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Abstract

The Rise of Oceanography in the United States, 1900-1940
by
Ki Won Han
Doctor of Philosophy in History
University of California, Berkeley

Professor John E. Lesch, Chair

Around 1900, oceanography was not an established scientific field tiEmagh
scientific surveys of the oceans had been done quite steadily in Eamdpée United
States for several decades, those efforts were not yet oedainito a single scientific
discipline. A new trend in the study of the sea began to emdrge scientists realized
that the oceanic phenomena were complexly interrelated and thias iimpossible to
understand one without knowing the others, which happened first in Europe and then i
the United States. Endeavors to form a single science of dam®degan to appear in
the early twentieth century.

This dissertation is a study of the formation of oceanographiyanUnited
States roughly in the first four decades of the twentietkucg It traces the institutional
as well as intellectual changes that took place mainly in tbeAmerican centers of
oceanographic research—the Scripps Institution of the UniversiBalifornia and the
Woods Hole Oceanographic Institution. The Scripps Institution of Oceaplogrwhich
started as a modest marine biological station in 1903, slowly evolid an
oceanographic institute devoted to this new science. The Woods lden@yraphic
Institution, officially founded in 1930, was a latecomer but had maassy& prehistory
worth careful historical study. In the period between 1900 and 1940, éanescientists
came to understand the need for systematic study of thenskedewaeloped institutional
structures and practices that enabled them to implement that tandéng.
Oceanography became a legitimate scientific discipline.

American oceanography underwent substantial changes during Worldl.War |
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Navy sponsorship brought about tremendous changes in the scale antecludirde
enterprise. However, it must be remembered that the fundameatakviork of
American oceanography was formed before the war. This disgertams to show the
importance of that period in the history of oceanography.
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INTRODUCTION

Oceanography as a scientific discipline did not exist until éhd of the
nineteenth century. Although various aspects of the ocean often attismentists
around the world, systematic study of them as a single, unifiedti$ic field began to
appear only at the turn of the twentieth century. Few people understood the neeH for suc
a science, and the study of the ocean and its inhabitants was algmerfitarily here and
there without the clear aim of understanding the full oceanic pherorrethe United
States, the institutionalization of oceanography took place infitke half of the
twentieth century, first on the west coast and then on the east Bgabe 1940's, the
science of oceanography was well defined and well organized,tavifinm institutional
bases and research network, as its contributions to the war efforg dne Second
World War testify.

If oceanography as a scientific discipline did not exist uhél late nineteenth
century, who were the scientists engaged in the study of naturadrmpkea of the sea?
There were some physicists and geophysicists who were tetbres the physical
aspects of the ocean such as tide, currents, and waves. Oftenphysical scientists
tried to apply theories of general physics to oceanic phenomenar Siieatists
approached the study of the sea from a more practical point of V@i purpose was
to facilitate faster and safer navigation of merchant and nava$ $lyi studying the
topography of the ocean floor and regional currents. They caruteéxtensive depth
and temperature measurements at various points at sea, whiehtreveslated into
improved sea charts containing information on underwater topographyarmtdanic
current system. This practical study of the physical aspétke ocean was often called
hydrography, and these men—hydrographers—usually worked for gbeernments
and navies.

Biological phenomena of the sea also interested many stseniNaturalists
were intrigued by marine flora and fauna, large and small. They were iliafamith the
diverse life forms of the sea, and those marine animalsglim the deep sea, in



particular, had always belonged to the domain of mystery. Natutatibiss were first
delighted at the discovery of new species at sea. But, as they tbhe evolution
developed in the mid-nineteenth century, marine organisms began tonhakiegreater
meaning for general biology. Animals and plants that had previoasly found only in
fossil forms were found at sea and biologists pondered on their mdaniagolution.
Marine organisms were also popular objects for laboratory studx@gmetimentation,
both because of their theoretical importance and because of thple structure which
enabled biologists to manipulate them easily. Marine biology becaare important by
the late nineteenth century as scientists began to think thatearmsytic study of marine
organisms would lead to the solving of the fisheries problems. Tdréyyictuation of
fisheries yields and the concern for depletion of major crop figtethe governments
and the fishery industry to depend heavily on the work of biologidehssts' To
increase the efficiency of fisheries it was believed that scientifderstanding of the life
history of fish, as well as the knowledge of their food and environmes,essential.
Marine biology was expected to provide such knowledge.

The rise of oceanography as an independent scientific fieldawascess of
gathering together these scientific workers of diverse it®rand organizing the
scattered knowledge to form a single discipline devoted to tity stf the ocean as a
whole. Those engaged in various aspects of ocean sciences lazkaehtlof working in
the same field, as they thought they were apparently studyibpects of their own
scientific fields. In most cases, they retained their idestdis physicists, hydrographers,
natural historians, or biologists even when they were studyingcéen, and only a few
wanted to call themselves oceanographers. The idea of an éstdbbisience of
oceanography did not yet exist. Without the shared idea of oceahgdyaing a unified
science of the sea, it was natural that hydrographers, mtgsiand biologists each
pursued their own study with the framework and motives given hy iim@n fields.
Therefore, those scientists seldom, if ever, worked together witlkevgoin other

! The fishery industry’s attitude toward the scientific appheacto fisheries was not always
positive. It was often feared that scientific discoveriemiladl lead to regulations on fishery
production. Arthur F. McEvoyThe Fisherman's Problem: Law and Ecology in the California
Fisheries, 1850-198QCambridge: Cambridge University Press, 1986). See also Hhrry
Scheiber, “Modern U.S. Pacific Oceanography and the Legacy @ftBaihd Northern European
Science,” in Stephen Fisher, eddan and the Maritime EnvironmentExeter, England:
University of Exeter Press, 1994), 36-75.



scientific fields.

The sciences of the ocean could be unified only after scienhsisrstood the
fact that the oceanic phenomena were all interconnected. Thefidmenplexity and
interconnectedness of oceanic phenomena began to spread widely amturd of the
twentieth century, first in Europe. And scientific leaders whaaldgted this idea began
to appear also in the United States. They realized, from theiresearch experiences
as well as from the work of their European colleagues, that s iwgossible to
understand one aspect of the sea satisfactorily without knowing eihecta that were
so closely connected with it. Thus, they felt the necessibyinging together scientists
of several different fields, and they strongly argued for the f@ecooperative work in
ocean sciences.

The project of making a unified science of oceanography had to bath
defining that science. T. Wayland Vaughan and Henry B. Bigelow, ticplar, did this
task of defining oceanography for the American scientific communithe 1920’
They contended that oceanography was a comprehensive scientifodimmiiscomprised
of several sub-branches such as physical oceanography, cheogiaabgraphy, marine
biology, and marine geology. Both Vaughan and Bigelow admitted that emothidnad
to be given some independence but, at the same time, they emplihesizedvitable
dependence of each on the others. Behind their claims of oceanographsuas of
interconnected branches was the holistic approach they took in skeingdan. The
ocean could not be properly understood, scientifically, unless alltaspieits natural
phenomena were considered altogether; dealing only with a part efagteoceanic
phenomena could never bring about meaningful results.

Oceanography, now well defined, could not survive as an establishatfiecie
discipline unless it was given a firm institutional basis. Ao@r oceanographers
thought that oceanography had to be established at universities. Univarsitieslleges
were thought to be the main locus of scientific research and temtued that time.
Therefore, in order to acquire the status of an independent, estabsisiesdific

2 T. Wayland Vaughan, “The Scripps Institution—Its Present WarkOceanography and
Suggestions for Its Future Development” (1924), Records of the(Bii©e of the Director
(Vaughan), 1924-1936, Scripps Institution of Oceanography Archives, idityvef California,

San Diego; Henry B. Bigelovpceanography: Its Scope, Problems, and Economic Importance
(Boston: Houghton Mifflin, 1931).



discipline like physics, astronomy, chemistry, geology, and biplogganography, too,
had to find its place within American universities and collég®articularly, it was
essential to have a department of oceanography, or an equidelgete program in
oceanography, for the nurturing of the next generation of Amerc@anographers.
Those who were working in areas of oceanography at that time edrcated and
trained in other natural science fields, and when they became interesgtedaean they
had to be self-educated in knowledge and techniques of marine scién@as by no
means an effective way of educating oceanographers, and it wh$ohahose who
trained themselves as oceanographers to have comprehensive knowfiealehe
branch fields of oceanography. If students could be educated in gradndte
undergraduate programs at universities and granted degrees in oaphgyog
oceanography would be placed on a firmer ground as an instituti@haaentific
discipline.

Aside from degree programs at university campuses, seasidaogcaphic
research facilities were also necessary for proper educdtay. often had to be built
outside the university campuses because of the fact that not avapyses had seaside
locations appropriate for oceanographic field work. Ocean sceetigst to have easy
access to the sea and marine organisms, but the locations ofimassities did not
meet this condition. Therefore, separate marine scientifiossaand laboratories were
built by the seaside. These facilities were essentiaddacation of students and young
researchers, who had to be trained, as it was firmly believeteifidid. The seaside
stations had to have their own ships that could take researchessudedts out to the
high seas. All of these required larger financial support for oceaplogrthan most
other scientific fields, and American ocean scientists alvii@gbto struggle for more
money and stable patronage throughout the period covered in this tissettarger
financial demand for oceanographic research and education was teentdih reasons
for the delayed institutionalization of oceanography in theddn8tates, as elsewhere in

% In detail, Vaughan and Bigelow took different approaches regardaduate education in
oceanography. Vaughan, director of the Scripps Institution of Ocesplogmade his institute a
department of oceanography of the University of California. Omtinver hand, the Woods Hole
Oceanographic Institution was an independent institution not cathézta single university,
and Bigelow tried to stimulate founding and strengthening of oceanagaugrams at many
different universities and colleges by providing students witloviships, assistantships, and
chances to participate in the field research at WHOI.
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the world.

In this dissertation, | will focus on the process of institutiaation of
oceanography and trace how this new science took its forine ibnited States between
about 1900 and 1940. Institutionalization of oceanography has long been chsaler
be one of the main issues for historians of oceanography. And gecaphi institutions,
in particular, have received much attention. For instance, BAits wrote
“Oceanography is fundamentally social, thus it is not surprigiagdttention has been
paid to marine science institutions (my discussion excludes healoggations) in major
publications since 1966."But the wide interest in individual institutions failed to
address more fundamental problems such as how and when oceanograwhg bac
established science, when marine scientists began to callelvesi®ceanographers,
how oceanography became a university-based science, how oceanogmnaphers
educated and trained, etc. Mills also pointed out the importance of such questions:

Professionalism implies a community of practitioners sharibgdy of
knowledge, common ideas or goals, and increasingly, standards for
acceptance into the community. The evidence suggests that such a
community was rudimentary, at best, as late as 1908. To talkiter wr
simply of “precursors” of oceanography without examining these
problems, or to take “oceanography” as given rather than repragenti
an unsolved problem, as too many have done since 1966, skirts many
fascinating historical problems of wide interest. . . . As | luggested,
professions and institutions are closely linked. Examining institutions
should show us how scientists regarded their work or planned for its
future and, often, may indicate the relationships between science and
the state. In my opinion, during the past few years there has heen a
unbalanced emphasis on marine stations, ignoring the broad range of
marine science institutions that came into being after tloellmiof the

19th century.

* Eric L. Mills, “The Historian of Science and Oceanographterafwenty Years,’Earth
Sciences Historyl2 (1993): 5-18. The quotation is from p. 9.
5 .

Ibid.



In this dissertation, the process of oceanography’s institutiaializ in the
United States will be examined concentrating on the two most farAmerican
oceanographic institutions—the Scripps Institution of Oceanograptytlan Woods
Hole Oceanographic Institution. Even though emphasis will be placetheoriwo
oceanographic institutions’ early history and a handful of people wholnated to the
founding and development of them, it is nevertheless not merely a hifttrgse two
institutions. It aims to show how American scientists struggpetuild their science,
how relevant marine science fields came to be unified, and ocephgdgoacame an
established scientific discipline in the United States, haus@wn institutional bases
for continued research and education of the next generation ofaggaghers. In other
words, this dissertation will explore how the science of oceapbgreame to exist in
America.

The period between 1900 and 1940 is very important, therefore, in tbey lus
oceanography because it was during these years that ocealyogeapime a scientific
discipline like other major scientific fields. Yet, the institmalization of oceanography
in the United States in this period has not been well represantegtent historical
literature. Many historians have been actively investigating lihk between
oceanography and the military since the time of World Wawliile others were still
writing about the previous period of great oceanic expedifidhest-World War I
expansion of American oceanography, in particular, has gresitigued scholars. | do
not mean to assert that there has been no historical writing aioat oceanography
during this period but, evidently, its importance as the formativesyefrAmerican
oceanography has not received its due attention.

Oceanography’s intimate relationship with the U.S. Navy developsckly
during the years of World War Il and strengthened thereaffeam the beginning of

® For example, Margaret Deacon’s classic bdientists and the Sea, 1650-1900: A Study of
Marine Sciencé€Brookfield, Vt.: Ashgate, 1997) ends around 1900. For more recent examples of
historical scholarship focusing on the nineteenth-century océamces, see Margaret Deacon,
Tony Rice and Colin Summerhayes, eddnderstanding the Oceans: A Century of Ocean
Exploration (London: UCL Press, 2001) and Helen M. Rozwadows&thoming the Ocean:

The Discovery and Exploration of the Deep 8eambridge, Mass.: Belknap Press of Harvard
University Press, 2005).

" See for example, Ronald Rainger, “Science at the CrossrohdsNavy, Bikini Atoll, and
American Oceanography in the 1940sfistorical Studies in the Physical and Biological
Sciences 30 (2000): 349-372; Rainger, “Constructing a Landscape for Posteiancs,”
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scientific activities in the United States in the realm afawcsciences, the Navy had
been a close partner cooperating in many aspects, mostinfpatividing its ships for
scientific research at sea. Yet the cooperation, and occasioeet financial support,
had never been so powerful as it was in the World War 1l era. fUihding for
oceanographic research scaled up tremendously during the war, eadog@phy
became a genuine “big science” almost incomparable with its B&dbre the wartime
growth. The intimate symbiosis of the U.S. Navy and American nmggaphy has
continued until today, and it is no exaggeration to say that theoredaip determined, in
many ways, the direction of oceanography’s development in thie hadfs century.
Therefore, it is quite understandable that historians have paid attergion to that
period of amazing transformation and growth. It is indeed impossiblenderstand
today’s oceanography without looking closely at the events in the 1940’s and 1950's.
There is one important question that the historians of oceanogmavgrid
War Il and the postwar years fail to address: how could Amemc@anographers
contribute to the wartime efforts as they did during World WarWis the scientific
understanding of the seas always crucial for victory in naval battlesl? i historically
wrong to claim so. On the contrary, World War 1l was an exeeptan unprecedented
event in history. Only about two decades before, during the FirddWiar, American
ocean scientists’ contributions were made mostly in the realrtsde of the direct
military efforts. As | mention in Chapter 2, American ocesgientists mainly
participated in the study led by federal and state agefamigbe better production of
more food during the Great War. Scripps scientists, more than othemrs, mostly
marine biologists, and at a time when food and other biological resowere badly
needed it was natural that they were positioned to undertakeirtbadfl research. It
certainly was an important contribution, but it was a very diffekemd of wartime job

Minerva 39 (2001): 327-352; Rainger, ““A Wonderful Oceanographic Tool”: The Atdoimb,
Radioactivity and the Development of American Oceanographyfelan M. Rozwadowski and
David K. van Keuren, edsThe Machine in Neptune's Garden: Historical Perspectives on
Technology and the Marine EnvironméBagamore Beach, Mass.: Science History Publications,
2004), 93-131; Naomi Oreskes, “Laissez-tomber: Military Patroraagk Women’s Work in
Mid-20th-century Oceanographylistorical Studies in the Physical and Biological Scien8€s
(2000): 373-392; Gary E. WeiAn Ocean in Common: American Naval Officers, Scientists, and
the Ocean EnvironmeniCollege Station: Texas A&M University Press, 2001); andlac
Darwin Hamblin, Oceanographers and the Cold War: Disciples of Marine ScidBeaittle:
University of Washington Press, 2005).



than we expect of oceanographers today. Therefore, it becomesamgdesask what
happened in the period between the two world wars. To understand the awveénts
changes that occurred in the preceding few decades would previdih a better view
of the development of oceanography in the United States, and worJcginde the time
of World War 1.

Even though this dissertation covers the crucial period of ocesgpiogs
institutionalization, it by no means covers the whole story. The, newre
comprehensive, approach in the study of the ocean appeared fistape and Great
Britain. Especially in the Scandinavian nations in the late @am¢h century, there arose
a scientific movement which stressed the importance of congpiphmysical and
biological knowledge in understanding the natural phenomena ouglrithe seé.
The scientists who first conceived this idea were the Scandinaseakig to solve the
problem of fishery fluctuations by adopting scientific methods. Thestized that
without the knowledge of oceanic current systems, ecology of tigkss could hardly
be understood properly because fish eggs and larvae cannot move by uberbsel
drift along the flow of the seawater. In order to understand thdistories of important
fish stocks, it was necessary to study physical oceanograpthe INorthern European
fishery studies, thus, the unified science of modern oceanography had one ofrits origi

The new European oceanography did not cross the Atlantic Oceamwligitehe
Henry Bryant Bigelow, writing in the late 1920’s, remarked thatre was a period of
stagnation in the march of American ocean sciences around thefttine twentieth
century, at the time when there was a great leap forwaifurope’ While leading
European oceanographers were attacking the scientific and grgotidlems of the
ocean with novel methodologies, Americans still clung to the nineteentary mode
of marine sciences. When pioneers in American oceanography, such as Witliewrson
Ritter, Charles Atwood Kofoid and Henry Bigelow began to renew Asaeri
oceanography by adopting new directions in the early twentietlrge they seemed to
have gotten some influence from their European colleagues. Althibuggmnot be

8 Susan Schle@he Edge of an Unfamiliar World: A History of Oceanografiigw York: E.P.

Dutton, 1973), 170-205.

° Henry B. Bigelow, “Report on the Scope, Problems and Economic lamuert of

Oceanography, on the Present Situation in America, and on the Harndida@glopment, with
Suggested Remedies,” Report of the Committee on Oceanografiy Kational Academy of
Sciences, Frank R. Lillie, Chairman. 1929, p. 94.
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asserted with full certainty that their oceanographic work eeectly influenced by
European models, circumstantial evidence shows that it waspvebable that they
imported the new ideas from across the Atlantic. For exampker Risited Europe just
before he opened the laboratory of the San Diego Marine Biologssalciation in 1903
with a program of “marine biology,” the main idea of which was fnesly unknown in
the United States. Likewise, Kofoid traveled around Europe visitmgpitant marine
stations when the San Diego Marine Biological Association w#se process of setting
up in its early years. Bigelow, too, confessed that he had a cormwersath British
oceanographer Sir John Murray shortly before he embarked otutheds the Gulf of
Mainel® Thereafter, there are many evidences of frequent exchangeepetthe
oceanographic communities in the United States and the European ®&yuatrie
exchange of scientific ideas as well as personnel throughout thed p@at this
dissertation covers.

Another important aspect of oceanography’s historical developmenisthat
fully addressed in this dissertation is fisheries science andldtionship with academic
oceanography. As | have just mentioned above, modern oceanograpgipsirg in
Europe was closely intertwined with the scientific effortsdlves the fisheries problems.
By 1900, there also existed in the United States a generationadition of dealing
with the problems of fisheries with the methodologies of naturahsei which can be
traced to the first U.S. Fish Commissioner Spencer Fullertord BaBut American
fishery scientists seem to have been much less influentiahandéevelopment of
oceanography than their Scandinavian and British counterparts. phabably because
of the tendency in the United States, which had existed from thenloegy of its history,
to be extremely cautious about spending federal money in scigatfects from which
not so much practical outcome could be expected. (In Europe, fiseertkes were in
most cases supported by governments.) Therefore, the work of the UI8.
Commission, and later the Bureau of Fisheries, tended to focus dicagracatters
which did not have much meaning for marine scientists. That washpydib@ reason

1% Helen Raitt and Beatrice MoultoScripps Institution of Oceanography: First Fifty Years
(San Diego: Ward Ritchie, 1967), 3-22; Charles A. Kofditle Biological Stations of Europe
(Washington, D.C.: Government Printing Office, 1910); Henry BeRiw, Memories of a Long
and Active LifgCambridge: Cosmos Press, 1964), 23.

' Dean C. Allard,Spencer Fullerton Baird and the U.S. Fish Commis¢dew York: Arno
Press, 1978).



that the main actors in this dissertation usually did not conceive the problesiseoies

as an important factor in their scientific endeavors, quite uniilear European
colleagues, especially those who were engaged in the prograthe dfiternational
Council for the Exploration of the S&.0ne of the few exceptions might be William F.
Thompson, who was director of the famous school of fisheries studies @niversity

of Washington® This dissertation does not cover his story, but concentrates onofhose
the Scripps Institution and the Woods Hole Oceanographic Institution.

My dissertation comprises the following six chapters. The &instpter is an
overview of the American marine science tradition in the nindtemaitury, and sets the
stage for the ensuing story of the early twentieth-centuneldpment of American
oceanography. Here | mention briefly the main achievements @ridam scientists in
the realms of hydrography, marine biology, and other brancheseainosciences. |
emphasize the chain of marine biological stations throughout the adas$ts United
States as some of them would later become homes for early American ocpherxggra

The second chapter deals exclusively with the Marine Biologissbciation of
San Diego, which changed its name to the Scripps Institution foodsoall Research in
1912 and then to the Scripps Institution of Oceanography in the mid-1920’s. This seaside
station, founded in 1903 by the University of California biologist il E. Ritter,
began as an ordinary marine biological station but soon took a ratlyereuthirection
clearly distinguishable from other stations flourishing at tmaé tin the United States. |
seek to trace the unusual path of this institution and to find an atswes question
why the crucial decisions were made at the critical moments of lysdeselopment.

The story of the Scripps Institution continues in the next chapkarewl

12 Helen M. RozwadowskiThe Sea Knows No Boundaries: A Century of Marine Science under
ICES (Seattle: University of Washington Press, 2002). See also &clie Edge of an
Unfamiliar World

3 For Thompson’s scientific career, see Harry N. Scheiber, “Mode. Pacific Oceanography
and the Legacy of British and Northern European Science,” in Sté&psieer, ed.Man and the
Maritime Environment(Exeter, U.K.: University of Exeter Press, 1994), 36-75; Sehgib
“Pacific Ocean Resources, Science, and Law of the Sélbe®M. Chapman and the Pacific
Fisheries, 1945-70,Ecology Law Quarterly13 (1986): 390-395; J. Richard Dunn, “William
Francis Thompson (1888-1965): A Preeminent Fishery Biologist didhg and Mid Twentieth
Century,” Marine Fisheries Reviews3 (2001): 1-4; Dunn, “William Francis Thompson (1888-
1965) and His Pioneering Studies of the Pacific Halilblippoglossus stenolepisMarine
Fisheries Review63 (2001): 5-14; and Dunn, “William Francis Thompson and the Dawn of
Marine Fisheries Research in Californitarine Fisheries Revievé3 (2001): 15-24.
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consider its turn from a biological station to an oceanograpHituitnen. This chapter is
mostly a story of the innovations that the institution’'s second tdireE. Wayland

Vaughan initiated. Vaughan intended to transform the Scripps Ingtituito a fully

oceanographic institute. Vaughan's intellectual background, hasides well as his
shortcomings, are the main themes in this chapter.

In Chapter 4, the main focus shifts to the American east cobhstew
oceanographic work lagged behind the west at least until the latés.192@ notable
exception was Harvard biologist Henry Bigelow’'s Gulf of Maine stualgich was
prosecuted in conjunction with the U.S. Bureau of Fishelfeghe situation
dramatically changed with the founding of the Woods Hole Oceaploigranstitution
which opened officially in 1930.

Chapter 5 is mainly an analysis of the discourse that went the £ ommittee
on Oceanography of the National Academy of Sciences, whose conchy&ntually
led to the founding of the Woods Hole Oceanographic Institution. The Gteais
report written by its secretary Henry Bigelow and submitted to theefogdh late 1929
is the main target of analysis here as this comprehensivengot played a crucial role
in the development of American oceanographieaders of the American scientific
community knew quite well the recent, very successful Europeantsefhoid were
concerned about the United States’ failure to contribute to intena&tcooperative
research in the northern Atlantic Ocean. They sought to find atwagmedy the
situation and recover their country’s ability in the domain of tlagime sciences by
founding a new east-coast oceanographic institute. This report rcomtai only the
committee members’ diagnosis of the situation of American ogeapby at that time
and the reasons for the proposal to erect an east-coast oegdmogrstitution, but also
a more general overview of the important issues of contemporagnography, both
European and American.

Finally, Chapter 6 briefly covers the period between the foundintpeohew
oceanographic institution at Woods Hole, Massachusetts, and thed Usittes’
participation in World War 1. By 1930, the general infrastructure Aoherican
oceanography was well established, and a series of high-quiglity researches

14 Jeffrey P. Brosco, “Henry Bryant Bigelow, the U.S. Bureatrisheries, and Intensive Area
Study,” Social Studies of Scienckd (1989): 239-264.
!5 Bigelow, “Report on the Scope, Problems and Economic Importance of Oceanography.”
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continued in the 1930's, particularly at Woods Hole and Scripps. The kind of
oceanographic work that T. Wayland Vaughan and Henry Bigelow bBctdgocated in
the 1920’s could be conducted in this period and was firmly built h@csystem. It is
true that the financial situation for oceanographic institutionsreselarch projects was
still largely unstable at that time and the scale and quanftibgceanographic activities
were meager compared with those in the post-World War Il enertieless, it was a
time when the basic characteristics of American oceanograyerg established.
Oceanography’s growth and contributions during the war cannot be understoodyproper
if the pre-war developments are not duly considered.

This study, therefore, aims to fill one of the historiographieglsgn the history
of oceanography, and thereby contribute to our better understandthis anportant
scientific discipline. Oceanography is an indispensable natara@ahce today as the
oceans are believed to be the key to serious problems such asbilectjinatic change,
the deficiency of energy and food sources, etc. Knowing the past ahagraphy will
help us to better understand the role, ability, and limits of this important science today

12



CHAPTER 1
A Magnificent Chain of Biological Stations: American Marine Biological
Stations and the Beginnings of Marine Science in the United Sttt

American oceanography did not appear from nothing. Beginning imitle
nineteenth century, American scientists actively engaged inutg ef the ocean. The
federal government took the initiative in the effort with itsgtical aims of enhancing
the country’s naval, commercial, navigational, and fisheries ta&sacThe scientific
work done at such institutions as the United States Coast SumeeRepot of Charts
and Instruments of the Navy, and later at the United State<Bisimission Laboratory,
as well as the U.S. Exploring Expeditions proved the interest and abithg émerican
scientific community in the domain of marine science. Theirnsifie contributions
were well acknowledged also in Europe and were, indeed, valualdentrging marine
science as a whole. Nevertheless, the federal government wasomistent supporter
of science in the nineteenth century. Direct support to scientifick wwas often
considered unconstitutional, and the scientific projects at thealedgencies could
expect only indirect and limited financial backing from the governrhent.

What proved to be more crucial to the development of marine sciertbe
United States was the proliferation of marine biological @tatia notable phenomenon
in the late nineteenth and early twentieth century. After the huddearlier, successful
marine biological stations in both Europe and the United States, aleaide number
of seaside biological laboratories were built in the North Acaercontinent in various
shapes and sizes. Some emphasized education of school teachers anersbéginn
biological sciences while others put more emphasis on advancecchebgainiversity-
trained professionals. Some stations became centers for expatirapdt laboratory
biology whereas others were built with the more traditional dimandlerstanding the

1 A. Hunter DupreeScience in the Federal Government: A History of Policies atiifles to
1940(Cambridge, Mass.: The Belknap Press of Harvard University Press, 1957)
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natural history of domestic fauna and flora. Some of these statieltnged to
universities and some were open to everyone interested in maringybigVhatever
their characteristics, these seaside stations all reflectepleaeinterest of contemporary
biologists in marine organisms, and they helped to turn the attentismuonfj American
scientists to the sea.

Among these American marine stations few showed any interdse istudy of
the ocean as a whole, and biology alone was studied and taught at aros m
biological stations. Many marine biologists did not even care aleait living
environment of the organisms they studied in the laboratory. 8Sélistations were very
important in the history of the marine sciences. They provided mstcieaces with a
permanent home for continuation of research for the first time in history withaust
cases, government interference. In the previous decades, and cetitartes;elopment
of ocean science often had to stop at important stages for lackitfiued support and
interest. After decades of gaps, followers always had tofstantthe beginning and do
things all over again. Historian of oceanography Margaret Desaityyremarked on the
meaning of the nineteenth-century marine biological stations that

Without facilities for collecting observations, without opportunities for
work on shore and without a recognized career structure, it wasiliff

if not impossible for people to make marine science their essk.
Marine biology became an exception in the late nineteenth century
when academic zoologists could specialize in marine life and wexee
opportunities for full time research in the marine stations and the
fisheries laboratories. In the other branches of marine scisnde
opportunities were almost nonexistent. H. R. Mill described how he had
had to give up marine science to be able to earn his living and this
dilemma faced most of his contemporaries as well.

The situation was similar in Europe and in the United Stateshlistaent of biological
stations signaled a new phase in the history of marine sciences.

2 Margaret DeacorScientists and the Sea, 1650-1900: A Study of Marine Sciamdesdition
(Aldershot, U.K.: Ashgate, 1997), xiii.
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This chapter will explore the beginning of the marine scidradition in the
United States with an emphasis on the seaside marine biolotatiahs in the late
nineteenth and early twentieth century. Attention will be givent, fics the Marine
Biological Laboratory in Woods Hole, and then to a group of variouslesnstations,
such as the one at the Dry Tortugas in Florida, that fornuéhia of marine stations in
the United States.

1. The Beginning of American Marine Science: U.S. Coast Survey and the Navy

In the early nineteenth century, the United States governmentigstabtwo
agencies devoted mainly to surveying and charting the nation’satea@ms and the
trading routes of the two great oceans, Atlantic and Pacific.Cldsest Survey, led by
Ferdinand Rudolph Hassler, was one of the first scientific ventungsr the auspices of
the young United States, and its early history shows the confusiorditiiedlty
involved in early federal scienéeHassler, a Swiss immigrant, was the first person who
began the systematic study and survey of the sea in the nien. r&gpported by the
American Philosophical Society of Philadelphia, Hassler approaaiesdient Jefferson
with his plan of surveying the Atlantic Coast. He was an exgfegeodetic survey and
the French metric system, who had previous experience workingef@anton of Bern
in Switzerland. At that time, merchant ships and the U.S. Ndedren “imperfect and
erroneous” charts drawn by Europeans, and the need for accuraterapkbte ones
based on a series of new, scientific surveys was a prassungamong the commercial
circles of the coastal states. Hassler’s plan was actepig the Coast Survey project
officially began in 1807.

® Dupree Science in the Federal Governme?®-56; Susan Schle€he Edge of an Unfamiliar
World: A History of OceanographfNew York: E.P. Dutton, 1973), 23-79; and for Hassler’s
biography, see Florian CajoriThe Chequered of Career Ferdinand R. Hassler, First
Superintendent of the United States Coast Sueston: Christopher Publishing House, 1929).
See also, Thomas G. Manning,S. Coast Survey vs. Naval Hydrographic Office: A 19th-
Century Rivalry in Science and PolitiCBuscaloosa and London: University of Alabama Press,
1988).
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The actual survey work did not begin until 1816, however. Because of @lolitic
and bureaucratic confusion, Hassler had to wait until 1811, spending hisetathing
mathematics at the U.S. Military Academy at West Pointthés left for England in
order to secure instruments needed for the survey. There he rdede and supervised
the making of such essential surveying instruments as chrononubbeks, a theodolite,
telescopes, barometers, thermometers, balances, and a baseabneement apparatus.
Returning to the Unites States, he embarked on preliminary swaryof the northeast
coast in 1816. Soon after finishing the second year’s survey in 181 7eHzes to face
pressures from the Government and the Congress asking for quidkginagults. The
politicians did not understand the nature of geodetic survey whildddasmted to take
time to do a thorough scientific survey. Moreover, some people in thg Bach as
Cheever Felch, claimed that they could do a better job in legs twhich certainly
impressed the politicians. In the meantime, Congress passed ahicttallowed only
military personnel to work at the Coast Survey. Ultimately,sidsisvas removed from
the project and the survey work fell to the hands of the Navy.

Hassler returned to the Coast Survey in 1832 after fifteen peayg from the
job. By that time, members of the government and congress haduetgstanding of
the science-based survey. And the changed political situation ndechabetter
geographical information, while the fifteen-years’ survey wiatdt by the Navy had
produced only worthless results. It was readily agreed upon that Wes no better
person than Hassler to head the revived Coast Survey. Hasslerdaaty ddleen back in
the government since 1830, working for the Treasury Department mixgmihe
standard weights and measures, a job he continued until his death in\ViIBds.
Congress revived the coast survey in 1832, he became its supembtehgin, the
Coast Survey was not considered a permanent agency and Hassklf did not claim
that it was. But the political situation was much more favorabtehe could even begin
some scientific work such as examining temperatures, currefitsies and bottom
deposits of the sea as well as measuring depths.

Despite the expectations for a prompt publication of the new cliass|er did
not allow premature ones to be published. Such an attitude of his elyentade the
congressmen tired in spite of the earlier excitement over uhees discovery of an
alternate deep-water channel into New York harbor. Although the Sunagly
accumulated enough data on the Atlantic coast, it published few cimalés Hassler
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before his death in 1843.

Alexander Dallas Bache succeeded Hassler at the CoastySas the second
superintendent in 1843 and led the agency for twenty four §edeswas competent
both in leading scientific survey work and in dealing with the congeexs eventually
“made that organization into the largest, most powerful scientgeney within the
government.® Bache was great-grandson of Benjamin Franklin and he graduated from
West Point, where he was trained in physics and chemistry.ditgeel from the Army
to become professor of natural history at the University of Perarsg. When he
became the superintendent of the Coast Survey, he claimed ramhrgdgo be one of the
main duties of the Survey, which included “sounding, marking shoals and rocks,
measuring the direction and velocity of inshore currents, and maingadiitie gauge
stations.®

Bache, who considered himself a scientist, immediately includégk Survey’s
work the scientific study of the sea. In addition to the phystoalysof the ocean, which
he and the members of the Survey could handle, natural history of ts&thments was
also studied, often in cooperation with academic scholars outsidgémey. Sounding
the ocean depth usually brought up sea-floor sediments as by-proaldt®ache
ordered that all the bottom samples had to be collected and elds$S$ibme of the
samples were sent to Jacob W. Bailey, professor of chemistry, mineaaidgyeology at
the U.S. Military Academy. Bailey was delighted to find out #teells and skeletons of
animal planktons constituted the offshore seafloor deposit. Louis &Agagkd was
interested in marine biology, was also often invited to accompan@dhst Survey and
had chances to collect and examine marine organisms. MoreovessiAgtudied the
biological and geological characteristics of the coastal seafindrdiscovered clues to
extend his glacier theory to the sea. His close friend Laaisdéis de Pourtales, also a
Swiss, joined the Survey and became head of the tidal division. khsimterest was in
marine zoology and geology, however, and after Bailey’'s death in 18%6ke&harge
of the Survey’s seafloor samples. Although the academic workhése scientists

4 Dupree, Science in the Federal Governmedf0-105, 115-119; Schledhe Edge of an
Unfamiliar World 23-79. See also Hugh Richard SlottBatronage, Practice, and the Culture
of American Science: Alexander Dallas Bache and the U.S. Coast S(eeybridge:
Cambridge University Press, 1994).

® SchleeThe Edge of an Unfamiliar Worl@5-26.

® Ibid., 40-41.
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appealed little to the politicians in Congress, they contributetheoprestige of the
agency within the scientific community on both sides of the Atlantic.

The United States Navy also contributed to the science ofotiean by
establishing the Depot of Charts and Instruments in 1830 and orgarhgirignited
States Exploring Expedition that began in 1838 and lasted for three years amahties. m
The Depot of Charts and Instruments, like Coast Survey, was foundéat sotentific
purposes but for very pragmatic aifnéts original mission was to take care of and test
navigational instruments and charts. This agency, headed by Lieutenaht. L
Goldsborough, was patterned after the Dépot des Cartes, Plans, JourNamares
Relatifs & la Navigation of France and the British Hydrog@glfice® Until the early
1840’s, the Depot put more emphasis on astronomical observations needestifigr t
navigational instruments rather than hydrographic work, which would batsyme its
central concern under Matthew Fontaine Maury.

Meanwhile, a plan for an exploring expedition to the Pacific Oeeah the
South Seas was authorized by the Congress in L®#8ain and France had already
sent several successful expeditions, and the American peopleeskpeitit would be a
great benefit for the country in both scientific and commeraggects. Lieutenant
Charles Wilkes, who had been the second superintendent of the Depot tf &itar
Instruments, was chosen to be the commander of the expedition. In pléoniing
scientific work and constituting the scientific personnel, Wilkegntained his strong
preference of physical science over natural history, and navakrsffover civilian
scientists. Naval officers were to take charge of all tleekwelated to “astronomy,
surveying, hydrography, geography, geodesy, magnetism, metegralogyphysics.”
And positions for “zoology, geology and mineralogy, botany and conchologgg first

" Dupree, Science in the Federal Governmeitl-65, 105-114; SchleeThe Edge of an
Unfamiliar World 23-79; Manning.S. Coast Survey vs. Naval Hydrographic Offidarc I.
Pinsel,150 Years of Service on the Seas: A Pictorial History of theN&aal Oceanographic
Office from 1830 to 19800l. 1 (1830-1946) (Washington, D.C.:.Department of the Navy, 1982).
8 SchleeThe Edge of an Unfamiliar Wor|@6.

° Dupree Science in the Federal GovernmebB-65; SchleeThe Edge of an Unfamiliar World
27-36. See also William Stantohhe Great United States Exploring Expedition of 1838-1842
(Berkeley: University of California Press, 1975). For the Eipn’'s contribution to
ethnography, see Barry A. Joyd&e Shaping of American Ethnography: The Wilkes Exploring
Expedition, 1838-184@.incoln: University of Nebraska Press, 2001).
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filled with the expedition’s medical personnel and then with civik@ientists® The
expedition’s ships, which left Norfolk, Virginia in August, 1838, sailed &xplored
many parts of the South Pacific and the Antarctic Sea untilfthaly arrived at New

York in early 1842. Within 20 years after the return of the Expedition, more than a dozen
minor naval expeditions were sent by the U.S. government.

The Exploring Expedition’s scientific achievement did not have mugiadin
however. A large amount of collections and data were mishandled or lost in accfents
the remaining collections, only a few volumes of reports were ghddi in a very
protracted manner. Consequently, scientists were not generallseste in the
Expedition reports as more recent, and better, results wellaldeat the time they
appeared. They could have been more influential had they been writtenlaisthed in
a more efficient way. Congress reluctantly supported the Erpgl&kpedition with the
publication of the reports until 1874, but the magnificent amount of timerargty
spent on the project made it somewhat skeptical of supporting science.

At the Depot of Charts and Instruments, Lieutenant Matthew Fonkdaey
became the fourth superintendent in 1842, a year before Bache took aiffibe
Survey'* Maury strongly felt the need for wind and current charts, perfraps his
own earlier experience of sailing aboard Bemouthfrom the east coast to the west
without any information on winds and currents when he was 25 year$hadyoung
Maury was disappointed to find out that such crucial information washaoéed and no
efforts had been made to assemble the individual knowledge for comrecesiat He
thus decided to do it as his first project at the Depot when he bebansuperintendent.
It meant a sudden break from the previous work at the agency, whiclopuemphasis
on astronomical observations. Maury made marine meteorology andyralng, or the
“physical geography of the sea” according to his terminologycéiméral mission of the
Depot.

In making the wind and current chart, Maury adopted a method previgaestly
by meteorologist William Redfield in charting the path of hamies in the 1820%

19 SchleeThe Edge of an Unfamiliar Worl@8-29.

' For Maury’s biography, see Frances Leigh Williamgtthew Fontaine Maury, Scientist of
the SeaNew Brunswick: Rutgers University Press, 1963); and @hé&atHearnTracks in the
Sea: Matthew Fontaine Maury and the Mapping of the Oc@dew York: International Marine,
2002).

12 SchleeThe Edge of an Unfamiliar Wor|@8.
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Instead of getting the information directly from the field workse&, Maury chose to
make use of the data that already existed. First, he gatheredl amd current

information from the logs of naval ships. Then, he distributed the IBalcabstract

logs” to private ship owners where they would fill in the information from thejr Isigis.

He promised to give them the completed chart in return for their catope and this

system worked very well. Without much trouble, Maury was ableotapile the wind

and current charts, and the first one was published in 1847. It wasradiate success
as it was soon reported that the new chart saved sailors cohkdaraount of traveling
time. Using a similar method, the Depot compiled a whale chart for whalers, t

Encouraged by the success of the wind and current charts, Maurgdwant
extend the project worldwide. He organized an International Mariktateorological
Conference that met in Brussels, Belgium in 1853, where he proposedehs the
abstract log system in the ships of many nations. Maury'svidsafavorably received.
All of the ten nations represented in the conference adopteddtesrsyand soon nine
more joined. Chester G. Hearn, Maury’s biographer, remarked, ‘heisting was
historic: never before had there been a U.S.-inspired meetingsehauccessfully
achieved an understanding among the leading nations of the Westerd.” worl
International fame and honors followed: “Four European countries knightecdelgin
nations awarded him gold medals, Russia and Austria sent jepietetb Maury’s wife,
and Napoleon Ill made him commander of the Legion of Holor.”

