetics and demography and other forms of popula­
tion ecology. We got the money, some millions of dollars actually, for, I think, a 
5-year program chiefly to pay stipends to bring postdoctoral fellows and gradu­
ate students into this program. We had a field day. We could appoint anybody 
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we wanted, and we did. Also, during that time, I became a dean and, there­
fore, had the power of the purse and was able to appoint people in ecology 
and population genetics. And so I got Dick Levins appointed and Monty Lloyd, 
Dan Janzen, and Lee Van Valen. vVe built up this huge program in population 
biology, as I say, partly with Ford money and partly with being able to dip into 
the very rich purse that the Division of Biological Sciences had and of which I 
was the disburser. 

It was during that period that virtually everybody who subsequently became 
the new generation of population geneticists and population ecologists passed 
through: the Charlesworths, Steve Jones, Yamazaki, Zouros, several Australians, 
Ian Franklin, and on and on and on. At the same time, Dick Levins and I had 
hooked up with Robert MacArthur, who was then at Penn but then went to 
Princeton, and the three of us had this idea that we ought to be able to build 
a science of population biology that would fuse the intrapopulation genetic 
variation aspect of biology with demography and population ecology, and so 
on. Monty Slatkin, who came as a postdoctoral fellow and stayed on as a faculty 
member, and I taught a course in population biology that fused the two sides of 
the issue. Dick Levins and I and Robert MacArthur used to meet, and we had 
a sense of really building some whole new science of population biology. We 
had contacts with Ed v\'ilson, who was also interested in that, and with Lee Van 
Valen. We met a couple of times in Vermont at Robert's in-laws' place and, in 
general, had a kind of zeal for founding a new field. 

Bill Bossert and Ed Wilson, meanwhile, actually published A Primer of Popu­
lation Biology, with the first half population genetics and the second half pop­
ulation ecology. But the problem was, as that book showed, that although we 
had the two sciences, we didn't know how to bring them together. I made a 
pass at some formal bringing them together, trying to develop a theory of natu­
ral selection for continuously breeding populations that took into account age 
distribution. I didn't get very far with it, but when Brian Charlesworth was a 
Ford Foundation fellow, he picked up the ball, and he and Ted Giesel founded 
the basic field of the exact theory of selection in age-distributed populations. 
So what was going on there, then, were two things: one is the possible solution 
to the dilemma of how much genetic variation there was gene-by-gene using 
electrophoresis work, and the other was the desire, on the theoretical side and 
the conceptual side, to create a field of population biology. As you can imagine, 
those were intellectually very heady days for all ofus. Dick's book on Evolution 
in Changing lTnvironrnents, which was an extension of his thesis, was published. 
That book became extremely well known, again, as the first attempt to solve 
problems of evolution in varying environments in a systematic way that did not 
necessarily involve manipulating gene frequencies but working at a somewhat 
higher level. And his work together with MacArthm~ and then the MacArthur 
and Wilson theory of biogcography, all was part of one big movement that was 
largely centered in Chicago because of all the money we had, but which had 
as outliers Princeton and the unique element at Harvard with Ed Wilson and 
Bossert. , 
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I don't think there is any question that the Chicago group was the center 
of this whole movement both in terms of total number of people working in 
it, the breadth of the different questions asked, and just the sheer financial 
commitment. As l say, anybody who was anybody became a postdoctoral fellow 
in that program. In these kinds of dumb polls - I don't know who takes these 
polls - of which are the best places in different fields, Chicago was rated for a 
long while as the premier population biology program. At the same time, there 
were people coming in interested in the electrophoresis work, and people like 
Nevo and Jones and Yamazaki and Zouros, came in not for the ecological part 
but for the population genetics and electrophoresis part. Prakash became a 
postdoctoral fellow then and so did Rama Singh in the late days of that work, 
and that had a kind oflife of its own. 

Q: To back up a bit, you said earlier that by the time you went to Rochester, you 
felt that your career was secure enough that you could be politically active again. 
Did that also have something to do with having Dick Levins join you there? 
R: Having Dick with me has been a big help. He has been my "reminder." When 
I went to Chicago, Bob MacArthur was moving to Princeton and wanted Dick to 
go there. Dick chose Chicago. Princeton was isolated; Chicago was where all the 
political action in America was. 

2.5 Harvard: Molecular Biology 

During this period there was another development that was quite important: 
the rise of molecular biology, which had been going on for some years, indeed, 
since microbial genetics really started in the late 1940s and early 1950s. But DNA 
work and molecular biology got bigger and bigger. Indeed, its importance was 
reflected in the fact that Jack and I called our papers "A Molecular Approach 
to" ... whatever. 7 But the consequence was a growing division between molecu­
lar biologists and organismic and evolutionary biologists. That did not happen 
in Chicago because, in fact, the evolutionary biologists were so strong that they 
did not feel threatened by anybody, and molecular biology was not particularly 
strong there. At Harvard, on the other hand, the reverse was true. There was a 
real struggle between the molecular and cellular biologists - people interested 
in functional biology, ifl can call it that- and the evolutionists who were, at that 
time, mostly systematists and anatomists in the museums and in the herbaria. 
They were all in one biology department, and they really could not get on very 
well. 

The struggle was also manifest on the national scene because Ernst Mayr 
and Dobzhansky, chiefly, were feeling very pressed by the hubris of molecu­
lar biologists. They saw Cold Spring Harbor being taken over by molecular 
biology and Miloslav Demerec, being a microbial geneticist, having given up 
Drosophila. They really felt that molecular biologists were crude, ignorant peo­
ple who came from physics or chemistry, who knew nothing about biology, and 
who were going to corner the market. It's certainly true that many of the early 
molecular biologists were very ignorant of basic genetics and were, at the same 
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time, guilty of a lot of hubris. But there was a struggle going on in the general 
scene that was also going on at Harvard, between organismic biologists and the 
claims of the Watsons, the Cricks, the Meselsons, the Brenncrs, and the whole 
Cal-Tech group around Max Delbriick, who really claimed that they were go­
ing to discover everything that was interesting about biology, and this really 
pissed off the evolutionary biologists. It came to a head at Harvard with the 
demand by the developmental cellular and molecular biologists to have a sep­
arate department. Already Matt Meselson and Jim Watson had been appointed 
to a separate Department of Biochemistry and :\!folecular Biology because the 
biologists wouldn't have them, the biologists having been dominated by old 
fashioned biology. And it was old fashioned. When I was a student in the early 
l 950s, it was a bastion of 19th-century biology. 

Later, when Ernst Mayr decided to step down as Director of the Museum of 
Comparative Zoology, Xate Pusey [President of Harvard] called me in Chicago 
and asked if I would be the new director. I was Ernst's designated successor. 
That was due to Ernst. And Ernst knew what he was doing· he knew what the 
future was. Anyway, I declined. Then I was on a committee ~~lied by Pusey from 
outside the university to advise him on whether the Biology Dcpart~nent ;hould 
be broken up into two sections because, by that time, the late 1960s, enough 
modern biology had infiltrated into that department that there was real tension. 
Jim and Matt were still not in that departrnent; they were in Biochemistry and 
Molecular Biology. The Biology Department had become a mixed bag and was 
having growing pains. I advised Pusey against breaking the department apart for 
purely intellectual reasons. vVisely, they did break the department apart into two 
subsections for political reasons. Cellular and developmental biology formed 
one group, and evolutionary biology formed the other, and the two barely spoke 
to each other. 

At the same time, Dobzhansky, who was near retirement from Columbia, had 
gone to Rockefeller University because Alfred Mirsky had pulled strings to get 
him there. But he was a complete fish out of water. Xobody else at Rockefeller 
was slightly interested in his world view, and he really felt ~mt of it. They were 
all hostile to what they regarded as a kind of soft biology done by evolutionary 
biologists. The electrophoresis work had an important role to play in all this 
because it seemed to bring together molecular biology and evolutionary biology, 
and the consequence was that I was on good terms with a variety of the hard 
core molecular biologists. Max Dclbriick invited me to come to Cal-Tech to 
give a talk to his gTm1p. Norton Zinder was a close person to me at Rockefeller. 
I was the only evolutionary biologist he trusted. In general, I was regarded as 
a sensible evolutionary biologist who understood that molecular biology was 
the savior of biology. I spent a fair amount of time on :'\SF and NIH grant 
panels and, in general, built up a circle of acquaintances among the molecular 
biologists in those groups. There was a definite feeling that the two sides could 
be brought together. 

