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Rowing in a sea of obstacles  

Mariluce Moura

EDITOR IN CHIEF

LETTER FROM THE EDITOR

T he name Alpha Crucis is evocative enough 
to be the main character of a saga, but 
the combination of the two Latin terms, 

roughly translatable as “alpha cross”, is the name 
of the brightest star in the Southern Cross. It is 
also the star that represents São Paulo state in 
the symbolic sky on the Brazilian flag. In this 
case, the words refer to the new oceanographic 
ship of the University of São Paulo (USP), which 
arrived in the port of Santos in May 2012 after 
spending months as the focus of a series of mi-
shaps that included countless technical and bu-
reaucratic obstacles, from the vessel’s renovation 
at a US shipyard to its arrival in the country to 
which it now belongs. The narrative illustrates 
the difficulties that must be overcome to esta-
blish a sound, modern research infrastructure 
in Brazil. This attempt accompanied colossal 
personal efforts and persistence to overcome 
these obstacles.

 Not long ago, Alpha Crucis was called Moa-
na Wave, bore the US flag and was used by the 
University of Hawaii. Today, it is an important 
platform for Brazilian research into biodiver-
sity, climate change and the exploration of the 
pre-salt layer. This adventure, along with its 
protagonists and antagonists, is well described 
beginning on page 12. 

Another highlight in this issue suggests that 
some doubt remains among neuroscientists re-
garding the need to determine the exact num-

ber and spatial distribution of neurons to learn 
more about one of the most fascinating objects 
in scientific research: the human brain. Quan-
tifying and mapping these cells may help us to 
understand how the brain works. But it seems 
insufficient to limit oneself to these data to 
reveal what is intriguing about this organ. An 
organ which a scientist like António Damásio, 
for example, passionately aims to unravel in 
his Self Comes to Mind, resorting – regardless 
of discipline frontiers – to the full realm of 
knowledge available. This is indicated in the 
article beginning on page 26, which explains that 
what is most important, more than the neurons 
themselves, are the effective connections that 
these cells establish as they create networks to 
process information in a well-distributed manner. 
Thus, the Brazilian technique that facilitated the 
precise counting of neurons and other human 
brain cells, which is the focus of the article, is 
put into a scientific context, although it conflicts 
with some neuroscientific dogmas.  

Brazilian research on astrophysics (page 44),  
geology (page 48) and biodiversity (page 32), 
as well as technological advances in the bio-
logical control of agricultural pests (page 62), 
are additional subjects that FAPESP, the São 
Paulo State Research Foundation, brings to 
its readers worldwide to provide them with a 
consistent overview of the production of scien-
tific and technological knowledge in Brazil.  

Book ingles_2.indb   5 11/7/12   12:07 PM



6  |  ESPECIAL ISSUE  OCTOBER 2012

Twice a biochemist

I
n a 2008 article highlighting the early steps 
of his academic career, Hernan Chaimovich, 
the retired Professor from the Chemistry De-
partment (IQ) of the University of São Paulo 
(USP), recalls that he studied twice to be a 

biochemist, as once was not enough. The first 
time was in July 1962, when he was 22 years old, 
at the University of Chile, the country in which 
he was born. He was the son of the owner of a 
pharmaceutical laboratory, and his mother was a 
housewife who later became a writer. Chaimovi-
ch enrolled in a pharmaceuticals course with his 
father, who hoped that his son would take over 
the family business. However, during the course, 
the son was seduced by a recently created bioche-
mistry course led by a professor who instilled in 
his students the ambition to win the Nobel Prize. 

After graduation, Chaimovich moved to the 
United States to study first at the University of 
California, Santa Barbara and later at Harvard. 
He then returned to Chile with his Brazilian wife. 
However, there was mounting pressure from his 
wife’s family to relocate to Brazil.

In 1969, he received job offers in both Rio and 
São Paulo. He decided on the second option, lured 
by a grant offered by Alberto Carvalho da Silva, 
who was then the Scientific Director of FAPESP. 
The grant would fund his research in the Physi-
ology Department of the Medical School of the 
University of São Paulo (USP). In the early 1970s, 
Chaimovich became one of the youngest leaders 
of the Bioq-FAPESP program, which was consid-

INTERVIEW   HERNAN CHAIMOVICH

ered to be responsible for solidifying biochem-
istry research in the state of São Paulo. He then 
moved to the University of São Paulo’s Chemis-
try Department (IQ), where he founded its post-
graduate course. However, Chaimovich’s quali-
fication in biochemistry was not valid in Brazil, 
and as a result, he was not appointed a member 
of the official academic staff of USP – his continu-
ation had to be approved by his peers every three 
years. In 1979, he resorted to a provision in the 
statutes that allowed outstanding researchers to 
present a thesis without having to complete the 
postgraduate course work. As a result, within a 
few months he was awarded the titles of doctor 
and livre docente [a post-doctoral title]. Thus, he 
remarked that “In my 40s, I became a biochem-
ist for the second time”. 

Professor Chaimovich developed several lines 
of research addressing reaction kinetics, study-
ing the speed at which chemical reactions oc-
cur. Together with his students and coworkers, 
Chaimovich contributed to the understanding 
of how agglomerations of super molecules af-
fect reaction kinetics in chemistry and biology. 
He also maintained an interest in political sci-
ence and technology. Among the positions that 
he held at the university, the following stand 
out: Dean of Research of USP, Vice President of 
the Brazilian Academy of Science and Director 
of the International Council for Science (ICSU, 
which represents the national associations of all 
countries and the major international science 

The Professor from USP recalls his journey from 

Santiago, Chile to São Paulo, saying that no other 

country integrates cultures like Brazil 

Fabrício Marques and Neldson Marcolin
PUBLISHED IN MARCH 2012
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associations). At FAPESP, he currently 
manages Cepids (the Research, Innova-
tion and Dissemination Centers). Her-
nan Chaimovich is now married for the 
second time and is the father of three 
children. The 72-year-old granted the 
following interview: 

 
How did your upbringing influence 
your interest in science?
I had an uncle who was a physician and 
who conducted some research at that 
time, and there was my father, who had 
a pharmacy and then built up a phar-
maceutical laboratory. I remember 
that when I was eight years old, I was 
given my first microscope, and I was 
influenced by a German chemist who 
worked as a consultant in my father’s 
lab. He gave me children’s science books 
written in German, a language that I 
couldn’t read, but the descriptions of 
the experiments were clear. 
I then started to carry out 
chemical and biological ex-
periments while I was very 
young, before I was 10 years 
old. The experiments be-
came more practical when 
I started making explosives. 

You destroyed the garage 
of your house...
It was one of my experiments. 
During college, I was a rela-
tively mediocre student. One 
of the few subjects I truly 
liked was chemistry. I was 
lucky to have studied in a state 
school that was the best in 
Chile at that time. It was the 
Instituto Nacional, which had well-main-
tained chemistry and physics laboratories. 
It also had excellent academic staff. The 
philosophy professor was extraordinary. 
The professor of Spanish later became the 
Vice President of the University of Chile. 
The chemistry professor let me explore 
freely the laboratory.

Your mother was a writer, correct?
She became a writer much later on in life, 
but it is clear that she influenced me. I 
read the works of all the important Rus-
sian writers when I was 17, and this was 
due to her influence. The fact that my 
mother was born in Russia was important 
in a series of events that occurred later, 
but it was not important at that time.

So your father ended up winning, 
right? You became a scientist and not 
a writer...
I’m not sure. My father wanted me to 
work and become the owner of a phar-
maceutical laboratory, and I ran from that. 
What is important is not that someone 
wins but that the parents’ interests are ex-
plicitly expressed, such as saying clearly, 
“I would like you to do this for such and 
such reasons,” or my mother, instead of 
doing that, used to say “read this book, 
and after that, read this other one.” She 
followed my progress constantly. A rich 
family – and I try to do this with my chil-
dren – is one in which nobody is ashamed 
to say “I like that thing and I would like 
you to see my side” in one way or another. 
This should be explained without pres-
sure because that would cause a situa-
tion where one person wins, but at the 
expense of another.

In school, you disliked some subjects; 
what about at university?
I got into university easily. Actually, some 
students from the Instituto Nacional 
passed the entrance examinations well 
ahead of students from any other Chilean 
school because they were very well pre-
pared. I entered the University of Chile to 
study Chemistry and Pharmacy. However, 
right at the beginning of May, I became ill 
and missed a month. A social worker from 
the University came to visit me and said, 
“You fell ill and will need to repeat the year, 
so just study some subjects and try to re-
cover.” That really annoyed me. I decided 
that I would not only pass but would study 
all the subjects available. I started to enjoy 

the learning process and I won a load of 
prizes during my time at university.
 
Did your choice of research occur while 
you were still an undergraduate?
The decision was made when I met Os-
valdo Cori, one of my heroes. He created 
the biochemistry program at the Univer-
sity of Chile. Shortly before this, I was 
uncertain as to whether to go into medi-
cine or leave the university. I felt this way 
because first, it was easy to be the best 
student, and second, it wasn’t fun. That 
was until Osvaldo decided to establish the 
discipline of biochemistry. The idea was 
to educate Chilean scientists in chemical 
biology. When I learned this and started 
to talk to people about it, I realized that it 
was an adventure, something alive. I then 
decided to stay and pursue biochemistry. 

Did Cori know about the bio che mistry 
carried out abroad?
He had had a very good ed-
ucation in the United States. 
He was a physician; he won 
a Rockefeller grant at Tulane 
University and afterwards 
worked with two Nobel Prize 
laureates. His scientific work 
was not very important, but 
he was a professor with ex-
traordinary knowledge and 
understanding. He believed 
that he was doing the most 
important thing in the world. 
He also thought that everyone 
should work hard to win a No-
bel prize. It is stimulating to 
live side by side with people 
who believe in science and 

that we should be at the forefront, and 
planning to win the Nobel Prize is another 
way of saying that you should not travel 
backwards. Osvaldo invited several lau-
reates to give seminars and have lunch 
with us. They were people to whom we 
had to pose questions – and to pose them 
aggressively; otherwise, it was not worth 
our while. 

Why did you leave Chile soon after 
qualifying?
There was very good Australian scien-
tist named Morrison in Osvaldo Cori’s 
laboratory when I was in my fifth year. 
I had already worked with enzymes and 
enzymology and spent a lot of time in the 
lab. I was not sure at that time which of 

I see Brazil as the only 
country in the world 
where the mixing of 
cultures is real
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two areas to work in. One was enzymol-
ogy, which was linked to Osvaldo, and the 
other was biophysics, which was linked to 
Mario Luxoro, an outstanding biophysi-
cist who must be about 90 years old by 
now. The two of them had very different 
ways of thinking and were my professors.

Why did you choose enzymology?
Because Cori employed me when I was 
in my fourth year, which established a re-
lationship between us. Shortly after that, 
Morrison arrived, and I started to carry out 
kinetic studies (measurements of the veloc-
ity of reactions) on enzyme-catalyzed re-
actions with him. I became very interested 
in the subject and clearly saw that kinetics 
on its own was not as much fun as studying 
the mechanism of the reaction paired with 
the kinetics. As it was impossible to study 
these mechanisms in Chile, I decided to go 
to the United States soon after graduating. 
 
Why didn’t you go straight 
into a doctorate?
For a very simple reason: the 
school of Osvaldo Cori was 
prejudiced and did not value 
doctorates, unlike the school 
of Mario Luxoro. Osvaldo was 
not an academic; he was a phy-
sician in the United States, and 
he had worked and published 
papers with Fritz Lipmann, for 
example, who held the 1953 
Nobel Prize for Medicine. Os-
valdo thought that obtaining 
a doctorate was unnecessary. 
When I went to the Univer-
sity of California at Santa Bár-
bara, I spent a year and a half 
working with Clifford Bunton, who was 
one of the world’s most famous icons in the 
field of organic physical chemistry. How-
ever, after this period, I thought that I had 
learned all I could from him. Naturally, I 
was wrong, but it doesn’t matter. I was in 
my early 20s at that time. I wanted to join 
a better group, and I ended up at Harvard 
University. However, I could have worked 
on my doctorate in Santa Barbara without 
any problems. At that time, I felt like a post 
doc because I had a Rockefeller Founda-
tion grant, which carried a lot of prestige.

At that time, were you married?
Yes, to a Brazilian. Later I was married 
again, to another Brazilian. I came to Bra-
zil, we were married, and then I went to 

the United States. I have more relatives in 
Brazil than in Chile because my paternal 
grandfather emigrated from Russia to Chile 
at the end of the nineteenth century. Like 
many other immigrants, he started work-
ing, and when he started making money, 
he brought his family over. The first two 
brothers who arrived in Santiago experi-
enced an earthquake and decided to leave. 
They moved to Rio like the other brothers. 
I started to come here when I was 18, and 
I met my first wife during Carnival.

What was your experience at Harvard 
like?
Extremely exciting. I made many more 
friends there than I did in California. At 
the same time, the Chemistry Depart-
ment was known for a higher-than-av-
erage suicide rate and also for one Nobel 
Prize winner per floor. It was a very com-
petitive group, and I wasn’t used to that 
level of competition. I had a particularly 

complicated problem for which I was al-
most unable to find a solution. The first 
six months were very difficult. Everything 
improved when I gave my first seminar 
to the department. I chose a theme that 
was highly complex, and I had to limit 
the length of time, as there were three 
Nobel Prize laureates sitting in front of 
me. During the first 15 seconds, I thought 
I was going to faint. After that, I gained 
confidence. From then on, I was accepted 
as an equal by the post docs who had to 
work Saturday and Sunday to keep up – 
the other option was to be spat out of the 
system. I left there having written a good 
paper that is cited even to this day.
Did you intend to return to Chile?
I had two offers. One was to do a doc-

torate and then work at Carnegie Mel-
lon University in the United States. The 
other was to do a doctorate in England. 
However, at that time, I could clearly see 
that I wanted to return to Latin America. 

Why did you end up in Brazil?
For two reasons. First, my wife wanted to 
live here, and second, Brazil offers some-
thing different for a foreigner. I think that, 
at that time, Brazilians didn’t know the 
meaning of “brain drain”. Brazilians didn’t 
emigrate unless they were expelled from 
the country. Many left Brazil at the time 
of the dictatorship, but it seemed to me 
that nobody wanted to leave. It is different 
with Chileans, Argentineans, etc. Here, 
we have a “brain gain”. It is very difficult 
for a scientist or anyone from any other 
profession that marries a Brazilian – or 
vice versa – to leave Brazil. The husband 
or wife always brings the other to Brazil.

How do you explain this?
I have no explanation, only 
a theory. I see Brazil as the 
only country in the world in 
which the mixture of cultures 
is real. I’ll give you two exam-
ples that I think are marvel-
ous. You don’t understand a 
seemingly Japanese carnival 
dancer unless you understand 
that the Brazilian ability to in-
tegrate a culture is something 
that only happens here. This 
doesn’t happen in other coun-
tries – and I say that having 
travelled and observed much 
of the world. The probability 
of a non-Argentinian, a non-

Chilean, or a non-Colombian reaching the 
sort of positions that I held in the most 
important public university in the coun-
try is almost nil. Here, it is normal. The 
culture really builds up through inter-
mixing. The Chilean poet Gabriela Mis-
tral, who was the Nobel Prize laureate 
for Literature in 1945, lived in Santa Bar-
bara, California. Chilean immigration in 
that region was also common in the nine-
teenth century. If you visit the Chilean 
colony there today, you will find people 
drinking wine and eating empanadas [a 
type of pasty], and the fifth generation 
speaks more Spanish than English. Where 
is there anything similar in Brazil? This is 
what I mean when I talk about integra-
tion. Here, integration creates values and 

My first publication  
was almost 50 years 
ago and continues to 
be cited

Book ingles_2.indb   9 11/7/12   12:07 PM



10  |  ESPECIAL ISSUE  OCTOBER 2012

is not imposed upon people. I think that 
Brazil has a special attraction because the 
cultural integration is real and provides 
the feeling that the immigrant is contrib-
uting positively to the culture.
 
Why did you choose to stay in São Paulo?
One of the job offers that I received came 
from Leopoldo de Meis of the Federal Uni-
versity of Rio de Janeiro because he was 
going to Germany and he needed someone 
to take charge of the laboratory. I liked Leo-
poldo a lot, and the idea was appealing, but 
it wasn’t completely clear whether I could 
maintain an independent line of research. 
Moreover, it was only a verbal invitation 
and there was no contract to sign. Certainly 
there would be one someday, but the São 
Paulo proposal was different. Alberto Carv-
alho da Silva was interested in establishing 
an enzymology subdiscipline in the Physi-
ology Department of the USP School of 
Medicine. He requested a vis-
iting research grant for me at 
the end of 1968. I was in Chile 
when I telephoned and dis-
covered that Alberto, who was 
then the Scientific Director of 
FAPESP, had been suspended 
by the military government. I 
was uncertain about moving to 
Brazil; however, César Timo-
Iaria signed the request for the 
grant. I arrived in September 
1969. The climate was that of a 
funeral, and there was a gener-
al feeling of depression at the 
university. However, the peo-
ple (César Timo-Iaria, Gerard 
Malnic, Francisco Lacaz, Mau-
ricio Rocha e Silva and others 
from the Physiology Department) received 
me with incredible kindness and respect. 
Feelings were very mixed at that time, in-
cluding respect for me as an individual 
and the grief regarding the revocation of 
rights, and they allowed me considerable 
room - both physical and intellectual. I had 
just arrived and had a technician to work 
with me, something that was unthinkable 
and difficult to get elsewhere. I started to 
attract students quickly. However, one year 
later, it was clear that I didn’t have a good 
enough dialog to keep me alive scientifi-
cally. I then decided to move to IQ (Chem-
istry Institute, USP). 

What was it like to discover that you 
were not a biochemist here in Brazil?

I tried to validate my qualifications, and it 
was impossible, but this didn’t matter be-
cause the salary was not linked to the job 
title. You see, I arrived at IQ in the 70s and 
was soon made responsible for the post-
graduate section. I taught the first disci-
pline, enzymology, which was the only one 
in that semester. I contacted Francisco Lara 
and started to plan the Bioq-FAPESP [Pro-
gram for the Development of Biochemistry] 
together with a committee, in which Carl 
Peter von Dietrich and Antonio Cechelli 
de Mattos Paiva participated. Lara had the 
idea and we put it into writing. Peter made 
a large contribution to the details, and some 
of the ideas were mine. It’s common to inte-
grate ideas like this in Brazil. One year had 
passed since I had arrived, without a doc-
torate and with no contract with USP, but 
I was already writing a project with other 
researchers, which, I believe, established 
the field of biochemistry in this country, 

starting in São Paulo. This is strange when 
you look at it from the viewpoint of another 
country and in another cultural context. 
Because of this, I didn’t care about not hav-
ing a doctorate. I put together a marvelous 
team, and everything was going well intel-
lectually. Some of my publications with the 
greatest impact are from this time, 1977 to 
1982. The group of young people from the 
same generation was notable, and it includ-
ed Dietrich, Walter Colli, [José Carlos de 
Costa] Maia, who passed away prematurely, 
Rogério Meneghini, Hugo Armelin, Walter 
Terra... all were blessed by Bioq-FAPESP. 
The projects were audited by a commis-
sion that included at least one Nobel Prize 
winner. It was an important indicator of 
the quality of our work.

When did you finally complete the 
doctorate?
It was in 1979. My salary had been re-
duced by inflation, I had separated from 
my wife, and I had to travel to Rio to see 
my children. At that time, I had to de-
cide whether to stay in Brazil or leave, 
whether to join a private company or to 
try and do something at the university. 
I would not return to Chile, which was 
ruled by a military dictatorship, and my 
friends were all dead or exiled. I almost 
went to a pharmaceutical company to 
manage a research division. The Unit-
ed States and Europe were real possi-
bilities. The other option was to try to 
change my functional situation in the 
university and to obtain a doctorate 
quickly. I discovered that in the USP 
statutes, there was a paragraph that al-
lowed renowned researchers to defend 
a thesis without studying ancillary dis-

ciplines. It made no sense to 
study other disciplines after 
being responsible for man-
aging the IQ’s postgradu-
ate department and to have 
been responsible for quali-
fying doctorates and mas-
ter’s degrees. I presented 
myself against the wishes 
of many people. I had to be 
approved by two-thirds of 
the congregation and per-
haps some people saw me as 
a threat, but this was conjec-
ture. I was approved by one 
vote. I also managed to ob-
tain my livre docência degree 
that same year. So, in 1979, 
I completed a doctorate in 

April and a livre docência in December. 
As luck would have it, some of my im-
portant papers were published during 
this period, as the livre docência regula-
tions say that there has to be scientific 
production in the interval between the 
two titles. Subsequently, I attempted to 
run against the competition for the po-
sition of Head Senior Professor in 1980 
but was unable to obtain the necessary 
two-thirds of the votes. In the following 
years, I became part of the university’s 
academic staff. Finally, I had a post and 
then became a true biochemist from 
the Brazilian point of view. Many other 
things happened after this. My research 
group was small, with few people, but 
they were very good.

The Bioq program in 
the 1970s was 
responsible for the 
structuring of 
biochemistry in the 
country
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 How small?
At the peak, eight to ten people. I had some 
very good people working with me, such 
as Renato Arruda Mortara, a professor at 
Unifesp, Mário Politi, Iolanda Cuccovia, 
now my wife, and Ana Carmona, all from 
USP. In 1984, the special edition of Cur-
rent Contents was published, which is to-
day the Web of Science, and it included the 
most important Latin American papers in 
that year. Two out of the ten were mine. 

What were the subjects?
The same things that I do today. One was 
part of Iolanda’s master’s degree disser-
tation, involving a kinetic analysis of a 
chemical reaction in micelles, and the 
other was the first description of vesicles 
prepared using negatively charged syn-
thetic amphiphilics. In 1984, I became a 
Senior Professor. 

In addition to scientific re-
search, you were also in-
volved with scientific politics. 
I was involved with politics 
when I was in school. My 
first official political activity in 
Brazil was in 1983, when I was 
elected to the Board of Gover-
nors of Adusp [the Association 
of USP Professors]. In 1985, I 
held the post of Department 
Manager. Afterwards, in 1990, 
I took part in the formulation 
and coordination of USP’s Mo-
lecular Science course, which 
was a fantastic advance for 
the University. The idea was 
a joint idea between Roberto 
Leal Lobo, when he was the 
University President, and Erney Plessmann 
de Camargo, the Dean of Research. The 
person who was responsible for structur-
ing and coordinating the course was me. 
This course is still a success and is one of 
my essential contributions to the university. 

What about afterwards?
In 1995, I was elected President of the 
Brazilian Society of Biochemistry and 
Molecular Biology (SBBq). I continued 
on the university council as the President 
of the Academic Subjects Commission. 
When Jacques Marcovitch was elected 
as University President in 1997, he asked 
me to become the Dean of Research. I 
accepted immediately, although it was a 
surprise for me because that year I had 

refused to campaign for the candidates 
vying for the position of University Presi-
dent. When I was a candidate for Presi-
dent in 2001, I lost. In 1997, I was elected 
to the board of the Brazilian Academy 
of Sciences, of which I am now the Vice 
President. During this time, I started to 
play a more official role in internation-
al science politics. I was elected to the 
board of the International Council for 
Science, the ICSU, which is a group of 
all of the national representatives of all 
the countries in the world and the biggest 
international scientific bodies. In 2008, 
I ran for president of the ICSU but lost. 
In 2004, I participated in the creation 
of another international organization, 
the Inter-American Network of Acad-
emies of Sciences (Ianas), which is the 
only international network of scientific 
academies that is still running to this day. 

What is your evaluation of the science 
you carried out?
What allowed me to do all that I did was 
the science that I produced. My first pub-
lication – for a change, on kinetics – was 
in 1965. For the first time, it was shown 
that any given enzyme shows very spe-
cific behavior. This paper was published 
almost 50 years ago and continues to be 
cited. Another important discovery, in 
my opinion, is one we made in 1978, con-
cerning a vesicle [a modeled structure of 
a cell membrane] composed of synthetic 
lipids. This paper also had an extremely 
high number of citations. Afterwards, in 
1979, we published a series of articles on 
pure kinetics. The first was written in an 
instructional manner and introduced new 

concepts. It was written in such a way that 
anyone with a little knowledge of chem-
istry could understand it, so it is used a 
lot. In 1982, we described a reaction that 
is, in a way, a path to understanding the 
origin of life. In a micelle system [a mi-
celle is a globular structure formed by 
an agglomeration of molecules], through 
measuring the reaction velocity, we dis-
covered a totally synthetic system, which 
was a vesicle that accelerated the velocity 
of the reaction by a million fold. This is 
important because life cannot be created 
if everything happens very slowly. 

And was all of this work the result of 
collaborations?
All of it. In 1995, while chatting with Aníbal 
Vercesi (Unicamp) in a restaurant, a hy-
pothesis came up that was later tested in 
my laboratory and resulted in a discov-
ery: we described the enzyme activity of 

a protein that was named the 
uncoupling protein. Basically, 
this protein acts like the clutch 
on a car. When one steps on 
the clutch, the vehicle doesn’t 
move and generates a lot of 
heat. This protein does the 
same thing in living animals. 
It was believed that it was only 
found in the brown fatty tissue 
of mammals, but we also dis-
covered it in a plant.

To conclude, what is your 
vision of Brazilian science 
compared with that of the 
other Latin American coun-
tries? 
This comparison is not fair 

because we are a long way ahead of the 
other countries in terms of structure. For 
example, there is no other Latin Ameri-
can country that has a body like FAPESP. 
I am not referring to organizations similar 
to CNPq, Capes or Finep. We have all of 
those and in addition, we have FAPESP. 
The other counties lack this. However, if 
a comparison is made with the rest of the 
world, the situation changes because the 
relative impact of Brazilian publications 
does not reach the average impact of the 
science magazines published in the de-
veloped world. It is below that level. This 
says that the quality of what we do is still 
not satisfactory. That is not to say that 
there are no scientists, but with only a few 
scientists, you cannot build a country. ■

We have to make 
comparisons with 
developed countries 
and not with the rest  
of Latin America
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The Alpha 
Crucis saga

COVER

After being renovated, 
the ship went through 

its first test at sea in 
March near Seattle.
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A platform for research on biodiversity, climate change and exploitation of 

the pre-salt layer, the new oceanographic vessel of the State of São Paulo is 

scheduled to arrived in may at the port of Santos. The vessel’s renovation in 

a U.S. shipyard and its transfer to Brazil required the overcoming of 

technical and bureaucratic hurdles.

Fabrício Marques
PUBLISHED IN MAY 2012
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I
t was a couple of minutes to one P.M. on 
March 29 when Michel Michaelovitch de 
Mahiques, Director of the Oceanography In-
stitute of the University of São Paulo (USP), 
received an e-mail that announced a tough 
day ahead. “Professor, get on Skype because I 

have a problem,” read the message sent by Rosely 
Aparecida Figueiredo Prado, nicknamed Rose, who 
is the import and export manager at FAPESP. The 
message sounded pessimistic because in the past 
15 months, Mahiques had made enormous efforts 
to overcome a succession of obstacles related to 
the purchase and renovation of the new oceano-
graphic vessel and its transfer to the State of São 
Paulo. March 29 had been scheduled as the date 
for the ship to leave the shipyard in Seattle and sail 
to Brazil. The ship had been completely renovated 
in the U.S. shipyard. Prior to its renovation, the 
ship’s name had been Moana Wave, and it had 
sailed under the U.S. flag. The ship had previously 
been owned by the University of Hawaii.