The more his knowledge and information on the physical properties of the ocean
accumulated, the more Maury felt the need to go out to the sea duel dimact
observations, despite the great success that he had with thectabsy method. He
came to understand the necessity of direct field work at sea, which Bachs{sSGpaey
had already been conducting, and Maury realized that a resem®#l was needed for
full-scale marine explorations. In 1849, a schoomaney was assigned to the Depot,
and a few years later another ves8a|phin. With these surveying vessels, the Depot
engaged in an active series of surveys in the north AtlantiarQ@nd was able to
publish in 1854 thé&athymetrical Map of the North Atlantic Basin with Contour Lines
Drawn in at 1,000, 2,000, and 4,000 Fathorie first contour map of the ocean basin.
The next year, Maury’s scientific career culminated withghielication ofThe Physical

13 Hearn,Tracks in the Sed 88.
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Geography of the Sewhich contained chapters on navigation, currents, winds, weather,
soundings, and fogs. With these achievements, Maury was considgesedharity on
the seafloor topography and was even consulted on the suitable fayuties Atlantic
telegraph cable.

Since Maury had begun the scientific surveying of the seasnidson of the
Depot often overlapped with that of the Coast Survey, which quite naturally caused some
trouble. Both agencies aimed at improving knowledge of the countryarisgaroutes,
and they did contribute to the improvement of the situation consideralheadry, there
existed a vague boundary between the domains of the Depot of Chitstiaments
and the Coast Survey. By definition, the Survey’s claimed ternt@gy the coastal seas
(within 60 miles from the shoreline) whereas the Depot under Maway more
interested in the open seas. The most problematic area was th&tealn, which
Bache and Maury each claimed to be his agency’s province. Th®fasgong currents,
which consisted of comparably warm water, was the most conspicwatuseféhat every
sailor could experience as he crossed the North Atlantic. Threntuwhich Maury
compared to “a river in the oceatf"originates from the Gulf of Mexico and flows
north to the North Pole. Understanding the Gulf Stream was Ctracgecuring the
safety of the Atlantic navigation route to and from Europe, but iigildd cause and
mechanism were not yet known to scientists or sailors. Lateheinate nineteenth
century the Gulf Stream would be placed at the center of théedehathe cause of
currents and oceanic circulation. It was, therefore, naturaMbaty and Bache, both
deeply concerned in matters of navigation and marine sciencendéaaterested in the
Gulf Stream. In the end, the competition between the two agenuiethair leaders
resulted in better understanding of natural phenomena, which was iaepsisie of the
story.

The rivalry and uncomfortable relationship between Bache and Masujted
partly from their different backgrounds. Maury was a naval offiders was largely self-
educated in science. His approach in the scientific matteroftexs quite amateurish,
and even his masterpiecEhe Physical Geography of the Seas generally criticized
by academic men on both sides of the Atlantic for his logmatakes and wild

4 Matthew Fontaine Maurfihe Physical Geography of the Séth edition (New York: Harper
and Brothers, 1858), 25.
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speculations. Bache, on the other hand, was a professionally traieetissaf his time
who saw Maury as misplaced as the superintendent of the Depot ofs Gimar
Instruments. For example, Bache avoided making premature intéprstaf the
physical phenomena of the oceans when he published the results afagteSOrvey’s
scientific work while Maury enjoyed making public his theories Wwhwere often
amateurish. In other words, their rivalry was the best exampleeadnimosity between
the naval officers and the civilian men of science that developedigdtine U.S.
Exploring Expedition:> Bache was not alone in antagonizing Maury in scientific
matters. Joseph Henry, director of the Smithsonian Institution andsa @liend of
Bache’s, also was at odds with Maury, especially in the doofaimeteorological work.
While Maury thought that an integrated approach to the meteorologgsdrch on land
and at sea was essential and argued for a centralized natieaidder bureau, Henry
strongly insisted that land meteorology had to be the exclusive idoofathe
Smithsonian Institution. Bache and Henry considered Maury a man ofpcaudical
science, and did not want to include him in their scientific circle.

Considering the generally reluctant attitude of the government in funding
scientific work, it was possible only under such powerful leaderslaury and Bache
that the federal agencies, created for practical purposes,mpeda@ystematic scientific
researches. They were able not only in leading scientifigranas but also in dealing
with the politicians. After they left office, important sdidic work at both agencies
weakened significant? Maury, a native of Virginia, left the Depot in 1861 when the
Southern states seceded, and Bache died in 1867. The strong impetut® ghmerican
marine science by the two government agencies ceased toadkistigh some scientific
work still continued. Eventually, it was proven that in the nineteentituge United
States government agencies fell far short of providing engeent home for marine
sciences.

!> SchleeThe Edge of an Unfamiliar Wor|@6.

'8 |n 1866, the Depot of Charts and Instruments was renamed thegrgplnic Office. In 1878,
the name Coast Survey was also changed to the Coast and G8odetiz Schleelhe Edge of
an Unfamiliar World 63-65.
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2. Early Marine Biological Stations in the United States

The scientific work done at the Coast Survey and the Depot of Cduadlts
Instruments was generally focused on physical aspects of thealeaigh some
biological and geological study was done in cooperation with scheleis as Louis
Agassiz. After the marine scientific work had diminished conaldgrat those two
agencies, the tradition of American marine science was succégdenlogists who
built seaside laboratories beginning in the early 1870Is.was the time when interest
in marine biology boomed on both sides of the Atlantic, and many maaitiens were
built.

Revived interest in marine sciences in the mid-nineteenth cdetlity oceanic
expeditions that culminated with the BritisBhallenger Expedition!® In these
expeditions, studies in natural history were almost always phisioag with physical
investigations of the sea. Old and new species collectdt atea intrigued naturalists
and, moreover, the discovery that life existed under the deepd@aany scientists to
study marine organisms. The problem of evolution made marine biologyimportant.
Discoveries of marine biology were used both for and against the tbhéemolution.
For example, naturalists found in the ocean some organisms vergrsmihose species
that were thought to have been extinct and could be found only in fodsssfifiding
led some scientists such as the British Wyville Thomson to doubt the effexstsvef the
evolutionary theory. On the other hand, Thomas Huxley's discoveratiiybius
haeckelij which was thought to be a form of protoplasm, was believed to be & key
understanding the history of life.

Likewise, Ernst Haeckel at Jena, Germany believed that siydyiarine
biology would yield much benefit to evolutionary biology. He had a firatief that

7 For general discussions on American marine biological statiees Keith R. Benson,
“Laboratories on the New England Shore: The “Somewhat DifteDérection” of American
Marine Biology,” The New England Quarterlyl (1988): 55-78; and Benson, “Summer Camp,
Seaside Station, and Marine Laboratory: Marine Biology and riggitutional Identity,”
Historical Studies in the Physical and Biological Scien82s(2001): 11-18.

'8 Deacon Scientists and the Se276-406; Schleé€lhe Edge of an Unfamiliar World07-138.
See also Harold L. Burstyn, “Science and the Government in theteenth century: The
Challenger Expedition and Its ReporBulletin de I'Institut Océanographique, Monaoml. 2,
special no. 2 (1968): 603-611.
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animals and plants living in the sea were the key to solving theegpnadii evolution as
they were considered to be very primitive living organisms havingithplest forms of
life available to researchers. He advised one of his studentsn Aghrn, to work on
marine biology, and Dohrn built a marine laboratory at Naplesy, Ifallowing his
mentor’s idead® Dohrn’s station, the Stazione Zodlogica was a great succebs a
immediately became famous among biologists. It soon became a ppfada where
scientists from all around the world gathered to research, and arhengwere a
number of American biologists such as Charles M. Child, Wesleyde, Bashford
Dean, Ross G. Harrison, Ida H. Hyde, Herbert S. Jennings, F. M. lc&aG. H.
Parker, Charles O. Whitman, T. H. Morgan, William M. Wheeler, and. BViBon, to
name but a fe?

Around the same time, marine stations began to appear in the Stadted. The
first such attempt was by Louis Agassiz. In 1873, Agassiz aparsaummer school on
Penikese Island in Buzzards Baylt was not the first time that he was engaged in the
marine sciences as he had had prior research work done in conneitti the U.S.
Coast survey and, thus, he was the right person to begin the traditiseasile
biological activities in America. The summer school was fundedabyvealthy
businessman named John Anderson and was often called after him #grsogfn8chool
of Natural History.

The Anderson School, which might be labeled the first American marine
biology station, had distinct features that could differentiatéroin its European
counterparts. While the stations in Europe such as the Naples Steienstrongly
research-oriented, Agassiz’'s summer school was devoted mostutation. For the
most part, biology teachers and other amateurs interested in bwérgyinvited to the
island for the summer program, and they had chances to work in ltheAfseAgassiz

9 Christiane Groeben, “Anton Dohrn—the Statesman of Darwiniialbgical Bulletin 168
(Suppl.) (1985): 4-25. For the Naples Station’s influence on Ammerscientists, see Keith R.
Benson, “The Naples Stazione Zoologica and Its Impact on the Enwergf American Marine
Biology,” Journal of the History of Biology21 (1988): 331-341; and Jane Maienschein, “First
Impressions: American Biologists at NapleBjblogical Bulletin 168 (Suppl.) (1985): 187-191.
For early European marine stations, including the Naples rstaté®e Charles A. Kofoidlhe
Biological Stations of Europ@Vashington, D.C.: Government Printing Office, 1910).

20 Benson, “The Naples Stazione Zoologica,” 335.

21 Jane Maienschein, “Agassiz, Hyatt, Whitman, and the Birth h&f Marine Biological
Laboratory,”Biological Bulletin 168 (Suppl.) (1985): 26-34.
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emphasized learning from nature and not from books, they usually tedllend
observed animals and plants by themselves during the day andedtt@gdssiz’s
lectures in the evening. It was a great success in they&iest but Agassiz died in the
next year and the second year’s session was led by his szsanéler. Thereafter, the
school never opened again.

The Penikese school had a significant weakness within itselfhible program
depended too heavily on the founder and instructor Louis Agassiz. Henwuasisually
talented teacher who possessed sufficient showmanship to shtisg attending the
school. His son unfortunately did not share his passion for the prograseveral
reasons. Alexander disliked the isolated location of the islandwasdnore interested
in advanced research in the study of marine biology than thkingaof amateurs. The
school’s heavily education-oriented character was often criticio®, by others such as
British scientist E. Ray Lankester. Alexander did acknowletigevalue of a seaside
biological laboratory, however, and built a private one at New Rbxide Island a few
years later. This research station was one of the marinenstahat Lankester highly
praised?

Despite the very short existence of the Penikese school, LouisiAgasl the
summer school left a lasting impact on the American marine biology moveAuyassiz
had students who were no less interested in marine biology thanfhimgeut whom
the Anderson School would not have even existed. Three men, in addition tmhis s
Alexander, were particularly important in the history of mabiwogy: Alpheus Hyatt,
Nathaniel Southgate Shaler, and Addison Emery VéFrihaler was in fact the original
source of inspiration for the summer program in marine biology, suggested to
Agassiz that a marine station devoted to natural history and geology would beiakenef
Hyatt served as an instructor at Penikese and later becantirebtor of a marine
biology station at Annisquam. Verrill also devoted a large part afdientific career to
the study of marine biology and worked in connection with the U.S. Gashmission
from 1871 to 1887. Among those who participated in the Anderson School’s program
were William Keith Brooks, another student of Agassiz’s, Ch&leg/hitman, Cornelia

2 Benson, “Laboratories on the New England Shore,” 65-66.

% \Wesley R. Coe, “Addison Emery Verrill, 1839-192@Yational Academy of Sciences
Biographical Memoirs 14 (1932): 19-66, see esp. 21-22; Benson, “Laboratories on the New
England Shore,” 56-58.
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Clapp, and David Starr Jordan who later became leaders of sewpatant marine
stations in the United Staté%.

Another line of marine biological study began in the 1870’s, led Bn&y
Fullerton Baird of the Smithsonian Institution. Baird was assigtadbseph Henry at
the Smithsonian Institution, at the time he was appointed Fish Csiones by
Congres$® His duty was to investigate the nation’s fish stock and deterthneause
of declining catches. After years of field study up and down the Eegland coast,
Baird finally settled down in 1882 in the small town of Woods Hole eter built a
permanent fishery laboratory.

At the U.S. Fish Commission Laboratory, Baird was mainly exgetd lead
pragmatic studies for the benefit of the nation’s fishing indubtoyvever, aided by his
political skills and scientific influence, Baird managed to comlapelied and pure
science in the investigation of fishes. The Woods Hole laboratorppeasto professors
and students from the institutions that possessed a right tcsifseilities in return for
their donations for the building of the laboratory. So, researchars Harvard, Johns
Hopkins, Princeton, and Williams came to Woods Hole during the surtomstudy
marine organisms that could be provided by the Fish Commission. Aathe time,
Baird himself pursued comprehensive studies of the coastal sémsoN@agues and
assistants, such as Addison E. Verrill of Y&leThe Commission’s research vessel
Albatross brought in many new and previously known marine species from the
Massachusetts coast, but Baird’s interest lay not only in taxieabstudy of identifying
and describing the species. He and his colleagues put no lessnédffaracing their life
history and relating their morphology and physiology to their environfeThe fish

4 Maienschein, “Agassiz, Hyatt, and Whitman,” 26-32.

> After Joseph Henry’s death in 1878, Baird succeeded him assgaethe Smithsonian. On
Baird and the Fish Commission Laboratory, see Dean C. Allard, ‘Aifle Commission
Laboratory and Its Influence on the Founding of the Marine Biolodiahbratory,”Journal of
the History of Biology23 (1990): 251-270; and Philip J. Pauyplogists and the Promise of
American Life From Meriwether Lewis to Alfred Kinsé®rinceton: Princeton University
Press, 2000), 44-70. For Baird’'s biography, see All&mkncer Fullerton Baird and the U.S.
Fish CommissiofNew York: Arno Press, 1978); William Healey D&lpencer Fullerton Baird:
A Biography (Philadelphia: J. B. Lippincott, 1915); and E. F. Rivinus and E. M. séfus
Spencer Baird of the Smithsoni@ashington, D.C.: Smithsonian Institution Press, 1992).

%6 0On Verrill's work at the Fish Commission, see Allard, “ThehHFCommission Laboratory,”
254, 258-259; and Coe, “Addison Emery Verrill,” 23-25.

%" Baird’s initiative in American marine ecology is weklplained in John E. Hobbie and John B.
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commissioner believed that a full and comprehensive understanding olfifehe
phenomena of the region was necessary in order to tackle the praifléhesfishing
industry.

The fish commission’s comprehensive scientific study under Bairdati cause
serious trouble with Congress, since Baird tried to balancé&ht wactical researches
more directly related to fishery studies. A large portion ofl#b®ratory’s efforts was
given particularly to experiments on fish culture and artificatchery work. For Baird,
this line of study was in fact the only possible solution to thsisciof the fishery
industry given the limited knowledge of his time. The work at Eiehh Commission
Laboratory was geared more and more towards this directiormasvient by. The
advent of the Grover Cleveland administration in 1885 was a cruciat the turned
the direction of the fish commission’s research away from cdmepseve marine
science. The Democratic administration which began investigatiorgowdrnment
agencies tried to find cases of corruption under the long Republicgms.réBaird’s
influence in Washington and his close relationship with politiciangeldeto save the
research programs at the laboratory eventually, but sciestiftty there had to shrink
afterwards. Baird’s death in 1887 was a fatal blow: within \& feears scientific
researches at the Fish Commission was virtually eclipsed.

The case of the U.S. Fish Commission Laboratory gives anotheipxaf the
federal government’s failure to support long-term scientific @og: The destiny of
comprehensive marine science at the laboratory rested, again, toly lo@avne able
leader. Following the precedents of the Coast Survey and the Depitarts and
Instruments, the Fish Commission gradually became a narrowlyeigastitution for
practical work.

Despite Baird’s failed attempt, Woods Hole remained the rcesftanarine
biology in the United States. This was owing to the Fish Comomi'ssnhew neighbor,
the Marine Biological Laboratory. It was Baird himself whstfisuggested that the new
institution be built in Woods Hole, next to his own laboratory. The Eismmission
Laboratory was essentially a research institution, devoted/dola@ldvanced research in

Pearce, “Ecology in Woods Hole: Baird, Bigelow, and Redfiell Robert B. Barlow, Jr., John
E. Dowling, and Gerald Weissmann, ed$ie Biological Century: Friday Evening Talks at the
Marine Biological Laboratory(Woods Hole, Mass.: The Marine Biological Laboratory, 1993),
256-286.
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pure and applied sciences. Yet, Baird originally had a bigger Yalh.acquainted with
Agassiz’s program at Penikese, he was aware of the neadbfological institution for
education. Baird hoped to expand his laboratory into a larger institutia would be

a center for both research and education in marine bi6fogsg the prospect of such
expansion became dim, he decided to make another attempt to build atesepar
institution at Woods Hole, which was the best location for theystfignarine biology
according to his previous experience. That new institution was Hrend1Biological
Laboratory. In Baird’s scheme, the two neighboring stations waoolaperate, not
compete with each other, as they would have complementary funofiesesearch and
education.

Historians Keith Benson and Jane Maienschein have emphasized the
educational function of the early American marine biologicalista® They have
argued that the marine stations in the United States had develomedamewhat
different way than the European ones, reflecting the situati@eiehtific education at
that time. In fact, influences from Europe on American marine biologynot be
ignored. Particularly, the Stazione Zooélogica at Naples wasradny a number of
prominent American biologists who had had chances to visit and work*tharel
some of them tried, in fact, to make it a model for American marine stations.t Aitriba
Germany was a leader in the world of science and many leading Amieiadagists had
ties to German scientific institutions. They often visited Garraniversities and many
earned their degrees there. Those people who had some expefispeading time at
Dohrn’s station were deeply impressed by the pattern and ahylile and work at
Naples and it is not surprising that they played a significant role in foundingrsimes
in the United States. Yet, the Naples station and other Europdmmstainlike their
American counterparts, were research institutions, and no educatimalsuch as was
done at Penikese or Annisquam, was done there. Therefore, Benson andchire
could argue that American marine biological stations were noelyneopies of the
European precedents, especially the one at Naples. This distiActigrican

2 Allard, “The Fish Commission Laboratory,” 266-270; Rivinus and Ydus3gencer Baird
148-149.

29 Benson, “Laboratories on the New England Shore”; Benson, “Summer CaasideS8tation,
and Marine Laboratory”; and Maienschein, “Agassiz, Hyatt, Whitman.”

% Benson, “The Naples Stazione Zoologica”; Maienschein, “First Impmessi
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characteristic found its full expression in the Marine Biologicaboratory at Woods
Hole.

3. The Marine Biological Laboratory at Woods Hole

Alpheus Hyatt, former student of Louis Agassiz's and instructdPemikese,
founded a marine station at Annisquam, Massachusetts in 1879 with spgn$ans
the Boston Society of Natural History and the Woman’s Education Asmoc of
Boston®' He became the first director and B. H. Van Vleck, who was wgrkis
assistant for the Boston Society of Natural History, was appoinsédictor. Annisquam
was from the onset modeled after the Penikese school, and categrdn education
rather than original research. Most participants were schachées. This was exactly
what the two sponsor groups intended. They wanted this seaside stétgoa pace for
educating amateurs and teachers and giving them a chancedyo rstture. In this
respect, this school was a success, having had a number of $eagtrgrsummer, about
half of them women. However, Hyatt felt that the Annisquam statiehtbachange
somehow. As the coastal sea of Annisquam became polluted blgynieaustrial
facilities, it needed to move to an unpolluted area. Furthermordt Wgated his station
to become an institution more independent and more research-orienteet blg o
search for a new home.

It was Spencer Baird who approached Hyatt at that timethétisuggestion that
he move his station to Woods HdfeBaird thought that there hardly existed a better
place than Woods Hole as a location for marine biological stathms. Annisquam

%1 Maienschein, “Agassiz, Hyatt, Whitman,” 28-29; Frank R. Lilliée Woods Hole Marine
Biological Laboratory(Chicago: University of Chicago Press, 1944), 26-31. It must bal note
that the Annisquam station was not founded by Alpheus Hyatt alohE.Q¥Wemist Ellen
Swallow Richards and other women at the Woman'’s Education AssocatBoston were also
active participants of the station, both as instructors and rdgid8ee Robert Clark&llen
Swallow: The Woman Who Founded Ecol@@kicago: Follett, 1973).

32 0On the natural conditions of Woods Hole, see W. D. Russel-Huntee ¥Woods Hole
Laboratory Site: History and EcologBiological Bulletin 168 (Suppl.) (1985): 197-199.
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station was exactly the kind of institution that Baird wanted/aods Hole right next to
his Fish Commission Laboratory as it was almost entirely anagidnal marine station.
The two stations would very likely benefit from each other withr tbemplementary
roles—research and education.

However, not everyone welcomed the idea of establishing another alpaat
Woods Hole*® For example, William Keith Brooks of Johns Hopkins was opposed to
the plan. His opinion was that it was better to build the newostatianother location so
that biologists would have a chance to investigate more regions. Bratbks was
professor of morphology at the Department of Biology, Johns Hopkins Uityyers
already retained the right to occupy tables of the Fish Conumisisaboratory.
Therefore, he and his students at the Johns Hopkins could visit Woods htatewsr
they wanted. Besides the Fish Commission, he also ran his ownensation, the
Chesapeake Zoological Laboratory of the Johns Hopkins Univ&tsByooks also
refused Hyatt's proposal to appoint him the first director of the mewine station.
Alexander Agassiz, who also had access to Baird’s facjlifieagreed with the plan for
a new marine biological station at Woods Hole.

Despite the minority opposition, the Marine Biological Laboratopgned at
Woods Hole in 1888 Hyatt, the Boston Society of Natural History, and the Woman’s
Education Association had their reasons to decide for Woods Holg. Woeds Hole
was the appropriate site for a marine biological station botlnocgaphically and
geographically. Cape Cod, where Woods Hole is located, was a conglgrégss
polluted region on the New England coast. And as both warm and colatsuesast,
biologists could study two different groups of sea organisms residingim and cold

3 Maienschein, “Agassiz, Hyatt, Whitman,” 29-30; Maiensch&®) Years Exploring Life,
1888-1988: The Marine Biological Laboratory at Woods H{Boston: Jones and Bartlett
Publishers, 1989), 19-25, 179.

% Benson, “Laboratories on the New England Shore,” 66-73; Philauly, “Summer Resort
and Scientific Discipline: Woods Hole and the Structure of AcaerBiology, 1882-1925,” in
Ronald Rainger, Keith R. Benson, and Jane Maienschein, Tdus American Development of
Biology (New Brunswick: Rutgers University Press, 1988), 121-150. See esp. 125-126.

% For general accounts of the MBL's early history, see d,ilfihe Woods Hole Marine
Biological Laboratory Maienschein,100 Years Exploring LifeMaienschein, ed.Pefining
Biology: Lectures from the 189@€ambridge, Mass.: Harvard University Press, 1986); Pauly,
“Summer Resort and Scientific Discipline”; Detlev W. Brofiklarine Biological Laboratory:
Origins and Patrons,Science 189 (1975): 613-617; and articles Biological Bulletin 168
(Suppl.) (1985).
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currents, respectivefy. Moreover, Woods Hole had convenient means of transportation.
Since some factories had been built near the town some time ,befar@lroad
connecting Boston and Woods Hole was available. It did not take muehtditnavel
from Boston to Woods Hole by train. Second, existence of the Fish smam
Laboratory at Woods Hole did not seem to be a real problem toaterBSociety and
the Women’s Association as they too, like Baird, believed in thesidn of roles
between the two institutions. Unlike Hyatt, those sponsors wanted thed®main an
educational institution. They had every reason to welcome the exdsténhe Fish
Commission which would possibly provide the MBL with facilities amdreinstructors.
Baird himself had promised to give the needed land at a chea@apddet MBL use the
facilities of his laboratory, and it was quite an attractiffer. The new station would not
have to pay additional expenditures for such things as waterworks xpethse/e
instruments, which meant for the sponsor groups saving much money.

The plan to make the new MBL an educational institution soon ntat avi
serious challenge. The conflict first arose in the procéselecting the first directdy.
The trustees of the MBL were divided between scientists, of whyaitt Mas the leader,
and the people from the Boston Society of Natural History and the Wemducation
Association of Boston. While the trustees who had ties to the Bostoetysand the
Woman’s Association hoped to maintain the education-oriented traditidnnisquam,
Hyatt and the scientist-trustees wanted to bring a substahéiae to its character. The
amateur members recommended van Vleck of the Boston Society, bstidémtists
wanted a prominent scholar such as Brooks to lead the MBL and makesearch
institution. The scientists’ opinion dominated and, at last, Charlss\Whitman was
selected as the director after Brooks refused the offer.

Whitman had participated in Agassiz’s Penikese school and decidedstee [2u
career as a professional scientfstVhen he was a 31 year-old high school teacher, he

% Russel-Hunter, “The Woods Hole Laboratory Site.”

3" Maienschein100 Years Exploring Life19-25; Maienschein, “Early Struggles at the Marine
Biological Laboratory over Mission and Mone¥iological Bulletin 168 (Suppl.) (1985): 192-
196.

% On Whitman's life and career, see Ernst Mayr, “Charléis @/hitman,” in Charles C.
Gillispie, ed.,Dictionary of Scientific Biographyvol. XIV (New York: Scribner, 1976), 313-
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went to Europe to study biology. He went to Leipzig to study with Rudanlickart after
a visit to Dohrn’s Stazione Zoologica at Naples. Whitman received his doctoraédeg
zoology in 1878 and, then, worked two more years at Naples. Unable to éibdrathe
United States, Whitman went to Japan where he became profedsologly at Tokyo
Imperial University. Two years later, he returned to America ancewgoyed privately
by Alexander Agassiz at Harvard’s Museum of Comparative Zoosogl then, by a
rich amateur zoologist of Milwaukee, E. P. Allis, Jr. His eigraze of directing the Allis
Lake Laboratory was considered when the MBL trustees choseThiere Whitman
founded theJournal of Morphologywith the support of Allis. A year after accepting the
MBL directorship, he was appointed at the new Clark University faswdty member
and, in 1892, moved to the University of Chicago where he remained undidis in
1910.

By the time Whitman was finally appointed the first directortloé MBL,
therefore, he had gone through a difficult career path and had expesfenoeking at
several biological institutions. It was natural for him, therhaauite ambitious for the
future of MBL. He intended MBL to be “one of the strongest and rpostiuctive
biological stations in the world® Such a grand goal inevitably led Whitman to
emphasize research and expansion of the Laboratory. Whitman’ssleadson caused
trouble with the MBL trustees. It was not what the amateistées wanted MBL to be.
Their idea of the MBL was something not so different from the Au@m station, both
in size and in function. Their disagreement was intensified andial deficiency. In
1896, for example, Whitman proposed to build a fifth building for the MBanFthe
Trustees’ point of view it was absolutely impossible. But thedmgl was built, and the
MBL had to face a severe financial crisis.

From the beginning, Whitman himself was aware of the shodafends. He
made every effort to secure sufficient financial support to maimia plan. He almost
succeeded twice. In 1895, Miss Helen Culver, a rich woman of Chitadd/Vhitman

Physiological Morphology,” in Gerald L. Geison, e@hysiology in the American Context:
1850-1940(Bethesda: American Physiological Society, 1987), 177-193.

% Maienschein, “Early Struggles,” 193.

0 0n the MBLs financial crisis and Whitman's efforts, deie, The Woods Hole Marine
Biological Laboratory 34-62; Maienschein, “Early Struggles”; MaienschellQ0 Years
Exploring Life 49-72; Pauly, “Summer Resort and Scientific Discipline,” 18Q: and Bronk,
“Marine Biological Laboratory.”

32



that she wanted to contribute 500 thousand dollars each to the MBL ababltingy
program of the University of Chicago, where Whitman was the .chaithe end,
however, all of her contribution went to the University of Chicago amg: meas given

to the MBL, much to Whitman’s disappointment. In 1896, during the coeitsy over
Whitman’s policy of expansion, the amateur trustees of MBL frarst@ retired from
the management of the Laborat8tyAnd now the issue was not whether to allow the
expansion or not but how to support the expansion. Whitman did not have to consume
his energy in quarrelling with the non-scientific people any mbu,the financial
situation of the MBL did not improve. Once again, the helping hand cammeGhicago

in 1901, when four businessmen of Chicago presented to W. R. Harper, whbewas
president of the University of Chicago, their intention to contribatéhé MBL. The
MBL trustees decided to refuse it, although Whitman was eagectoe the funds. The
trustees, who were now comprised of only scientists, were dfraidhe influence of
the University of Chicago in the MBL might be too strong. Whitmaas greatly
depressed at this decision.

Whitman’s position was reversed in the events of the next*yéehe MBL
trustees tried to get financial support from the Carnegie Institutiorashivgton. Henry
Fairfield Osborn, who was president of the MBL corporation, and EdmuedhBe
Wilson, the chairman of the executive committee, were the leauehss movement.
Osborn was the chairman of the Carnegie Institution’s Commdate&oology, and
Wilson was also a member of this committee along with AlexaAdgssiz, W. K.
Brooks, and C. Hart Merriam. They believed that the support from traeGie
Institution would permanently relieve the MBL's financial difflties, and to this
Whitman did not object. Wilson and Osborn wrote to the other MBL trustees:

If the Laboratory is placed under the control of the Carnegiétutish, its
future is assured on a splendid and permanent basis. We would have the
opportunity to develop the Laboratory into one of the highest rank aetder

4 Maienschein, “Early Struggles,” 193-194; Pauly, “Summer ResartSzientific Discipline,”
132.

“2 Bronk, “Marine Biological Laboratory,” 614-615; James D. Ebert,rt@gie Institution of
Washington and Marine Biology: Naples, Woods Hole, and Tortu@asldgical Bulletin 168
(Suppl.) (1985): 172-182; Maienschein, “Early Struggles,” 195-196.
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a great and lasting service to the cause of American sciénce.

What caused Whitman to change his mind and to object to this plan diyewamthe

fact, as implied in the above passage, that it demanded MBL's absoipto the

Carnegie Institution, to become just one of its many branchesulted from the policy
that the Carnegie Institution had to “be an operating, not a granstiution.” It had to

“carry on its own work, under its own name, and should publish the gesulls own

series of publications.” Whitman could not allow the MBL's incorporatinto the

Carnegie Institution in spite of its financial merits, asoul inevitably destroy MBL's
independence.

‘Independence’ was, as Jane Maienschein pointed out, one of the keywords i
understanding Whitman’s directorship at MBLHe had stressed that the MBL had to
be a national, public institution managed by the scientists workirilgeaLaboratory
without any interference from outside. He firmly believed that tvas the only way to
maintain the free spirit of scientific investigation at the MBlor example, Whitman
had written to Helen Culver that

The Marine Biological Laboratory had already become an integiatie centre
for research and instruction. Some over twenty colleges and unig®&esié now
contributing to the support of the Laboratory by subscriptions to rooms a
tables, and no less than eighty-five institutions were representedur
membership last summer. The national character of the Laborattng ichief
glory and that | am sure will be wisely guarded in the foundagmn have
bestowed?

To Whitman, therefore, the Carnegie plan was a serious thoehistideal, which
endangered the MBL's independence. Whitman was strongly opposed tmn \alitsl
Osborn’s proposal even though he had but a few supporters, including Edwin Gra
Conklin and Frank Lillie. The majority of the MBL trustees werethe other side. He

3 Bronk, “Marine Biological Laboratory,” 614.

4 MaienscheinDefining Biology 17-21; Charles O. Whitman, “The Impending Crisis in the
History of the Marine Biological LaboratoryScience16 (1902): 529-533.
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publicly promoted the importance of MBL's independence on the pag&kciehce
magazine and, finally, succeeded in annulling the incorpordtiémstead, the MBL
trustees accepted the Carnegie Institution’s generous offeratd 0,000 dollars for
buying MBL's new facilities, and another 10,000 dollars each yeathe next three
years?’

Whitman succeeded in defending MBLs independence, but he became
exhausted. He soon decided to retire from the MBL directorship, andweaeeded by
his former student and colleague Frank Rattray Lillie. Liditer expanded the MBL
even more with the aid of his brother-in-law Charles R. Crailke lcould also get
support from the Rockefeller Foundation through the National Research C8uncil.

With his clear vision, Whitman thus managed to overcome the financia
difficulties and succeeded in making the MBL a major reseastitution. By the end of
the nineteenth century, it became one of the centers of biologisadtigation in the
United States. In particular, MBL was the headquarters of cedhde study, and
researches in embryology, cytology, and physiology flourished tAeEenphasis on
research was not the only way in which the MBL differed fromptieious Annisquam
station, however. The style of doing biology changed as well. Mduimlegy at the
MBL was very different from the natural history done at PenikBatem, Annisquam,
and the Fish Commission Laboratory. The MBL biologists put more amd emphasis
on laboratory work and spent less time collecting and observing armalplants at
sea. They were seeing their organisms through microscopestimsi@déoratory and did
not care about the living conditions of those animals they worked withté/émel how
the marine organisms lived simply did not matter to them. Sonteeaddtive members
of the MBL did mention the need to study elsewhere and a fewndfdct spend
summers at other American seaside stations and in Naples. Butitheo not because
they were interested in different marine environments butusecthey wanted to try

6 Whitman, “The Impending Crisis.”

" Bronk, “Marine Biological Laboratory,” 614; Ebert, “Carnegie ingion of Washington,”
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their theory with the species not found at Woods Hole. MBL thus broketfrematural
history tradition in marine biology, yet the tradition of natural history did suntie¢her,
smaller marine biological stations throughout the coasts of the United. States

4. Controversy over the Tortugas Marine Biological Station: An Exampleof the
Small-Sized Marine Biological Stations

In many coastal regions of the United States, other mataimns appeared in
the 1890’s and 1900’s. In January 1903, Alfred Goldsborough Mayer at the Mo$eum
the Brooklyn Institute of Arts and Sciences proposed a plan foaryether marine
biological station in the tropical Atlantic regiéh.Having had considerable experience
of working at different places, Mayer knew quite well the adygagand disadvantages
of possible marine station sites, and his choice was the Tortugésrioia. He reported
that extremely rich tropical marine fauna could easily be foartde region, which had
not been carefully studied until that time except by some “cungsriig of the United
States government expeditions in Bibb, 1869;Blake 1877-78, and\Ibatross 1885-
86,” and by “the explorations of Louis Agassiz, 1850-51, and Alexandersixgas
1881.°' In more recent years, non-governmental expeditions were condugctég b
University of lowa led by C. C. Nutting in 1893, and by the MuseurthefBrooklyn
Institute of Arts and Sciences in 1902 where Mayer himself gaated. Having
emphasized the natural advantages of the Tortugas and the insuféiorenint of
biological research done there, Mayer argued for the need to bpddranent station.
He concluded that

The time has come when American men of science should awaken to
the fact that we have at our very door a tropical fauna faasaing in
richness that of Naples. With our great wealth and many able and

0 Alfred Goldsborough Mayer, “The Tortugas, Florida, as a @tdior Research in Biology,”
Sciencel7 (January 30, 1903): 190-192.
*! Ibid., 190.
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energetic workers, we should begin to perform the task for science
which is being so ably done at Naples. The great monographs of the
Naples Laboratory should be our incentive to do even more and better
things in the development of knowledge concerning the marine life of

tropical America?

Mayer lamented that “we know more of the life of the Red 8an we do of
that of the Caribbean and Gulf of Mexict."American biologists read and knew very
well the results of their European colleagues’ researches, anthdmselves often went
to Naples and other parts of Europe to study biology of thosengdBut until that time
only a meager amount of study had been done on the marine faunaranaf the new
world, and the tropical region on the east coast was certainlypfott®se unexplored
places. Mayer explained that the “cause of this neglect bam that none of our
educational institutions has been able to afford to maintain a pentiaheratory in the
tropics, and no cooperation has yet been, or is likely to be, effettiett would bring
such a laboratory into being® At that time, there was no academic institution in the
region which could carry out long-term biological surveys, and thiarttisind isolated
location prevented major American institutions from establishingrag@nent biological
station there.

Mayer thought that the situation could somehow change with theisstabht
of the Carnegie Institution of Washington. It seemed that this m&tution would be a
strong supporter of scientific research, and Mayer thoughthibaidea of building a
marine biological station at the Tortugas was a perfeofegtr that the Carnegie
Institution would be willing to support. His proposed station would cost 6,000 dollars for
the construction of a “well-ventilated wooden laboratory building capaifle
accommodating from six to twelve investigators” and its accgsbuildings alone,
Mayer estimated, and there had not been a possible source of sugh anf@unt of
money before the advent of the Carnegie Institution. In addition to thdings, he
wanted the station to have a “seaworthy launch at least 53nféstgth and of light

%2 |bid., 192.

> A. G. Mayer, “A Tropical Marine Laboratory for Researcl&tience 17 (April 24, 1903):
655-660. For this quotation, see p. 655.
** Ibid., 655.
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draft” provided with “sails, auxiliary naphtha for power, and sounding andguohg
reels” which would enable the “study of the life of the Guie&8m . . . and of numerous
reefs at the Tortugas and its neighborhotd.”

In order to submit the proposal to the Carnegie Institution, Maggrtd make
sure that its usefulness for science was strongly backedwigte consensus of opinion
among leading scientists of the country. He argued that thersted to be “national in
character” and “meet with the entire approbation of our leadingyalets,” and “be
visited by an able and numerous clientage.” He sent out leis&nsg for opinions first
to “leading zoologists of the United States and Canada,” aadttatnarine botanists as
well.>® In the Sciencearticle of April 24, 1903, Mayer reported that he received replies
from 43 zoologists: “M. A. Bigelow, Chapman, Conklin, Dall, Davenport, Deaxige,
Edwards, Evermann, Gill, Hargitt, Herrick, L. O. Howard, Jennings, Bblison, D. S.
Jordan, V. L. Kellogg, Kingsley, Lillie, Lucas, MacBride, McMurridietcalf, Mills,
Minot, Montgomery, Morgan, Neal, Nutting, Ortmann, G. H. Parker, RathbuterRi
Sedgwick, Springer, R. M. Strong, Treadwell, Verrill, H. B. Wand &ur others whose
names we are not at liberty to reveal.” All of these zootsgigreed on the need for a
tropical marine station even though there was some disagreementthgaxact
location®” Jamaica, the Bermudas, the Bahamas, Puerto Rico, and Miamamere
the alternative places proposed by some.

Why, then, did so many biologists unanimously express their approvhaisof

> Mayer, “The Tortugas, Florida,” 191-192.

°® Mayer, “A Tropical Marine Laboratory,” 656.

" |bid., 656-660. This article contains letters from Frank M. Chapmharl€s B. Davenport,
Bashford Dean, Frank R. Lillie, C. C. Nutting, Henry B. Ward, EC@klin, Francis H. Herrick,
Herbert P. Johnson, A. E. Verrill, and T. H. Morgan. See also, “TheoBed Biological
Laboratory at the Tortugas,” by C. C. Nutting, Wm. E. Ritted Bavid S. Jordarcience 17
(May 22, 1903): 823-826; J. E. Duerden, “A Tropical Marine Laboratory foedrel,”Science

17 (May 29, 1903): 862-864; E. W. MacBride, “The Proposed Bictbdi@aboratory at the
Tortugas,”Science 17 (June 5, 1903): 909-910; “The Proposed Biological Laboratory at the
Tortugas,” by C. B. Davenport, Robert Payne Bigelow, and B. \WoBzScience 17 (June 12,
1903): 945-947; Hubert Lyman Clark, “The Proposed Biological Laboratbtite Tortugas,”
Sciencel17 (June 19, 1903): 979-980; “The Proposed Biological Laboratorg dbitugas,” by

P. H. Rolfs and J. Fred. Clark&cience 17 (June 26, 1903): 1008-1010; “The Proposed
Biological Laboratory at the Tortugas,” by Conway MacMillandaHerbert M. Richards,
Science 18 (July 10, 1903): 57-58; R. T. Colburn, “The Proposed Biological Labgratdhe
Tortugas,” Science 18 (July 17, 1903): 86-87; and Mayer, “The Bahamas vs. Tortugas as a
Station for Research in Marine Zoolog$tience18 (September 18, 1903): 369-371.
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plan of building another marine biological station when thereadyreexisted several
such stations, especially the most popular Marine Biological Lalygrat Woods Hole?
Charles B. Davenport, one of Mayer’s correspondents and a strong supgcptained
the situation well in his letter dated June 12, 1%03.

In the marine biological stations (which carry on, it must be
remembered, only a portion of all biological work) two tendencies,
opposite at first sight, but really directed toward the sante d&iilgs, are
discernible. The one tendency is to investigate the phenomena of
structure, development and function in the individual; the other is to
consider individuals in masses as species, as form-units behegng
imprint of environment, and adapted thereto, and as constituents of
faunas. For students of the first sort of marine zoology whagisired

is one large central laboratory, with an extensive library dred t
requisite cytological and physiological apparatus, where students
anatomy, embryology and physiology may work together and give
mutual aid and stimulus. The needs of the workers on the otheofside
marine zoology call for several laboratories, widely sepdraie
diverse environments. These will assist the first sort of lafyrdoy
furnishing particular kinds of material found only in the localByut

their chief work will be to study the fauna, determining the laivs
geographic distribution of organisms, the variation of species in
different environments and the interaction of organisms. Such
laboratories will, of course, be exclusively for research, and should be
equipped with everything requisite for the collection, the study alive
and the rearing of organisms.

