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Professor RAMON MARGALEF (1919-2004)*

Ramon Margalef, Professor Emeritus of Ecology of the Universi-
ty of Barcelona, Catalonia, and member for the Institute for Cata-
lan Studies, passed away at age 85 on May 23, 2004. Margalef
was the most important Catalan and Spanish limnologist, ma-
rine biologist, and ecologist of the twentieth century. He was a
pioneer and outstanding researcher in these fields; and he con-
tributed greatly to many branches of science, ranging from lim-
nology and biological oceanography to theoretical ecology.
Margalef has left us an enormous body of scientific literature,
consisting of more than 400 published scientific papers and 20
scientific books. Even though not all of his papers were pub-
lished in journals included in the Science Citation Index, for
many years he was the most frequently cited Spanish scientist.
In alist of 95 investigators from around the world, Margalef was
considered to be one of the three most outstanding Spanish
life scientists —the other two being Nobel Prize winners Santia-
go Ramoén y Cajal (1852-1934) and Severo Ochoa
(1905-1993). Margalef’'s book Perspectives in Ecological The-
ory (1968) and his articles “On certain unifying principles in
ecology” (1963), “Life-forms of phytoplankton as survival alter-
natives in an unstable environment” (1978), and “From hydro-
dynamic processes to structure (information) and from infor-
mation to process” (1985) are classics regarding their citations
by other authors. In particular, “On certain unifying principles in
ecology” is considered to be among the top ten articles of
twentieth-century biology.

* Joandomeénec Ros. Departament d’Ecologia, Universitat de
Barcelona, Catalonia, EU. Email: jros@ub.edu

A naturalist in the difficult post-war Spain

Ramon Margalef was born in Barcelona in 1919, and as a
youth, as he later wrote, “lost time in Trade School and other
foolishnesses”. He studied French, German, and mathematics,
but soon thereafter he became interested in natural history and
biology, especially with respect to aquatic environments. The
Spanish Civil War interrupted his education and in 1938, while
he was still a teenager, he was recruited into the Republican
army. At the end of the war, he was forced by the new govern-
ment to serve an extended three-year-period in the military. Af-
terwards, he worked as a clerk at an insurance company while
continuing his research on lberian aquatic ecosystems as a
student at the Botanical Institute of Barcelona. His training was
mostly autodidactic. He read everything he could find on biolo-
gy, physics, and other fields of science, which equipped him
with an encyclopedic amount of knowledge. Margalef’s earliest
scientific publications, which date back to 1943, quickly estab-
lished his talent and won him a scholarship, which allowed him
to obtain a degree in Biology. In 1951, he defended his doctor-
al thesis on the “Temperature and morphology of living be-
ings”, which addressed many questions that nowadays contin-
ue to be asked and which interested Margalef all his life.

It is well-known that, in the 1940s, Margalef built his own mi-
croscope with an assortment of parts that he had bought at
flea markets. What is not so well-known, however, is that, over
the years, he also constructed several other instruments in or-
der to automatically obtain plankton samples, mimic natural
conditions in the laboratory, or automatically process data from
his experiments. He applied to ecology what had once been
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said about physics: “The good ecologist should be able to
screw down screws with a hammer and to sink nails with a
screwdriver.” Proof of the high quality of his inventions (actual
prototypes that were later modified and improved) was the fact
that, for many years, the US government gave him —literally— a
blank check to construct any kind of mechanical or electronic
instrument he needed, devices that his colleagues referred to
as “rain-making machines”.

During that early period, Margalef was an indefatigable re-
searcher. Not only was he an outstanding naturalist, he was
also capable of making connections between very diverse as-
pects of biology, geology, physics, and chemistry. It was obvi-
ous that he had a rare kind of intelligence, and that his knowl-
edge exceeded by far that of his colleagues. Other scientists in
higher positions were aware of the excellence of Margalef’s
work and helped him to pursue his career. He often mentioned
the German amateur naturalist Karl Faust (1874-1952), a busi-
nessman who settled in Catalonia in 1898 and who founded
the Marimurtra Botanical Gardens in Blanes, Costa Brava; the
eminent botanist Pius Font Quer (1888-1964); the zoologist
Francisco Garcia del Cid (1897-1965), the first director —-from
1951 until his death— of the Institute for Fisheries Research;
and Miquel Massuti Alzamora (1902-1950). All three offered
him scholarships or helped him in his early research efforts.

After World War I, Margalef met with an American talent
scout who had come to Spain in search of gifted scientists.
This meeting proved to be crucial for Margalef. The American
offered him the opportunity of unlimited travel throughout the
United States and to other countries. Margalef took advantage
of the offer to visit numerous research centers and to partici-
pate in many scientific meetings. Subsequently, several Ameri-
can universities encouraged him to move to the United States
with his family, an invitation he would have accepted gladly in
order to leave post-war Spain, which he considered to be a
“shrunken society” with respect to science. Nevertheless, the
opinion of his wife -Maria Mir, also a biologist, whom he had
married in 1952 and who died just a week after her husband-—
prevailed. She was from Majorca and had strong personal ties
to the island; for her, the United States was too far away from
her homeland.

In 1950, Margalef began working at the Institute for Fisheries
Research (Institut d’Investigacions Pesqueres, IIP, currently
the Institute for Marine Sciences), a division of the Spanish Re-
search Council (CSIC), of which he was appointed director in
1966. Margalef promoted oceanographic research and the In-
stitute, which previously had focused its efforts mainly on fish-
eries, soon became a center of excellence in oceanography.
He also converted the journal Investigacion Pesquera [Re-
search in Fisheries] into a prestigious journal of Spanish marine
science. Similarly, his works on limnology, which appeared
mainly in Publicaciones del Instituto de Biologia Aplicada [Pub-
lications of the Applied Biology Institute], bestowed on that
journal an international reputation. When, in 1967, he was ap-
pointed to Spain’s first Chair in Ecology, at the University of
Barcelona, he resigned his post at the IIP.

World renowned ecologist

At the University, Margalef established the Department of Ecol-
ogy and trained several generations of ecologists, limnologists,
and oceanographers. After two decades of a fruitful academic
career, he retired and was appointed Emeritus Professor.
Without the time-consuming commitments of teaching and ac-
tive research, he generously shared his knowledge with col-
leagues and friends until shortly before his death.

Margalef trained hundreds of scientists in the classroom, in
the laboratory, in the field, and at sea, lecturing them and carry-
ing out joint research not only at the University of Barcelona
and the Institute for Fisheries Research but also at other cen-
ters around the world. From 1971 to 2001, he directed around
40 doctoral theses, a number that does not do justice to his
generosity, enthusiasm, and kindness when giving advice or
suggesting methods to tackle difficult problems or the study of
unexplored fields of science. Both young researchers and
those not so young, who over half a century were fortunate
enough to benefit from his guidance, will surely always remem-
ber Margalef’s unique approach to teaching and research.

The following wonderful definition of scientific research was
written by Margalef (1981a; my translation):

Research should make knowledge advance over a wide
field. It is exploration, play, and reflection at the same time,
applied to every point of warp and weft. The research that |
think about so often now could be applied either to improve
the production of buttons or of a water purifier, to synthesize
a new chemical compound, or to discover new relationships
between natural phenomena or human activities, providing
us in the process with newer, more succinct, and more gen-
eralized descriptions than we have had so far. This is a not
totally unpredictable adventure, rarely for free yet positively
addictive.

A prolific author, with good command of half a dozen lan-
guages, throughout his life Margalef read thousands of scientif-
ic books, but he had a notable literary knowledge, too, espe-
cially of the classics. He also used his own books, which
conveyed his ideas about the biosphere’s organization and
functioning, to teach university students and society in general.

Two remarkable and thorough university textbooks written
in Spanish by Margalef deserve special mention: Ecologia
(1974) and Limnologia (1983). For many years, Ecologia was
considered to be the best book on this field of science ever
written in any language. Margalef updated the ideas contained
in that book in later works: La Biosfera: Entre la termodindamica
y el juego [The biosphere: Between thermodynamics and
game, 1980], Teoria de los sistemas ecoldgicos [Theory of
ecological systems, 1991], Oblik Biosfer (in Russian; A view of
the biosphere, 1992) and Our biosphere (1997). Margalef was
also author and editor of many monographs, including Intro-
duccion al estudio del plancton marino [Introduction to the
study of marine plankton, 1950], Los crustaceos de las aguas
continentales ibéricas [Crustaceans from Iberian freshwaters,
1953], Los organismos indicadores en la limnologia [Indicator
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organisms in limnology, 1955], Comunidades naturales [Natur-
al communities, 1962], Ecologia marina [Marine ecology,
1967], and The Western Mediterranean (1985).

Margalef was also a great popularizer of ecology. Among his
books aimed at general audiences, a few must be mentioned:
Ecologia [Ecology, 1981], which continues to be a bestseller;
L’Ecologia [Ecology, 1985], published in Catalan on the occa-
sion of a related exhibit in Barcelona; and Planeta azul, planeta
verde [Blue planet, green planet, 1992]. He was also a frequent
contributor to several encyclopedias of natural history, espe-
cially Historia natural dels Paisos Catalans [in Catalan; Natural
history of the Catalan Countries, 1984-1992] and Biosfera (first
published in Catalan, later translated into Japanese and Eng-
lish; Biosphere, 1993-1998).