Completely exhausted (“I often felt that we 
would never be able to get the ship out of the Unit-
ed States because of all the obstacles we had to 
overcome,” the professor says), Mahiques was not 
in Seattle at that time because he had been unable 
to wait for the resolution of a problem detected 
after the conclusion of the renovation. The prob-
lem had retained the vessel in the Seattle shipyard, 
along with the crew and researchers, for 43 days. 
Rose had to remain in the United States during this 
entire period, even though she had only packed 
enough clothes to stay for a week. The professor 
took a deep breath and logged on to Skype. How-

ever, the news was surprisingly good. “Since you 
can´t be here personally to see the ship sail away, 
I decided to bring the ship to you,” said Rose, who 
had connected her computer to the shipyard’s in-
ternet cable and, with the help of a webcam, sent 
shots of the crew and researchers boarding the 
ship and sailing away. “It was raining in Seattle and 
I was afraid of damaging my laptop, but professor 
Mahiques, more than anybody else, deserved to 
be there. That was my birthday present for him,” 
Rose explained. Mahiques turned 51 on that day.

Baptized as the Alpha Crucis, the name of the 
star that represents São Paulo on the Brazilian 
flag, the ship sailed on its maiden voyage to the 

port of Santos, with its ar-
rival scheduled for mid-
May. The first crossing, 
named InterOceanos, was 
celebrated with a poster. 
Professors and students 
of USP’s Oceanograph-
ic Institute and of other 
higher education institu-
tions in the state are ea-
gerly awaiting the ship be-
cause it will improve the 
quality of their research. 
The ship is 64 meters long 
and 11 meters wide. It can 
remain at sea for up to 40 
days without the need 
to refuel. This autono-
my will enable research-
ers to go on transoceanic 
trips, which represents a 
significant improvement 
compared to the previous 

ship, the Professor W. Besnard, whose autonomy 
was only 15 days, meaning that it could never stay 
far from the coast. “This acquisition will make 
Brazilian oceanography more competitive and will 
allow us to partner with countries already doing 
research in the South Atlantic Ocean,” says Fred-
erico Brandini, a professor at the Oceanographic 
Institute. “The open sea of the South Atlantic is 
one of the least known oceans in the world,” he 
adds. The Alpha Crucis can take 40 people on 
board, 25 researchers and 15 crewmembers, rep-
resenting an additional 10 people compared to 
the previous ship. “We can take bigger research 
teams, with specialists from different fields. Re-
search studies on oceans are becoming increas-
ingly more interdisciplinary,” says Ilson Silveira, 
who teaches at the Oceanographic Institute and is 
one of the researchers who sailed most frequently 
on the Professor W. Besnard. 

The new ship is equipped with two engines 
and a system that allows it to anchor in the ocean. 
The Alpha Crucis will enable researchers to con-

The ship can take 40 
people (25 researchers 
and 15 crewmembers) 
on board, representing 
an additional 10 people 
over the capacity of 
the Professor W. 
Besnard ship
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duct more accurate studies on sea currents than 
those conducted by researchers on the Profes-
sor W. Besnard. The older ship is equipped with 
only one engine and moves constantly when it 
is anchored for use as an oceanographic station. 
“The fact that we have a modern ship and state-
of-the-art equipment will enable us to improve 
the quality of the information and of the research 
endeavors and take them to a higher level,” says 
Luiz Nonnato, an engineer at the Oceanographic 
Institute’s instrumentation laboratory. Nonnato 
designed the ship’s new equipment. Among the 
new equipment is a multi-beam ecoprobe that 
can provide images of the bottom of the sea for 
the purpose of surveying the terrain. “We had 
never had equipment of this kind – it was some-
thing we had always wanted,” says Nonnato. The 
ship is also equipped with two acoustic systems, 
appropriate for surveying ocean currents, and a 
meteorological station. A computer room will 
integrate all of the data provided by the equip-
ment, which will allow researchers to use data 
in real time. 

The ship will begin operating as an open sea 
platform as of the second half of the year. It has 
already been scheduled to go on several cruises. 
The first cruise is for a project of the Carbom 
National Institute of Science and Technology, 
coordinated by Professor Frederico Brandini, the 
objective of which is to study carbon fluxes on 
Brazil’s continental margin. The second cruise, 
the Atlas-B, is scheduled for November, and the 

objective of this cruise is to install the first Brazil-
ian-made Atlas buoy as part of the projects funded 
by CNPq and FAPESP. “The main purpose of the 
buoy is to monitor the conditions of the ocean and 
of the atmosphere in the region off the coast of 
the State of Santa Catarina, where Hurricane Ca-
tarina was formed in 2004,” explains Edmo Cam-
pos, who is also a professor at the Oceanographic 

Institute. Professor Cam-
pos is the coordinator of 
the Atlas-B project and 
of the ocean activities of 
the National Science and 
Technology Institute for 
Climate Change. Anoth-
er cruise, scheduled for 
the first three weeks of 
December, is part of the 
Samoc Project, an inter-
national research proj-
ect focused on the study 
of the southward heat 
flux in the South Atlan-
tic. Samoc is a joint ef-
fort of institutions from 
Brazil, South Africa, the 

United States, France and other European coun-
tries. “The Brazilian component is being entirely 
funded by FAPESP. Brazil’s contribution will be 
in the form of the monitoring of the western part 
of a transoceanic line between Brazil and South 
Africa. The United States, France, and South Af-
rica will be responsible for the rest of the net-
work,” says Campos, who also coordinates the 
Samoc Project. 

In addition to being used by professors of the 
Oceanographic Institute, the ship will be used by 
researchers working on two FAPESP programs: 
one is the Program on Global Climate Change, 
which includes a project coordinated by researcher 
Tércio Ambrizzi of USP’s Institute of Astronomy, 

The Alpha Crucis 
control room at three 
different times: before 
the renovation (top 
left), after the existing 
equipment had been 
removed at the shipyard 
in Seattle (left) and 
re-equipped (top right). 
On the previous page, 
the ship with its former 
name, Moana Wave

“The improved 
quality of the 
collected information 
will be outstanding,” 
says engineer Luiz 
Nonnato.
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Geophysics, and Atmosphere Sciences (IAG), and 
the other is the Biota-FAPESP program for studies 
on biodiversity. The ship will also be made avail-
able to other São Paulo State institutions. 

“The ship’s autonomy will allow us to cover 
regions which are located far from the continent 
and whose biodiversity we do not know much 
about,” says Carlos Joly, a professor at Unicamp 
and coordinator of the Biota-FAPESP program. 
“This will provide us with a qualitative advance 
in terms of ocean research, in relation to marine 
biodiversity as well as to the understanding of the 
importance of the role of the South Atlantic in 
regulating current and future climate conditions. 
It will be fantastic to schedule joint missions, and 
bring together researchers and students from 
different fields, to integrate physical-chemical, 
atmospheric, and biological studies,” Joly adds. 
It is only natural that the production of knowl-
edge provided by the vessel on themes that range 
from biotechnology to the planning of the instal-
lation of oil platforms over the pre-salt layer will 
overshadow the suspense-filled and resilient plot 
that involved the purchase of the ship. However, 
the name of FAPESP’s import and export man-
ager - Rosely Aparecida Figueiredo Prado – will 
be remembered by all of the people who sail on 
board the ship because this name is written on 
a plate with the names of all of those who made 
this acquisition possible. 

The story of the purchase of the Alpha Crucis 
goes back to 2009, when Michel Mahiques 
became the Director of the Oceanographic 

Institute. At that time, the institute’s situation 
was discouraging; after years of good service, 
the ship Professor W. Besnard had caught fire 
and was out of operation. Mahiques contacted 
a shipyard in Guarujá with the idea of refurbish-
ing the old ship. He concluded that this was un-
feasible, as the shipyard had a backlog of orders 
and was not interested in the job. Another option 
was to contact a shipyard on the coast of Rio de 

Janeiro or Santa Catarina and tow the ship to 
the shipyard, but nobody was sure of whether 
the ship would survive the journey. It was also 
unfeasible to buy a new ship because of the high 
cost – more than US$ 30 million. However, pur-
chasing a second-hand ship and renovating it was 
a tempting option. 

With the support of other professors from the 
institute, Mahiques visited several countries to 
look at research ships for sale. Some were too 
expensive, while others had seen better days. He 
found the Moana Wave – renamed Alpha Crucis 
– on his 19th attempt. The vessel had been pur-
chased by the Stabbert Shipyard in Seattle after 
having been used by the University of Hawaii. It 
had then been leased to the U.S.’s National Oce-

anic and Atmospheric 
Association (NOAA); 
NOAA had sent the 
ship on a mission to 
Antarctica. A group of 
engineers and crew-
members from the 
Oceanographic Insti-
tute visited the ship 
when it was anchored 
in Punta Arenas, Chile. 
The group liked what it 
saw. The price was also 
reasonable: US$ 4 mil-
lion. The next step was 
to find funding. The re-
quest for funding was 
sent to the Ministry of 
Science and Technol-
ogy but was denied.

The project was pre-
sented to FAPESP at a 

meeting held on March 1, 2010. João Grandino 
Rodas, President of USP; Professor Mahiques; 
Celso Lafer, President of FAPESP; Carlos Hen-
rique de Brito Cruz and Joaquim J. de Camargo 
Engler, respectively, Scientific Director and Ad-
ministrative Director of the Foundation, respec-
tively; and Fernando Menezes, advisor to the 
President of FAPESP, were present at the meet-
ing. Brito Cruz stated that “a proposal with the 
objective of expanding the capacity of oceano-
graphic research in the State of São Paulo, en-
suring access to the ship to all potentially inter-
ested scientists with approved research projects, 
would be a major step forward for the state’s 
scientific and technological development. In ad-
dition, USP should take on the commitment of 
ensuring that the ship be manned and perfectly 
maintained.” USP President Grandino Rodas 
immediately agreed to such support, which was 
formalized soon thereafter. The support includ-
ed funds from USP for the project. The proj-

Rosely, from 
FAPESP (left), 
spent two periods 
in the United 
States to clear the 
ship’s transfer

The renovation was 
more extensive than 
had been initially 
expected because the 
ship had to comply with 
the latest updates to 
the International 
Convention for the 
Safety of Life at Sea
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Flybridge

Accommodations

15
CREW

25
RESEAR-
CHERS

AIR CONDITIONING

BRIDGE

Bridge Deck

CRANE CON-
TROL CABIN

WINCH 
FOR NETS

STARBOARD 
FRAME

CRANE

STOREROOM

COLD STORE

GARBAGE 
AND PAINT

RESCUE BOAT

SCIENCE 
STATEROOMS

Foc'sle
Deck

 Main Deck

STERN A-FRAME

7,5 m

5 m

STERN 
DECK (213 
SQ. M)

LABORATORIES

GALLEY 
& MESSROOM

GYM

Lower 
Deck

11 m

FUEL TANKS

2 ENGINES

2 GENERATORS

POTABLE WATER

CREW 
STATEROOMS 

70
DAYS IS THE MAXIMUM 
SAILING AUTONOMY

12
KNOTS IS THE 
MAXIMUM SPEED

Alpha Delphini
26 m

Atlântico Sul
36 m

Professor Besnard
49 m 

Alpha Crucis
64 m

Inside Alpha Crucis
The ship acquired in the United States is the largest 
and most advanced one in Brazilian science.
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procedure was also responsible for one of the 
most outstanding moments of the process,” Rose 
recalls. On March 26, 2012, still on U.S. territory, 
all Brazilians on board put on their official uni-
forms, walked up to the upper deck and sang the 
National Anthem as the Brazilian flag went up 
the flagpole for the first time. “I am much moved 
every time I watch the film produced by the re-
searchers,” says Rose. The video is available on 
www.youtube.com/watch?v=qatKbY4EVYM.

Celso Lafer, President of FAPESP, and Joaquim 
J. de Camargo Engler, the Foundation’s Admin-
istrative Director, helped establish contact with 
the Ministry of Foreign Affairs and the Brazilian 
Consulate General in San Francisco. After several 
rounds of negotiations, in January 2012, Rose, 
acting as the attorney-at-law for FAPESP, the 
new owner, landed in San Francisco to officially 
transform the Moana Wave into the Alpha Crucis. 
Due to time zone differences – San Francisco is 
six hours behind Brasilia – the Brazilian Consul-
ate and Itamaraty, Brazil’s Foreign Ministry, had 
a one-hour window to work together. “Thanks to 
the help of the consulate staff, and especially to 
the help of deputy consul Mauro Peixoto Alves, 
the registration was duly carried out. The Alpha 
Crucis was numbered 001, because it was the first 

A close-up of the ship 
(above) and crew 
during the 40-day 
wait in Seattle while 
the problem detected 
in the propulsion 
shafts was remedied

ect was also evaluated 
by the Foundation and 
obtained favorable opin-
ions from international 
consultants. In addition, 
FAPESP demanded that 
the ship be examined by 
a specialized company that looks after the ships 
of the U.S.’s National Science Foundation (NSF).

In November 2010, Rose – the import and ex-
port manager – heard about the ship for the first 
time. JMS, a naval engineering company from the 
United States contracted by FAPESP to conduct 
the technical inspection of the vessel, was paid 
for the service. This company prepares periodi-
cal expert reports on all research ships funded 
by the NSF. The acquisition process, which en-
compassed changing the ship’s name and flag, 
and import procedures began once the expert 
report attesting to the ship’s good condition had 
been prepared and submitted. 

This was the first time that a ship would 
be imported in the history of the Founda-
tion. “I am very grateful to the directors 

of FAPESP and to Professor Mahiques for their 
confidence in me. The import and export staff’s 
support, as well as the support of my children, 
were very important,” says Rose. In the following 
months, the related procedures took up most of 
Rose’s time. However, she was always optimis-
tic and viewed all of the obstacles that she came 
across every day as challenges to be overcome.

One of the major challenges was to change the 
ship’s name and flag in the United States. “This 

1

2

The ship’s crew, which was the same 
as the crew that had sailed the 
Professor W. Besnard, had to attend 
training programs to learn how to  
sail bigger ships
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Brazilian ship to be registered in the consulate,” 
says Rose. In San Francisco, Rose, on behalf of 
FAPESP, appointed the ship’s captain, José Helvé-
cio Moraes de Rezende, who had been captain 
of the Professor W. Besnard; then, she appointed 
the crew of the Alpha Crucis; some of the crew 
members had attended training programs over 
the course of the acquisition and renovation pro-
cess to become qualified to sail the new ship. 

Another difficulty was related to the need to 
provide the countless certificates necessary to 
obtain a permit to sail to Brazil. To this end, fre-
quent contacts were made with the Brazilian 
Navy’s Department of Ports and Coastal Regions 
(DPC). For example, one of the requirements 
was that the ship be equipped with an engine 
order telegraph, for crew communication from 
the bridge to the engine room, in the event of a 
power failure on the ship. After endless negotia-
tions, during which it was demonstrated that the 
Alpha Crucis is equipped with a safer and more 
sophisticated communication system, the DPC 
issued the permit for the ship to sail to Brazil, 
although the definitive release from the need for 
the engine order telegraph will only be officially 
requested in June. “The navy personnel of the 
DPC were very patient and provided us with 
professional guidance,” says Rose. 

Many of the problems resulted from the fact that 
the Moana Wave was built in the United States in 
1974, under laws that waived various certificates. 
As the owner, name and flag of the ship had been 
changed, it became mandatory to comply with the 
international and Brazilian laws in effect, referred 
to as Safety of Life at Sea (SOLAS). As a result, 
the renovation was more involved than had been 
initially foreseen. The ship’s renovation began in 
April 2011 at the Stabbert Shipyard, which had 
purchased the ship from the University of Hawaii. 
All of the furniture and coatings were replaced; 
wood was replaced with nonflam-
mable material. New equipment was 
installed. The ship’s final cost came 
to US$ 11 million; the related funds 
were provided by FAPESP and USP. 

Detailed planning did not pre-
vent surprises from occurring. 
The American Bureau of Shipping 
(ABS), the international rating 
agency that monitored the reno-
vation, called attention to a pend-
ing matter when the renovation had 
already been concluded. The ABS 
announced that it would not allow 
the issuance of the certificates nec-
essary for the ship to navigate. The 
carbon gas cylinders of the anti-fire 
system, installed next to the engine 

room, had to be removed and installed outdoors. 
This requirement increased the ship’s usable area; 
as a result, the documentation had to be updated. 

As attorney-at-law for the ship’s new owner, 
Rose landed in Seattle in February 2012 to comply 
with one more requirement, namely, to officially 
welcome the ship’s captain onboard. However, 
there was another obstacle in the way. A problem 
was detected before the ship sailed off: a leak had 
been found in the propulsion shaft, and the captain 
was worried about this development. “We decided 
to remain in Seattle until the problem was solved, 
even though the shipyard employees claimed that 
the ship had always sailed in this condition,” says 
Rose. “So there I was, in an office, facing a room-
ful of Americans, highly trained men in this field. I 
introduced myself. I then explained that I was not 
familiar with the technical jargon, and that I was 
there to organize the next steps that had to be pri-
oritized by the shipyard. I became the spokesperson 
for professor Mahiques, for captain Rezende and 
the crew. Whenever I needed something, I would 
say: I have a homework assignment for you. They 
nicknamed me homework,” she recalls. “Some of 
the moments were tense,” says Mahiques. 

However, the solution to the problem was not 
simple – it took 40 days. Mahiques had to go back 
to Brazil, and Rose remained in Seattle. On March 
5, the 28-day entrance visas for the 14 crewmem-
bers expired, and their passports were retained. 
Rose was responsible for keeping all of the docu-
ments safe. From then on, no crewmember was 
allowed to leave the ship. “This was one of the 
most stressful moments that I went through dur-
ing the entire acquisition process,” says Rose. “On 
the other hand, it was very gratifying to hear from 
the crew members that they would only go back 
to Brazil on the ship,” she adds, and this is what 
happened on the rainy morning of March 29, 2012, 
at 9:30 A.M. Seattle time, 1:30 P.M. Brasilia time. ■

In Seattle, ready 
to sail: funding 
from FAPESP  
and USP
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As of September, in addition to the 
Alpha Crucis, the Oceanographic 
Institute will have a new boat equipped 
to conduct research up to 200 miles off 
the Brazilian coast. Named Alpha 
Delphini, the oceanographic vessel is 
the first of its kind built in Brazil. The 
ship is 27 meters long and can take 20 
students, 2 professors and a crew. The 
boat’s autonomy is 10 to 15 days, 
depending on how many people are on 
board. “Leading oceanographic 
research institutions have one or two 
ships, as well as smaller vessels for 
coastal regions,” says Rolf Roland 
Weber, a professor from the 
department of oceanography of USP’s 
Oceanographic Institute. 
“The boat can be used to study São 
Paulo State’s continental shelf, 
including the pre-salt region,” says the 
professor.
The construction of the boat is part of a 
project to increase the Oceanographic 
Institute’s research capacity. The 
project was submitted to FAPESP, 
within the scope of the Multiuser 
Equipment Program (EMU). The boat’s 
total cost comes to R$ 4.75 million. 
FAPESP will allocate R$ 4 million, and 
the rest of the funds – allocated for the 
engines and scientific equipment – will 
be provided by the Oceanographic 
Institute. As it is part of the Multiuser 
Equipment Program, the boat may be 
requested for research work by any 
university in the State of São Paulo, 
including private universities. The rules 
establish priorities for certain cases, 
such as projects funded by FAPESP. 
Initially, the Oceanographic Institute 
had explored the possibility of 
purchasing and renovating a second-
hand boat, as was the case with the 
Alpha Crucis. “We even went to Turkey 
and New Zealand to see some boats. 
But no small boats in good condition 
were available, so we decided to build 
the boat here,” says Weber. 
With the exception of electronic 
navigation instruments and specific 
oceanographic electronic equipment, 
most of the equipment is Brazilian-
made. “The boat will be an 

intermediary vessel – smaller than an 
oceanographic ship and bigger than a 
small boat. At the moment, we have 
small wooden fishing boats that have 
been adapted for our needs. In the case 
of the new boat, no adaptations will be 
necessary. It is being built specifically 
for research purposes,” he adds.
Weber notes that the boat is simple and 
inexpensive to operate in comparison to 
an oceanographic ship. The boat’s 
operating costs range from US$ 4 
thousand to US$ 5 thousand per day, as 
opposed to the Alpha Crucis, whose 
daily operating costs are expected to 
range from US$ 15 thousand to US$ 16 
thousand. The boat is being built at the 

Alpha Delphini in 
the shipyard

The boat’s hull at the Inace shipyard, in Ceará: delivery is scheduled for September.

Inace shipyard, in the city of Fortaleza, 
State of Ceara. 
The boat’s delivery, initially scheduled 
for July, will be in September due to 
delays related to the manufacturing of 
the winch by a company from the city 
of Petropolis. Weber chose the boat’s 
name. “We decided to baptize the boat 
with the name of a star, as was the 
case with the Alpha Crucis. Alpha 
Delphini is a star of the Delphinus 
constellation, and we thought it was a 
nice-sounding name,” he says.
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From  10 – 14 of December 2012, the science of Brazil and Spain 
will meet in the cities of Salamanca and Madrid, at the seminar 
“Frontiers of Science: Brazil and Spain on the 50th anniversary 
of FAPESP”, which will bring together researchers from both 
countries. The event is a joint effort of FAPESP, the University 
of Salamanca and its Center of Brazilian Studies, and the Brazil-
ian Embassy, through Casa do Brasil in Madrid.  

The event will take place on the 10, 11 and 12 December on the 
campus of the University of Salamanca. There will also be a 
compact version on the 13 and 14 December at Casa do Brasil. 

The first day will be dedicated to the humanities, especially  
political science; the second, to health sciences; and the third, 
to nanotechnology, materials science and photo-optics. Re-
searchers from Brazil and Spain will take part in the discus-
sions, addressing their most recent research studies. 

In addition an exhibition, “Brazilian Nature” covering, on the 
biodiversity of Brazil, will be inaugurated, remaining open to 
the public at the University of Salamanca and at Casa do Bra-
sil in Madrid.  

INFORMATION AND REGISTRATION:  WWW.FAPESP.BR/FRONTERAS 

Brazil and Spain on the  
50th anniversary of FAPESP
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Studies reveal forecasts about the share of ethanol in 

agriculture and the fuel matrix

T
he future of ethanol production appears to be 
more promising than the forecasts have indi-
cated. According to a study by researchers from 
the University of São Paulo (USP), in 20 years, 
it will be possible to supply the entire world’s 
automobile fleet using ethanol and electricity 

produced in sugarcane mills. “This can be done by using the 
ethanol and electricity more efficiently, with more economical 
vehicles,” says Sergio Pacca, a professor from the School of Arts, 
Sciences and Humanities at USP Leste, in São Paulo. Professor 
Pacca and Professor José Roberto Moreira from USP’s Institute 
of Electronics and Engineering are the authors of the article 
“A biorefinery for mobility?”, which was published in October 
2011 in the journal Environmental Science & Technology. 

The conclusion that these authors reached is based on the 
automobile fleets of Brazil and the United States. For sugar-
cane to supply both ethanol and electricity, they calculated 
that the ideal proportion of electric automobiles to hybrids in 
2030 would be 33% to 67%. The hybrids should have highly ef-
ficient engines that achieve 15 km per liter of alcohol, and the 
electric engines should be powered using energy generated by 
the ethanol engine and vehicle braking, akin to Toyota’s Prius 
system. Under this scenario, if each American automobile is 
assumed to travel 20,000 km a year and each Brazilian vehicle 
is assumed to travel 12,000 km, a single hectare of sugarcane 
would be sufficient to supply 9.2 vehicles in the USA and 11.6 
vehicles in Brazil, provided that the ideal proportion of auto-
mobile types is maintained. 

Bio-refineries  
of the future

Marcos de Oliveira
PUBLISHED IN FEBRUARY 2012

As an alternative, all of the automobiles in both countries 
could be of the hybrid plug-in type, with batteries recharged 
using power plugs and an ethanol engine that starts when the 
batteries discharge, as for GM’s Volt. The study considers the 
current production technology that could be used by all mills 
to increase bioelectricity generation. Pacca and Moreira also 
forecast that 50% of the straw that is currently left in the field 
will be used to generate electricity. They believe that it would 
be possible to achieve 90 liters of ethanol per ton of sugarcane 
(l/TC) - the average is currently 83 l/TC - and use just 4% of 
the cultivated area of the planet. The scenario that the USP 
researchers outline does not consider the prospects of the 
second generation of biofuels currently under development, 
including those that use bagasse and straw along with the 
sugarcane juice currently used to make ethanol. 

The authors’ calculations for the ethanol production sector 
in Brazil in 2030, with the ideal proportion of 33% electric au-
tomobiles (approximately 12 million vehicles) and 67% hybrid 
vehicles (20 million), forecast the use of 2 million hectares of 
sugarcane to produce alcohol in comparison with the current 
8 million (one half used to produce ethanol and the other half 
for sugar). These 2 million hectares will produce 16.3 billion 
liters of ethanol, approximately 8 billion less than the 25 bil-
lion liters produced using the 2010/2011 crop. The area used 
to cultivate sugarcane will decrease because the production 
efficiency will increase and the automobiles that depend on 
ethanol will become more efficient. Within the scenario de-
scribed, 23 terawatt-hours (TWh) per year would be produced 

POLICY _ENERGY SCENARIOS 
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2009 2022

53.829
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2009

Ethanol production
 (in billions of liters)

2009 2022

R$ 1,37
R$ 0,90

Sugarcane

Probable agricultural production scenario in 2022

10.5
Millions of 
hectares

31.1

14.4

3.1

Production 
million tons/year

969

639.3

2009      2022

21.5

14.2

8.1

2.8

Pastures
Production 
million tons/year

12.310.2
2009      2022

Soy 98.1

57.6

2009      2022
Production 
million tons/year

Corn 66.450.3

2009      2022
Production 
million tons/year

Rice
14.712.5

2009      2022
Production 
million tons/year

199.9

203.9
Millions of 
hectares

Average price/year
R$/liter
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THE PROJECT

Simulating land use and agriculture expansion 
in Brazil: food, energy, agro-industrial and 
environmental impacts – n° 2008/56156-0

MODALITY
Thematic Project 

COORDINATOR 
André Nassar – Icone

INVESTMENT
R$ 67,886.54 (FAPESP)

SECOND GENERATION (2G)
1G plus enzymatic hydrolysis of bagasse pulp using 
technology that is still in development

from the burning of bagasse and straw to 
power the country’s electric cars. How-
ever, there would no longer be any sur-
plus electricity, which is currently sold. 

EFFICIENT PROPOSALS 
Pacca believes that public policy plans 
would be necessary for this scenario to 
work, including tax incentives for those 
who buy hybrid, electric or plug-in hy-
brid vehicles and tax penalties for those 
who drive vehicles that consume a lot of 
energy. “These policies benefit the most 
efficient cars.” Pacca and Moreira’s cal-
culate that 66 million hectares of land 
worldwide would be needed to cultivate 
sugarcane (in 2010 there were 23.8 mil-
lion) to supply the entire world’s fleet 
of vehicles with ethanol and electricity. 

 “The calculations are reliable, but 
for this scenario to occur, it will also be 
necessary to improve the ethanol pro-
ductivity per hectare, utilize second-
generation fuels and new cane varieties, 
and increase the number of efficient 
vehicles,” is the analysis of Professor 
Lee Lynd from The Thayer School of 
Engineering at Dartmouth College in 
the United States. Professor Lynd is 
the executive coordinator of the Global 
Sustainable Bioenergy (GSB) Project, 
a group of international researchers 
in bioenergy. 