Davenport then mentioned Woods Hole’s MBL as the representativie dif$t kind of
marine stations. At the same time, it was obvious where Maymssed station would
belong. Despite his contention that the Tortugas station would alsotBerkesearchers

*% Davenport, “The Proposed Biological Station,” 945-946.
> Ibid., 945.
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of physiology and embryology, it was obvious to everyone concehadttwould be
primarily a station for field biologists.

Davenport went on to articulate more about the idea of the “seabrabtories,
widely separated, in diverse environmerffs e mentioned “a magnificent chain of
biological stations” in Europe “reaching from Troms6, Norway, ana ¢ve White Sea,
along the North Atlantic, the Baltic and North seas, the Iresdy, $he Channel, the Bay
of Biscay, and the Mediterranean, Adriatic and Black se@k€ European stations
forming the chain were founded and run by “individual enterprise[s]norersit[ies]
backed by government support.” The American biologists, too, Davenpos, wete
“planning a chain of marine stations.” He named those Americamenatations that
already existed, including “the Woods Holl Laboratdty.On the east coast there were
a series of stations at Harpswell, Woods Holl, Cold Spring Harbeauf®rt and
Bermuda. And on the west coast, there were the Hopkins Laboratthe University
of California’s marine station. To this list Conway MacMiladded the Minnesota
Seaside Station at Port Renfrew, British ColunibiZhis station, although located in
Canada, was “managed in connection with one of the American Unigsraid [had]
drawn its clientele principally from the western United Statds this respect,
MacMillan argued that it also had to be considered “one of thdidacast stations of
America” and that Davenport had had to include it in his listhefrharine biological
stations of the U.S. biologists. In order to complete the chain,ripaviewrote about the
possibility of establishing more stations at Jamaica, Porto, Rie island of Grand
Manan or the coast of Newfoundland, and Puget Sound; and of “exploring @ssivec
years the fauna of Davis Strait, Hudson Bay, Bering Sea and the Gulf of @alif5r

In the United States, the situation was less favorable than in Easppéthout
substantial governmental support for marine biology, except the caske oFish
Commission, the establishment of such marine stations had been ingpasgilaices far

% |bid., 945-947.

®> The spelling of Woods Hole varied, and at this time both “Wood§’ dptl “Woods Hole”
were used. Pauly, “Summer Resort and Scientific Discipline,” 145, n. 24.

%2 MacMillan, “The Proposed Biological Station.” For a genealoaint of the marine biology
on the west coast of the United States, see Keith R. Befidarine Biology or Oceanography:
Early American Developments in Marine Science on the Weasst,” in Keith R. Benson and
Philip F. Rehbok, edsQceanographic History: The Pacific and Beyqi&kattle: University of
Washington Press, 2002), 298-302.

% Davenport, “The Proposed Biological Station,” 946.
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away from major university centers. Only those universities, whiad been slowly
becoming research institutions, were able to run their own marireghual stations. On
the tropical Atlantic coast, there was no such research univasithe time and
American biologists could not afford to have a permanent statiere tuntil the
emergence of the Carnegie Institution had given them the hoped Miager quickly
noticed the chance, and all the biologists that he consulted supporteanhik plas the
time when C. O. Whitman struggled to defend the MBL's independemce the
Carnegie Institution plan of incorporation. In fact, MBL was Camisgifirst
consideration, though the incorporation of MBL into Carnegie did not happeneémdhe
The Carnegie Institution favorably accepted Mayer’s proposaliarikf04, the Marine
Biological Laboratory at the Dry Tortugas, Florida wasletished®* The Dry Tortugas
Laboratory of Mayer constituted, with Davenport’s Station for Expental Evolution
at Cold Spring Harbor, New York, the Carnegie Institution’s bioleggram. Later, the
Station for Experimental Evolution merged with the Eugenics RecdrdeQb form the
Department of Genetics. The Dry Tortugas Laboratory was, howeetéra mere
alternative to the MBL as it had been included in the Carnegitubimt’s initial plan.
The Committee on Zoology had strongly advocated in its reportetablishment of a
permanent biological laboratory as a central station for marolegy in general, with
branches at such other points as may seem desirable; alsateaffibr independent
experimental stations for the study of physiological zoology and prebtefating to
heredity, evolution, etc®® The members of the committee had certainly had the MBL in
mind when they mentioned the “central station,” while the Tortugawdil into the
“branches at such other points.”

Mayer, who was just 36 years old at that time, was an ablevergrsuitable for
the job. He had grown up in a scientific family and, having been trained undenédézxa
Agassiz at the Museum of Comparative Zoology and having workec@ast@r at the
Brooklyn Institute of Arts and Sciences, he had already builtrang career as a
scientist® He spent summer months at Dry Tortugas often sailing on tioeakary’s

% Ebert, “Carnegie Institution of Washington,” 180-182; PatriclChlin, “A Brief History of
the Tortugas Marine Laboratory and the Department of Marine Bioloagnegie Institution of
Washington,” in Mary Sears and Daniel Merriman, e@seanography: The PagNew York:
Springer-Verlag, 1980), 138-147.

® Ebert, “Carnegie Institution of Washington,” 173.

% C. B. Davenport, “Alfred Goldsborough MayoNational Academy of Sciences Biographical
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yachtsPhysaliaandAnton Dohrn and during the rest of the year he went on expeditions
to various regions of the Pacific and Atlantic Oceans. He workea wide range of
biological topics, from coral reef studies to physiological experiments aneranimals.
Visiting researchers also did important work at the Dry TasulLaboratory. They
included L. R. Cary, E. G. Conklin, H. S. Jennings, William K. Brooks, RCowles,
Jacob Reighard, U. Dahigren, R. A. Daly, C. H. Edmondson, E. N. Harvey,.W. H
Longley, D. H. Tennent, and T. W. Vaughan. It is reported that around 146ediff
investigators worked at the station from 1905 to 1939.

Mayer began to have difficult times in 1918 when the Laboratory halbge c
because of the First World War. His family name caused urtleanauble to him
during the war, which eventually led to his decision to changeathédyf name from the
German ‘Mayer’ to English ‘Mayof® The laboratory opened in 1919 but had to be
closed again in 1920 because of a severe hurricane that seriouslgediathe station’s
facilities. Mayer soon had tuberculosis after an expedition toP#mfic and had to
spend some time in a sanatorium. He returned to Tortugas in 1922 in spite of his doctor’s
warning, and on June 24 was drowned while bathing in shallow water.r Mase
succeeded by William H. Longley of Goucher College, yet amtdirector but as
administrative officer as the Carnegie Institution did not waobtdinue its Department
of Marine Biology in the same wé&Y. Longley died in 1937, and David Tennent of Bryn
Mawr College worked as executive officer until 1939 when the labgréitally closed
by the decision of the Carnegie’s new president, Vannevar Bush. The stajigpiment

Memoirs 21 (1926): 1-10; Davenport, “The Researches of Alfred GoldsborouglorfMa
Science56 (1922): 134-135; Colin, “A Brief History of the Tortugas Madiraéoratory”; Ebert,
“Carnegie Institution of Washington,” 180-182.

®" On the scientific work done at the Tortugas Laboratory,Gan, “A Brief History of the
Tortugas Marine Laboratory”; J. S. Kingsley, “Papers fromTibgugas Laboratory,Science
30 (1909): 368-369; Davenport, “The Researches of Alfred Goldsborouglormay. A.
Schaeffer, “Research at the Tortugas Laborat@gience56 (1922): 468-470.

® Here, | will use ‘Mayer’ throughout for the sake of consistency.

% Colin, “A Brief History of the Tortugas Marine Laboratory,”143-145bert, “Carnegie
Institution of Washington,” 182. For examples of the discussion offateeof the laboratory
after Mayer’s death, see Davenport, “The Researches of Alfred GaldsghoMayor”; Schaeffer,
“Research at the Tortugas Laboratory”; W. J. Crozier, “Researchrimd/Riology,” Science56
(1922): 751-752; Crozier, “Marine Zoological StationS¢ience 57 (1923): 498-499; W. K.
Fisher, “Research in Marine Biologyg§cience57 (1923): 233-235; W. E. Allen, “A Program of
Oceanic Investigations,Science 57 (1923): 499-500; and A. A. Schaeffer, “The Marine
Laboratory at Tortugas3cience58 (1923): 160-161.
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went to the Smithsonian Institution at Washington, andAtiten Dohrnwas donated to
the Woods Hole Oceanographic Institution.

Despite the considerable scientific contributions produced at theT@tygas
Laboratory, it turned out that Mayer’s selection of location hatl been perfectly
appropriate. There had been some reasonable opposition to Dry Toitoigashe
beginning’® Among the scientists Mayer consulted, some people favored Jaamaica
others preferred the Bermudas, for example, as a better lotatiarsubtropical marine
station. There were two reasons for their distaste for Tastu@n the scientific side,
Tortugas did not offer chances to study land biology despite i edaditions for the
study of marine biology. Some visitors would want to investigatddted animals and
plants on land, or perhaps the geology of the region, in theie §pa& while staying at
the station. The other, probably the more important, reason for the opposiis
Tortugas’ unfavorable living conditions. Most such problems were causédringas’
isolated location. Even though Mayer tried his best to assure heaguoés that their
concerns were groundless, they still had doubtThey pointed out, first, that
transportation to Dry Tortugas was extremely inconvenient. It totng time, and
much money, to get there from many academic centers of the coamdrynce they
arrived at the Tortugas they would have to stay isolated froitization as it was very
difficult to make short visits to nearby towns. Visiting scigstsould thus hardly expect
their families to accompany them to the Tortugas. Some peoptevexeied about the
possibility of tropical diseases. Living conditions certainly avan important factor,
since many of the visiting researchers would have to stag tfloerseveral months.
Tortugas could offer almost nothing to them during the time df day when they were
out of work. It should also be remembered that work was not the only American
biologists had in mind when they visited marine biological stationsgwiimmer. As
Philip Pauly rightly pointed out, marine stations were “summaesrt&sfor American
biologists of that timé? It is understandable that they did not want a summer resort at a
place like the Dry Tortugas.

In the end, Mayer managed to silence this opposition, and the Tortugas ma
station was established as a part of the great chain of stations. Yet, it dikkrlontafor

" See theSciencearticles mentioned in n. 56.
"t Mayer, “The Bahamas vs. Tortugas.”
2 Pauly, “Summer Resort and Scientific Discipline.”
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everyone to realize that the problems were real. The most sdrmusde was the
recurring hurricanes. Every year the hurricane season in trenrseiiously shortened
the period of the station’s operation. Moreover, some hurricanessegrewerful as to
even destroy the laboratory facilities, as was the case in 19&9. Mayer came to
consider the moving of the laboratory to another region because of dhkerpatic
location of Dry Tortugas, when he thought enough work had been done thesilOf
of the Carnegie Institution were also aware of the problems, dticto their decision
to not continue the laboratory at the same scale as before when Mayer died in 1922.
Despite the final closure of the station at Dry Tortugas in 193@inm biology,
or marine sciences more generally, did not cease in Florid®4B, F. G. Walton Smith
of the University of Miami at Belle Isle, Florida opened the ifidarine Laboratory?
Since Smith had learned from the experience of the Tortugas Latypiatvas built at
an easily accessible place. Unlike Tortugas, this universiwgebatation continued to
operate well and grew into a major center of marine sciéiifee magnificent American
chain of marine stations, therefore, did not lose its branch in Florida in the end.

5. Conclusion: A New Direction in the Historical Study of Anerican Marine
Stations

The science of the sea began as a government activity in tted(Biates. Its
fate depended on the capricious decisions of the congress which emasgebfictant to
provide governmental scientific programs with steady financial suppatefdre, those
scientific projects undertaken under the auspice of the federalngoeet always had to
have practical aims. They were often very successful, lamavork done at the Coast
Survey and the Depot of Charts and Instruments was very highdg eten by
European experts. Those high-level scientific investigations couldbeosteadily
pursued, however, because of politics. In this respect, the Ameriagne biological

® Thomas Barbour, “Marine Biological LaboratoriesStience 98 (1943): 141-143; F. G.
Walton Smith, “Functions and Development of a Tropical Marinbokatory,” Science 103
(1946): 609-611.
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stations that began to emerge in the late nineteenth centurynatensorthy as they
came to provide, for marine scientists, more stable institutieti@hgs sufficiently apart
from political fluctuations.

Historians of science have paid considerable attention to the danemarine
biological stations, mostly with emphasis on their role in the devedapwwf American
biology. They have tended to focus disproportionately on the Marine Biologica
Laboratory at Woods Hole. MBL certainly was the largest, mogpular and, probably,
most successful marine station, and the one which no doubt has occupi@dsthe
influential place in the history of American biology. Morphologicat gohysiological
study done at laboratories of the MBL became the dominant methodoidgglogy
throughout the country. The combined focus of embryology, cytology, genatid
evolution shaped the main research problems for the younger-gemaesgearchers.
Moreover, the summer community of biological scientists gatheosd &ll around the
country brought about the formation of a social network and a professderity
among generations of American biologists. In short, it may not bexaggeration to
claim that without the MBL American biology would have looked quite different.

MBL was by no means an isolated phenomenon, however, as it wasoé thar
great chain of American marine stations. It is important & Best, the whole picture
instead of paying too much attention to just one or two major mstdatiens. MBL did
not represent all the American biologists at the time. A nurabéiological scientists
who belonged to the older tradition of natural history were also swydyarine biology
in different ways at other, usually smaller, marine statibnsugghout the coasts of the
United States at the same time. In most cases, these nbhaologists, unlike their
colleagues at the MBL, emphasized field work, and they believéd:timaprehensive
understanding of the marine organisms and their living condition$aim hatural
habitats were indispensable for the true science of biology. Thelskoriented
biologists usually had critical attitudes toward the MBL-stylarine biology done at
laboratories without much attention to where and how those animalsaarid [ed in
the sea. The more or less naturalistic marine biology antfadler marine stations by no
means remained stagnant. Those researchers of marine bioledyvaéirious new
methodologies and studied diverse aspects of the phenomena of mainkg i,
therefore, wrong to see the history of marine biology as a lideaelopment from
natural history of the sea to laboratory biology that used marganisms to tackle
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important biological problems of the day. Marine biology was developitoyseveral
different directions, and the MBL represented only one of these. @riboking at both
sides of American marine biology would we be able to get thepitilire. Presenting
MBL as the representative model of American marine biologitafioss would
inevitably lead to a distorted understanding of the history of Ameriology of this
period.

Another tendency of the current historiography of American madriolegical
stations is to emphasize their educational function as a digéirdtaracteristic of the
American marine biology tradition as opposed to the European. KeitholBefw
example, pointed out that “American biologists confronted a problem miiffelnent
from Dohrn’s. Whereas he recognized an opportunity to provide an additesesgrch
facility for professional researchers, Americans found a ne#mitoresearchers when
they had no facilites™ The emphasis on the educational function of the marine
stations, thus, reflected the unique situation of American sciermee Miaienschein also
stressed this point and argued that the American marine bidleggtens, including
MBL, were not mere replicas of the Naples zoological stdficBhe showed how the
American tradition was begun at Penikese, transmitted to Alphetlsaid®s Salem
station and Annisquam, and finally reached the MBL. Despite Whisr&rong drive
towards research, MBL remained for long an institution devoted to bloiteagon and
research.

What this historiography has neglected is the fact that the otlaeme
biological stations that formed the majority of the chain did not maweh room for
education of teachers and amateurs. Many of these stations coerected to
universities, and they were devoted primarily to research. EHdocaf graduate and
undergraduate students who worked there was done through researchstatiess
usually had a strong leader, often director or professor, who ledug gf researchers
and students working on carefully planned research areas. For exafiliEn K.
Brooks of the Chesapeake Laboratory and William E. Ritter of theelsity of
California’'s marine biological station fit well into thistegory; Spencer Baird at the
Fish Commission Laboratory, Alexander Agassiz at his own New $ation, and

4 Benson, “Summer Camp, Seaside Station, and Marine Laboratory,” 14.
> Maienschein, “Agassiz, Hyatt, Whitman.”
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Alfred Mayer of the Carnegie Institution’s Dry Tortugas Lediory may also be
mentioned as leaders of research-oriented marine stationsthexagh their stations
were not affiliated with universities. Visitors to these isteg were also coming for
research.

The smaller stations that constituted the chain become even muooetant if
we see the place of the marine biological stations within therimgraphy of marine
sciences in general, or of oceanography in particular. AltholigfreaAmerican stations
began as marine biological stations, these stations had some rogniefdific fields
other than marine biology. At the MBL, on the other hand, interest inethé&self and
ecology diminished soon after its establishment and laboratory walogvork
prevailed’® For example, William Libby of Princeton University, who had wolrle
the Fish Commission, gave a lecture at MBL titled “The Stud@o#an Temperatures
and Currents” in 1890 and another, titled “The Physical GeographiieoSea,” in
1892/" He was the only person who lectured on the physical sciences ska, and
after him no lecture at MBL dealt with non-biological aspexdtshe ocean. Biometry
and quantitative method in biology were not welcome at the MBL, eiffarenport
once had a chance to lecture on this method in the study of variatidre hirhself did
not find MBL a good place to do research in that direction. Suchsdivapproaches
could be tried at other seaside stations, however.

It was much easier at the small marine stations to chdmgealitection of
research when necessary. Their small size and strong dagdenade such a shift
comparatively easy. When a station turned out to be inapproprstiedyed at a certain
time, a decision could be made to close it, as was the casé\gatsiz’s New Port
Laboratory and the Dry Tortugas Laboratory, or to move it to anatime desirable,
place. Some stations shifted their main field of study from meabiology to other
scientific fields. A few turned to oceanography. In Californiallisivh Ritter had been
aware of the need for knowledge of physical properties of the séahaa a physical
scientist accompany him whenever he led seaside investigatoonsvéry early times.
In the 1920’s, his station, the Scripps Institution of the UniversitZalifornia, was
officially changed to an oceanographic institution, the first onthe United States. In

® Maienschein100 Years Exploring Lifel26-149.
" MaienscheinDefining Biology 51-56.
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the 1930’s, the University of Washington’s Puget Sound Laboratoryirsdsoporated
oceanography in its program. The Miami Marine Laboratory is another suclplexds
prospectus, quoted by Thomas Barbour, clearly showed that when it talakshed in
1943, this station was intended to be devoted only to marine biologichést Yet,
three years later, its director Walton Smith wrote that aberlatory had oceanographic
as well as marine biology programs. In fact, leading oceanogspteh as Columbus
Iselin had noticed the station’s usefulness very soon aftesi&blishment, and it was
indeed used as one of the centers of wartime oceanographi¢iwork.

American marine biological stations were, therefore, importattie history of
oceanography not only because they were homes of marine biology, aweh lof
marine sciences, but also because they were the roots afdaterographic institutions.
As many oceanographic institutions grew out of marine biologitatioss, it is
necessary to know the full story of early American marine biology in order tostade
the history of American oceanography. At the same time ngedtibetter understanding
of the “magnificent chain of marine biological stations” woulsbabenefit the history of
biological sciences, as it would allow us to have a better viethieofarger picture of
American biology in the late nineteenth and early twentieth century.

8 Barbour, “Marine Biological Laboratories”; Smith, “Functions and Developoea Tropical
Marine Laboratory.”
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CHAPTER 2
Biology of the Sea: William Emerson Ritter’s Program of Marine Biology

In the 1880’'s and 1890’s various marine biology stations flourishedhan t
United States. Most of these stations, including the Marine Brdbdiaboratory, the
most successful and most famous of its kind, were located on thE&zstt There were
only a few professional biologists at the small number of univessaind colleges on the
West Coast. As a result, there was not as much interesannarbiology on the West
Coast as among the East Coast biologists. There were, howeeer, moneers who
understood the importance of marine biology and marine stationsriaddtd build
marine institutions on the model of the MBL or the Naples station.

In California, the University of California and Stanford Univrdbegan to
build their seaside laboratories at about the same time. DavidJ8tdan, who was a
prominent ichthyologist, became the first president of Stanford thityan 1891. He
was led to the study of fish and marine biology in 1873 whenttemded Louis
Agassiz's School in Natural History on Penikese Island, which thvadfirst seaside
biological station in the United Statedde was so impressed with Agassiz’s teaching
and the summer school’s program that he decided to devote his lifee tstudy of
marine life. As soon as he came to Stanford, he looked for wayasilth & marine
biological station, which would, he thought, surely add academic strangtis
newborn institutiorf.

At the University of California, Wililam Emerson Ritter begam $pend

! About Louis Agassiz’s Penikese School, see Jane Maienschein, ‘Addgait, Whitman, and
the Birth of the Marine Biological LaboratornBiological Bulletin 168 (Suppl.) (1985): 26-34.

2 David S. Jordan, “The Hopkins Seaside Laboratd@gjence Vol. 20, No. 496 (Aug., 1892):
76-77; W. K. Fisher, “The New Hopkins Marine Station of Stanford Univer$SigienceVol. 47,

No. 1217 (Apr.,, 1918): 410-412; W. K. Fisher, “The Hopkins Marine @tatf Stanford
University,” The Scientific MonthlyVol. 29, No. 4 (Oct., 1929): 298-303. See also Susan B.
Spath, “C. B. van Niel and the Culture of Microbiology, 1920-1965,” Ph.D. rtiisen,
University of California, Berkeley, 1999, pp. 52-84.
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summers at the seaside with his colleagues and students in the early 1890sdgike Jor
station, Ritter’'s summer program also resembled the East @@aste stations at the
beginning. Having studied at Harvard for some years before cotoifdgerkeley, he
knew the importance of marine biology. He and his group did surveysedifota and
fauna of the California coast, which was barely known to the sicoantirld at the time.
He, like Jordan, believed that it was essential for biologistssandents to work on
marine organisms and to have experience working at seaside. hisa@esire to build a
marine biology station in California comparable to those on the East Toast.

Ritter’s marine station, which finally moved down to Southern Califoa few
years later, gradually turned away from the kind of marine biallogne at other stations,
including Stanford University’s Hopkins Seaside Laboratory. Biology rhecanly a
part of the station and other approaches to the study of the lbeeame as important as
marine biology. Thus, in the mid-1920’s, it was named “The Scrippstutisti of
Oceanography” and became the first American institution devatethe study of
oceanography. Oceanographer Henry Bigelow remarked in 1929,

The Scripps Institution of Oceanography of the University offQalia
occupies a position at present unique in American oceanography,
because it is the only establishment on the continent that is siypres
organized and maintained for the investigation of the problems of this
science, without economic bias. The Institution, at its headquarters at La
Jolla, California maintains a marine laboratory excellently pgupd for
physical, chemical, and marine sediments as well as for awsiety

of biological investigations, and operates a research ves§el ....

The purpose of this chapter is to see how this unique change tookaplidee

% Wiliam E. Ritter, “The Marine Biological Station of San D@ Its History, Present
Conditions, Achievements, and AimdJniversity of California Publications in Zoolog®:4
(1912): 137-248; Helen Raitt and Beatrice MoultSnoripps Institution of Oceanography: First
Fifty Years(San Diego: Ward Ritchie, 1967).

* Henry Bryant Bigelow, “Report on the Scope, Problems, and Economic tamper of
Oceanography, on the Present Situation in America, and on the Hanthdaevelopment, with
Suggested Remedies,” Report of the Committee on Oceanografiy ational Academy of
Sciences, 1929, p. 101.
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Scripps Institution, especially under William Ritter’s leaddp. What were the factors
that led this station to its extraordinary path of development@,Hewill show that
Ritter’s idiosyncratic philosophy of biology and his peculiar concépharine biology
led him to embark on a unique program of research at his marirenstatid that this
“marine biology” program gradually led the institution awaynfrother marine biology
stations and closer to oceanography.

1. The Beginning of Marine Biology at the University of California

William Emerson Ritter, a young teacher from Wisconsin, cen@alifornia in
1885. Impressed by a textbook on geology, he wanted to study with the, dodepwh
Le Conte, then Professor of Natural Sciences at the Universiyabfornia. After
spending a year teaching in Fresno to earn his tuition, Ritteredntiee University of
California in 1886 at the age of thirty. It took him two years teie his B.S. degree
and in 1889 he went to Harvard University for graduate study. In 1891tureae to
California and to his alma mater to become the first clarmof the newly formed
zoology department. When he came to Berkeley, he also marriedBdanett, a young
medical doctor whom he had met in Fredno.

Ritter and his bride chose to go to San Diego for their honeymoon aip. F
Ritter, this trip was also for his research. The subject ofPhid. thesis was the
retrograde eyes of the Blind Goby, which could be found at theD8ayo shore. The
couple spent some time during the honeymoon collecting and studyifightlaad other
marine life. During their stay in San Diego, the Rittersanee acquainted with Dr. Fred
Baker and his wife Dr. Charlotte Baker. They were leadeteeo€ommunity in various
aspects, including politics and education, and Fred Baker was ralsested in
promoting science in San Diego. He was himself an amateuahsttuiwho was deeply
interested in conchology, the study of sea shells. The commoashiematural history
made Ritter and Baker close friends, and years later, Fred Balseto play a crucial

® Raitt and MoultonScripps Institution3-6.
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role in drawing Ritter’s marine station into San Diégo.

From the very beginning of the Department of Zoology, marine biology wa
considered to be an important part of its scientific progranto/ting to Ritter, his
former teacher and colleague Joseph Le Conte “under whoseldiadship matters
zoological in the University then rested, was ever enthusidgtaesirous of seeing a
seaside laboratory strongly and permanently established, and enthisever failed to
use his influence when occasion offerédRitter, who spent two years on the East
Coast as a graduate student at Harvard, was also awarengetth@f a marine station.
He not only heard of the various marine stations but also had chances to stay and work at
Alexander Agassiz’s private station at New Port, Rhode Islamdn@y backed by Le
Conte, therefore, Ritter soon set out to begin a marine biologygomnofgrr the zoology
department.

Why did Le Conte and Ritter think that a marine station was sagefor their
biology program at the University of California? Ritter'sadeabout marine biology and
marine stations around this period are evident in a letter he Wwrdtebruary, 1893.
Writing on the biology education of the time, Ritter argued thghéfe is but one
method of true teaching in zoology and botany recognized at the ptesentThis
method is tdhelp the learner to gaiknowledge fronthe animals and plants themselves
rather than t@ive him information abouthem. It aims to instruct and train rather than
to instruct alone.” To teach students the way to obtain knowledge oélanamd plants,
there was no better way than to engage them directly in drigésaarch, either in
laboratories or in the field. The settings in which original netea biology was done
included “Universities, Marine Stations, Learned Societies, andraekads of
undertakings by governments.” Among these, Ritter wrote, ‘“da@ned Societies were
undoubtedly the foremost media for the advancement of knowleddesimlitection”
until recently. “One who has occasion to familiarize himsethvany subject pertaining
to American zoology, the literature of which extends back forentloan twenty years,

® Ibid.

" Ritter, “Marine Biological Station,” 149.

® For Alexander Agassiz’s New Port Marine Laboratory, seeyNaWinsorReading the Shape
of Nature: Comparative Zoology at the Agassiz Mus€Qhicago and London: University of
Chicago Press, 1991), 200-212.

° Ritter's letter to anomymous receiver (Feb. 10, 18%Bjjiam Emerson Ritter Papers
Bancroft Library, University of California, Berkeley.
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will find that it was produced very largely under the auspicesitberethe Boston
Society of Natural History, the Philadelphia Academy of S@snthe Smithsonian
Institute, or the Peabody Academy of Science.” However, thatgmeeadership of
these societies was fading away. In the 1890’s, it was no laagyr to find major
literatures produced by the learned societies, particularly infitld of animal
morphology and embryology, the two areas of zoological science “abgotbe
attention of almost all the foremost workers.” The scienti@adership had been
transferred to universities and marine stations, and this shdtlavgely due to the
change in the nature of biological research. Specialization obdial work and
complication of research methods made it inevitable that univeraigee to become the
foremost institutions for the biological sciences. Advanced traifiorgbiological
researchers was possible only at universities, and universityattss were the main
producers of new biological knowledge.

If universities became important for biology because of the @thngture of
research, the rise of marine stations was related to thet obbjpological study. At the
time, study of marine organisms was one of the most importaat an biological
sciences. Marine organisms, especially small invertebrat® wonsidered to be the
key to many important questions of contemporary biology. WilliagittKBrooks of the
Johns Hopkins University once reported to President Gilman on the waraiine
biology done at the marine station of the Johns Hopkins University,Nleatly every
one of the great generalizations of morphology is based upon the studgrioie
animals, and most of the problems which are now awaiting a sohatishbe answered
in the same way™ Marine biological stations were by no means separate from
university biologists. As in the case of Brooks’ station of the Jélapkins University,
many marine stations were operated by biology departments adrsities. And those
not directly run by universities were also closely connecteld uitversity scientists. At
the Marine Biological Laboratory at Woods Hole, for example, @sadtis Whitman,
professor of zoology at the University of Chicago, was the direétthre institution and
its main researchers were professors from various Ameuicaersities visiting the lab
during summer vacatiort$. The network of universities and marine biological stations

10 H

Ibid.
1 On the Marine Biological Laboratory at Woods Hole, Massactajsste Jane Maienschein,
100 Years Exploring Life, 1888-1988: The Marine Biological LaborataryWeaods Hole
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was, therefore, necessary for the advancement of biologicateleseal education, and
it was the main feature of American biology in the late nineteenth century.

It was this combination of university laboratory and marine bio&gstation
that Ritter and Le Conte wanted to establish at the UnivestiBalifornia. As soon as
he took charge of the zoology department, Ritter struggled simultanemu$lyild
laboratories and a marine station. He made his first attempane biology in 1892.
Ritter’s first choice of location for marine biological fiestudy was Pacific Grove at the
Monterey Bay, where he built a seaside laboratory with wood and canthesspring of
1892. He spent the summer there with “about a dozen persons, mostly stamtnts
teachers.” But a building of the Hopkins Seaside Laboratory of thend.eStanford
Junior University was erected at Pacific Grove at that ame “alongside that ample,
well appointed laboratory, our little tent-house made a sorry agect Ritter later
confessed?

The next summer Ritter and his students, mostly undergraduates, aetne-
time marine station on the shore of Avalon Bay, Santa Cataliaad. Ritter spent the
summers of 1894 and 1895 in Europe and others led marine biological stimhgseén
summers. An expedition on the coast north of San Francisco was imd&94 by
Samuel J. Holmes, Frank Bancroft and E. W. Horn. Holmes was it igreeluate from
the University of California and an assistant in zoology and Banaraf Horn were
undergraduate students. In 1895, a group led by H. P. Johnson spent severah weeks
San Pedro Bay. But until 1901 no marine station project was carriedtibotigh some
sporadic marine expeditions were done, including the Harriman Eigetbt Alaska in
which Ritter took a part as a specialist in marine invertebtates.

In 1901 and 1902, Ritter resumed his summer station in San Pedro. He and other
Berkeley biologists thought that San Pedro Bay was an espesu#hyle location for a
marine biological laboratory because of its favorable naemaironment. Here, staff
members of the zoology department, including Charles Kofoid and Haffgriy, and
graduate students did marine biological study. Kofoid, who joined the zofaloglty in

(Boston: Jones and Bartlett, 1989); and Frank R. Lilllee Woods Hole Marine Biological
Laboratory(Chicago: University of Chicago Press, 1944).

12 Ritter, “Marine Biological Station,” 144-164; See also, Raitl Moulton,Scripps Institution
3-22; and Philip J. PaulRiologists and the Promise of American Life: From Meriwettewis
to Alfred KinseyPrinceton: Princeton University Press, 2000), 201-204.

13 Ritter, “Marine Biological Station,” 144-164.
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1900, was an experienced researcher of marine and fresh-watepptarthaving done
an extensive study of the planktons living in the lllinois River, @ familiar with
fieldwork and the use of quantitative and statistical methods in lalogesearch?
Two students in the zoology department, Alice Robertson and Calvirstéxly& who
were at the beginning of their scientific careers at tha,tcontributed to the biological
work, and W. J. Raymond, professor of physics, carried out basic gahysasurements
of the sea watér,

Ritter considered physical study of the ocean to be an indispernzablef
marine biological study. Applying for support for publishing resoftsiarine biological
study from the Carnegie Institution of Washington, Ritter wrote:

[The investigation] will be primarily biological. Since, however,
biological investigations can be thoroughgoing only when the pdysic
conditions under which life exists are fully known, and since our
knowledge of the oceanography of the eastern Pacific Ocean is
exceedingly meager, the investigation must deal with the plhysica
conditions of the sea quite as much as with its life. The rds=aroust

be hydrographic, chemical, physical, and meteorological as well a
biological. In other words, our problem in general is that of gaining a
knowledge of the Pacific Ocean adjacent to the North American
continent®

It is clear that biological work was the main task; but physitaly was also needed for
the thorough understanding of the marine life. Here, Ritter sgems to understand the
value and necessity of physical oceanography for its own sake.

In the early years of Ritter’s marine biology, he and hikeagles seem to have
chosen the itinerant model of the Johns Hopkins’ marine stHtitv. K. Brooks’
marine biology group, the “Chesapeake Zoological Laboratory,thvbonsisted of his

14 Richard B. Goldschmidt, “Charles Atwood KofoidNational Academy of Sciences
Biographical Memoirs26 (1951): 121-151.

15 Ritter, “Marine Biological Station.”

16 Ritter’s letter to the President and Board of Trusteebefdarnegie Institution, Washington,
D.C. (Feb. 13, 1902Ritter Papers

7 Ritter’s letter to anonymous receiver (Feb 10, 18R8)er Papers
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colleagues and students at the biology department, went to diffdemets year after
year on the Atlantic Coast of the North American contifiérRitter must have had
primarily financial considerations, as well as efficiendywmork, in mind when he
followed the example set by Brooks. The Johns Hopkins’ marine lalopiditd not need
a large amount of money for its operation since it did not possessnament building.
The group was always kept small in size with the university’s profesastjators, and
advanced students as its members, because it was devoted saskyatch and not to
elementary instruction. Moreover, laboratory apparatus was fek@nthe university so
that only very little additional expenditure was needed for pregdnia local laboratory.
Despite the small size and meager financial support, howevemitdpiatory marine lab
was very productive since it was exclusively research oriamddeffectively organized
for this end. “Many of the most important contributions to biologicars®e that have
been made by American workers during recent years,” Ritterumtet, “have come
from this simple, inexpensive laboratory.”lt was natural, therefore, that Ritter thought
it to be the perfect model for his own marine station.

In many respects, Ritter’s marine station was in a sirsitaation to Brooks’ at
the Johns Hopkins University, which justified his decision to use & a®del. Both
stations were led by one strong leader, Brooks at the Johns HopkinRitéerdin
California, and they belonged to a single department of a univerbie two leaders had
a clear vision and long-term plan for the stations’ researck—atm obtain extensive
knowledge of fauna and flora living on the East and West Coasts obtiie American
continent, and to conduct advanced research on the marine organisms. lunhkBlLt
and the Naples station where visiting workers conducted individual researchgyrbject
leader’s influence on the research plan was so great thardbe was organized to
achieve the overall goals and the work of each member designed to take garfTinist.
was possible because the workers of these marine biology groupsiwibe same time

8 On Brooks’ Chesapeake Marine Zoological Laboratory, see Keifefson, “From Museum
Research to Laboratory Research: The Transformation of Natlisabry into Academic
Biology,” in Ronald Rainger, Keith R. Benson, and Jane Maienscleels., The American
Development of Biolog{New Brunswick: Rutgers University Press, 1991), 49-83; dmigpR.
Pauly, “Summer Resort and Scientific Discipline: Woods Hole thedStructure of American
Biology, 1882-1925,” in the same volume, 121-150.

!9 Ritter’s letter to anonymous receiver (Feb 10, 1888)er Papers

2 0On the MBL and the Naples Station, see the essa&wiogical Bulletin 168 (Suppl.) (1985).
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members of the biology or zoology departments where the influgnite two leaders
was overwhelming.

Run at a departmental level, the small budget must have beetorifaRitter’'s
considerations. Unlike David Starr Jordan’s station which found an emstiagpatron
Timothy Hopkins, Ritter’'s marine lab could not spend too much money csutheer
program, which made it impossible to acquire a permanent buildirtgdastatiorf’ In
this respect, Brooks’ marine lab was, again, a perfect modeltimbeant model was, in
fact, a timely one for Berkeley’s burgeoning marine statidrth@ time when the Pacific
Coast was almost totally unknown to scientists, an extensive suatlegr than the
intensive study of a small region was more appropriate. In 19@#&y Rrote to Edward
H. Harriman about his grand plan for the Pacific Coast surveyhwimuld extend
“from Point Barrow to Cape Horn, covering as thoroughly as possibldha
intermediate territory. In this way the investigations would rextéom well into the
Arctic regions, across the Equator, and into the southern hemisphere.”

Probably having gotten no promising response from Harriman anis dtnehe
support of his Pacific survey program, Ritter seems to have gipethe plan and
become skeptical of the migratory research program. Inskatdr and his colleagues
began considering the building of a permanent laboratory and discussingest
location for it. From the many years of experience at several differeniidos along the
California coast, the Berkeley biologists easily arrivechatdonclusion that San Pedro
was the best place for their permanent marine station. They smoede however, that
the harbor was rapidly growing to become a place of commercisgitiast and that a
large urban population would gather within a few years. The San MBajroarea
therefore no longer was a good candidate for the laboratory site #inrseemed
inevitable that the seawater would soon be contaminated and thefiscfeitiwork at
the coast would be significantly disturb@d.

At this time Dr. Fred Baker of San Diego heard of the situatiat the
University of California zoologists were facing and their neanpfor a permanent
station. Believing that San Diego might be a suitable locatioth®mmarine biology
station, he thought that it was a good chance for San Diego. He sgam tbepersuade

2L On Timothy Hopkins’ contribution, see Fisher, “New Hopkins Marine Station.”
2 Ritter’s letter to Edward H. Harriman (Feb. 20, 19®ijter Papers
% Ritter, “Marine Biological Station,” 148-164; Raitt and Moult&ripps Institution12-22.
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Ritter and his colleagues to come down to his hometown and build a station therg. Baker
himself an amateur biologist, was confident of the adequacy ofr¢laecaa the location
for a marine biological station. Moreover, he was deeply concerned tgofitture of
the city of San Diego and was aware that a prominent daeanstitution would surely
contribute to the city’s reputation. Therefore he attracted rRitiéh a promise of
organizing the city’s leading citizens to support the marine stétion.

Having worked in San Diego during his honeymoon for his Ph.D theiier R
was aware of the area’s favorable conditions for the study ahenhiology. Charles
Kofoid went to San Diego for a preliminary expedition in 1901 and repdr&tde, too,
was satisfied with the natural setting of the area. The decigas made, finally, to open
a marine biological station in San Diego.

2. The “Marine Biology” Program at the Marine Biological Association of San
Diego

The University of California’s biologists spent the summers of 19@31804 in
Coronado with the laboratory quarters in the boat-house of the Coronado Hotel
Company. Here, the official name “Marine Biological Assaoratof San Diego” was
given to this enterprise, and the year 1903 marks the beginning ofstioeytof the
Scripps Institution of Oceanography. With the help of a newspapgnate and local
philanthropist Edward W. Scripps and his stepsister Ellen B. Scwosjoined the
board of directors, the laboratory purchased land and moved to La Jolla if? 1905.

As the University’s marine station found its permanent home,rRdte the
need to articulate a new research program for his newuirst. The new plan was
needed not only to please the new patrons and the University'sffiighls but also to
set the researchers on a new direction of research suitatdentor-migratory research
group. The old program based on the itinerant model did not work any anole

** Ibid.
% Ibid.
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therefore, Ritter carefully re-articulated the concept of meabiology and made a new
research program for his new laboratory. In 1905, he published ar antialhich he
delineated his ambitious ideas and plans for marine biéfot. General Statement of
the ldeas and the Present Aims and Status of the Marine B@lldgsociation of San
Diego” begins with Ritter’s definition of marine biology and Histinction between it
and the “general biology prosecuted by researchers on marine organisms.

Investigations in marine biology, intensive rather than extensive in
character(to borrow a useful agricultural phrase) is the key note of the
idea. An Immediate consequence of the adoption of such an idea as a
rule of action, has been the necessity of making a clear distinct
betweemmarine biology andgeneral biology prosecuted by researchers

on marine organisms . . The former has for its aim, in the large, the
getting of as comprehensive an understanding as possible detbé |

the sea. It, of course, presents itself under a great variegcohdary
questions; but the sum total of the phenomenanafine plants and
animals will never be lost sight of as its real aim. Thielanakes use

of animals and plants that live in the sea in general biologisakrches.
That these organisms happen to be marine is an incident merely. The
investigator turns away from them without hesitation when othens, fr
whatever source, come to hand that suit his purpose better. Further, the
user of marine organisms in such investigations is quite indiffeéoe
everything concerning them that does not bear upon his particular
problem. He puts aside the marine animal after it has sersqulifpose
without having even noticed, perhaps, the major part of its traits and
qualities and the questions concerning it.