Margalef received numerous and significant awards for his
research and teaching activities, including the following:

e Prince Albert | Medal, from the Oceanographic Institute of
Paris (1972)

e A. G. Huntsman Award, from the Bedford Institute of
Oceanography (Canada, 1980)

e Narcis Monturiol Medal Award of the Autonomous Gov-
ernment of Catalonia for Science and Technology (1983)

e Santiago Ramon y Cajal Prize, of the Spanish Ministry of
Education and Science (1984)

e Naumann-Thienemann Medal, of the International Associ-
ation of Theoretical and Applied Limnology (Societas Inter-
nationalis Limnologiae, SIL) (1989)

e [talgas Prize for Environmental Sciences (Italy, 1989)

e Catalan Foundation for Research Prize (1990)

e Alexander von Humboldt Award (Germany, 1990)

e Knight Commander of the Order of Alfonso X the Wise
(Spain, 1990)

e International Prize San Francesco d’Assisi for the Environ-
ment (Italy, 1993)

e International Ecology Institute Prize, from the Ecological
Institute (Germany, 1997)

e Cross of Sant Jordi Award of the Autonomous Govern-
ment of Catalonia (1997)

e Honorary Forestry Engineer of the Polytechnical University
of Madrid (1998)

e Rainier lll of Monaco Prize (1998)

e ASLO Lifetime Achievement Award (2000)

e Spanish Council for Research (CSIC) Gold Medal Award
(2002)

e Autonomous Government of Catalonia Gold Medal Award
(2003)

e National Award for Environmental Sciences of the Au-
tonomous Government of Catalonia (2004, posthumous).

Margalef was a member of several scientific academies in
Spain and abroad, the National Academy of Sciences of the
USA among them. In addition, he was an honorary member of
several scientific societies around the world and was awarded
Honoris Causa doctorates from several universities: Université
d’Aix-Marseille, France (1973), Sarria Chemical Institute of the
University Ramon Llull, Barcelona (1983), Université Laval,

Quebec, Canada (1987), University of Lujan, Argentina (1994),
and University of Alicante, Spain (1999).

In science, receiving so many international awards is some-
what unusual. It is even more unusual that professional recog-
nition continues over half a century. Margalef’s article “The the-
ory of information in ecology” (1957, originally written in
Spanish) was his introductory lecture as a new member of the
Barcelona Royal Academy of Sciences and Arts (later pub-
lished in its Proceedings) but it eventually reached a worldwide
audience. In that article, Margalef suggested that the theory of
information should also be applied to the study of species di-
versity in ecosystems. Due to the novelty of Margalef’'s ap-
proach, the article was translated into English and published in
the journal General Systems (1958). At the time, ecology was
still a young science, lacking both a theoretical reference frame
and a corpus of stable paradigms comparable to those in other
scientific fields. Margalef's 1958 paper, along with the article
“On certain unifying principles in ecology” (1963) and the small
book Perspectives in Ecological Theory (1968), which was
translated into several languages, offered new and appealing
ways of understanding ecology.

Margalef based his theoretical approach, which was holistic
and integrative, on his extensive knowledge of aquatic ecosys-
tems, which he had studied first as a naturalist, applying a
botanical, zoological, and phytosociological perspective. Later,
“tired of making lists [of species] to characterize different types
of ecosystems”, he took a more general approach and gath-
ered information about the structure and workings of the bios-
phere, which he considered “a multishaped cover of life above
some heterogeneous spaces that were also the matrix for evo-
lution, and that were influenced by evolution itself in a feed-
back” (Margalef, 2004).

The International Society of Limnology awarded Margalef
the Naumann-Thienemann Medal for “having shared his cre-
ative talents of discoveries, intuition, and synthesis of the eco-
logical foundations of the limnological phenomena, and for his
influence in the Hispanic world.” Margalef, working on his own,
set up the basis for studying the regional limnology of the Iber-
ian Peninsula and the Balearic Islands, and later initiated the
ecological research on one hundred Spanish reservoirs, which
thus far remains the only thorough analyses of this type world-
wide.

The study of marine plankton and primary production of the
sea soon led Margalef to new quantitative approaches and to
apply several new methods of evaluating the populations of mi-
croscopic organisms along the water column, such as consid-
eration of species diversity, or other models derived from ter-
restrial ecology, e.g., the concept of ecological succession.
Probably his most outstanding contributions to ecology were
recognizing the spatial organization of phytoplankton and the
crucial role of auxiliary energy in that structure. Prior to those
observations, phytoplankton was considered to be simply a
structure-less cell suspension.

Taking into account both space and the role of exosomatic
energy in the structuring of biological communities was an ap-
proach that Margalef applied not only to the study of plankton,
but also to other communities of the biosphere. This mode of
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thinking had proven to be advantageous in estimating species
diversity and the connectance between different nodes of
trophic webs. It also enabled him to study the patterns that
could be elucidated from an analysis of ecological succession,
which he first identified as an evolutionary framework in the de-
velopment of the ecosystem. From these ideas, an ecological
theory emerged that, like everything in science, has been sub-
ject to modification, refutation, and evolution. This theory was
Margalef’'s major contribution to ecology as an established sci-
entific discipline. From his first publications on ecological theo-
ry until his last book, Margalef’s role in furthering our under-
standing of the functioning of the biosphere has been
acknowledged internationally. In 1988, the National Science
Foundation recognized Margalef’s research on the dynamics
of marine phytoplankton, which he carried out during the
1960s and 1970s, and declared that his work on these sub-
jects had been several decades in advance and had provided
the foundations for subsequent biological research in that field.
Indeed, Margalef is one of the very few scientists who had con-
tributed to both the theoretical and the practical development
of a science.

A proper measure of this contribution can be found in the
scientific publications of his colleagues, disciples, and friends,
who in discussing their own research and expertise recognized
their teacher’s direct or indirect influence on their work in a se-
ries of publications; among others: Ros & Prat (1991), Margalef
(1994), Gili et al. (2001), Ros et al. (2004), Zamora et al. (2005),
Armengol (2006).

Margalef excelled not only in the fields of limnology, marine
ecology, and theoretical ecology, but also in biogeography, ge-
ology, human evolution, and human ecology. Including the hu-
man species in his general theory of the biosphere was among
his most valuable but least-known contributions to ecology. He
also played a major role in the popularization of ecology; as
mentioned above, he wrote several popular-science books,
was the author or editor of several encyclopedias, and partici-
pated in creating exhibitions aimed at the general public. In one
of his articles advocating changes in the teaching of natural sci-
ence, he stressed the importance of conveying the “simple
facts about life and the environment not to forget in preparing
schoolbooks for our grandchildren.” (Margalef, 1984)

Natural-born teacher

Margalef was a natural-born teacher who captivated his stu-
dents and conveyed a sense of enthusiasm concerning the
field of ecology, at a time when it was still an elective subject in
Spanish universities, just as limnology, marine biology, and
other subjects often are now. Long before he was appointed to
the Chair in Ecology, Margalef taught a wide range of university
courses on disciplines belonging to his specialty. For example,
in 1955, he lectured on Animal Ecology, Oceanography, and
Marine Biology at the University of Barcelona and at other uni-
versities and research centers, especially in the United States.
The level of these early courses was such that from them he
obtained the material needed to prepare Perspectives in Eco-

logical Theory, Comunidades Naturales, and Ecologia Marina,
all of which later became references in the ecological sciences.
Later on, as the holder of a university chair, he wrote two man-
uals, Ecology and Limnology, as well as other undergraduate-
oriented university texts (although recent generations prefer the
more popularized, aforementioned ones).

Sometimes, Margalef’s didactic contributions were more
specialized, such as his discussion of the dynamics of exploit-
ed marine communities or his methods for carrying out
oceanographic research, phytoplankton sampling, single-cell
algae cultivation in the laboratory, the extraction of plant pig-
ments, etc. (see his annexed Bibliography). Nonetheless, he
was often reluctant to explicitly assume credit for his ideas.

For example, in the Foreword of a textbook on practical field
and laboratory ecological work of which | was the editor (Ros,
1979), there is this explicit acknowledgment:

In his role as author of the course program, the head of the
Ecology Department of the Barcelona University [Margalef]
has [...]Jdesigned these practical exercises and others; thus
one can say that only formally, but not really, the textbook
authors [half a dozen contributors, but not Margalef] are the
practical exercises authors.

| studied ecology as an elective subject as part of a degree
in Biology during 1966-1967, immediately after Margalef had
taught a course at the University of Chicago that provided the
basis for Perspectives in Ecological Theory. The importance of
this small book to modern ecology is inversely proportional to
its mere one hundred pages, similar to the importance of
Schrédinger’s seminal but brief book, What Is Life? had for bi-
ology. Forty years ago, around the time Margalef was appoint-
ed director of the Institute for Fisheries Research (lIP), he
taught a course in ecology that included trips to the IIP. These
were extremely interesting tours that made us forget, at least
for a couple of hours, the inflexibility of the classroom, and they
allowed us to observe the laboratories where Margalef and oth-
er wise men carried out research in oceanographic science —an
experience that would mark us for life.

| would like to share an anecdote that exemplifies both the
state of Biology in Spain in the 1960s and what Margalef's
classes were like. My classmates and | devised a system to
make up for the lack of textbooks for most of the subjects we
studied (a situation that has now inverted itself completely:
there is a huge number of books available, in languages that
are accessible to the students... who tend not to use them!).
Some of us undertook the task of taking notes from courses in
the different subjects, which we would then carefully prepare,
reproduce, and exchange in different installments. Josep Maria
Camarasa, who was in charge of taking notes for Ecology dur-
ing the academic year of 1967-1968 (the last year before the
completion of our degree), wrote in the prologue of his volume
about the difficulties he faced in taking notes in Margalef’s
class, and even the few that he managed were difficult to un-
derstand.