  The researchers from the Brazilian 
Bioethanol Science and Technology Lab-
oratory (CTBE) in Campinas (SP) are 
less optimistic. In collaboration with the 

Faculty of Chemical Engineering of the 
State University of Campinas (Unicamp), 
they wrote the article “Second genera-
tion ethanol in Brazil: can it compete 
with electricity production?”, which was 
published in the scientific journal Bio-
resource Technology in October 2011. In 
this article, the influence of the second 
generation on ethanol production was 
analyzed using three projections, includ-
ing the use of electricity generated at 
mills and the future hydrolysis of pulp 
and hemicellulose, both of which are 
components of bagasse. “We developed 
computer simulations to monitor the 
different methods for taking advantage 
of the production. We prepared spread-
sheets that calculate the risks and val-
ues that are most probable,” explains 
Antonio Bonomi, the CTBE’s director 
of technological assessment. 

One of the scenarios proposed by the 
researchers as a model for an existing 
cane-based biorefinery is an improve-
ment in the first generation, which cur-
rently produces alcohol without using 
bagasse. “The initial reaction would be 
to take advantage of 50% of the straw. 
Currently, almost all cane leaves remain 
in plantations during the harvest. In the 
past, all of the leaves were burned off 
before this stage, but now excess straw 
is left in the field. This straw forms a 
cushion that makes it difficult for the 
machine [harvester] to enter the sugar 
plantation. It is estimated that at least 
50% can be removed, but part of the 

straw needs to remain in the field to 
protect the soil from erosion, main-
tain humidity and recycle nutrients” 
explains Bonomi.

In addition to producing electricity 
from straw, Bonomi forecasts an in-
crease in the production of electricity 

using highly efficient boilers with pres-
sures up to 90 bar instead of the current 
22 bar. This change would enable greater 
production of electricity, which would 
be used to power the mill itself, with any 
excess being sold to the national grid. 
If all of the mills exchanged their boil-
ers and used 50% of the excess straw, 
electricity generation would increase 
to 185 kilowatts an hour per ton of cane 
(kWh/TC) - an increase of 620% over 
the current 30 kWh/TC. According to 
the Sugarcane Industry Union (Unica), 
8774 gigawatt-hours (GWh) were pro-

IMPROVED FIRST GENERATION (1G) 
Using bagasse and 50% of the straw to produce electricity 
and using highly efficient boilers

185,8 kWh 
Electricity

92,8 kWh
Electric energy

72,7 kWh
Electric energy

US$ 222 mi US$ 329 mi

1 2 3

ADVANCED SECOND GENERATION
1G plus 2G plus hydrolysis of bagasse hemicellulose using 
technology currently in the laboratory phase

US$ 281 mi
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Three scenarios for biorefineries

Investiment Investiment Investiment

Ethanol 
25,3 
Billions of liters

Ethanol 
31,6 
Billions of liters

Ethanol 
36,6 
Billions of liters
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hectare. In 1996, 6 million tons of meat 
were produced on 184 million hectares. 
Ten years later, production had reached 
9 million tons on 183 million hectares. 
The herd in this same period went from 
158 million head to 206 million,” explains 
researcher Leila Harfuch from Icone. 
“Between 2009 and 2022, pastures area 
is likely to decrease by approximately 
5 million hectares, accommodate part 
of the grain and sugarcane expansion.” 

The conclusion is based on a mod-
el created by the Institute called the 
Brazilian Land Use Model, which de-
scribes supply and demand for agricul-
tural products and the use of land in the 
country. This model indicates that ex-
pansion into native areas will not oc-
cur because of biofuel production but 
for food production. “The area where 
there is more competition for land and 
the yield is better for the farmer is the 
Cerrado [tropical savanna], which may 
have an impact on native forests. How-
ever, intensification of agriculture and 
livestock farming in the future should 
lead to smaller demand for new area 
relative to in the past.”

The model predicts an increase in 
ethanol production from 29 billion li-
ters in 2009 to 53.8 billion in 2022 with-
out considering second-generation pro-
duction. “We assume that exports to the 
United States are likely to reach 9 billion 
liters per year in 2022.” This survey was 
performed before the announcement of 
the end of the import tax in the US an-
nounced in December. “We calculated 9 
billion liters in this scenario because the 
Americans will have to reduce their con-
sumption of fossil fuels and the green-
house gases they emit, and ethanol from 
Brazilian sugarcane and US corn should 
fulfill part of that mission” says Leila. 

“Projections for the energy potential 
of biomass must be very cautious, par-
ticularly in a world motivated for sus-
tainable energy and development of ru-
ral economies, which biofuels can offer 
if carefully implemented,” adds Lynd. ■

nol production units is US$ 329 million. 
In contrast, the investment is US$ 222 
million the first scenario, with only im-
provements to the first generation. “The 
investment carries considerable weight. 
It is higher than the production costs 
and decreases the rate of return in the 
second-generation scenario compared to 
improving the first-generation facilities.” 

One way to improve the return for 
the mill owner and make such 
business more attractive is to fer-

ment the pentose sugars produced by 
hemicellulose, as these sugars can also 
be made into alcohol. However, this con-
version process is not yet a commercially 
viable technology. “Were it to become 
possible to use the hemicellulose and 
other advanced hydrolysis technolo-
gies, ethanol production would grow 
to 131.5 l/TC, the weight of the invest-
ment would decrease as more ethanol 
was sold, and the cost to the mill-owner 
would decrease, thus increasing the rate 
of return” says Bonomi. With the use of 
hemicellulose, biorefineries would gen-
erate less electricity, from 185.8 kWh/TC 
to 72.7 kWh/TC. “In Brazil, mill-owners 
will never stop using part of the bagasse 
and straw to generate electricity for use 
in their own mills. This is the great Bra-
zilian advantage,” says Bonomi.

USE OF THE LAND 
However, the fact that Brazil is strong 
in agriculture for food production and 
is using suitable food-producing land 
to plant sugarcane is being questioned 
abroad. However, according to a study by 
the group led by economist André Nas-
sar from the Institute of Trade Studies 
and International Negotiations (Icone), 
with funding by FAPESP (São Paulo Re-
search Foundation) within the Bioenergy 
Research Program (Bioen), this problem 
is non-existent. In the scenario outlined 
by the institute, sugarcane cultivation 
is likely to occupy 10.5 million hectares 
in 2022, as compared with 8.1 million 
hectares in 2009. 

This 30% growth in sugar plantations 
is likely to occur in the Southeast re-
gion, particularly in the pasture areas 
currently used for cattle-rearing and in 
the Midwest region where it is likely to 
substitute areas traditionally used for 
pasture or grain cultivation. “Today, live-
stock farmers produce more meat per FU
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Scientific articles 
1. Pacca, S.; Moreira, J.R. A biorefinery for 
mobility? Environmental Science & 
Technology. v. 45 (22), p. 9498-505. online, 
October 3, 2011.
2. Dias, M.O.S.; Bonomi, A. et al. Second-
generation ethanol in Brazil: Can it compete 
with electricity production? Bioresource 
Technology. v. 102, n. 14, p. 8964-71. Oct. 2011.

duced from cane in Brazil in 2010, repre-
senting just 2% of the 509 TWh of total 
electricity consumption in the country. 
With the suggested improvements to the 
first-generation mills, the researchers are 
forecasting production of 89.3 liters of 
ethanol per ton of cane (l/TC).

In a second scenario, the research-
ers also include second-generation fuel 
production, the hydrolysis of pulp, rep-
resenting 40% to 60% of bagasse, which 
also contains hemicellulose (from 20% to 
40%), and lignin (from 10% to 25%). This 
procedure, which uses part of the cane 
straw, will increase production to 110.7 l/
TC; however, electricity production will 
fall to 92.8 kWh/TC, half of that in the 
first scenario. In this case, biofuel is more 
profitable than electricity, even though 
the enterprise has a smaller financial 
rate of return because the investment 
grows with the adoption of the second 
generation. “In a study carried out by our 
group, we calculated that the return on 
production of the second generation is 
almost five times greater than the return 
on cogeneration electricity,” says Lynd. 

The CTBE estimate of the investment 
in first- and second-generation etha-

It would be 
required

 60 TWh� 
of electricity  

if all the 
automobiles  

in Brazil  
were  

electric

50% electric
50% ethanol 

(hybrid)

However, if 

67% 
were hybrid, only 

23 TWh 
would be sufficient

100% electrical
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Recounting neurons puts neuroscience ideas in check

O
n the afternoon of Wednesday, Janu-
ary 11th, 2012, researchers Frederi-
co Casarsa de Azevedo and Carlos 
Humberto Moraes conducted an 
uncommon task for neuroscien-

tists. They covered a masonry bookcase with 
white cardboard to hide the window in the back, 
cleaned a granite table and moved glass recipi-
ents, pipettes and reagents to a nearby bench 
that also held glassware, pipettes and reagents. 
They prepared the laboratory, which was headed 
by the physician Roberto Lent from the Federal 
University of Rio de Janeiro (UFRJ), for a photo 
and filming session. They wanted to record in 
detail the functionality of a machine that they 
had begun creating seven years prior that was 
now ready: the automatic cell fractionator. They 
intended to patent the fractionator, and the scen-
ery could not interfere.

The equipment, with its complicated name 
and a height of nearly one meter, was a type of 
family-sized waste disposal unit. It had electric 
motors that made six plastic pistons, which were 
fixed to a mobile base, rotate at 400 rpm. Each 
piston was immersed in a glass recipient con-
taining samples of brain tissue bathed in a solu-
tion with detergent. Once the fractionator was 
turned on, its pistons stirred the colorless liquid, 
creating vortexes that broke up the samples. Two 
pieces of brain tissue were dissolved in a milky-
colored mixture. This was what the researchers 
affectionately called “brain juice.”

The machine that was undergoing tests in 
UFRJ’s Neuroplasticity Laboratory at the Insti-
tute of Biomedical Sciences (ICB) was a turbo-
charged version of a much simpler fractionator. 

It contained a tube and piston, which were both 
made of glass and manually activated, that Lent 
and neuroscientist Suzana Herculano-Houzel had 
used since 2004 for breaking up pieces of brain 
and counting the cells. This technique, which 
was created by Lent and Suzana, allowed them to 
more precisely know data that were supposedly 
already known, which was how many neurons 
there were in the brain and other encephalon 
organs housed in the skull.

Thanks in part to the work of Lent´s and 
Suzana´s groups, it is known today that there 
are 86 billion neurons in the human brain, not 
the 100 billion thought years ago. It can also be 
stated with more assurance that these neurons 
are accompanied by 85 billion glial cells, which 
are the other cell type comprised in the brain. 
This number is far lower than the previously 
touted one trillion. 

These are not just details. More accurately 
knowing the number of brain cells and where 
they are located is important in understanding 
how the brain functions and what strategies were 
adopted by nature in the construction of a com-
plex organ that, in the case of humans, allows for 
the existence of the self-conscious mind. These 
data also help identify characteristics that dis-
tinguish a normal brain from one that is sick.

However, just looking at the number of cells 
in the brain is not sufficient to understand one of 
the most intriguing and fascinating organs. To-
day, neuroscience considers the brain to be much 
more than just a collection of neurons, which 
are cells that communicate using electrical cur-
rent. According to the Italian neuro-anatomist 
Alessandro Vercelli from the University of Tu-

TEXTO Ricardo Zorzetto
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published a book in 2001 that is used in graduate 
courses entitled ‘Cem bilhões de neurônios’ [One 
hundred billion neurons].

THE ORIGIN
This book, to a certain extent, created the 
doubts that have driven the researchers from 
UFRJ to investigate how many cells there are 
in the brain. Prior to its launch, Suzana began a 
study evaluating the knowledge of neuroscience 
in high school and university students. One of 
the 95 statements that they had to determine 
was right or wrong was as follows: we only use 
10% of our brain. 

Almost 60% of the 2,200 people interviewed 
replied that this statement was correct. This 
statement, which is incorrect because all of the 
brain is used all of the time, results from a state-
ment made in 1979 by the Canadian neurobiolo-
gist David Hubel. Hubel received the Nobel Prize 
in Medicine or Physiology in 1981. He stated that 
there were 100 billion neurons in the brain and 
1 trillion glial cells. This fact was repeated in 
other publications, and the information spread. 
Because neurons are the units that process in-
formation and represent only one tenth of brain 
cells, it was concluded that the other 90% of the 
brain was not used when walking, planning a 
trip or sleeping.

The results of the survey bothered Suzana. She 
looked for the original source of these figures in 
the scientific literature, but it could not be found. 
She had collaborated with Lent on his book and 
raised her doubts with him: “How do you know 
that there are 100 billion neurons?” Lent replied, 
“Look, everybody knows, every book says so.” 
Many articles and books carried the information 
but did not state the source. Lent commented 
that these numbers “were apparently intuitive 
data that had become consolidated, and people 
cited them without thinking.” 

One of the reasons why these numbers are not 
easily found is that counting brain cells is not an 
easy task. In addition to being a large organ (the 
human brain weighs approximately 1,200 grams, 
and the encephalon weighs 1,500 grams), its ar-
chitecture is complex. Different areas have varied 
cell concentrations, and the technique available 
for counting cells previously, stereology, only 
works well for small regions with a homogenous 
cell distribution. Its application in counting brain 
cells generated unreliable estimates, which var-
ied by as much as 10-fold for some regions and 
left the human brain with somewhere between 
75 and 125 billion neurons.

Having been recently hired by UFRJ, Suzana 
told Lent that she had a “bold and half crazy” idea 
for how to count neurons, but she had no labora-
tory. He invited her to work with him. Suzana’s 

rin, perhaps even more important than the total 
number of neurons is the effective connections 
established among them, resulting in the cre-
ation of networks that process information in a 
distributed manner. “The number, pattern and 
quality of these connections vary in space and 
time,” says Martín Cammarota, a neuroscientist 
from the Pontifical Catholic University of Rio 
Grande do Sul who studies the formation and re-
call of memories. He explains that “having more 
or fewer neurons does not necessarily make an 
individual or a species more or less intelligent 
than the other.” 

Despite these considerations, the results that 
Suzana and Lent have been collecting since 2005 
have led them to question some ideas about the 
composition and structure of the brain that were 
once held as absolute truths. Last year, Lent de-
cided that the data generated by his group and 
that of Suzana were sufficiently consistent and 
that the results should be consolidated into a 
more direct critique. Lent and three researchers 
from his laboratory wrote a review published in 
January in the European Journal of Neuroscience 
stating that at least four basic concepts of neu-
roscience needed to be rethought.

The first dogma discussed in the article is that 
the human brain and the rest of the encephalon 
together have 100 billion neurons. Known even by 
those who are not neuroscience specialists, this 
number has been circulating in scientific articles 
and textbooks for almost 30 years. Lent himself 

The turbo-charged 
fractionator transforms 
brain pieces into a soup 
of neuron nuclei

1º DOGMA
There are 100 
billion neurons 
in the human 
brain
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proposal was simple: make the brain regions 
homogenous before counting the cells. How? By 
breaking up the cells. 

The main reason for the heterogeneity of the 
encephalon is that the cells and spaces between 
them vary in size. By dissolving the cells, the 
question of space would be resolved, provided 
that it was possible to preserve the cells’ nuclei, 
which are the central organelle that houses the 
DNA. As each brain cell has just one nucleus, 
the count is simple. The sum of the nuclei would 
give the total number of cells. Dyes specific to 
neurons then allowed them to be distinguished 
from other brain cells.

Using chemical compounds that preserve cell 
structures, Suzana managed to destroy the ex-
ternal membrane without damaging the nucleus. 
She described this technique with Lent in 2005 
in the Journal of Neuroscience. “It’s an intelligent, 
simple and easy method to use and replicate,” 
commented Vercelli. “I wonder why no one ever 
thought of this before.” In the opinion of Zoltan 
Molnar, a neuroscientist from the University of 
Oxford in England, it was an important advance. 
He stated that “genomics, trasnscriptomics and 
proteomics are quantitative and accurate areas 
that have made a lot of progress, while we anato-
mists have remained in the dark ages. We haven’t 
developed methods that can measure the num-
ber, density and variations in cell architecture.” 

The first test was with rat brains. The total 
number of cells in the encephalon was 300 mil-
lion. Two hundred million of these cells were 
neurons. Unlike what was expected, only 15% of 
the neurons were in the brain, the most volumi-
nous part of the encephalon. Most (70%) were 
found in a smaller organ in the back of the skull, 
the cerebellum.

This was the composition in rats, but what 
about other species? Suzana then analyzed the 
brains of five other rodents (mice, hamsters, 
guinea pigs, pacas and capybaras). It was al-
ready known that bigger animals contained 
bigger brains and larger numbers of neurons. 
The mouse, weighing just 40 grams, is the small-
est and has 71 million neurons stored in a brain 
weighing 0.4 grams. The capybara, which is al-
most 1,200-fold heavier than the mouse, has an 
encephalon that is 183-fold bigger (76 grams) but 
only contains 22-fold more neurons (1.6 million). 

THE HUMAN BRAIN
Supervised by Suzana and Lent, biologist Fred-
erico Azevedo counted the cells in human brains. 
First, however, he had to adapt the technique to 
humans. “What functioned with rodents didn’t 
work for humans,” he said. It took months before 
he discovered that the problem was in the method 
the tissue was fixed before fractionation. When the 
brain was immersed for too long in compounds 
that prevented its degradation, the researcher was 
unable to stain and count the neurons under a mi-
croscope. Frederico fractioned the brain samples 
of four individuals (ranging in age from 50 to 71) 
by hand. The samples were supplied by the brain 
bank at the University of São Paulo (USP). “This 
was when I began thinking of a way to make this 
work automatic,” said the biologist, who was doing 
a Ph.D. at the Max Planck Institute in Germany. 

The cell count revealed that the human brain 
has 86 billion neurons on average. This is 14% 
less than the previous estimate and close to the 
number suggested in 1988 by Karl Herrup from 
Rutgers University. “There are those who say 
that the difference is small, but I disagree,” says 
Suzana. “It corresponds to the brain in a baboon 
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or half the brain of a gorilla, which is one of the 
primates that, in evolutionary terms, is closest to 
human beings,” explains the neuroscientist, who 
is the head of the Comparative Neuroanatomy 
Laboratory of ICB-UFRJ.

Lent cautiously commented that “we can’t 
state that these numbers are representative of 
the human species. It’s probable that they’re 
representative of mature adults.” This assump-
tion may not even be the case because only four 
brain samples were analyzed. In younger people, 
the number of neurons could also be different. 
“Who knows whether individuals in the 20-year-
old age group have 100 billion neurons that they 
lose over time?” the researcher wondered. His 
group is now studying the brain in younger in-
dividuals and comparing brains between men 
and women. Until he answers these questions, 
Lent has altered the title of the second edition 
of his book, published in 2010 to Cem bilhões de 
neurônios? [One hundred billion neurons?] by in-
cluding a question mark at the end.

THE CEREBELLUM
Similar to rodents, most of the neurons in hu-
mans are not in the brain but in the cerebellum. 
The brain (more specifically, the cerebral cortex, 
which until recently, was considered primarily 
responsible for cognitive functions, such as at-

tention, memory and language) is the part of the 
encephalon that grew the largest throughout 
evolution. In humans, the brain weighs 1,200 
grams and occupies more than half of the skull 
but houses just 16 billion neurons. The cerebel-
lum, however, weighs 150 grams and contains 69 
billion cells (see infographics on page 29).

How can we explain the different sizes of these 
organs? The answer is twofold. First, although 
the brain has fewer neurons than the cerebel-
lum, it contains almost four times more of the 
other cell types, such as glial cells. These cells, 
previously seen merely as the physical support 
for neurons, perform other essential functions, 
including helping in the transmission of impulses, 
feeding the neurons and defending the central 
nervous system from invading microorganisms. 
They also occupy space. Second, the brain and 
cerebellum are composed of different types of 
neurons that are connected differently.

In conducting this work, the group from Rio 
also found that evolution did not favor the devel-
opment of just the brain. Among mammals, which 
is the class of animals that human beings belong 
to, the brain and cerebellum acquired neurons at 
the same pace. This result, according to Vercelli, 
corroborates research indicating that the role of 
the cerebellum is not merely to control move-
ment. It is fundamental for learning, memory, 
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the acquisition of language and the control of 
behavior and emotions. “It’s being increasingly 
clear that the cerebellum participates in pro-
cesses that we used to only associate with the 
cerebral cortex,” comments Herrup from Rutgers.

THE STRATEGIES
Since the development of this technique, Suzana 
has already applied it in the study of the encepha-
lon from 38 species of mammals. She found that 
over the last 90 million years, nature has adopted 
at least two strategies to build brains, one for ro-
dents and another for primates.

In rodents, the increase in the number of neu-
rons in the encephalon occurs logarithmically. 
Generally speaking, as the size of the species in-
creases, the encephalon becomes larger in size, 
and the absolute number of neurons increases. 
However, as the rodent increas-
es in size, it gains proportion-
ally fewer neurons. Alterna-
tively, among primates, which 
include monkeys and human 
beings, the number of neurons 
increases linearly with the ce-
rebral volume. “There was 
an abrupt transition between 
lower mammals, like rodents, 
and the higher mammals, like 
primates,” comments Vercelli. 
According to Lent, this change 
allowed the brain in primates 
to group more neurons in a 
smaller volume and accumulate 
more cells than rodent brains.

This pattern of encephalic 
development in primates led 
Suzana and Lent to question 
another idea in force for nearly 
40 years: that the human brain is exceptionally 
large. In 1973, American paleoneurologist Harry 
Jerison said that our brain was seven times larger 
than what one might expect from a 70-kilogram 
mammal. Neuroscientist Lori Marino later said 
that the brain was large, even for a primate. At 
almost 1,500 grams, the human encephalon is the 
biggest among all primates. The gorilla, which 
is the biggest primate, weighs 200 kilos and has 
a 500-gram encephalon. However, the impetus 
for this notion was the principle that body size 
is a good indicator of brain dimensions. It now 
appears that this is not the case.

Aside from body mass and the number of cells, 
it appears that the human brain does not differ 
from that of primates. “Our brain has the num-
ber of cells to be expected for a primate of this 
size,” says Suzana.

Based on the volume of the skull and on the 
assumption that the human brain does not dif-

Scientific articles 
1. LENT, R. et al. How many neurons do you have? Some 
dogmas of quantitative neuroscience under revision. 
European Journal of Neuroscience. v. 35 (1). Jan. 2012.

2. HERCULANO-HOUZEL, S.; LENT, R. Isotropic 
fractionator: a simple, rapid method for the quantification of 
total cell and neurons in the brain. Journal of 
Neuroscience. v. 25(10), p. 2.518-21. 9 Mar. 2005.

fer from that of primates, in 2011, Suzana and 
neuroscientist Jon Kaas from Vanderbilt Univer-
sity in the United States published an estimate of 
the number of brain cells in nine other hominids 
in Brain, Behavior and Evolution. As was to be 
expected, the species that is closest to humans 
(Homo sapiens) in terms of neuron numbers is 
Neanderthal man (Homo neanderthalensis), who 
lived between 30,000 and 300,000 years ago in the 
region where Europe is today. Neanderthal man 
had 85 billion neurons according to Suzana and 
Kaas’ estimate. With the help of bioanthropolo-
gist Walter Neves from USP, Lent expanded the 
projection to include other species of primates 
that belonged to the super-family of hominids and 
calculated that the Neanderthals may have had 
100 billion neurons (see infographics on page 30).

Another dogma being questioned is that the 
total number of glial cells ex-
ceeds the number of neurons 
by ten-fold. This number led 
to the idea that only 10% of 
the brain is used. “This high 
rate of glial cells was taught 
in textbooks, although exper-
iments were already indicat-
ing that the proportion was 1 
to 1,” says Helen Barbas from 
the University of Boston.

Rather than the number 
of glial cells (there are 85 bil-
lion in human beings, and 
they are concentrated more 
in the brain than in the cere-
bellum), what most surprised 
Suzana was that they under-
went practically no morpho-
logical changes during evolu-
tion. Their size is almost con-

stant among primates, while the size of neurons 
has varied by a factor of 250. “The functionality of 
glial cells must be adjusted in such a fundamental 
way that nature eliminated any change that arose,” 
she comments.

It is expected that more exciting results will 
appear as the Brazilian technique spreads. “If it’s 
widely used, it can simplify the tedious process of 
counting brain cells,” says Herrup. Perhaps more 
hours can be saved if the turbo-charged version 
of the fractionator is as efficient as expected. ■

4º DOGMA
The modules 
(cell groupings) 
of the brain 
contain the  
same number  
of neurons

The size of glial 
cells remained 
constant 
throughout 
evolution, while 
that of the 
neurons varied 
by up to 
250-fold
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The divergence among capuchin 

monkeys, as old as that between humans 

and chimpanzees, is reflected in their 

ecology and behavior
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Having remained unseen for centuries, 
the blond capuchin monkeys were 
rediscovered a few years ago
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apuchin monkeys inhabit Central 
America, the entire Amazon Region, 
the cerrado savannas, the caatinga 
scrublands and the Atlantic rainforest, 
extending all the way to Argentina. 

Within this territorial range, the monkeys vary 
greatly in their shape, color, size, food prefer-
ences and behavior. Capuchins are outstanding 
primates exhibiting complex social systems and 
a rare skill – the ability to use tools. Despite the 
large variation between species, until recent-
ly, experts classified the gracile capuchins, also 
known as caiararas, and the capuchin monkeys 
as belonging to the same genus, Cebus. Most of 
these monkeys were scientifically registered as 
Cebus apella. In the past 10 years, however, the 
classification of these primates has undergone 
a revolution based on the findings of Brazilian 
and foreign researchers. Prior to this revision, 
“Their taxonomy was still based on the work of 
naturalists” according to the Brazilian primatol-
ogist Jean-Philippe Boubli, but “the molecular 
technology era is allowing a full reorganization.” 
Boubli, a researcher at the Wildlife Conserva-
tion Society, and his American colleague Jessica 
Lynch Alfaro from the University of California, 
Los Angeles organized a symposium on these 

monkeys at a conference held in Japan in 2010. 
The meeting and the contributions of the gath-
ered researchers resulted in a special issue of the 
American Journal of Primatology, published in 
April of this year. 

While studying the behavior of these mon-
keys in Caratinga in Minas Gerais state, Jessica 
noticed differences compared to these species in 
other locations, but no evolutionary context was 
available in which to assess the origin of these 
dissimilarities. “We didn’t know how long the 
groups had been separated or anything about 
the relationship between them,” she says. Today, 
the animals she studied are classified as Sapajus 
nigritus, which is different from their prior des-
ignation in terms of both the genus and species 
names. In 2001, the initial push for change came 
from a suggestion made by José de Sousa e Silva 
Junior in his doctoral dissertation at the Federal 
University of Rio de Janeiro. He advocated two 
subgenera: Cebus for the more delicate capuchins 
ranging northwards from the Amazon region, and 
Sapajus for the robust capuchin monkeys, often 
characterized by a tuft on the head, distributed 
southwards from the Amazon. “It was courageous 
of him to propose a division,” says Boubli, “but 
now we can go beyond this.”
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It is only now, a decade later, that the sub-divi-
sion has been expanded further through the work 
of Jessica, Boubli and their colleagues, published 
in February in the Journal of Biogeography. Cebus 
and Sapajus have been proven to be sufficiently 
different to be considered distinct genera through 
extensive genetic analyses carried out primarily 
in Jessica’s laboratory as well as Izeni Farias’ 
facilities at the Federal University of Amazonas 
(Ufam). The distinction was confirmed, despite 
a similarity in size: the two types of monkeys 
both weigh just over 2 kilograms. More specifi-
cally, their study showed that the two lineages 
separated more than 6 million years ago. This 
is the same amount of time that was required 
for chimpanzees and humans to develop from 
a common ancestor. This change in the classi-
fication of these monkeys has been accepted by 
most primatologists and was published in April 
in the Lista anotada dos mamíferos do Brasil by 
Conservation International; however, opinions 
on this topic are not unanimous, as is customary 
in scientific circles. In his recently published 
comment on the American Journal of Primatol-
ogy website, Alfred Rosenberger from Brooklyn 
College in New York claimed that acceptance of 
the division within capuchin monkeys was hasty 
and somewhat unnecessary. Although he does not 
criticize its genetic foundations, he argues that 
an exaggerated division can create rare species, 
raising more funds for conservation, even if it is 
not justified from a scientific point of view. This 
argument is situated more at the philosophical 
level, rooted on the fluidity of the species con-
cept, which lacks defined boundaries. 