Here Ritter made it clear that he no longer aimed at theefisie” survey of the whole
Pacific Coast that he once pursued with his migratory group eérasers, and would

% William E. Ritter, “A General Statement of the Ideas am Rresent Aims and Status of the
Marine Biological Association of San DiegdJhiversity of California Publications in Zoology
2 (1905): i-xvii.

2 Ibid., ii.
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instead conduct an “intensive” investigation of marine biology.

What did Ritter mean, then, by the term “intensive investigatidd&ving
abandoned the grand plan of surveying the Pacific Coast from the Aagions to the
Equator, from the North American Continent to the South Americaphedecided to
focus on a much smaller area adjacent to the station by sattabgar geographical
boundary. Thus, the aim of the Association now became, “To make a Bell&girvey
of the waters of the Pacific adjacent to the Coast of SouthelforG@.” The
“irregularly triangular area extending from Point Conception, B4? 27’, at the north,
to a base line extending westward from the southern boundary of trezl \Btétes, Lat.
32° 28", bounded on the east by the coast line, and on the west iftldéan of Point
Conception, Long. 120° 25 was decided to be the region to be scrutffli&itter
could justify the choice of this research area by enumerdsiraglvantages: “a position
well to the south; a considerable extent of continental shelf, pregentarge diversity
of bottom, with numerous islands and shoals; proximity to oceanic depths and other truly
oceanic conditions; a favorable climate; a large variety of dhwpand accessibility
through sea ports and railroads.” The fine climate of the regis amaimportant
condition because it guaranteembfitinuousnessf the field work.” Before settling in La
Jolla, the group of researchers did not have to care about the yeadatiger condition
of the region since what mattered to them was only the summeeBiat now at the new
station they were planning to do continuous field work to study dailgosah and
yearly changes in the lives of marine organisms.

Within this area, the Marine Biological Association of Sangdigvould pursue
“as comprehensive an understanding as possible of the life ekthelt did not mean
just the morphological and embryological knowledge of some marimeasnithat the
researchers at the Johns Hopkins’ marine station and others pursuadluded
taxonomical, morphological, physiological, and ecological knowledgd tfeaanimals
and plants inhabiting the region. Ritter did not try, however, to achikwé these goals
at once, and made a step-by-step approach in his reseagthmpradmitting that the
station was situated “on a biologically almost unknown part ofla kitown ocean,” the
initial step taken was naturally a taxonomical study of thexaiyi all the organisms
living in the area. By the time Ritter was writing this pldms work had been carried on

%8 bid., iii.
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for some years since the research area included some ofattes pthey had worked
before moving down to San Diego. Usually a group of the local faunaheied to a
researcher of the station: for example, hydroids and ctenophoresrrip BiaTorrey,
pelagic copepoda to Calvin O. Esterly, nonencrusting cheilostomatozobryo Alice
Robertson, dinoflagellata to Kofoid, and pelagic tunicata to Ritt@he taxonomical
work, Ritter emphasized, had to be something more than the “memepties of the
new species for the exclusive use of expert taxonomists,” aecefitire fauna and flora
must be recorded in such a way as to make the records a good foufatatienbroader
and deeper studies to follow.” Ritter expected that the irstegg of taxonomical work
would result in the “hand-books” that would be used in the next stepslofgical
research.

After the fundamental taxonomic survey, according to Ritter, emablines of
study were to ensue. If a general taxonomy of a group of mangia@isms were known,
then the next step would be the “determination of the seasonal distributi@group.”
The chorology, i.e. the “horizontal and vertical distribution,” had to tbdiesd next.
Then, the problem of their “food and reproduction” had to be known itiaelto the
horizontal and vertical distribution. And finally the “problems of ratgpn, with their
intimate dependence upon temperature and other environmental factoes'tovbe
attacked. And here, for the sake of “completeness of knowledg@ds necessary to
apply “experimental and statistical method3.”

Ritter was also well aware of the indispensability of thesjgay knowledge of
the ocean for the study of marine biology. Ritter’'s marine biologgnam required its
researchers to know enough of the relevant physical conditions ofm#rene
environment where their animals lived. It was, indeed, what madewbe “marine
biology” as contrasted with the “general biology prosecuted omearganisms.” The
peculiar structures, functions, and behaviors of the marine aramalglants that enable
them to adapt themselves to and live in the marine environment atenvake them
truly “marine.” And it had to be the goal of true “marine biolégjito understand them

2 1bid., vii-vii.

% Ibid., vii-viii. Resident scientist Ellis Michael went faer to assert that ecology was not the
end of marine biology. He seems to have conceived of an orderiraj dwrine biology:
(taxonomy}-(ecology)}—(morphology, physiology, embryology, cytology, etc). Ellis L. Michael,
“Dependence of Marine Biology upon Hydrography and Necessity of tfatare Biological
Research,University of California Publications in Zoolog¥5 (1916): i-xxiii. See esp. iii-ix.
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properly. Therefore, biologists had to be familiar first with tingque conditions of the
oceanic milieu in order to know the way marine organisms redtieta. Particularly,
the biological problems as outlined above could not be studied properly wighexant
data on the physical, chemical, and geological environment of theen@ganisms in
guestion. To understand such marine ecological problems as the cawsescaf and
horizontal distribution, seasonal changes of distribution, migration, food tlzed
reproduction processes of certain marine organisms, “Conditionseofvater as to
temperature, and currents; mineral, gaseous, and albuminoid coritentmest be
known atthe particular time and place to which the biological studies pertana no
general knowledge of this character can suffféelt meant a need for regular physical
measurements and investigations that could not be done by visite@ralesrs who
worked only during the summer. Thus, Ritter asserted that “Physhesnistry, and
hydrography must, therefore, be integral parts of such a survéyg Marine Biological
Association. At the time, it was W. J. Raymond, assistant mafesf physics at the
University of California, who had been conducting the measuremeitsater
temperature, density and salinity in the area for severas.yeater, George F. McEwen,
a young physical oceanographer, joined the Association as anpantvorker in 1908
and became a permanent member in 1911. Ritter did not, howeverecdhsighhysical
study an independent line of work at the Marine Biological Associa&lthough he
seems to have been aware of the value of physical oceanognapdhyais earlier period.
It was to be done only to support the study of “marine biology.”

Ritter’s leadership in matters of scientific work at thesdgation was dominant
throughout the years of his directorship. Choosing the lines of rbsdanng of staff
members, and organizing their scientific work were all in thedbaf Ritter. The San
Diego Marine Biological Association was more or less htlygorganized research team
in this respect, and it differed significantly from other madm@ogical stations that
sold tables to other institutior’.It was apparent in the Association’s policy regarding

3L Ritter, “A General Statement,” viii-ix. See also Michd®gependence of Marine Biology,”
XVI-XXi.

%2 At Naples, the Fish Commission Laboratory, and the MBL, inistita paid for a right to use
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Maienschein,100 Years Exploring Life55; Maienschein, “Early Struggles at the Marine
Biological Laboratory over Mission and Mone¥iological Bulletin 168 (Suppl.) (1985): 192-
196.

62



visitors. Ritter allowed, if not welcomed, occasional outside visitluisng summers
whenever lodges and working spaces were available, and he did not pheverftom
doing their own researches whether or not they conformed to the &#s0'si research
program. They were accepted, however, merely as a service asatiemic world and
for the purpose of spreading the institution’s reputation as tdentpanarine station on
the West Coast. The main work at the station strictly followRder’'s plan. The
“ecological problems of oceanic plankton, and of bottom-forms” had batacked
under peculiarly favorable conditions” of the San Diego vicinity. Thhs, rmarine
biology program, as articulated by Ritter, continued to be the reagarch program at
the Marine Biological Association, and the marine ecologicaareh in conjunction
with the physical oceanography continued to dominate its scientific work.

3. Marine Biology as a Holistic Field Science: Ritter’s Biologial Philosophy behind
the Research Program

The research program of the San Diego Marine Biological Aasme, which
we call the “marine biology program” in this chapter, aimedhat ¢comprehensive
understanding of the life phenomena at sea. Ritter and his colleagntsi, eventually,
to understand “the sum total of the phenomena of marine plants and adivnads
within the boundary they drew. It was not easy to find similar pt®jecthe United
States and elsewhere at the time. How, then, did Ritter conmave such an idea?
Where did it come from? To find answers to these questions, wed kst take a look
at Ritter’s philosophical thinking.

Ritter was deeply interested in the philosophical basis of bicngydevoted
much of his time to writing and publishing his ide@ke Unity of the Organism: Or the
Organismal Conception of Lifewhich was published in 1919, may represent these
endeavors® “In its earliest infancy,” states Ritter, “the scienoé living beings

¥ Ritter, The Unity of the Organism: Or the Organismal Conception of, [2ifeols. (Boston:
R.G. Badger, 1919).
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presented two theories apparently diametrically and irreconcilapposed to each
other.” According to one theory, which Ritter called “elementakory” or
“elementalism,” “the organism is explained by the substaocetements of which it is
composed.” According to the other opposing theory, on the other hand, “thensebsta
or elements are explained by the organism.” For this laiger, Ritter coined the terms
“organismal theory” and “organismalism.” He also used the gethucretian” and
“Aristotelian” to denote the ideas according to the names oédhleest representatives
of them®* To explain the essence of the organismal theory further,r Rites from
Aristotle’s On the Parts of Animals

But if man and animals and their several parts are natural ple@aom
then the natural philosopher must take into consideration not ntbeeecly
ultimate substances of which they are made, but also flesh, bood, bl
and all other homogeneous parts; not only these, but also the
heterogeneous parts, such as face, hand, foot, and so on. For to say what
are the ultimate substances out of which an animal is formedna is
more sufficient than would be a similar account in the casecotiah

or the like. For we should not be content with saying that the couch was
made of bronze or wood or whatever it might be, but should try to
describe its design or mode of composition in preference to the material.
... For a couch is such and such a form embodied in this or thatrmatte
or such and such a matter with this or that form. ... It is plain, thah,

the teaching of the old physiologists is inadequate, and thatube tr
method is to state what are the definitive characters thatglisth the
animal as a whole; to explain what it is, both in substance ararm f

and to deal after the same fashion with its several ofgans.

Ritter then went on to explain the development of the two ideas imdne
recent period “from LinnaeuSystem of Natureo Darwin’sOrigin of Specie$ Here he
pointed out that the course of history had often been interpreteddotty as if it

34 Ibid., 1-26.
% Ibid., 2.
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“constitute[d] a virtual proof of the correctness of the elenlishtdeory.” It had often
been said, according to him, that “in the Linnean era plants and lanvaee treated
from the standpoint of the organism as a whole.” Later, however, thelégadership of
Cuvier, “instead of the complete organism, the organs of whichdbmposed became
the chief subject of analysis.” Then, it was Bichat who broughtobject of biological
study down to the level of tissues. With the work of Schleiden ahd/&n, it was soon
discovered that “not the tissues but the cells are the real afngsucture.” Finally,
“with the demonstration, accomplished chiefly by Max Schultze, dhat substance,
protoplasm, is the common basis of life in plants and animals, rebkdghi was
attained.” According to this version of progressive history, therk been a gradual
progress in the biological sciences eventually leading to thmai#i victory of the
elementalism.

This interpretation was not flawless, however. Ritter pointed outitthveas a
total misunderstanding to treat Cuvier, and the group of French bislogmesented by
him, as elementaligf. In fact, “The distinctive feature about the school was not the idea
of the organs as such, but as parts of the whole. The ensembleinthiplgs of co-
existence, or correlation, or subordination of organs and “characessyhat stand out
most prominently in the writings of these men, so far as geremceptions are
concerned.” Cuvier made it clear Researches on Fossil Fishé&very organized
being forms a whole, a system unique and closed, of which the partgalinut
correspond and concur in the same definitive action through a redipeaction. No
part may change without the others changing also; and consequaattigfehem, taken
separately, serves as an index and an exposition of the otmaisididd in this French
school were such men as Geoffroy Saint-Hilaire and the Jussiecis, and nephew,
from whom Cuvier himself might have adopted the view.

Ritter admitted that there had been a period when the elementaw
dominated biological sciencds.0wing to the vigorous influence of the cell theory, “the
organismal conception lay almost wholly dormant during the fifigry from 1840 to
1890.” The organismalism, however, had returned to the scene since 1890. This
reanimated organismalism was a rather new one having almbstgnod do with the

% Ibid., 5-7.
37 Ibid., 8-10.
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old French school led by Cuvier. It was born out of the “growinggeition of the
inadequacy of elementalism as bodied forth in the cell theory applibe tdevelopment
of individual organisms.” Ritter particularly mentioned three Apger biologists whose
work in embryology and cytology best exemplified the advent of the e@och of
organismalism. They were C.O. Whitman, E.B. Wilson and F.R. LillieitMan, for
example, had initially held the elementalist view, but havingzealits inadequacy in
dealing with the problems of embryology, later turned to organismalisllie’s
statement shows very well the idea shared by these three biologists:

If any radical conclusion from the immense amount of investigation o
the elementary phenomena of development be justified this is: Adat t
cells are subordinate to the organism, which produces them, and makes
them large or small, of a slow or rapid rate of division, causas tto
divide, now in this direction, now in that, and in all respects so disposes
them that the latent being comes to full expression. ... The ongasis
primary, not secondary; it is an individual, not by virtue of the
codperation of countless lesser individualities, but an individual that
produces these lesser individualities. ... The persistence of organiza

is a primary law of embryonic developméfit.

The work and thoughts of these biologists and others had clearly shHoavn t
appropriateness of the organismal view as the basis for futuregical research.
Having briefly examined the recent history of both elementalismaaganismalism,
Ritter now quite confidently prophesied the impending demise ofaitmeer and the
eventual domination of the latter.

Viewed broadly both as to historical development and factual content,
we are warranted in being confident of the triumph of the organismal
standpoint at a day not far distant, this confidence being warranted
largely by the fact that it seems as though elementalisnwumanearly
its whole natural course. It has consumed all the material ihéoe it

% Ibid., 14.
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to live on, as one may say. It is now engaged in trying out thelastr
portion of the organism as the “seat” or ultimate explanation ef lif
phenomend?

What does it mean, then, to study the “organism as a whole” iogy®IRitter
first warned that it is far from right to assume that “teetéhe organism in its entirety is
to take it unanalyzed.” He argued that organismalism does not tenyalidity of
analytical knowledge in the science of biology. To him “the orgaras a whole” meant
“nothing less than the organisamd all of its parts” since “The whole would not be the
whole if some of its parts were omitted.” Organismalism regunesearchers to study
every part of an organism, neglecting nothing in it. What was probemahe strong
reductionism of the elementalist theory was not that they enggthanalysis but that
they stopped there and considered the analytic knowledge as thatellgoal of their
scientific enterprise. Biologists had to take the next proggr fsbm there—to arrive at
“synthetic knowledge.” Ritter contended that “synthetic knowledge afr@as not only
valid ... but ... is as foundational and essential a part of sciences awailytic
knowledge.” Getting to the synthetic knowledge from analytic kedgé was the
essential step to truly understand “Organismal Integrity.” Knogéeabout the organism
as a whole could also mean integrated knowledge of an organiser. \Ra$ aware of
the necessity of both an analytic and a synthetic approach in bidlcggearch, and the
combination of the two might be the essence of his organismalyth€bus he
formulated his central idea as followd:He organism in its totality is as essential to an
explanation of its elements as its elements are to an explanation of the ortf&hism.

Understanding the interrelationship among the parts was théokatyain the
synthetic knowledge of the organism as a whole. Ritter pointechautThe term most
characteristic of this latest outcrop of organismalism isetation.” It was “the
correlatedness of parts in the organism” in the sense of bothusaluahd functional
aspects that scientists had to study. “Equilibrium” was another frequently used by
the biologists who took the organismal approach, and it was cladakgd to Saint-
Hilaire’s term “balance.” For C. M. Child and other biologists, thectrine of

% bid., 20.
0 bid., 24-26. Emphasis is Ritter’s.
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“physiological correlation” was most important, and at the afrthe work of scientists
like H. Driesch there was the conception of “harmonious equipotsystdms.” To sum
up, at the basis of Ritter’s organismal theory was the ligathe structure and function
of the parts of an organism are closely “correlated” withawether and, as a result, the
‘organism as a whole” is in the state of “equilibrium,” “balghcer “harmony.”
Therefore it may be the natural conclusion that the goal obdigik should be the
understanding of these relations and equilibrfim.

Eric Mills, a historian of oceanography, argued that Ritteolsstic philosophy,
or the organismal conception of life, was largely original, witine influence from
Henri Bergson, who wrot&volution Creatricearound this period, and Alfred North
Whitehead, who articulated a theory of organismSdience and the Modern Woffd
Ritter also acknowledged his indebtedness to German thinkers sédbxasder von
Humboldt and Carl Ritter. Nevertheless, recent developments in biologicadexigust
have been the main source of inspiration to Ritter, not to mention riet dhfluence
from frequent discussions with his colleagues in La Jolla ankleBst such as Charles
Kofoid, Samuel J. Holmes, Ellis Michael, and George McEwen.

If we compare Ritter’s organismalism with his program afine biology at the
San Diego Marine Biological Association, the similarity betw the two becomes clear
immediately. Organismal biology aimed first at understaneéwerything about all the
parts of an organism and, then, showing the correlation among kanme biology
researchers first tried to know all the species living in thégoof the sea and, then,
went on to investigate the ecological relationships among themalandwith their
physical environment. In applying the idea of organismalism to endialogy, one
thing that had to be done was to extend the notion of the organismredeatavthe sea
as an organism, which might well include the physical mariner@mwient. In Ritter’s
understanding of marine biology, then, the ocean as the sum of livingisngaand
their physical environment corresponded to the organism as a whailalsnplants,
and the physical conditions of the sea were the parts constithérgrganism. As Ellis
Michael, resident naturalist of the institute, once put it, “Intensatieer than extensive
research in marine biology is the leading idea of this survely, athough this involves

41 i
Ibid., 26.

*2 Eric L. Mills, The Scripps Institution: Origin of a Habitat for Ocean Scielfca Jolla:

Scripps Institution of Oceanography, 1993).
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the acquisition of detailed information concerning particular marmnganisms,
knowledge of the biology of the sea is the ever-present iffedidr Michael as well as
for Ritter, therefore, marine biology was the “biology of the sea.”

Closely related to the notion of marine biology as an organisneaicgcwas the
problem of the relationship between laboratory experimentation and fieldwoddagypi
Ritter, in many ways, belonged to the tradition of natural histeich preferred field
study to laboratory work. Most marine biologists who belonged tgdmgration shared
this attitude. David Starr Jordan, founder of the Hopkins Marine Statorexample,
was an ardent advocate of the natural history approach in marine bibl@gy address
he gave at La Jolla in 1916, he praised the “old-fashioned natural hiatatywarned
the incompleteness and danger of experimental biofdgyle argued that “an
experiment is often the easiest line of attack, but it maylasthe most deceptive.” “In
biology,” he continued, “facts are individual. No two objects are exactly alike,
hence the relative futility of biometric versions of its problénis. this address, he
expressed his wish to appreciate the kind of biological work dongtat’®kstation. He
must have been pleased that Ritter and his colleagues wereiriglithe ideas and
methods of the “old-fashioned natural history.” Jordan must have been un&iagpy
worried about the contemporary tendency of weakening of naturdisiiegy in the
United States and, perhaps, might have foreseen the events tedbvirappen in later
years at Stanford University. Ray Lyman Wilbur, President ohfStd, reformed
biological sciences at the university and made the Hopkins Maratersthome to
experimental biology together with its non-experimental matw@Eogy program
centered on fishery sciente.

In many places Ritter, too, addressed his ideas about laboratofigldnaork
in marine biology. In general, Ritter had a more balanced view omssghis. To him, to
understand marine organisms fully meant to understand them both morpaltyogind
physiologically. “A combination of observation and experimentation§ wacessary for
that end’® As a biologist trained in morphology, Ritter nevertheless understoatkéte

3 Michael, “Dependence of Marine Biology,” i-xxii.

* David Starr Jordan, “Plea for Old-Fashioned Natural HigtoBulletin of the Scripps
Institution for Biological Research (1916): 3-6.

%5 Spath, “C. B. van Niel,* 52-84.

6 Ritter, “General Statement,” xiv-xvii. See also, Calvin Exterly, “Field Research and
Laboratory Experiment: Their Places in Ascertaining and BExiplgiHabits in Nature,BSIBR
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for experimental work in the laboratory. Experimentation alwaystbée preceded by
observations in the field. Laboratory work alone can produce no meanragtlls. “I
verily believe,” wrote Ritter, “the value of the experimentad statistical methods now
so largely used in biology is not fully appreciated even by sonigeahost skillful and
constant experimenters themselves, nor will it be until thesdouetare better
coordinated with observation in Nature.”

The problems of animal migration, to be specific, we now know depend
largely, at least so far as the simpler aquatic formscaneerned, on
purely physiological reactions to temperature, light, sexioals, food,

etc.; and we are already in possession of important clues toaye w
these questions must be studied; but we must learn, through careful and
extendedbservation of the animals in natujast what it is we have to
interpret. Need for a kind of marine biological research not specially felt
a few years ago is now becoming urgént.

In Ritter’s view, since life phenomena in nature can nevaepkcated in laboratories,
any lab work not properly complemented by field observation wag flRdr Ritter, the
priority of field work over lab work was, therefore, establishedsi&dly, experimental
method was to be used to supplement the marine biological work doree Buseat the
same time, field work always needed help from laboratory expetation. The
combined use of both methods was ideal, according to Ritter.

Calvin Esterly’s work on the copepdfucalanus elongatudest illustrates
Ritter’'s idea. From his field study, Esterly found that tliecses does not exhibit any
regular up-and-down migration unlike most other plankton species. To rexplai
phenomenon, he postulated that the unusual transparency of the organisms provided
them with the necessary protection from their predators, which sgpiesies could not
enjoy. Thus, the animals of this species had no need of any redggtatiom to protect
themselves. Esterly now turned to laboratory experimentation inr aodeest the
hypothesis, and was able to prove it. Such experimental lab work, cahvaitheactive

4 (1917): 3-15.
47 Ritter, “General Statement,” xvii.
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field work at sea, together constituted Esterly’s marine gemdbresearch on planktons
at the Marine Biological Associatidfi.

Marine biological work at Ritter’s station was also sudteéssm adopting
mathematical, statistical, and physical methods. Particuthdyplankton study done by
such biologists as Kofoid, Esterly, and Michael made an extensvef ssatistics and it
consciously correlated the life patterns of marine organisitinstiae physical properties
of the sea. The researchers not only made use of physicalr@aidyaavailable to them
but also conducted physical and statistical work themselvesliaboration with the
station’s mathematical physicist George McEwen. McEwen diddaect his own
research at the station, which was purely physical, but mubls ¢ime was devoted to
the collaboration with biologists, especially Michael. The Assmrigt biology
consciously adopted methodology and techniques from experimental labdmatogy
and even directly from the physical sciences.

Ellis Michael also shared with Ritter the view that in imaibiology field work
as well as lab work is indispensable. Experimentation in laboratat@e, without
corresponding field observations, would never produce true knowledge about Hature
wrote, “Experiments conducted in a laboratory reveal only what transpires in a
laboratory and are necessarily incapable of revealing what occurs in natur@N]o
method of laboratory experimentation can reveal the natural behafveom organism
unless it is possible to re-create nature in miniattiévlichael continued, “Even if
certain environmental conditions can be reproduced in a laboratorigtéhecomplex
cannot be duplicated.” This is true, especially, in the case ohenliology because the
large-scale, long-term oceanic conditions were impossible tcagplin a laboratory.
Like Ritter, Michael also arrived at the conclusion that thabtiratory experiment and
field observation must go hand in hand.”

*8 Examples of such ecological work are: Calvin EsterlyhéTVertical Distribution of
Eucalanus clongatus in the San Diego Region during 1908PZ 8:1 (1911): 1-7; Ellis
Michael, “Classification and Vertical Distribution of the @tagnatha of the San Diego
Region,”UCPZ 8:3 (1911): 21-186; and Esterly, “Vertical Distribution and Muoeets of the
Schizopoda of the San Diego Bay RegiodCPZ 13:5 (1914): 123-145. Laboratory studies
include, Esterly, “Specificity in Behavior and the RelatiBetween Habits in Nature and
Reactions in the LaboratoryJCPZ 16: 20 (1917): 381-392; and Esterly, “The Occurrence of a
Rhythm in the Geotropism of Two Species of Plankton Copepodes Whern(Retzurring
External Conditions are AbundantJCPZ 16:21 (1917): 393-400.

%9 Michael, “Dependence of Marine Biology,” i-xxiii.
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The former cannot, except by inference, ascertain the manner in which a
species is related to its environmental complex. The latter gannot
except by inference, ascertain the nature of response involved in
correlations observed between marine organisms (or any other kind of
organisms) and their environments. Observation alone cannot determine
whether the observed correlations are due to tropisms, trialereord,

or some indirect metabolic reactions. Experiment alone cannatlreve
the fact thatSagitta bipunctatafor example, is usually more abundant
between fifteen and thirty fathoms than at any other depth; that i
decreases in abundance below this depth much more slowly than it does
above; that it maintains its maximum abundance at higher levetgydur
the summer (July to October) than during the winter (November to
March); that it decreases in abundance as the distance fronodbke c
increases at all depths above twenty fathoms, while it incraases
abundance at all depths below thirty fathoms, etc. These facksnptert

the species’ behavior and have played their réles in its evolutibagus
certainly and to fully as great an extent as is the caseanly facts of
behavior demonstrated in a laboratory. Assuredly, both sorts of
investigation are required in order to approach, even remotely, complete
knowledge of the behavior of any species.

Historian Robert Kohler recently applied the concept of geographiders
between two cultures to the study of the history of biofdgile argued that from the
late nineteenth century to the early twentieth century theigteelxa border region
between laboratory biology and field biology where active intemagttook place. The
relationship between the two cultures was, however, asymmefrieaie, on the border
region, biologists trained in naturalistic field biology triedotald border sciences that
adopted the methods, practices, and rules of laboratory biology. Fropetksective,
Ritter’'s marine biology may be viewed as a border sciendéerRind his colleagues

50 :

Ibid., xv.
*1 Robert E. KohlerLandscapes and Labscapes: Exploring the Lab-Field Border in Biology
(Chicago: University of Chicago Press, 2002).
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adopted laboratory experimentation, emphasized the use of sth@stcc mathematical
methods in the study of marine biology, and collaborated with gdiyscientists, such
as McEwen. With his program of marine biology at the San Diegand Biological
Association, Ritter wanted to build a “new natural history” which would benefit the
advantages brought in from both sides of the border, and that would ewebacaiine a
model for other natural-history oriented biologists to follow.

4. Away from the Marine Biology?

From the beginning, the board members of the San Diego Marine RBialogi
Association wanted their enterprise officially incorporated into Umversity of
California as a research department or a similar form dfa#ifin.>* These patrons did
not want it to remain a small private station supported only bgrttadl number of local
wealthy people. They wanted a secure source of annual income fsggbeiation other
than their own limited pockets, one which would come out of the Uniy&srsand
ultimately the state’s, budget. But the more important reasorth@athey wanted the
station to gain prestige and a permanent status by becoming atypropéhe state
university. Thereby they would have the guarantee that their gimigm¢ investment
would not end up as a futile one-time effort. It was a reasonablelvecause most of
the scientific staff of the marine station consisted of Berkeley faouktudents, and the
station operated in fact as an affiliation of the Universitgeslagy department whose
chairman was at the same time its scientific director. Haglya fairly good prospect as
well since the president of the University, Benjamin Ide Whedlad been very
supportive of Ritter’s venture since the 1890's. So, as early as 1903,F€ripps made
that idea clear: “It is known that there are a number of pulpiicted and wealthy
citizens in this locality who will take sufficient interest this work to provide all the
necessary means, providing the University Regents will, by #otion in the matter,
recognize the value and use of the station by making it a pant bfanch department,

*2 Ritter, “Marine Biological Station,” 148-163.
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of the University.®®

The reality was not that simple though. Ritter arranged detrares for the
board members to hold direct meetings with President Wheeler bhed wtiversity
officials and regents, and they all had a very favorable impress the intentions and
activities of the San Diego Marine Biological Associatiomey even succeeded in
persuading George C. Pardee, then Governor of the State of daliéod a regent of
the University, of the importance and value of the scientifickvatrthe station during
their meeting at E. W. Scripps’ Miramar Ran¢hAll of these People agreed on the
basic premise that the Association’s affiliation with the Ursitgrwould be beneficial
and would be realized in an appropriate future. In the meantime rthesrbity did
“cooperate” with the Association by making loans of scientificipment and some
books for its library as well as supporting the publication of thdteesf the work at the
station. The regents were, however, reluctant to incorporate tloa sifitcially because
of the cost of the enterprise. The University was already galfficulty supporting its
affiliated research institutions such as the Lick Observatdrg. dfficial affiliation had
to wait until 1912 when the Board of the Association and the Regetite afniversity
finally agreed upon the transf&r.It was decided that “All property, real and personal,
together with all rights, franchises and interests of any kinatsoever ... are vested in
the Regents of the University of California,” while “the local control ofgtaperty, and
the business and scientific policy shall be vested in a LocaldBufaDirectors.” Thus
the rights and responsibilities of each party were clearly set.

With the official transfer of the station to the Universighe the necessity to
give it a new name. Soon it was decided that the new nantiee cftation be “The
Scripps Institution for Biological Research of the UniversityCalifornia.” It was the
named after E.W. and Ellen Scripps’ deceased brother George ph<Sevien though it
did not include his whole name. E.W. Scripps initially wanted Isieiss name also to
appear in the institution’s official name but Ellen Browning did not want it.

What is rather problematic in this name change in the longnrtmei station’s
historical development was the part “for Biological Research.yWhhe Scripps

%3 |etter from E. W. Scripps to Fred Baker (August 12, 1908)jam E. Ritter PapersScripps
Institution of Oceanography Archives.

> Raitt and MoultonScripps Institution23-25.

*® Ibid., 56-66.
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Institution for Biological Research” and not “The Scripps Institutiof Marine
Biology™? Was it a sign of a change in its scientificeash? Perhaps not, since Ritter
did not make any mention of a new, different research project anelyrrepeated the
1903 version of his marine biology program in the report “The Marineo&ical
Station of San Diego: Its History, Present Conditions, Achievememd Aims”
published in March, 191%. Even though the new name did not bring about a shift of
the institution’s research, however, it did reflect the wider sadRitter’'s ambition. In
the short announcement of the new status and the new name oétlos, sivhich
preceded the 1912 report mentioned above, he wrote “Although, as iddnpatine
change of name, an enlargement of activities is contemplateshynediate alteration of
policy or work will take place.” In the same year, in his reporthee President of the
University, Ritter also wrote,

One may hope that the dropping of the word ‘marine’ from the name
will not be taken to mean that a relinquishment or even curtailofent
researches at sea is contemplated. The reason for the chasdbalv
those chiefly responsible for the enterprise, whether as financial
supporters or essential custodians, had become fully convinced that
biology in the largest sense ought to be the aim of this paticul
foundation. It is not to be supposed that anyone connected with the
institution contemplates researches in the whole range of ssi@fice
organic being, particularly at any one time. It is believed, hewsiiat

an endowed institution with no special limit of duration, ought to have
the utmost freedom as to the particular provinces of the vast domain of
biology that it should cultivate at different periods of its existéhce.

Now that the institution was intended to conduct researches in toke wbbmain of
biology, not just the biology of marine organisms, it came to embrace Ritgaisigmal
philosophy more thoroughly.

As Ritter made it clear in the above passages, the mairoflimeork at the

% Ritter, “Marine Biological Station,” 210-234.
*" Raitt and MoultonScripps Institution65-66.
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station was still the ecological study of marine planktons, maohe by Calvin Esterly
and its resident scientist Ellis Michael who closely coopdrabath physical
oceanographer George McEwen. Their work on the ecology of marimétqtéc
animals combined field and laboratory approaches as well as sfuthe physical
conditions of the ocean quite successfully. Ritter also did his pénegflankton study
even though it came to a halt in 1913, and Charles Kofoid, who, as tne&haf the
Zoology Department, now did not have much time to stay at the statiself, still
continued the work on dinoflagellata. In addition, marine biologist Weslayete
Crandall joined the institution in 1913 mainly as a business managdbke afstitution
but later conducted important researches in marine biologyllyFiWanfred E. Allen, a
researcher of phytoplanktons, began to work at the institution in 1917.

The Scripps Institution's broadened program of research begaketeftect in
1913, however, with the addition of Francis B. Sumner to the institutsmentific
staff>® At first glance, hiring of Sumner may not seem an aberrdtom the station's
focus on marine biology, because Sumner had for a long time bemradsd with the
marine biological survey at the laboratory of the U.S. Bureau of Fishéiésads Hole,
Massachusetts. What made him a symbol of the institution's newaticlirevas his
proposed new line of research on the experimental study of evolutioregsses with
a genus of deer mouseeromyscuslt was a very ambitious project to which no other
biological work could really be compared. It aimed at studying dbetemporary
problems of evolution and genetics by conducting extensive breedpegirments on
several geographic races &feromyscusfor a long period of time. It was an
extraordinarily large project which required a large amount of hgadAlso, it did not
fit very well with the overall work at the Scripps Institutionhigh mostly dealt with
marine invertebrates. Sumner's researciPeromyscugather matched well with the
focus of Joseph Grinnell's Museum of Vertebrate Zoology at Bgrtkélay, then, was

%8 |bid., 77-80, 86-88; On Sumner and his work, see also Francis B. Sufiumtern
Conceptions of Heredity and Genetic Studies at the Scrippsutia®,” Bulletin of the Scripps
Institution for Biological Research3 (1917): 2-24; Sumner, “The Value to Mankind of
Humanely Conducted Experiments upon Living AnimaB3IBR 6 (1918): 2-27; Sumner,
“Heredity, Environment, and Responsibility8SIBR 10 (1921): 3-12; Charles Manning Child,
“Francis Bertody Sumner, 1874-1948\ational Academy of Sciences Biographical Memoirs
Vol. XXV (1948): 147-173; and William B. Provine, “Francis B. Sumaad the Evolutionary
Synthesis,'Studies in History of Biology (1979): 211-240.
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he able to join the Scripps Institution in 19137 The answer could perhdparukin
Ritter's biological philosophy as outlined above. Sumner above all beldogédt
school of natural history and his proposed research was a pertaoplexof field
biology which incorporated some experimental approaches. According to Rolést,
Sumner's work ofPeromyscusvas a representative case of borderland biology, as was
Ritter's marine biology program as argued abBviloreover, Sumner's genetic ideas
differed significantly from the reductionist approaches of theidanmt contemporary
genetics. In addition, Ritter did not believe in the Darwinian thebnyatural selection
as the main mechanism of evolution, and he was more inclined to thardkaam
alternative. It was the theory of inheritance of acquired chematitat Sumner's project
aimed to prove. Therefore, Sumner's plan fit perfectly with Ritteidened scheme for
the Scripps Institution for Biological Research, and Ritterdlglatook all the
administrative measures needed to hire Sumner.

Ritter himself spent more and more of his own time working on brassiges
of biology. It is apparent that he had been keen on the philosophicalsaspeatlogy
for a long time and he frequently wrote and published theoretigaleart With the
extension of the administrative burden as the director, however, hé hattandon,
somewhat reluctantly, his scientific work and, starting in 1913, spest wf his
remaining time on the writing of philosophical manuscripts. Ritteotev on such
extensive topics as evolution, psychology, education, and religion, khsasvahe
philosophical basis of biology. Ritter also shared with E. W. Scribesprogressive
ideal that science could and had to benefit humankind and society. Fer, Ritt
particularly, biology and human society could not be separated, and ordgybmuld
give true explanations and solutions to social problems. Biolog@ikl qrovide a
scientific basis for psychological matters, social problems, and evgiomel

Ritter was also deeply involved in the “Science Service,” whicls e
eventual outcome of the many years of discussion between him an&Erps on the
scientists’ potential role in the betterment of American $p&feThis enterprise, which
originally began as the “Science News Service,” was devoteddoriing the public of
important scientific ideas in the form of news, and thereby contmdputo the

%9 Kohler,Landscapes and Labscapd®99-205, 241-248.
% Raitt and MoultonScripps Institution94-95.
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enlightening and education of the common American people, and ulymiate
democracy and the well-being of society. The organization conumeés$ scientists to
write articles on scientific topics and sold them to newspagédrs Science Service
began its business in 1921 and Ritter, as its first President, ltadde his time and
energy between the two Scripps enterprises. After his regitenm 1923 from the
University of California and the Scripps Institution, Ritter becametilidime President
of the Science Service.

The change of the Scripps Institution’s direction might haag $omething to
do with the changed atmosphere at Berkeley's Zoology Depart8iant the beginning
of marine biological study at the University of California, therkers were comprised
mainly of the Zoology Department’s professors and graduate rdtudehose own
research projects were closely related to marine biologynyMd the department’s
members continued to work actively at the station until around 1910. Invetings, the
San Diego Marine Biological Association’s research progweas not only for the
Association but also for the Department of Zoology. It was impostibseparate the
two institutions both in terms of workers and researches. Itfavalsom exceptional at
that time since marine biology was a common interest of mos&tridan biologists. The
scientific work done as part of the marine station’s project aso valuable as work of
a university-affiliated biologist. For instance, Alice Robertsomoctoral thesis
“Embryology and Embryonic Fission in the Genus Crisia,” submitieti¢ Department
of Zoology, for example, was apparently the outcome of her contribubathe marine
station’s project. She also continued to participate in Rittessareh project in the
following years®™

Having this in mind, Ritter did not feel the need to hire sepaestarch staff
for the station except for a very small number of residenhssis whose work would
involve observations and measurements of yearlong phenomena. In 1905, enéhatrot

1 Alice Robertson, “Embryology and Embryonic Fission in the GenusaCrisiCPZ, 1:3
(1903): 115-156; Robertson, “Non-incrusting Chilostomatous Bryzoa d/ést Coast of North
America,” UCPZ 2:5 (1905): 235-322; Robertson, “The Incrusting Chilostomatous Bryzoa of
the West Coast of North AmericaUCPZ 4:5 (1908): 253-344; and Robertson, “The
Cyclostomatous Bryzoa of the West Coast of North Americk;PZ 6:12 (1910): 225-284.
Physiological work using marine organisms was also done abthegy department: Frank W.
Bancroft and C.O. Esterly, “A Case of Physiological Po#dion in the Ascidian HeartUCPZ

1:2 (1903): 105-114.
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he wanted “an organized, salaried staff’ for the Marine Bicldstation, but “in most
cases occasional visits to the Station for brief periods, with wio#te work done
elsewhere, would sufficé? So the staff could be constituted by “persons in regular
positions and with regular incomes in other institutions,” most of whooidwaturally

be the people from Berkeley. Also, “students in the stage of agwamt of candidacy
for the doctor’s degree in a University” could do work at théistaln 1904, for
example, professors Ritter, Kofoid, Torrey, and Raymond (physics oeps)t
instructor F.W. Bancroft, assistants Alice Robertson, EsterlyJdadBovard as well as
several graduate and undergraduate students were listed.

In the early 1910's, however, changes occurred gradually $o pditern of
cooperation. Work done at Berkeley tended to move away from marine yidlbg
zoology faculty, most of whom were once deeply involved in marine biologfiady,
began to spend less and less of their time on marine invertelvaist of the graduate
students’ theses for degrees were not related to mariaeisngs at all. When marine
organisms were used, they were studied in the fashion of “gebietaby” strictly
following the methods of experimental laboratory biol8Yy.

The separation of the two institutions and their members beconmaEneftiom
the published articles in thgniversity of California Publications in Zoologyom 1902
to 1920. During the earlier period, 1902-1910, around 66 articles werernwhit
biologists affiliated with the Berkeley’s zoology departmenit, of which 47 were using
marine organisms. But in the second period, 1911-1920, out of about 160 &ntithes
Berkeley biologists only 30 used marine organisms. On the other hasidente
members of the Scripps Institution, not directly affiliated with roology department,
published almost 60 marine biology articles. From this rougmasti it is possible to
conclude that marine biology no longer constituted the mainstresseanch at
Berkeley®® The divergence of biological interests at the Scripps Institwtimh at the
zoology department became so apparent by the late 1910s that theennerh the

®2 Ritter, “General Statement,” x-xii.

8 See for example Myrtle Johnson, “The Control of Pigment Formatidmiphibian Larvae,”
UCPZ 11:4 (1913): 53-88; and William C. Boeck, “Studies on Giardia mjtrdCPZ 19:3
(1919): 89-134.

® In the first period, those people who later moved permanen8gripps are also included in
the number of Berkeley biologists, but they are mostly excluaed fnis number in the second
period.
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Berkeley campus seldom, if ever, went down to San Diego even during the summers.

What were the factors that brought about the substantially chantpedst at
Berkeley? Undoubtedly, Ritter's changed status and residencyhanestplayed a role.
From the summer of 1909, Ritter established a permanent resideheyJolla at the
upper level of the laboratory buildifig. At the same time, he transferred the chair of the
zoology department to Kofoid, even though he continued to retain thetiaffilaith the
department. With Ritter, the director of the marine biology statymme, Berkeley
biologists became largely free from his direct influence. Nbat the relationship
between Ritter and the members of the department naturallypnbdoase, Ritter could
not rely on the department as a secure source of manpower farahise biology
program.