At the time, this was pretty one-sided. That is to say, population geneticists 
in pursuit of their own problematic were becoming molecular and interested 
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in molecular biology at various levels. But molecular biologists, by and large, 
were not much interested in evolution. Then, this began to change, and more 
and more molecular biologists have been showing - and it is still increasing -
an interest in evolutionary problems. It is not entirely clear why that reciprocal 
movement has happened. It would be tempting to think that the introduction 
of molecular methods into population gene6cs and evolutionary genetics was 
instrumental, but I can hardly believe that is true. At the same time, there 
was, of course, the accumulation of information on protein sequences from 
a variety of organisms that eventually became the basic data for the neutral 
theory of protein evolution. Emmanuel Margoliash, for example, was studying 
cytochrome C sequences in a whole variety of organisms, and thus it became 
clear that there was evolution of proteins. But I don't even think that can fully 
explain the growing interest of molecular biologists in evolutionary questions. 
I think that it has to do simply, if I may__put it this way, with the maturation of 
molecular biology, that is to say, the taking of molecular biology into biology as 
a whole. 

You have to remember that molecular biology began largely as the work 
of biological outsiders (biochemists, biophysicists, physicists, and so on), who, 
as I said, were really quite ignorant of even the elementary facts of genetics. 
They had, for example, a cockamamie theory of recombination that involved 
nothing but copy-choice with no actual breakage of chromosome strands, and 
that obviously cannot be true. As molecular biology has become the core of 
biolol-,ry as a science as a whole, cell and molecular biologists have become real 
biologists. Molecular biology is biology, and they have more and more become 
interested in the evolution of their phenomena. For example, the penetration of 
molecular biology into developmental genetics cannot be done unless you have 
some evolutionary perspective on organisms. So, I think that is what happened. 

But that was a later event. The earlier event, as I say, was the taking into 
evolutionary genetics of a molecular biological approach, originally through 
electrophoresis. That meant that there was a small group ofus who were kind 
of bridges between the two halves of biology. That surely was the reason why I was 
offered a job at Harvard despite the split between the Mayr-Dobzhansky evo­
lutionary biologists and the molecular biologists. Both Mayr and Dobzhansky 
understood the necessity of incorporation of molecular biology into popula­
tion genetics. Dobzhansky, for example, while I was still a student, spent time 
in Texas in Roger Williams' lab learning how to do amino acid chromatogra­
phy from urine and created with L.C. Dunn a whole Institute for the Study of 
Human Variation that was looking at patterns of urinary excretion in human 
urine of amino acids in the hopes, again, of finding single locus polymorphisms 
to feed the problematic of the field. That did not work out, but he was quite 
ready to take molecular biology in. As soon as electrophoresis appeared, I went 
down to Rockefeller and gave a little in-house talk to his group before we ever 
published our work, and immediately they seized on it and set up shop to do 
some more work. I think Francisco Ayala, who was then an assistant professor 
in Dobzhansky's group, immediately set up a lab. 

1 
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Mayr, despite his commitment to whole organisms and systema6cs, really did 
have an understanding of the importance that molecular biology would play, 
and he was responsible, surely, for Harvard's deciding that they had to have a 
population geneticist like me working in molecular biology. Ernst clearly wanted 
me hired in order to molecularize evolutionary stuff, and he certainly saw me 
as being a bridge with the people here. But by being a bridge you also protect 
the evolutionary biologists from the accusations that they're old-fashioned and 
behind. 

2.6 Continuing with the Problematic: The Genetic Basis 
of Evolutionary Change 

These were the heady days of electrophoresis, with every laboratory dropping 
whatever it was doing in population genetics and suddenly fastening onto elec­
trophoresis as the answer to a maiden's prayer. At the same time that was happen­
ing, there was obviously trouble on the horizon. For example, the first attempt 
to actually measure fitness differences associated electromorphs that was really 
a proper attempt, not artifactual, was Yamazaki's study of the esterases when he 
was a graduate student in our group in Chicago, and that attempt failed. That is 
to say, he was not able to measure any fitness differences. It began to dawn on all 
of us that if there were fitness differences associated with allozymes, they were 
probably pretty small. There was an industry for a while of measuring fitness 
components of the ADH fast-slow polymorphism, and there appeared to be 
some real results there. But then it slowly dawned on people that the amount 
of alcohol you had to put onto the flies to produce these results was vastly more 
than the amount of alcohol they ever saw in nature, even in wineries. So that 
kind of faded out. Slowly but surely, it began to dawn on people that selection 
coefficients for individual loci were probably very small. A gloom began to settle 
again. Here we had this huge amount of information about variation that got 
even bigger after Rama and I came to Cambridge and started the work on se­
quential gel electrophoresis demonstrating that there were even much greater 
amounts of polymorphism than anybody had yet measured. At the same time, 
nobody seemed to be able to figure out how to measure the fitness relations. 
The problematic had remained unchanged. A big advance had been made at 
the observational level. At least we knew what kind of variation there was, and 
we could follow gene frequencies in populations both in space and time, but 
we did not know how to measure the forces operating. 

At the same time, Motoo was telling us that there probably were no forces 
operating except random drift, and even if there were, the selection coefficients 
were so small that the product of population size, N, and selection intensity, s, 
was less than 1, and there was no effective natural selection. Harry Harris and 
Hopkinson, in London, were measuring real differences in kinetic parameters 
for electrophoretic variants in humans, but again they were not able to tie that 
to any fitness differences. And nobody was able to show that there was any 
balancing selection for any of these polymorphisms, which was sort of required 
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by the observation of what appeared to be long-term stable polymorphism. So, 
things slowly began to return to the atmosphere of before 1966. That is to say, 
we did not know how to detect the forces operating, even though we now knew 
what the variation was. It was at that time in the late 1960s and early l 970s that 
the pattern was set for how to deal with this problem, and that was to copy the 
pattern of the earlier - late 1950s and early 1960s period. That is, you try 
to develop a theory that makes predictions about the distribution of genetic 
variation - how many alleles there will be, what their frequency will be, and so 
on, and then compare the observations about standing variation to see whether 
it meets that null theory or not. If it does, you say there is no selection. If it does 
not, you say there is selection. In the old days of B/ A and D /L ratios, the null 
hypothesis was purifying selection, and the deviations would be regarded as 
evidence of balanced selection. In the new situation, the null hypothesis was no 
selection, and the significant deviations from the null prediction would say there 
was selection. But it turned out that these predictions were not good enough. 
The Watterson Test and Ewens Test turn out to have no power to detect selection 
or to figure out in what direction it was, and as rich as the elcctrophoretic data 
were, they were not rich enough to distinguish between identical selection in 
different populations and a little migration without selection. And once again, 
I think people got pretty gloomy. I certainly did. Notice that the problematic 
has remained unchanged. 

Q: Those epistemological problems are presented in your book, Genetic Basis of 
Evolutionary Change, in which you describe the major contentions in population 
genetics, not just in terms of theories and techniques but also in terms of political 
or, more broadly ideological, conflicts. But when you describe the history of the 
field on the tape, there's virtually no reference to those elements. How do you 
explain the apparent inconsistencies? The history that you told us was an almost 
pure history of the logic of ideas of the field. 
RCL: I'm not sure. Perhaps it's got to do with my state of mind when I did the 
tape what I thought would be important. Partly, l guess, because in doing the 
tape I was always under the influence of my initial remarks, I wanted to make it as 
nonpersonal as possible and talk about the field. 

Biographical information can be revealing; for example, Dobzhansky certainly 
had a whole ideological view of the world, which was that human welfare depended 
on diversity. Dobzhansky would have said, and I inherited that notion from him, that 
a population you made essentially homozygous by directional selection would lose 
the possibility of adaptation in changed circumstances. That's the general theory of 
population genetics. Both Muller and Dobzhansky might have wanted to improve 
the human species, but whereas Dobzhansky would say, "maximum diversity is the 
best thing you could have," Muller would say, "no, we ought to get the best genotype, 
and we ought to select for it." Dobzhansky's response, l think, would have been, 
and my response would be, if you really believe that genetic diversity (and I don't 
believe that) is the basis for adaptability, then, although you might get a short-term 
advantage out of selecting for the best genotypes you can create, you're really go­
ing to screw up the works again because Dobzhansky believed, remember, that 
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homozygotes were narrow specialists. So you could select the homozygote that was 
better for the present situation, but it would have no ability to protect you against 
future demands and changes. Since the world is changing, you've got to have ge­
netic diversity. Dobzhansky would have been one of the chief screamers about all 
the uniform corn plants; he'd have loved that. But all that's based on the notion that 
the issue of adaptability, and continued historical change of population, depends 
on the genetic diversity. You only believe that if you're a biological determinist, 
which he was. 