Jessica is convinced that her conclusions are 
correct. Using genetic sequencing and techniques 
that make it possible to estimate the ramifications 
of genealogy trees for these primates as well as 
accounting for the primates’ current distribu-
tion, her group put forth a proposal regarding 
the evolutionary trajectories of these animals. 
This hypothesis indicates that the formation of 
the Amazon River was responsible for creating a 
north-south divide and isolating the primates liv-
ing along its waters, thus creating a genealogical 
branch that gave rise to Cebus 
and Sapajus. It is unclear what 
subsequently took place during 
the following 4 million years. It 
was only approximately 2 mil-
lion years ago that the group 
that gave rise to the more ro-
bust monkeys spread through-
out the Atlantic rainforest, 
without leaving descendants 
in the Amazon. Their distribu-
tion along the entire coast of 
Brazil was rapid and coincid-
ed with species diversification. 
Approximately 700 thousand 
years ago, the expansion in the 
south reached Argentina, near 
Iguassu Falls, and turned north, 
where the cerrado savannas in 
central Brazil are found. Sub-
sequently, approximately 400 
thousand years ago, the robust capuchins re-
turned to the Amazon, where they met their more 
gracile relatives who, in turn, spread throughout 
the northern region around the Andes, reaching 
Costa Rica in Central America.

This relatively recent reinvasion of the Ama-
zon region by capuchin monkeys explains the 
low species diversity in the area as well as the 
competition between the two genera that had 

Genetic data show 
that the robust 
capuchin monkeys 
and caiarara 
monkeys are 
sufficiently different 
to be considered 
distinct species
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been separated for millions of years. “Sapajus 
are able to use a wider range of resources, such 
as breaking tougher fruit,” explains Jessica. This 
means that when they coexist with their cousins   
from the north, which is common in the western 
Amazon region for C. albifrons and S. macroceph-
alus, the density of the more delicate monkeys is 
reduced. Boubli examined the genetic diversity 
of the Cebus genus more thoroughly in an article 
published in a special issue of the American Jour-
nal of Primatology, in which he showed that these 
animals, which have not been thoroughly studied, 
harbor an enormous diversity. Izeni Farias, who 
was responsible for the genetic analyses, was not 
surprised. “The distribution is very broad. One 
would expect a broad variety”. A geneticist, she 
is head of a project within the program National 
Biodiversity Research System (Sisbiota), which 
aims to sample the genetic diversity of Amazo-
nian vertebrates.

Boubli, who is experienced in Amazon jungle 
walks, sees this genetic analysis as a starting point 
that will indicate the need for further studies, 
noting that “The interfluves of rivers such as 
the Jaú, the Purus and others separate popula-
tions that may have been isolated long enough 
to become species”. One example he observed 
regarding this phenomenon involved monkeys 

from the two sides of the Negro River, which 
have been separated for a million years accord-
ing to genetic data. “At first glance, they look the 
same. But are they different species?”

TO THE NAKED EYE
Given the three-dimensional expanse of the Ama-
zon region, merely collecting material for genetic 
analyses is difficult. Furthermore, ecological and 
behavioral studies are much more complicated, 
which is why we are almost entirely ignorant 
about the animals that live there. Most obser-
vational studies take place in easy-access areas, 
where monkeys are already acclimated to the 
presence of humans. In Brazil, this means that 
there have been many more studies performed 
on Sapajus than on Cebus. And there is much 
variation among Sapajus species.

In an article published in the American Journal 
of Primatology, a group led by Patricia Izar from 
the Institute of Psychology at the University of 
São Paulo (IP-USP) showed that this variation 
partially depends on the environment. The team 
compared S. nigritus from Carlos Botelho State 
Park in São Paulo with S. libidinosus from the Boa 
Vista farm in the municipality of Gilbués in Piauí. 
The ecological differences that were observed in 
these species are striking: the species from the 

6,2
million years 

is how long 
Cebus and 
Sapajus have 
evolved 
separately

Genetic analyses have enabled scientists to retrace the trajectory during Cebus and Sapajus evolution over the course of millions of years (left) 

and to understand how the diversity that is only now being revealed arose. On the right, the proposed distribution of the genera today, showing 

some overlap in the Amazon region. 
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region more than  
6 million years ago 
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2 The branch that gave rise 
to Cebus spread throughout 
the Amazon region and 
around the northern end 
of the Andes mountain 
range, extending to Central 
America 

3 The source of Sapajus 
was an ancestor that 
reached the Atlantic 
Rainforest, where 
diversification occurred 
before these monkeys 
re-invaded the  
Amazon region 
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Atlantic rainforest spends most of its time in the 
crowns of the trees, whereas the other species, 
from the caatinga scrublands, spends more time 
on the ground amid less dense vegetation.

Perhaps because of their naturally more open 
habitat, the northeastern monkeys were less com-
fortable with the presence of the researchers and 
often made warning cries as if faced with preda-
tors. This increased perception of risk in their 
surroundings may be the reason that the social 
groups found in this region were more cohesive 
than those in the São Paulo forest. The availabil-
ity of food, which, surprisingly, was lower in the 
woods, also affects group structure. In Carlos 
Botelho, the monkeys often disperse in search of 
a good meal. However, caatinga palm trees pro-
duce an assortment of nutrient-rich coconuts, 
which demand a certain amount of expertise on 
the part of those who seek to eat them due to the 
requirement of tool use. This behavior is com-
monly seen among Sapajus but has never been 
observed in Cebus.

As noted by Tiago Falótico from IP-USP, 
“There are very few records of tool use among 
tree monkeys”. In his doctoral work, which was 
completed in 2011 under the guidance of Eduardo 
Ottoni, Falótico showed that in addition to the 
ecological aspect, this behavior is also influenced 
by group culture. “The monkeys in the Serra da 
Capivara National Park have much more varied 
tools than those in Gilbués,” he says, referring to 
the two sites in Piauí. In Gilbués, the piassava and 
two types of coconuts (catulé and catuli) can be 
quite large and difficult to break. However, the 
bearded capuchin, Sapajus libidinosus, is not dis-
couraged from exploiting these food sources, as 
it employs stones as large as 3 kilograms (nearly 
its own weight), lifting and knocking this tool 
on a coconut supported on a flat stone. “The fe-
males sometimes even have to jump up and use 
the additional force from the descent to break 
the coconuts,” he observes.

But that’s where the creativity ends at Gilbués. 
Meanwhile, the groups in the Capivara range, 
where coconuts are not available, open cashew 

nuts with stones and use the same type of tools 
to dig in the sandy soil in search of roots and spi-
ders that live in underground nests. Furthermore, 
they are also skilled in making and using sticks to 
obtain honey from hives and ferret bumblebees 
and other insects from hollow tree trunks. Addi-
tionally, they employ long poles to drive out liz-
ards from cracks in reddish stone walls that rise 
50 meters above the ground. “The differences in 
behavior between groups of the same species in 
similar environments indicate that some tradi-
tions may be transmitted through social condi-
tioning,” explains Falótico. Another interesting 
application of tools can be observed only among 
females in the mountains of Capivara. They throw 
rocks at males to get their attention during the 
few days during which they are in heat.

The blond capuchin monkey (S. Flavius  ), which 
was studied in Rio Grande do Norte by Renata 
Ferreira and Ricardo Emidio from the Federal 
University of Rio Grande do Norte, is another 
apt user of tools. Only a few studies have been 
performed with this species, as until recently, the 
only evidence of it was found in an eighteenth 
century painting which no one knew if it actu-
ally represented an existing animal.

ALTERNATIVE SKILLS
Even though they do not use tools on a daily basis, 
the forest capuchin monkeys do exhibit manual 
skills, which was shown by the team led by pri-
matologist Júlio César Bicca-Marques from the 
Catholic University of Rio Grande do Sul (PU-
CRS) through experiments in Sapajus nigritus 
in which bananas were placed in acrylic box-
es on a platform on a private property in Porto 
Alegre. This experiment, which was devised by 
anthropologist Paul Garber from the Universi-
ty of Illinois, a co-author of the article, yielded 
similar results to those obtained by the Ameri-
can researcher in Cebus capucinus in Costa Ri-

  1. The juveniles 
learn through close 

observation
2. A male uses a 

stick to collect 
honey from the tree
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p. 299-314. Apr. 2012.

ca. In a first version of the challenge, 
the monkeys were required to pull a 
stick to knock down a banana to reach-
ing range. The two males in the group 
learned the trick easily. However, when 
the experiment was altered and the rod 
had to be pushed instead, they were not 
successful. The researcher from Rio 
Grande do Sul believes that this failure 
was not due to a lack of problem-solv-
ing abilities. “The association is very 
easy, but they seem to need more time 
to let go of the previous learning,” he 
explains. In future studies, this inves-
tigator intends to begin the tests with 
the second version of the experiment 
to prove his hypothesis.

 Another very different type of tool 
use involves the rubbing various prod-
ucts, such as fruit or insects, on its own 
fur. Until recently, this practice was 

observed more commonly among Cebus than 
Sapajus. “As this behavior is observed only spo-
radically among the Sapajus, almost no one had 
enough data to publish,” says Jessica Lynch Alfa-
ro, who aggregated the information gathered by 
various researchers in a review.

Overall, the study showed that Cebus are more 
likely than their cousins to rub almost anything 
they find on their fur, though they seem to prefer 
plant material, such as citrus fruits and leaves. This 
behavior is not as common among Sapajus, which, 
particularly in the Atlantic rainforest, restrict this 
activity to insects. The choice of rubbing material 
is influenced by whatever is available in the envi-
ronment; however, there is an essential difference 
between the two genera. “In Manu National Park 
in Peru, the Sapajus don’t smear themselves, but 
the Cebus do,” explains Jessica.

In a study conducted in Tietê Ecological Park 
in São Paulo and published in 2007, Tiago Falóti-
co and his colleague Michele Verderane showed 
that the Atlantic rainforest capuchin monkeys 
show a strong preference for ants. Especially in 
the dry season, when there are more ticks, these 
primates take handfuls of ants and rub their body 
with them thoroughly. “The ants release formic 
acid, which acts as a repellent for ticks,” says the 
researcher from USP. He and Michele have dem-
onstrated this effect by smearing the substance 
on a finger, inserting it into a bottle of ticks and 
counting the amount of time and the distance 
over which the parasites walked on the finger. 
Falótico observed the same behavior in Piauí, 
where the monkeys also rub millipedes on them-
selves, which act as a source of benzoquinone 
and a mosquito repellent.

Jessica gathered other observations that al-
lowed her to map the rubbing behavior performed 
by capuchin monkeys, showing that the proce-
dure is not limited to a cosmetic preference but 
has practical and even medical utility. Some of 
the Cebus albifrons that live in the middle of a 
village in the equatorial Amazon region exhibit 
a curious form of such behaviors, as they often 
steal laundry soap to bathe.

There are many new findings in the capuchin 
monkey kingdom, but the experts are far from 
satisfied. In Jessica’s and Boubli’s eyes, they have 
merely revealed the tip of the iceberg, which is 
an indication of how much remains to be discov-
ered. In the Amazon region, where the behavior 
and ecology of these monkeys are practically un-
known, genetic information indicates that there 
may be species that have yet to be described. “I 
hope that the new populations and species we 
discover help make decisions about conserva-
tion,” says Jessica. ■

“The behavior 
differences 
between the 
groups indicate 
that some of 
their traditions 
may be passed 
on through 
learning,” 
according to 
Falótico

 In the 
scrublands 
of Piauí, the 
monkeys use 
stones as heavy 
as themselves to 
crack nuts
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The Atlantic Rainforest in Espírito 

Santo bears remnants of the Amazon 

Region from 7.8 thousand years ago

TEXT Carlos Fioravanti 

PHOTOS Eduardo Cesar, desde Linhares (ES)

PUBLISHED IN APRIL 2012

P
arkia pendula is a characteristic tree 
of the Amazon Region forest that has 
a height of 24 meters, a red trunk of 
nearly two meters in diameter and bark 
that resembles fish scales. However, 

30 years ago, this species was discovered in an 
Atlantic Rainforest reserve in Linhares, in north-
ern Espírito Santo, approximately 2,400 kilo-
meters from the nearest Amazonian rainforest. 
The origin of this species has been unknown to 
date. However, in an exciting development, ex-
perts from São Paulo are literally unearthing the 
past: by analyzing soil and pollen from the bot-
tom sediments of a lake, it has been found that 
Amazonian species have existed in the region 
for over 7,800 years.

This study identifies species that have persisted 
or disappeared from Linhares as a result of climate 
and soil changes over thousands of years. The 
study also suggests potential interactions between 
environments that are presently distant and iso-
lated, such as the coastal forest and the Amazon 
region. The results indicate a transforming land-
scape as various forms of native vegetation in the 
country succumb or adapt to changes in climate. 
“Where there is neither human interference nor 
climate change, the dense forests tend to expand 
onto open areas occupied by fields,” says Luiz 
Carlos Pessenda, a researcher at the University of 
Sao Paulo (USP) Nuclear Energy Center for Ag-
riculture (CENA) in Piracicaba, who coordinates 
the surveys that are reconstructing the submerged 
forest of northern Espírito Santo.

The Ancient  
Amazonia in  
Espirito Santo State

Macuco 
Lagoon in the 
Sooretama 
Reserve: 
formerly a 
mangrove

_ SCIENCE  _ LANDSCAPE IN TRANSFORMATION 
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The Ancient  
Amazonia in  
Espirito Santo State

Over the past 20 years, Pessenda, a trained 
physicist, made approximately 200 holes in the 
northern, northeastern, midwestern and south-
eastern regions of Brazil to sample lake and soil 
sediments in search of pollen. He concluded that 
open areas tend to become smaller over time, con-
sistent with the trend over the last 4,000 years. 
However, four years ago, as he was making his 
way through forested areas and observed na-
tive fields for the first time, he suspected that 
perhaps Linhares was unique, noting that there 
were approximately 20 circular areas of rather 
sandy soil with undergrowth and only a few trees 
that nonetheless, had resisted the advance of the 
jungle. “There were patches of Amazon rainforest 
here 8,000 years ago, either because the climate 
had not changed much over time or the Amazon 
rainforest had extended this far.”

Based on the data obtained thus far, Pessenda 
and his CENA team concluded that the climate 
of northern Espírito Santo must have been rela-
tively stable over the past 15,000 years. Thus, the 
area, composition and structure of rainforests 
must have changed little over time, whereas the 
forests were reduced or disappeared in response 
to strong climate change in the other regions of 
the country. This difference suggests that the 
rainforests in Espírito Santo may have acted as 
biological shelters, preserving plant and animal 
species that may have become extinct elsewhere 
or even promoting the formation of new spe-
cies by isolating populations from one another. 
Another site where Pessenda conducted field 

_ SCIENCE  _ LANDSCAPE IN TRANSFORMATION 

surveys, the Fernando de Noronha Archipelago, 
may have also experienced no major changes in 
vegetation but exhibits clear signs of coastline 
advancement. “Approximately 5,000 years ago,” 
Pessenda says, “there used to be a beach where 
there is now mangrove, which is approximately 
200 meters from the present beach.”

If other studies confirm that these areas have 
acted as biological shelters for thousands of 
years, it would increase the recognized biologi-
cal value of these woods, called Bahian Hiléia 
due to their similarity to Amazon forests, which 
half a century ago extended continuously into 
the south of Bahia State. The forests have shrunk 
significantly due to the expansion of cities and 
economic development: Linhares used to be a 
thriving furniture production center, procuring 
wood from the native forests. The rainforest 
in Linhares retains an area of   45,000 hectares, 
half of which is preserved as a federal public 
area (the Sooretama Biological Reserve); the 
other half is preserved by the mining company 
Vale and is surrounded by coffee and papaya 
plantations.

“Biodiversity saved the forest in this region,” 
says Gilberto Terra Ribeiro Alves, forest engineer 
and research coordinator at the Vale Natural 
Reserve (RNV). The mining company began to 
form the reserve in 1955 by acquiring farms with 
native forests. According to the initial plan, trees 
were to be cut as part of selective exploration, and 
the wood was to be used to build railway sleep-
ers for the Vitória-Minas railroad, which carries 
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iron ore from the Iron Quadrangle to the port 
in Victoria. However, these efforts would have 
required adapting the production methods and 
cutting machines for each species of tree that 
was harvested from the forest. Ultimately, it was 
easier and cheaper to use local eucalyptus trees 
to build the sleepers. 

The Vale reservation was given another destiny 
and became a preservation area of this unique At-
lantic Rainforest region, a tableland forest. The 
reservation currently involves approximately 100 
projects, many regarding the silviculture of non-
traditional species and forest restoration. The 
reserve is also a site of botanical and ecological 
research, and, according to Alves, is now home 
to approximately 60 ongoing research projects 
conducted by teams from 17 national and 8 for-
eign institutions. The reserve also hosts a her-
barium of nearly 4,000 species and collections 
of seeds, wood and fruit that have facilitated the 
identification of forest species.

Siqueira, the curator of the herbarium, was 
born in Linares but had never been in a forest 
until he began to work at the reserve in 1995 and 
describes how he was initially frightened to walk 
there. “When I would enter the rainforest, the 
hair on my arms would raise and my heart would 
begin to race,” he recalls. “Gradually, I saw that 
the forest was not as scary as it looked.” Since 
then, he has collected 800 plants from the for-
est to enhance the herbarium’s collection, and he 
assists in species identification alongside bota-
nists  such as José Rubens Pirani from USP. After 
Siqueira had sent him material for identification, 

Pirani visited the reserve in February 2011 to 
observe in person Spiranthera atlantica, a new 
species representing the first tree type previ-
ously known only from the Amazon rainforest 
and Cerrado savanna.

A preliminary survey indicated that approxi-
mately 800 species of trees and palm trees – with 
the most abundant species being typical of At-
lantic Rainforest – are found within the Vale re-
serve, including some species exclusive to these 
forests, such as two species of trumpet trees. In 
a recently completed field count, a team from 
the Federal University of Viçosa (UFV) in Minas 
Gerais identified 142 species of trees that also oc-
cur in the Amazon, some of which are also found 
in the Caatinga and Cerrado. “The species from 
other ecosystems are not the most important in 
terms of their individual numbers, but they show 
great diversity,” says forest engineer Sebastian 
Venancio Martins, a UFV professor and coordi-
nator of field studies in the forests of Linhares. 
In addition, such species as Parkia help form the 
canopy, the highest part of the forest. Martin’s 
doctoral student, Luiz Fernando Magnago, found 
that the highest concentrations of Amazonian 
species are found in the best preserved stretches 
of forest, far from the edges of the reserve. For 
Martins, this finding reinforces the need to pre-
serve large areas of native forests in this region 
of Espírito Santo.

Buso, Alves and 
Siqueira in front 
of a massive 
Parkia pendula, 
enlarged on the 
side

Tree pollen removed 
from the sediment at 
the bottom of a lagoon 
in Linhares: Rinorea 
(left), Glycydendron 
(below, left), Apeiba-
Hydrogaster and 
Simarouba
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The question that comes to mind when see-
ing these rainforests is: why are these Amazo-
nian tree species here? “There may have been 
a connection between the Amazon Region and 
the Atlantic Rainforest, perhaps through the 
stretches along the rivers,” says biologist Anto-
nio Alvaro Buso Junior, who works with Pessen-
da at CENA. “When? Perhaps 10 or 20 million 
years ago. Or as recently as 50 or 100 years ago. 
The connection may have been made   through 
the riparian forests and removed through de-
forestation.” 

Pirani agrees: “Several paleobotanical studies 
have shown that at a time when the climate was 
more humid and hotter, there were stretches of 
the rainforest and patches of rainforest where 
we find Caatinga scrublands and Cerrado sa-
vannas today.” In addition to the probable, re-
mote links between vegetation types that are 
very different today but previously formed a 
continuous green carpet, this forest has a sandy 
soil, flat terrain and climate marked by con-
stant rainfall, similar to that of the Amazon. 
For Martins, these similarities help explain the 
survival of species that occur in forests in the 
north of the country.

FROM THE BOTTOM OF A LAGOON
Using inflatable boats, Álvaro and Paulo Edu-
ardo de Oliveira, University of San Francisco re-
searcher with experience in this area, collected 
sediment samples as far as two feet deep into 
the bottom sediments of the Macuco Lagoon, 
which extends approximately a mile wide and 
three meters deep in the Sooretama Reserve. At 
CENA, Álvaro identified the pollen of 234 gen-
era or families of trees, shrubs, herbs, ferns and 
aquatic plants (each pollen grain is between 20 
to 60 micrometers). «The identification of pollen 
reliably allows taxonomic identification only to 
the genus level,» he argues.

Most of the genera identified represented tree 
species characteristic of the Atlantic Rainforest, 
some of which, such as Hydrogaster, are found 
only in the tableland forests of southern Bahia 
and northern Espírito Santo. Other genera are 
also found in the Amazon Region and Atlantic 
Rainforest, such as Glycydendron, Rinorea and 
Senefeldera. “Why do you think they migrated 
from there to here?” asks Dominic Folli, a botanist 
who preceded Siqueira at the herbarium. “They 
could just as well have gone from here to there.” 
Indeed, two-way exchange may have occurred.

Seeds may have been transported by wind, 
rain, rivers or animals that ranged between areas 
of original, perhaps connected, much-broader 
forests. Jaguars and other rare species, such as 
harpy eagles and curassows, still live in this area. 
The Screaming Piha (Lipaugus vociferans), one 

of 380 identified bird species in these forests, is 
typical of the Amazon. In both forests, this bird is 
easily overlooked because of its plumage, which 
blends in with the vegetation, but it is one of the 
first birds to sing after detecting the presence 
of people. While walking through the rainfor-
est one day, Alvaro heard something even more 
exceptional: parrots singing Ilariê-ê-ê-ê, Xuxa’s 
song! He could not believe his ears, but he then 
learned that a flock of domestic parrots had been 
released into the forest a few days earlier, and 
they were still putting on a show with their rep-
ertoire obtained in captivity.

One day, a surprise amid 
the forest: a parrot singing 
Xuxa’s song
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REMNANTS OF THE SEA
In the samples collected from the bottom of the 
lagoon, Álvaro found pollen from three genera 
of trees typical of mangroves, indicating that 
approximately 8,000 years earlier, a dense man-
grove forest must have occupied the banks of the 
lagoon and adjoining rivers. Under the watchful 
eye of Pessenda, carbon-14 analysis confirmed 
this interpretation. 

“This area used to be an estuary, and the sea-
water probably reached this spot 8,000 years 
ago or more,” says Álvaro near the top of the 
lagoon bank, at a height of almost 30 meters. 
Calcified skeletons of algae and marine sponges 
from the bottom of the lagoon, much larger than 
pollen grains (up to half a millimeter in diam-
eter), confirm that 10,000 years ago, the water 
from the nearby rivers mixed with seawater that 
is presently 23 kilometers away. «The mangroves, 
which today can only be found in the north, on 
the border with Bahia, must have disappeared 
before human occupation when the sea level 
dropped,» says Pessenda. In cooperation with 
Marcelo Cohen of the Federal University of Pará, 
an expert on the evolution of paleomangroves, 
the CENA group aims to discover the geographi-
cal limits and the possible causes of the loss of 
this vegetation. In a previous study, Pessenda 

observed that the coastline of Cardoso Island, 
off the southern coast of São Paulo, is 100 kilo-
meters from where it was approximately 40,000 
years ago. He concluded that a forest occupied 
an area on the island that is currently covered 
by mangroves.

Approximately 6,000 years ago, the sea level 
along the coast of Espírito Santo should have 
been approximately 4 meters higher than where 
it is now, according to geologist Paul Giannini 
and his team from the USP Biosciences Insti-
tute. This conclusion is based on the analysis of 
fossil gastropod mollusks known as vermetids 
(Petaloconchus varians), which form colonies 
on rocks along the water line.

Giannini also works in Linhares: “Approxi-
mately two years ago, Pessenda asked me: ‘Paul, 
discover why grasslands are there.’ The vegeta-
tion is not only a result of the climate. We also 
have to consider the influence of the sediment 
– whether, for example, thousands of years 
ago, there were lagoons in the region, which 
later silted up, forming areas in which spe-
cific groups of plants grow.” The forest fields 
in northern Espírito Santo are circular, 100 
to 500 meters in diameter, and resemble the 
landing spot of a spacecraft. They also exhibit 
differences: in one field, the sand layer extends 
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The yoyo motion of fields and forests

São Paulo and Minas 
Gerais
Collection points: 27
Distance: 650 km

North of Espírito Santo
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for nearly one meter deep before reaching a 
compact black layer of soil rich in metal and 
organic material; in another, the sand layer is 
nearly two meters deep.

Different species of grass grow in this nu-
trient-poor soil, spreading over fields, taller in 
some than in others and sometimes in fields 
with single trees, reminiscent of the open types 
of the Cerrado. In one field, a white-flowered 
orchid, Sobralia liliastrum, grows on an iso-
lated tree; this orchid is common in Chapada 
Diamantina forests in the south of Bahia and 
has already been found in the Serra dos Carajás 
rainforests in Pará.

Experts believe that the forest trees surround-
ing the fields are adapted to a more fertile soil 
and would struggle in nutrient-poor fields, 
which, moreover, are submerged under 10 to 
15 centimeters of water during the rainy season. 
Vegetation of intermediate height occupies the 
areas closest to the forest, but it is still unclear 
whether the fields are expanding into the woods, 
retreating or both, in a seasonal oscillation. “If 
the seasonal climate continues,” says Pessenda, 
“it is likely that the firm-soil trees that are in the 
vicinity of the fields will not colonize the other 
area, which is often covered by water. It is not 
their environment!”

Fields 
surrounded 
by forest and 
a block of 
compact layer 
in the sand: 
resistance

Siqueira suspects that the fields are shrinking 
and has already seen many disappear. The sand is 
easily removed and has been widely used in the 
construction of homes and buildings for many 
years. “If there are no major interventions,” says 
Martins, from Viçosa University, “the fields will 
tend to remain because the soil type blocks the 
advance of forest species.” Pessenda believes that 
the fields have occupied the same areas “for at 
least 15,000 years.”

In 20 years of fieldwork, Pessenda has often 
witnessed forests invading fields. He observed 
this process over five years Humaitá, in the south 
of the state of Amazonas. In the early years, Pes-
senda left a string marking the border between 
the forest and the fields. Upon his return the 
following year, it was difficult to find the string, 
which had been swallowed by the forest during 
its encroachment (by one or two meters) into 
the field (see map).