The zoology department’s change was related to the generabtraatbn that
took place at that time in American biology. Seen from a broadespective, the
tendency to move away from marine biology was not confined to the IBgitkelogists.
During the 1910s, marine organisms gradually lost their meriinfast biologists. The
marine invertebrates were certainly the best subject oy $tucsome time especially in
the study of embryology, development, and evolution. In the 1890’s and 1900's,
biologists’ understanding of fundamental problems such as hereditglogment,
reproduction, and evolution was meager, and all these branches of life soseade an
intermingled state. Thus, the work of embryologists, cytologigeneticists, and
physiologists were not far from one another, and they were ctn garsuing slightly
different aspects of a larger problem. Marine organisms provigetitlogists with the
best chances to attack problems since they offered several apbsanrthey were easy
to obtain, they had simple and primitive structure and organizationhagdvere easy
to manipulate with laboratory techniques. By the mid-1910’s, however, pibecame
much more specialized and diversified as a result of the bitdbg@scumulated
researches. Various specific fields such as genetics, cytolgpryology, animal
behavior, psychology, eugenics, and paleontology began to emerge as fimuséas.
Specialized and more professionalized biology lost its intergbieimarine organisms
generally for the biologists were now prepared to work on roongplicated animals or

% Raitt and MoultonScripps Institution54.
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various other kinds of animals that were better suited for specialized re¥earc

Many historians of biology have paid attention to the development afgyiait
this period. Adele Clarke, for example, showed that the process aélsmdion took
place in the early twentieth century. Biologists in the Unisdtes had conducted
research in the vaguely defined field of “heredity-evolution-reprioaiucevelopment.”
in the earlier period’ But as biologists came to know more and more about these life
phenomena, specialized branch sciences emerged, a process whikeh da@lked the
“three-way split.” With clarified concepts and improved experimeoials, researchers
began to engage themselves in more specific lines of study—gend¢ieelopment
embryology and reproductive science. The zoology department atl&enk@s no
exception to this larger change going on at the national level. daetaeent certainly
belonged to the American biologists’ community and its members alletennected in
some ways to other biologists throughout the country. They wereawelre of the
changes taking place and sought to keep pace with them. WorkStrthps Institution
was, therefore, not as important to the people at Berkeley asb&itter’'s widened
vision for the Scripps Institution also might have been a result ofelhis&zation that
marine biology alone was no longer sufficient as a centralngsézeme in the new era
of American biology.

The Marine Biology Program, espoused by Ritter, largelyitestentral position
at the Scripps Institution by the late 1910’s. Attenuation of médnimlegical research at
La Jolla also had to do with the loss of its main workers. Four nega particularly
prominent in the study of marine biology, pursuing the thorough and compnehensi
understanding of marine organisms by the combined methods of syssemat
morphology, physiology and ecology. They were Charles Kofoid, Harrydsrey,
Calvin Esterly, and Ellis Michael. They were the main foreagling the Institution’s
plankton research. In the 1910’s, however, the Institution actually lost thtteenof

Charles Kofoid and Harry Torrey were Ritter’s closest hel@nd strongest
advocates during the founding stage of the station. Kofoid’s intergéanktons began

% See, for example, PauBjologists and the Promise of American |ifd5-164.

67 Keith Benson, Jane Maienschein and Ronald Rainger, €ds.,Expansion of American
Biology (New Brunswick and London: Rutgers University Press, 1991). See, espedelly, A
Clarke, “Embryology and the Rise of American Reproductive Sciences18i€r1940,” in this
volume, 108-109.
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long before he came to California. After receiving his Ph.Dawvéaftd, he was engaged
in the study of planktonic animals of the lllinois River as aultgcmember of the
University of lllinois. Particularly, his work there involved anengive use of statistical
and mathematical methods as well as various field techniquesmaster of course, he
became the main source of influence on Ritter’s idea of ecalognd statistical marine
biology®® Kofoid’s experience at the lllinois River Survey enabled hirbécthe main
designer of the San Diego Marine Biological Association’s riadooy facilities and its
research vessels. He also participated in the designing @lqitarium, devised the
Kofoid collecting net, and purchased laboratory instruments duringsiigo Europe’’

In the 1910’'s, however, he began to lose his longtime interest in plankttrsugh he
still retained the official title of Assistant Director a@fie Scripps Institution for
Biological Research, his burden as the zoology department’s roladie it difficult for
him to participate actively in the affairs at La Jolla. Heésw research topics also made it
unnecessary for him to make frequent visits to La Jolla. KofoitEsest in microscopic
animals gradually led him to a brand new domain, the study of protamda
parasitology’ Beginning in the late 1900's he embarked on parasitological stutly wi
his students, such as Olive Swezy, Irene McCulloch, and Eliz&lbeistiansen, and the
results of their work began to be published in 180%heir work on parasites dealt with
diverse subjects, such as life history, reproduction of unicellulzanisms by mitosis,
cytology, genetics, morphology, and embryology. Even though he did raitytot
abandon the dinoflagellata project, marine biology hardly occupied thelcplatce in
Kofoid’s work.

% pauly,Biologists and the Promise of American |.263-207.

% Charles Kofoid, “On a Self-closing Plankton Net for Horizontakifig,” UCPZ 8: 8 (1911):
311-348; Kofoid, “On an Improved Form of Self-closing Water-bucket Plankton
Investigation,” UCPZ 8:9 (1911): 353-357; Kofoid,The Biological Stations of Europe
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0 Goldschmidt, “Charles Atwood Kofoid,” 121-151.

™ For example, Edward Hindle, “The Life History of Trypanosodumorphon Dutton and
Todd,” UCPZ 6:6 (1909): 127-144; Irene McCulloch, “An Outline of the Morphology kifel
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Harry Beal Torrey, the ardent researcher of marine biolodedteley, left the
University in 1912. From the beginning of his career in biology, hedeaply engaged
in Ritter’'s marine biology enterprise. He was, particulagponsible for assembling
and arranging the books for the marine station’s library. Tojogyed Berkeley's
zoology faculty in 1895 and was, with Kofoid, the major collaborator dfeRin
building the marine biological station. He went to Reed Collegéregon to become
the first zoology professor and remained there until 1920. After that, he adgt ¢4 the
University of Oregon and Stanford Universifylt is not clear whether his interest in
marine biology lasted after he left Berkeley, but he certavdg disconnected from
Ritter’s marine station with his departure to Oregon.

Ellis Michael's early death in August, 1920 was the fatal blovthe marine
biology program at the Scripps Instituti6h Michael, who was a resident worker at the
station, conducted the plankton study most thoroughly. As he was wotking station
full time, his time was entirely devoted to marine biological study. Workirtge station
for fifteen years, his philosophical point of view most closelgmdsied Ritter’s concept
of marine biology and his actual scientific work was truly a maxfethe “marine
biology” at the Scripps Institution. Collaborating with McEwen, hisnklan study
incorporated physical conditions of the sea most successfully. Arakleved in the
ideal of combining field and laboratory work. In 1920, he went on a rés&gvdo the
Bahamas and the Panama CanaKemalh E.W. Scripps’ yacht. After the three-month
trip, he became ill and died at the age of thirty nine. He waméne worker in marine
biology at the Institution throughout the 1910s, and his death virtually chétkeend of
Ritter’s marine biology program.

The marine biology program at the San Diego Marine Biologhssociation,
and later at the Scripps Institution, which was articulated terRand pursued by a
small group of biological scientists under the leadershipttérRcame to an end around
1920 with the death of Ellis Michael. As we have seen, the prograralteadly lost its
dominant position at the Institution when Ritter himself modifiedhoif abandoned, the
original aim of the Institution in 1912. Although Esterly continued hid pérthe
plankton research, he was a summertime worker at the Institutiodiy@cily connected

2 For Torrey’s career and his scientific work, seeHlagry Beal Torrey PapersThe Bancroft
Library, University of California, Berkeley.
3 Raitt and MoultonScripps Institution82.
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to the University. In the last few years of Ritter’s diogship, marine biology still
occupied an important part of the Institution’s research. Yet, it rgelonas the original
Ritterian “marine biology.”

5. Towards Oceanography: Unexpected Growth of the Physical Sciences

From the beginning of the University of California’s marine biglqgoject,
physical study of the ocean was an indispensable part of theraglegerogram. Ritter
openly pronounced his belief that physical, chemical, and geolquiocpérties of the
ocean needed to be studied along with biological work. It was ielipdcue for the
study of the Pacific Coast since this part of the sea avastally new and unknown
region for American scientists. As his idea of marine biologypleasized the
incorporation of the role of the marine environment, physical informatas in fact
indispensable. He actually included at least one physical stiantiis group whenever
he went to the sea with his fellow biologists. His strong assewtas, however, more
often a strategy to arouse his potential supporters’ and patrongsinte his project
rather than an expression of his actual plan to make it a separate branelamhras his
marine biological station. For him, physical and chemical knowdeafgthe sea was
needed only to the degree of being able to support biological studieskifthef
information biologists needed was all he wanted, and Ritter felt @ fog a physical
oceanography program for its own sake, especially when thensdiudget was barely
enough for the biological projects.

It was exactly in this context that Ritter decided to feorge McEwen, first as
a part-time worker and later as a full-time staff memb®Ewen, who was a physics
graduate student at Stanford, became interested in geophysicsdnadyngmics, and
began to work at the San Diego station in 1908 as a part-time wéukare of his
excellent ability and skills in physical measurement and madhieal calculation, Ritter

™ Michael, “Dependence of marine biology,” i-xxiii. Severalides in the volumes 9 (1911-
1012) and 15 (1915-1916) of the&CPZ written by Michael, McEwen, and Ritter dealt directly
with physical data.
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thought that having him among his staff would greatly benefitntasine biologists.
Since McEwen would be able to do the various kinds of work at therstdiat
biologists were not trained to do, he was expected to be “usefuhriy apacities’™
And McEwen’s usefulness was actually proven when he carried uedgessful
cooperative work with Ellis Michael and other biologists. As a p@aent researcher at
the Marine Biological Association since 1911, he accumulated the data ¢ihaailghly,
seasonal, and yearly changes of ocean temperature, salinity anty. ddssg the
methods recently developed by Vilhelm Bjerknes and his followmelorthern Europe,
he was also able to analyze the movements of the seawatedalderovided by
McEwen were useful to ecological marine biology, and his gathandgnterpreting of
the physical information were done according to the needs of @an&tph researchers.
Ritter was certainly satisfie@.

Doing his assigned job of helping and cooperating with the marinegstd at
the station, McEwen was also able to carry out his own resaatble same time. The
importance of his physical study was soon realized by Ritt@¢roghers, and it did not
take long for Ritter to arrive at the idea that physicalanography was in itself
worthwhile as an independent branch of marine science. What inghrBgser even
more was the practical usefulness of McEwen’s physical stMdywen became
interested in the interaction between the sea and the atmospieitee thought that the
physical properties of the surface seawater might influémeaveather. A close look at
the available past data convinced him that there surely was amat@ticorrelation
between the surface temperature of the coastal sea wateheatich¢ and amount of
rainfall in California. Confident of his theory, he set out teisie a method to make
long-term weather forecasts and was, in fact, able to make ws@ather reports that
worked quite well” If McEwen’s work would continue to work well, it would bring
about incalculable benefits to the various industries of Califofiriia. prospect of this
project made Ritter especially excited, for benefiting sgadth science was his long-

S Eric L. Mills, “Useful in Many Capacities: An Early Camin American Physical
Oceanography,Historical Studies in the Physical and Biological Scien@@s(1990): 265-311.

® George F. McEwen, “Hydrographic, Plankton, and Dredging RecordsheofScripps
Institution for Biological Research of the University of CalifornidCPZ15:2 (1915): 207-254.
" George F. McEwen, “The Distribution of Temperatures and iBatinand the Circulation in
the North Pacific Ocean,BSIBR 9 (1919): 58-64; McEwen, “Oceanic Circulation and Its
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85



held ideal.

With Ritter’s approval, McEwen’s physical research camtim a part of the
Scripps Institution’s scientific activities, although he continued tokwath Michael
and Esterly. No one expected this outcome. Both before and after itial aftme
change, the institution had always been devoted to biology. Existenceplofsical
scientist at a marine biological institution was understandablarsas he would play an
auxiliary role. However, it was extraordinary to see an indepgnghdysical
oceanography program at a scientific institution “for BiologiRasearch.” Even though
Ritter had proclaimed that his institution would have a broader &aiwas apparently
confined to biology. This unexpected development of the physical science program at the
Institution tells us something about the character of Ritter’s scelgéddership. He, and
E. W. Scripps, was more interested in contributing to the welfiatlee society through
the scientific work of the institution than maintaining a focusesstarch program there.
Whether a new line of research proposed by a staff membeelfitnto the overall aim
of the institution was only a secondary consideration for Ritter.

By the time the Scripps Institution got involved in World War lerth its
character was quite vague. It was a biological institutiortvhad its origin in a marine
biological station, which still had marine biological researad@ag on. However, its
scientific activity was no longer confined to marine biology. Doe®itter’s biological
philosophy and Francis Sumner’s mice experiments were also suppddesbver,
McEwen was conducting his work on physical oceanography and meigordl was,
thus, a rare combination of distinctively different scientifieegshes that characterized
the institution. What, then, could the Scripps Institution do to take arp#ré national
war efforts? What were the things that the institution was could do espeadty w

The Scripps Institution’s wartime work was mainly related to foaiuction’®
Particularly, researches on kelp and fisheries were condaicthd Institution during the
war years. The U.S. Government was interested in the poterdcalgtion of fertilizers
out of kelp, and at the Institution, W.C. Crandall was an expert on kétpyears of
experience. Long before the war, since 1911, he had studied kelp oalifoen@ coast
for the U.S. Department of Agriculture. As a special agentiferi.S. Bureau of Soils,

® See, for example, Ritter, “The Resources of the North P&dean: Their Extent, Utilization
and ConservationBSIBR 5 (1918): 3-20.
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he surveyed the marine plant and studied the possibility of makiipgféeilizers.
During the war, his main duty was to advise the State Gameisin€Bmmission about
the availability of the kelp beds for harvesting. To know when amerevthe kelp could
be harvested, Crandall had to conduct close investigations on the glantth rate, life
cycle, and susceptibility to various diseaSes.

More staff members of the Scripps Institution were involved in isieefies
research. Ritter was the Director of Operations for the U.SedBupof Fisheries in
southern California and Crandall was the National Food Administratiéish
Administrator for southern California. Other researchers ofltisétution were also
involved in the investigation of the geographic distribution of tuna, expatsron the
various fish preservation methods, study of planktons as a food soufEhfand the
hydrography of certain areas of the sea which constitutedvihg Environment of fish
populations. These researches were aimed at increasing thefcisthand, eventually,
expected to contribute to the increased food supply for the countrgraiae Scripps
Institution proved very useful in the war effort since it was thg oedearch-oriented
scientific institution that could conduct various organized researmherojects related
to the sea. Despite its other research interests, the lmstisutisefulness derived from
its old-time specialty of marine biology and related physical stfies.

The wartime experience of the Scripps Institution greatly infted both
Ritter’s thoughts and the future of the institution. First, Ritéalized his institution’s
unique position in the whole country. Despite its name, “The Scrippsulieti for
Biological Research,” it was in fact the only research unstih in the United States that
possessed the facilities and manpower to conduct researchesne s@ences. Ritter’s
re-discovery of the institution’s unique ability eventually led hinthte decision to turn
it into an oceanographic institution after his retirement. Theweak reminded him of
the insufficiency of knowledge about the Pacific Ocean, and taughtthmt it was
worthwhile to do more study of the sea and its resources. Thatvhatsthe Scripps
Institution could do best to contribute to the whole so&ety.

The other changes that the war brought to the Institution werenatv
relationship with various government agencies and its involvement inrrgogat-

" Raitt and MoultonScripps Institution90-95.
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related activities. The wartime work was done in connection to suehsdi government
agencies as the U.S. Bureau of Fisheries, the U.S. Bureatemhi§€lry, the Federal
Food Administration, and several state agertieBhe relationship lasted after the war
and affected the institution’s development considerably. One effecthat the Scripps
Institution could use the ships and facilities of these agenoshat the observation
and measurement data they gathered became available to theidmi researchers.
The close relationship and cooperation with the U.S. Navy, the U.S. &wh&eodetic
Survey, and the U.S. lighthouses were particularly important irebgect. The Scripps
Institution’s decision in 1917 to sell its research veddelkander Agassizan be
understood in that conteXt. Although Ritter reported to the President of the University
that it was “too large and expensive to operate for the partiphiase of the marine
investigation [that the institution was] entering upon,” economic and geament
problems were certainly not the main reason for the selling. Hadgovernment
facilities not been available, the Institution probably could not have done withoutrits
vessel, Alexander AgassizHow could the researchers like McEwen and Michael
continue their work without a boat? It was only because they hagssado the
government ships that they began to feel that the retaining ofalva vessel was
burdensome.

In 1919, the Pacific Exploration Committee was formed by theiohait
Research Council, where Ritter and McEwen became members. iAld®21, the
Committee on Conservation of Marine Life of the Pacific wagmoized by the Pacific
Division of the American Association for the Advancement of Sciewt€. Crandall
was one of its five members, and both he and P.S. Barnhart, curaioe &cripps
Institution’s aquarium, participated in its programs. All theséecedd the renewed
national interest in the sea, particularly the Pacificadcénd, as the members of the
Institution actively took part in these organizations and othersnage as an institution
devoted to marine sciences consolid&fe@he staff members, too, came to possess the
belief that their institution was a place for marine biology, @@amography, rather than
biology in general.

It has been an old question why the Scripps Institution suddenlydtutse

8 Raitt and MoultonScripps Institution90-95.
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direction to oceanography, and eventually changed its name to “TippsSbrstitution
of Oceanography.” The change was often attributed to the choice sé¢bad director
of the institution, T. Wayland Vaughan, who was a marine getlo@s, it is clear from
Ritter’s, and Vaughan'’s, words that the decision was made b¥fmghan was even
considered as a candidate. “For some reason, which | do not know,” Vaugreked
for instance, “it was decided before Dr. W. E. Ritter'srestient from the directorship of
the Scripps Institution of Biological Researaic], to convert the institution into one for
oceanographic researcr."The fact is, then, that it was not Vaughan who influenced the
decision but, on the contrary, it was the decision made earlieafteated the selection
of Vaughan as the second director of the Institution. As | hredieated, it is reasonable
to think that the decision resulted from the Scripps Institutioni$inva experience, and
partly from the impressive job McEwen had done.

This passage tells us not only about the decision to make theutioatit
oceanographic, but also about the concept of oceanography held byTRifitter, the
term oceanography had a somewhat different meaning fromwehpéerceive today. He
used the word without giving it a definition and, therefore, its meganas often unclear.
But he usually used it in the sense of physical studies of then,oedang with
hydrography. So, in Ritter's terminology, the word oceanographylyslid not include
biological studies of the ocean. In some places, especially myledes, oceanography
seemed to include biology, too. Renaming his institution, then, did not exearding
biology entirely from its program. Yet, it certainly impliesttiize institution would not
be devoted solely to biological researches. At the renamed imstjtdttiological and
physical studies would be combined on equal status. What Ritteedvauats that the
institution contribute to “the idea of interconnection of biology and acography” (here,
in the sense of physical study), just as the Science Sevoige later contribute to “the
idea of interconnection of biology and sociolo§.”

8 T. Wayland Vaughan, “Response of the MedaliStience\ol. 83, No. 2160 (May 22, 1936):
475-477.

% Ritter, “The Name, “Scripps Institution of Oceanograph$tience Vol. 84, No. 2169 (July
24,1936): 83.
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6. Conclusion

The research program Ritter designed for his seaside imstifailed to survive
throughout his directorship. This was mainly because Ritter hilas#éd consistency.
He widened the scope of the institution in the early 1910’s to incheemarine
biology such as Sumner’s. Even though marine biological study did nppdea it was
not the central work of the institution by the late 1910’s. SumiREtesmyscusesearch
and McEwen’s physical and meteorological work became as promasemharine
biology. By the time Ritter was to retire, the direction of ®eripps Institution’s
research was extremely unclear. One can hardly conclude, thérRittea’'s marine
biology program was a success. Perhaps it just reflectedi@niic and philosophical
ideas at a certain period of his life, and these were bound to change later.

One can never deny, however, the fact that the program was truly unique and that
the San Diego Marine Biological Association was the only rekemstitution at that
time that actually carried out such a program. Although it evintpeoved to be
unsuccessful, the peculiarity of the program largely determinech#tigution’s future
development. Among so many marine biology stations, the Scrippsufiasti was
probably the only one that developed into an oceanographic instituteoltVilaking
Ritter’'s marine biology program into consideration, it is imposstbl understand this
development. There were several aspects within the program thhtecnthe
transformation. First, Ritter's marine biology espoused the tidagaeverything in the
ocean is interconnected. The program aimed at understandingattse gmnd their
correlations in order to get at the knowledge of the ocean as a.whd true that the
program originally was confined largely to biological phenomenat. \Bhen it was
slightly modified, it could easily turn into a program for oceanograthteyaim of which
was to arrive at the understanding of all of the natural phenomeha otean. Second,
the program of marine biology emphasized the role of the physicahicileand
geological environment of marine organisms from the beginning. lipitgaven a
subordinate role, physical oceanography soon became an importaot wark at the
station. Particularly because of McEwen’s work and the World Mgaperience, Ritter
and others gradually realized that the physical aspects otdamn were worthy of study
independently from biology. In most other marine biology stations, the adea
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collaboration with physical scientists hardly existed, and tejgee& of the marine
biology program eventually led the institution in an oceanographictitine Finally, the
program emphasized the importance of field work. Marine biologl tbabe a field
science, and scientists at the station had to go out to theesgeeritly. This tradition
enabled its members to get used to the sea and working on board shiptheHa
institution and its program emphasized laboratory work instead, #msformation
towards oceanography could not have happened.

Of course, the oceanographic aspects of the marine biology pregramot in
themselves sufficient for the actual change to take placeticBhlieconomic, and
personal factors worked together to change the Scripps Institutsm. Ritter’'s concept
of oceanography as well as the overall work at the institutiomeirearly 1920’s was far
from truly oceanographic. Ritter’s idea of oceanography stipleasized biological
study. In that sense, much had to be done to make it into a reaiypographic
institution in spite of the already decided name change. IfTwdéayland Vaughan who
would carry out the task of remaking the institution.

91



CHAPTER 3
From Biology to Oceanography: T. Wayland Vaughan and Oceanography at
the Scripps Institution

Throughout more than twenty years of William E. Ritter's doeship, the
Scripps Institution continued to be a place for biological researcht+barine or not.
Taxonomy, biogeography, ecology, and physiology of marine orgami&messtudied at
the station along with study of the physical marine environmeahcks B. Sumner, on
the other hand, was conducting a breeding experiment of field Recemyscusat the
station to establish his own theory of evolution and genetics. Althoughrg&e
McEwen’s physical work on hydrography and meteorology gained muauenzore
importance in the 1910’s and early 1920’s, biology was still atcemer of the
institution’s program of research. This was due primarily to thregitter’s background
and interest in things biological. Having been trained in the didatcof naturalist
biologists, he retained the goal of making his institution at L& bk Mecca of
biological field sciences.

This all changed with the coming of Thomas Wayland Vaughan t&ahpps
Institution as its second director with the mission to make gmagraphic. As a marine
geologist, Vaughan approached oceanography from a very differemegive from
that of Ritter. To him, marine biology was no more than one of ¥eralebranches that
made up the science of oceanography, whereas it was thepadref the Scripps
Institution’s program for Ritter. The Scripps Institution had itgiariin the summer
camp of the University of California’'s department of zoology, and lwad lbeen
considered primarily as a biological institute by people botthiwiand outside the
institution. Vaughan's task, therefore, involved a break from thedutisti’'s own past in
order for it to transform into a truly oceanographic institution.

The task was a difficult one since there was no previous moeehutate. The
Scripps Institution was the first oceanographic institution estadydi in the United
States. Moreover, transformation of a marine biological station antthoroughly
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oceanographic one had hardly ever happened even in Europe. Therefgler/aad to

make every decision by himself in reconstructing the Scrippgsutisti. He had the

advantage of being able to use the resources that alreatlydexisScripps but, at the
same time, changing the existing order was often more difftbain establishing a
wholly new institution. Organization of the institution, its redaghip with other

branches of the university, and the role of the institution withenuiniversity system all
had to be changed completely.

The new Scripps Institution that resulted from Vaughan’s refdius, reflected
his scientific ideas, administrative practices, personalemrtes and experience.
Considering the Scripps Institution’s place in history as thet fiésnerican
oceanographic institution, especially in the first half of thentie¢h century, and
Vaughan’s personal role in its development, tracing his ideashengrocess of the
institution’s transformation is indispensable in understanding ocesplogs past. This
chapter will show how Vaughan's idea of oceanography formed thprbitief the new
Scripps Institution of Oceanography and what he endeavored to dotnecctee the
biological institution, particularly in the first few years of his direshgp.

1. “The Name, Scripps Institution of Oceanography”

T. Wayland Vaughan became the Scripps Institution’s second director in 1924. In
the next year, the institution’s name was officially changed fitwart‘'Scripps Institution
for Biological Research” to the “Scripps Institution of Oceaapby.” It has often been
misunderstood that Vaughan was responsible for this name changel @&s \ial the
institution’s transformation from a biological station to an oceeapgc institution.
Scripps under Vaughan's directorship was very different from whaded to be with
Ritter and many people naturally attributed the metamorphosisetmdw director. It
should be noted, however, that the decision to make the institution ocqganoguad to
change its official name was made earlier by WilliantteRiand the Regents of the
University of California. In 1936, when receiving the National Acadsmi\gassiz
Medal in Oceanography, Vaughan remarked:
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For some reason, which | do not know, it was decided before Dr. W. E.
Ritter’s retirement from the directorship of the “Scripps itasbn of
Biological Researchsjc],” to convert the institution into one for
oceanographic research. In 1923 | was offered the directorship of the
institution, and its name was changed on October 25, 1925, from
“Scripps Institution for Biological Research” to “Scripps Ingitn of
Oceanography.” Therefore the Scripps Institution of Oceanognaphy

the first institution in the United States that had for its major purpose the
prosecution of research on the océan.

Here, Vaughan made it clear that he had not participatée iearlier discussions on the
Scripps Institution’s new policy and did not know the reasons for the decision.

In answer to Vaughan's remark, Ritter wrote a short asti€fldhe Name,
“Scripps Institution of Oceanography,”™ Bcienceonly two months later. He began by
admitting that his frequent mention of the institution’s name miad&y people,
including Vaughan, “more hazy than, as | now see, it should beérRithtention
behind the new name of his institution was not simple, though. Thererwagpartant
implication which he shared with Edward W. Scripps, among others, fadmrereimes.
Scripps once discussed with Ritter his idea of founding a “departaiesaciology”
within the Scripps Institution, which reflected his firm beliefttteny such separation
between biology and sociology as [had] recently come to be asswasdgiroblematic.
For practical reasons, the Scripps Institution for Biological &eberemained a natural
science institute and the proposed sociology department wasolateletl at the Miami
University at Oxford, Ohio, but the “idea of interconnection of biglagd sociology”
was never abandoned by Ritter and E. W. Scripps. Scripps was tedeirepopulation
problems and thought that the subject could best be studied by the svofksology

! T. Wayland Vaughan, “Response of the MedaliStience Vol. 83, No. 2160 (May 22, 1936):
475-477.

2 William E. Ritter, “The Name, “Scripps Institution of Ocegraphy,”™ Science Vol. 84, No.
2169 (July 24, 1936): 83.

% Philip J. Pauly discusses Ritter and E. W. Scripps’ ideas orokaef science in society in
Biologists and the Promise of American Life: From Meriwethewis to Alfred Kinsey
(Princeton: Princeton University Press, 2000), 201-213.
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and sociology together.

In a similar vein, Ritter wished to see the “idea of intercotiae of biology
and oceanography” materialized and bear fruit at the Scrippsutitsti According to
his “organismal conception of life” all life phenomena are suanected and, likewise,
everything in the sea is interrelated. His holistic point of viwcted him to think that
in order to understand the ocean properly, it had to be viewed not in pars laut
whole? Ritter came to understand that physical characteristitseo§ea could not be
bypassed in the study of marine biology as the life pattermsapine organisms are
greatly influenced by them. Purely biological study of marma&ogy could never
produce a perfect understanding of the total life phenomena of the ocemss the
physical properties were taken into account. Ritter was awofait@s close relationship
between marine biology and physical oceanography from thebegiyning. He always
accompanied physical scientists in his marine biological surveyd encouraged
collaboration between biologists and physical oceanographers. Emptzabialways
been on the side of biology, however. Ritter's enterprise hadyalleen biological,
from the zoology department's summer camp to the San Diego MBiolegical
Association, and finally to the Scripps Institution for Biologicals&sch. George F.
McEwen, physical scientist of the institution since 1908, was primarily exparsessist
the marine biologists.

The change of the institution’s name implied, therefore, modifying one-
sided relationship between marine biology and physical oceanograjtey. dioted
from his letter to E. W. Scripps of August 28, 1922, where he hadonedtwhat type
of institution Scripps should become: “That type can now be pretityitedey expressed
by the suggestion that in the future the Scripps Institution should leecoare
exclusively . . . an institution of oceanography (both biological and igdlys
oceanography)® Ritter must have thought that the task of amending the unequal
relationship might best be accomplished by adopting the term ocephggwhich
includes within itself both physical and biological oceanography. @&yaming the

* William E. Ritter, The Unity of the Organism, or the Organismal Conception of Rifeols.
(Boston: Richard G. Badger, The Gorham Press, 1919).

® On George McEwen's work at Scripps, see Eric L. Millsséfuil in Many Capacities. An
Early Career in American Physical OceanograpMyistorical Studies in the Physical and
Biological Science20 (1990): 265-311.

® Ritter, “The Name.”
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Scripps Institution, Ritter and his patrons intended to raise thasstdt physical
oceanography up to that of marine biology and make the relationshipdretive two
interconnected fields more balanced and, thereby, more prod(idtiveum, his overall
intention was to make the scientific work of the institution mayegdnismal” than
before, emphasizing the holistic feature of not only the marieepliienomena but the
whole natural phenomena of the ocean.

The task of realizing the “idea of interconnection of biology and oggapby”
at the Scripps Institution could not be carried out by Ritter Hfnasehis retiring time
was drawing near. He, therefore, had to search for someded $ui this challenging
job of building the first American oceanographic institute. It &clfrom the following
passage what kind of person Ritter and the University of California were looking for

The recommendation is that the new director be selected with sole
reference to the work upon the ocean and its life and that as ragidly
may be without harm to any of the investigations now in progress, the
program be made exclusively oceanographic, the understanding to be
that both the biology and the physics (physics being understood to
include every aspect of the ocean as such) be included in the program
on an equal footing. The suggestion is that an Institute of Oceanography
be aimed at that shall finally have a scope and characténywoir the
Pacific, the greatest of the oceans; and worthy also of #argss of

the United States as a nation and of the State of Califbrnia.

Ritter wanted his successor to be familiar with the studyhefsea and to know
something about both biological and physical oceanography, particofattye Pacific
Ocean. He also had to understand the meaning and value of theisorakf that had
been undertaken at the institution until that time. It was difficufind such men in the
United States at the time because oceanography was notafgisestd as a scientific

" Ritter did not use the term “oceanography” in a consistent W&y often mentioned
oceanography as a synonym for “physical oceanography” or “hydrographgrfeas at other
times he used it as a more comprehensive term including both ghgsit biological studies of
the sea.

8 “A Proposed American Institute of Oceanograp!8gfenceVol. 58, No. 1490 (July 20, 1923):
44-45,
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field in the country and only a very small number of scientistsldc be called
oceanographers. The first choice was Henry Bigelow of the Museu@omparative
Zoology at Harvard University but he declined the offer becaussoonfe family
reasons. T. Wayland Vaughan, who had had earlier contacts with Ritter amet ot
Scripps staff members at the meetings of the Committee aficHavestigation of the
National Research Council, was then selected as the best parsbe position. It can,
therefore, be said that Vaughan's task was already laid obinfoby Ritter, although its
meaning was not so clear.

2. T. Wayland Vaughan, Oceanographer

Thomas Wayland Vaughan was born in Jonesville, Texas in 28 father,
Dr. Samuel Vaughan, was a wealthy country physician. Vaugharedvesated in local
public schools and by private tutors and in 1885 entered Tulane Utyyversere he
majored in physics. He initially wanted to pursue a medicaderabut as he became
interested in electricity and its application he then studiechén“Physical Science
Course” instead. Although his major was in the physical scienéasgghan studied
broadly; he was interested in philosophy, literature, and the problewohitien and
fossils. From 1889 to 1892, Vaughan taught physics and chemistryr@bagollege in
Mount Lebanon, Louisiana, where he became fascinated with geologakemhtology
and eventually decided to devote his life to the study of the eatigh@n made his first
extensive fossil collection, which included mollusks and corals, in Moebahon, and
in the summer of 1892, served as assistant to Dr. Otto Lercte Geologist of
Louisiana.

Having made up his mind to become a professional paleontologist, Vaughan
went to Harvard University in 1892, where he had already takemurge in botany in

° Helen Raitt and Beatrice MoultoScripps Institution of Oceanography: First Fifty Yeé&an
Diego: Ward Ritchie, 1967), 96.

1 Thomas G. Thompson, “Thomas Wayland VaughaNgdtional Academy of Sciences
Biographical Memoiy 32 (1958): 398-437.
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the summer of 1890, to take “all the lower division courses in biokdbthe courses in
paleontology, and several courses in geoldgyaughan received a Bachelor of Arts
degree from Harvard in 1893, and a Master of Arts degree in theyeaxtVaughan's
career with the U.S. Geological Survey began in 1894, when he was @mtoHarvard
as a nonresident Ph.D. student. He worked for the U.S. Geological Sasassistant
geologist and, in 1897, he had a chance to stay in Europe as gatdete the
International Geological Congress in Russia. Vaughan receivechtils &egree from
Harvard in 1903 with a dissertation titled “Eocene and Oligocenelofdhe United
States.”

While working for the Geological Survey, Vaughan conducted skvera
successful projects in places such as the West Indies, the #&aeral Zone, the Virgin
Islands, Puerto Rico, and the Gulf Coast Plains from Cape Cod toetkieavi Border,
which brought him fame especially among Washington D.C.’s sfitewiicle.!? He
became widely known as an expert particularly in the study of coral Bate many of
the projects that he was engaged in were done in connection withratiitions such
as the Smithsonian Institution, the Carnegie Institution of Washingtah,tlee U.S.
Navy, as well as several State Geological Surveys, Vaugbald build and maintain
strong ties to them, which later turned out to be a great asseeasor of the Scripps
Institution.

By the time he went to La Jolla, Vaughan was among the earpéople in the
United States who could be called an ocean scientist. In additibe fact that he was
an expert in marine geology and paleontology, Vaughan was also d#epdgted in the
science of oceanography. It began perhaps with his acquaintance with AleXgadsiz,
the father of American oceanography. In the early 1890’s, whenhdaugas still a
graduate student at Harvard, Agassiz asked him to “help him katiidéentification of
some of the corals that he had collected in his expeditions in Flandathe West
Indies” and, sharing the interest in the organism, they continueddke relationship
until Agassiz’s death in 19186.

Influences from European oceanographers also played some role ingshapin

! Ipbid., 401.

2 Ipid., 401-403.

3 T. Wayland Vaughan, “Response of the MedaliStienceVol. 83, No. 2160 (May 22, 1936):
475-477.
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Vaughan's ideas about oceanography. Vaughan knew Sir John Marnmanowned
British oceanographer, very well. He first met Murray in 1897%hat International
Geological Congress in Russia. The relationship with Murray lastét his death in
1914. This prominent oceanographer, who had participated DhakengerExpedition,
must have been a major source of inspiration for Vaughan on oceanogsspieis:*
Especially in 1911, when he came to the United States to delw@morial address on
Alexander Agassiz in Cambridge, Murray spent several month&/ashington and
Vaughan met him “almost every day.” During his stay in tingéd States, Murray tried
to arouse among American scientists interest in oceanogragghwanted, in particular,
to encourage the Americans to begin the study of “the westo$ittee North Atlantic
which would conform in method and be contemporaneous with the investigdtains t
were being conducted on the east side of the North Atlantic unéeauspices of the
International Council for the Exploration of the Sea and with thekwadr such
distinguished Norwegians as Helland-Hansen, Fridtjof Nansen and others.”

Vaughan was among the “group of 25 or 30 scientific men inésrest
oceanography” who invited Nansen to a dinner at the Cosmos Clulmuaryal918
during his visit to Washingtotf. Nansen emphasized the need for “the intensive study
of oceanic circulation” in the United States. According to Vaugtienefforts of Murray
and Nansen did not bring about immediate results. However, their indllcamtinued
among the small group of Americans and would later prove instrumantthe
development of oceanography in the United States.

Since he was a graduate student, therefore, Vaughan had constamily bee
exposed to the influences of prominent American and European ocearnstciant
became deeply sympathetic to their claims on the need for eapragf oceanographic
research in the United States. Therefore, it was no coincideat&/dughan came to
Ritter's mind as the best candidate for the Scripps Institutdirestorship when he was
hunting for an appropriate person to succeed his enterprise andpdisbotine mission
of building the first American oceanographic institution.

* Ibid.; Thompson, “Thomas Wayland Vaughan,” 401.
!> Vaughan, “Response.”
% bid.
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3. Oceanography as Earth science: Vaughan’s Concept of Oceanography

Soon after coming to the Scripps Institution for Biological Reteas its
second director, Vaughan clarified his understanding of oceanogiaphgtocument in
which he openly proclaimed his policy on the institution’s operation. Vatgjhancept
of oceanography significantly differed from that of Ritter and, ,thbat document
suggested that the institution’s program of research would lookdi#eyent under the
new director. Vaughan’s definition of oceanography clearly slabiue strong influence
from his background in geology. He understood the science of the ocearthigom
perspective of an earth scientist. Vaughan thought that

Oceanography, as its name implies, is the study of the oceajT]he .
ocean must be considered in its relations to the other matehath
collectively constitute the earth—that is oceanography is ongheof
earth sciences and needs to be considered in its relationghe ather
earth science¥.

To geologist Vaughan, oceanography was a part of earth scsamoe the ocean
constituted a part of the earth. Hence, his approach quite natarafihasized the
relationship between the sea and the other parts of the eanths la typical way of
thinking for most geological scientists as they had long been awfatbe close
relationship between the geological phenomena taking place under the sea ad on la
It did not mean, however, that Vaughan thought geology of the sea to bécequal
the whole of oceanography, or that marine geology, or geologieahography, was the
most important part of oceanography. He believed, instead, tloatién to understand
the ocean fully, every aspect of the sea had to be studied byseixpeaich field. That is,
physics, chemistry, biology, and geology of the ocean all had stuldeed on an equal

' T. Wayland Vaughan, “The Scripps Institution—Its Present WorlO@eanography and
Suggestions for Its Future Development” (1924), Records of the(Bii©e of the Director
(Vaughan), 1924-1936, Scripps Institution of Oceanography Archives, idityvef California,

San Diego.
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footing.

Oceanography is not a science within itself, but depends upon the
fundamental sciences of physics, chemistry, and biology for the
interpretation of the phenomena exhibited by and within it and
associated with it. The ocean, therefore, may be looked at in severa
ways, and for convenience | am recognizing in oceanography four
branches, which are not independent but are coalescing, even matted
branches. These branches are (1) the physics of the sedhe(2) t
chemistry of the sea, (3) marine biology, and (4) geologic oceapiogr
How these different aspects of oceanography are interwoven Bb a
form a network will now be indicated and the close interrelatiohbail
made clearer in subsequent parts of this statetfient.

The ocean is a complex system which is well beyond the reaelsedrchers of just one
scientific field. Therefore it was necessary that scienfisim several different fields
study the marine natural phenomena with the knowledge and methodolodlesrof
main fields. In Vaughan’s framework, physical, chemical, and gaalbgceanography
and marine biology were to be the four branches, each having i@rddistinct from
the others but at the same time closely interconnected. Rlesgancthe four branches
would eventually form a “network.”

Vaughan’s definition of oceanography and his distinction of the sulziea
were radically new to the Scripps Institution, the organization oflwhias still based
on the Ritterian concepts. The institution was basically a mhrotegical station where
study of marine organisms occupied the central position and phgsichi of the sea
was secondary. As a biologist, Ritter could not but think of mdnalegy as the core
part of oceanic science. Even though Ritter wanted to enlarge yhiegdloceanography
program at the Scripps Institution by changing its name, itams to raise it to an
equal status with marine biology and not to exceed it. And Ritteiyhaver mentioned
chemical and geological oceanography separately. He probaluythese¢erm physical
oceanography, or hydrography, comprehensively to include chemicayemidgical

% bid.
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study. He gave little, if any, attention to the geology of thewdmor and the chemistry
of seawater during his entire directorship. Ritter pursued thecameection of biology
and oceanography, or of biological and physical oceanography, dmsl mamnd, unlike
Vaughan's, there were only two branches of oceanography, notHouto the new
director, chemistry and geology had equal weight with physibsotgy, which made it
impossible for marine biology to dominate the other fields. Thezeftmie most
conspicuous outcome of the new director’s ideas was lowering ohenarology’s
status within the institution’s research program. Biology, wiughstituted more than
half of the Scripps Institution’s scientific program now came to occupyamgyfourth!