\,\,'hat I guess I'm saying is I find a certain consistency between general world view, 
political ideology, and attitudes about scientific questions. I'm not saying they're 
determinate. I'm not saying there aren't variants. My problem, as a person trying 
to talk about the history of ideas, is that I'm confused. I don't have a doctrinaire 
position on the relative importance of individuals and their predilections, and how 
that comes together as social movement. That's a problem we haven't solved, any 
of us, and I haven't solved it in my own mind. To say that no individual matters is 
dearly wrong, but to write the history of science as a history of individual careers is 
also dearly wrong. 

I think it helps to distinguish between output and input. The effect of the output 
in the field has immense political implications quite aside from what the people in 
the field intended in the first place. And there, I think, I'm not so confused; there, 
I think, the lines are clearer. The issue of how the content of a science reaches the 
outside, and the statements that are made, and the implications made, about what 
the press says and what people take from it, and whether they give support to the 
eugenics movement or not - that I think we can talk about without a reference to 
individual people at all. 

Q: Could you say in what particular ways the claims in the book reflected your 
politics? 
RCL: The book is not primarily a political book. But it has remarks in it about the 
relevance of these issues to ideology; and the ideological implications. And those 
were thrown in, ifl could be very uncharitable about it, because I wished to do some 
propaganda. How do you feel about that explanation? That is to say that I would 
regard it as politically indefensible to write a book about all those things without 
connecting them to political issues. And it was also a golden opportunity to do a 
little politics. Please remember that we're talking about a book written in 1971 at a 
time when political issues were really hot. 

Q: You say that you saw the book as an opportunity for propaganda, but I'm won­
dering how. You have a few remarks in the beginning, and a few toward the end. 
How does it really bear on the politics of the day? 
RCL: Okay. I mean, since I'm not a biological determinist, I don't think that the 
ultimate issues depend on how much diversity exists. I don't think that the discovery 
of large amounts of polymorphism within populations has an important political 
implication except for one, and that is the issue of the relative diversity between 
populations as opposed to within populations. I beat that one over and over and 
over again. There's a political implication. And ifit did turn out that 95% of human 
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genetic differences were between blacks and whites and yellows and browns and 
reds, I'd have been very unhappy. What can I say? 

Q: You've been writing about the nature-nurture issue, in one form or another, 
since the early l 970s. In a l 972 critique of Arthur Jensen, you accepted a substantial 
heritability of IQ and also wrote that social scientists should pay more attention to 
biology. What did you have in mind? 
RCL: I can't recall what I had in mind when I said that. On the issue of putting 
various heritabilities between .6 and .8 and not quarreling with that- there had been 
no carefol analysis of the data. Leo Kamin's careful analysis came later.H So I simply 
said, yeah, if that's what all these studies show, I'll accept it. This was ignorance. I 
just accepted what was in the literature. That's a simple answer to that question. 
Let me go further and say, however, that over the years my position has moved to 
the following one, which is not very different. Namely, I don't think the heritability 
studies are very good, and I don't trust the estimates, but my position is consistently 
that there is no performance, behavior, test, or whatever that you can give humans 
that wouldn't be heritable. I think it is crystal clear that every variation among 
humans has some influence of genes just because every variation of humans is a 
manifestation of a biological organism. Genetic differences between individuals 
cannot be totally irrelevant to anything. The important issue however is mediation, 
not whether genes have some influence. 

An example I give in classes is that genes must be relevant to performance on 
IQ tests because you sit in a classroom, the sun's corning in the window, the kids are 
shuffling their feet, they haven't had a bath, and you're supposed to answer all these 
contextlcss questions; what you need most is concentration and to not be distracted 
by all the sensory inputs. I think it would help a lot if you were slightly deaf and 
didn't smell too well; let's say, if your general level of sensory input sensitivity were 
lowered so you could concentrate on the job. I can sec that genes must have an 
effect. But that's not a very interesting mediation from the standpoint of IQ. Again, 
the question is always, who cares about heritability or what work that docs for one, 
as opposed to what the mediation story is, and what work that docs for one? 

2.7 New Attacks on the Problematic 

In about 1981 or so, Marty Krcitman got the idea that it would be interest­
ing to look at nucleotide variation. He was the first one, to my knowledge, to 
have the idea that one could learn something new about population genetics 
by sequencing DNA. It does say something about population genetics. Some 
restriction enzyme polymorphisms had already been observed, but that did not 
seem to help anything. Marty thought that maybe we could learn something 
from nucleotide sequences. In particular, it was clear we could learn whether 
an electrophoretic polymorphism was a one-amino acid difference or a multi­
amino acid difference and whether an clectrophoretic class that did not break 
up by tricks of electrophoresis, nevertheless would turn out to be heterogeneous 
and would have many different amino acid compositions contained within it. 
What I do not remember is whether Marty also realized at that moment when 
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he first started the work that there is a fundamental property of nucleotide 
sequences that could put a whole new twist on the solution to our problems. 
The reason l say I don't remember whether he thought that or not is that he 
is not very explicit about it in his 1983 paper in Nature, 9 although he certainly 
uses that kind of reasoning. 

The reasoning runs as follows: Since nucleotide sequences do not have a 
one-to-one correspondence with amino acid sequences because there are syn­
onymous positions, then it is entirely conceivable that a locus that was rnonomor­
phic for some gene would nevertheless turn out to be polymorphic at its synony­
mous positions and rnonornorphic only for amino acids. If that were true, then, 
that would rule out the monomorphism as simply a result of common ancestry, 
that is, genetic drift, and say that the rnonomorphisrn of amino acids in face 
of the polymorphism of third positions could only be explained by selection 
against all of the amino acid polymorphisms, that is, by purifying selection. So, if 
one did a nucleotide sequence and found that a locus was totally rnonornorphic 
for both nucleotides and amino acids, then it is not quite clear what you would 
conclude, but you might easily conclude that it was a result of drift. But if you 
found it was rnonornorphic for amino acids but polymorphic for synonymous 
positions, you would have to conclude that selection had been operating, and 
that is the conclusion \!Iarty came to when he wrote his paper because ADH 
has 6% nucleotide polymorphism, and it is all synonymous. There is some of 
it in the introns, and there is a lot of it in third positions. So, what he showed 
was that you could not avoid the conclusion that purifying selection was oper­
ating. This left open the question of why there was a fast-slow polymorphism 
in ADH, and his data did not speak to that point. It could be that this was the 
one position that had escaped selection and was purely a random drift polymor­
phism, or it could be that there was balancing selection at that position. Later 
on, more observations were made, which certainly lead you toward the latter 
conclusion, but that was not clear at the beginning. I really do want to empha­
size that nucleotide sequencing is not just looking at another level. It really is a 
major methodological break because of the lack of one-to-one correspondence 
between nucleotide sequences and amino acid sequences. 

Marty himself was reluctant to make as strong a conclusion from his data as I 
was. I kept pointing out in talks that l gave about it and in discussions with Marty 
that this ADH protein was 25% lcucine, isoleucine, and valine. Simple-minded 
biochemistry told us that it ought not make any difference to the protein, if 
there were these substitutions among leucine, valine, and isoleucine, yet all 
leucine, isoleucine, and valine mutational substitutions had been cleaned out. 
There was no variation. Then Steve Schaeffer came to the lab and proposed 
to do the same task in Drosoj;hila pseudoobscura, which did not even have the 
fast-slow polymorphism, and eventually did 99 sequences of pseudoobscura and 
found absolutely no amino acid variation with the exception of one strain that 
had an isoleucine-valine substitution. The point was made even more clearly, 
and that is that natural selection operates on very subtle differences, is very 
fine in its operation, and can detect every amino acid substitution in ADH. 
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I think that is an excessively strong result, but I do not know what else you can 
conclude. I mean, it is hard to believe that it makes an average difference to 
survival and reproduction of fruit flies when they have a single isoleucine-valine 
substitution in some damn spot in their ADH. It's a long way between that and 
differential reproduction. Sure, the selection would not tend to be very strong 
but Ns has to be reasonably large to clean out all of that variation. So, we are 
left with a very interesting physiological mystery that nobody seems to be work­
ing on. 