Pessenda tells us that he had to have shoulder 
surgery because of the effort required to make 
the holes (today, the students help, of course), 
but he does not consider quitting. “We are go-
ing to the south of Bahia to look for signs of 
mangrove forests, fields and old rainforests,” he 
announces, while planning the next trips and 
the expansion of the laboratory from 240 to 400 
square meters (it occupied 90 square meters in 
1990). This field of study is also proving very 

fertile, as teams from Rio de Janeiro, 
Rio Grande do Sul and elsewhere 
are reconstructing the landscape of 
thousands of years ago based on the 
analyses of soil and pollen and won-
dering how the current landscape 
will change in the future.

Another indication of the favor-
able situation for this field of research 
is the fact that the German oceano-
graphic ship Maria Merian left the 
port of Recife on February 11 to col-
lect sediments from the mouth of the 
Parnaíba and Amazon Rivers and off 
the coast of French Guiana. In addi-
tion, researchers aim to reconstruct 
the change in climate in the Amazon 
over the last 2,000 years. “Right now 
[early March], we are at the mouth 
of the Amazon and have already col-
lected sediment of excellent quality 

and samples of the water column, and we were 
able to map the underwater delta of the Ama-
zon River with an amazing spatial resolution,” 
reports Cristiano Chiessi from the ship. Chiessi 
is a geologist from USP and one of the Brazil-
ian researchers onboard. “Our final destination 
is Bridgetown in Barbados where we expect to 
arrive on March 11.” ■

 
When left 
without 
intervention, 
forests advance 
into fields 
throughout 
Brazil
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The collapse of stellar winds 

extends the cyclical blackout 

of the Eta Carinae star 

The Eta Carinae star 
(dotted square) lies 
7,500 light-years 
from Earth in the 
Carina Nebula 
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More 
than 
an 
eclipse

_ ASTRONOMY
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T
he brutal nature of the loss of bright-
ness that affects the enigmatic giant 
star Eta Carinae from time to time 
may finally have been explained by an 
international team of astrophysicists 

led by Brazilians. Every five and a half years, Eta 
Carinae stops shining for approximately 90 con-
secutive days in certain bands, particularly the 
X-ray band, of the electromagnetic spectrum. 
The researcher Augusto Damineli and the post-
PhD researcher Mairan Teodoro, both from the 
University of São Paulo (USP), analyzed the data 
recorded by five land-based telescopes in South 
America during the star’s latest blackout, from 
January to March 2009, and collected evidence 
that this literally obscure event conceals two dif-
ferent but interwoven phenomena rather than 
just one, as most astrophysicists had believed up 
until now. 

First, there is a sort of eclipse of the X-ray emis-
sions of this binary system comprising two very 
large stars: Eta Carinae A, the main and largest 
star, with approximately 90 times the mass of the 
Sun, and Eta Carinae B, a star two-thirds smaller 
and ten times less brilliant than Eta Carinae A. The 
blocking of the emissions is caused by the passage 
of the larger star in front of the field of vision of ob-
servers on Earth. This phenomenon is fairly well-
known and studied, and it lasts no longer than one 
month. However, how can one explain the other 60 
blackout days? The answer, according to Damineli 
and Teodoro, concerns a second mechanism that 
extends the loss of the X-ray brightness of the Eta 
Carinae system. 

As soon as the eclipse ends, the two stars are on 
their way to their periastron, the point when they 
come closest to each other (a distance of 230 mil-
lion kilometers). The stellar winds of Eta Carinae 
A, consisting of a jet of particles that permanently 
escape from its surface, begin dominating the binary 
system, confining the stellar winds of the smaller 
star  and pushing them back onto the surface of 
Eta Carinae B. What happens is something that 
astrophysicists call a collapse of the collision zone 
of the winds of the two stars, which, until then, 
were in a balanced state. 

In terms of the emission of light, the collapse 
of the winds (a theoretical proposition never ac-
tually observed until now) has two consequenc-
es: extending the duration, sometimes for more 
than two months, of the lower level of brightness 
in the X-ray band and giving rise to ultraviolet 
emissions, which is the primary novel finding 
of this work. In other words, in the midst of the 
X-ray blackout, there is a flash of hitherto unre-
ported ultraviolet light. “The two phenomena 
are entangled and give rise to a complex situa-
tion,” explains Damineli, who has been studying 
Eta Carinae for more than two decades. “If they 
were to occur separately, it would be easier to 
see them.” 

The new work of the Brazilians provides a 
more detailed explanation of the dynamics of the 
mechanisms that underlie the cyclical, tempo-
rary reduction in brightness of Eta Carinae, the 
most heavily studied Milky Way star after the Sun 
and one of the largest and most luminous stars 
known. The first month of the habitual 90-day 
X-ray blackout can be attributed to the eclipse, 
and the following two months can be attributed 
to the stellar wind collapse mechanism. However, 
although the evidence points to this, explaining 
the blackout is not quite so simple. 

Although the blackout has a starting date, it 
does not seem to have a particular end date. For 
example, the last blackout began on January 11, 
2009, as expected, but only lasted for 60 days, 
one month less than expected. “Two blackouts 
are not necessarily alike,” states Teodoro. “The 
eclipse seems to last for approximately 30 days, 
but the stellar wind collapse process seems to 
last for a variable amount of time.” It seems that 
the stellar wind collapse process can last from 
30 to 60 days. 

This complex set of circumstances was de-
scribed in detail in an article accepted for publi-
cation by the Astrophysical Journal (ApJ). Aside 
from Damineli and Teodoro, who are the study’s 
main authors, there are 24 other researchers from 
Brazil, South America, Europe, the United States 
and Australia who were part of the study. Data 
from the Soar astrophysics research observatory 
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in Cerro Pachon in the Chilean Andes (which is 
an initiative in which Brazil has a stake and which 
contains one of the most powerful telescopes 
employed in this study) were fundamental for 
obtaining clues of the phenomena involved in the 
Eta Carinae blackouts. Damineli is the coordina-
tor of a thematic FAPESP project involving the 
installation of a high-resolution spectrograph, 
Steles, in Soar. 

DYING, EXPLOSIVE AND MARRIED
Eta Carinae, one of the Milky Way’s most fasci-
nating celestial bodies, lies 7,500 light-years from 
Earth in the southern constellation of Carina, 
to the right of the Southern Cross. According to 
the classification by astrophysicists, it is ranked 
as a supergiant star of an extremely rare class of 
blue luminous variable stars, which currently has 
only a few tens of members but which must have 
been common in the early days of the Universe. 
It is a colossal and distant object that cannot be 
seen with the naked eye, although a trained ob-
server equipped with good binoculars can find 
it on winter or autumn nights. The diameter of 
the system’s main star is equal to the distance 
between the Earth and the Sun. Its brightness 
is even more impressive and is approximately 5 
million times greater than that of the Sun. When 
it goes through its cyclical blackout every five and 
a half years, Eta Carinae stops emitting energy 
equivalent to 20 thousand Suns in the X-ray, ul-
traviolet and radio spectra. 

Eta Carinae has other uncommon features 
that make it even more unique. At only 2.5 mil-
lion years old, or approximately 1,800 times 
younger than our Sun, it is already a dying and 
potentially explosive celestial body. It should 
literally blow up, turning into a hypernova, at 
any time between now and a few thousand 
years in the future. “Its death should produce 
an explosion of gamma rays, the most ener-
gy-rich type of event in the Universe,” states 
Damineli. A mere 170 years ago, the megastar 
apparently entered a terminal and turbulent 
stage at the peak of its decadence. Since 1840, it 
has been undergoing major eruptions in which 
it loses matter in amounts of the order of tens 
of solar masses, while its brightness temporar-
ily increases. In 1843, Eta Carinae became vis-
ible to the naked eye during the day for months 
and was almost as bright as Sirius, which is the 
brightest star in the night sky and is at most 30 
light-years from Earth. 

At that time, as a result of the eruption, the 
megastar acquired a trait that further com-
plicates its observation. The star became sur-
rounded by a dense cloud of gas and dust, 
which was named Homunculus, in the shape 
of two lobules. “Eta Carinae is a particularly 

difficult object to study,” comments astrophysi-
cist Ross Parkin, who is from the Australian 
National University and is a specialist in the 
creation of computer models that attempt to 
reproduce the interaction of the stellar winds 
of binary systems. He is also a coauthor of the 
article  published in ApJ (one of his simula-
tions was employed in the work of the Brazil-
ians). “It’s complicated to see it, because it is 
immersed in this massive envelope of dust.” 

Damineli’s name is tied to the story of this 
mysterious celestial object. Going against the 
opinion of many people, he was the first to ad-
vocate almost 20 years ago that Eta Carinae was 
a two-star system rather than a single star and 
that this duo underwent occasional blackouts. 
“Eta Carinae was not only fat, it was also mar-
ried,” says the professor from IAG, USP’s Insti-
tute of Astronomy, Geophysics and Atmospheric 
Science, who has a talent for coining statements 
that are as funny as they are informative. “I fully 
credit these discoveries to Damineli, who was 
the first person to realize this,” says the veteran 
researcher Theodore Gull from NASA’s Goddard 
Space Flight Center. 

The unexpected ultraviolet brightness in the 
midst of the blackout of X-rays in 2009 was in-
directly identified by the Brazilians by means of 
the recording of a weak emission on a spectral 
line of ionized helium gas, Hell4686 A. 
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Positive values on this line are a form of a 
spectral signature indicating that there is a 
source of ultraviolet rays in the observed lo-
cation. “The sign of ionized helium that we 
saw during the 2009 blackout is only 20% 
greater than the limit of what telescopes can 
measure,” says Damineli, “but it is equivalent 
to the brightness of ten thousand suns in the 
ultraviolet extreme.” Capturing the signal was 
also made easier by the Eta Carinae “siege” that 
Teodoro coordinated two years ago, when five 
telescopes observed the star at different points 
in time. All of these data explain this explains why 
the scientific community, which also moni-
tored the three preceding blackouts (in 1992, 
1997 and 2003), did not report emissions in 
this spectral line. 

The best explanation as to why there is an ul-
traviolet burst during X-ray blackouts is that 
there is a decrease in the stellar winds of Eta 
Carinae that fall back onto its smaller sister. “I 
think that there is very good evidence to indi-
cate that this occurs for a short time during the 
periastron,” states the American astrophysicist 
Michael Corcoran, one of the co-authors of the 
work, from the Goddard Space Flight Center. His 
colleague, Nathan Smith, from the University of 
Arizona and another researcher who studies this 
star, has a similar opinion. “The authors of the 
study did very careful work and measured the line 

of emission of ionized helium consistently,” says 
Smith, who was not involved in the ApJ article. 
“Their analysis really does seem to support the 
conclusion that the zone of the collision of the 
winds falls temporarily onto the secondary star.” 

Understanding the interactions between the 
stellar winds of the two Eta Carinae stars seems 
to be essential to unravel the phenomenon in-
volved in the blackout. It is an uneven tug-of-
war between two rather different contenders. 
Also emitted from the Sun, the stellar wind is a 
mechanism whereby mass is lost through a jet of 
particles that generally have an electrical charge, 
such as the protons and electrons released by an 
ionized gas. Through this mechanism, the larg-
er Eta Carinae star releases in just one day an 
amount of mass equivalent to that of Earth. Its 
wind is quite dense and travels at 600 kilometers 
a second in space. “It is five times slower than 
the wind of the secondary star, which is more 
rarified,” explains Teodoro.

Most of the time, the winds of the two Eta 
Carinae stars are balanced. They meet at a point 
between the two stars, and this collision pro-
duces shock waves that result in the emission 
of X-rays. These are the emissions that cannot 
be detected from Earth during the blackouts. 
When the two stars get too close to each other, 
the power play between them clearly favors the 
larger star. The wind of Eta Carinae A, which 
behaves like a wall against the particle jet of the 
smaller star, causes the wind of Eta Carinae B 
to be reflected back to the smaller star. This is 
the so-called collapse of the stellar wind col-
lision region, the phenomenon that leads to a 
fleeting emission of ultraviolet radiation in the 
midst of an X-ray blackout. 

According to data from the German astro-
physicist Andrea Mehner, from ESO (European 
Southern Observatory) in Chile, the star’s wind 
has become more rarified in the last 10 years, and 
its density has decreased by one-third. However, 
Damineli’s observations do not corroborate this 
interpretation. According to him, the density of 
the wind of the main Eta Carinae star has not 
fluctuated much in the last decade. A good op-
portunity to gather further information regarding 
this polemic issue will occur during the upcom-
ing blackout of the star, which should begin in 
July 2014, when many telescopes will turn their 
mirrors toward this giant celestial body. ■

The orbit of the star duo
Eta Carinae is a 
two-star system 
within a gas and 
dust cloud (left). The 
stellar wind collision 
zone produces X-ray 
emissions (fig. 1). 
Every 5.5 years, when 
the stars reach the 
closest point of their 
orbits (periastron), 
the emissions cease 
to be visible (fig. 2). 
The larger star passes 

The dynamics of the blackout 
in front of the field of 
vision of observers 
on Earth, causing 
an eclipse. The 
proximity of the two 
stars causes the 
wind of Eta Carinae 
A to engulf and push 
back the wind of the 
smaller star (fig. 3). 
This phenomenon 
prolongs the X-ray 
blackout and causes 
ultraviolet emission. 
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The largest star, Eta Carinae A, has 
a mass equal to that of ninety Suns, 
whereas the mass of the smallest star, 
Eta Carinae B, equals thirty Suns. 
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The movement of Gondwana nearly resulted in Brazil’s 

northeastern region becoming a part of Africa

Salvador Nogueira
PUBLISHED IN FEBRUARY 2012

_ CONTINENTAL DRIFT  

The first fracture

A 
significant part of what is now Brazil’s 
northeastern region nearly became 
part of Africa during the movement 
of the great rock masses that make 
up the continents, the so-called con-

tinental drift. The hypothesis that Brazil’s north-
east could have split off first arose in the 1960s 
and has recently gained support as a result of evi-
dence obtained by researchers from the Federal 
University of Rio Grande do Norte (UFRN) and 
from the University of Brasília (UnB).

According to this scenario, which went as far as 
being geologically initiated but was interrupted 
for reasons not yet completely understood, South 
America would have had a much smaller land 
mass, whereas Africa would have been more trian-
gle-shaped, rather than having its current upside-
down “L” shape. “Salvador’s Carnival would have 
to be celebrated on the other side of the ocean,” 
explains David Lopes de Castro, a geophysicist at 
UFRN and one of the study’s four authors.

This paper, published in the Journal of Geo-
dynamics, outlines the evolution of the so-called 
Potiguar Basin, a formation on the coast of the 
States of Ceará and Rio Grande do Norte that 
was the last part of South America to break off 
from Africa.

As is well known, the continents are engaged in 
a constant dance over the course of the geologi-
cal timescale, one minute moving closer together 
and the next moving away from each other, due 
the dynamics of the tectonic plates. These rigid 
plates, which are up to 100 kilometers thick, slow-
ly slide, carrying with them whatever is above 
them, as if they were huge ferries navigating over 
the Earth’s paste-like interior.

Approximately half a billion years ago, Africa, 
South America, Australia, the Arabian Peninsula, 
India and the Antarctic were all joined together in 
a super-continent that geologists call Gondwana. 

“In what is now the northwestern region of Af-
rica and the northeastern region of Brazil, there 
was a mountain range not very different to the 
Andes,” explains Francisco Hilário Bezerra, an-
other of the study’s authors and also from UFRN.

The region was unstable, which is to be ex-
pected from a piece of land that was on the verge 
of splitting in two. The final separation between 
South America and Africa occurred approximate-
ly 100 million years ago. The split gave rise to the 
Potiguar Basin on the South American side and 
to the Benue Basin on the African side. Between 
the two arose the Atlantic Ocean.

DECODING THE DIVISION
What the Brazilian researchers proposed was to 
search for the pieces of the jigsaw puzzle on the 
two sides of the ocean, mainly to describe the 
geological characteristics on each side.

The researchers worked with gravimetric and 
magnetometric data. Despite their complicated 
names, these measurement techniques are based 
on simple concepts. The first relates to the varia-
tions in the Earth’s gravitational field, and the 
second relates to its magnetic field.

It may seem strange, but the Earth’s mass – 
which is responsible for its gravitational field 
– is not equally distributed around the globe. 
Because of this irregularity, there are regional 
fluctuations in the gravitational field. By analyz-
ing these fluctuations, geophysicists are able to 
calculate what lies beneath the soil.
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N The same is true of the magnetic field. The 

strength of the magnetic field depends on the 
composition of the underground rocks. “It de-
pends on the intensity of magnetization of each 
rock,” explains David Castro.

“The sedimentary rocks that make up the Po-
tiguar Basin have a low-intensity magnetic field, 
and this creates the contrast with the foundation 
rocks,” he says.

Most of the raw data were not collected by the 
scientists themselves. On the Brazilian side, much 
of the information came from previous surveys 
performed by Petrobras. These data were passed 
on to the researchers by the National Petroleum 
Agency (ANP). On the African side, the informa-
tion came from freely accessible international 
databases. The group did have to collect some 
gravimetric data. The effort entailed transport-
ing a gravimeter (a device just slightly larger than 
a conventional computer) along the freeways 
of the states of Rio Grande do Norte and Ceará, 
taking measurements at numerous points along 
the way. “We would put it on the ground, take 
our measurement and then resume our journey,” 
explains Castro.

Much of the data provided by the ANP were 
collected by means of aerial surveys during flights 
over the areas in question. These measurements 
help scientists estimate the region’s magnetic 

The red line marks 
the area where 
the start of the 
separation between 
Africa and South 
America probably 
began and that 
generated the 
fractures, on top 
of which lie the 
Potiguar, Jatobá 
and Tucano-
Recôncavo basins 
in the Brazilian 
Northeast. (above)

Jatobá 
Basin
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Tucano-
Recôncavo Basin
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field. However, the researchers opted not to use 
gravimetric data collected by satellites in the 
continental regions. Although such data offer 
much broader coverage of the entire globe, their 
resolution is not sufficient to provide the level of 
precision that the researchers needed to produce 
a detailed breakdown of the Potiguar Basin and 
its adjacent areas.

The researchers took one measurement per 
kilometer on average (some of the data obtained 
from the ANP had an even closer spacing of 500 
meters). Putting all this information together, 
they were able to estimate the configuration of 
that area’s subsoil. Using gravimetry, it was pos-
sible to identify the characteristics of rocks to a 
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depth of up to 50 kilometers. In the case 
of magnetometry, the range is smaller, but 
still impressive: roughly 20 kilometers.

The data from the two techniques 
were then combined to produce a sur-
vey of the region – sometimes going as 
far as to map the rock up to the inter-
face between the Earth’s crust and the 
layer immediately below, the mantle. 
As a result, the researchers were able to 
identify the precise alignment of the Po-
tiguar Basin with two other basins that 
are adjacent and further to the south: the 
Jatobá Basin and the Tucano-Recôncavo 
Basin. Together, the borders of these 
basins draw a line that runs from north 
to south and stretches from the bound-
ary between the states of Ceará and Rio 
Grande do Norte to the northeast of the 
State of Bahia.

DEEP FRACTURE
Based on a precise analysis of the Po-
tiguar data, the researchers were able 
to identify the alignment of a very deep 
fracture that is believed to be the clear-
est indication that Gondwana originally 
began to break apart in that region rather 
than further east, as it did millions of 
years later.

The question that remains unan-
swered, in light of this surprising evi-
dence of a near continental split, is: why 
did the break fail to materialize? Nobody 
has a definite answer, but the speculation 
is that this region may be more resistant 
to ruptures than the region where the 
split actually occurred, hundreds of ki-
lometers to the east. A number of geolo-

When two continents separate, the di-
vision is not very different from the divi-
sions created by humankind with their 
frontiers. Just as the Berlin Wall divided 
families and even houses in the German 
capital after World War II, the separation 
between South America and Africa di-
vided sister regions, created by geological 
formations that began on one side of the 
Atlantic Ocean and ended on the other.

Thus, it came as no surprise that the 
new mapping revealed geological fault 

lines with a linear conti-
nuity from America to Af-
rica. What is intriguing 
is that, after 130 million 
years, things have hard-
ly changed, although an 
ocean has appeared be-
tween the two continents.

The Potiguar Basin is of 
special interest, not merely 
out of scientific curiosity, 
but for its economic po-
tential because it contains 

considerable oil reserves, hence the col-
lection of abundant data by Petrobras. 
“The basin is what is conventionally 
called a mature petroleum field, and the 
major petroleum reserves have already 
been discovered,” says Castro.

According to Castro, the results of this 
study could help in future prospecting, 
not just in South America but also in Af-
rica. “Based on the results, one might 
look for the same geological situations in 
Africa. They say that they also have pre-
salt reserves there, like we have here.”

One contribution of the study results 
is that they foster basic research. In oth-
er words, everything starts with scientif-
ic exploration, which leads to economic 
exploitation, which now, thanks to the 
data collected, leads back to science. And 
so the cycle continues.

“What we are looking for are the small 
details, to try to understand the region’s 
evolutionary history,” he explains. “Over-
all, it’s also important to continue to look 
for more oil, as this leads to a better un-
derstanding of the mechanisms that gen-
erate it and cause it to accumulate.” ■
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gists have suggested that the tension that 
began further inland in the South Ameri-
can continent may have been transferred 
to other fault lines, causing the split to 
occur somewhere else. To date, however, 
there is no conclusive evidence explain-
ing why the rupture along the border 
of the Potiguar Basin was interrupted. 
This lack of evidence is a good reason 
to continue the research.

The work of the Brazilian group, 
which included the geologist Reinhardt 

Fuck, from UnB, went into greater depth 
with a line of research that was first ex-
plored in the mid-1990s by the research-
er Roland Raymond Trompette, who was 
then a professor at the University of São 
Paulo and who now works at the French 
National Center for Scientific Research. 
The Brazilian study validated the results 
obtained by the French researcher and 
furnished more details about the region’s 
geology, in addition to showing how the 
pieces of the jigsaw puzzle, which end-
ed up on different sides of the Atlantic 
Ocean, fit together.

A deep fracture suggests 
that Gondwana began to 
separate farther west

Geological scar 
The depth of the sedimentary basin under the States of Rio Grande 
do Norte and Ceará varies from 22 to 31 kilometers

Latitude

Depth (km)

Longitude

Depth (km)

14,3

22,3

26,3

27,8

28,4

31,0

ATLANTIC 
OCEAN

POTIGUAR 
BASIN

Scientific article
CASTRO, D.L. et al. Influence of Neoproterozoic 
tectonic fabric on the origin of the Potiguar Basin, 
northeastern Brazil and its links with West Africa 
based on gravity and magnetic data. Journal of 
Geodynamics. v. 54, p. 29-42. Mar. 2012.
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Natura works with universities 

and research institutes to 

incorporate cutting-edge research 

within product development

C
osmetics manufacturer Natura has 
nearly doubled in size in less than 
five years. Between 2007 and 2011, 
its net income leaped from R$3 bil-
lion to R$5.5 billion, product orders 

went from 9 million to 17 million per year; and 
the share of international operations jumped 
from 4.4% to 9%. Although the 2011 results were 
below expectations, the company ended the year 
with 9% growth and a record high net income of 
R$ 830.9 million. The successful development of 
a company founded in 1969 with a modest labo-
ratory and a small shop is the outcome of inno-
vative product development and environmental 
impact strategies, a strong business model and 
adjustment at critical moments.

Based in Cajamar within the Metropolitan Re-
gion of São Paulo, Natura follows a research and 
development model that prioritizes cooperation 

Skin-
deep 
science

Dinorah Ereno
PUBLISHED IN MAY 2012

TECHNOLOGY _ CORPORATE RESEARCH
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Researchers 
from various 

fields contribute 
to projects with 
different points 

of view 

ago, has an MBA in innovation and biotechnology 
management from the Massachusetts Institute 
of Technology (MIT) and lived for eight years in 
the United States, where he worked in food and 
innovation management. After six years with 
Natura, two in his current function, Fernandes 
says that the most common scenario within cor-
porate R&D is grouping specialists without con-
sideration for other fields. «Science is relevant 
to value creation, but the connection between 
various fields is Natura’s competitive advantage.»

For example, biologist Ana Paula Azambuja, 
Natura’s research coordinator for classical and 
advanced skin and hair sciences, dedicated her 
studies to understanding the cell biology of em-
bryonic hearts. She now leads a project mapping 
the skin characteristics of the Brazilian people, 
a seemingly discontinuous research path. How-
ever, the hearts Azambuja studied during her 
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among specialists with strong academic back-
grounds from different fields. This model allows 
projects to incorporate differing points of view. 
“One of the beautiful things approximately sci-
ence is that it has a relatively structured language 
that enables conversation between scientists from 
different areas,” says Victor Fernandes, Natura’s 
50-year-old Director of Science, Technology, 
Ideas and Concepts.The area he manages has 
direct operational focus on four major research 
fields: classical and advanced skin and hair sci-
ence, sustainable technologies, and well-being 
and relationship design. “Natura’s knowledge 
methodology is built on these four elements,” 
Fernandes says. “The work is almost fractal as 
we deepen and broaden to relate different fields 
to each other.”

Fernandes, a chemical engineer who graduated 
from the University of São Paulo (USP) 20 years 

Book ingles_2.indb   52 11/7/12   12:09 PM



PESQUISA FAPESP   53

searchers, including 
biologists, biomedi-
cal specialists, bio-
chemists, chemists 
and physicists. «It›s 

an extremely heterogeneous team, which 
makes our research innovation process 
more creative,» she says.

At Natura, Research and Development 
reports to the Vice President of Innova-
tion and is divided into four offices: sci-
ence, technology, ideas and concepts; 
product development; management 
and innovation networks; and consum-
er safety. It employs 300 in-house re-
searchers, who contribute with diverse 
backgrounds and specializations. «We 
have researchers with backgrounds in at 
least eight fields, including biology and 
health, sciences, chemistry, agronomy, 
engineering, administration, applied so-

cial science and humanities. They have 
170 different specialties,» says biologist 
Manfio Gilson. Gilson works for the VP 
of Innovation and is responsible for com-
munications in innovation and knowl-
edge management. He bases this infor-
mation on the company’s science and 
technology skill mapping. Natura invests 
approximately 3% of its net revenues 
in research and development annually. 
In 2011, the company allocated R$146.6 
million to R&D.

Even with such a diverse team, Natu-
ra would not have been able to develop 
hundreds of new products every year. 
Last year alone, the company released 
164 new items to the market. Like ma-
ny other companies, to shorten the re-
search and innovation cycles, Natura 
adhered to the open innovation concept. 
This approach was introduced by Henry 

master›s degree and 
doctorate in cellular 
and molecular biol-
ogy at the Heart In-
stitute (InCor) of 
the Medical School 
at USP provided her 
with the scientific and 
technical foundation 
that she now applies 
to skin studies.

The link between 
these two lines of re-
search was supplied 
by researcher Alexan-
dre da Costa Pereira, 
from InCor’s Genetics 
and Molecular Car-
diology Laboratory. 
That laboratory stud-
ies the interaction of 
Brazilians’ life habits – such as physical 
inactivity, diet, and stress levels – with 
the genetic factors related to the risk of 
cardiovascular disease. Realizing that he 
could contribute to research that con-
siders not only genetics but also envi-
ronmental and cultural factors in skin 
and hair biology, he presented Natura 
with a project.