Margalef was an atypical professor, or at least that is how he
seemed to us. Even if he claimed to follow a detailed and ex-
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plicit syllabus, he would often jump from one topic to another,
making connections between topics that did not always seem
1o be related to the subject at hand. He rarely made use of the
blackboard, and when he did it was in a way that did not allow
us to take notes. In a typical episode, which | observed at least
a hundred times, Margalef would explain something interesting
and turn around to write it on the board, but he would do it at
chest height and in such small handwriting that nobody could
see a thing. We would wait for him to move over...to no avail!
When he finally did move, his tiny hieroglyphics nonetheless re-
mained covered or were erased while he continued with his ex-
planation, but before we managed to copy anything down.
While this was utterly exasperating for his students, at the
same time it motivated us to search everywhere for ways to
complement the subject. As a result, Margalef forced us into
the habit of reading, not only about ecology but other subjects
as well, from physics to scientific assay, from geology to statis-
tics.

Margalef's autodidactic training as well as his scientific
“wanderings” surely accounted for his ability to synthesize in-
formation regarding the workings of nature, and they resulted
in a valuable legacy for his pupils: he was one of the driving
forces —firstly— and an academic accountable —secondly— for
the formation of the Seminar in Biology, the seed that would
become the Library of the Faculty of Biology. He dedicated
particular effort to establishing and funding the library for the
Department of Ecology, which for decades remained one of
the best ones in the Catalan universities and which also includ-
ed many books on fields different to ecology. The reason for
this broad-range approach is to be found in Margalef's own
words (my translation):

| would wish that people read more, that better libraries
were available and that students had a wider knowledge of
languages [...] Catalonia does not possess scientific biblio-
graphical resources that are minimally adequate and mod-
ern IT techniques cannot replace the inspiring power of a
book — | dare say of bone and flesh— on your lap. .. (Margalef,
1981a).

This interest in promoting reading among students brings
me to another anecdote, also involving an event that took place
on several occasions. Sometimes, when the feared final exam
arrived, Margalef would propose that, instead of writing it in
one of the classrooms, it should be written in the library, where
students could have free access to all the books they might
need in order to answer the questions. This allowed Margalef
to easily identify those who were used to looking up information
and who knew where to find the answers. The “more typical”
exams also did not escape from some amount of geniality,
which was not always welcome by the frightened students.
Once, for example, Margalef told his students to write down
the question that they would like to answer (interestingly
enough, the number of people who failed was not any lower
than on other occasions). Another time, the entire exam con-
sisted of one question: “What is Ecology?”

During his active life, practically until a month before his

death, Margalef was frequently consulted and sought after for
information, not only by his students but also by other profes-
sors and researchers, including those from seemingly distant
professional disciplines, such as economics, geology, physics,
and chemistry. His answer to most of their inquiries would al-
ways begin the same way: “I don’t know much about that,
but...”, and then would come the treasure the person had
been looking forward to: the last relevant bibliographic refer-
ence, the address of a researcher who was working on that
subject, Margalef’s thoughts on an area supposedly marginal
to his scientific interests, and a series of research suggestions
to help resolve the problem at hand as well as other, related
ones that the inquirer probably had not stopped to think about.
Part of this unique ability is reflected in his bibliography: most of
his more than 400 scientific articles and books are about ecol-
ogy, limnology, and marine biology, but his contributions to
biogeography, micropaleontology, human ecology, and evolu-
tionary biology are not scarce either.

Margalef was the living example that in order to be a good
teacher it is necessary to be a good researcher, as he pointed
out more than once (my translation):

A succession of teachers, teaching one another, who lack
adequate contact with the outside world, produces a huge
bubble without any content other than everyone’s frustra-
tions. Research is essential so that knowledge doesn’t de-
grade and so that we remain eager to confer some novelty
to our lessons. You don’t replevy this research; you’d do it
so far as the possibilities allow it to. (Margalef, 1981a).

He contributed, as very few others, to building the scientific
field that he taught, and he knew personally those scientists
who during the second half of the 20th century shaped ecolo-
gy, limnology, and oceanography. This direct relation to the
protagonists of the history of these sciences (G. Evelyn
Hutchinson, Robert H. McArthur, the brothers Eugene P. and
Howard T. Odum, Josias Braun-Blanquet, to name a few) be-
stowed Margalef’s classes with an extraordinary liveliness.

In the following texts, Margalef explained his view of the time
he spent at the university (my translation):

[In] University [...] I've spent half my life [...] the truth is | have
invested a lot of effort and enthusiasm, but it is also true that
a considerable portion of my life at the university passed
during relatively difficult or unsettled times, in which hardly
favorable political conditions, a succession of different chan-
cellors —some very good, others not so— and an administra-
tion that did not always make available the resources that
had been granted to me were combined. There were also
periods of turbulence and even rough conflict, but it is my
duty to add that none of them was seriously detrimental to
education... (Margalef, 2004).

This text [...] tries to collect the essential materials to con-
struct the basis of ecology, with a certain amount of system-
atization and with the presentation of numerous examples
[...] It should be also added that the random character that
university life has acquired during these last few years [he
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refered to years of political and social strife in Spain’s cam-
puses and to the endless strikes both by students and pro-
fessors] makes one believe that a text can facilitate the con-
tinuity of studies (Margalef, 1974).

As much in my own investigations as in stimulating those
of my students, I've tried to do what | could; | have good
memories, but am not completely satisfied with the obtained
results. | would lie if | said that they weren’t worth the dedi-
cated effort... (Margalef, 2004).

Margalef, Gedankenexperimentator

Much like other geniuses, Margalef excelled in proposing
Gedankenexperimenten, in the style of “What would happen

science that were not generally subject to actual experimenta-
tion. Despite the fact that some of these thought experiments
seemed to border on science fiction, Margalef managed to ex-
ploit and convert them into classics of ecological theory, and
some of them later became the basis of more formal studies.

One of the classic theoretical questions that Margalef posed
had to do with the standard definition of the biosphere. Why is
the biosphere a discontinuous, fragmented layer of many dif-
ferent organisms instead of a thin, giant amoeba that extends
itself over land and water? The upper, autotrophic layer of this
superorganism would be separated by just a few millimeters
from the lower, heterotrophic one, the necessary width for the
difference in redox potential that would allow production and
respiration. That way, problems arising due to the huge dis-
tance that separates these processes in the ocean (see below)
would not exist. But the physiological strain that a living layer
with these features would endure —considering all the different
environmental habitats over which it would extend- would be
enormous and would, in turn, provoke its fragmentation into
smaller units, each of which would be adapted to its immediate
surrounding; in other words, this would give rise to the individu-
als of the different species that exist today. This monospecific,
monoindividual, undiversified and thus seemingly impossible
biosphere would be very efficient at photosynthesis, in the
same way that biofilms and stromatolites are.

Of the many Gedankenexperimenten that Margalef suggest-
ed, | will only mention a few, with emphasis on two of them: the
superprudent predator and the connectivity between elements
of working systems.

The superprudent predator

There are many analogies about the functioning of a forest and
of plankton —paradigms, respectively, of terrestrial and aquatic
ecosystems. Both are organized in vertical columns that mea-
sure tens of meters in the forest and hundreds of meters in the
water. Production (P) is quartered in the upper, illuminated part
of each column, and respiration (R) occurs all along the column
but is concentrated in the lower, darker part of it, with a clear
inversion of the relationship between these processes regard-
ing the extension of each system: P/R is in the order of 40/1 on
land and 1/40 at sea, which corresponds to an average 80 m

of trees’ height for every 2 m of soil depth and around 100-m
depth of the photic layer vs. the 3900 m of the aphotic one
(which is also related to the slowness with which nutrients cycle
in the ocean). There are also similarities regarding the propor-
tion of the ocean surface that upwelling areas occupy in rela-
tion to the total ocean surface, and of the amount of total active
xylem compared to the whole trunk surface area —less than
1% in both cases.