Nobody outside of population genetics understood the importance of this 
first experiment. Nature actually returned the manuscript without review orig­
inally, saying that it was of no interest, and it was only when I insisted that they 
send it on to Mike A~hburner for his opinion that they finally published it. 
Molecular biologists who heard that Marty wanted to sequence the same gene 
over and over again for different individuals thought he was out of his mind, 
although Wally Gilbert was immensely helpful in providing him with the in­
struction, the materials, and the lab space to do the work in. But, of course, 
these observations dropped like a bomb on population genetics because now 
it seemed once again that the impasse could be broken, that one could distin­
guish between purely random drift explanations ofhomozygosity from selection 
explanations of homozygosity. It still left the issue of how you would explain 
heterozygosity, but at least you could explain hornozygosity, and so the entire 
field dropped electrophoresis almost irnmediately and shifted over to DNA se­
quencing. You could also study introns; you could study flanking sequences. 
The kinds of inferences you could make were tremendously increased, and the 
major problematic, which was (a) how much variation there is, but (b) how you 
explain it, seemed like it could be dealt with using the argument that Ijust made. 

Of course, as you might expect, things did not work out that way. The distri­
bution of nucleotide differences with the occasional amino acid differences is 
as difficult to interpret as ever. First of all, it has become absolutely clear from 
the last 15 years of work that there arc no such things as unselected, uncon­
strained nucleotide sequences, at least by category. Third positions are under 
selection because we have the maintenance of codon bias. Flanking sequences 
are under some kind of selection because we have some incredible conservation 
of flanking sequences. Introns are under some selection because the variation 
is not homogeneous throughout the introns, and so on, and so on. So, now 
we observe a particular amino acid polymorphism in a species is that amino 
acid polymorphism maintained by selection or is it neutral? There arc differ­
ences in amino acid sequences between two species. IIas selection driven that 
differentiation or is that random drift? How do you find out? vVell, you could 
try to measure the selection, but we already said you cannot succeed. So, we arc 
back to square one again, namely, making null models, comparing the pattern 
of variation of the null models, and seeing if those null models will allow us 
to detect some kind of cumulative selection effect over long periods of time 
even though it is small. ::\ow the null model becomes the random drift model­
the no selection model -just as it was in the Ewens and vVattcrson cases, but 
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now it is based on a more articulated random drift theory of nucleotides and 
a lot more theoretical work since Ewens' original work. Now, you compare nu­
cleotide heterozygositywithin and between species and within and between loci 
and amino acid hcterozygositywithin and between species and loci and you try 
to manipulate those small numbers of numbers to test whether the footprints 
of selection are there or not. The answer is that sometimes you get the foot­
prints of selection - in fact, quite often. Unfortunately, we do not know whether 
the tests are really being significant because of selection or because of other 
assumptions built into the test theories - for example, that the alleles are at 
stochastic steady state, or that there is no effective migration, or that there is 
either a lot of recombination or no recombination depending on the theory, 
and so on, and so on. We seem to be better off in dealing with the problematic 
because we have the richest possible kind of data set, and we have the contrasts 
within and between species and synonymous and nonsynonymous variation, 
but it is not clear yet whether the predictions of the null theory are sharp 
enough and whether the assumptions of those predictions arc unimportant 
enough that deviations from the null predictions really arc detecting selection. 
The important point I want to make is that all of the work clone beginning 
with that first nucleotide sequencing work and all of the laboratory work done 
like that since that time all over the country is a repeat of where we were in 
1950 in Dobzhansky's laboratory. The problematic has not changed, and the 
problems of measurement have not changed. ¼nat has changed is that we now 
have not only a gene-by-gene but a nucleotide-by-nucleotide view of exactly 
what the variation looks like. That cannot be bad, but I am not sure it is good 
enough. 

The Genetic Basis of Evolutionary Change simply makes this point, but as of 
1974, when we had no nucleotide data. I could write the book all over again. It 
would contain all of the nucleotide data. It would contain a lot of interesting 
new stuff, but the bottom line would still be the same: that we as yet do not 
know how to turn static data into a firm understanding of processes, although 
we have suspicions, and sometimes pretty good suspicions, and we as yet do 
not know how to measure fitness. So, in that sense, population genetics has not 
changed. 

2.8 Funding 

Q: Can you say something about the sort of funding that's been available for popu­
lation genetics during the period in which you've been active? We note that you've 
had considerable support from the Atomic Energy Commission (and the agencies 
that succeeded it, the Energy Research and Development Administration and the 
Department of Energy), the National Institutes ofllealth, and the ~ational Science 
Foundation. 

RCL: The Atomic Energy Commission had a Division of Biology and Medicine, 
which had as one of its programs, genetics. They obviously had real interest in 
population genetics because they were supposed to make policy about the effect 
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of radiation on human populations. My relationship began in connection with my 
early quantitative genetic simulation studies. I went to them to ask for money to do 
theoretical work on computer simulation of populations. I titled it "The Effect of 
Mutations on Populations," but l wasn't really interested in that; I was interested in 
general population genetic modeling. When I was still in North Carolina, a group 
of us would meet at Oak Ridge to work on the big, high-speed computer there, 
simulating Mendelian population genetics. I went there three or four times while 
I was at Raleigh. We had free access to the computer and began programs of simu­
lation. Then, when I moved to Rochester, Dick Levins came, and he and I began a 
very large program of computer simulation of the selection recombination problem 
and the varying environment problem. Dick was hired as a research associate on the 
AEC grant. We shared a room and talked about computer models and the division 

of labor! 
Slowly that kind of work spread both from North Carolina and from what I was 

doing in Rochester. As I say, it was supported continuously by the AEC, which then 
turned into ERDA, which then turned into the DOE. I had a contract with them for 
20 years or so. Indeed, they kept pumping in the money even when I dicln 'task for it. 
They were anxious to have this stuff clone. I would get letters from them saying that 
"we haven't had your renewal application yet." (It was an annual contract.) "Please 
hurry up and send it in because we put the money aside already and we have to 
have the documents." It wasn't big money, but it was plenty to support that kind of 

stuff: 
Now, what's interesting about the AEC was that the people who were in charge 

of the genetics program, a succession of people, were all people I knew anyway. I 
don't know whether it's well understood that people who go into these government 
programs as executive secretaries, as program officers, and so on, have a certain 
social homogeneity about them. They are all people who, of course, arc professionals 
and Ph.D.s in the subject. It means that many of them are already part of the 
club. When Charlie Eddington was the program officer, l knew Charlie from Oak 
Ridge. He was a pal of Bill Baker's and Larry Sandler's, so Charlie wasn't exactly a 
stranger. Part of your relationship to these people was based on your professional 
acquaintance anyway. Let me say the only agency I've ever dealt with, as an alienated, 
strange, bureaucratic agency, was the Ofiice of Naval Research (ONR). They came to 
me asking if I would like some money to do computer studies because they' cl heard 
that I was doing them. I said, why is the 0:-.JR interested? They said, well, we're just 
interested in computer studies. Some guy showed up in my office. I said, sure, send 
me the money. So they sent me the money. But that only lasted a few years. 

. The other cases were all part of a network. At NSF, the program director for 
genetic biology for years and years and years was Herman Lewis. The program 
director for genetic biology at NSF was not like the executive secretary at NIH. At 
:-.JUI they have numerical ratings, and the executive secretary more or less has to go 
along with the numerical score. The program director at an NSF program has the 
complete power to decide who gets the money. And the panel isn't a study section -
it's an advisory council. \\Te used to meet three times a year in Washington with 
Herman, and we would go through proposals. Charlie Yanofsky was on the panel, 
and it was a club. I was in that club for several years. And we would read all the 
proposals; we never paid any attention to mail reviews. We'd read the proposals and 
we'd talk about them around the table. And then Herman had a little card and he'd 
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say, "Okay you guys, do I put this one before or after?" And he'd go through the 
cards that we'd already done and say this is better than this person, and he would 
put it wherever we suggested. But then he would go home and take the cards and 
do whatever he wanted to do. He took our advice, but he wasn't bound by it. 