«In this joint project, we tried to un-
derstand how the biological, genetic and 
sociocultural diversity of the Brazilian 
people can reveal itself in skin char-
acteristics,» said 30-year-old Azam-
buja, who has been with the company 
for two years. Her area employs 12 re-

1, 2 and 3 Three 
hundred researchers 
pass through the 
company laboratories

4 A shot of the raw 
concrete and glass 
building

The research 
and 
development 
investment was 
R$146.6 million 
in 2011, 
approximately 
3% of the net 
revenue

1

2
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Chesbrough, the University of Berkeley 
Center for Open Innovation professor 
and executive director, in his 2003 book  
Open Innovation: the New Imperative for 
Creating and Profiting from Technology.

“Open innovation is a trend in which 
companies look outside of their business 
for new opportunities, both in institu-
tions and universities as well as in small 
technology-based companies or through 
their relationship with consumers, mar-
kets and customers,” says João Furtado, 
a member of the FAPESP Deputy Co-
ordination of Research Innovation and 
Polytechnic School of USP professor. 
“At the same time as they seek oppor-
tunities, they may also, in some cases, 
transfer opportunities they don’t want 
to explore to other companies.”

EXTERNAL PARTNERS
“One of the tools used to implement the 
open innovation model is the Natura 
Campus, a platform that has existed 
for seven years to increase the connec-
tion with innovation creation,” explains 
Adriano Jorge, the 29-year-old Innova-
tion Networks and Partnerships Man-
ager. The first version of the program 
was a partnership in biodiversity re-
search with FAPESP in 2003, funded 
by the Partnership for Technological 
Innovation Program (PITE). “Inaugu-
rated in 2006, Natura Campus is the 
construction site of company innova-
tion networks with the scientific com-
munity,” said Jorge, a pharmacist who 

two institutions are in France. Coopera-
tion with small technology-based com-
panies and raising funds for research 
are also part of the Natura network 
partnership model. More than 65% of 
the company’s technology project port-
folio involves external partnerships.

«We also have several partner com-
panies developing materials and pack-
aging solutions, essential oils and even 
new ingredients for our products,» says 
Luciana Hashiba, the 45-year-old In-
novation Networks and Management 
Manager. Currently, Natura has more 
than 100 companies acting as partners 
on various projects. Hashiba has been 
with the company for seven years since 
graduating in food engineering at Uni-
camp and obtaining her Ph.D. in business 
administration from FGV. She began her 
career in packaging technology, leading 
the new products development team in 
marketing before becoming head of the 
Innovation Networks and Management 
area four years ago. In July of 2011, Na-
tura was listed by U.S. Forbes magazine 
as one of the 50 most innovative compa-
nies in the world. It was the only Bra-
zilian company on the list and ranked 
eighth, very close to Apple (5th place) 
and Google (6th).

In addition to the Cajamar facili-
ties, which amount to an integrated, 
80,000-square-meter research, produc-
tion and logistics center, the company 
also has a research laboratory in Belém, 
Pará; a laboratory in Paris, France; and a 

graduated from USP with an MBA in 
Project Management from the Getúlio 
Vargas Foundation (FGV). He has been 
with the company for 12 years, starting 
as an intern in product development. 
Jorge then went through the trainee 
program in science and technology and 
has worked in innovation networks and 
partnerships for three years.

The external partners include USP 
and the universities of Campinas 
(Unicamp), São Paulo State (UNE-
SP), the São Paulo Federal University 
(UNIFESP), the Nuclear and Energy 
Research Institute (IPEN), the Tech-
nological Research Institute (IPT), the 
Brazilian Agricultural Research Corpo-
ration (Embrapa), MIT, the National 
Center of Scientific Research (CNRS) 
and the University of Lyon 1. The last 
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partnership with the National Labora-
tory of Biosciences (LNBio) in Campi-
nas. In Cajamar alone, approximately 
four thousand employees pass through 
the corridors daily. Of the 300 research-
ers at the company, half have a master›s 
degree or a doctorate.

Contributions to the research line 
choices come from both internal and 
external demand. «The macro view, for 
example, is managed by the area direc-
tors, who select the focus topics,» says 
biologist Ines Francke, the 28-year-old 
Sustainable Technologies Scientific 
Manager and a graduate from Unicamp. 
One of Francke’s programs concentrates 
on social and environmental indicators, 
including carbon and water footprints. 
«Our team is responsible for creating 
tools to manage and quantify social and 
environmental impacts.» In the case of 
carbon emissions, the issue arose in the 
wake of global warming concerns. «We 
created a new greenhouse gas inventory 
method with the product life cycle in 
mind, from the extraction of biodiversity 
assets to the disposal of the product,» 
says Francke. 

WATER FOOTPRINT
The inventory of water consumption is 
still being validated. «We looked through 
the methodologies on the market and 
chose the most comprehensive one, 
called the water footprint, which has a 
rather complex indicator,» says Francke. 
«We studied the methodology with a 
group from the University of Twente, in 
the Netherlands, which created the con-
cept.» Before establishing the measure-
ment process for the company›s water 
footprint, the researchers used a pilot 
project to test the outcome with the life 
cycle of two products – a body oil and 
a fragrance.

The great difficulty in establishing in-
dicators is the amount of raw materials 
used in the products. «For some of them, 
we got genuine data from our suppliers. 
For others, we had to resort to databas-
es in Europe,» says Francke. In terms 
of the water footprint, Natura entered 
into partnership with a Swiss consulting 
company, along with companies such as 
L›Oreal and Kraft, to finance a regional-
ized database. To create a carbon inven-
tory, the company relied on the guide-
lines of the Swiss Institute Greenhouse 
Gas Protocol (GHG Protocol).

The sustainable technologies area 
has 12 employees working in four re-
search programs: socio-environmental 
indicators, biomimetics, ecodesign and 
bioagriculture. Francke also works in 
biomimetics, a program that was begun 
last year after suggestions from the re-
searchers and scientific managers who 
map technology trends. «We are inspired 
by nature to create solutions not just 
for products, but also for processes,» 
says Francke, a biologist who graduated 
from Unicamp.

Since joining Natura in 2007 as a 
trainee in the field of consumer safe-
ty, Francke has already worked in sev-
eral areas and completed a postgradu-
ate course in management. She is cur-
rently specializing in biomimetics at the 

Biomimicry 3.8 Institute in the United 
States. The institution, created by Ja-
nine Benyus (the inventor of the concept 
of biomimetics), is partnering with the 
company in this line of research.

Natura’s strategy for communication 
with the scientific community was reor-
ganized a year and a half ago. «We want 
to increasingly share the knowledge gen-
erated in-house,» says Gilson, a biolo-
gist specializing in microbiology who 
has been with the company for seven 
years. One such example is the increased 
number of scientific papers published 
by the researchers, after securing the 
intellectual property by filing for pat-
ent rights. «Over the years, Natura has 
published 40 articles. Last year, there 
were six publications.» ■

Victor Fernandes, chemical 
engineer, Director of Science, 
Technology, Ideas and Concepts 

USP – undergraduate course
MIT – MBA

Ana Paula Azambuja, biologist, 
Research Coordinator for the 
classical and advanced skin and 
hair sciences  

UFPR – undergraduate course
UFPR/USP – master’s degree 
USP – doctorate 
University of Málaga – post-
doctorate

Gilson Manfio, biologist, in charge 
of communication in the area of 
innovation and knowledge 
management

Unicamp – undergraduate course
Unicamp – master’s degree 
University of Newcastle – 
doctorate 

Adriano Jorge, pharmacist, 
Innovation Networks and 
Partnerships Manager  

USP – undergraduate course
FGV – MBA

Luciana Hashiba, food engineer, 
Innovation Networks and 
Management Manager 

Unicamp – undergraduate course
FGV – master’s degree 
FGV – doctorate

Ines Francke, biologist, 
Sustainable Technologies 
Scientific Manager  

Unicamp – undergraduate course
FGV – postgraduate course

INSTITUTIONS WHERE THE COMPANY›S RESEARCHERS STUDIED
Essential oils 
from Brazilian 
biodiversity 
plants, used in 
perfumes
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Embraer teams up with universities to 

improve comfort on its airplanes

A
irplanes with very cramped spaces, too much noise and 
vibration, unpleasant temperatures and lighting, question-
able air quality and few options for entertainment trans-
form any trip into a stressful experience, even when there 
are no turbulence and short flights. On longer journeys, 

comfort — or the lack thereof — makes all the difference to people who 
need to reach their destinations ready to work, sightsee or face another 
leg of their journey. Airlines know that to make the time that people are 
confined in the cabin more agreeable, the conditions in the aircraft’s en-
vironment need to be improved, and diagnoses and detailed studies of 
the problems must be carried out. The most visible result of this effort 
in Brazil to improve new generations of airplanes was the inauguration 
in April of the Comfort Engineering Center (CEC), the result of an Em-
braer project in association with the University of São Paulo (USP), the 
Federal University of Santa Catarina (UFSC) and the Federal University 
of São Carlos (UFSCar), with support from FAPESP and the Studies and 
Projects Funding Agency (Finep).

The comfort laboratory, as it is known, covers almost 300 square meters 
and reproduces a boarding lounge with a finger (the walkway that leads 
to the airplane), assembled in the Polytechnic School (known as “Poli”) 
at USP in São Paulo, in the Thermal and Environmental Engineering 
Laboratory (Lete). The main part of the structure represents the cabin 
of a 170 or 190 jet, with 30 seats, which is installed in a pressure chamber 
that reproduces flight conditions. It is the only such laboratory in Brazil 
— one of the few in the world — and is similar to the one in the Institute 
for Building Physics, part of the Fraunhofer Institutes near Munich, Ger-

IN THE AIR
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many. “We’ll carry out integrated trials inside it to 
determine how the parameters of cabin air pres-
sure, noise, vibration, ergonomics, temperature 
and lighting influence the perception of passen-
ger comfort,” explains Jurandir Itizo Yanagihara, 
coordinator of Lete and of the “Cabin Comfort” 
project. “The objective is to improve the inside 
of airplanes and provide superior levels of well-
being for passengers,” says Jorge Ramos, direc-
tor of Technological Development at Embraer.

On-board comfort has been one of the priori-
ties of airlines for some years now. In the early 
years of commercial aviation, what was important 
was that the airplane did not crash. Airplanes did 
not excel in comfort. Subsequently, the interest 
turned to economy. Over the last ten years, other 
attributes have become relevant. Comfort is now 
recognized as a distinguishing feature in the civil 
aviation market and has become a factor com-
petitiveness in the sector. Embraer, the third-
largest manufacturer of commercial airliners in 
the world, with net revenues of US$ 5.8 billion 
in 2011, could not fail to invest in efforts to im-
prove passenger comfort. Airbus (with net rev-
enues of US$ 140.5 billion) and Boeing (US$ 68 
billion) are ahead. “All the big companies in the 
sector are looking in the same direction, within 
the limits of the peculiarities of each segment,” 
says Jorge Ramos. “Research with passengers on 
flights on different aircraft in Brazil, carried out 
in 2009 by UFSCar with the National Civil Avia-
tion Agency, indicated that the main complaints 
about the cabin were personal space, support for 
the feet and arms, inclination of the seat, noise, 
vibration and baggage space,” says André Gasp-
arotti, the manager responsible for the project 
in the company. 

Although the new laboratory has only just be-
come completely ready, researchers from the 
three universities have already been collaborat-
ing with Embraer for several years on the items 

identified in the UFSCar study and also on others 
that are perhaps even more important. Jurandir 
Yanagihara, from USP, for example, worked in 
partnership with the company in 2003 and 2004 
to develop a computer model of the human respi-
ratory system to study the effect of decompres-
sion on the human body at high altitudes. “The 
success of this software, coupled with other proj-
ects on forecasting thermal stress using a model 
of the human thermal system, helped strengthen 
cooperation with Embraer, resulting in the cur-
rent project,” says the coordinator. Members 
of that team, such as Mauricio Silva Ferreira, a 
professor at Poli/USP, are also participating in 
the “Comfort Cabin” project. 

When the company decided to conduct a major 
study on comfort, the teams from USP, UFSCar 
and UFSC were consulted. They agreed to take 
part in the multidisciplinary partnership and 
distributed the research tasks (in general terms, 

On-board comfort has become  
a priority for air carriers over  
the last 10 years 

1. Researchers operating 
flight simulators is an 
integral part of the project

2. Outside view of the 
pressure chamber that 
is part of the comfort 
laboratory 

3. Engine of an Embraer 
170 jet: the main source of 
noise on airplanes
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that Yanagihara’s team uses takes into account 
the exchange of gases that occurs in the middle 
ear (the inner part that leads to the labyrinth) 
and allows the team to foresee at what rates of 
altitude variation (pressure) within the cabin 
the passenger feels or does not feel discomfort. 
“We’re doing experimental work in this area, 
which is likely to change some of these param-
eters,” says the researcher from Poli. The mod-
els still used today in the aeronautical industry 
date from 1937, 1958 and 1967 and are conser-
vative. “In our studies, which are on-going, we 
are identifying very different thresholds from 
those found in scientific literature.” 

The research on vibration and noise within 
the aircraft, normally carried out sepa-
rately, has been conducted in conjunc-

tion with the research on other factors affec-
ting comfort. The researcher responsible for 
the vibro-acoustic subproject is Samir Gerges, 
an Egyptian aeronautical engineer, a naturalized 
Brazilian, and a professor at UFSC. Gerges is one 
of Embraer’s oldest employees. Even before the 
company’s privatization, he was already teaching 
courses and providing consultancy services for 
company employees. Participation in the “Cabin 
Comfort” project with USP and UFSCar is a con-
tinuation of his research, which aims to reduce 
noise to a level that is acceptable to passengers. 
“Reducing noise and vibration too much is not 
advisable, even from a  safety point of view,” 
he says. “People have to realize that they are 
in an environment that is different from their 
bed at home.”

The team led by Gerges is working to quantify 
the actual noise and vibration in the cabin and 
is preparing a computer model to predict cabin 
noise and vibration. This tool will provide guid-
ance on how to avoid uncomfortable noises and 
vibrations more quickly and less expensively 
than full-scale experiments. The model can be 
used to modify the design of future cabins and 
to identify new materials and devices that can 
reduce noise and vibration. The main sources of 
cabin noise are the turbines, the flow of air along 
the fuselage and the air conditioning, hydraulics 
and tire systems. 

The ergonomics subproject started, like the 
others, with a conceptual model. To understand 
the main problems, Nilton Menegon’s team from 
the Production Engineering Department of the 
Center of Exact Sciences and Technology at UFS-
Car carried out interviews in 36 Brazilian air-
ports. A questionnaire was prepared to analyze 
what researchers call “pre-flight,” and 377 pas-
sengers replied to questions about the degree 
of comfort within the airplane. “If they have 
problems before embarking, like overbooking or 

cabin pressure, ergonomics, vibro-acoustics and 
the thermal environment) among themselves ac-
cording to the specialties of each group. Embraer 
and USP, through Yanagihara, then requested 
funding from FAPESP under the Research Sup-
port Program of the Technological Innovation 
Partnering Agreement financing system (Pite), 
granted in 2008. They subsequently did the same 
with Finep (see the figures on page 61). 

ISOLATED STUDIES
In the first phase of the project, the various 
factors that play a role in aircraft comfort were 
studied individually. In the second phase, which 
begins in May, the new laboratory, with the 
cabin inside the pressure chamber (called a 
mock-up), will be used for trials that will bring 
together all of the subprojects do that better 
parameters than the current ones can be iden-
tified. A good example of this is the model for 
assessing cabin pressure comfort. Today, it is 
known that for passenger safety, civil aircraft 
in operation must maintain a simulated cabin 
altitude of no more than 8,000 feet (2,400 me-
ters) above sea level. Because aircraft can easily 
reach more than 40,000 feet (12,100 meters), the 
air within the cabin is pressurized. The model 

30
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cabin 
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a long waiting time in lines, this influences their 
sensation of comfort in the aircraft,” explains 
Menegon. In the second stage of the research, 
a further 291 interviews were conducted dur-
ing the flight to find out, among other things, 
how difficult it is to carry out activities within 
the cabin, such as reading, writing, interacting 
with flight attendants, eating, resting and going 
to the restroom. 

The researchers also observed how the pas-
sengers acted, first by taking digital notes 
and then by filming them. “The objective 

was to establish the sequence of activities carried 
out during the boarding, flight and disembarking 
phases, to identify the distribution of these ac-
tivities throughout the flight and to quantify all 
these actions,” explains Marina Greghi, from 
Menegon’s team, a psychologist and specialist in 
ergonomics who was awarded her PhD this year 
for her thesis on passenger comfort in aircraft. 
“Systematic observations also aimed to identify 
the visible behavior of the passengers, like ges-
tures, postures, actions involving devices and 
communication, for example.”

The filmed material was stored on site and can 
be seen by the passengers who agreed to take 
part in the process of reconstituting the data. 
This process consisted of a telephone or Inter-
net interview to carry out more in-depth analy-
ses, by comparing and contrasting the view of 
the researcher and that of the passenger. The 
information gathered made it possible to create 
an image and statistical database and to develop 
software to analyze the activities of people in a 
stressful environment from recordings and pos-
ture analysis, based on an observation protocol. 
With the software, one can digitally reconstruct 
the actions of passengers and, with this infor-
mation, generate what researchers call posture 
envelopes, which help to determine the areas 
and volumes occupied by people when they are 
carrying out activities. “The envelopes can be 
used in the project to analyze the space in the 
cabin and the actions of its occupants in such 
a way as to identify whether or not it’s possible 
to carry out a particular activity in that place,” 
says Marina. Called Ilios Pose, the software in 
question has been patented. Nilton Menegon 
says that the next step will be taken in the com-
fort laboratory mock-up, where the information-
gathering already carried out will be repeated in 
a controlled environment that is integrated with 
the other subprojects. 

ICING ON THE CAKE
The same thing will occur with all of the sub-
projects. The studies on psycho-physiology 
should clarify the relation between passenger 

Embraer jet: The cabin laboratory is just like the interior of the 170 and 190 models (below)

For a pleasant flight

Do colored lights really have the power to reduce tension or enhance relaxation? 

Researchers want to learn whether the conventional understanding of color that 

is documented in the scientific literature is valid. If the established findings prove 

to be accurate, then the researchers will suggest colors for use within the aircraft.

LIGHTING

The goal is to let every 

passenger have a thermal 

sensation that is close to ideal, 

without affecting the people 

nearby. To make this possible, 

each occupied seat would have 

to have a variety of options that 

serve the passenger well. Heated 

or ventilated seats, different 

air-blowing options and a new 

geometry for air vents will be 

tested in the comfort laboratory.

MICROCLIMATE

WARM COLORS are closer to red. They are 
psychologically dynamic and stimulating 
and suggest vitality and movement. They 
can be used, for example, at meal times.

COOL COLORS are closer to blue. They 
are considered to be calming and soft. 
They appear to be ideal for moments of 
rest, after eating and during take-off and 
landing.
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perception of mental and physiological well-
being and discomfort in the cabin, explains Re-
nato Ramos, a psychiatrist from the Psychiatry 
Biosciences Institute at the Clínicas Hospital 
of USP’s School of Medicine, and a professor in 
the graduate health psychology program of the 
Methodist University of São Paulo. Entertaining 
yourself with a mental activity may reduce the 
feeling of discomfort and even affect the experi-
ence of the passing of time during the journey; 
objectively measuring this effect is one of the 
project’s goals. “It’s as if the passenger was so 
distracted with a book that he got to the end of 
the trip and said, ‘I didn’t even notice time pass-
ing’,” says the researcher. Part of the research 
was conducted with volunteers using virtual 
reality to assess the degree of involvement of 
an individual with a particular task. In the tests 
already conducted, the passenger’s heart beat 
frequency and how he visually explores the en-

vironment are monitored. In the second phase, 
experiments will be conducted in the mock-up 
to see how passenger comfort can be improved.

In the microclimate subproject, the passen-
ger must have options for optimizing the tem-
perature sensation inside the cabin. Individual 
air-blowing nozzles, which are above the seats, 
are likely to be increased in number and be bet-
ter controlled, so that passengers can improve 
their own temperature sensation without af-
fecting passengers seated next to them. The 
seats may also have internal cooling or heating 
systems. In the first part of the research carried 
out by the team of Arlindo Tribess, a Poli/USP 
professor, models fitted with temperature and 
heat flow sensors were used. A model of the 
human thermal system, integrated with com-
putational fluid mechanics software, makes it 
possible to predict the reaction of the human 
body to changes in the thermal environment 
without the need to conduct tests with people. 
According to the developer, Mauricio Silva Fer-
reira, from Poli/USP, it is the first model of this 
type in the world. 

Control of cabin lighting will be investigated to 
assess the influence of color on comfort. “There 
are reports in the scientific literature indicating 
that warm light, close to red, would be appropri-
ate for activities such as eating, while cold light 
would have a relaxing effect, which is good for 
resting,” says Yanagihara. It will only be pos-
sible to find out whether colored lights really 
influence passenger comfort after trials in the 
mock-up. “If this hypothesis is proved, we may 
even suggest new colors, depending on the ac-
tivities inside the cabin.”

The icing on the cake for this project lies in re-
peating the studies described above in the com-
fort laboratory. At that time, the tests will be fully 
integrated, with almost 1,000 volunteers involved 
in the trials that begin in May. The volunteers are 
required to be healthy, to have experienced air 
travel at least once and to live in the general São 
Paulo area. To volunteer, access www.lete.poli.
usp.br/confortodecabine. A pilot, played by a re-
searcher, will welcome volunteers aboard and give 
them instructions, as on a real flight, and a flight 
attendant will be hired to work in the cabin. At 
three points during the simulated flight, the vol-
unteer passengers will assess their own comfort. 

It was necessary to build the laboratory be-
cause it would be impossible to carry out experi-
ments on Embraer aircraft. “An actual airplane 
would come with the limitations of its actual 
design, the cost would be very high and the avail-
ability limited,” says André Gasparotti. The next 
generation of jets is expected to have cabin modi-
fications that will make the experience of flying 
increasingly enjoyable. ■

THE PROJECT 
Cabin comfort: development 
and integrated analysis of 
comfort criteria–no. 
2006/52570-1

MODALITY
Technological Innovation 
Partnering Agreement (Pite)

COORDINATOR 
Jurandir Itizo Yanagihara–
Poli/USP

INVESTMENT 
R$ 3.2 million (FAPESP)  and 
R$ 4.5 million (Embraer)
R$ 4.3 million (Finep)  and 
R$ 2.9 million (Embraer)

This part of the research examines the 

characterization and propagation of 

noise and vibration in aircraft systems 

and materials. There are also plans 

to build comfort prediction models 

regarding noise and vibration.

VIBRO-ACOUSTICS

The data currently used to study the 

effects of pressure variation in the 

ear at high altitude are quite old. 

The project team has collected new 

experimental data and has created a 

new model for assessing these effects.

PRESSURE

The objective of this part of the 

research is to obtain subjective 

and objective comfort assessment 

measures. An attempt will be made 

to define what types of visual and 

environmental perceptions result in a 

feeling of well-being and to determine 

how to alter the interior design of 

the aircraft cabin in accordance with 

these perceptions.

PSYCHO-PHYSIOLOGY

The sensation of comfort in the cabin 

is directly linked to the activities 

that one can undertake in the cabin. 

Aspects such as seat access, how 

far the seat back reclines, reading, 

support positions for using a laptop 

computer and eating meals, and 

access to toilets will be studied.
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Company that breeds wasps for use in 

biological control is ranked among the 

world’s 50 most innovative companies

_ AGRICULTURE 

Insect  
  versus 
insect

Wasp used in 
the countryside 

to control the 
neotropical 

brown stink bug 
(Euschistus heros), 

which attacks 
soybeans 

Yuri Vasconcelos

PUBLISHED IN MAY 2012

A 
startup company created 11 years ago 
by postgraduate students at the Luiz 
de Queiroz College of Agriculture 
(ESALQ) of the University of São 
Paulo (USP) is one of the world’s 

50 most innovative companies, according to a 
ranking produced by the US technology maga-
zine Fast Company. The company, Bug Agentes 
Biológicos, is headquartered in the city of Pi-
racicaba, in inner-state São Paulo. Bug Agentes 
Biológicos operates in the area of biological pest 
control and has developed an efficient method of 
breeding insects that can decimate other similar 
creatures that attack sugarcane plantations and 
other crops. Fast Company’s list, published an-
nually, was headed up in 2012 by major multina-
tional players from the technology sector, such 
as Apple, Facebook and Google. 

Bug is the first Brazilian company to be in-
cluded in the list, ahead of such giants as Petro-
bras, Embraer and Grupo EBX. In addition, the 
company ranks third in the magazine’s ‘top 10’ 
of the biotechnology sector. “This award from 
Fast Company came as a real surprise”, declared 
agricultural engineer Alexandre de Sene, one of 
Bug’s partners. “The technology used to breed 
wasps of the species Trichogramma galloi which 
attack a pest that is commonplace in cane fields, 

contributed to this placement. But it was also 
important that we managed, in just two years of 
marketing this insect, to treat an area of 500 thou-
sand hectares of sugarcane in Brazil,” he added.

The action of T. galloi is differentiated by this 
wasp’s method of attacking the eggs of a moth 
known as the sugarcane borer (Diatraea sacchara-
lis) by injecting its own eggs into them, thereby 
preventing the moth caterpillars from hatching 
and attacking the plant. Other insects used in 
biological control parasitize already-hatched 
caterpillars and adults, which have already had a 
chance to attack the plantation. There is nothing 
novel about the breeding and marketing of wasps 
of the genus Trichogramma; in fact, the technique 
was developed decades ago here in Brazil at the 
Laboratory of Insect Biology at ESALQ-USP. 

Bug’s innovation was developing an efficient 
and economically viable method of breeding the 
T. galloi species. “This is harder to do because 
this wasp develops very well inside the sugar-
cane borer’s eggs, which require a lot of work to 
be bred inside the laboratory. To overcome this, 
we used the eggs of an alternative host, a Medi-
terranean Flour Moth called Anagasta kuehniella 
that is easy to breed, for breeding the wasps. As 
a result, we managed to breed them on an indus-
trial scale,” explains Sene.
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Control of wasps Industrial scale 
In only two years, the company Bug used insects to treat 500 thousand 

hectares of sugarcane. Shown below is the method used to combat the 

sugarcane borer and the system used to produce the wasps. 

Trichogramma galloi

A mating pair of 
Mediterranean Flour 
Moths (Anagasta 
kuehniella) is placed 
inside an acrylic box to 
reproduce. 

WORM/MOTH

When the eggs 
hatch, the 
offspring are 
transferred for 
egg production.

After five to seven 
days, the eggs are 
sterilized using 
ultraviolet radiation

The wasp is a natural predator of 
the sugarcane borer moth (Diatraea 
saccharalis) because the wasp uses the 
moth’s eggs to reproduce.

SUGARCANE BORER

OFFSPRING

UV

As the name suggests, biological control 
employs agents such as insects, acarids, 
fungi, viruses and bacteria to combat pests 
that destroy a wide range of crops. In ad-
dition to sugarcane, the method is used 
to treat soybean, corn, fruit plants, vege-
tables and other crops. Biological control 
is a component of integrated pest man-
agement, a concept that was developed 
in the US and Europe in the 1960s as an 
alternative to the application of pesticides 
for controlling insects and other pests. 