It should not go unnoticed, however, that Vaughan’'s idea was not in total
disagreement with that of Ritter. Although Vaughan’s understgndf oceanography
had a very different outer appearance from Ritter’s, it ptiisessed some fundamental
features of his organismal philosophy. Ritter emphasized thataalkeoff science—
biological science, in particular—had to be the understanding obrijnism as a
whole!® Scientists should study parts of an organism, but they nonethelesgo pay
more attention to the interconnectedness of the parts and tlagionship to the whole.
In a similar vein, Vaughan’s research program of oceanograptphasized that the
different aspects of the oceanic phenomena were all connectbd. dbdve passage, he
wrote that the four “different aspects of oceanography areniaten” and that there
exists “the close interrelation” among thémAlthough Vaughan clearly distinguished
the four branch fields of oceanography, he did not see the distinctioatasal or
immutable. Instead, he recognized the four oceanographic branches “fonly
convenience.” The different aspects “form a network” and thisrenhnected and
closely “interrelated” network is the ultimate goal of oceaapgy. While assuming the
need for the branches for practical reasons, he never lost sitjl@ ofean as a whole.
Overall, Vaughan’'s attitudes and his way of thinking conformed w&h Ritter’s
“organismal conception of life.” It was in a sense an orgarisaception applied to
the ocean as a whole. In this respect, Vaughan certainly dinarptedecessor’s holistic
and organismal philosophy, which must have made Ritter satisfied.

How did Vaughan come to have such ideas (mainly the division ofotire f

19 Ritter, Unity of the Organism
2 vaughan, “Scripps Institution.”
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branches), then? The first thing that we can turn to is his broadtiedatdackground.
He himself had studied a considerable amount of physics, chenbstiggy, and
geology. As mentioned above, Vaughan studied in the Physical 8sipnogram and
majored in physics at the Tulane University, where he also stsdie@ biology and
geology”* He even taught physics and chemistry at a junior collegéhfee years. At
Harvard, he took a substantial number of biology courses as wekmag geology and
paleontology courses. Moreover, as a paleontologist whose main sepgds in the
field of coral reef studies, he was familiar particularlyhwbiological and geological
oceanography and felt the need for some knowledge of physical and chenticakfea
the sea. As a result, Vaughan came to know something about all theataral science
fields relevant to oceanography and, from the years of his gpgrience at sea, had a
firm belief that all of them were necessary in understanding the ocean.

We can also think about the influence of the British oceanograjaldiition on
Vaughan's thinking. Sir John Murray, who certainly played a grelat iro shaping
Vaughan’'s oceanographic ideas, was a core member of the fa@aitenger
Expedition’s scientific staff. He had been on board H.MChallenger from the
beginning of its voyage in 1872 until its end in 1876, and later became the director of the
Challenger Officé? Moreover, after director Wyville Thomson’s death in 1882, Murray
became responsible for tiehallenger Report. The monumental expedition aimed to
investigate “all aspects of the deep sea” andCih@lengerReport included “all that was
known on their subjects at the tinf8."It means that the Challenger scientists tried all
the possible approaches in their scientific work at sea.fAfaaghan’s four fields were
scrutinized in the report. Although, as Susan Schlee noted, the expeditintributions
to physical and chemical oceanography were relatively medgan compared with its
accomplishment in the other two fields, Murray must have reallzedmportance of
physical side of the ocean later. He participated as a British delegae early phase of
the international cooperative investigation of the North Sea, which Wateiddevelop
into the International Council for the Exploration of the Sea ([CEB8d must have
known about the great achievements the Scandinavian scientists haoh riredield of

2L Thompson, “Thomas Wayland Vaughan,” 400-401.

2 Susan Schle@he Edge of an Unfamiliar World: A History of Oceanografiigw York: E.P.
Dutton, 1973), 107-138.

% Ibid., 107, 126.
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physical oceanography since late nineteenth century. It iseftiney natural that
Vaughan inherited that aspect of the British oceanographic tnadigst exemplified by
the Challenger, and it must have played some role in the formihg awn idea of
oceanographic research characterized by the four branches.

There was yet another reason for Vaughan to take this modehtiyedRunning
the Scripps Institution according to Ritter’s idea of oceanograjghd inevitably mean
that there would be only a small, if any, room for his own field,@goal oceanography.
Ritter emphasized marine biology and physical oceanography, bardig mentioned
the need for marine geology. Revealing of Ritter's neglechafine geology was the
fact that never in the past had any geologist been engagedppsSoesearch project. In
order to secure a proper space for this invaluable part of ocephggrand also for
chemistry, Vaughan had to replace Ritter's narrow program histbroader one. Only
the idea that every aspect of the sea, i.e. physical, biologhehical, and biological,
should be studied in oceanography would ensure the execution of more baadced
comprehensive oceanographic research. In this respect, it waslitethat Vaughan
would lay out the four-branch plan for the Scripps Institution’s pragraf
oceanographic research as well as its organization.

4. The Department of Oceanography of the University of California

At a conference on physical oceanography held in November 1925, Vaughan
stated that “under the directorship of Doctor Ritter important researcloesanography
other than those of purely biological significance had already dgated.”* Yet,
“certain administrative and scientific adjustments” had to be nadie institution
“because of the change in its scope and policy.” During almost teus wence he took

% Vaughan, “The Oceanographic Investigation of the Scripps Institafi@ceanography, with
Special Reference to Marine Hydrograptiilletin of the Scripps Institution of Oceanography
12 (1926): 3-13. It was presented at the Conference on the Physieahography and Marine
Meteorology of the Northeast Pacific and the Climate of theahfegtart of the United States on
November 6 and 7, 1925.
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office as director of the Scripps Institution in February, 1924, Vaugadmrmade some
revolutionary “adjustments,” the kernel of which was to enhanceotieanographic
fields “other than those of purely biological significance.”

In order to rebuild the Scripps Institution, the first thing Vaugbetnout to do
was to reconstitute its scientific staff according to his e Vaughan’s new policy
required active research in all the four branches of oceanggrayich would be
possible only when the institution possessed enough able workers in each branch. Yet the
reality was far from that as there were, at that time at Scrippsra biologists and only
one physical oceanographer, George F. McEwen. There was nacahenganographer
or geological oceanographer, except for Vaughan himself, onctifg$ staff. The first
official decision director Vaughan had to make, therefore, twaiind a chemical
oceanographer who would be able to build a chemical oceanographgmribgt would
be strong in itself and, at the same time, operate in harmathythe work of pre-
existing branches. His choice was Erik G. Moberg, who had been worlosty with
McEwen at Scripps during Ritter’s last years as a gradassistant. Moberg was then a
Ph.D candidate in the Department of Biochemistry at Berkeley anded¢eived his
degree in the next ye&r.He was one of the first American chemical oceanographers,
and his role at the institution during Vaughan's years woulddmeandous both in his
own field and as an expert in working at sea.

By successfully hiring a suitable chemical oceanographer foingtéution,
Vaughan managed to take the first step toward his goal of ma&rpp$S oceanographic.
Moberg'’s joining the Scripps staff meant that his picture of the fesearch branches
was beginning to materialize. Now the institution came to haveasat bne staff member
in all the four oceanographic branches, with physical oceanogriateren, chemical
oceanographer Moberg, biological oceanographer Winfred E. Allen,ganbtbgical
oceanographer Vaughan. Scripps also had Percy S. Barnhart, curatpraoium and
collector, and as non-resident staff member marine zoologistnC@lviEasterly of
Occidental College (who died in 1928).

Vaughan's job with the staff included not only adding new memberslbat
eliminating those who did not fit in his scheme. Wesley Clar@raadall had been with

% Raitt and MoultonScripps Institution85-86, 100.
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the institution since the summer of 1911 when he had conducted the skely35f He
was instructor of biology at the San Diego State Normal School ébgbaming the
Scripps staff in February, 1913 as business manager. For over a,dechdd been the
most devoted worker of the institution in charge of business mattestema the
institution’s shipAlexander Agassizmanager of the institution’s laboratory buildings,
cottages, and grounds, and at times even took care of Ritter's gaxdl&umner’s mice.
He also participated in the war effort during the World Waladeelp expert, and in
subsequent years was a member of the “Committee on Conservaticarioé Mife of
the Pacific” of the National Research Council. Despite thednelous work Crandall
had been doing for the institution, however, Vaughan thought he could manage both
scientific and business matters of the institution himself andthieaoffice of business
manager was unnecessary. Crandall resigned at the end obAgilecame a business
agent for Ellen B. Scripp¥.

The problem with biologist Francis B. Sumner was more compliclieavas a
prominent scientist widely known at the national level. He wabkaittime the only full
professor of the university among the Scripps staff members tivethexception of
director Vaughan. He was a member of the National Academyieh&s. He even
served as Acting Director during the period of six months when tieetdiship was
vacant because of Ritter and Vaughan’s travel to the Pd8dience Congress in
Australia? Yet his research did not fit well into Vaughan’s new oceaauiy program,
since it was purely biological and in no sense was relatdgetodean. Sumner’s project
was a breeding experiment of field miPeromyscuswith which he wanted to solve
important problems of genetics and evolutidrit was a long-term and very expensive
project and Sumner had been spending a considerable amount of money meiE.Si
W. Scripps, who had always been interested in population problems ancaspeietis of
biology, was very much interested in this study, he created aakpaud for Sumner’s
work. In the 1910’s, when Ritter did not want to confine the institigisnbpe only to

?® bid., 61-100.

" bid.

28 |pid.; William B. Provine, “Francis B. Sumner and the Evolutign8ynthesis, Studies in
History of Biology 3 (1979): 211-240.

% For a general overview of Sumner’s work Beromyscussee Francis B. Sumner, “Modern
Conceptions of Heredity and Genetic Studies at the Scrippsitias,” Bulletin of the Scripps
Institution for Biological Researcl3 (1917): 2-24.
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marine biology, Sumner’s work was highly valued and it could become of the
mainstream researches at Scripps.

Sumner must have been the person at the Scripps Institution mostneachce
about the new direction Ritter and others had chosen for its futureaklevell aware
that his research was quite apart from the rest of the prgeictg on in Scripps, and he
knew that his project did not match well with the institution’s reekection. Thus, he
could certainly foresee the difficulties that he was soon te &fier Ritter’s retirement.
During his term as Acting Director, Sumner once remarked,

There is doubtless need enough for an oceanographic institution, of
perhaps international scope, and it may well be that the Scripps
Institution has been wisely chosen as the nucleus of such an
organization. But it may be permissible to say, in conclusion, that i
such a course is adopted there will be left a great gap tdlde fiVe

shall then need a new institution which shall be in the words of our
Regents, “an instrument for the most liberal biological mesgaone in
which the problems of biology are kept in the foreground, and where
the material for study may be chosen without reference &theh it
chances to be marine or terrestrial in its haBitat.

Sumner was certainly right in expecting a difficult timetlasre would be no room for
his study of terrestrial animals at the renewed Sciipgtftution. Vaughan made it clear
that he did not want this far-from-oceanographic work to be donesinnktitution.
Vaughan, who was not a total outsider of biology, was not ignorant ainfhartance of
Sumner’s work, however, and wanted it to be continued somewhere elsauaN
tried to move Sumner’s chair to the Zoology Department at Beylaaid to transfer his
fund to the general budget of the Scripps Institution. To VaughanisagisSumner’s
transfer to Berkeley did not happen and Sumner could remain in la $olmner,
however, could not continue tieromyscustudy at the oceanographic institution if he
were to remain as a member of that scientific community. Belgrto the Scripps staff,

% Francis B. Sumner, undated speech preserved in SIO Archives fiGite Raitt and Moulton,
Scripps Institution99.
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he now had to contribute to the institution’s oceanographic programdeaided to
begin a new line of research—physiological study of fish. ¥ vagher a returning to his
old work as his main field had been marine biology before cortonthe Scripps
Institution in 1913 for th@eromyscustudy>*

As the Scripps Institution was now being transformed from bichbgio
oceanographic, its place within the University of California ttabe changed as well.
One thing that Vaughan noticed as he assumed the directocis wffis that Scripps had
not maintained close relations with the several departments olUtinersity of
California whose scientific interests overlapped with those ofnitéution. He believed
that the relationship had to be restored, or newly formed, and thas i&wrucial job in
placing the institution properly within the whole university systemughan wrote to
President William Wallace Campbell on March 11, 1924:

Besides the matters above indicated to which | think we should give
consideration, the relations of the Institution to the neighborhood in
which it is situated and to the University faculty need to besrgiv
attention. It is my belief that steps need to be taken to maleotitacts
between the Institution and the people in San Diego and La Jolla close
and there should be cordial cooperation between a number of the
University Departments in Berkeley and the Institution. For some
reason, which | do not understand, the Institution seems to have lost
contacts both with the local and University people. It may recainge

time and tactful handling of these matters in order to bring atheut
desired relation¥’

Vaughan expressed similar concerns to other people such as Géaded zoology
professor and the former Assistant Director of Scripps, and Wattes Hart, Dean of

the University. To Hart, Vaughan wrote:

There should be close cooperation between at least four or more of the

31 Provine, “Francis Sumner,” 211-214; Sumner, “Discontinuance of ¢hdolla Peromyscus
Program,”ScienceVol. 72, No. 1871 (Nov. 7, 1930): 477-478.
32 | etter from Vaughan to W. W. Campbell (March 11, 1924), SIO Records of @irect
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different departments. There are the Departments of Zoology, Botan
Geology, and Biochemistry. In some of the oceanic problems we should
have the assistance of the Departments of Physics and Qfyeiadso

wish to take up with the Department of agriculture some of the
problems of soil physics which are not greatly different from the
physics of marine sediments.

He particularly mentioned in his letter to Kofoid William A. 8&tll and Nathaniel L.
Gardner of the Botany Department, who had been conducting studiesioé plants
for many years. Vaughan was interested in “the work by [Bsofe Setchell] and
Professor Gardener on Marine Algae” and asked them to “utilize fagdities as the
Scripps Institution has to offef* Setchell and Gardener had been working on
microscopic marine plants for some years yet, strangely énthgr work had not been
done in any relation to the Scripps InstitutfdnTying their work to Scripps seemed
necessary to Vaughan as he intended to make his institution a center eatbgraphic
work done in the University of California.

Vaughan might have had more in mind when he proposed the idea ohglrawi
those Berkeley departments into the affairs at La Jollap@crhad had a special
relationship with the zoology department, and when Vaughan sougtiuddré as an
independent scientific and administrative unit of the Universit@alffornia it certainly
was a burden. Having been founded by the members of the zoology depattraent
Scripps Institution and its predecessor, the Marine Biologisabgiation of San Diego,
had been subsidiary to the zoology department in some ways.ltrfgadeen a summer
laboratory of zoology professors and researchers, providing them \atibiea chances
to work on marine life as well as cottages to stay in. Tlkedgtep to overcome the older,
unequal interrelationship was to remove the zoology department ifsohong-held
position as the institution’s main sponsor and to make it just orsewaral related
departments at Berkeley. The new relationship of “close cooperatitnthose several

¥ Letter from Vaughan to Walter M. Hart (March 12, 1924), SIO Recordsretr.

3 |etter from Vaughan to Charles A. Kofoid (March 6, 1924), SIO Records etDi

% Peter Neushul and Zuoyue Wang, “Between the Devil and the DeepCSéa Tseng,
Mariculture, and the Politics of Science in Modern Chitsig, 91 (2000): 59-88. See pp. 64-66
for Setchell and Gardner.
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departments, including the zoology department, would certainly contrilouténe
ultimate emancipation of Scripps from its old patron, and of oceanography from biology.

It was a necessary step for Vaughan's plan for the Scripgttution of
Oceanography to acquire its proper place within the university.néasynew science,
oceanography, had to be an independent science that deserved a ptdcetiv,
already established scientific fields had long been emjpyithe status of a university
department. Vaughan continually called his institution “departmentefnography of
the University of California,” which had to be located in laddla] and not Berkeley,
because of the peculiarity of the sciefta/aughan’s idea of making Scripps a virtual
“department of oceanography” was a natural outcome of his concegeahography,
which demanded that oceanography should be a science of the sea ameratptof
marine organisms. Having close relationship with the seven depastineBerkeley,
including zoology, would fit very well with Vaughan’s idea that oceaaplgy was a
field consisted on its branch fields. In this respect, the Schipgtution’s special
relationship with the zoology department was, for Vaughan, den flesirable, and he
had to struggle for some time to break that tie.

The official name change did not automatically grant Scrippsntiheppendence
from the zoology department, although there was no formal tie betiveen Members
of the zoology faculty, especially Charles Kofoid, who had contributedfisi@ntly to
the founding and management of the institution, still considered it tochmsa kin to
their department. The disparity between Berkeley and La Jokafws exposed in
November, 1925, when Vaughan expressed his strong objection to the canpufsa
Scripps graduate student’s dissertation committe¥aughan was informed of the
decision on George F. Sleggs’ graduate council, which was constfused professors
of the University of California—Kofoid, Samuel J. Holmes, GeorgeL8uderback,
Joseph Grinnell, Jacques Loeb, and Vaughan. These committee mamieefsom the
departments of zoology (Kofoid, Holmes, and Grinnell), geology (Louderpack)
physiology (Loeb), and the Scripps Institution of Oceanographygi\éan). When
Vaughan was informed of the decision he was enraged at thbudistn of departments
to which each professor belonged. Vaughan immediately responded g woitthe

% For instance, see Vaughan, “Scripps Institution,” 14-15.
37 Letter from C. B. Lipman to C. A. Kofoid (November 27, 1925), SIO Records etir.
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Dean of the Graduate Division that, “[tjo say that | am astedidy the copy of your
letter dated November 27 to Professor Kofoid is a mild expression of nmge&f He
noted three things that he thought unreasonable. First, the commaseeverloaded
with zoologists (three out of six); if three zoologists weréb¢oincluded, then three
members of the Scripps Institution had to be there, too. Second, pralsmatic if
Kofoid was to become the chair as the decision indicated. The eminad to come
from neither the zoology department nor the Scripps Institution. Fireathpong the
listed professors, only geologist Louderback was familiar wiike Institution’s
development since Vaughan's arrival and, thus, Vaughan wanted to seensolike
biochemist C. L. A. Schmidt, microbiologist K. F. Meyer, or botanistssd@er and
Setchell instead of the ones in the list. Vaughan thought that aediata action was
needed and he proposed a meeting in Berkeley with some influentigharse of the
university including two colleagues, two deans, and the University’s vice ené3id
This episode shows well how sensitive Vaughan was to the escastuence
from the zoology department and the attitudes of the univerdityngstration which
took it for granted the intimate relationship between the two. Owttier hand, it tells
us of another aspect of Vaughan's strategy as a newly appoictiggpsSdirector who
came from outside the university. It is interesting to sealifference between the two
groups of Berkeley professors that Vaughan preferred and disBlesibes the fact that
the proposed committee consisted of too many zoologists, the membeosishpvi
differed from those not included in terms of their former relatigpsskith the Scripps
Institution. Kofoid and Holmes were early members of Ritterarine biological
activities. Grinnell, director of Berkeley’s Museum of VertébrZoology as well as
zoology faculty member, shared much of Ritter’s scientifialsl@nd had long been his
close colleague. Loeb, who did not participate in the work ofpfsridirectly,
nevertheless was renowned for his work in marine biology done at Woods Holaie Mar
Biological Laboratory. Therefore, considering that Sleggs’ méeid was marine
biology, or biological oceanography as Vaughan would have preferredprisétution
of his committee was, in a sense, quite reasonable. It also didgiettnine idea that
knowledge of marine environment was indispensable for the study ofen@mganisms

¥ Letter from Vaughan to C.B. Lipman (December 2, 1925), SIO Records of Director
39 Letter from Vaughan to G.. D. Louderback (December 3, 1925), SIO Records @bbire
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since two geologists were included—Louderback and Vaughan. Iparasps the best
combination of experienced experts to advise on Sleggs’ grads&t@rek in marine
biology, considering the practical difficulty of gathering at ongcelthe people from
Berkeley and La Jolla.

The other group, on the other hand, was constituted of those people wiat did
have previous ties to the Scripps Institution until Vaughan’s aratvte University of
California. In order to transform Scripps from a biological to amraanographic
institution, it was necessary for Vaughan to make connectiahstiose people whose
academic expertise was related to the ocean but not dinectigrine biology. In other
words, they were Vaughan’s chosen men who would replace the otdmngaf Scripps
in Berkeley, the majority of whom were at the zoology departmdray Tvould block
unnecessary interference from the zoology department, support Yegigha
oceanographic program, and assure its success. In this résnegitan had reasons to
be discontent with the proposed committee, and it was more a powgglstthan a
purely academic concern for his student. It was a good occasiohefaretv director
Vaughan to display his power over the academic and administraters of his
student and, hence, his institution’s independence from the zoology department.

In order to make the Scripps Institution a department of oceaiogrthere
was more to be done than to confirm its institutional independenba\hie university
structure. There were certain things an academic departmerio lreve. Until then,
Scripps was heavily research-oriented, and its educational funetas almost
negligible. Ritter emphasized learning through research, and gratudéants interested
in marine science worked as assistants to the Scripps rstaffbers. Scripps was
basically a research institution and it offered no formal couMeseover, Ritter was
never interested in the education of undergraduate students who negluolaie to his
institution and did not give them any guidelines for study. The studeaturchers and
assistants working at Scripps, therefore, usually did not have backgnound
oceanography nor comprehensive knowledge of scientific fields dtaartheir major
field. In most cases, they had completed the scientific courseimotkeir home
department in Berkeley before coming down to La Jolla where they wouldjbgezhin
more specific research. No degree was conferred through Scrippsherstutients
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would receive their graduate degrees from their home departffients.

Things had to be different at the new Scripps, which was to egatment of
oceanography. Students needed to enroll in Scripps’ academic mpraegih earn their
degrees in oceanography. Academic curriculum had to be arramgedoarses in
various aspects of oceanography had to be opened there, althouamgh necessary at
times to send the students to Berkeley to attend certain courses. Vaugha@didutte
courses in the four oceanography branches were opened and taught loyighe S
faculty members according to their specialties. The first doctoral @l@greeanography
(biological) was conferred in 1930 to Ancel Benjamin K&y&aughan also set the
undergraduate requirement for future applicants to the Scripps’ gegquhagfram. There,
his ideal for the emerging field of oceanography and its stusegsvell reflected. As a
prerequisite for graduate study at Scripps, students weretedpichave studied “4
years in physics, 2 years in chemistry, 4 years in mathesnatid mechanics, 1-1/2
years in botany, 1-1/2 years in zoology, 1 year in paleontology, theagenti of 2 years
in geology and 1/2 years in mineralogy” according to Vaughiaitisl schemée'? The
students who fulfilled this requirement would be perfectly prepéve advanced study
in all aspects of oceanography, not just one. They would be more tikddgcome
proper oceanographers in the future, and not narrow-sighted marine di®lagi
hydrographers, who could not grasp the big picture. This requirementgaasrned
somewhat by my own undergraduate college experience,” Vaughéessed® Indeed,
he was an unusual oceanographer at that time, who could understaratkigning on
in all the four oceanographic fields, and he attributed this téohmser education. The
final version of the undergraduate requirement turned out to have gandrapecial
requirements. The general requirement included five courses in matbg two
courses in chemistry, four courses in physics, one course in palegnmmom a
biological science, totaling thirty four credits, as well asdneg knowledge of scientific
German or French. The special requirement was a major in oneoonkanation major
in two of biochemistry, botany, chemistry, geology, paleontology, phyg@ant or

0 For instance, Scripps affiliates Henry Homer Collins (1919)Raigh Ruskin Huestis (1924)
received Ph.D degrees from the zoology department and Erik Mdié&p) from the
department of biochemistry. Raitt and Moult&cyipps Institution192.
41 g
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2 Letter from Vaughan to Lipman (December 1, 1924), SIO Records of Director.
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animal physiology, or zoolodY.

While struggling within the boundary of the University of Califiarto create
the first American oceanography department at Scripps, Vaugkantreed at the
national level to make oceanography an established scientitipldie. He felt that
oceanography lacked something important that any establishettifscifield had to
have. At that time, there was no such thing as an oceanographid joutha United
States, and Vaughan was deliberating on the possibility of publighnegat the
University of California under the control of the Scripps Ingbtut Henry Bigelow, in
his response to Vaughan'’s tentative proposal, described clearly that sitnatiassarted
the need for a journal on February 25, 1924:

The plan of starting a series of oceanographic publications at the
University of California is an excellent one. There is no mediuthis
country when the very various subjects proper to oceanograplslican
be brought together: nor in Europe, either, unless the “Int. Revue
Hydrogr. & Hydrobiol.” is brought to life again. . . . It would beal
vastly helpful if you could run a brief reviewing sectin.

In January of 1925, Vaughan went further with that idea. The Scripfisitios
had been publishing tHgulletin of the Scripps Institution for Biological Reseasthce
1916, where authors wrote mostly plain and comprehensive articles fpuighese of
propagating the work done at Scripps. Therefore it was not a giafat journal in
which oceanographers at Scripps and elsewhere could publish their recest
scientific findings. In the pasthe University of California Publication in Zoolodpad
served the function that Vaughan was considering. It had certaimyabgeod place for
the Scripps scientists to publish their work when the institutmmsisted mostly of
biologists. Ritter and Kofoid were its longtime editors and thigeseoften contained
“Contributions from the Laboratory of the Marine Biological Assboraof San Diego”
and, later, “Contributions from the Scripps Institution for BiologiRakearch.” But for
the new Scripps Institution, thBublication in Zoologywas far from satisfactory,

** This requirement appeared in Berkele@eneral Catalogue See, for instanceGeneral
Catalogue(Berkeley: University of California, 1934-35), 320-321.
5 Letter from Henry B. Bigelow to Vaughan (February 25, 1924), SIO Recordseaft®i
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although it was still useful to some degree for the Scrippsnmdiologists. Those
whose main field was physical or chemical oceanography, such as Mcad/&folerg,
published in the Publication in Zoology only the articles that hadtdimgslications for
marine biology.

Vaughan wanted to found an oceanographic journal that would not only replace
thePublication in Zoologyor Scripps members but that could become a national journal
for all American ocean scientists, thus bringing togethethall oceanographic work
done in the country. It would be catalytic to the unifying of tregteced work related to
the ocean under the umbrella of oceanography. In order, first, soguer the president
of the university W. W. Campbell of the urgent need for the dawersity of California
Publication in Oceanographwaughan tried to get opinions of experts. He sent letters to
a dozen prominent American scientists who had done significant wéatedeto
oceanography?® As Bigelow described the current situation of American
oceanographers, they strongly sympathized with Vaughan and enabursgelan.
There was one exception, however, whose basis for the objectiorhata8nerican
marine scientists already had to read so many scientifingtsjrsuch as the ones in
geophysics, geology, physics, chemistry and biology, and that publishirfteasoth
journal would only add more burden to their reading list. Now with gaeerally
favorable support from leading American ocean scientists, Vaugloameqated to the
university administration with his publication series project. dimbitious plan was not
realized in the form he had initially envisioned, but in a different shape. Rathey.than
Publication Series in Oceanography,was decided that the existirBulletin of the
Scripps Institution of Oceanographyould split into “Non-Technical” and “Technical”
series. The Latter played the role that Vaughan’s proposedgonenal was expected do
for oceanographef¥.

* Letter from Vaughan to G.W. Littlehales (January 26, 1925), Bé@ords of Director, was
one of them.
*" The technical series of tiBalletin of the Scripps Institutidnegan to appear in 1927.
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5. Forming a Network: Oceanography as a Cooperative Enterprise

‘Cooperation’ may be the word that best describes Vaughan&alskip at the
Scripps Institution of Oceanography. Oceanography itself wssnéally a cooperative
venture, the four branch fields of which had to be “interwoven” in aim@roduce the
full picture of the ocean. The study of only one aspect of théssegperfect unless its
relationship with the rest was properly indicated. The life afine animals could be
fully understood only if the physical, chemical, geological, and bicdgionditions of
its environment were known, for example. To achieve this end, oceanagriyatueto
work together, assisting one another. Vaughan also emphasized theatioopeith the
scientists of related fields, and at Scripps he did this by ngakaajor Berkeley
professors of biochemistry, botany, geology, and agriculture the suppaftehis
oceanographic program. They frequently talked with Vaughan,sedivion the
institution’s affairs, and often educated Scripps’ graduate students in threfredas.

Vaughan’s insistence on cooperation went beyond the boundary of tpesScri
Institution of Oceanography, and the University of California, tos.gtevious career in
Washington D.C.’s scientific circle gave him major impetoisthat direction. Having
started working at the U.S. Geological Survey while he wdsasgtaduate student at
Harvard, Vaughan spent about thirty years there, frequently asxbuwiah other federal
agencies such as the Smithsonian Institution, U.S. Coast and GeSdet&y, the
Navy's Hydrographic Office, and the Carnegie Institution of Mfagton?® Vaughan's
personal relationship with the major figures of these institutr@hged him to form the
cooperative connection between Scripps and those institutions. They usieallywhat
Vaughan had been doing and what he was trying to do with oceanograghy a
understood the need for institutional cooperation in the study of this science.

Even before leaving Washington for California, Vaughan succeedednning
the first such connection with the U.S. Coast and Geodetic Survey. He avRreestdent
Campbell that “[b]efore | left Washington, | arranged with Colonel JahesDirector of
the Coast & Geodetic Survey, for certain cooperation between tBe Cbast &

8 Elizabeth N. Shor, “The Role of T. Wayland Vaughan in American ggaphy,” in M.
Sears and D. Merriman, ed®c¢eanography: The Pa@ilew York: Springer-Verlag, 1980), 127-
137. See also Thompson, “Thomas Wayland Vaughan.”
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Geodetic Survey and the Scripps Institutidi.”The relationship was reciprocal,
beneficial to both institutions. The Coast and Geodetic Survey widmstdime, engaged
in echo sounder research and was planning for an expedition with visy segssel
Guide which had the Sonic Depth Finder installed off iThe steameGuide was to
travel from New London, Connecticut, through the Panama Canalnt®i8go getting
continuous contour of the sea floor. Vaughan made the agreemenhei@oast and
Geodetic Survey that “the bottom samples and the water samplestemb on its
voyage” as well as “a copy of the temperature and depth réseeds to be given to the
Scripps Institutio™* The Survey also agreed to make “special observations and
collections” during their cruises upon the requests of Scrippsrobsea. On the other
hand, Vaughan promised “to let the Coast & Geodetic Survey haves adige salinity
determinations of the different water samples collected as pyoagpipossible.” With
this deal, the Scripps Institution could get valuable data and saofptes water and
planktons, without having the trouble of making its own expedition. The Suvesy
able to get the salinity results quickly with the help of tleepps staff. According to
Vaughan, “[tlhe Salinity determinations have been of much assistante Coast &
Geodetic Survey in the determination of the rate of propagation of seawes through
the water and in the standardizing of the sonic method of the deédioni of depth.”
On the other hand, the sonic method of determining position at seadnneea&de
stations, and one such station was established at Scripps. Vaugbaagasd on
installing a tide gauge at the institution.

Similar cooperative relationships were soon formed with othertutistis as
well. Vaughan wrote to President Campbell on March 11,

You know that there is now cordial and | think fruitful cooperation

between the Institution and the U.S. Coast and Geodetic Survey. We
also have pleasant and helpful relations with the U.S. Bureau of Light
Houses, the U.S. Bureau of Fisheries, the Geological Survey, and the

*9 Letter from Vaughan to W. W. Campbell (February 21, 1924), SIO Records ofdRirect

0 SchleeThe Edge of an Unfamiliar Worl®@50-252. The Sonic Depth Finder was developed
by Harvey Cornelius Hayes in 1922. Hayes was working for the thBalNExperiment Station

in New London.

®L Letter from Vaughan to W. W. Campbell (February 21, 1924), SIO Records ofdbirect
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National Museum. | am retaining official connection with both the
Geological Survey and the National Museum. | hope that we may also
bring about similar relations with the Navy and several of thedisre

of the Department of Agriculture, including the Weather Bureau. The
relations with the Carnegie Institution are most cordial and | Hogid

may see Dr. Merriam when he comes west next Week.

Cooperative work with such diverse institutions dominated the work of ¢hepS
Institution during most of Vaughan’s directorship. Vaughan coulg kes staff busy
with analyzing the vast amount of samples and data passed on byotitside
colleagues.

In addition to forming the network of cooperative oceanographic work with
government and private institutions, Vaughan had a bigger picture abnalati
cooperation in the country that bordered on two great oceans. Scripps haduaseng
the Pacific Ocean since it had become the first Americannogeaphic institution in
1925 with its name change. On the Atlantic Coast, however, therenwasuch
institution that was devoted purely to the study of the ocean wiflraatical purposes,
such as fisheries and navigation. In the 1920’s, there emerged péaplead the vision
of founding an oceanographic institution on the East Coast. Franklig, prbfessor of
zoology at the University of Chicago and director of the Marine Biologiabbtatory at
Woods Hole, initiated the establishment of the committee on oceanggddptihe
National Academy of Sciences in 1927The Rockefeller Foundation was interested in
oceanography at that time, and the committee had a good prospgtting financial
support for several private oceanographic institutions, including thy r@oposed
ones.

Vaughan's participation in the committee brought some financiakdar the
Scripps Institution. He was trying to build a new laboratory buildiagnly for physical
and chemical oceanography. In April, 1930, the Rockefeller Foundation pre\igaaD

%2 Letter from Vaughan to W. W. Campbell (March 11, 1924), SIO Records of @irect

*3 Raitt and MoultonScripps Institution 108-111; Henry B. Bigelow, “Report on the Scope,
Problems, and Economic Importance of Oceanography, on the Presatib&itn America, and
on the Handicaps to Development, with Suggested Remedies,” Répibit Committee on
Oceanography of the National Academy of Sciences, 1929.
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dollars for the building of the laboratory while the rest of the total amoum é@m the
State of California and Miss Scripps ($40,000 each). It was a pdisament for
Vaughan, however, since he expected more for his institution. Vaagkgoectation
was reasonable because the total amount of Rockefeller funds givAmerican
oceanographic institutions turned out to be tremendous. The Rockdtelletation
provided $50,000 for the Bermuda Biological Station for Research, and $265,@068 for
University of Washington’s proposed Puget Sound oceanographic institkborthe
Woods Hole Oceanographic Institute, $3 million was given for theitutieh’s
establishment, let alone the large amount that went to WoodsrHible following years.
The relatively small share for Scripps resulted partly friibie committee members’
general feeling that it was already doing well with thpport from the state university
and its private patrons such as the Scripps fathily.

Vaughan's intention with the committee was not confined to potdmieahcial
benefits for his institution, however. He truly wanted to see oceaply flourish in the
United States, and believed that it could only be achieved bylisktaent of
oceanographic institutions like Scripps on both coasts of the countrfjoanohg the
cooperative network among them. Vaughan did his best for the comraitéeeing the
director of the only oceanographic institution in the country, was, tntfae best person
to talk about the contemporary state of American oceanographisafudure. And he
was deeply interested in the plan for the new East Coagtiiwst for oceanographic
research. According to Raitt and Moulton, “Vaughan functioned as obmsiuttant in
planning the Woods Hole facilities, allocation of finances and progrand was
appointed to the original board of trustees.” It was reasonabl@rfoto be willing to
help the founding of a new institution, which might become a strong caorpef
Scripps. Considering the size of the Scripps’ scientific staffinfinancial capacity,
Vaughan's institution could manage to cover only a small path@fPacific Ocean.
Moreover, Scripps could hardly dare to participate in the studyeoAtlantic Ocean. In
that aspect, there was no reason for Vaughan to feel uncabiéowith the plan for a
sister institution at Woods Hole. Rather, it would be benefraalonly for Scripps but
for oceanography itself and the whole country. He was, on the other hatel, qui
confident of his institution’s superiority. Vaughan wrote to the WR€sident that “it

** Raitt and MoultonScripps Institution108-111.
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would be ten years or even more before the institution on the Ataold catch up to
where the Scripps Institution now i¥”

Vaughan's cooperative ideal for the progress of oceanograpbynot confined
within his mother country. Since the ocean is a complex systemcthdd not be
understood well by studying only a small portion of it adjacenteach nation,
cooperation among different countries that had the scientific yalddit intensive
oceanographic work was necessary. It was an idea alreddprosed by the work of
the International Council for the Exploration of the Sea (IGE®}¥ study of the eastern
part of the Atlantic Ocean. What Vaughan wanted to do as teetalirof Scripps was to
form such an international cooperative network for the study of thiéidP@cean. His
participation in the international oceanographic meetings begdf2a, years before
becoming director at Scripp8.At the Pacific Science Congresses, Vaughan tried to
enhance the cooperation among the member countries. After the second Congress held in
Australia, he wrote to McEwen,

While in Australia | succeeded in having first the Sectioebgraphy

and Oceanography and then the general Congress pass a resolution
looking toward a cooperative study of the surface temperatures,
salinities, hydrogen ion concentration, and currents of the PEacifi
particularly of the northern Pacific. . . . | did this largely tioe purpose

of bringing out and strengthening the investigations you have been
making in physical oceanography and the relation of oceanic momlit

to continental meteorology.

At the third Congress in Japan, in 1926, the International Committee on the
Oceanography of the Pacific was established and Vaughan seritscchairman for ten
years. This committee was instrumental in encouragingnoggaphic work in the
Pacific Ocean and with it Vaughan and others coordinated the workdbygeoup of

% Letter from Vaughan to W.W. Campbell (November 16, 1929), cited 8bor, “Role of T.
Wayland Vaughan,” 133.

% Shor, “Role of T. Wayland Vaughan.”

> Letter from Vaughan to George F. McEwen (October 19, 1923), aited $hor, “Role of
Wayland Vaughan,” 134.
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researchers from many countries, among them Australia, Japditippines, and the
United States. Vaughan participated in the first six meetofgthe Pacific Science
Congress.

As Vaughan had contributed to international cooperation for meassythere
was a general consensus among leading scientists that hehevasxgert on the
international aspects of oceanography. In 1931, the Committee ondgcaphy of the
National Academy of Sciences was engaged in a project to igatesthe international
aspects of oceanographic research. Lillie, among others, thoughMatigttan was the
right person for this job, and the Committee commissioned him to prépareport’

It was a time-consuming job as it required Vaughan to travel ardwendiarld to visit
centers of oceanographic work and collect information from thenmletd¢he Scripps
Institution for the project in August, 1932, and returned after fourteenths. The
report, International Aspects of Oceanographyhich was published in 1937 by the
National Academy of Sciences, contained content written by Vaughan ansi®0ther

Cooperation is the keyword in understanding Vaughan's oceanographlgeand t
Scripps Institution under his directorship. The ocean is vast both iphysical
magnitude and the complexity of its system, which makes it indeitar its human
investigators to collaborate. Vaughan was well aware of tlaracteristic of
oceanography, and thought it necessary to form an intemdiistial cooperation
network around the Scripps Institution in order for his limited numbexarkers to
carry out the grand task of disclosing the secrets of the @&tean. The close and
reciprocal relationship between Scripps and other federal and pngétations proved
not only a blessing, however. It was both strength and weaknessughara as the
director of an oceanographic institution.

%8 Raitt and MoultonScripps Institution117-118; Shor, “Role of T. Wayland Vaughan,” 134.

* T. Wayland Vaughan, et. al., ednternational Aspects of Oceanography: Oceanographic
Data and Provisions for Oceanographic Reseafd¥fashington, D.C.: National Academy of
Sciences, 1937).

121



6. Problems and Limitations of Vaughan’s Directorship at Scripps

In November, 1929, the Carnegie Institution’s nonmagnetic researsél vitee
Carnegie which had been designed specifically for geomagnetism studybuvas at
Apia, Samoa. It was conducting a three-year exploration of the Pac#en@md, at that
time, about a third of the planned cruise was done. Captain Jamep /Rdt,
commander of the ship and director of its scientific staff, anethe accident. The
destruction of theCarnegiewas a serious blow not only to the Carnegie Institution’s
oceanographic program but also to Vaughan and the Scripps Institagidhere had
been an arrangement between J. C. Merriam and Vaughan aboutpteeustiby the
Scripps Institution in 1931 and 1932. Vaughan had made plans for an intensive
investigation of the eastern Pacific Ocean, and had already begaise $120,000 for
the two years’ cruis&

The planned exploration on the Carnegie was an ambitious project very
important for the Scripps Institution’s research program asitld have been the only
such large-scale investigation of the open sea. During Vaughae&alship, Scripps
scientists seldom went to the open sea. Since 1917, when RitlethsoAlexander
Agassiz the Scripps Institution did not own a research vessel and onlypterSieer,
1925, could it purchase another one. In 1917, the institution’s staff wasyherayaged
in war-related efforts, and they could enjoy the full support fronoua government
agencies, both federal and state. In that situation, Ritter codféisasetheAlexander
Agassizwas “too large and expensive to operate for the particular phdake afarine
investigations we are now entering up8h.After Vaughan assumed directorship, he felt
the urgent need to buy a research vessel and purchased a forseesener, which was
then rechristened tHecripps The Scrippswas, however, a small boat adequate only for
coastal surveys and definitely ill-suited for work at open sea. &erguse of the vessel
was very limited since its operation heavily depended on Erik M&bexpertise. Other
Scripps staff members were not familiar with the work onSbapps and Moberg'’s
absence during the summers of 1929 and 1930 due to his research v@drrbgie

% Raitt and MoultonScripps Institution 113; SchleeThe Edge of an Unfamiliar Worl®65-
272.
®1 Raitt and MoultonScripps Institution91.
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made it inevitable that there were only few sea-going relsea done at Scripps in these
two years. Worrisome voices were beginning to be heard both wiitiroatside the
institution about the direction of Scripps under Vaughan.Jémmegieexpedition could
have calmed down such critics had it been carried out successfully.