There was no numerical rating system. Herman really sat at the center and 
did what he did. So you had this very strange business, which I actually wrote a 
long piece about with Loren Baritz. (Loren and I were codirectors of a program 
of study of "Research and the Universities" organized by the American Academy 
of Arts and Sciences, but we never published the huge report that we produced.) 
People who are part of the club but who are not high research-output people -
they don't regard themselves as separate bureaucrats but as part of the whole culture. 
They have to be pals with the leading researchers and be on good terms with them 
because that's where their adhesion to the social group comes in. At the same time 
they have a certain power that people need to court. So there's kind of mutual 
courting that goes on, which is extremely interesting. 

In those clays there was a lot of money, and I was able to say to Mary.Jane that the 
day I can't get a research grant from either the NIH or NSF, I know I'd better retire. 
They'll deny it furiously, but when I was on the NSF panel, my research proposal 
would come to the panel on which I was sitting. Of course I would leave the room, 
but you're not going to tell me that my pals in the room were going to give me a 
bad recommendation so that when I got home I would be told that Charlie and all 
these guys had rejected the proposal. No way. So the best news of all would be that 
your research proposal was going to be reviewed by a panel of which you were a 
member. Now they've changed the procedures. Now proposals of panel members 
are reviewed by special sections. 

The way thatAEC contracts worked was that you'd get a 5-year or 3-year contract 
and you'd get renewals of the contract. The whole contract would be rewritten 
after a major outside review; then, the contract would be renewed and you'd have 
annual reviews. I'd get a letter from someone at the AEC saying, "vVhere the hell 
is your renewal proposal? The money is put aside already and I'm waiting for the 
renewal proposal. If you don't send me the proposal, I don't know what I'll do 
because somebody's already accounted for it." The program officer'relationship to 
the AEC was clearly one of considerable looseness. They did what they damned 
pleased with the money. That changed in one respect when I got out of the AEC 
funding business. A guy I saw at a meeting in Washington said, "well, you know, 
your contract has expired. Look, we're not going to fund what you're doing now. 
The word has come clown. Our policy now is that we're going to make a big play for 
the genome, for sequencing the genome." And he said, would you please change 
what you're doing and write a proposal, if you want to keep getting money, that 
says something about the genome." I said, "not interested." So a policy change did 
come down, and the program officer for genetics had to reorganize his program 
according to the general policy direction. But my impression was that, before that 
time, program officers had complete freedom. 

Q: Weren't your politics suspect? 
RCL: A5 I wrote in a recent essay on universities and the Cold War,rn, no political 
questions were ever asked by the AEC. They continued to support me without 
question all the time that I was very active with the antiwar movement. I was in 
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contact with the Socialist Workers Party; I was involved with the Communist party 
and the Panthers. No, no, no; that issue never arose. But as 1 wrote in that piece, 
that was also true before that. L. C. Dunn was supported by the AEC for years 
when he was a noted "fellow traveler." A~ far as I know, Dunn was never a member 
of the Party, but he was the president or founder of every Party-sponsored Soviet­
American friendship this and that and the other thing. He was a Red. And that never 
stopped the AEC from supporting him. It stopped him from gettjng something he 
wanted though. He wanted to be the scientific attache in the Paris embassy, but they 
wouldn't clear him. My tutor at Harvard got that job instead. 

Oh, but the ONR. I had ONR money for a couple of years just after I got my 
degree and I was still fleeing as far away from politics as I could get. I didn't even 
think about political issues in 1954, and when 1 did, I got in big fights with my friends 
in the Party. So the ONR didn't bother me. And then I never thought of political 
issues in connection with the AEC because I thought it was a cash cow. I didn't think 
I was doing them any favors. I felt that what I was doing was totally independent. 

I want to talk about that. I think that people in science programs, the extramural 
science programs of the AEC, had the view that this was nothing other than another 
excuse for getting taxpayer money out to the scientific community. I know that in 
the big Dobzhansky-Muller fight a lot was made about where the money came from 
and where Dobzhansky had bent, Bruce Wallace had bent- not the truth but their 
interpretation of it - to suit their patrons. I wasn't aware of that issue until much 
later, and the issue certainly never arose for me because of my work. I was working 
on a two-locus theory, which had nothing directly to do with mutations or anything. 
The claimed relevance was a fake is what I'm trying to say. And it led me to a very 
cynical attitude that carried over. Let's look at the NIH. It used to be in the old days, 
you were supposed to tell what the health-related importance of your work was in the 
NIH proposal. I don't think you have to any more, but you used to. And everybody 
understood that was boilerplate. Nobody in the study section ever paid the slightest 
attention to it. The executive secretary never paid the slightest attention to it, and 
the council never paid the slightest attention to it. That was all for the consumption 
of the fools in Congress. People were very, very cynical about that. So no, the AEC 
wouldn't have bothered me in the least. 

Q: Can you think of one proposal, or one contract, which contributed to the mission 
of the AEC concerning the effects of radiation? 
RCL: I have no recollection of any such case in my own work. When my 5-ycar 
contract renewal came up, I would have a paragraph in there saying of course we 
need to understand the effects of mutations in populations because radiation pro­
duces mutations, but that would have been a piece of boilerplate. I'm not sure 
people understand the social relationship that existed between the research com­
munity at least that faction that I knew- and its patrons. I'm telling you, it's a very 
cynical attitude, which is shared by all my colleagues. The Cold War and all of that 
made it possible for us to get our hands on public money. We'd tell them a lot of 
nonsense about relevance. 

Now I'm not saying that's true of everybody. There was some muttering about 
Bill Russell's program, which was an immense on-site factory to measure the rates 
of mutation in mice caused by ionizing radiation. A lot of people sort of felt that 
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he was doing the work of the AEC; this was not science, and it was not intellectually 
interesting. He was making a single measure, which is, What is the doubling dose 
for visible mutations? It's clearly work the AEC would use in some way. 

Let me press a little further. I actually worked physically once in a while for two or 
three days at a time at Oak Ridge, when Alex Hollaender was the head of the Division 
of Biology and Medicine. And Oak Ridge at that time was the employer of many 
people who later on went to be professors of genetics: Larry Sandler, Eddie Novitski, 
Bill Baker, and so on. They all worked there right after the War, and Alex Hollacnder 
was the director of genetics. Everybody laughed at Union Carbide, which ran the 
outfit. They thought the whole thing was a joke. Nobody took it seriously. Now, I'm 
not saying they were right to not take it seriously; that's another issue. Maybe they 
were using us. We thought we were using them. 

Q: You mentioned the NIH. v\lhy were they interested in population genetics? 
RCL: The paper justification is obvious. Since NIH is interested in human dis­
ease, and since there's an epidemiology of genetic disease, you could make claims, 
for example, that we need to understand how the genes that cause disease change 
their frequencies in populations and whether there is really heterosis. You know, pre­
dicting the course of genetic disease in human populations, that would be the 
argument, to try to understand why certain diseases arc polymorphic. Sickle-cell 
anemia was a gift of God in this respect. 

But that's not why the NIH was interested. Remember, the Division of Research 
Grant~ does thejudging of proposals, but there were separate institutes that actually 
funded the grants, and they're orthogonal to the Division of Research Grants. All 
the money that went into population genetics came from one unit called General 
Medical Sciences (GMS). What the hell is General Medical Sciences? It was a eu­
phemism for basic biological research that you couldn't really demonstrate had any 
direct use for health, and so they funded all kinds of stuff - they funded popula­
tion genetics, they funded ecology. Because the people who ran the NII-I below the 
bureaucratic level, the actual operating level, belonged to our culture. They were 
us, and they were the conduit by which money passed from the general federal 
purse to the universities. Now, how much conscious policy there was even at the 
congressional level to help support higher education in universities by this ploy, I 
don't know. It may very well be that even at the highest level this was understood. 
But I can sure as hell tell you that the Institute of General Medical Sciences was 
there to support higher education and research. 