The use of living organisms to fight 
pests is growing in Brazil. Although the 
precise numbers are unknown, it is es-
timated that this approach is current-
ly being applied to more than 7 million 
hectares of crops, producing environ-
mental advantages by reducing the use of 
insecticides. According to the Brazilian 
Association of Biological Control Com-
panies (ABCbio), the biological control 
sector had a turnover of R$ 250 million 
in 2010. This figure represents 3% of the 
pesticide market in Brazil, which posted 
a turnover of R$ 8 billion in the same 
year. “Biological control is one of the few 
pest control measures that meet the de-
mands of sustainable agriculture, which 
is so sought after in the world,” states 
professor José Roberto Postali Parra, who 
coordinates the Laboratory of Insect Bi-
ology at ESALQ and is a leading special-

ist on the subject in Brazil. According to 
Parra, biological control is non-polluting, 
does not harm farm workers and does 
not leave residues on food. Furthermore, 
biological control agents do not need to 
be applied directly to the pest because 
they naturally locate their prey in the 
fields. Finally, this method produces no 
secondary impacts, such as affecting non-
target organisms, and it does not cause 
the pest to develop resistance. 

“Most pesticides cannot achieve any 
of these advantages, and the others fail 
on some counts, particularly concern-
ing so-called secondary impacts, which 
can lead to environmental imbalances,” 
states Alexandre Pinto. At present, there 
are approximately 230 agents used to 

Insects, acarids, 
fungi, viruses and 
bacteria are used 
to combat pests 
that affect crops 

biologically control pests throughout 
the world. In general, these agents are 
divided into two categories: microbio-
logical organisms (or microorganisms), 
such as fungi, viruses and bacteria, and 
macrobiological organisms, which are 
visible to the naked eye, such as insects 
and acarids. Macrobiological agents can 
be classified as predators or parasitoids. 
Parasitoids are smaller than their hosts, 
only need one host insect to complete 
their life cycle, have a free-living adult 
stage and do not normally kill their hosts 
until they leave them. Predators, on the 
other hand, are usually larger than their 
hosts, require more than one host insect 
to complete their life cycle and kill their 
hosts before their life cycle is complete. 
The technology involved in the breeding 
and release of macrobiological organ-
isms is usually more complex than that 
required for the production of microor-
ganisms, which are sold in powdered or 
granulated formulations.

In Brazil, approximately 70 companies 
market 12 insects and acarids (see page 
66), as well as dozens of microorganisms. 
Another 55 laboratories maintained by 
sugar mills create macrobiological agents 
for their own use. Bug’s portfolio con-
tains three predator acarids (Neoseiulus 
californicus, Phytoseiulus macropilis and 
Stratiolaelaps scimitus) and four para-
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Subsequently, the 
wasps are placed in 
the box with the eggs 
of the moth/worm, 
into which the wasps 
lay their own eggs

The parasitized eggs 
are inserted into 
packages containing 
miniature tunnels 
that can hold up to 2 
thousand eggs

After six days, the 
eggs become black 
and are ready to be 
placed into packs and 
sold to farmers

The packs are placed 
at 20-meter intervals in 
sugarcane plantations. 
After the eggs hatch, 
the wasps leave 
through perforations in 
the packs

Sterilized eggs

MILLIMETRIC 
TUNNELS

plastic boxes containing wheat flour and 
yeast, and the female flour moths lay 
their eggs in these containers. During a 
later stage, the eggs are parasitized by 
the T. galloi wasps. The first adult flour 
moths to emerge are separated, sifted to 
eliminate the leftover flour and trans-
ferred to egg collection boxes. These 
boxes are productive for five to seven 
days (the lifespan of the adult flour 
moth), at which point the moth eggs are 
collected and sterilized using ultravio-
let light, making the embryos unviable. 
The eggs are then immediately offered 
to a wasp, which places one or two of its 
eggs inside each moth egg.

The parasitized eggs are placed in per-
forated packages made from biodegrad-
able packs with three overlapping layers 
of cardboard, which were created and 
patented by Bug. The intermediate layer 
contains minute “tunnels,” which form 
capsules that can hold 2 thousand eggs. 
The packs are sold to farmers, who place 
them over the plants. The wasps hatch 
from the eggs and then fly out through 
the holes in the pack. “The release has 
to be done every week, for three straight 
weeks, with an average of fifty thousand 
wasps per hectare. Since the insect only 
flies 10 meters during its short lifespan, 
the packs need to be placed 20 meters 
from each other,” explains Bug’s partner. 

Orius insidiosus, the acarid Neoseiulus 
barkeri and the wasps Telenomus remus 
and Trissolcus basalis, but these have not 
yet been registered with the official au-
thorities that control this activity. 

FINANCIAL SUPPORT 
In late 2011, Bug merged with another 
company in the biological pest control 
sector, Promip, with the aim of increas-
ing the supply of products. As a result of 
the merger, the company began to sell 
almost all the species of insects and ac-
arids available in Brazil. Bug and  had 
many commonalities: they were located 
in the same city, they were both created 
at ESALQ, and they both had technologi-
cal innovation projects approved by São 
Paulo Research Foundation (FAPESP), 
which helped them become viable. Bug 
received three rounds of financing from 
the foundation (see Pesquisa FAPESP is-
sue 87), and Promip received one round.

The financial support from FAPESP 
was largely used to develop breeding 
schemes for the biological agents, a com-
plex task that also involves breeding the 
pests. In the case of Trichogramma gal-
loi, Bug’s technical specialists had to 
breed both the wasps and an alternative 
host, the Mediterranean Flour Moth, in 
the laboratory. At the beginning of the 
process, adult flour moths are mated in 

6

7

5

THE PROJECTS 

1 Mass raising and marketing of the egg 
parasitoids Trissolcus basalis and Telenomus 
podisi for the control of soy bugs. 
2005/60732-9
2 Study of efficient formulations of conidia 
of the Metarhizium anisopliae fungus for the 
biological control of pests 
no. 2005/55780-4
3 Biological control applied to the 
herbivorous pest Tetranychus urticae (Acari: 
Tetranychidae) and the mass production and 
marketing of Neoseiulus californicus and 
Phytoseiulus macropilis (Acari: Phytoseiidae) 
lines that are resistant to agrotoxins 
no. 2006/56680-6

MODALITIES
1 to 3 – PIPE – Program of Innovative 
Research in Small Companies

COORDINATORS 
1 Alexandre de Sene Pinto - Bug 
2 Ana Lucia Santos Zimmermann – 
Biocontrol
3 Roberto Hiroyuki Konno – Promip

INVESTMENTS 
1 R$ 419,460.00 (FAPESP)
2 R$ 42,743.00 (FAPESP)
3 R$ 477,608.27 and US$ 6,107.56 (FAPESP)

sitoid wasps (Cotesia flavipes, Tricho-
gramma pretiosum, Trichogramma galloi 
and Telenomus podisi). The company is 
also currently breeding and investigat-
ing four other species: the flower bug 
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When the adult female T. galloi 
finds the sugarcane borer’s eggs, she 
injects her own eggs into them, which 
prevents the caterpillars from prolif-
erating. In its adult form, the sugar-
cane borer is a straw-colored noctur-
nal moth. The females lay their eggs 
on sugarcane leaves. Subsequently, 
the caterpillars penetrate the sugar-
cane, which provides shelter and food, 
thereby harming the sugarcane fields.

Sugarcane farming is one of the 
highest adopters of biological pest 
control in Brazil. “For roughly 50 
years, farmers have been using this 
technology and have included this ac-
tivity in their production systems,” says 
Parra. The wasp Cotesia flavipes, which 
also parasitizes the sugarcane borer, is 
the most widely used insect for fight-
ing this pest. The difference between 
Cotesia flavipes and Trichogramma is 
that the former attacks the caterpillar, 
whereas the latter infects the eggs with 
parasites before the caterpillars hatch. 
It is estimated that 4 million hectares 
of sugarcane fields, approximately half 
the area under cultivation, are treated 
with Cotesia and Trichogramma wasps 
and with the Metarhizium anisopliae 
fungus. Metarhizium anisopliae is also 
used to fight two other pests, the root 
leafhopper (Mahanarva fimbriolata) and 
the spittlebug (Mahanarva posticata).

Studies show that the combination 
of T. galloi and C. flavipes has yielded 
excellent results. “In areas where the 

level of infestation exceeds 15% of the 
plantation, the simultaneous use of the 
two wasps is a profitable practice. By 
releasing the Trichogramma for three 
straight weeks and then the Cotesia for 
two weeks, it’s possible to prevent losses 
of R$ 935.00 per hectare, discounting 
the investment. If the farmer chooses to 
use Cotesia alone, the reduction in loss 
drops to R$ 674.00 per hectare,” states 
Sene. These calculations, explains the 
researcher, only consider the value of 
amorphous refined sugar, the product 
used by the food industry.

Biological control is also used on 
more than 2 million hectares of soybean, 
which is approximately 8% of the total 
soybean crop area in Brazil. The most 
widely used product is the Trichoderma 
harzianum fungus, which fights white 
mold (Penicillium candidum), a disease 
caused by the Sclerotinia sclerotiorum 

The parasitoid 
Telenomus podisi 
in the fight against 
bug eggs

Army of good
The 12 insects, acarids and worms that are most widely used in biological pest control in Brazil.
* Price of product + freight + application ** Price of product only
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fungus. Along with the Telenomus podisi 
wasp, which parasitizes the eggs of bed-
bug, the T. pretiosum wasp can control 
leaf stripper caterpillars in an area of ap-
proximately 18 thousand hectares. “Soy-
bean growing has terrific potential for 
biological control, particularly since the 
ban on the pesticide endosulfan, which 
was used to control bugs. Without this 
insecticide, there weren´t many chemical 
options for fighting this pest left open to 
soybean growers,” states Parra.

In an area of 20 thousand hectares 
(less than 1% of the total area of corn 
cultivation), corn farmers are using the 
Trichogramma pretiosum wasp against 
the fall armyworm (Spodoptera frugi-
perda) and the T. galloi wasp against the 
sugarcane borer, which is also frequently 
found in cornfields. The T. pretiosum 
wasp is employed to control leaf strip-
per caterpillars in 3 thousand hectares 

Agent Pest Crop Treated area (ha) Cost (R$/ha)*

Cotesia flavipes (wasp) sugarcane borer sugar cane 3,000,000 25.00

Neoseiulus barkeri (acarid) broad mites and thrips vegetable and fruit plants 500 200.00 to 400.00

Neoseiulus californicus (acarid) two-spotted spider mites vegetables and fruit plants 500 300.00 to 400.00

Orius insidiosus (beetle) thrips vegetables and fruit plants 500 400.00 to 800.00

Phytoseiulus macropilis (acarid) two-spotted spider mites vegetables and fruit plants 500 300.00 to 400.00

Deladenus siricidicola (worm) wood wasps pine forests 1,000,000 4.50**

Stratiolaelaps scimitus (acarid) fungus gnats and thrips vegetables and fruit plants 500 500.00 to 800.00

Telenomus podisi (wasp) bugs soybean 8,000 45.00

Trichoderma harzianum (fungus) white mold soybean 2,000,000 Unavailable

Metarhizium anisopliae (fungus) spittlebugs/root leafhoppers sugar cane 2,000,000 25.00 to 100.00

Trichogramma galloi (wasp) sugarcane borer sugar cane 500,000 50.00

Trichogramma pretiosum (wasp)

fall armyworms corn, sorghum 5,000

30.00 to 60.00
caterpillars and worms tomatoes 3,000

sugarcane borer corn, sorghum 15,000

leaf stripper caterpillars soybean 10,000
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panies Sumitomo and Ihara, the Amer-
ican corporation FMC and the Dutch 
enterprise Koppert Biological Systems, 
a global leader in biological agents and 
pollinators. Koppert was established in 
the city of Fortaleza in 2009, but last 
year it switched its base to Piracicaba. 
“In principle, we set up a branch in the 
State of Ceará due to its closeness to Eu-
rope and its relationship with exporters 
of melons, a crop that we have a lot of 
experience in. With the growth in the 
business, the company moved in order to 
invest in the creation of products aimed 
at the Brazilian market,” says agricultural 
engineer Danilo Pedrazzoli, the com-
pany’s managing director and a former 
founding partner of Bug.

Koppert’s product line includes pred-
atory acarids and fungi for controlling 
pests and diseases, a list that exceeds 

50 products in Europe. In Brazil, the 
company has begun the process of reg-
istering 26 products, 5 of which are in 
the final stage of approval. Pedrazzoli, 
who is also a director of ABCbio, believes 
that there is great potential for using 
biological control in Brazil but that the 
shortage of efficient companies to meet 
the demand is a problem. 

For agricultural engineer Santin Grav-
ena, the owner of Gravena Pesquisa, 
Consultoria e Treinamento Agrícola 
(Gravena Agricultural Research, Con-
sulting and Training), there is another 
problem: resistance from some farm-
ers. “Brazilian farmers are conservative 
and were brought up with the mentality 
of chemical control. Additionally, bio-
logical control is slightly slower acting, 
though in the end it produces the same 
result as the synthetic chemical prod-
uct,” states the retired Professor of En-
tomology from São Paulo State Univer-
sity (UNESP). 

Founded in 1993, Gravena specializes 
in breeding the ladybird Cryptolaemus 
montrouzieri, a predator of the white 
mealybug, a pest that attacks fruit and 
ornamental plants. “In the last decade, 
we have supplied these ladybirds to 
roughly 20 citrus fruit-producing farms. 
Right now, unfortunately, we have no 
more biological control clients. We pro-
vide scientific research services and 
technical studies to around 50 compa-
nies and laboratories that hire us to un-
dertake studies of the effectiveness and 
environmental impact of chemical and 
biological products used in ecological 
pest management,” he declared. ■P
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The wasp Cotesia flavipes attacks the sugarcane borer (left), and Trichogramma pretiosum parasitizes the eggs of the fall armyworm, a pest that affects corn

planted with tomatoes. Biological con-
trols are also used to combat wood wasps 
and leaf stripper caterpillars in pine for-
ests. According to Susete Penteado, a 
biologist with the Embrapa Forest Unit 
of the Empresa Brasileira de Pesquisa 
Agropecuária (the Brazilian Agricul-
tural Research Agency) in the State of 
Paraná, approximately 1 million hectares 
of pine tree plantations, which is half the 
national production, is treated with the 
nematode Deladenus siricidicola. This 
microscopic worm attacks wood wasps 
by making the females sterile. “We have 
been breeding this nematode since 1989, 
and we distribute it to forestry manag-
ers/workers in the States of São Paulo 
and Minas Gerais, as well as in the coun-
try’s southern region,” says Susete.

ATTRACTIVE MARKET 
Cotesia flavipes is the main insect of-
fered by most Brazilian biological pest 
control companies, including Biocon-
trol, which was founded in 1994 in the 
town of Sertãozinho. “We market Co-
tesia along with the Metarhizium an-
isopliae and Beauveria bassiana fungi. 
These three carry out the work of bio-
logical control of pests in the sugarcane 
fields,” explains Maria Aparecida Cano, 
a partner in the company who also ad-
vises sugar and ethanol mills in the State 
of São Paulo about the production of in-
sects and microorganisms. 

The strength of Brazilian agriculture 
has attracted multinational agrotoxin 
companies that are interested in en-
tering the biological products market. 
These firms include the Japanese com-

 
“Although they 
are slower-acting, 
in the end, 
biological 
controls produce 
the same results 
as chemical 
products,” says 
Santin Gravena
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Facial bones: 
fractures may 

be repaired with 
biomaterials made 

by using bacteria 
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B
razilian researchers are employing 
innovative approaches to develop bio-
materials for medical and dental ap-
plications. These materials bind with 
cellular tissues and spur the formation 

of blood vessels, which results in faster bone 
recovery. One such bioactive material is a mem-
brane made from cellulose produced by bacteria 
that includes laboratory-synthesized peptides 
(segments of proteins), in addition to bone el-
ements such as collagen and hydroxyapatite, 
which can stimulate processes that improve 
bone repair. When in contact with physiologi-
cal fluids, materials that are classified as bioac-
tive, such as ceramics and glass, can regenerate 
the lost layer and bind with bone tissue. These 
materials are different from titanium, for ex-
ample, which is often used to hold implants in 
place, but does not undergo effective chemical 
bonding with bone. 

The composite material made from bacterial 
cellulose that was developed at Paulista State 
University (Unesp) at Araraquara (inner-state 
São Paulo) can be used for dental implants in 
cases where there is insufficient bone to hold the 
support pin or in cases where tooth extraction 
processes have resulted in bone shrinkage. Thus 
far, the trials conducted indicate possible applica-

Bone
       MIMETISM 

tions to the repair of small bone fractures in body 
parts with low mechanical loading, such as in the 
facial bones. Cellulose is already commercially 
available and employed in medical applications, 
for instance, in antibacterial dressings that are 
used for treating burns; however, it has not yet 
been applied to the regeneration of bone tissue.

 “We have introduced into the cellulose two 
types of peptides: one with five residues of ami-
no acids and another with 14. The two fostered 
better bone repair,” stated professor Reinaldo 
Marchetto from the Chemical Institute, who is 
the coordinator of the project and leader of a re-
search group dedicated to the synthesis, struc-
ture and application of peptides and proteins at 
Unesp, Araraquara. Marchetto was the doctoral 
advisor to Sybele Saska, a dental surgeon who 
won an award at the 88th General Session of the 
International Association of Dental Research 
(July 2010, Barcelona, Spain) for her paper that 
was considered the best work in the Dental Ma-
terials category. The study is part of two projects 
financed by FAPESP and coordinated by Mar-
chetto. Based on the results obtained, a patent 
application was filed with INPI, the National 
Institute of Industrial Property, with the aid of 
the Papi intellectual property support program, 
which is also run by FAPESP. 

Cellulose and bioglass 

membranes stimulate 

cell regeneration

Dinorah Ereno
PUBLISHED IN JANUARY 2012
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The cellulose is formed by nanofibers 
produced by bacteria of the Gluconaceto-
bacter genus; each nanofiber has a length 
of approximately 10 to 50 nanometers; 
1 nanometer is a millionth of a millime-
ter. The nanofibers are excreted by the 
bacteria when they are cultured in glu-
cose, amino acids, yeast extract and salt 
for 120 hours at a temperature of 28ºC. 
The layers of nanofibers are overlaid 
until they form a gelatinous-like blanket 
between the culture environment and 
the surface. When this material reaches 
a thickness of 5 mm, it is removed from 
the culture and washed to remove the 
bacteria. After undergoing a chemical 
treatment, cleaning with distilled water 
and sterilization, only pure cellulose re-
mains, to which other components are 
added, such as collagen, hydroxyapatite 
and peptides. 

A fter analyzing the physical and 
chemical properties of the ma-
terial and performing resistance 

and traction mechanical trials, the re-
searchers then conducted in vitro trials 
by cultivating bone precursor cells on 
the membranes with and without the 
addition of peptides for as long as 21 
days. Marchetto noted that “the sam-
ples with peptides showed a far greater 
proliferation of osteoblast cells, which 
are young bone tissue cells, and the mi-
neralization process was greater than 

that of the protein-free samples.” The 
results suggested faster bone regene-
ration. The researchers then moved on 
to trials involving the guided bone rege-
neration of small defects in rat femurs. 
The analyses evaluated biocompatibili-
ty, efficiency of the regulating peptide, 
and bone density over periods of 7, 15, 30 
and 120 days. According to Marchetto, 
“The peptide really spurred conduction 
and bone induction.” After 15 to 30 days, 
new bone was formed. The initial trials 
indicated that reabsorption of the mem-

branes by the body occurs over periods 
greater than 120 days. For the modified 
cellulose membrane to be employed in 
dentistry, however, further animal and 
human trials are required. 

At the Federal University of Minas 
Gerais (UFMG), another biomaterial, i.e., 
a bioactive glass comprised essentially 
of silica, calcium and phosphorus, has 
been developed for bone regeneration in 
dental implants. This product may have 
future orthopedic applications, such as 
the repair of vertebrae or interaction 
with collagen. Its applications further 
extend to the replacement of bones with 
greater mechanical resistance, such as 
those in the legs and arms. Bioglasses 
manufactured by American companies 
are already present in the Brazilian mar-
ket; however, the material developed at 
the university, which is being perfected 
at the startup firm Ceelbio in Belo Hori-
zonte, is innovative because synthesis 
is conducted at room temperature. In 
addition to expending less energy, this 
process makes it possible to incorpo-
rate drugs into the product, with con-
trolled release and localized action. “In 
the conventional process of melting the 
raw materials, followed by fast cooling, 
the bioglass is made at 800ºC,” accord-
ing to professor Rosana Domingues from 
the UFMG Institute of Exact Sciences, 

THE PROJECTS
1. Synthetic peptides with application in the 
health field: perspectives for innovation and 
technological development – nº 
2010/10168-8 
2. Nanocomposites made from bacterial 
cellulose for use in bone tissue regeneration 
– nº 2009/09960-1 
3. Nanocomposite materials made from 
bacterial cellulose, collagen, hydroxyapatite, 
growth peptides and related peptides, for 
use in bone tissue regeneration – nº 
2009/50868-1

MODALITY
1. and 2. Regular Research Funding
3. Support Program for Intellectual Property 

COORDINATOR
1., 2. and 3. Reinaldo Marchetto – Unesp

INVESTMENT
1. R$ 366,830.00 (FAPESP)
2. R$ 131,672.04 (FAPESP)
3. R$ 18,651.50 (FAPESP)

who is the coordinator of the bioglass 
project and a partner in Ceelbio. “The 
high temperature makes the material 
dense and does not allow for the incor-
poration of medication.” 

The researchers chose a synthe-
sis route called sol-gel formation, 
which consists of a sequence of 

chemical processes accelerated by a ca-
talyst at room temperature. At the end 
of the process, a gel with a porous struc-
ture is obtained, which is then transfor-

med into a powder to 
make it easier to pre-
pare and to incorpo-
rate drugs. Trials for 
the evaluation of the 
material’s toxicity 
that were registe-
red with Anvisa, the 
Brazilian Sanitary 
Surveillance Agency, 
confirmed that it is 
non-toxic.  At  the 
Institute of Biologi-

cal Sciences and the Dental School of 
UFMG, the researchers conducted trials 
in vitro and in rats, as well as prelimi-
nary trials in humans, using bioactive 
glass associated with antibiotics and 
anti-inflammatory drugs; these trials 
demonstrated favorable results. 

The research at the university that led 
to the development of bioglass at room 

Bioglass produced at room 
temperature permits the 
addition of medical drugs with 
localized action

Cellulose 
membrane 
after drying 
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a FAPESP grant. This discovery resulted 
in Inova, which is Unicamp’s Innovation 
Agency, filing a patent application with 
INPI. The modification accelerates the 
formation of calcium phosphate at the 
interface between the bioglass and bone 

tissue. “We were able 
to speed up the bio-
logical response of 
the bioglass without 
having to change the 
ease of processing,” 
Bertran explained. 
“Both the process and 
the ensuing material 
are new.” 

Full characteriza-
tion of the surface 

composition of the bioglass and de-
termination of the speed at which the 
ions that comprise the modified surface 
are released into the tissue, thereby in-
ducing bone formation and the bind-
ing of the bioglass with the host tis-
sue, have already been conducted by 
the researchers. The original goal, to 
modify the surface of the bioglass while 
maintaining its vitreous properties, has 
been achieved. At present, the research 
is focused on determining the mecha-
nisms of bioglass surface modification 
and on the biological evaluation of the 
material in vitro. ■

2011, which is a prize for entrepreneur-
ship and innovation granted by Intel and 
the Center of Studies into Private Equity 
and Venture Capital of the São Paulo 
School of Management of the Getulio 
Vargas Foundation. 

At the State University of Campinas 
(Unicamp), the research group led by 
Professor Celso Bertran from the Chem-
istry Institute functionally modified the 
surface of Bioglass 45S5, which is a com-
mercial product composed of calcium, 
phosphorus, silicon and sodium. The 
functional modifications accelerate reac-
tions that control the interaction of the 
bioglass with the organism, thereby in-
ducing faster growth of bone tissues. “We 
modified the surface of the bioglass with 
calcium ions in a suitable concentration,” 
stated Bertran, who is the doctoral thesis 
advisor of João Henrique Lopes, who has P
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Modification of the bioglass 
surface accelerates reactions 
that permit interaction with 
the organism

Bacterial cellulose
Step by step – production of the film for dental use 

ACTION

Cellulose membrane 
stimulates bone repair in 
fractures and facilitates 
dental implant treatment

Bacteria in a liquid 
culture environment 
expel cellulose

Formation of 
gelatinous-like 
film

Chemical treatment 
to remove bacteria

Addition of 
collagen, 
hydroxyapatite and 
synthetic peptides

Film, ready for 
application

Drying at 
50oC

temperature began in the late 1990s with 
a doctoral student who, under the guid-
ance of Rosana, created a biomaterial 
based on hydroxyapatite and zirconium. 
Since then, an exclusive research line 
has been established for the develop-
ment of bioactive ceramic materials at 
UFMG’s Department of Chemistry. The 
development of bioglass using the sol-gel 
synthesis route led to the filing of a pat-
ent application in 2002 and to studies on 
its commercial applications starting in 
2008. In addition to Rosana, Professor 
Tulio Matencio, from the same depart-
ment, is also a Ceelbio partner. At first, 
the firm was housed at Inova, which is 
the UFMG incubator for startups. How-
ever, because the incubator has no au-
thorization to operate in the biological 
field, the company is moving to Habi-
tat, which is the incubator operated by 
Biominas. Ceelbio works with ceramic 
materials along two different lines: one 
concerns fuel cells, i.e., devices similar to 
a hydrogen-based power generator, and 
the other concerns bioactive ceramics 
for biological applications. The project 
that led to bioglass received R$30 thou-
sand in funding from Fapemig, the State 
of Minas Gerais Research Foundation, 
R$120 thousand from the Finep studies 
and projects finance agency and R$67 
thousand for winning Desafio Brasil 
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HUMANITIES _ EXPEDITION

Science  
to create  
a nation

Rondon 
with Paresi 
Indians in a 
documentary 
image by 
Major Thomaz. 
(undated)

Carlos Haag
PUBLISHED IN MAY 2012

The little-known presence of naturalists 

on the Rondon Commission helped to 

formalize scientific research
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ilm production in Brazil began in 1908, and by 1912, 
at most a half dozen films were produced per year. 
In 1907, first lieutenant Cândido Rondon (1865-1958) 
was appointed by President Afonso Pena as head of 
the Strategic Telegraph Line Commission from the 

State of Mato Grosso to the State of Amazonas (CLTEMTA), 
which was formed to build a telegraph line between Cuiabá 
and Santo Antonio do Madeira (Porto Velho). Exactly 100 
years ago, in 1912, Rondon established the Cinematography 
and Photography Section and assigned Major Thomaz Reis 
to be responsible for this section. That the cinema was still 
in its infancy in the country’s capital provides us a clear idea 
of how bold it was to establish a specialized section to docu-
ment the telegraph line expedition. The photosensitive ma-
terial and the appropriation and use of a technology that did 
not yet exist in Brazil required large investments. Further-
more, the equipment was used in appalling environmental 
conditions with high humidity and transportation problems 
through jungle regions full of Indians and diseases. 

The reason for this effort by the famous Brazilian indigenous 
expert becomes clear only when we reveal an unknown aspect 
of the Rondon Commission (1907-1915), namely, its close links 
with science. In the words of anthropologist Roquette-Pinto, 
who accompanied Rondon in 1912, “[t]he construction of the 
telegraph line was the pretext. The real purpose was scientific 
exploration.” According to historian Dominichi Miranda de 
Sá, a researcher at the Casa de Oswaldo Cruz/Fiocruz, “[t]he 
Commission’s function in terms of the defense of the frontiers 
and its ‘civilizing mission’ have already been analyzed, but 
almost no work has been done regarding the group of natu-
ralists, most of whom were from the National Museum, or  
in relation to the scientific research carried out during the 
expedition, which opened up a new field for science and for 
Brazilian researchers.” Dominichi is responsible for the proj-
ect Inventário da Natureza do Brasil: as atividades científicas da 
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Comissão Rondon [Inventory of Brazil’s Nature: the 
scientific activities of the Rondon Commission]. 