Nonetheless, the fundamental difference between the dy-
namics of primary production in the forest and those of plank-
tonic ecosystems lies in the return of nutrients from the darker
zone to the illuminated one: this process is carried out by the
component organisms in the former and by physical forces in
the latter. In both cases, gravity mediates the first stretch of the
route, in the falling of leaves from the trees and the sinking of
the corpses and dead cells of plankton, from the center of
gravity of P to that of R. Yet, evolution has taken place in a way
such that, on land, plants are responsible for the second part of
the process, i.e., the ascent of nutrients from the level where R
predominates to the one where P is possible. In fact, a tree can
be considered as a machine that sucks water from the earth
through evapotranspiration in the leaves and the conduction of
sap through the xylem. This is the evolutionary response to the
necessity of extracting nutrients from the soil and transporting
them to the treetops. This is not possible in the ocean, where
the huge distance between the surface and the seafloor —an
average of 4 km- does not allow the development of any or-
ganism large enough to return the nutrients needed for primary
production to the photic layer. Or does it? This was the big
question that Margalef considered: did an organism that car-
ried out the role of the tree ever exist in the ocean?

Concerning the aforementioned problem of distance, the
tree’s “altruistic” behavior has to be taken into account: the
tree profits directly from the transport of nutrients it carries out,
making it easy to see why evolution operated in this direction.
Yet the theoretical marine organism imagined by Margalef
would only benefit in a very indirect way from its activity: its fos-
tering of primary production in the ocean would only prove
beneficial to it after several trophic levels (at least two, if the or-
ganism was a carnivore).

In an analogy to Slobodkin’s “prudent predator” —the carni-
vore that correctly manages its prey, preferentially eliminating
old and sick animals from the prey population, thus obtaining a
maximum sustainable return and, in turn, contributing to the
adaptive evolution of its prey— a model that has many examples
in nature, Margalef described his altruistic organism as a “su-
perprudent predator”.

Which candidate organisms in the sea fit this label? Margalef
proposed a few possible ones; however, as with many of his in-
cursions into theoretical ecology, his ideas were taken over and
investigated by others, since interest in this line of research was
not merely theoretical: the superprudent predator would also
contribute to the biological carbon pump, with implications re-
garding the carbon equilibrium in water, the atmosphere, and
its role in global climate change. What follows is a summary of
the results obtained thus far.

The main candidates for the superprudent predator are: (a)
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big marine animals (whales, seals, fish, squids, etc.); (b)
planktonic larvae of benthic or pelagic animals (with plank-
totrophic or lecitotrophic development); (c) planktonic organ-
isms performing vertical migrations (especially copepods and
krill); (d) planktonic organisms that package their excreta so
that they sink or rise faster (especially copepods, appendicular-
ians, and salps); and (e) marine organisms with horizontal mi-
grations.

Big marine animals

Cetaceans, particularly sperm whales, and seals, who eat at
depths of 200-1000 m and more and then come back to the
surface to breath, would appear to be the ideal superprudent
predator. In fact, they are unlikely prospects, since in order to
rise from these great depths, they must get rid of a volume of
feces that is almost equivalent to that of their ingestion of
squid, fish, and other prey. Gray whales and walruses, by con-
trast, feed on amphipods and other benthic invertebrates
through huge “bites” into the mud deposits of the ocean floor
where these animals live, at depths from 100 to 200 m. In do-
ing so, these animals raise immense sediment clouds that “fer-
tilize” surface waters.

Planktonic larvae of benthic or pelagic animals

Around 80 % of pelagic and benthic marine animals have lar-
vae whose development is either planktotrophic (they live a
long time in the open ocean feeding on plankton) or
lecitotrophic (they live a short while as plankters, but feed on
their own yolk). It is tempting to propose that this movement
from the habitat of the adult to the more superficial one of its
larvae would provoke a net, upward transfer of organic matter,
but it is quickly understood that the actual transport of organic
matter is in fact downward. In the few cases in which the bal-
ance between the export of biomass (in the form of eggs or lar-
vae) and its import (as juveniles who return to the adult habitat)
has been evaluated, the results always favor importation: the
animals send their larvae to nurse in surface waters, which are
richer in nutrients and food, and the biomass of incoming juve-
niles exceeds that of outcoming larvae. Otherwise, it is improb-
able that evolution would have conserved such a generalized
and complex mechanism.

Planktonic organisms with vertical migrations

As in the previous example, the supposed trophic benefit ob-
tained from the vertical migration of planktonic organisms,
such as copepods and krill, would not exist if the net flux of en-
ergy was upwards. Neither the migrating plankters nor the dif-
ferent species that together form what is known as the plank-
ton ladder are therefore superprudent predators; rather, they
are temporary exploiters of food resources, the more abundant
as more superficial, and collaborators of the direct (top-down)
functioning of the biological carbon pump.

Transport through fecal pellets

Many planktonic animals, especially copepods, appendiculari-
ans, and salps, that feed by filtering bacteria, phytoplankton
cells, and other organic particles from their surrounding water

package their excretory products with mucilage, increasing
their density so that they sink faster. Other species package
them with waxes, causing the fecal pellets to surface. Both
methods achieve the desired effect of making the fecal matter
disappear quickly from the animals’ surroundings, thus avoid-
ing the energy waste the filtration of already processed materi-
al would mean. Since the fecal pellets that rise to the surface
return to it a small proportion of the nutrients that continuously
sink due to gravity, the animals that produce them fulfill the re-
quirement of superprudent predators. However, as will be
shown below, animals that pack their feces in mucilage, thus
sending them to greater depths, do so as well.

Animals with horizontal migrations

Many planktonic animals —passively— and pelagic and benthic
ones —actively— have seasonal migrations between productive
areas, where they feed, and other areas, where they live and
reproduce. This causes a horizontal redistribution of oceanic
production.

Besides these examples (walruses, gray whales, plankters
that pack their feces in waxes), there are no organisms that di-
rectly return the organic matter that the ocean’s surface loses
continuously through sinking, impoverishing it in nutrients.
Therefore, there are no altruistic superprudent predators in the
sea. Nevertheless, there are species that introduce organic
matter into the first part of the physical circuit (sinking due to
gravity), packing it to accelerate the process, thereby enabling
a faster return of nutrients to the photic layer (oy means of the
second part of this circuit, upwelling systems, fronts, tides,
etc.), and redistributing the surface production by means of
horizontal migrations.

Actually, this is what happens in terrestrial habitats: plants,
which were described above as perfect nutrient-transporting
machines, in fact profit from the physical mechanisms of heat-
ing, water evaporation, capillarity, etc. The same can be said
for marine animals: they inject organic matter into that endless
conveyor belt of water sinking-deep circulation-upwelling—
surface circulation in the oceans, thus participating passively in
the cycling of nutrients. If they did this actively, if they were au-
thentic superprudent predators, they would require an external
source of energy, and in doing so would violate the basic laws
of physics.

Regularities in the composition of working systems, and
other fields of interest

The study of the distribution of species’ abundance and diver-
sity within a community was one of the aspects of theoretical
ecology in which Margalef left an important legacy. His contri-
butions are not limited, as is usually thought, to the adoption of
the Shannon-Wiener index, borrowed from the theory of infor-
mation, or to the design of his own indexes —all of which he ap-
plied to analyze the thousands of samples of phytoplankton
that he identified and quantified during his life (see Margalef,
1997)- but include the interpretation of diversity as a measure
of structure, maturity, and biological wealth (currently known as
biodiversity) of natural as well as artificial systems.
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Margalef was also deeply interested in the diversity and con-
nectance of functional, artificial systems. He directed two de-
gree theses that analyzed this diversity and connectance in re-
lation to the mechanical components of functional “Meccano”
models, such as mills, looms, and automobiles (Marrasé,
1981), and of electronic circuits (e.g., amplifiers, audio com-
pressors, receivers, transmitters) used in the construction of
electronic devices (e.g., radio or television sets; Gutiérrez,
1981). The results not only demonstrated a substantial similari-
ty between the natural and artificial systems, but also an in-
verse relationship between diversity and connectivity: the more
elements (species, “Meccano” pieces, electrical and electronic
components) a functional system has, the less related or inter-
connected they are. Connectivity in very diverse ecosystems,
such as tropical rainforest or coral reefs, is extremely low (Mar-
galef & Gutiérrez, 1983). The premise works the other way
around as well: the fewer elements there are, the greater their
interconnectivity. An electronic device cannot have all of its
components connected (it would produce a short-circuit), nor
can mechanical models (they would not move) or ecosystems,
unless they are made up of such a small number of elements
—the arctic tundra, cave faunas, or microcosms to name a few—
that mutual dependence is an absolute necessity.

Problems from fields somewhat different than ecology were
also the focus of Margalef’s attention. He argued, for example,
that the great transition between the Cretaceous period of the
Mesozoic Era and the Tertiary period of the Cenozoic era (K-T),
and the mass extinction that followed it, may not have been
caused by the impact of a huge meteorite -the most accepted
theory nowadays- but by the sudden release of an enormous
amount of gases, mostly CO,, from the oceans after millions of
years of influx of organic matter from superficial and more pro-
ductive waters and from deep anoxic waters that were main-
tained by a system of currents different from the present one.
Recent episodes in African lakes, which have been accompa-
nied by huge mortality rates among both people and animals,
make this relatively rapid release of CO, into the atmosphere
plausible —like a giant champagne bottle that is suddenly un-
corked.