Q: Can you say more about NIH funding? What part of your work did it support? 
RCL: NIH funded my molecular population genetics. When we began that work, 
Jack and I, it became clear that NSF would not have enough money to support us, 
and so we went to NIH. NIH supported work on molecular population genetics of 
the kind I had been talking about- "find them and grind them" and then nucleotide 
sequencing - beginning in 1966, I guess, until almost 1996, close to 30 years, first at 
Chicago and then at Harvard. There was never any question of renewal, and toward 
the end of tl1at period, the laboratory was spending about $300,000 or $400,000 
a year - $300,000 in direct costs from a combination of two NIH grants. That's 
now nm out of steam. Because the problematic of population genetics has not 
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moved on to a solution, NIH is getting more picky. They no longer want to support 
purely observational work. They want very well formulated hypotheses that can then 
be tested by very precise testing of statistical measurements - things which I do not 
believe in. We no longer have any research money because the NIH is not interested 
in this continued kind of exploration of patterns of variation and constrnint, which 
is what I believe is all we could do. There is still interesting work to be clone, as far 
as I can see. We need to look more at the DNA binding regions of the homeobox 
genes, of which dpp is one. We only finished the coding region of dpp. There's a 
lot more interesting work to be done in dpp, but there's no money for it because it 
doesn't have a well-defined hypothesis. 

The whole hypothesis business has become very important with the diminution 
in the amount of money available. When I say the diminishing amount of money, 
the total amount of money available, of course, is as much as ever, but the research 
gets more expensive every year and the number of workers gets greater, and so 
the competition for funds gets greater and greater and greater. There have been 
complaints by population geneticists that population genetics has not been as well 
funded as other fields, but I have not reached that conclusion from a survey over 
time. There is a slightly lower rate of success of population genetics proposals than 
of, say, developmental genetics proposals, but not much less. I don't think it can be 
shown that populations genetics has been starved out by developmental genetics. 
Population genetics has benefitted from federal funding in exactly the same way as 
all science has benefitted. The Cold War was the making of academic science, and 
we arc still riding on that. But people are finding it increasingly difficult to get the 
funds they need. 

On the other hand, journal publication of population genetics is flourishing. 
There's quite a bit of it in Genetics. We have our whole new journal, Molecular Bi­
ology and Evolution. We also have Molecular Phylogeny and Evolution and the .Journal 
of Molecular Evolution, which has a good deal of molecular population genetics in 
it. I don't think that population geneticists have any complaint about their ability 
to publish their stuff, or even a very strong complaint about their ability to get it 
fonded - although, I guess if I had to choose a field based on funding in genetics, 
I probably would choose developmental genetics. The competition there, however, 
is cutthroat, whereas, there isn't much competition in population genetics. l have 
noticed when I have gone back to the NIH panels as an ad hoc member that criteria 
have changed. One is now asked the question: Well, here are these four different 
labs all asking essentially the same question. Which one will get it done most effi­
ciently? It used to be that much more consideration was given to developing the 
laboratory as a place where training could go on, a place where a long-term program 
could be produced. The question of who is going to get the answer first and most 
efficiently did not arise. It now is a very important issue. 

2.9 Life in Lewontin's Lab 

Q: Earlier, we discussed "life in Dobzhansky's lab." What about life in Lewontin's 
lab? What sort of!ab environment have you tried to create? 
RCL: I don't know what you have in mind, but let me say what I think is important. 

J 
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The image of how a laboratory should be organized comes to each ofus, presumably, 
from our personal experiences as a student and postdoctoral fellow. :\1y own view is 
that Dobzhansky's laboratory was, in part, organized in a very bad way, namely, that 
every person who came into it was under extreme pressure to fill part of Dobzhan­
sky's intellectual program. But on the other hand, it had its very good sides, namely, 
Dobzhansky's reluctance to grab credit from his junior colleagues or his postdoc­
toral fellows and put his name on their papers. Also, people felt quite free to fight 
with Dobzhansky on intellectual issues in a very strong give and take. Of course, 
his ego was never threatened. My own practice has been somewhat different from 
Dobzhansky's in some respects. I have taken seriously his admonition not to put 
your name on other people's work, since I believe strongly in the correctness of 
Merton's Matthew Effect paper, and in fact, discover that one has to work very hard 
to make sure that the head of the laboratory is not given credit for things that the 
head of the laboratory has not done. 

On the other hand, I disagree strongly with Dobzhansky's attempt to enforce his 
immediate program. Our laboratory has always been exactly the reverse. Everyone 
is welcome so long as there is space and money and everyone is welcome to do what 
they want to do. In part, this was the vision that Ernst Mayr had when our labora­
tory was first set up, namely, that we would provide instruction in electrophoretic 
methods and other developing methods to people in systematics and other parts of 
the department. That is why we have a whole floor. The original lab was built with 
large numbers of places to do electrophoresis, and people from botanical and zoo­
logical departments of the museums and herbaria would come up and learn how to 
run stuff But that soon developed into a much more general system, which is that 
any person with any biological problem of any kind who felt that they would be at 
home in this atmosphere was welcome to work here on any kind of organism pro­
vided there was space and money for materials. Sometimes that was provided by the 
people themselves but more often than not it came out of our general slush fund. 

We had more support than we actually needed. The work planned in the grant 
applications was always a small part of what was done. Indeed, the work reported in 
those progress reports that got us the renewals often had very little resemblance to 
what was claimed was going to be clone in the previous research grant. The renewal 
gave progress reports of all the work that was actually clone in the laboratory by the 
great variety of people who were graduate studenLs and postdoctoral fellows, and 
then a plan would be made for a follow-up of some particular part of it, but then 
again, a large number of new things would be done. The result was that the lab 
supported work on the fish of Lake Victoria, on human Y chromosomes, on fungi, 
on plants, on snails, on fruit flies, and so on, and so on. The principle, if there was 
one, was that any investigations in population genetics and species differentiation 
would contribute to the general solution of the problems of the field. 

The professor was available for consultation, if someone wanted to talk with him, 
but I never had the habit of going to people's rooms once a week and asking to see 
what they were doing and how things were going. My attitude has always been that 
we are a collection of independent persons who know what they're doing, and if 
they do not and they arc too dumb to ask somebody, then too bad for them. Our 
seminar series essentially follows along those lines. Anyone who wants to give a talk 
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in our lab about anything is welcome to do so. I only wish there were more talks 

about philosophy, sociology, and history. 
I don't particularly enjoy the role of mentor. I like the company of adults. I 

have taken many graduate students, but if I'd had only postdoctoral fellows, that 
would have been ok. I don't really have a lot to do with graduate students when 
they first arrive only after they're folded in. It really has worked very well, and it 
has demonstrated that, aside from doing the administration of getting grants and 
keeping the lab doors open, the professor is barely necessary. 

This gets on to the whole issue of how scientific work is organized, ought to be 
organized, quite aside from the problematic of population genetics. Our students 
have generally been somewhat older than the average, and many of them have come 
from outside of biology. Many of them came from computer work. What a laboratory 
should do is to provide the infrastructure and a varied intellectual atmosphere and 
let people do what they can. If you run such an organization, letting into it only 
people who seem a bit more mature than the just-graduated senior from college, 
it works very well. In fact, many of ourjust~graduated seniors from college are 5 or 
10 years older than the usual just-graduated senior, many of them having dropped 
out of one college after another until they found out what they wanted to do. One 
graduate student seemed to have failed out of every state college in the California 
system before he arrived here, bu tit did not stop him from being a first-class scientist. 

There is another issue in the sociology of laboratory life that is an interesting 
general one, and that is, how one handles the objective asymmetry of power relations 
between the professor in the laboratory and everybody else. In many labs, there 
is some attempt at camaraderie, beer drinking, and so on, but this seems to me 
to be a veil that is drawn over the real social relations, which are a reflection of 
the asymmetry of power. The professors cannot be, in fact, really friends to their 
students, because only peers can be friends. They can be nonexploitative. They can 
be considerate. They can go out of their way to help or to stay out of the way. They 
can do all of those things, but they cannot create a peer relationship where one 
objectively does not exist. Obviously, that is not the same as saying that professors 
cannot be instructed by their students. Of course, they not only can but are, but that 
simply says that people who are in a lower status and lower power relationship may 
nevertheless be more perceptive and more intelligent than the people above them. 
I am really not much satisfied with what has been written on the social structure of 
laboratory life, and I think it would be worth a whole new careful look. 

2.10 The Political Economy of Agriculture 

Q: You've described the Ford Foundation project on "The Political Economy of 
Agricultural Research" as perhaps the most satisfying project you've undertaken. 
vVhat was it, and why was the Ford Foundation interested in supporting such 

work? 
RCL: The question being addressed was, What are the forces that influence the 
directions taken by agricultural research - especially public agricultural research? 
Why does the agricultural research community do this instead of that? My point of 
view was that research is a factor of production, and the usual standard analysis of 
such a factor of production is that there is a production possibility frontier; what 
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technological change does is to push the frontier outward, and the solution taken 
is at the farthest-out frontier. But the question, How come the frontier went that 
way instead of that way? was never asked. So our initial question was, What is it that 
directs what agricultural research has done? The desire to ask that question came 
out of a political issue, which was what was going on in agriculture in the Third 
World. 