According to Dominichi, “[f ]rom the time of the 
expedition onwards, science began to be seen as a 
key element in the construction of the Brazilian 
National State, which was the Republic’s main ob-
jective.” His study concluded that the purpose of 
the Rondon Commission was not only to expand 
Brazil’s telegraph network but also to determine 
the various prospects for the northern part of the 
country’s territory and divide them into areas in-
tended for exploration and those intended for the 
conservation of human and natural resources. In 
this context, the project provides insight into the 
importance of the commission in the institution-
alization of the sciences in Brazil and in the state’s 
growing role in the promotion of scientific research, 
particularly regarding applied science, which is con-
sidered a tool for the modernization of the country. 

“While they were putting up the 
telegraph wires in order to enable 
communication with northern Brazil, 
the border areas with other countries 
were defined and indigenous lands 
were marked out, as well as the areas 
that were suitable for colonization, for 
planting crops and for the expansion 
of cattle breeding,” explained Domi-
nichi. “Additionally, scientific explora-
tion forays were undertaken to learn 
about and to discover rivers, viewed 
as routes for the transport of agricul-
tural production, natural demarca-
tion points for borders and a source 
of geographic orientation, as well as 
obstacles to colonization because they 
supposedly made circulation more 

difficult and increased the incidence of diseases, 
in particular, of malaria,” he noted. This last aspect 
has not yet been studied by the historiography of 
the commission, although it is a starting point for 

Rondon seated 
at a campsite, 
a documentary 
frame of the 
commission 
(undated)

discussing the history of the appropriation of natu-
ral objects (in this case, rivers) for state projects of 
territorial discovery and occupation. 

Therefore, science was as strategic as the 
telegraph poles, as described by engineer 
Francisco Bhering, the author of the te-

legraphic project that was implemented by the 
commission. Bhering considered the project to 
be a “forerunner of the progress” that should 
reach the Amazon region, which was viewed as 
a priority for the republic, in addition to the Sta-
tes of Mato Grosso and Goiás. The project ser-
ved to address fears that this northern area and 
its populations could “end up standing out and 
distancing themselves from Brazilian territory.” 

The “intellectual atmosphere” among the offi-
cers at the time, who were indoctrinated by posi-
tivism, did not advocate the creation of a military 
focused on war but argued in favor of technical 
and scientific training to produce “agents of prog-
ress” rather than soldiers. For this group, the du-
ality between the hinterland (“backward” area) 
and the coastal region (civilization), as argued 
by the new regime, was a fallacy. According to 
these officers, the hinterland was defined by its 
distance in relation to central authority and to 
modernizing projects. As the intellectual Afrânio 
Peixoto explained, “in Brazil, the hinterland be-
gins where the Avenida Central Avenue ends.” 

“The Amazon region rated as ‘hinterland’ be-
cause it had been abandoned by the central au-
thorities and its ‘landscape’ was destined to disap-
pear. It was necessary to occupy, to colonize and 
to modernize this ‘empty territory,’ to mark the 
‘frontier’ and to tame the ‘forest’ with its animals, 
diseases and rivers. Civilization, in the opinion of 
the commission’s members, was a possible out-
come,” observed sociologist Nísia Trindade, who 
is from Fiocruz and is a member of the project. 
After all, according to Rondon, “opening up these 
hinterlands, making them productive, submitting 
them to our activities and taking advantage of their 
fertility and their riches is the same thing as ex-
tending the civilizing action of man to the borders 
of this huge land.” Thus, the problem of duality 
would be resolved with the inclusion of the hin-
terlands in the construction of Brazil’s nationality. 

When the Ministry of Agriculture, Industry and 
Commerce (MAIC) was established in 1906, activi-
ties and scientific institutions (including the Na-
tional Museum and the Botanical Gardens) were 
placed under this new entity. The groups began to 
participate in integrated expeditions, such as the 
Rondon Commission, which was also below the 
positivist and pro-science Ministry of War. The sci-
entific surveys of the territory, including the study 
of climate, the incidence of diseases, rivers, plants, 
animals and the capacity of the lands for agricul-

The commission 
assisted in 
institutionalizing 
the sciences in 
Brazil and 
convinced the 
state to promote 
research
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In addition to classifying and cataloging the col-
lected material, the naturalists who accompanied 
Rondon wrote detailed scientific reports, presented 
at conferences and published texts providing de-
tails of their travels. Some of the most prominent 
naturalists were Alípio de Miranda, Arnaldo Blake 
Santana and José Geraldo Kuhlmann in zoology; 
Cícero de Campos and Euzébio de Oliveira in ge-
ology; Roquette-Pinto in anthropology; and Fred-
erico Carlos Hoehne and João Geraldo Kuhlmann 
in botany. In the future, most of these individuals 
would earn a place in the pantheon of Brazilian sci-
ence. The National Museum grew dramatically, and 
between 1908 and 1916, the institution received 8,837 
botanical specimens, 5,637 zoological specimens, 
42 geological, mineralogical and paleontological 
examples and 3,380 anthropological pieces, all of 
which were obtained from the Rondon Commission, 
as emphasized by Magali Romero Sá, a researcher 
from Fiocruz who was also a member of the project.

Miranda Ribeiro even stated that “the collec-
tions that were brought together during the Ron-
don Commission did more in eight years for the 
National Museum than everything that had been 
done during the institution’s 100-year existence.” 
The zoologist did not act merely as a collector; 
in fact, his integration of evolutionary theories, 
which were still a matter of controversy in Brazil 
at that time, led him to pose questions, observe 
the interrelations between animals and their en-
vironment and offer other observations regarding 
the specimens that were collected. Adolpho Lutz 
was honored with a collection of diptera from the 
Rondon group, and in 1912, he published a paper 
regarding the 70 examples of horseflies that had 
been collected. The botanist Hoehne covered 7,350 
kilometers of the countryside and forests of Mato 
Grosso and subsequently commented that map-
ping the region with Rondon would be the equiva-
lent of developing the entire Brazilian economy. 

A man working 
in a laboratory; 
below, Rondon 
with Paresi 
Indians, an 
image by 
Major Thomaz 
(undated)

ture, mining and cattle breeding, were inseparable 
from the projects of productive diversification, the 
modernization of agriculture, the construction of 
routes for transporting production and the settling 
of labor in the inner areas of the country. 

Emphasis on applied science was an impera-
tive because there was a risk of exploiting nature 
(viewed as a natural resource), particularly agri-
culture, at the service of man. With control over 
the expeditions and the telegraph wires in the 
hands of MAIC, the naturalists and the military 
engineers were responsible for identifying lands 
that were suitable for crops and the health con-
ditions that were necessary for colonization by 
workers to integrate the isolated areas with the 
central authority. Above all else, it was necessary 
to discover the rivers to enable communication 
with the consumer markets. 

In addition, there were requirements of the 
National Museum, which was in the midst of 
a full-blown crisis and being derided by Olavo 
Bilac as a paralyzed and “rigid institution.” The 
museum’s director, João Batista Lacerda, was 
enraged. Since 1905, Lacerda had been attempt-
ing to convince the authorities that “if we wish 
to make Brazil’s supremacy in Latin America 
undeniable, we have to consider this policy from 
the point of view of the superiority of our intel-
lectual resources and of our teaching and scien-
tific institutions.” He continues by noting that as 
a “vital prerequisite to the Museum’s scientific 
progress and development, we need to reestablish 
the former jobs of the travelling naturalist” that 
were created during the days of the Empire and 
extinguished in the Republic. It was necessary to 
“produce knowledge by Brazilians about Brazil-
ian nature,” which thus far had been an activity 
monopolized by foreign naturalists, as satirized 
by Machado de Assis in his short story Lição de 
Botânica [Botany Lesson] (1906). 
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“Because, in addition to scientific research, the 
members of the commission marked out indigenous 
lands, and differentiated, in medical surveys, the 
‘jungle,’ where malaria would be widespread, from 
the ‘forest,’ an object that began to be discussed as 
an area of ‘rational utilization,’ ” observed Domi-
nichi. The Amazon Rainforest became the focus of 
the commission between 1915 and 1920. River sur-
veys were a particular focus as possible routes for 
the penetration, mapping, stocktaking, moderniza-
tion and occupation of the country’s northwestern 
frontier. Maps were corrected, and new rivers were 
discovered, such as the Juruena or Duvida rivers, 
the latter a tributary of the Madeira River, which 
were “discovered” during the greatly commemo-
rated voyage of Rondon with former US president 
Theodore Roosevelt between 1913 and 1914. A new 
“myth of the Amazon” began to emerge.

The term “Amazonia” was the designation for 
a region that was first associated with abundance 
in the book O País das Amazonas (The Land of the 
Amazons), which was written in 1883 by Baron 
Santa-Anna Nery. Its title, which converted the prov-
ince of the Amazons into Amazonia, the Amazon 
region, was aimed at attracting immigrants. “The 
Amazon region,” wrote Nery, “would confirm its 
destiny as the ‘promised land’ cited by chroniclers 
and naturalists, if it were populated in such as way 

as to increase agriculture and mining; if the negative 
ideas about the harmful effects of the hot climate 
were disavowed; if the Forest and the raw materials 
that could be obtained were used rationally, to the 
detriment of only extracting rubber; especially if 
the natural elements were known in their ‘harmo-
nious unity,’ ” explained researcher Nísia Trindade. 

The Republic more intensely renewed its mo-
narchical interest in the region. This rene-
wed interest explains the state’s investment 

in financing a regular policy of acquiring scientific 
knowledge of Brazil’s natural and regional diversity, 
in which the Amazon region held the place of ho-
nor as an object of analysis by the national scientific 
institutions. This focus became especially apparent 
after the creation of MAIC, which sent groups of 
naturalists to study the region, and upon their re-
turn, disclosed their views in popular publications. 
A large percentage of these papers were written 
by members of the Rondon Commission. Even the 
mapping of the rivers assisted in creating a new 
modern myth. “Based on the polysemy of the rivers 
in the country’s northern region, the image of the 
Amazon Forest was constructed by the commission: 
a region of intermittent rains and hot climate; great 
stretches of opulent, fertile, abundant lands to be 
planted with crops; perfect soils for agriculture and 
an alternative to rubber extraction, the growth of 
the latter merely depending on the ‘rational clearing 
of forest’; occupation and colonization by ‘hard-
-working farm workers’; and the creation of means 
of transporting production,” explained Dominichi.

The land actually was the “country of the Am-
azons.” Miranda Ribeiro was correct when he 
praised the commission for eliminating the word 
“unknown” from the Brazilian maps; in the future, 
this commission would transform this “country of 
the Amazons” into Brazil. “The commission pro-
vided material and imagination for the ‘Amazon 
region’s’ consolidation: object of science, imagina-
tion, tourism, political arguments, curiosity and the 
central theme of the debates about the sustainable 
use of natural resources and ecosystem preserva-
tion.” However, the vision of a geographical utopia 
that regarded the country as an immense frontier 
that only needed to begin the process of clearing 
the path ahead, in which progress would advance 
the area nearly effortlessly, did not manifest itself. 

Rondon was concerned about registering every-
thing in images and prepared a number of photo 
albums to document the commission’s activities. 
These photo albums were sent to the most impor-
tant authorities in the Brazilian government. “The 
albums, the articles published in the country’s main 
newspapers and especially the presentations of the 
films followed by conferences worked like a type 
of personal marketing and a form of persuasion 
in favor of the continuation of the commission’s 

Apalaí Indians 
from the Jari 
River dancing in 
an image taken 
by photographer 
Harald Schultz; 
below, Paresi 
Indian women 
in hammocks, a 
photograph taken 
by Major Thomaz 
(undated)
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tion had achieved what they considered to be an 
“epic saga” at the cost of many lives and terrible 
sacrifices while surveying an area of 50 thousand 
square kilometers between the Juruena and Ma-
deira Rivers. Despite numerous mistakes, Ron-
don strived to integrate the Indians into Brazil 
peacefully. As a positivist, he did not scorn the 
Indians; he simply believed that they lived in a 
more primitive stage of social evolution at a time 
when urban intellectuals such as Silvio Romero 
wrote about the racial inferiority of the natives. 
Rondon was an optimist who regarded everyone 
as being part of a single Brazil, which he would 
succeed in bringing together and modernizing.

“However, in just a short time, the enthusiasm 
with the notion that one would be able to over-
come nature and turn it into the ‘earth’s cellar,’ as 
Rondon used to say, with a relatively trouble-free 
colonization, a lot of roads and telegraph lines, 
ran into insurmountable nosological barriers, 
diseases that decimated the expeditions. The 
difficulty of eradicating them increasingly stood 
out in the reports of the commission’s doctors,” 
observed Arthur Torres, who has a master’s de-
gree in history from the Casa de Oswaldo Cruz/
Fiocruz. “People realized that it was essential to 
come up with strategies for controlling conta-
gions with diseases such as malaria in order for 
the commission to be able to conclude the tele-
graph line in the country’s northwestern region 
and to install the greatly desired civilization. 
This did not happen, and the costly and lengthy 
transformation put Rondon’s objectives at a great 
distance from the plans of his commission.” 

While Rondon was struggling to install his 
telegraph wires, Oswaldo Cruz, at the request of 
the Mamoré Railway Company, was attempting 
to prevent the malaria that was killing railway 
workers. The expeditions conducted by Cruz and 
his colleagues from Manguinhos prompted the 
emergence of a new health-oriented portrait of 
Brazil. Contrasting with the positivist optimism 
of the state and of Rondon, Cruz’s view empha-
sized that disease rather than climate was the 
main cause of the country’s backwardness. A 
number of the commission’s members, includ-
ing the head of the commission himself, were al-
ready among the ranks of those demanding that 
the hinterlands be cleaned up, and the health-
oriented movement made the debate public. “The 
discussion of national identity in Brazil began 
to take place by means of the disease metaphor. 
The hinterland is not just a long way away from 
the central authority, but it is a region that, as 
from then, was characterized by its abandonment 
and by contagion,” noted Nísia, who analyzed 
this theme with Gilberto Hochman in the sur-
vey Brasil Imenso Hospital (Brazil an Enormous 
Hospital) (Fiocruz). ■

activities. They mainly aimed at the urban elite, 
which hungered for images and information about 
Brazil’s hinterlands and was the main group of 
opinion-makers,” noted historian Fernando Tacca, 
a professor at the State University of Campinas 
(UNICAMP) and author of A Imagética da Comissão 
Rondon [The Imagery of the Rondon Commission] 
(1996). Thus, Rondon fueled the nationalist spirit 
by constructing ethnographies from a strategic 
and symbolic perspective: the occupation of the 
Brazilian West via communication by means of the 
telegraph and by the visual nature of photography 
and of silent movies, with films by Major Thomaz, 
especially Ao Redor do Brasil [Around Brazil] (1932). 
According to Tacca, “[t]his entire period of produc-

ing images can be seen as an extension 
of the commission’s activities.” 

“The crossover between films and 
photographs was one of the innova-
tive practices of the Rondon Com-
mission’s production. The second 
categorization occurs in the field of 
pacification, when images show doc-
ile Indians subject to changes thanks 
to civilizing progress. Thus, an image 
of subjection is constructed, rather 
than of an impediment to the terri-
torial occupation of the nation,” ob-
served Tacca. There is a scientific im-
agerial construction of the existence 
of traditional groups that accept the 
nationality of the flag and other sym-
bols of the nation that recognize, in 
some cases, the national borders. An 

example of the process of the Indian integration 
by means of the civilizing actions of the States is 
the symbolic image of an Indian on the frontier 
alongside Brazil’s flag, denoting that the Indian is 
a Brazilian Indian rather than simply “an Indian.” 

By 1915, Mato Grosso had 4,502 kilometers of 
telegraph lines, and the members of the expedi-

Rondon was an 
optimist who 
regarded 
everyone as part 
of a single Brazil 
that he believed 
was capable of 
uniting and 
modernizing

Indians 
listening to 
music from a 
gramophone 
(undated)
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Ten-thousand-year-old stone weapons from 

the State of São Paulo differ from prehistoric  

artifacts found in southern Brazil

Marcos Pivetta
PUBLISHED IN APRIL 2012

Tips 
from a 
distant 
past 

_ PREHISTORIC ARROWS AND SPEARS 

WEAPONS FROM 

RIO CLARO

Tapered peduncles, 

exhibiting a V shape, 

measuring up to 1.7 

centimeters long
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rojectile arrow or spear tips from Bra-
zil’s prehistoric past have mostly been 
found in the region that runs from the 
State of Rio Grande do Sul up to the 
region around the city of Rio Claro, in 

the State of São Paulo. Regardless of where these 
tips came from and whether they were made ap-
proximately 500 years ago, shortly before the 
arrival of the European conquerors, or 10,000 
years ago, all of the stone weapons found in this 
vast region are usually classified as belonging to 
the Umbu tradition, an archaeological culture 
associated with ancient hunter-gatherers. How-
ever, a comparative study of the morphological 
(physical) characteristics of more than 1,000 
tips from the three southern  states of Brazil and 
from São Paulo refutes this classification, which 
is deemed as being too simplistic, and shows that 
the weapons from the State of São Paulo differ 
from those of southern Brazil.

TIPS FROM SOU-THERN BRAZILHunting artifacts have 
smaller rods and splits, 
resembling a fish tail

Most of the arrow and spear tips found around 
Rio Claro, a region full of such artifacts, have a 
peduncle, which is a shaft or handle on the op-
posite side of the sharp surface. This peduncle 
is V-shaped in its contour and is larger and more 
chiseled than the peduncles of tips found in the 
south, especially those from the State of Rio 
Grande do Sul. The weapons from the southern 
part of the country tend to have a split shape, re-
sembling a fishtail. No spear or arrow tips of this 
type have been found in São Paulo. “The func-
tion of the tips found in the two regions was the 
same – they were used as weapons for hunting” 
says archeologist Mercedes Okumura, from the 
Archeology and Ethnology Museum of the Uni-
versity of São Paulo (MAE-USP), the author of 
the study. Mercedes was initially supported by 
a post-doctoral grant from the National Coun-
sel of Technological and Scientific Development 
(CNPq), but her research is currently funded by 
FAPESP. “However, we believe that the shapes 
of the peduncle can be interpreted as cultural 
markers, related to distinct groups or tribes.”

Because the design of the tips from the south 
differs from that of the tips from São Paulo, it 
stands to reason that the inhabitants of the two 
regions were also different, at least from a cul-
tural point of view. The artifacts of the ancient 
hunters-gatherers from the states of Rio Grande 
do Sul, Paraná and Santa Catarina can be clas-
sified as examples of the Umbu tradition. The 
same, however, cannot be said about the weapons 
from São Paulo, according to the archeologist. 
They may have belonged to a group with differ-
ent habits and lithic technology than those of the 
Umbu tradition, which is dominant in the south-
ern tip of Brazil. “The tips are a complex artifact, 
containing information about the people who 
made them,” says archeologist Astolfo Araujo, 
also from MAE-USP, who works with Mercedes. 
“The construction of tips takes many steps and is 
a long process of cultural transmission. Learning 
to make them takes years. “

According to Mercedes, the bodies of the tips 
from the south of Brazil and of those from São 
Paulo are of similar size. On average, they mea-
sure between 2.5 and 3 centimeters. This mea-
sure does not take into account the size of the 
peduncles.  The differences between the tips 
of the two regions appear when we look at the 
shape and size of the peduncles. In the south, 
the peduncles tend to measure between 0.9 and 
1.1 centimeters. In São Paulo, they are on aver-
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age nearly twice the size of those from 
the south, measuring approximately 1.7 
centimeters. In addition, they are never 
split and are usually tapered. Last year, in 
addition to studying tips from the Plynio 
Ayrosa Collection at MAE, Mercedes 
also visited collections at nine other uni-
versities, as well as private collections in 
southern Brazil and São Paulo.

Mercedes has a degree in biology and 
extensive experience in analyzing the 
anatomic features of skulls and bones 
of prehistoric creatures from Brazil. To 
conduct her research, she has adapted 
statistical and quantitative methods al-
ready widely used in human evolution 
studies. “Because there are few ancient 
human skeletons found in the south and 
in São Paulo, I decided to study the for-
mal artifacts that these people devised, 
such as these lithic stones,” Mercedes 
explains. Equipped with calipers, an in-
strument used to accurately measure 
dimensions, she recorded the size of 
1,102 tips. She measured 131 weapons 
from São Paulo, 170 from Paraná, 258 
from Santa Catarina and 543 from Rio 
Grande do Sul. The analyzed artifacts 
came from ten archaeological sites: five 
in Rio Grande do Sul (Maquiné, Santo 

Antônio, Caí, Ivoti and Taquari), three 
in Santa Catarina (Taió, Urussanga and 
Santa Rosa), one in Paraná (Reserva) and 
one in São Paulo (Rio Claro).

FOUR MEASUREMENTS 
In her first study of the tips, the results 
of which have been presented at con-
gresses and will be reported in an article 
to be submitted to a science journal, the 
archeologist specifically compared four 
measurements: the length of the blade, 
the size of the peduncle, the width of 
the neck (the region in which the sharp 
part ends and the handle begins) and 
the thickness of the arrow at the mid-
point of the body. She employed statis-
tical methods and computer programs 
to compare the measurements and to 
verify whether the tips could be linked 
to a single culture – more specifically, 
the Umbu tradition – or to more than 
one method of producing weapons. This 
strategy is similar to those used by arche-
ologists to quantify the size and shape of 
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a skull to infer the physical features or 
ethnic origin of a skeleton, for example, 
to determine whether a skeleton is of 
African or Asian origin.

Of the four measurements, only the 
size of the peduncle exhibited statisti-
cally relevant discrepancies. Split han-
dles predominated in six of the nine ar-
eas in the south. The artifacts found in 
Rio Claro – most of which were made of 
silexite and some of quartz – were dif-
ferent: their tips were tapered. “The ar-
tifacts from the are not all identical, but 
they are certainly different from the ones 
from Rio Claro,” says Mercedes. The tips 
from São Paulo State are classified as 
being from the Rio Claro phase, which, 
according to several authors, is akin to 
a regional accent within the scope of a 
native language, that is, a local manifes-
tation of the Umbu tradition. Mercedes 
and Araujo, however, suspect that the 
tips from São Paulo are more distinct 
than this classification implies. They may 
belong to another stone language with its 
own tradition, and they may have been 
cut by a culturally different group rather 
than the ancient inhabitants of the south. 
The archeologists from USP believe that 
it is very unlikely that a single cultural 
tradition could have been maintained for 
so long (approximately 10,000 years) in 
the large region running from the south 
up to the State of São Paulo (a distance 
of 1,800 kilometers from the Chuí River 
to Rio Claro). “There might have been 
two distinct hunter-gatherer popula-
tions, one in the south and the other in 
São Paulo State,” says Araujo. “The in-
habitants of São Paulo might have de-
rived culturally from the inhabitants of 
the south, a region where many of the 
weapons were found.”

Shelter in the region of 
Caí, State of Rio Grande 
do Sul, where most of the 
tips of the Umbu tradition 
have been found
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Objects cut by human hands – known 
as material culture – provide informa-
tion about the people who made them, 
especially when they are the single or 
most important archeological finding as-
sociated with a population or a society 
that has disappeared. This situation is 
not found only in southern Brazil and São 
Paulo. In the United States, the famous 
Clovis culture, believed to have appeared 
approximately 13,000 years ago and for 
many years considered the most ancient 
culture of the Americas (a hypothesis that 
is now being challenged), is primarily 
known because of the stone tips retrieved 
at sites in New Mexico. Human skeletons 
associated with the Clovis culture have 
never been found. This does not mean 
that the importance of this ancient cul-
ture, with its long tips that sometimes 
resemble an upside-down champagne 
glass, is no longer acknowledged. ■
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The analyses conducted by Mercedes 

Okumura on more than 1,000 

prehistoric lithic tips raise another 

interesting issue, in addition to the 

different styles of the artifacts from 

southern Brazil and from São Paulo. The 

size of some of the small 10-thousand-

year-old weapons from Rio Grande 

do Sul is compatible with arrow tips. 

“This was a surprising result,” says the 

archeologist. The oldest lithic arrows 

found in the United States are much 

younger than those found in southern 

Brazil. They were made between 

1,500 and 4,000 years ago. The new 

data could indicate that the arrow 

technology in the Americas may have 

been developed first in the south and 

later in the north. 

The stones are usually divided into 

three categories, based on their size 

and weight. The larger and heavier 

ones were most likely the tips of spears, 

whose large size made them a valuable 

weapon a hunter could injure an animal 

at a short distance. The medium-sized 

Spear, dart, or arrow 
The lithic tips can be used for three types of hunting weapons

SPEARDARTARROW

Argentina’s Marcelo Cardillo, an ar-
cheologist from the University of Buenos 
Aires who conducts similar studies on 
stone weapons from Patagonia and the 
Puma region, follows a line of reasoning 
that does not differ much from Miller’s 
thinking. Although he acknowledges 
that he is not a specialist in Brazilian 
archaeology, he argues that the statisti-
cal analysis of the measurements of the 
tips from the south and from São Paulo 
State provides a basis for Mercedes’s 
conclusions. “It is quite possible that 
the style or the design of the weapons 
might have varied in the course of time 
and space,” says Cardillo, a critic of the 
tradition concept. “This might have oc-
curred for very different reasons, related, 
for example, to environmental factors 
or random processes, such as a cultural 
trend, or to the availability of different 
materials in a place or at a time.”

In the opinion of archeologist Tom 
Miller, a retired professor of the Fed-
eral University of Rio Grande do Norte 
(UFRN) who studied stone tips from São 
Paulo State in the 1970s, the hypothesis 
that the Rio Claro weapons belong to a 
different culture rather than the one in 
the south makes sense. “The attempt 
to classify the material from Rio Cla-
ro as being Umbu has been a mistake 
right from the start,” says Miller. “The 
different shapes of the peduncle could 
represent a difference in terms of style 
or attachment of the handle to the ar-
tifact.” However, he also feels that cul-
tural traditions cannot be defined solely 
by a study of one type of artifact, such 
as the tips from a specific region. They 
also have to be based on more complex 
analyses that take into account the tech-
nology and adaptation strategies of the 
ancient inhabitants of a given region. 

ones may have been tips of darts 

that were most likely thrown using 

an instrument called  atl-atl launcher. 

They could not be too large because 

a larger size would reduce their reach. 

The smaller and lighter tips were most 

likely used on arrows. Because they 

were launched from a wooden bow, 

they could fly for a longer distance and 

cause considerable damage. “There is a 

consensus that the spear tips came first, 

followed by the dart tips and finally by 

the arrows,” says Mercedes.
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A delicate predator
PUBLISHED IN APRIL 2012

In the searing dry heat of the Cabral Hills in Minas Gerais, a thin stalk with 

transparent purple flowers pokes out of the white sand. The sight is 

poetic, but Philcoxia minensis must resort to trickery to survive. One of 

these tricks is to keep its leaves buried and protected from the sun, which 

nevertheless reaches them in sufficient amounts for photosynthesis to 

occur. A second trick, confirmed by ecologist Rafael Oliveira and his 

student Caio Pereira, is to attract underground worms that can serve as a 

food supplement in the poor soil. Digestion is undertaken using 

phosphates secreted from the plant’s glands, which can be observed 

under a scanning electron microscope in the photograph on the left. 

Photo sent by Rafael Oliveira 
State University of Campinas (UNICAMP)
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