Two questions that interested Ramon Margalef during his last
years and which he —had his health allowed him to— would have
surely answered were what could be called “The flies of the 2,
the 4, and the 8” and the “Topological inversion of landscape”.

Shoes, nails, and envelopes, among other human-made
objects, are not found in all the possible range of sizes: we
have standardized them to specific ones instead. The same
happens in nature, and we long ago established that different
but related species, with a similar ecological role, are separated
by certain differences in size. What was not so obvious was
that some of these species of “standard” size appear to have a
number of cells (in the wings of flies and butterflies, where they
can be easily counted; in the body of some invertebrates; and
in other meristic characters of plants and animals) that is the
second, third, or fourth power of the number of cells of the
smallest species: a species of fly for example has n cells, the
species that follows it in size has n? cells, the next one n® cells,
etc. To discover whether this was a generalized situation,

which developmental mechanisms were behind it, and what
significance it had in evolution were some of the challenges
that excited Margalef’s curiosity.

The “inversion of the dynamic topology of landscape” is the
transformation having taken place on any western country:
previously a natural territory, scarcely transited and dotted with
just a few urban settlements, is now a totum revolutum,
crammed with cities and speedways where all types of vehicles
and information travel and where nature hardly survives among
cropland, mining and industrial areas, wasteland and other
landscape-altering attacks it suffers from our species. Margalef
was particularly interested in how the flux of information is af-
fected by this inversion: How do the frontiers between the nat-
ural, mature blocks and the more artificial, active ones behave?
How are matter, energy, and information exchanged? In pon-
dering these questions Margalef attempted to identify the sci-
entific essence underlying that which may be obvious to a nat-
uralist or a city planner —the holistic approximation of the
phenomenon at hand.

These are examples of how the functioning of the world can
be approached from a naturalistic attitude, through curiosity
(generalized, panoptic, constant, and childlike), love for that
which is being studied, and interest for the connections be-
tween different natural phenomena. Ramon Margalef con-
tributed enormously to the task of solving many of life’s myster-
ies, and he did it, as Valiela (1994) observed, because “his
ideas made us think, something enviable for any scientist”.

Epilogue

Ramon Margalef was an exemplary teacher and man of sci-
ence, honored by the University of Barcelona, the various
academies of which he was a member, the numerous research
centers and universities that awarded him distinctions, and his
country.

Margalef contributed remarkably to ecology, limnology, and
oceanography, but liked to think of himself as a naturalist (Ros,
2004b). He was one of the great minds of the natural sciences
and biology —in the tradition of those other great men, such as
Darwin, Humboldt, Hutchinson and Mayr, to name only a few.
Nonetheless, despite his vast and intense dedication to sci-
ence, Margalef was not insensitive to worldly affairs:

For most topics that concern ecology, I like poets more than
lawyers, and feel more inclined to phantasy, feeling and in-
spiration than to rigor, consistency, and even responsibility.
In my views of environmental problems, | feel more attracted
by the origin of the troubles and what they tell us about the
workings of the biosphere than by their solutions... This is
not plain callousness, but concern as to why action accept-
ed as “ecologically correct” should most often contribute to
accentuating the inequality of the opportunities available to
mankind. (Margalef, 1997).

The cover of one of Margalef’s books (Margalef, 1992a) re-
produces a fragment of a Catalan tapestry of the sixteenth cen-
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tury, in which a handcuffed elderly man seems to be studying
some mollusk shells, unaware of the battle that is taking place
around him. In the legend to the cover illustration, the author
wrote that “to study biotic diversity in the face of adversity,
much courage is needed.” Margalef must have been referring
to his own difficult first steps as a naturalist after the Spanish
Civil War, in an environment that was all but favorable to re-
search, whether in the laboratory or in the field. However, the
scene can also be interpreted differently. Naturalists have been
criticized for their seemingly exclusive pursuit of their own,
highly specialized interests, as well as for being apparently im-
passive to the usually very distressing events of this world,
which they tend to ignore by isolating themselves in the ivory
towers of academia. Margalef was not that sort of scientist. He
did not ignore his social environment; on the contrary, he ap-
plied his knowledge of nature to gain a better understanding of
the world that surrounded him.

Stephen Jay Gould used to divide naturalists into two kinds:
Gallilean (from Galileo Galilei) and Franciscan (from Saint Francis
of Assisi; Gould, 1991). Galileans delight in nature’s intellectual
puzzles, and the quest for explanation and understanding. They
do not deny the visceral beauty of the world around them, but
take greater pleasure in finding a scientific explanation for its
wonders (Gould himself admitted to be an unrepentant
Galilean). By contrast, Franciscan naturalists are the poets of
nature; they exalt and indulge themselves in the beauty of nature
with lyrical descriptions. Edward O. Wilson offered another per-
spective (Wilson, 1998): the world, in all its multifaceted com-
plexity, can be explained from the same general principles,
mainly physical, which can be applied both to science and to hu-
manities. He named consilience the key to a unified understand-
ing of all that surrounds us. A few years ago, | dedicated one of
my books (Ros, 1999, 2004a) as follows: “To Ramon Margalef, a
Galilean naturalist and a consilient scientist avant la lettre”.
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Scientific publications of Ramon Margalef

1943

1. Los epibiontes en los animales de agua dulce. Euclides.
33, 3 pp.

2. Sobre la ecologia de las larvas de algunos culicidos.
Graellsia. 1: 7-12.

3. Contribucion al conocimiento de los diaptomidos
(Crustaceos copépodos) de Espafa. Bol. Real Soc. Esp. Hist
Nat., 41: 379-383.

1944

4. Datos para la flora algolégica de nuestras aguas dulces.
Pub. Inst. Bot. Barcelona, 4 (1): 130 pp., 22 cuadros y 7 lami-
nas.

5. Notas sobre quironémidos. Graellsia, 2: 3-13, 65-76,
165-181; 3: 13-22.

6. Contribucion al conocimiento de los crustaceos anfipo-
dos que viven en las aguas dulces y salobres de Espana. Bol.
Real Soc. Esp. Hist. Nat., 42: 199-209.

1945

7. Fitoplancton neritico de la Costa Brava catalana (Sector
de Blanes). Inst. Esp. Estudios Mediterraneos. Publ. Biol.
Mediiterranea, 1, 48 pp.

8. Infusorios de las aguas continentales de la provincia de
Barcelona. Bol. Real Soc. Esp. Hist. Nat., 43: 369-381.

9. Un curioso tipo de biocenosis dulciacuicola: la fitotélmica.
Euclides, 5: 398-399.

1946

10. Observaciones sobre el régimen alimenticio de varios
pequenos animales de agua dulce. R. Esp. Fisiol., 1: 245-250.

11. Materiales para el estudio de la biologia del lago de
Banolas (Gerona). P. Inst. Biol. Apl., 1: 27-78.

12. Sobre dos supuestas protoéfitas. Collectanea Botanica
1: 49-50.

13. Contribucion al conocimiento del género Platymonas
(Volvocales). Collectanea Botanica, 1: 95-105.

14. Contribucion al conocimiento hidrobioldgico del pais
vasconavarro. Estacion de estudios Pirenaicos: Aportacion al
estudio de la fauna y flora vasconavarras (Sierra de Aralar): 7-
44,

15. Algunos ostracodos de las aguas continentales del NE
de Espana. P. Inst. Biol. Apl., 2: 89-95.

16. Fitoplancton neritico estival de Cadaqués (Mediterraneo
catalan). P. Inst. Biol. Apl., 2: 89-95.

17. Sobre la morfologia, afinidades y ecologia de una intere-
sante pleurocapsacea (cianoficea). P. Inst. Biol. Apl., 2: 89-95.

18. Miscelanea de zoologia dulciacuicola. P. Inst. Biol. Apl.,
2:117-120.

19. (with M. Bassedas) Algunos branquidpodos del NE de
Espafia y consideraciones sobre la fauna ibérica de
cladoéceros. P. Inst. Biol. Apl., 2: 127-148.

1947

20. Una oscilatoria notable por la estructura de sus vainas.
An. Jardin Bot. Madrid, 6: 187-192.

21. Limnosociologia. Monografias de Ciencia Moderna, 10.
93 pp.

22. Observaciones micropaleontolégicas sobre los sedi-
mentos lacustres miocénicos de Libros (Teruel). Estudios Ge-
ologicos, 5: 171-177.

23. Materiales para una flora de las algas del NE de Espana.
1, Zignemales. Collectanea Botanica, 1: 107-121.

24. Observaciones sobre el desarrollo de la vida en pe-
quefios volimenes de agua dulce y sobre la ecologia de las lar-
vas de Aedes aegypti. P. Inst Biol. Apl., 3: 79-112.
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25. Datos zoogeograficas sobre ostracodos de agua dulce
de Cataluna y descripcion de la nueva especie Potamocypris
pyrenaica. P. Inst. Biol. Apl., 3: 163-171.

1948

26. Primera nota sobre la biologia de las aguas estancadas
del bajo Urgel. llerda, 5, 65 pp.

27. Los métodos para la investigacion de las comunidades
acuaticas adnadas y especialmente las formadas por organis-
mos microscopicos (perifiton, pecton). Collectanea Botanica,
1:247-259.