The Ford Foundation reasoned: We're not sure that the kind of agricultural 
research being supported by the Foundation is really accomplishing what we need. 
What we need is completely out of left-field - a literally left-field view of this - so 
we're going to take these two radicals, Levins and Lewontin who have a good track 
record of doing science and analysis, whose politics are rather odd, and we'll agree 
that they should look at the problem and maybe we'll learn something. It was quite 
clever on the part of the Foundation; the idea that you should ask someone wacko. 
So they gave us a lot of money through the Harvard School of Public Health. 

Dick Levins and I then went out and recruited people of various kinds, including 
Sam Baker, who got his Ph.D. in economics at Harvard and is now a professor at the 
University of South Carolina. We recruited Flavio Valente, a Brazilian nutritionist; 
Dick Franke and Barbara Chasin, two sociologists who wrote a book about the Sahel; 
and Najwa Makhoul, a Palestinian radical sociologist with a degree from M.l.T. She 
did field work for us on the Israeli system, which is one of the most interesting 
systems in support of agricultural research. 

We organized ourselves into field teams. My idea was that we should actually 
go and interview people who had done agricultural research at various institu­
tions around the country and around the world. The study consisted of going to 
agricultural research stations in the South, the Northeast, the Midwest, and Far West 
and included a special group of Black agricultural research institutions and a study 
of the national agricultural research projects in France (which I did together with 
Jean-Pierre Berlan) in Brazil, in Israel, and the Sahel project. 

We sat in this office, and we made an outline of how you would do a political­
economic study of agricultural research. We were very interested in labor relations, 
in power relations within the working units, and where the money came from. We 
had this complete articulated outline to make a set of questions that we would probe 
and ask people. We talked to cleans, we talked to agricultural research workers, we 
talked to research assistants, we talked with people filling different roles and asked 
them their view of the matter, where the money came from, why they did what 
they clicl, who the boss was, and how much supervision there really was, to develop 
a whole picture of the situation. We also made a complete study of the history 
of agricultural research supported in the United States, and then we took certain 
specialty things, like hybrid corn and chickens. I think f-inallywe lit on hybrid corn 
and chickens because they tested certain hypotheses about the reproduction of 
capital. 

Finally, when we got through all of that and we'd asked all our questions, we 
found ourselves in a new ballpark. We were no longer primarily concerned with 
how agricultural research decisions were made. It became a study of the penetration 
of capital into a sphere of production, which, up until that time, had been petty 
production. The problematic became, How can we explain in capitalism, in world 
capitalism, the existence of a huge sphere of production in the hands of millions of 
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petty producers? What the hell ever happened to capital? And we found out what 
happened to capital. 

We have a story, the penetration of capital, which is right, which really makes the 
thing work, and every prediction we've made has come true. Farmers are becoming 
more and more proletarianized. More and more they are working as the providers 
oflabor. Our analysis finally was that what agriculture had become was the putting­
out system, where you owned some of the means of production, namely the sewing 
machine on your shoulder, and when the boss called you to work, you went with the 
sewing machine, and when he was finished, he sent you home and you didn't work 
for weeks. Tough luck. But he provided some of the inputs, and you provided the 
labor plus a small piece of machinery. It's become increasingly the case that farmers 
provide the labor and the land, and that's all. Everything else is a capital input, 
which is purchased from the oligopolistic providers, and the output is purchased 
usually now on contract. Now farmers are just laborers ,vho happen to own the 
land, if they own it - if they have title. And so the project became a study of the 
penetration of capital into a highly dispersed sector of production. 

It was also a study of the way in which explicit political ends can shape an agricul­
tural research program. In Israel, everything had to meet seve1:al political demands 
having to do with relations with Arabs, as contrasted with the anarchy of research in 
the United States, where you have a chronic crisis of overproduction in agriculture 
since the middle of the nineteenth century, which is relieved only occasionally by 
a good war or export of a lot of stuff There's an increasing contradiction in a re­
search system that has as a constant goal improving agricultural productivity, which 
has as an outcome exaggerating the crisis of overproduction, which results in falling 
prices, which in turn increases pressure on farmers to produce .... It really shows 
the consequence of an anarchic system. 

Let me give you a wonderful example, predicted by the whole analysis. In 
Vermont the farmers got together 2 years ago and decided not to use bovine growth 
hormone because the price of milk on the market was already so low that they 
were frightened to death of an increase of milk supply. So they refused to use 
bovine growth hormone, the idea being to keep the supply down a little so they 
could keep the price up. But what they didn't realize was that most milk isn't used 
for fresh milk. Most of the milk they were providing was used for cheese. So the 
Vermont cheese manufacturers simply went to New York, where the farmers were 
using bovine growth hormone and strangling themselves by increasing their pro­
ductivity. But what choice does an individual farm producer have? If everybody else 
is going to do it, then I have to do it. There's no cooperative equilibrium, and there­
fore every farmer has to do what kills him. That's been the story of U.S. agricultural 
research: increasing the penetration of capital, decreasing the margin of profit to 
the individual farmer, increasing the rate of bankruptcy, increasing the rate of farm 
failure. And that's not just the last 10 years. That's a continuous process. 

My own involvement derives from two sources. One is a political motivation to 
try to use what methodologies and substantive knowledge I had to understand the 
workings of capitalism. The other is a more academic interest in historical and 
political issues quite aside from any ideology. The actual study itself has produced 
extremely interesting results about the way in which capital has penetrated the last 
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major section of production, which seems to be out of historical synchrony with 
the development of capitalism. To the extent that we are historians interested in 
how social relations and relations of production develop over time, this is a very 
important sector of inquiry, and it is bound to be deeply affected in the inquiry by 
ideological presuppositions of the investigator. 

A lot of what has been written about agriculture and its development seems to me 
to make little or no sense. Some of it is very romantic, and some of it is apologetic, 
but virtually none of it takes a purely analytic approach beginning with an explicitly 
asserted analysis of the whole way in which capital operates. Of course, a Marxist 
approach is conducive to that latter kind of view since it tends to begin with certain a 
priori assertions about the nature of the relationships and tries to follow through on 
them. What I have intended to do in the analysis of agricultural research is to use a 
specifically Marxist economic framework of an understanding of capitalism and the 
penetration of capital and the nature of commodities, and so forth, to understand 
how research has been an clement in the subjection of agricultural production to 
the general dominion of capital investment. 

In some ways, I feel that the work on agricultural research is the most important 
intellectual work that I myself have participated in, and in many ways the most 
intellectually rewarding. On the other hand, I recognize the very great importance 
that an a priori standpoint makes in the analysis of such a system and, therefore, 
the lack of a sort of cleanness of the result that you get because it can never be 
freed of a generally ideologically formed stance about the way that the economy 
works. It would be interesting to discuss whether any form of evaluation could be 
carried out. For example, we make certain predictions about the future direction 
of plant breeding (predictions which we claim are coming true) having to do with 
the nature of contracts, genome control, and so on, which we say would not be 
predicted by the more usual view of the development of agriculture and its research. 
For example, a very large amount of effort is put by Pioneer Hybrid Seed Company 
into what is called genome control, that is, the identification by DNA tests of the 
genomes of plants. This is then used not as a method of plant breeding but to 
ensure property rights in the varieties that farmers actually plant in their fields. 
V\'hen this is combined, as Monsanto has done with a contract form of farming 
which gives Monsanto complete control over all,the inputs and the harvesting an\i 
allows Monsanto to decide whether the crop will be harvested or whether it will 
be left to the producer to do with it what he pleases, I would claim that these 
developments are only explainable in the terms that have been projected by our 
Ford Foundation project. 