Scripps oceanographers were busy doing their own reseahdvesyer, with
the data and samples collected by the cooperating institutionsugiit they had few
chances to conduct seagoing investigations. The data were vast and elage part
of the eastern Pacific. Temperature readings, water samapl@qlankton samples were
coming to Scripps from the ships of the Navy, the U.S. Coast and @e8detey, and
even some commercial ships, while lighthouses on the Pacific coléstted them on
shore. For the small number of the Scripps scientists and tkataamdés, analyzing and
drawing meaningful conclusions from them in a timely fashiorewet an easy task.
They were able to know enough about the parts of the PacifimQdszre the samples
and data were collected. The problem with this style of oceanogregd@arch was that
scientists could hardly design and conduct the data gatheringsprekactly the way
they wanted. First, the data given them were collected atrceads of the ocean and a
large part of the Pacific still remained untouched. Those shijesl smd collected data
along the main trade routes and, inevitably, much of the given datew$an
overlapped. Also, scientists wanted periodic observation since the coraditiocertain
area of the sea may vary greatly even in a same day nwrition seasonal and annual
changes. The best way to do it was to have the institution’svessel large enough to
conduct researches in the open sea.

Having been working mainly at the laboratories of the institutiomesstaff
members were feeling that the ideal of field sciencecapps was at stake. In the early
years of the institution, Ritter, then director of the San DiegaindaBiological
Association, made it clear that he and his colleagues inteiodpdrsue the study of
marine biology thoroughly as a field science, as opposed to mpsdl, laboratory life
science$? Going to the place where marine animals actually lived, and igagag
the physical environment as well as the organisms themselvegheeessential part of

2 For complaints over Vaughan's leadership, see Ronald Rainger, t4idap and the
Importance of Local Culture: Creating a Research School atSthrgps Institution of
Oceanography,’Journal of the History of Biology36 (2003): 461-500; John A. McGowan,
“Sverdrup’s Biology,"Oceanographyl7 (2003): 106-112.
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the research at the institution at that time, which the research stelfdoelo be the only
proper way to study marine biology. Now that the institutionisrgdic work was done
more in labs than in the field, those familiar with the oldestyf Scripps science,
especially biologists like Winfred Allen, were thinking that theras something wrong.
It was going against the traditional style of scientific pcactf the Scripps Institution.
Such a criticism added more pressure on director Vaughan.

As the demand for seagoing researches with the institution’s reaearch
vessel became evident, Vaughan realized that a new leadershipe@ded in Scripps.
As early as 1932, he began to talk about his intention to retirestartdd to search for
his successor. Vaughan, now in his mid-sixties, thought himself todbeld for taking
an active role in leading intense scientific investigationgat s 1934, he even became
ill with tuberculosis, which made it necessary for him to dtayne for six months.
Leaving Scripps may have been a good thing for Vaughan himselélagor another
reason. An active scientific researcher, he always felt uyhatppa Jolla where he had
piles of administrative duties as director, which interrupted hiswark in geology and
paleontology. When he was offered the position of Scripps’ director in h82&;cepted
it on condition that he should be “permitted to finish up his own oceapbigr
investigations.®® However, the duties of the institution’s director kept him from
spending a satisfactory amount of time on his own research antehecomplained of
it. Retiring from his position at Scripps, and the University off@alia, and going back
to his former position at the U.S. Geological Survey would certgiMg him what he
wanted. In the search process, a Norwegian oceanographed Har&verdrup was
finally selected and he took office on September 1, 1936. Vaughan’sige@adifornia
ended.

7. Conclusion

During his dozen years at the Scripps Institution, Vaughan accontgplishey

83 Raitt and MoultonScripps Institution97-98.

124



important things not only for his institution but for the science oaography in the
whole country. Before he went to Scripps, oceanography was hardly abilistsd
scientific discipline in the United States, with even its de@initand scope not clear.
When he left the institution, oceanography had become an acknowlsdgede just
like other scientific fields. Oceanography was firmly ingtdnalized, at least at the
University of California, as an academic field within the ursitg system having a
departmental status, and that could not have happened had it not b&emyland
Vaughan. During his tenure at Scripps, he did not confine education seatale in
oceanography within his institution and university, but tried torekthem to a wider
circle by playing a major role in building a national and international network.

How does a new scientific field become established and instiddized? What
are the conditions that have to be fulfilled before it can beas@entific discipline?
Certainly, there are several things that such new scieneestbachieve before they
acquire the academic, social, and political status that aleles fenjoy. In the case of
oceanography, it was Vaughan who began these things for thecrawe. Although he
did not make the decision to make Scripps an oceanographic institutieass e who
did the rest of the things there. Vaughan defined the sciemterexonstructed the
structure of the institution’s academic force. Scripps became mmhonly for marine
biology or hydrography but for all approaches to the scientifidysbf the ocean. He
added education to the duty of the institution thereby making it &eoésearch and an
education unit of the University of California. Thus, Scripps became fitlse
“department of oceanography” in the United States even though it tlidossess the
official title ‘department.’ Since the late nineteenth centuryensities had become the
foremost places for science, and scientists. Learned societests of princes,
government agencies, all of which once played important roles fontificie
development had been relegated to secondary places, and universitieamewoc
occupy the primary position in modern science. Therefore, acqu@rpigce within the
university system became a crucial step for a new sctencecome firmly established
in the modern world. The Scripps Institution existed as a part oUtheersity of
California before Vaughan, yet in a very different situatiomvas not an institution for
oceanography but for ‘biological research’ and it had an intime&ionship with the
zoology department in Berkeley. The credit for placing oceanograplayfirm footing
should, therefore, go to Vaughan and not to his predecessor.
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It is true that Vaughan’s pioneering work of institutionalizinggargraphy
largely was confined to the University of California, and it tsokne time before other
American universities followed the example. He and his colleaguiethe Scripps
Institution of Oceanography, however, represented American oceg@mygand the
presence of those oceanographers and their oceanographic institutionethfootn
scientists and lay people of the new scientific discipline. Talep represented the
American oceanographic community abroad by actively partiogan international
scientific meetings. With the activities of the Scripps ocgesqhers, and their
colleagues at other American oceanographic institutions such a$Vabes Hole
Oceanographic Institution which benefited from the help and adviceaafhan,
oceanography gradually became acknowledged as an established asatEme

Recently, historians of science have been paying attention to gcaphyp
during World War 1l and its aftermath emphasizing that it madgeat contribution to
the American war effort and that oceanography itself underwergulzstantial
transformation into a very different type of sciefitélhe tremendous amount of money
given to oceanographic research by the federal government, rtfosthgh the navy,
made possible the large-scale researches that were unthinkfée Bpecial emphasis
was given to military aspects of oceanography inevitably, sgusifferentiated support
to branch fields of the science. Physical oceanography, parlyjcuk@rine acoustics,
was the most useful field in connection with submarine and anti-suienasmrfare
against the German navy. The superior position of physical oceanograpmuedmtiell
into the Cold War period. These changes put an indelible imprint omageghy that
continues until the present and, thus, they are no doubt very importéet mstory of
oceanography. It is also important, however, to understand thatttiege during and
after the war could not have happened had oceanography not been inslizeticaad
established as a scientific discipline. Comparison betweenttreiens during the two

% See, for example, Rainger, “Adaptation and the Importance ofl l@akure”; Rainger,
“Science at the Crossroads: The Navy, Bikini Atoll, and AnsriOceanography in the 1940s,
Historical Studies in the Physical and Biological Scien&8s(2000): 349-372; Naomi Oreskes,
“Laissez-tomber: Military Patronage and Women’s Work irdd0th-century Oceanography,”
Historical Studies in the Physical and Biological Scien@&s(2000): 373-392; Jacob Darwin
Hamblin, “Visions of International Scientific Cooperation: Thes€af Oceanic Science, 1920-
1955,” Minerva, 38 (2000): 393-423; and Hamblin, “The Navy’s “Sophisticated” Puisiui
Science: Undersea Warfare, the Limits of Internationalesna the Utility of Basic Research,
1945-1956,1sis, 93 (2002): 1-27.
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world wars makes the point clear. Oceanographic knowledge didnakée a big
difference in the war effort during the First World War, and theps Institution for
Biological Research could provide expertise only in marine biotoginly related to
food production. American marine science in the 1910’s was not organired single
academic field and the government and navy did not know where to fintedued
scientific assistance. In addition to the obvious fact that thexszisvas much less
developed at that time, the poor state of ocean sciences did tpreeoea direct
contributions. Better organized oceanography could contribute more wathesearch
during the Second World War, and this organization owed much to Waylantiargsig
effort at the Scripps Institution. Without Vaughan, oceanography coulitlyhhave
reached the point of development by the time of the war wheoriitl actually aid the
Navy.
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CHAPTER 4

Building Oceanography on the American East Coast |: Henry Bjelow, the
National Academy of Sciences Committee on Oceanography, atite Woods
Hole Oceanographic Institution

In the mid-1920's, the Scripps Institution of the University of ©atia
successfully turned into an oceanographic institute during the ezatg wf T. Wayland
Vaughan's directorship. Soon after, a move to establish an oceanagragihiution on
the east coast comparable to Scripps followed with the aim oésgieg in the United
States major research institutions of oceanography on both the Raclfthe Atlantic
coasts.

Aside from the imbalance that existed within the United Stagééseen the two
coasts, there existed yet another dimension in the consideration tb abwéntral
oceanographic institution on the east coast. The fast developmentaiogcaphic
research in the European nations was probably the far more imptatémt in the
discussion on the situation of American oceanography. In northern Europe,lpdy,
oceanographic institutions formed a network for international cooperat order to
solve the problems of the North Sea fisheries. As early aktianineteenth century,
leading scientists in the several different countries arrivettheatidea that it did not
suffice for each nation to study only a small part of the odeatnittbordered upon, and
only by concerted efforts among neighboring countries could therfes problem be
properly tackled. Well aware of the developments going on at tm& ith Europe,
Americans felt that the United States was lagging behindutsepean counterparts and
that they had to do their share of oceanographic work on the other diue Aflantic
Ocean. They thought that better knowledge of the Western Atlamiich could be
achieved only by more active American participation, would enablesthentific
understanding of the whole ocean system.

Considering the apparent gap in the region, at both national andatidesat
levels, therefore, it is not so difficult to understand why tharelé® improve the
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situation arose at that time within the oceanographic communitigel United States.
Building an oceanographic institution on the east coast was, howaewtally new kind

of task for it necessarily had to be different from all tkesteng American scientific

institutions, including Scripps, in many respects. Scripps slowdived from a humble
summer camp into an oceanographic institution, taking more thanrt@mgcentury, but

the east-coast institution would have to be built in a modern shapettisonery start.

Moreover, the intellectual, institutional, and political situation one&gt coast differed
in many ways from that of the west coast, which made it ialeltthat the new
oceanographic institution had to play a role which had no directgeeten the United

States, as well as in Europe. Scripps Institution’s relationgitipthe state university of
California was another problem that prevented it from becomingppropriate model

for the eastern institution. In order to stimulate, influence and cuaisdithe research
and education of ocean sciences at diverse locations and institutidng east coast, it
was far from desirable for the oceanographic institution to be boundthua warticular

university or state.

A full scale discussion was necessary, then, on the character,zatgani and
actual ways to erect the institution. Chapters 4 and 5 will expha background, some
of the main actors, major issues, and aftermath of that discuseiomdaAmerican east-
coast oceanography. First, Chapter 4 will begin with the oceanogragtiities on the
American east coast in the period just preceding the discussiausiig mainly on
Henry Bigelow’s scientific career. Then, it will concentrate the forming of the
National Academy of Sciences’ Committee on Oceanography. Toasdisns that took
place there, which developed into the final report, will be discuss&hapter 5. This
report was written by the Committee’s secretary HengelBw and was submitted to
the Academy in 1929. The Committee’s activities finally bore fruit in tading of the
Woods Hole Oceanographic Institution in 1930, for which its report gl#ye role of a
blueprint. The Report of the Committee on Oceanography is probably ds¢ m
important non-technical monograph written in the United States ifirthéhalf of the
twentieth century and, therefore, the next chapter will cover it in somé detai

With the founding of the Woods Hole Oceanographic Institution, American
oceanographers, especially those in the northeastern part of ttexl (Btates, now
possessed a much more stable means by which to study thetlaastOcean. And in
the long run, it indeed filled the gap in the national and interndtipicdure of
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oceanographic research institutions quite successfully. Itessi@nd uniqueness can
only be explained when we understand the previous situation of theoaastregion in
terms of ocean sciences, the motives of the people who were involtedthei
discussion, and the context within which the institution would later operate.

1. Henry Bigelow and His Oceanographic Research at the Gulf of Maine

It would be a total misunderstanding if we think of east-coasammgraphy as
non-existent before the founding of the Woods Hole Oceanographic lstitdinere
was, in fact, a very active tradition of ocean research on tieeast that can be dated
back to the mid-nineteenth century. The most recent researchtpgrogoeanography
there, and also the most important one perhaps, was the joint stindy®@tif of Maine
region by the United States Bureau of Fisheries and the Museu@oraparative
Zoology of Harvard University, led by Harvard oceanographer Henry Brygetdsv. In
the late 1920’s, when the National Academy of Sciences’ Cdeeniin Oceanography
was discussing the problems of American oceanography, Bigelow angsdered by
many as the foremost American oceanographer, at least on the east coast.

Henry Bigelow’s lifelong zeal for the science of the sea begd 901 when he
decided to participate in Alexander Agassiz's expedition toMbklives. Agassiz had
long been interested in the study of oceans and marine life, amdsh@eeply interested
in the problem of coral reef formatidnHaving accumulated a great fortune through his
successful copper mine business, he could easily afford to carrysooentific
expeditions to the open seas in the Pacific and the Atlantic oceans. The eltisesiap
he maintained with the U.S. Coast and Geodetic Survey and the U.&dfshission
(later the Bureau of Fisheries) allowed him to make use efgthvernment’'s survey
vessels, especially the fisheries steam#tiatross His wealth enabled this gentleman
scientist to pay for the fuel needed for the lengthy cruibesarly 1901, he was

! For a brief biography of Alexander Agassiz and his oceanograjthiidties, see George
Lincoln Goodale, “Alexander AgassizNational Academy of Sciences Biographical Memoirs
Vol. VII (1913): 288-305.
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planning another scientific trip to the Maldive Islands in the Indie@aD, and the news
reached the young Bigelow who was readily attracted by it.

Henry Bigelow, who was born to a wealthy Bostonian family, becamgiar
with wildlife and the natural world early in his life by engagjin sport activitie$. It
was natural for him to become interested in natural histbigmvhe entered Harvard in
1897 at the age of 17. Before going to college, he already hadeectwastudy natural
history under Alpheus Hyatt at the Boston Natural History Museumit Buas in 1901,
in his senior year, when he first joined Alexander Agassiz’sdtpe to the Maldive
Islands that he truly became involved in the study of marine zooldgying heard
about Agassiz’s planned trip, Bigelow visited him one day and askedcduié join the
expedition. And “His answer which was “yes,”™ wrote Bigelow, “motly initiated my
close association with Mr. Agassiz which continued until his deafl®1®, but which
greatly influenced my subsequent scientific caréeBigelow entered Harvard’s
graduate school where he worked with professors G. H. Parker and NEark and
studied a wide range of zoological subjects, including the senseanhdpén goldfish
and even cytology. But it was the study of marine biology that became his meld i
his early scientific career, especially the study of medusaeh he first encountered as
an object of scientific work during his first cruise with Agassiz.

During the Maldive expedition, Agassiz assigned to Bigelow thieatan of
medusae, which became his main specialty as a marine zoologist fothanoeedecade,
or perhaps longet. After the research trip, Bigelow worked at the Museum of

2 Henry B. Bigelow,Memories of a Long and Active Li{€ambridge: Cosmos Press, 1964);
Alfred C. Redfield, “Henry Bryant Bigelow,National Academy of Sciences Biographical
Memoirs Vol. 48 (1976): 50-80.

® Bigelow, Memories 9.

* Henry B. Bigelow, “The Sense of Hearing in the Goldfish €sites Auratus L.,’American
Naturalist Vol. 38, No. 448 (1904): 275-284; Bigelow, “Studies on the Nuclear Cgtle
Gonionemus Murbachii A. G. MayerBulletin of the Museum of Comparative Zodlogy at
Harvard College \Vol. 48, No. 4 (1907): 287-399.

® Bigelow, “Medusae from the Maldive IslandsBulletin of the Museum of Comparative
Zoology 39 (1904): 245-269; Bigelow, “Coelenterates from Labrador and Newfaumdl
Collected by Mr. Owen Bryant from July to October, 1908i6ceedings of the U.S. National
Museum 37 (1909): 301-320; Bigelow, “Cruise of the U.S. Fisheries Schd@renpusin the
Gulf Stream During July, 1908, with description of a New Med&sahptiaridag,” Bulletin of
the Museum of Comparative Zoology2 (1909): 195-210; Bigelow, “Biscayan Plankton
Collected During a Cruise of H.M.Research1900. XllI. The SiphonophoraTransactions of
the Linnean Society of Londq@™ ser., Zoology), 10 (1911): 337-358; Bigelow, “Scientific
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Comparative Zoology studying several topics in zoology and natutahhisut mainly
concentrating on the study of medusae and other coelenterates. 1hé&9386eived his
Ph.D. degree from Harvard and was appointed Assistant at the Musdlomed by the
appointment as Curator of Coelenterates seven years latetoB¥ study of marine
biology, coelenterates in particular, depended heavily on Agassnes of oceanic
expeditions. He was a member of the expedition to the Eastern Pacifl®d and
1905, and to the West Indies in 1907. During the expedition in the Easteific,P
Bigelow became acquainted with Charles Kofoid who was then teaahihg zoology
department of the University of California and an active menalbeghe San Diego
Marine Biological Associatiod. Bigelow could maintain for a long time a close
relationship with Kofoid and the scientific staff of the Assaomatand later the Scripps
Institution, many of whom were Agassiz’s former students.

As Bigelow became more interested in oceanography in the 1918fheless
of his working time on the study of the coelenterates, but he didivetup the work
altogether. Rather he continued it until at least 1940, when heslpedlhis last paper on
medusaé. Once Bigelow established his reputation as a world-class terpethe

Results of the Philippine Cruise of the Fisheries Stedlmatross 1907-1910. 22. Preliminary
Account of One New Genus and Three New Species of Medusae feorRhilippines,”
Proceedings of the U.S. National Museud8 (1912): 253-260; Bigelow, “Medusae and
Siphonophorae Collected by the U.S. Fisheries Steadbatrossin the Northwestern Pacific,
1906,” Proceedings of the U.S. National Museui# (1913): 1-119.

® For example, see Bigelow, “Report on the Scientific ResultaeExpedition to the Eastern
Tropical Pacific, in Charge of Alexander Agassiz, by the UBh Commission Steamer
Albatross, from October, 1904 to March, 1905, Lieut. Commander L. M. Gad&tN.,
Commanding. XVI. The MedusaeMemoirs of the Museum of Comparative Zooog8y
(1909): 243 pp.; Bigelow, “Report on the Scientific Results of ERpedition to the Eastern
Tropical Pacific. XXIll. The SiphonophoraeMemoirs of the Museum of Comparative Zoology
38 (1911): 173-402; Bigelow, “Reports on the Scientific ResulteeExpedition to the Eastern
Tropical Pacific. XXVI. The CtenophoresBulletin of the Museum of Comparative Zoolo&¥
(1912): 369-404.

" See Chapter 2 for Kofoid’s career at the San Diego Marine Bioldigisaciation.

8 Bigelow, “Fauna of New England. 12. List of the Medusae, CraspedSipeonophorae,
Scyphonomedusae, Ctenophord@g¢casional Papers of the Boston Society of Natural History
7 (1914): 1-37; Bigelow, “Notes on the Medusan Ge®tgmolophusfrom San Diego,”
University of California Publication in Zoology3 (1914): 239-241; BigelowEpheretmusa
New Genus of Trachomedusa®yoceedings of the U.S. National Museut® (1915): 399-404;
Bigelow, “Halimedusa a New Genus of Anthomedusadyansactions of the Royal Society of
Canada ser. 3, 10 (1916): 91-95; Bigelow, “Some Medusae and Siphonophorae Heom t
Western Atlantic,” Bulletin of the Museum of Comparative Zoolo®2 (1918): 365-442;
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coelenterates, samples and collections were sent to him fromwibith and outside the
United States, and this system made it possible for him to contisuesearch and
publication without having to go out to the sea for collecting. Batdatear that his main
scientific interest moved somewhat away from that subjeat &figut 1910. This timing
coincided with the death of Alexander Agassiz. When Agassiz diel®1, things

changed abruptly for Bigelow whose marine studies depended so mtivh @sources
made available to him by his mentor. Now, Bigelow could not affordedpensive

ventures on the open seas. Although he continued to work with the largetioal of

marine animals, working only inside the laboratories of the Muselu@omparative

Zoology was not something an outdoorsman like Bigelow could really.gfAgppeeded
a ship for his own research!

There was something more to Bigelow’s desperate wish f@eareh vessel. In
the several years around 1910, he underwent a substantial change waythiee
conceived the oceans as a subject of scientific study. Whilealsehawving difficulty
going out to the sea, he had been carefully watching the progfes:ew line of
oceanic study going on in Europe, especially by the Scandinaviantists® To
understand the yearly fluctuations in the fishery yields they b#gastudy of the life
histories of economic fishes, such as herring and cod, and found ouit thas
extremely important to understand the physical properties aghgmost significantly

Bigelow, “Hydromedusae, Siphonophores and Ctenophores of the Albatiukgpife
Expedition. Contributions to the Biology of the Philippine Archigeland Adjacent Regions,”
Bulletin of the United States National Museura. 100, 1 (1919): 279-362; Bigelow, “Medusae
and Ctenophores from the Canadian Arctic Expedition, 1913-1R&ort of the Canadian
Arctic Expedition, 1913-1918, 8(H}1920): 1-22; Bigelow, “Scyphomedusae from the Arcturus
Oceanographic ExpeditionZoologica 8 (1928): 495-524; Bigelow, “Siphonophorae from the
Arcturus Oceanographic ExpeditiorZbologica 8 (1931): 525-592; Bigelow and Mary Sears,
“H2. Siphonophorae,”’Report of the Danish Oceanographic Expeditions, 1908-10, to the
Mediterranean and Adjacent Seas, 2 (Biolog¥®37): 144 pp.; Bigelow, “Plankton of the
Bermuda Oceanographic Expedition. VIIl. Medusae Taken During thes €29 and 1930,”
Zoologica 23 (1938): 99-189; Bigelow, “Eastern Pacific Expeditions of thew NYork
Zoological Society. XX. Medusae of the Templeton Crocker and mafRacific “Zaca”
Expeditions, 1936-1938Zoologica 25 (1940): 281-321.

° For example, Bigelow’s comments on the work of the Norwegian research Méstsaél Sars
show that he had been carefully following the European oceanographiamsodgigelow, “The
Work of theMichael Sarsin the North Atlantic in 1910,'Science 34 (1911): 7-10; Bigelow,
“Fishes and Medusae of the Intermediate Depths. A Note on tink &¥ the Michael Sarg’
Nature 86 (1911): 483.
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oceanic currents that carried fish eggs and larvae to distasgsplBigelow came to
understand that the ocean is a complex system and that the life @mentrare could

not be attacked without the help of physical oceanography. He als8imJohn Murray,
eminent British oceanographer of ti@hallenger expedition and a member of the
Michael Sarsexpedition, during his visit to Harvard in 1910. Murray probably
encouraged Bigelow to embark on an oceanographic study of his own at the
Northwestern part of the Atlantic Oce4h.

In early 1912, Bigelow proposed an oceanographic survey of the GulfineMa
as a joint project between the Museum of Comparative Zoology and $héBUreau of
Fisheries:* This was obviously a new line of study that had not been attemptee befor
in the Atlantic coast of the United States. Ultimately,ithed at contributing to the
solving of the problem of yearly fisheries fluctuations and decligialgls. Adopting the
European precedent, however, Bigelow suggested that scientific atutlg physical
movements of sea water, in addition to the study of planktons and,fisae necessary
for that purpose although it might seem too far from being directigtigal. This idea
was supported by other scientists who shared with Bigelow the belieé usefulness
of basic oceanographic work for the problem of fisheries. For pbeard. S. Kingsley of
the Harpswell Laboratory, Tufts College, wrote “Suggestions fov\tbek of the Bureau
of Fisheries in Casco Bay in the Summer of 1912” in November, 1911, where he stated:

Practically nothing is known of the oceanography of the Gulf of Maine.
Considerable is known of its depths, its banks, and, in spots, of its fauna
and flora, but aside from these matters little is known concerhirg

more accurate and extensive knowledge of some of the other points may
have a great and immediate value for the fisheries of Mainetied
states. As you know, the work of the International Commission has
proved of the greatest value to the fisheries of northern Europe and
there is no reason why the same methods would not be applicable here.
It has been shown that there is a direct relation betwedprtiperature

10 Redfield, “Bigelow,” 54; BigelowMemories 23.

1 For a full discussion of Bigelow’s Gulf of Maine studies, see JeRr&rosco, “Henry Bryant
Bigelow, the U.S. Bureau of Fisheries, and Intensive Area St&ayial Studies of Scienckd
(1989): 239-264.
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and salinity and the spawning times and places of several .fishes
similar relation exists between the abundance of plankton and other
fishes, such as the mackerel and herring. Farther therrohtteevious
sunlight and transparency of the water is important, as the dictonsm
plankton is directly dependent on sunlight; this affects the abundance of
copepods, and these have a direct relation to the héfring.

Fortunately for Bigelow, the Bureau of Fisheries accepted Bigekstieme and placed
the Fisheries schoon@rampusat his disposal for the summer of 1912. It was possible
because of Alexander Agassiz's personal network and Bigelowlyclezew it for he
wrote that George M. Bowers, U.S. Commissioner of Fisheriestdialy would not
have done [so] had he not known of my close association with Mr. Agadsiz.”

The joint oceanographic exploration of the Gulf of Maine wasezhwut until
1924. The long-term project had three separate, but ultimately intexdtedn areas of
concentration: physical oceanography, plankton study, and the stdidhesd. Bigelow
oversaw the whole project, but was particularly in charge of thetiwo areas and the
Bureau of Fisheries biologist W. W. Welsh of the last. Duringstinely, Bigelow, his
colleagues, and the crew of the ships visited 350 stations and madearements of
temperature and salinity and made 10,116 tow-net hauls. Moreoverreipestedly
worked at 137 stations where “serial measurements of tempenatree obtained
(usually with corresponding determination of the salinity).” Thsult was, Bigelow
himself wrote, that “oceanographically, the Gulf of Maine igdyetnown than is any
other comparable area of the ocean, the survey of which havechaed out by a
single agency™ In 1924, three final reports were published, for the three areas of
research, all written by BigeloW. Welsh was originally responsible for the writing of

123, S. Kingsley, “Suggestions for the Work of the Bureau of Fishén Casco Bay in the
Summer of 1912” (November 25, 191Henry Bryant Bigelow PaperdHarvard University
Archives.

13 Bigelow, Memories 23.

4 bid., 23-24.

5 Bigelow, “Plankton of the Offshore Waters of the Gulf ofiig’ Bulletin of the U.S. Bureau
of Fisheries Vol. 40, Part 2 (1924): 1-509; “Physical Oceanography of the Gulf dhéfa
Bulletin of the U.S. Bureau of Fisherje®l. 40, Part 2 (1924): 511-1027; Bigelow and William
W. Welsh, “Fishes of the Gulf of MaineBulletin of the U.S. Bureau of Fisherja®l. 40, Part 1
(1924): 1-567.
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the report on fishes, but his unexpected death made it necessary that Bigelow finish i

The Gulf of Maine study was apparently different from Agassstyle of
studying the oceans, which usually covered a huge area of thefteeain distant
locations from the coasts of the United States. Bigelow decidedonhfine his
oceanographic project mainly within a single, comparatively Isregion because of
several reasons, the first of which being that he could not mahagexpensive long
cruises to dispersed areas in many parts of the worlds taygans. A significant factor
was that Bigelow had by then noticed the shift in the mode of ogespiuc research
begun in Europe. Having acquired enough data through decades of aeqmediions,
scientists now had a rough picture of the physical and biologiaalrés of the global
ocean system. A point had been reached, they thought, when markeddébcal
information and causal analyses of specific areas of the sed weld more productive
results than the traditional, long expedition cruises. The “intensdgestudy,” dominant
methodology of the participants of the International Council for theldgxtion of the
Sea (ICES), was first tried in the United States by ®filiRitter in California several
years earliet® Henry Bigelow, well aware of the events going on both in Europe and in
California, decided to adopt this research method on the east coast, and chasedahe G
Maine as an ideal location for the project. Why, then, did Bigethoose the Gulf of
Maine? He enumerated several reasons for his decision:

We chose the Gulf of Maine as our first field of work partlyshese of

its important fisheries, partly because it was nearly wiggpund so far

as sub-surface temperatures, salinities and plankton were cahdauhe
chiefly because, being a partially isolated area, a compdyative
complete survey could be made in the time at our disposal. Thanstati
were planned to include Massachusetts Bay, the deep basin off Cape
Ann and Cape Cod, the coastal waters and off-shore banks along the
coast of Maine, and a line from Cape Elizabeth to Cape Sablke, avhi
week was spent trawling in and near Casco Bay in cooperatibrihe
Harpswell Marine Laboratory.

6 See Brosco, “Henry Bryant Bigelow” for the “intensive asaady” method in oceanography.
See Chapter 2 for Ritter’s intensive research program in the @aifcoast.
" Henry B. Bigelow, “Oceanographic Cruises of the U.S. Fish&®oner “Grampus” 1912-
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In addition to the region’s importance for the fishery industiy, atlequate natural
conditions for intensive oceanographic study were certainly taken into considerat
A combination of physical and biological study of the sea with atine of
contributing to the fishery industry, the Gulf of Maine study was no danh€CES style
of approach. Physical oceanography was, thus, a very important part of the whexdg proj
important not only in itself but also for the biological study. Indee@, @inthe main
purposes of the research from the beginning was to find out “the source of the tesld wa
of the Gulf of Maine,” which could be known only when the current systetheogulf
was fully understood® It is interesting that Bigelow, a biologist who had no special
training in physics or mathematics, led the Gulf of Maine rebeproject. It certainly
was not a job appropriate for a marine biologist in a traditiomaesebut rather fit for
someone who could oversee the whole marine scientific work with ajemeswledge
and experience in many fields of oceanography. It was a hug@mmephosis for
Bigelow in fact, and his friends and colleagues certainly noticatbitmatter whether
they welcomed it or not. British marine biologist Edward T. Browareauthority on
medusae and hydroids, wrote to Bigelow in 1914 that “I notice thaangbecoming an
oceanographer.” He continued, “but hope that you will keep medusasuaspecial
subject and never forget to bottle speciméfisThis older colleague who had a tie to
the Marine Biological Association’s laboratory in Plymouth héohg been
communicating and cooperating with Bigelow regarding their common interest, raedusa
He probably did not want to lose this younger medusae researcher to oceanography.
Bigelow’s study of the physical properties of the ocean blotiowed the
examples set by the Scandinavian oceanographers. His foreneossi during the Gulf
of Maine study was to understand its current system. He wrote[tharing these
explorations, it has become increasingly evident that the key tay mazzling
phenomena, biologic as well as physical, is to be sought in thdation of the water
on the continental shelf® For that purpose, he adopted as the primary methodology

1913,” ScienceVol. 38, No. 982 (1913): 599-601. The Harpswell Marine Laboratory wasewhe
J. S. Kingsley of Tufts University worked as director.

18 Kingsley, “Suggestions”; Brosco, “Henry Bryant Bigelow,” 239.

19 Letter from Edward T. Browne to Henry B. Bigelow (July 4149 Henry Bryant Bigelow
Papers Harvard University Archives.

% Henry B. Bigelow, “Oceanic CirculationScienceVol. 62, No. 1606 (1925): 317-319.
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hydrodynamics, an innovative scientific field developed by VilhBjerknes and made
applicable to the oceanic phenomena by Bjgrn Helland-Hansen and Sahdstrom.
The theory and the derivative equations allowed ocean scientists$ tloegeelocity of
currents from temperature and salinity data of water maSsHserefore, during the
Gulf of Maine studies, Bigelow’s work in the area of physiceéanography mainly
involved gathering data of temperature and salinity from the statidhs and outside
the gulf, preferably at the same ones repetitively in different seasdngars. But other
methods were employed, too. “The circulation of the sea,” wrogel®v, “may be
studied by indirect methods and by direct; both are being empléYedirect methods
referred to the use of drift bottles and the plankton study. Driftelsatetrieved and the
distribution of several species of planktons and fish larvae confithmedalidity of
hydrodynamic method. As a biologist by training, Bigelow was aiteptllecting and
identifying marine planktons collected from many different pdaatesea, and it allowed
him to chart the movement and drift of fish larvae and small agjmdlich confirmed
the movement of water masses known to him by physical methodkislnway, he
compensated for his deficiency in mathematical training with his biologipaiese.

The Gulf of Maine study was a phenomenal achievement for Aareri
oceanography. Nevertheless, it clearly revealed problems aakihesses of American
oceanography, particularly on the east coast. For Bigelow, theserisus problem was
the difficulty of having access to ships appropriate for oceapbgraesearch. The Gulf
of Maine study was carried out uninterrupted until 1924 except for thedpaf World
War | during which Bigelow worked as navigation officer for tdeS. Navy. The
purposes and methodologies of the project required that much of thé&ddne at sea
repetitively on a regular basis. As a result, Bigelow and callesagould arrive at the
understanding of seasonal and yearly variations in the phsiddbiological properties
of the area. Yet, throughout the whole period Bigelow had a hardwithethe ships;

2L Brosco, “Henry Bryant Bigelow,” 241-243; Eric L. Mills, “The Guegraphy of the Pacific:
George F. McEwen, H. U. Sverdrup and the Origin of Physical Oceaiygoa the West Coast
of North America,” Annals of Science48(1991): 241-266; Susan Schl@#e Edge of an
Unfamiliar World: A History of OceanographiNew York: E.P. Dutton, 1973), 170-205. See
also Robert Marc FriedmaAppropriating the Weather: Vilhelm Bjerknes and the Construction
of a Modern Meteorologfithaca: Cornell University Press, 1989) for a scienbfmgraphy of
Bjerknes.

%2 Bigelow, “Oceanic Circulation,” 317-319.
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both getting a ship at a right time and getting an appromragavere difficult. Research
vessels were mostly provided to him by the Bureau of Fishdnesct, obtaining a
research vessel was the most important reason for the coopewath the federal
agency on Bigelow’s part. But the Bureau also had difficultigh ws survey ships.
With all of its ships running in a tight schedule for their original missions, ithaeds for
the Bureau officials to spare a good one for Bigelow’s project every time.

The fisheries steamdébatrosswas by far the best suited for scientific work at
sea. Because of its superiority, however, it was almost almegded for the Bureau’s
other missions, and Bigelow could only seldom use it. Instead, sevdexkulifships
were provided to him according to the schedules of the Bureau'sastdpgbe characters
of work each season.

Commenced on the schoorn@rampus and continued to date on the
fisheries steamerAlbatross Halcyon and Fish Hawk the exploration

has resulted in perhaps as detailed a knowledge of the distrilmition
temperature and of salinity, regionally, with depth, and with the change
of the seasons as can be claimed for any other part of thef fika
area®®

The fisheries schoon&@rampuswhich was the first vessel to be used in July 1912 was
also the one most often used for the whole Gulf of Maine study. Frerbeginning,
Bigelow complained that it was not appropriate as an oceanograsieiarch vessel in
many respects.

In a sailing vessel, which th@rampusis primarily in spite of a small
auxiliary gasoline engine, oceanographic work is necessaried on
under difficulties. But there is no steamer available. And fotaipave
have enjoyed such exceptionally fine weather on both cruises ¢hat w
worked to better advantage than might have been expécted.

% Bigelow, “Oceanic Circulation.”
4 Bigelow, “Oceanographic Cruises of the U.S. Fisheries Schodbemipus” 1912-1913,”
599-601.
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The Grampuswas far from suitable for oceanographic surveys, yet Bigelow had no other
choice but to use it somehow. Each time he went to sea on itebetdrimprove its
conditions gradually by installing instruments and devices withstiygoort of the
Bureau of Fisheries.

By 1924, it became apparent that the Gulf of Maine study was coming to an end.
It ended unexpectedly for Bigelow when the Bureau of Fisherigeselslbatrossand
Grampusbecame unavailable. Now that the vessels became old the Burel@uama
decision to give up maintaininglbatross and several years later it sdBtampusas
well. Having supported Bigelow’s investigation for years in theebehat scientific
study of the ocean and its inhabitants was the best way toteelfisheries problems,
the Bureau now turned its main focus to wholly different kinds ofstigation—to the
studies of marketing and processing of fish. In other words, tearasstrategy of the
Bureau moved from production in the sea to later processes on laict, seemed to
provide a more certain way to boost the induStrRigelow also thought that a time was
reached when enough was achieved from the Gulf of Maine toeshablto write the
reports. Yet, he knew that there was much more to be learned thigoGulf, and
certainly had no intention to halt the investigation entirelyhat point of time. Without
the firm cooperation with the Bureau that he had been able to femjtlye past twelve
years, Bigelow had to look for other possible sources of support,i@gpacsupport of
providing him with a research vessel. Given the characteristicsBigelow’s
oceanographic research, an appropriate ship was indispensable, hodt wite he
could not but continue doing nothing new with oceanography. He despesauelyt for
a new patron and a vessel that could be available immediately, but only in vain.

Despite the seeming impossibility to secure an oceanogra@arch vessel,
he did not give up the idea of doing a follow-up study of the Gulf ah&altogether.
He sought for chances to continue the work and, finally, he inclie&ulf of Maine
study in the research plans of the nascent Woods Hole Oceanodregpitition in the
early 1930’s. Ironically, the success story of Henry Bigelo@idf of Maine study

% Brosco, “Henry Bryant Bigelow,” 263, n. 68. For a brief histong @olicies of the federal
fisheries agency, see Theodore Whaley Cart, “The Fedeshérgs Service, 1871-1940: Its
Origins, Organization, and Accomplishmentslarine Fisheries Review6:4 (2004): 1-46; and
Michael L. Weber,From Abundance to Scarcity: A History of U.S. Marine Fisheries Policy
(Washington, D.C.: Island Press, 2002).
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between 1912 and 1924 was at the same time a story of failurdnferican

oceanography in the 1920’s. Its story revealed the weaknessedumdamental
problems of American oceanography that its participants and adgoegate to struggle
in the coming years to overcome.

2. Frank Lillie, Wickliffe Rose, and the National Academy of Siences’ Committee
on Oceanography

In the same year that Bigelow’s Gulf of Maine study ended, an targor
discussion for the future of American oceanography began, silerdlypavately, in
another part of the country. Wickliffe Rose, then president of theei@ekducation
Board, had a conference in 1924 with Frank Lillie in Chicago todialgeneral issues of
American agriculture and biolog§. At that time, Lillie was chairman of the zoology
department at the University of Chicago and director of theindaBiological
Laboratory at Woods Hole, Massachusetts. Their discussion continuethiamthé next
year their talk focused on the state of oceanography in the UniééelsSRose was
looking for a way for the General Education Board to contribute taviifare of the
United States, and was especially interested in agricultuliee was interested in
developing new lines of biological research connected in sometwdys two ongoing
enterprises in Chicago and Woods Hole using the potential funding frdangbinopy.
Rose and Lillie found a middle ground in the fisheries studies and agraghy. As a
leader of marine biology in America, the MBL's director knew ithportance of ocean
science not only in a biological sense but also in general. Rose, athiérehand,
understood that the science of the sea would eventually contribiie development of
one of the nation’s important industries, fisheries, and increas@akestipply for the

% Frank R. Lillie, The Woods Hole Marine Biological Laboratofhicago: University of
Chicago Press, 1944), 177-191; Harold L. Burstyn, “Reviving Americazagraphy: Frank
Lillie, Wickliffe Rose, and the Founding of the Woods Hole Oceanogrdpkiitution,” in Mary
Sears and Daniel Merriman, ed9geanography: The Pag¢iew York: Springer-Verlag, 1980),
57-66; Roger Revelle, “The Oceanographic and How It Grew,” eéarsS and Merriman,
Oceanography: The Past0-24.
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American people.