28. A new limnological method for the investigation of thin
layered epilithic communities. Trans. Amer. Micr. Soc., 67:
153-154.

29. Le phytoplancton estival de la Costa Brava catalane. Hy-
drobiologia, 1: 15-21.

30. Flora, fauna'y comunidades bidticas de las aguas dulces
del Pirineo de la Cerdana. Monogr. Est. Estud. Pirenaicos, 11,
226 pp.

31. Estudios sobre la vida en las aguas continentales de la
region endorreica manchega. P. Inst. Biol. Apl., 45: 5-51.

32. Algas de agua dulce de la laguna de Anguanabo (Isla de
Cuba). P. Inst. Biol. Apl., 4: 79-89.

33. Notas sobre algunos rotiferos. P. Int. Biol. Apl., 4: 136-148.

34. Materiales para una flora de las algas del NE de Espana.
Il. Collectanea Botanica, 2: 99-130.

1949

35. Miscelanea de zoologia dulciacuicola. P. Inst. Biol. Apl.,
5:69-76.

36. Fitoplancton neritico de la Costa Brava en 194748. P.
Inst. Biol. Apl., 5: 41-51.

37. Sobre el régimen alimenticio de los animales de agua
dulce. R. esp. Fisiol., 4: 307-213.

38. Las asociaciones de algas en las aguas dulces de pe-
queno volumen del Noreste de Espafia. Vegetatio, 1: 258-284.

39. Algunos ciclépidos (Crustaceos copépodos) de
Cataluia. Real. Soc. esp. Hist. Nat., tomo 75 aniv.: 177-188.

40. Materiales para una flora de las algas del NE de Espana,
lIl. Collectanea Botanica. 2: 233-250.

41. Datos para la hidrobiologia de la Sierra de Guadarrama.
P. Inst. Biol. Apl., 6: 5-21.

42. Importancia de la neotenia en la evolucion de los
crustaceos de agua dulce. P. Inst. Biol. Apl., 6: 41-51.

43. Una aplicacion de las series logaritmicas a la fitosoci-
ologia. P. Inst. Biol. Apl., 6: 53-62.

44. Sobre la ecologia de las larvas del mosquito Aedes mari-
ae. P. Inst. Biol. Apl., 6: 63-102.

1950

45. Caracteres biogéographiques intéressants des biotes
des eaux continentales de I'Espagne. Verh. Int. Ver. theor. ang.
Limnol., 10: 280-288.

46. Las papilas anales de las larvas de los culicidos vy la ab-
sorcion de toxicos. Rev. Esp. Fisiol., 5: 251-257.

47. (with M. Massuti) Introduccion al estudio del plancton
marino. Patronato Juan de la Cierva. 182 pp.

48. Datos para la hidrobiologia de la cordillera cantabrica,
especialmente del macizo de los Picos de Europa. P. Inst. Biol.
Apl., 7: 37-76.

49. Algunos crustaceos interesantes de las aguas dulces y
salobres de Espana. P. Inst. Biol. Apl., 7: 131-152.

50. Materiales para una flora de las algas del NE de Espana,
lllb. Collectanea Botanica, 2: 273-293.

51. Datos para la hidrobiologia del estanque de Montcortés
(Provincia de Lérida). Bol. Real. Soc. Esp. Hist. Nat., 48: 209-
218.

52. Segunda nota sobre la biologia de las aguas estancadas
del bajo Urgel. llerda, 13: 329-375.

53. (with F. Ponz) Actividad fosfatéasica de los claddceros,
en particular sobre substancias disueltas en el agua ambiente.
Rev. esp. Fisiol., 6: 227-237.

1951

54. Materiales para la hidrobiologia de la Isla de Ibiza. P.
Inst. Biol. Apl., 8: 9-70.

55. Un sincarido del género Parabathynella en las Baleares.
P. Inst. Biol. Apl., 8: 151-153.

56. La base actual de la biogeografia. Arbor, 66/67. 17 pp.

57. Role des Entomostracés dans la régéneration des phos-
phates. Verh. Inter. Ver. Theor. ang. Limnol., 11: 246-247.

58. Ueber die biogeographische Stellung der Binnen-
gewasserlebewelt Spaniens. Arch. Hydrobiol., 45: 304-313.

59. Diversidad de especies en las comunidades naturales.
P. Inst. Biol. Apl., 9: 83-118.

60. Plancton de las costas de Castelléon durante el afo
1950. P. Inst. Biol. Apl., 9: 49-62.

61. Ciclo anual del fitoplancton marino en la costa NE de la
Peninsula lbérica. P. Inst. Biol. Apl., 9: 83-118.

62. (with J.Rodriguez Roda, J.J. Gémez & B. Andreu) Datos
para una critica del significado de la medida vertebral de las
poblaciones de la sardina. P. Inst. Biol. Apl., 9: 185-192.

63. Observaciones sobre Triops (Apus) cancriformis de una
localidad catalana. P. Inst. Biol. Apl., 9: 247-254.

64. Sobre Gammarus interesantes de Espafa. P. Inst. Biol.
Apl., 9: 255-269.

1952

65. (with F. Saiz, J. Rodriguez Roda, C. Toll & B. Vallés). Fi-
toplancton de las costas de Castellén durante el afo 1951. P.
Inst. Biol. Apl., 10: 133-143.

66. Materiales para la hidrobiologia de la isla de Menorca. P.
Inst. Biol Apl., 11: 5-12.

67. Materiales para una flora de las algas del NE de Espana,
IV. Collectanea Botanica, 3: 209-239.

68. Quelques remarques biogéographiques au sujet des
crustacés d’eau douce des Baléares. Vie et Milieu, suppl. 2:
248-252.

69. Regiones limnoldgicas de Cataluna y ensayo de sistem-
atizacion de las asociaciones de algas. Collectanea Botanica,
3:43-67.

70. La vida en las aguas dulces de los alrededores del San-
tuario de Nuestra Sefiora de Aranzazu (Guipuzcoa). Munibe, 4:
73-108.
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71. Une Jaera dans les eaux douces des Baléares, Jaera
balearica nov. sp. (Isopoda Asellota). Hydrobiologia, 4(1-2):
209-213.

72. La vida en las aguas dulces de Andorra. Monogr. Inst.
Est. Pirenaicos, 69: 1-107.

1953

73. Algunos organismos interesantes de las aguas dulces
de los Pirineos. Pirineos, 9: 407-420.

74. Algas de agua dulce y salobre de la Romagna (Colec-
cién Zangheri). Archivie Botanice, 29, 32 serie, 13(4): 1-19.

75. Estudios experimentales sobre las modificaciones in-
ducidas por diferentes temperaturas en células de cloroficeas.
P. Inst. Biol. Apl., 12: 5-78.

76. Caracteres ligados a las magnitudes de los organismos
y su significado sistematico y evolutivo. P. Inst. Biol. Apl., 12:
111-121.

77. (with M. Duran) Microplancton de Vigo, de octubre de
1951 a septiembre de 1952. P. Inst. Biol. Apl., 13: 5-78.

78. Materiales para la hidrobiologia de la isla de Mallorca. P.
Inst. Biol. Apl., 15: 5-111.

79. Estudio sumario del fitoplancton de la Ria de Vigo
(19481950). Bol. Inst. Esp. Oceanogr., 47: 1-15.

80. Los crustaceos de las aguas continentales ibéricas. In-
stituto Forestal Invest. Exper., 243 pp.

81. Modifications induced by different temperatures on the
cells of Scenedesmus obliquus (Chlorophyceae). Hydrobiolo-
gia, 6(1-2): 83-91.

82. Observaciones paleoecoldgicas y geocronoldgicas so-
bre los sedimentos lacustres miocénicos de Hellin (Albacete).
Mem. Com. Inst. Geol. Prov. Barcelona, 10: 53-72.

83. Materiales para una flora de las algas del NE de Espana.
IVb. Collectanea Botanica, 3: 231-260.

1954

84. Materiales para una flora de las algas del NE de Espana.
V. Collectanea Botanica, 4: 5379, 103-201.

85. Consideraciones sobre la determinacion cuantitativa del
fitoplancton por la valoracion de pigmentos solubles y los fac-
tores que afectan a la relacion entre cantidad de pigmento y
peso seco. P. Inst. Biol. Apl., 16: 71-84.

86. Un aparato para el cultivo de algas en condiciones regu-
lables. P. Inst. Biol. Apl., 17: 65-69.

87. (with J. Herrera, J. Rodriguez Roda & J. J. Gémez). Fito-
plancton de las costas de Castellén durante el afio 1952. P.
Inst. Biol. Apl., 17: 131-134.

88. Una técnica de filtracion para el estudio cualitativo y
cuantitativo del fitoplancton. P. Inst. Biol. Apl., 17: 65-69.

89. Diferencias interanuales en la produccion de fitoplanc-
ton. 1: 10.

90. (with M. Duran). Métodos de trabajo en el mar, practica
del laboratorio de Vigo. Reunion sobre productividad y pes-
querias, |, 32.