The problem for plant breeders has always been how to acquire property rights in 
the product of their work. In the old clays, there was no way for a breeder to acquire 
property rights because once the farmer got the seed he could propagate it, and 
you were out in the cold. Hybrid corn was a deliberate move to secure property 
rights for the producers of the seed; it was designed consciously to be a method 
of copy protection. Again a prediction has been coming true - namely, that there 
is now a change in the method of plant breeding from the madness for hybrids, 
which appeared in tomatoes and chickens, into a totally new method of capturing 
property rights. And it works. 
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I'll tell vou how I know this. I went on a new field trip in the Midwest to update 
my inforru'ation on biotechnology before starting to write the book. And when the 
people at Pioneer Hybrid, the seed company, heard that f was commg to Mmnesota, 
they all came to see me, including the current and former directors of research. 
And I said: "What are you guys doing in biotech"? They said, "Oh, our big pressure 
is for genome control. Steve here is in charge of the genome-control program." 
What's that? Genome control is a program of identifying by DNA fingerprints the 
genome of the material released by different companies. I ask: "Why do you _want 
to do that"? The answer is as follows: You release a genetically engmeered vanety -
whether it's hybrid doesn't matter now you don't have to go to the trouble of making 
a hybrid- these genetically engineered varieties of soybeans, which are not hybrids; 
potatoes, which are not hybrids. At the same time, when we sell the seed to the 
farmer, the farmer signs a contract. The contract says, "I promise 1 will not give seed 
of this to anybody else; I'll only use it myself. In addition, I promise not to use it 
for my next year's crop." If you're a potato producer, how do you make potatoes? 
You cut up potatoes to produce pieces; they're called seed potatoes. If you buy my 

variety, you're not entitled to use that for seed potatoes next year. 
What's important is genome control. You send enforcement people into the field 

next year. You just walk by and pick up a potato - that's all you have to do - and 
bring it back to the lab; they do a little genome fingerprinting on it, and if it has 
your fingerprint, you sue the hell out of the farmer, and they did. Monsanto has the 
grip on potatoes for potato chips - one of the biggest uses of potat~es in ~erica. 
They use a special variety of potato, with high carbohydrates that resists soppmg up 
grease, makes a light potato chip. It's all genetically engineered. All those potatoes 
arc sold on contract. And the contract- talk about proletarianization - the contract 
normally stipulates that you're not allowed to use the potatoes for seed the next 
year. It includes the fact that they provide all the inputs in addition to the seed, 
they provide the chemicals and so on, and they do they the harvesting. They have 
big potato harvesters. And the understanding of the contract is, if they don't come 
and harvest your potatoes because the factory already has all the potatoes 1t needs -
because they like to control the supply in order to control the price - if they don't 
harvest your potatoes, they're yours. vVe didn't harvest them; they belong to you. 
I don't know what you're going to do with them. Now, this was our prediction of 
what would happen in one form or another, and it's happening. So hybrids are no 
longer the way you protect property rights. It's genome control plus contracts, and 

those contracts arc upheld in the courts. 
If any potato farmer could succeed in getting away with it and getting a potato 

from this year's crop to use for next year's crop, Monsanto would be totally out of 
the picture - and they are not out of the picture. So, one of the satisfying things 
about this work has been that it has actually enabled us notjnst to make an analysis, 
but to make predictions about what's going to happen that turned out to be true. 

Q: Was there a link between this project and your involvement in th~ 19?9 
California Rural Legal Assistance "mechanization" lawsuit against the Umversity 

of California? 
RCL: The first time I ever was an expert in court was as a result of this agricultural 
work. The California Agrarian Action Project, a public interest group, put together 
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an ~llian_ce of_fa~m workers, small farmers, and consumers to sue the University of 
Cah~orma cla1m1~g t~at the research clone by the State Agricultural Experiment 
Station at the Umvers1ty of California was not fulfilling their legal mandate, which 
was explicitly to benefit small farmers, consumers, and farmworkers. Their claim 
was that all the research being clone by the University of California was antifarm­
workcr, _objectively against the interests of small farmers and consumers, and all in 
favor of the biggest-capital farmers, and that the University of California trustees 
included some of the big-capital farmers, and that was no accident. So there was a 
~rial in Oakland county. The California Rural Legal Assistance Program, through 
its legal counsel, Public Advocates, got together a group of several experts to 
testify on behalf of the plaintiffs. That included Bill Friedlander from Santa Cruz, 
me as director of this project - that was my credential in a court of law that I was 
director of the p_roject and a professor at Harvard - and a few other ~eoplc in a 
loose confcclcrauon called the New World Agriculture Group. 

I _learned a lot. Testifying was the most psychically stressful thing [' d ever done in 
my life. Of course I was prepped in advance by Public Advocates and deposed for a 
whole day by the lawyers for the defendants. That deposition was offered in court 
and I testified for 2 clays. Well, what happens if I say something on the stand that'~ 
contradicted by the deposition? They'll throw me in jail for perjury! That's why it was 
so stressful. For the first time in my life I had to appear in a public situation speaking 
words s'.1ch ~hat every word, as far as I was concerned, counted: no hand waving and 
approx1mat10ns and saying later, "oh, 1 didn't mean that"; it had to be right. That 
and th_e fact that I had been prepped not to volunteer any information - exactly the 
opposite of what my tendency would be. 

But it was a great revelation. One amazing thing was that I wasn't Red-baited. 
Also, I discovcrc~ the immense importance of status in that circumstance - greater 
than any other nrcumstance I've ever been in. An hour went by to qualify me as an 
expert. Not only my curriculum vitae hut all kinds of other stuff [was presented] 
to prc:ve to the Jury that I was an expert so that my words could have credibility. I 
explamed the structure of the program and then explained that Professor Baker 
had done certain interviews and that our analysis was based on his field notes. The 
first question I'm asked on cross is, "is Professor Baker an economist"? I say "yes." "Is 
~c on_ th~, faculty of Harvard? Where is he a professor"? I say, "University of South 
Carolma. And you could see the smile on their faces. The fact that l was a named 
professor at Harvard meant a lot. On the other hand, I had to be qualified because 
I don't have a degree in economics from Harvard. So I had to explain that I worked 
fo~ 4y'.'ars, in an agricultural research institution. And finally I was qualified without 
obJect10n. We had 2 days of direct, cross, and redirect. 

In particular I had been asked to go through a large numbers of proposals made 
to the University of California by the Extension Research Division, and then I was 
asked about them; for example, what do you find in these research proposals that 
supports the contentio~s of the plaintiffs? I said: "Now here's an interesting research 
proposal. It says, we wish to do research on dwarf fruit trees. When I look at the 
research proposal it says, reason for doing research: in order to be able to utilize 
a different ~uality of labor." Or spraying schools. (You're obliged by the USDA to 
have a sprayrng school i~you spray insecticide; you're supposed to have a program 
to educate workers that msecticides are poisonous.) And in the report it says, well, 
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we had a lot of trouble with these spray schools because the workers were con­
stantly bringing up real or imaginary complaints. The smoking gun was right in the 
documents because these people never imagined that anybody else would read this 
stuff. The antilabor bias of farmers is transferred ideologically to research workers, 
many of whom are the children of farmers who wish they were farmers but can't 
afford to farm. That's what our research brought out, that they identified, not with 
the worker, not with the consumer, but with the farmers who were employers of 
labor. And the whole thing was just laid out. So we won the case. 

Then the hard part came. As you know, the hardest thing isn't winning the 
case. It's designing the remedies. We were cautioned over and over again by the 
attorneys that we shouldn't get into issues that might sound like we were interfering 
with academic freedom. What are the remedies that will not interfere with academic 
freedom but would guarantee, or at least push the bias in some other direction? 
Not easy to do. (By the way, there were many amicus curiae briefs filed, including 
by other state experiment stations - all on the side of the defendants, of course.) 

We tried to imagine, for example, having a group of people representing the 
different constituencies who would read the research proposals and not rank the 
proposal on the basis of its particular scientific merits - because that would interfere 
with academic freedom - but would certify to the court either that they found a 
continuing bias or they didn't. The trouble with that remedy is, How do you choose 
the representative of the constituencies? Who is to represent the farm workers? Who 
is to represent the consumers? Who is to represent the farmers? 

2.10.1 Interviewers' Note on the Outcome of the Case 

The remedy that was ultimately approved created ( 1) five constituency advisory 

boards (representing small farmers, family farmers, farm labor, rural residents, 

and consumers) to advise the director of the local experiment station, (2) a 

program for agricultural research and methodology assessment on each of 

the three agricultural campuses, and (3) a university-wide faculty committee 

to oversee implementation. However, the University of California appealed the 

ruling, and in 1989 it was reversed. Thus, the remedy was never implemented. 11 
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