91. Algunos crustaceos de agua dulce y salobre de la Ro-
magna. Boll. Soc. Entom. Italiana, 84: 146-150.

1955

92. Temperatura, dimensiones y evolucion. Publ. Inst. Biol.
Apl., 19: 13-90.

93. Los organismos indicadores en la limnologia. Instituto
Forestal Inv. Exper., 308 pp.

94. (with J. Herrera & F. Mufioz). Fitoplancton de las costas
de Castellén durante el ano 1953. Inv. Pesq., 1: 17-29.

95. (with M. Duréan & F. Saiz). El fitoplancton de la Ria de
Vigo, de enero de 1953 a marzo de 1954. Inv. Pesq., 2: 85-
129.

96. Temperature and morphology in freshwater organisms.
Verhandl. intern. Ver. theor. angew. Limnol., 12: 507-514.

97. Comunidades bidticas de las aguas dulces del noroeste
de Espafa. P. Inst. Biol. Apl., 21: 5-85.

98. Contribucion al estudio de la fauna de las aguas dulces
del Noroeste de Espana. P. Inst. Biol. Apl., 21: 137-171.

99. Datos para el estudio de la distribucion de los
crustéceos en las aguas continentales espafiolas. P. Inst. Biol.
Apl., 21:173-177.

100. Métodos de trabajo en el mar, laboratorio de Vigo. 15 pp.

101. (with P. Arté). Experiencias efectuadas con una sonda
«Sadir Carpentier» tipo S. 24 pp.

102. Dinamica de las poblaciones de fitoplancton. Varia-
ciones interanuales en el holoplancton de Castellon. Il Reunion
sobre Productividad y Pesquerias, 48 pp.

1956

103. Materiales para una flora de las algas del NE de Es-
pana. VI. Collectanea Botanica, 4: 319-329.

104. La diversidad de especies en las poblaciones mixtas
naturales y en el estudio del dinamismo de las mismas. Publ.
Univ. Barcelona. Tomo Homenaje F. Pardillo: 229-243.

105. Cultivos experimentales de algas unicelulares. Inv.
Pesq., 3: 3-19.

106. (with F. Munoz & J. Herrera). Fitoplancton de las costas
de Castellon durante el ano 1954. Inv. Pesq., 3: 75-90

107. Informacion y diversidad especifica en las comu-
nidades de organismos. Inv. Pesq., 3: 99-106.

108. (with M. Duréan, F. Saiz & J. J. Lopez). El fitoplancton de
la Ria de Vigo de abril de 1954 a junio de 1955. Inv. Pesq., 4:
67-95.

109. Rotiferos marinos del plancton de la Ria de Vigo. Inv.
Pesq., 4: 133-135.

110. Algas de agua dulce del noroeste de Espana. P. Inst.
Biol. Apl., 32: 43-152.

111. Paleoecologia postglacial de la Ria de Vigo. Inv. Pesq.,
5:89-112.

112. Estructura 'y dinamica de la «purga de mar» en la Ria de
Vigo. Inv. Pesq., 5: 113-134.

113. Estudios hidrobiolégicos en los valles de Bohi. (Prov.
de Lérida). Actes 2eme Congres Intern. Et. Pyrennés: 87-108.

114. Dos nuevos Gammarus de las aguas dulces espano-
las. P. Inst. Biol. Apl., 23: 31-36.

1957
115. Comentarios biogeoegraficos sobre la distribucion de
la fauna de agua dulce en las montanas del norte de Espa-
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fa. Volumen homenaje a D. Joaquin Mendizabal (Aranzadi).
3 pp.

116. Materiales para una flora de las algas de Espanfa, VI
suppl. Collectanea Botanica, 5: 87-107.

117. La vida en las aguas de elevado residuo salino de la
provincia de Zamora. P. Inst. Biol. Apl., 24: 123-137.

118. (with J. Herrera). Hidrografia y fitoplancton de las
costas de Castellon, de julio de 1956 a junio de 1957. Inv.
Pesq., 18: 17-44.

119. (with F. Mufioz & J. Herrera) Fitoplancton de las costas
de Castelldon de enero de 1955 a junio de 1956. Inv. Pesq., 7:
3-31.

120. Los microfésiles del lago miocénico de la Cerdafa
como indicadores ecologicos. Cursillos y Conf. Inst. Lucas
Mallada, 4:13-17.

121. Palececologia del lago de la Cerdafia. P. Inst. Biol.
Apl., 25:131-137.

122. La teoria de la informacion en Ecologia. Mem. Real.
Acad. Ciencias Artes Barcelona, 32: 373449. (Translated into
English and published in General Systems, 3).

123. Nuevos aspectos del problema de la suspension en los
organismos planctonicos. Inv. Pesq., 7: 105-116.

124. Un modelo para el estudio de la distribucion de organ-
ismos de gran dispersabilidad y area de reproduccion muy lo-
calizada. Inv. Pesq., 7: 117-125.

125. Fitoplancton de las costas de Blanes (Gerona) de
agosto de 1952 a junio de 1956. Inv. Pesq., 7: 105-116.

126. Variacion local e interanual en la secuencia de pobla-
ciones de fitoplancton de red en las aguas superficiales de la
costa mediterranea espanola. Inv. Pesq., 9: 65-95.

127. Fitoplancton de las costas de Puerto Rico. Inv. Pesq.,
6: 39-52.

1958

128. Temporal succession and spatial heterogeneity in nat-
ural phytoplankton. Perspectives in marine Biology. (Buzzatti-
Traverso, ed.): 323-349. Univ. California Press. Berkeley & Los
Angeles.

129. Trophic typology versus biotic typology, as exemplified
in the regional limnology of Northern Spain. Verh. Internat. Ver.
Limnol., 13: 339-249.

130. Algunos crustaceos de las aguas continentales de Es-
pafia y norte de Africa. Misceldnea Zooldgica, 1: 3-12.

131. Distribucion de los crustaceos en las aguas continen-
tales espafiolas. Grado de asociacion entre las especies en
relacion con factores ecoldgicos e histéricos. P. Inst. Biol. Apl.,
27:17-31.

132. (with B. Andreu). Componente vertical de los
movimientos del agua en la Ria de Vigo y su posible relacion
con la entrada de la sardina. Inv. Pesq., 11: 105-126.

133. La sedimentacion organica y la vida en los fondos fan-
gosos de la Ria de Vigo. Inv. Pesq., 11: 67-100.

134. Productividad y sucesion. Determinacion continua a
través de cable de caracteristicas fisicoquimicas del agua. /Il
Reunidn sobre Productividad y Pesquerias (1957), 5: 98.

135. Materiales para una flora de las algas del NE de Es-
pana. Vllb, Supl. Collectanea Botanica, 5: 535-365.

136. Materiales para el estudio de las comunidades bidticas
de las aguas dulces y salobres, principalmente del NE de Es-
pafa. P. Inst. Biol. Apl., 28: 5-47.

137. (with J. Herrera & F. Mufioz). La production du phyto-
plancton dans les eaux cétieres du Levant espagnol. Rapp.
Proc. Verb. R. CIESMM, 14: 269-272.

1959

138. Mode of evolution of species in relation to their places
in ecological succession. XV Intern. Congress. Zool., sect. X,
17 pp.

139. Nuevos datos para el estudio de la historia de la Ria de
Vigo, desde la Ultima glaciacion. Mem. Real Acad. Ciencias
Artes Barcelona, 33: 23-35.

140. (with J. Herrera & J. Arias). Hidrografia y fitoplancton de
las costas de Castellén, de julio de 1957 a junio de 1958. Inv.
Pesq., 15: 3-38.

141. Ecologia, biogeografia y evolucion. Revista Univ.
Madrid, 8 (29/31): 221-273.

142. Pigmentos asimiladores extraidos de las colonias de
celentéreos de los arrecifes de coral y su significado ecoldgico.
Inv. Pesq., 15: 81-101.

1960

143. Valeur indicatrice de la composition des pigments du
phytoplancton sur la productivité, composition taxonomique et
proprietés dynamiques des populations. Rapp. Proc. Verb.
CIESMM, 15: 227-281.

144. |deas for a synthetic approach to the ecology of run-
ning waters. Int. Rev. ges. Hydrobiol., 45: 133-153.

115. Silicoflagellate populations in the plankton of Cape Cod
area, past and present. Biol. Bull., 119: 326.

146. The size of the marine diatom Melosira sulcata
(Ehrenb.) Kuetz. in the Cape Cod area. Biol. Bull., 119: 326.

147. (with J.H. Ryther). Pigment composition and productiv-
ity as related to succession in experimental populations of phy-
toplankton. Biol. Bull., 119: 326-327.

148. Avances y problemas técnicos en el estudio del planc-
ton y de la hidrografia. /V Reunidn sobre Productividad y Pes-
querias (1960): 4-7.

149. Mecanismo de fertilizacion de las aguas costeras de
Castellén. IV Reunidon sobre Productividad y Pesquerias
(1960): 23-25.

150. Los pigmentos vegetales en el estudio de la sucesion.
IV Reunidn sobre Productividad y Pesquerias (1960): 40-42.

1961

151. Communication of structure in planktonic populations.
Limnol. and Oceanogr., 6: 124-128.

152. La vida en los charcos de agua dulce de Nueva Espar-
ta (Venezuela). Mem. Soc. C.N. La Salle, 21: 75-110.

153. Recientes progresos en el estudio de las comunidades
vegetales por medio de la extraccion de pigmentos. Bol. Real
Soc. Esp. Hist. Nat., 68: 291-300.

154. (with A. Morales). Fitoplancton de las costas de Blanes,
de julio de 1956 a junio de 1959. Inv. Pesq., 16: 3-31.

155. (with F. Cervigdn & J. Yépez). Exploracion preliminar de
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las caracteristicas hidrogeograficas y de la distribucion del fito-
plancton en el area de la Isla Margarita (Venezuela). Mem. Soc.
C. N. La Salle, 20: 211-221.

156. Méthode d’extraction des pigments dans I'étude de la
végétation benthique. Ann. Stat. Centr. Hydrob. apal., 8: 99-
104.

157. Algunas aplicaciones de la teoria de la informacion en
el campo de la Biologia y concretamente a la Ecologia y al es-
tudio de la evolucion. Scientia, 55: 17.

158. Velocidad de sedimentacion de organismos pasivos
del fitoplancton. Inv. Pesg., 18: 36.

159. Hidrografia y fitoplancton de un érea maritima de la
costa meridional de Puerto Rico. Inv. Pesq., 18: 33-96.

160. Fluctuations in abundance and availability caused by
biotic factors. Proceedings of the World Scient. meeting on the
biol. of Sardines and related species, 3: 1265-1285. F.A.Q.

161. Correlations entre certains caractéres synthétiques des
populations de phytoplancton. Hydrobiologia, 18(1-2): 155-164.

162. Distribucié i dinamica de les poblacions de plancton
vegetal en relacié amb les superficies de transicié i discontinui-
tat. Miscel-lania Fontseré: 245257 .

163. (with J. Herrera). El nivel del mar en Castellon. Inv.
Pesq., 19: 55-63.

164. Distribucion ecoldgica y geografica de las especies del
fitoplancton marino. Inv. Pesq., 19: 81-101.

165. Variaciones intraespecificas de los pigmentos asimi-
ladores en cloroficeas y fanerégamas acuaticas. Inv. Pesq.,
19:111-118.

166. (with J. Herrera). Hidrografia y fitoplancton de las
costas de Castellon, de julio de 1958 a junio de 1959. Inv.
Pesq., 20: 17-63.

167. Fitoplancton atlantico de las costas de Mauritania y
Senegal. Inv. Pesq., 20: 131-143.

168. (with J. Herrera). Hidrografia y fitoplancton de las
costas de Castellon, de julio de 1959 a junio de 1960. Inv.
Pesq., 22: 49-109.

169. Modalités de I'evolution en rapport avec la simplifica-
tion des biocénoses insulaires. Le peuplement des iles
Meéditerranéennes et le probléeme de I'insularité, C.N.R.S.: 313-
320.

170. Distribution du phytoplancton dans une échelle
moyenne de dimensions et signification de ses pigments as-
similateurs dans I'interprétation de la dynamique des configu-
rations. Rapp. Proc. verb. CIESMM, 16: 139-140.

171. Caractéristiques et signification des zooxanthelles du
«phytoplancton prisonnier» des acanthaires. Rapp. Proc. verb.
CIESMM, 16: 141-142.

172. Nouveaux développements dans la technique de I'ex-
traction des pigments du phytoplancton. Rapp. Proc. verb.
CIESMM., 16 (2): 223-224.

1962
173. Modelos fisicos simplificados de poblaciones de or-
ganismos. Mem. Acad. Ciencias Artes Barcelona, 34: 83-146.
174. Registro fosil de fluctuaciones climaticas de corto
periodo en el &rea pirenaica y en época miocénica. Actas Ter-
cer Congr. int. Estudios Pirenaicos: 217-226.

175. Diversita dello zooplancton del lago Maggiore. Mem.
Ist. Ital. Idrobiol., 15: 137-151.

176. Organisation spatiale et temporelle des populations de
phytoplancton dans un secteur du littoral méditerranéen es-
pagnol. Pubbl. sta. Zool. Napoli., 32 suppl.: 336-348.

177. Succession in marine populations. Advancing frontiers
of plant sciences, 2: 137-186.

178. Adaptacion, ecologia y evolucion: nuevas formas de
plantear antiguos problemas. Real. Soc. Esp. Hist. Nat. 60:
231-246.

179. Comunidades naturales. Instituto de Biologia Marina
de la Universidad de Puerto Rico. Mayaguez, 469 pp.

1963

180. Contribuciones al texto de Marine Biology |. First Inter-
national Interdisciplinary Conference on Marine Biology,
Princeton, 1961. Amer. Inst. Biol. Sci., Washington, 286 pp.

181. Note technique sur les prélévements d’échantillons
pour I'étude du phytoplancton. Rapp. Proc. verb. CIESMM,
17(2): 463.

182. Roéle des ciliés dans le cycle de la vie pélagique en
Méditerranée. Rapp. Proc. verb. CIESMM. 17(2): 511-512.

183. Ecologie marine: nouvelles vues sur de vieux prob-
lemes. Année Biologique, 1963: 316.

184. Desarrollo experimental de picnoclinas en pequefos
volumenes de agua. Inv. Pesq., 23: 310.

185. Modelos simplificados del ambiente marino para el es-
tudio de la sucesion y distribucion del fitoplancton y del valor
indicador de sus pigmentos. Inv. Pesq., 23: 11-52.

186. Algunas regularidades en la distribucion a escala pe-
quefia y media de las poblaciones marinas de fitoplanctony en
sus caracteristicas funcionales. Inv. Pesgq., 23: 169-230.

187. Scaphodinium mirabile, nov. gen. nov. sp., un NUevo
dinoflagelado aberrante del plancton marino. Miscelanea zo-
ologica, 1(5): 34.

188. Un Supraniphargus interesante de Vizcaya (Amphipo-
da Gammaridae). Miscelanea zooldgica, 1(5): 33-34.

189. On certain unifying principles in ecology. American
Naturalist, 97: 357-374.

190. El ecosistema pelégico de un area costera del Mediter-
raneo occidental. Mem. Real Acad. Ciencias Artes Barcelona,
35: 348.

191. (with J. Herrera). Hidrografia y fitoplancton de la costa
comprendida entre Castellon y la desembocadura del Ebro, de
julio de 1960 a junio de 1961. Inv. Pesq., 24: 33-112.

1964

192. (with R. Establier). Fitoplancton e hidrografia de las
costas de Cadiz (Barbate) de junio de 1961 a agosto de 1962.
Inv. Pesq., 25: 5-31.

1983. (with J. Herrera). Hidrografia y fitoplancton de la costa
comprendida entre Castellon y la desembocadura del Ebro, de
julio de 1961 ajulio de 1962. Inv. Pesq., 26: 49-90.

194. Fitoplancton de las costas de Blanes (Provincia de
Gerona, Mediterraneo occidental), de julio de 1959 a junio de
1968. Inv. Pesq., 26: 131-164.

195. Modelos experimentales de poblaciones de fitoplanc-
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ton: nuevas observaciones sobre fitoplancton y sobre fijacion
de carbono inorganico. Inv. Pesq., 26: 195-203.

196. Sobre una Spirogyra de agua salobre. Collectanea
Botanica, 6: 455-456.

197. Correspondence between the classic types of lakes
and the structure and dynamic properties of their populations.
Verh. Internat. Verein. Limnol., 15: 169-175.

198. The scope and objectives of Ecology. Organization for
economic cooperation and development. Directorate for scien-
tific affairs. DAS/BS/64.19 (restricted), 33 pp.

1965

199. Evaluacion continua y automatica de las poblaciones
plancténicas. V' Reunion sobre Productividad y Pesquerias
(1965): 19-21.

200. Analisis de las comunidades de organismos y su sig-
nificado como indicadores ecolégicos. V Reunion sobre Pro-
ductividad y Pesquerias (1965): 28-29.

201. Diversidad de las muestras de poblaciones de peces
en funcion de la madurez del ecosistema, de la intensidad de
explotacion y de la selectividad de las artes. V Reunidn sobre
Productividad y Pesquerias (1965): 113-115.

202. Distribucién ecoldgica de las especies del fitoplancton
marino en un area del Mediterraneo occidental. Inv.. Pesq, 28:
117-231.

2083. Ecological correlations and the relationship between
primary productivity and community structure. Mem. Ist. Ital.
Idrobiol., 18 suppl.: 355-364.

204. Distribution des especes du phytoplancton méditer-
ranéen par rapport aux différentes combinaisons des facteurs
du milieu. Rapp. Proc. verb. CIESMM, 18(2): 349-35.

205. Krassilnikoviae et fausses krassilnikoviae. Rapp. Proc.
verb. CIESMM, 18(2): 339-340.

206. Limnologia. In: Gran enciclopedia del Mundo. Durvan.
Bilbao, 11: 1048-1059.

1966

207. Variabilidad del nimero de radios en diatomeas y otras
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