Having agreed upon the main theme of promoting the science afagrephy
and fisheries studies in America, they now wanted to discuss ityogedlofficially in
order to take concrete actions. Rose discussed the matter withCloMerriam,
president of the Carnegie Institution of Washington, and Vernon Kelloggmera of
the National Research Council, after which they arrived at tree tlthgt it was best to
form a committee that would be able to deal with the plan furthesn The two men
soon agreed to present the plan to the National Academy of Sciandes, the meeting
in April, 1927 the Academy in turn decided “That the President ofAtedemy be
requested to appoint a Committee on Oceanography from the Sedftithres Academy
concerned to consider the share of the United States of Amierieaworld-wide
program of Oceanographic Research and report to the Acadérifié Committee was
immediately formed with Lillie as its chair. The Commitiee Oceanography of the
National Academy of Sciences consisted of William Bowie (L8ast and Geodetic
Survey), E. G. Conklin (Princeton University), B. M. Duggar (Unitgrsof
Wisconsin), John C. Merriam (Carnegie Institution of Washington),alyl&d Vaughan
(Scripps Institution of Oceanography), and Frank Lillie as gsnlvers. Later, Arthur L.
Day (Carnegie Institution) was added to the Committee, and Hegejow also joined
it as the secretary. The “old boy network,” to use Roger IRev@hrase, evolved into
an official committee at the national lev&l.

The committee carried out its task most rigorously during uharser of 1928,
from July 28 to August 25, when it invited notable figures in thel fidloceanography
from within the United States and abroad to a discussion of issugmoérn to the
committee. Invited guests included Harald U. Sverdrup of the Geophlystitution of
Bergen, Norway, who from his experience gave valuable advice onothenittee’s
issues. The members studied and discussed the ongoing researclaay ifietds of
ocean sciences, the main problems of oceanography that ¢sievgre then trying to
solve, the existing institutions devoted, fully or in part, to oceapbgrand fisheries
science in European countries and in North America, and the stafamefican
oceanography. Having arrived at the understanding that the Unitexs $dgged far

2" Annual Report of the National Academy of Scient@86-1927. Cited from LillieThe Woods
Hole Marine Biological Laboratoryl77.
% Revelle, “The Oceanographic,” 11.
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behind the European countries, especially those participating in Ef®, &hd that the
situation on the east coast was far worse than the west, thaitteensought to find
measures to remedy the problems.

Following the intense work during the summer, the Committee on
Oceanography commissioned its secretary Henry Bigelow te warreport that was to
be submitted to the National Academy of Sciences. Bigelow spgedraworking full
time on writing the “Report on the Scope, Problems and Economic Importdnce
Oceanography, on the Present Situation in America, and on the HBjasdio
Development, with Suggested Remedies” which was submitted to thdefy in
November, 1929. This report contained Bigelow's, and the committee’s odmbens’
understanding of the problems of American oceanography and thdiesnte bring it
back on the right track for its future proliferatibhMost of all, it contained the
recommendation of “the establishment of a well-equipped oceanograsgtitiation in a
central location on the Atlantic Coast.” This recommendation eadilyy accepted and,
as a result, the WHOI was established in 1930. Funding came frofRottiefeller
Foundation, from which the marine stations in Bermuda, Puget Sound, ancrifhpes S
Institution also benefited. The Committee on Oceanography afgswammissioned T.
W. Vaughan and T. G. Thompson of the University of Washington to vajgerts on
“International Aspects of Oceanography” and “Oceanography mvddsities,”
respectively. In 1938, a year after Vaughan’s report was publithedCommittee
disbanded having concluded that its mission was comflete.

Frank Lillie began his account of the Woods Hole Oceanographitutiati by
remarking that “Unlike the Marine Biological Laboratory, the Wootmle
Oceanographic Institution, its sister-institution, sprang full fledgeto existence.
However, it had a rather prolonged period of incubatforiThat period of six years was
still very short compared with the time needed for the MBLherScripps Institution of
Oceanography to grow into their mature forms. How, then, could it happgrosptly
for the WHOI? What were the factors that made it possililé? Hecessary to take a

#* Henry B. Bigelow, “Report on the Scope, Problems and Economic Importahce
Oceanography, on the Present Situation in America, and on the Hardidag@glopment, with
Suggested Remedies,” Report of the Committee on Oceanograftg National Academy of
Sciences, Frank R. Lillie, Chairman. 1929.

% Lillie, The Woods Hole Marine Biological Laboratpty79.

*! Ibid., 177.
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closer look into the backgrounds and motives of the main actors of the story.

Wickliffe Rose was head of both the International Education Boaddtlaa
General Education Board from 1923 to 1928He was previously chair of the
International Health Board, and was deeply involved in the reconsimucti Europe
after the Great War. His main field of interest was publaltheand medical education
and, through his position and influence within the Rockefeller philanthrbpy,
contributed to building centers of medical and scientific educati&@uiopean countries.
He believed in the active role of science and medicine in gpeaied was confident that
research was the best way of training scientists and dodtoesefore, his solution to
the ruins of European countries was to build regional centers ofcecend medicine
which would be able to contribute to the revival of the larger angasunding them.
Rose was not unique in such an approach. His ideas and beliefs regutébentvider
tendency to which many business leaders, officials of philanthropiedations, and
scientists in the 1910’s and 1920's belonged. They believed in the pdwerence in
changing social conditions and bringing about economic welfare. Binereheir
programs focused on building institutions where future scientists ed@wueated by
engaging in research. Rose had close contacts with leading Amedentists who also
shared many of those ideas. Particularly, those at the NatiesabReh Council, such as
Robert Millikan, frequently discussed these issues with Rose, &ndety probable that
their talk influenced his thoughts.

What he did in Europe through the International Health Board and the
International Education Board, he wanted to do also in the United .Statbs respect,
it is not difficult to understand that the project of improving ooggiaphy in the United
States initiated by Rose eventually ended up with the establislmin@ntoceanographic
institution, a regional center of research and education on the east @&t the
beginning, Rose first paid his attention to traditional industikesagriculture, forestry,
and fisheries for possible programs of the General Educatiord Baad while talking
with Lillie, he found out that there was an area of overlap betWwmsemterests and the

% Robert E. Kohler, “Science and Philanthropy: Wickliffe Rose thednternational Education
Board,” Minerva, 23:1 (1985): 75-95. For a brief biography of Rose, see Simon Flexner,
“Wickliffe Rose: 1862-1931,"Science 75 (1932): 504-506. See also Kohl@&artners in
Science: Foundations and Natural Scientists, 1900-1@4fcago: University of Chicago Press,
1991).
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needs of the scientific community. Rose was interested in theriés because of its
economic importance and practical benefits whereas Lillie’srestewas mostly

scientific. Lillie, who had studied marine biology for a long tirffeeind fishery studies
an attractive field for biological scientists. He was not newthie field of fisheries

studies having worked at an institution which neighbored the laboratting &ureau of

Fisheries in Woods Hole for many years as student, visitingneesr, and then director.
As an embryologist, he was also familiar with the work thas \Wyaing on at the
Bureau’s laboratory which mainly dealt with artificial hatchand fish culture. Yet the
Bureau's scientific work, which overemphasized the practics sif fisheries studies
was obviously never satisfactory to Lillie and other marineolgists. Lillie must have
thought that more basic research of the biology of marine orgamsingling fish and

of the marine environment would greatly benefit the work of fiskergntists, and that
that was exactly what biologists, and hydrographers perhaps, aodld/ould happily

do if adequate support was given by the General Education Board.

For Rose, Lillie was not the only source of inspiration. His intarefisheries
initially grew partly because of an influence from the Bhtbiophysicist William Bate
Hardy, F.R.S. who worked for the Department of Scientific and Induftesearch and
was chairman of the advisory committee on fisheries of the Wiiagdom®® He
persuaded Rose “both on the importance of fisheries to agriculturef dmddamental
science to fisheries.” Then his conference with Lillie in Ciachelped Rose to make
the decision to support fishery studies in the United States aSeheral Education
Board’s project. In July, 1925, he made an intense trip to visit gmeimstitutions
throughout the North American continent to see the state of nmsuieetific research in
the United States. He was especially impressed at the wdhe d@iological Board of
Canada’s Atlantic Biological Station at St. Andrews, New Brudsywwhich contrasted
greatly with the poor situation in most of the stations in the drtates. When he
returned, he was now confident of the usefulness of scientific voorkhé practical
needs of fisheries and was also well aware of the need to impraeegican marine
sciences.

Another factor that reinforced Rose’s interest in the seievfcthe sea was
Henry Bigelow’s request for a research vessel. At that, tBigelow was desperately

% Burstyn, “Reviving American Oceanography,” 60-63.
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looking for ways to secure ships to continue his oceanographic wedaatvith great
difficulty. Having heard about the possibility of obtaining suppooirfrthe General
Education Board for oceanographic research programs, Bigelowwasto approach
Rose with his plan for which a suitable ship was indispensable. Bggended with a
demand of a detailed report, and Bigelow promptly submitted one to himwidk in
Oceanography which can be accomplished by a suitably equipped rsli$25, which
certainly did appeal to the director of the General Education Bbafte idea of
purchasing an oceanographic vessel soon evolved in Rose’s mind into farpdafull-
scale research institute, because he thought that maintainimg sveuld necessarily
require operating personnel and supporting organization, as webuitahble facility’®
An experienced administrator that he was, Rose had the abititynk about things that
scientists like Bigelow could hardly see. Bigelow later joined @@mmittee on
Oceanography as secretary and had chances to represent his demands.

3. Conclusion

The forming of the Committee on Oceanography was a result ééw
individuals’ realization that American oceanography on the east coasrdtty needed
an institutional support. What kind of support would be the most useful had et
found out, and that was exactly what the members of the commvgt@ecommissioned
to do. Among the participants, some had a broad view on the developnfeneatan
science as a whole and the place of ocean sciences withhili, others had actual
experiences of carrying out scientific researches at €saming from different
backgrounds, these people had a very good grasp of one or twacs aspet problem
they were to deal with, but necessarily had to learn fromaoo¢her, and from outside

¥ Henry B. Bigelow, “On Work in Oceanography Which Can Be Accornplisby a Suitably
Equipped Ship,” Fall 1925, Rockefeller Archive Center. Cited froms®uar “Reviving
American Oceanography,” 66, n. 21.

% Ibid.; Susan Schlee, “The RAtlantisand Her First Oceanographic Institution,” in Sears and
Merriman,Oceanography: The Pa#9-56; See also Schlgen Almost Any Wind: The Saga of
the Oceanographic Research Vegsidntis (Ithaca: Cornell University Press, 1978).
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experts as well. The next chapter will discuss the Comnotte®ceanography’s report,
which contains the committee’s discussions and the solution to theem®bbf
American oceanography they finally found. The committee studied state of
oceanographic research and education in Europe and in America, and attilre idea
that founding a new institution would be the solution to the many probl#ms
oceanography on the east coast of the United States.
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CHAPTER 5
Building Oceanography on the American East Coast Il: The Rport of the
National Academy of Sciences Committee on Oceanography

The discussion on the state of oceanography in the United Statesvegtely
when Wickliffe Rose and Frank Lillie met in Chicago in 1924. Wté torming of the
Committee on Oceanography of the National Academy of Sciencel92i, the
discussion became official and continued on a new level. This chajiitaummarize
and analyze the committee’s report submitted to the Acaderi§28, which contained
the committee members’ final understanding of the problems ofidameoceanography
and the best remedy they proposed.will show how American leaders of ocean
sciences saw the state of oceanography at that time aatdively wanted the future of
that science to look like.

1. The Report of the Committee on Oceanography

Henry Bigelow, as secretary of the Committee on Oceanographyyis best
efforts into the writing of the committee’s final report reiag the state of

! Henry B. Bigelow, “Report on the Scope, Problems and Economic lampert of
Oceanography, on the Present Situation in America, and on the Harndidag@glopment, with
Suggested Remedies,” Report of the Committee on Oceanograftg National Academy of
Sciences, Frank R. Lillie, Chairman. 1929. For the background ofCibmmittee on
Oceanography, see Frank R. Lilliehe Woods Hole Marine Biological Laborato¢¢hicago:
University of Chicago Press, 1944), 177-191; Harold L. Burstyn, “RayivAmerican
Oceanography: Frank Lillie, Wickliffe Rose, and the Founding of Woods Hole
Oceanographic Institution,” in Mary Sears and Daniel Marpeds.Oceanography: The Past
(New York: Springer-Verlag, 1980), 57-66; and Roger Revelle, “Thea@agraphic and How It
Grew,” in Sears and Merrima@ceanography: The Past0-24.
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oceanography in the United States and elsewhere and the waysréwe the situation
on the American east coast. He conceived it as a means tamtpregeonly the
discussions and decisions of the committee as a whole but alsorhideag and vision
for American oceanography. The report can justifiably be ¢alie best non-technical
monograph on oceanography written in the first half of the twentenkury. Its value
was readily appreciated by those who read the manuscript ofptbet, rend it was soon
published as a book with minor revisidhé\s a matter of fact, this masterpiece could
not be written by anyone else but Bigelow, an experienced obsgaand visionary of
oceanography. Having carried on his own research project authef®laine for more
than a decade, he knew better than anybody else in the United &baut the state of
the science of oceanography at that time, available rescamdeproblems in pursuing
oceanographic work on the east coast, ways to remove the existiaglefsand the
direction which the proposed reform in American oceanography had to take.

“Report on the Scope, Problems and Economic Importance of Oceanography, on
the Present Situation in America, and on the Handicaps to Developmitbn§uggested
Remedies” was submitted to the National Academy of Science®eanber 18, 1929
and became a Dblueprint for the establishment of the Woods Holen&eeaphic
Institution which happened immediately after the submission ofefbert. It took only
about a year to open the new institution, and this is no doubt a surgrisogt time for
such a large-scale task. It was possible first of all becaluee strong support of the
Rockefeller Foundation, which resulted from Wickliffe Rose’s whaleteel
commitment to the project. Facing his impending retirement, hefaaed the project
from the General Education Board to the Rockefeller Foundation and had/kton,
who was director of the Division of Natural Sciences and theniderds of the
Foundation, look after it.He considered the founding of an oceanographic institution
the last large-scale project in his career. It was atpmitant that there had been enough
discussion and agreement about the steps that needed to be takenofYgstile
discussion for the direction of American oceanography enabled theittemin present
a detailed master plan, which was fully represented in Bigelow’s répdhis respect, it
IS necessary to take a close look at the contents of the Reparh prbivides a useful

2 Henry B. Bigelow,Oceanography: Its Scope, Problems, and Economic ImportéBuston:
Houghton Mifflin, 1931).
% Lillie, The Woods Hole Marine Biological Laboratpt80.
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window through which American oceanography in the late 1920’s can be seen.

The Report comprises eight chapters which deal with “the scopeleprs and
economic importance of oceanography,” “the present situation ireriday” “the
handicaps to development,” and “suggested remedies” as the tithyy diglés. An
overview of the science of oceanography and its economic valueissessed in
chapters 1 and 2 respectively; the state of oceanography practiced in Amen
Europe is discussed in chapters 3, 4, and 5; problems, the comnsittggéstion for the
remedy to the problems, and considerations on the shape and thikeppbposed east-
coast oceanographic institution are dealt with in chapters 6, 7, dinal8;, the Report
ends with “Recommendations to accompany the Report of the Comnutiee
Oceanography of the National Academy of Sciences as submittdte tdcademy
November 18, 1929.”

2. “Scope and Present Problems of Oceanography”: The Complex Intasnnected
System

In the first chapter, Bigelow defines and categorizes the dnasiof
oceanographic research. For each subdivision of oceanography Btgltoof the most
important and up-to-date topics of research, and goes on in detdéstcribe the
achievements and problems of the oceanography of his time. He tegiReport with
the remark that “Oceanography has been aptly defined asuthe aftthe world below
the surface of the sea: it should include the contact zone bete@emd atmosphere.”
Bigelow goes on to explain that oceanography consists of its suphdiss, a scheme
closely resembling that of Vaughan, and otfiefiiree to six fields had often been

* The first two chapters later became the monog@péanography: Its Scope, Problems, and
Economic Importance.

®> Bigelow, “Report,” 1.

® For Vaughan's ideas on the science of oceanography, see Tnd/Afaghan, “The Scripps
Institution—Its Present Work in Oceanography and Suggestionkisfétuture Development”
(1924), Records of the SIO Office of the Director (Vaughan)441936, Scripps Institution of
Oceanography Archives, University of California, San Diego.
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mentioned as subdivision of oceanography: physical oceanography, dhemica
oceanography (which was sometimes included in physical oceangpraphrine
biology, marine geology, meteorological aspects of oceanography, oaedn
engineering. In this Report, Bigelow does not mention ocean engineering aek sfbf
oceanography, and deals very briefly with marine meteorolblipg the section
entirely with a quotation from a meteorolodisTherefore, the first chapter of the
Report mostly concentrates on summarizing and explaining the impaojgics and
contemporary researches of “Submarine geology,” “physics of thengcéhemical
aspects of oceanography,” and “life in the sea.”

Throughout the chapter, the most important point that Bigelow makiest ithe
natural phenomena of the oceans are complex and no one subfield alone can
satisfactorily explain most of the oceanic features. He writes:

[Oceanography] is thus widely inclusive, combining Geophysics,
Geochemistry and Biology. Inclusiveness is, of course, charaaegisti

any “young” science, and modern Oceanography is in its youthnBut i
this case it is not so much youth that is responsible for the fact that these
several subsciences are still grouped together, but rathezalmeation

that the Physics and Chemistry and Biology of the sea wedena

only importantper se but that in most of the basic problems of the sea
all three of these subdivisions have a part. And with every advance
our knowledge of the sea making this interdependence more and more
apparent, it is not likely that we shall soon see any general abandonment
of this concept of Oceanography as a mother science, the branches of
which, though necessarily attacked by different disciplines, are
intertwined too closely to be torn apért.

The interdependence among the subfields of oceanography makespiemsdisle that a
specialist in one know some of all the others. This point partly giveanswer to
Bigelow's strong interest in physical oceanography as shown irGhis of Maine

" Moreover, the pagination of the part on meteorology, 66a, 66b, andHifes that the section
was probably a later inclusion.
8 Bigelow, “Report,” 1.
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studies.

It is difficult to understand why Bigelow, a biologist by ediara and training,
devoted much of his oceanographic work to the physical aspects oatkgesethough
he admittedly lacked mathematical skills. Apparently, he must bege impressed by
the work being done by physical oceanographers of the northern Eoropesatries,
especially in the area of oceanic dynamics. Besides that, ¢éperiRalso reveals
important pieces of his thought. “We also have,” writes Bigelowhébtimpelling
reasons for making Ocean Physics a primary subject in thehiat, as one contributor
writes, “virtually all kinds of studies of the sea are cryiiog more information on
physical conditions within it.”” Not only for marine biologists busa@lfor experts in
other areas of oceanography, knowledge of the physical propefrties sea was badly
needed, and Bigelow as an oceanic biologist must have felt it hiwisieh resulted in
his awareness of the importance of physical oceanographwlity,reowever, this field
was not so well developed as to support those related marineesci®dhby? Bigelow
diagnoses that, ironically, the very necessity of physicahrumgraphy for other fields
hindered its progress.

The temperature of the water, its chemistry, and the medehanic
manifestations of oceanic circulation, not only govern the whole
economy of life in the ocean, but also produce important geological
results, and go far to govern climates on land, past as welkasnpr
With these last incentives, it was natural that a tendency ajsatlto

treat physical and especially dynamic Oceanography asibgect
auxiliary to oceanic biology or to geology. The fact that oceapbgra
work on the two sides of the Atlantic has long drawn its chief fogpe
from the economic pressure of fisheries problems, has been largely
responsible for this relegation of ocean phygies se to a secondary
position. This tendency, however, has seriously retarded the advance,
not only of our knowledge of the physics of the ocpanse but even

of the very branches that it was hoped to further; for it mayken as
axiomatic that only when any scientific field is considered asimary
object, worthy of cultivation for its own sake, can satisfactalyaace
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therein be expected.

Bigelow felt that it was imperative to expedite the developmehtphysical
oceanography, which could be achieved only by freeing it fromntfh@nces of other
fields. And that was, perhaps, the reason why he treated physidalseparately in his
Gulf of Maine project.

Even though Bigelow emphasizes the urgent need for physical oceanotpaph
develop on its own, it by no means implies that biologic, or geologiaestte must
never enter the study of physical oceanography. The usefulngésadaispensability of
physical knowledge of the sea in tackling other branches of ocephggae
emphasized here and there. He begins, for example, the sectionudaticin with such
a remark: “It is as essential for the oceanographer to unddrgte circulatory
movements of the water, if he is to comprehend any of the eVventtsake place in the
sea, whether biologic or geophysical, as it is for the metegsbdlto understand the
systems of winds on land® For Bigelow, each subfield of oceanography, and physical
oceanography in particular, had to be developed independently, ystsalwthe service
to the other areas of oceanography, providing necessary knowledge and information.

Physical oceanography’s development as a service scieticm Whe whole
realm of marine sciences partly had to do with the relatipnghhad with general
physics, as compared with marine geology or biology. In the eadsdds of the
twentieth century, marine biology was at the forefront of genbralogy, being
considered as a key to important biological problems of the tirdle as evolution,
heredity, and developmeHhit.in geology, too, marine phenomena were considered to be
a very important part of contemporary geology as a whole, witawaeeness that land
and marine geology were closely connecfeth the physics and chemistry of the sea
the situation was quite different. If physics and chemistry of dba were often

° Ibid., 17.

1% bid., 24.

! Ronald Rainger, Keith R. Benson, and Jane Maienschein TégsAmerican Development of
Biology (Philadelphia: University of Pennsylvania Press, 1988); K&thBenson, Jane
Maienschein, and Ronald Rainger, ed$ie Expansion of American Biolo@)ew Brunswick:
Rutgers University Press, 1991).

12 For example, the topic of coral reef formation interested many gstslogiistair W. Sponsel,
“Coral Reef Formation and the Sciences of Earth, Life, and S&&70:1952,” Ph.D.
Dissertation, Princeton University, 2009.
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considered, implicitly and explicitly, service sciences to otto@anographic branches, it
may have been because marine biologists and geologists werenteoested in, and in
need for, them than other physical scientists working on issues not related to the sea

The studies of the Physical-Chemistry of sea water tretnaw in
progress, like those of its physics, chiefly aim at enlargingfactual
knowledge of regional variations and our understanding of events that
take place in the cycle of matter there, rather than atfyatayithe
nature of chemical processes as such. They thus bear to the sfience
physical-chemistry as a whole a relationship more subsidiarry do
oceanic biology or physiology to current attempts to fathom theeriddl
of life.*®

Bigelow, on the other hand, believed that physical and chemical ocephpdoamed
the more basic parts of the ocean science. If these scieveres not developed
sufficiently, researches in other branches, particularly oceawlmglyi would necessarily
be greatly hampered.

The complexity of the natural phenomena in the sea called for a wstideef
doing science, often quite different from other areas of natural scientespa&rt in one
realm of oceanography not only had to have some knowledge of the btltestso had
to work in cooperation with other specialistsBigelow writes:

This, then, is the real goal of the marine biologist—to understand the
cycle of matter and of energy in the ocean. But he is helpldhswi

the assistance of the chemist, or the physicist, of the otgst, of

the geologist?

Elsewhere, he also writes:

13 Bigelow, “Report,” 38.

* This point was emphasized again in Bigelow, “A DevelopingWRoint in Oceanography,”
Science71 (1930): 84-89.

!5 Bigelow, “Report,” 66.
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The necessity for uniting several disciplines in this case rifitest how
broad a view we must take of bio-physical and bio-chemical problems
as a whole in the oceah.

It was apparent that during the cooperative research on complaagadic problems,
ocean scientists had to have a “broad view” on marine phenomena. Thisaideally
led Bigelow to the problem of education and training of oceanographe@w could
scientists be trained to have a broad view needed for oceanograpigedsWw’s answer
is that “This cannot very well be done unless students are brautghtlirect contact
with marine conditions during their formative yeat§.Only by going to the sea and
directly experiencing the oceanographic research there coulgutpsse be properly
achieved. The idea of the unique complexity of oceanography alsBid¢etbw to
conclude that seaside laboratories devoted to oceanographic work were important.

But for him to make the most of these opportunities (and espeaially i
America) has heretofore been difficult, chiefly because the prsbéae
technically too elaborate to be successfully attacked asadgbaojects
during the brief and discontinuous periods of study to which most
university professors must limit their researches. As heatdysdior
such work a shore laboratory is needed, equipped for first-class
investigations of the chemical and physiological problems tHhamnse

from preliminary and exploratory studies made on shipboard. A further
obstacle is the need in most of such problems for continuous
cooperation between students specializing in different fiélds.

18 1bid., 63.
7 Ibid., 51.
18 |bid., 55-56.
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3. “Economic Value of Oceanographic Investigations”

Bigelow discusses in the second chapter the practical usefuloess
oceanography in several areas: sea fisheries, navigation, fwariruction, laying of
submarine cables, and weather forecast. He mentions all tle@sechreconomic human
activities with not only actual and direct but also potential contdhatoceanography
could offer in mind. But by far the two most important areas Bigeélow emphasizes
are fisheries and navigation where, he thought, oceanographers’ assistasnd
immediately be felt were they given enough resources to pursuedbearch and the
opportunities to apply their findings in those realms.

The first thing Bigelow does in discussing the sea fisheside describe the
basic problem, which is “to make the greatest possible use dbddderesources of the
sea that is compatible (a) with avoiding the danger of overfisfimgyith safeguarding
the industry against the disastrous effects of unpreventable fiocisian the available
supply of fish.*® Both of these aims could best be achieved by help from oceanographic
studies, for he continues:

Although the problems involved in these two cases are fundamentally
distinct, in each case the solution can only come from investigaifons
the life histories of the fishes involved, and of their reactionthéir
environment, animate and inanimate, combined with statistical sfudy
the commercial catch. In other words, the technique of oceanic biology
must be employed, whether the aim be protection or predfction.

Fisheries studies had not often been carried out in the directiooceériic biology”

until that time unfortunately, mainly because of the limitationkerent in the

governmental bureaus of fisheries that were responsible fdistiexies researches in
most countries, including the United States, Canada, and the nortleope&n

countries.

19 Ipid., 73.
2 Ipid.
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In fact, sea fisheries was an area where scientifiarelsevas very active at
both regional and international levels, as was testified by trk of the International
Council for the Exploration of the Sea. In America, the governmer@apéada and the
United States also had been cooperating on some important fisheeg,igand Bigelow
especially mentions the treaty between the two countries orregaldtion of halibut
fishery off the northwest coast of North Ameriéa. The fisheries services of those
countries were actively pursuing scientific studies in addition hiir tregulation
programs. The kind of investigation that received most of theirteffeas attacking the
problems of fisheries with statistical methods, which Bigelols ¢aital statistics.??
The most pressing issue for the fishery policy was to understendstate of the
populations of major food fish stocks, which allowed prediction of the amount of catches
in the next few years. And the fishery bureaus “attempt[edjtewpret the trends that
the statistics of the catches disclose[d], whether up, down ocoretati” But Bigelow
points out that without a sound scientific basis as to the life lastof the fishes and
their physical-chemical environment, the analysis of statisticthe predictions based
on it would be unreliable. With the statistical approach, which reddsoehint of the
state of affairs under the sea, it was impossible to understaadnterrelationships of
the very complex chain of events in the sea.” Even though oceanogiragstigations
“seemed at first sight utterly remote from any practigaplication,” they had to be
undertaken in order for the fishery studies to be placed on thetraghkt Only on the
basis of the knowledge of oceanic biology could the methods of vitetissa become
meaningfuf®®

2L |bid., 80. The Convention for the Preservation of the Halibut Rjsbiethe Northern Pacific
Ocean was signed on March 2, 1923 by the United States and Canadaa Iptwaision for a
three-month closed season during the winter. The convention albtisb&td the International
Pacific Halibut Commission (IPHC) for the joint managetnaf the Pacific halibut fishery. The
U.S. and Canada each appointed two commissioners for the IPHC. ohkention was
important in Canadian history since it was the first foreigeaty signed by Canada alone,
independent of Britain. Committee on the Applications of &gichl Theory to Environmental
Problems, National Research Coundilgological Knowledge and Environmental Problem-
Solving: Concepts and Case Studfé¢ashington, D.C.: National Academy Press, 1986), 137-
150.

2 Bigelow, “Report,” 74.

% 1t was only in the 1970s that oceanography came to be applieshénidis successfully. Until
that time, oceanography could not yield meaningful results formithgsiry, and the leaders of
the fishery industry seldom thought of the science necessarthdar industry. Since the
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The very fact that oceanographic studies seemed so “renuote dractical
application” and that they had to be supported “over a period long leriouthe study
to reach a productive stage” prevented congresses in eachycfyantrapproving the
funding of that line of work at governmental fishery servieblow, then, could the
situation be reversed in the United States? How could the trend ifiguihe structure
from the roof downward” be stopped? Bigelow’s answer lay in a oesanographic
institution not directly affiliated with the government that coulayphe initiative role in
the study of oceanic biology. Such an institution would be able to conduotiperi
long-term investigations of the ecology of major food fishes and #reiironments
without being hampered by the kind of limitations that the governragencies had
been destined to endure. Bigelow writes:

It is idle to suppose that oceanwide expeditions, undertaken at long
intervals, will be of much value in advancing investigations of it s
What is needed is intensive study either of regions, of individualespec

or of particular fisheries, as the case may be. These musi loag
continued (because covering so wide a field and concerned with the
natural economy of generation after generation), and so intensive
(because of the nature of the problems involved), that individual
investigators can make but slow progress. In no field, in factoare
efforts, and the services of cooperative agencies more needed in
American Oceanography, than in fisheries Biology. The workhef t
Federal Fisheries Services of North America would benefitiyréy

the assistance of any institution that could initiate and enceurag
research in the basic fields of oceanic biology, to which the
governmental agencies cannot give due attention because oftiegisla
allocation of their funds to objects that may seem more directly

beginning of the efforts on the part of ocean scientissobee the fisheries problems, it took
about a hundred years for oceanography to actually contribute tcstieeids production. See
Michael L. Weber,From Abundance to Scarcity: A History of U.S. Marine Fisheries Policy
(Washington, D.C.: Island Press, 2002); and Arthur F. McEV¥tnye Fisherman's Problem:
Ecology and Law in the California Fisheries, 1850-198&w York: Cambridge University
Press, 1986).

4 Bigelow, “Report,” 74.
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profitable from the economic standpofnit.

The discussion on the role of oceanography in promoting the fishdugtig
was important for the Committee on Oceanography as it jubtifie turn from fisheries
studies to general oceanography that took place earlier in tles sdrconferences
among Rose, Lillie, and othef’.

Another area of human activity where the usefulness of oceanographic
knowledge could directly be felt, to a lesser degree than fishes@ssnavigation. “In a
general way,” Bigelow remarks, “the sea, as a high roaccdarmerce, now serves
man’s purposes adequatefy.”lt was probably because accumulated information as to
the natural phenomena of the oceans affecting the safety antivefiess of navigation
had been extensive enough and, at the same time, because navigatioroggchad!
sufficiently progressed. But as the tragic accident offttanic in 1912 vividly showed,
detailed knowledge of physical oceanography in regions throughoaotéams was still
lacking and greatly desired. In this part, Bigelow mentions twtnfagn some detail:
currents and soundings.

Slow freight ships were more affected by the ocean currents than “asthgar
liners which [could] often disregard the current.” But most of weld’s maritime
commerce was carried by these freighters, and thus better tamdieng of the global
current system had a tremendous economic value. Perhaps the wedebgaa single
passage might not have been big, as Bigelow points out, yet “sitiadl savings, or
small losses, when cumulative, reach staggering proportions in the ajuysars.”
Extended time meant more fuel consumed, and if commercial lvess@ld save as
much fuel as they could by drifting with ocean currents it wouldrdmrte much to the

% |bid., 80. Bigelow’s own research on the Gulf of Maine, supported byJtBe Bureau of
Fisheries, was the best example of such joint scientifartefin fisheries biology. Jeffrey P.
Brosco, “Henry Bryant Bigelow, the U.S. Bureau of Fisheriged, latensive Area StudySocial
Studies of Scienc&9 (1989): 239-264

% Originally, Rose intended to support agricultural studies lared fisheries studies since he
had more practical aims. Burstyn, “Reviving American Oceanography,” 57-66.

7 Bigelow, “Report,” 81. It should be noted that the scientific irsteirethe oceans began in the
United States in the domain of navigation. A. Hunter Dupi®eience in the Federal
Government: A History of Policies and Activities to 19@aGmbridge, Mass.: The Belknap Press
of Harvard University Press, 1957), 29-56.

159



commercial profit€® Impact of currents on navigation had long been known, in fact,
especially in the northern Atlantic where the Gulf Streamtealeso much influence on
sailing ships. Thus, much work had been done to understand the global oceart c
patterns and the accumulated information was extensive enough to aebpigepicture

of the global current system. But “In parts of South Atlantic, Indian andi®&atans,”
Bigelow contends, “we still lack sufficiently detailed knowledge velocities and
precise directions, of the effects on these of varying winds, aselsbnal variations, to
allow intelligent planning of routes for slow ships.??."There was still much more to be
desired in the realm of the study of ocean currents.

In the domain of marine researches for navigation, here, too, govaaime
agencies were the leading forces, not only in the United Stateddouin most of the
major seafaring nations. Since the time of Matthew Fontaineryyithe Hydrographic
Services of many nations had been actively involved in gathetrrent information
from ships’ logbooks and other sources available in order to improvegetny and
monthly current charts they publish€dAnother organization involved in the study of
ocean currents was the International Ice Patrol. It was nottlealghips whose courses
were influenced by currents; icebergs from the polar regicasdrifted along the ocean
currents. Monitoring and predicting the course of polar iceberggchwwas very
important for the safety of ships, were the main mission of ¢kePlatrol. Studying
ocean current system, therefore, had an important place among the ditthis
organizatiort:

What was needed, according to Bigelow, was a scientific understaofdithg
causes and effects of the physical factors that govern the paeaahoceanic currents,
for which the mere accumulation of the logbook information could hardly gchm
Instead, a systematic and wide-range work of data colleatidganalyzing had to be
done on a long-term basis, utilizing the method of oceanic dynamiedaped by the
Scandinavian geophysicists. Such a large-scale work could not elcautiby a single

Bigelow, “Report,” 81.

2 bid.

% bid., 83.

Bigelow had been involved with the International Ice Patrobmexcial consultant to the
Commandant of the Coast Guard. He educated its officers at theuMusf Comparative

Zoology. Alfred C. Redfield, “Henry Bryant Bigelow,National Academy of Sciences
Biographical MemoirsVol. 48 (1976): 50-80. See especially pp. 57-58.
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competent institution but had to be a cooperative venture among mdninstitions
at an international scale. Were the governmental agencies suttte dydrographic
services suitable for this mission? No.

Work of this sort, however, can hardly be attempted on a large lsgale
any governmental establishment, because the difficulty of demangtrat

an immediate economic result makes legislative support dificudtin.

And while the development of methods of attack, etc., often draws
inspiration from one or another isolated center or individual, successful
application to the oceans demands cooperation between many
institutions, because the field is oceanwide. Observations musbelso
carried on for many years to trace the long-time fluctuatibas are
already known to occur. Some center of inspiration and coordination is
sorely needed to encourage work of this sort in Améfica.

Again, Bigelow takes the discourse to the conclusion that a new ocephmg
institution is needed.

Sounding, or underwater topography, was another area of oceanography tha
was also important for navigation. Utilizing sounding in navigatinglatively shallow
waters near shore was a well known technique particularly iggyfaeather. With the
newly developed apparatus of sonic sounding, navigation was expected teabg g
facilitated when aided by improved charts showing accurate ocepiinsd To this
oceanographers could contribdte.

Another area that received a lengthy discussion was long-teeather
forecasting which, Bigelow thought, had been showing some positive prospect
considering the developments during the previous few years. Thefigeadicting the
weather according to the physical conditions of the sea was nosinew it had long

% Bigelow, “Report,” 83.

% |bid., 84-85. For the history of sonar development, see Willem D. HackiBarek,and Strike:
Sonar, Anti-Submarine Warfare, and the Royal Navy, 191d-&4don: Her Majesty’s Stationery
Office, 1984); Hackmann, “Sonar Research and Naval Warfare 11984t- A Case Study of a
Twentieth-Century Establishment Sciencelfstorical Studies in the Physical and Biological
Sciences16 (1986): 83-110; and Harry von Kroggema: Birthplace of German Radar and
Sonar(Philadelphia, PA: Institute of Physics Publishing, 2000).
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been believed that a close relationship did exist between tlesatiere and the upper
layer of the ocean. Scientists knew that the ocean tempeiafaorenation was not
useful at all for everyday weather forecasting, but it wéerred that it would offer
reliable ways to make long-term predictions, at least seveasths in advance, if
appropriate methods were developed. If that was really possibleultl surely mean a
tremendous benefit for some industries, such as “the clothing trpdeger and
transportation companies, and certain branches of agricufure.”

The first step for the proposed weather forecast was colleasirextensive data
as possible on the sea-surface temperature in a wide are@gula basis. There were
already several available sources of such temperature atetta thus, the basic
information was plentiful. The prospect for this stage of work wasativencouraging”
especially for the north Atlantic. Ships, mostly trans-Atlanteasiers, had apparatus
such as continuous seawater thermographs installed and were danglieg of useful
data. The Hydrographic Office had its sources for such data, antdather Bureau
also was developing a system of data collecting. Notwithstankéenfact that more data
were desirable in other parts of the oceans, particularly satside of the regular
steamship tracks, for the northeastern United States, enough atifornas to the sea
surface temperature was already in h&hd.

It was more difficult with the next step, namely analyzing hihge amount of
data gathered from the sea. The acquired raw data could not béines#lg in relating
the temperature information with atmospheric conditions but rathetohgd through
tedious procedures of processing and analyzing by experienced svamkerder to
produce the final information useful for predicting weather. “The rmesbus obstacle
to the advance of knowledge as to the general relationship betweempesiatures on
one hand, and atmospheric temperatures and pressures on the other” was, Bigetow writ
“the inability of any existing agency to undertake analysihefenormous mass of data
that has already been amassed, and that will continue to accuatudete@ppalling rate
if continuous observations are taken on many ships running along asdiffengnt
routes.®® The immense amount of the surface temperature data colledtesl sea far
exceeded the capacity of those institutions and agencies involteal dtme in such a

% Bigelow, “Report,” 88.
% |bid., 92.
% |bid.
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task, and to meet the challenge additional funds and personnel had to bedsuppl
However, “the impossibility (if we are to be intellectually hahed promising direct
economical benefits therefrom” made it hardly possible for gouental agencies to get
an approval from the Congress for such additional resotftces.

To Bigelow, the situation of the project of long-term weafoeecast, based on
the changes in the sea surface temperature, seemed to point rtecéssity of an
oceanographic institution, again. He writes that the want of imiteediaonomic
promise and the difficulty the federal agencies were havimgdg] research institutions
particularly appropriate centers for certain aspects of suck, wocooperation with the
governmental weather bureauX.Bigelow, in fact, had a good reason to be confident
of the advantage of research institutions in the task of leatti@goceanographic
research aimed at weather forecast compared with governnoegdalizations. He had
always been in close contact with the Scripps Institution inf@@aia and was well
informed of the scientific work being done théfeGeorge McEwen’s project of long-
term weather forecast had been one of the major research psogfathe Scripps
Institution of Oceanography since the time of the founding dirdsiiram Ritter. T.
Wayland Vaughan, director at that time and a member of the @twamon
Oceanography, also found this project very important and promisingheahéd been
encouraging the physical oceanographer to pursue the project .fuBbepps
Institution’s seemingly successful achievements in the prewoelsd years seemed to
Bigelow to firmly support his claim of superiority of non-governmeirtstitutions as a
leading force in the research in that direction. He cheerfuliyesvthat “The very
encouraging progress that has been made in the experiment now bbeetyaat by the
Scripps Institution corroborates this vieff.”

¥ Ibid., 93.

B |bid.

% Bigelow had personal ties to Charles Kofoid, who joined Agassizpedition in 1904, Ellis
Michael, T. Wayland Vaughan, and others at Scripps. See forpéxabetters from Kofoid to
Bigelow on January 20, 1910 and on January 24, 1911; Letters from Ellicha&lito Bigelow
on February 24, 1913 and on March 12, 19Hg&nry Bryant Bigelow PapersHarvard
University Archives.

0 Bigelow, “Report,” 93. For McEwen'’s work at the Scripps Iusiiin, see Eric L. Mills,
“Useful in Many Capacities: An Early Career in Americdry$ical OceanographyHistorical
Studies in the Physical and Biological Scienc® (1990): 265-311; and Mills, “The
Oceanography of the Pacific: George F. McEwen, H. U. Sverdruphen@®rigin of Physical
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It is obvious that not all the information and ideas in this chapteithe
economic importance of oceanography came from Bigelow alone, nat beuhave
done all the researches needed for the writing of it. Althoughrépiort does not have
notes or references on bibliography, Bigelow mentions, here and ¢beare,sources he
used and consulted. For instance, he quotes a passage from Sir Slegwes book
Forecasting Weathethat pointed out the difficulty in making simple relations between
sea temperature and atmospheric conditforBigelow also mentions D. K. Tressler’s
book Marine Products of Commerca the section on “Utilization of Other marine
Products.*? In addition to mentioning names of experts and monographs, Bigelow
continues to refer to “the Conference on Oceanography at the W/§.Dpartment in
1924." For example, a remark by a representative of the U.S. Gasstl on “the
importance of a study of the expansions and contractions of polénraaegh Bering
Straits, to safeguard the voyages of the whalers to the Agsoaists of Alaska and
Canada” is mentioned; General Edgar Jadwin’s opinion on the need @mod
understanding of the direction of currents in planning harbor entramceandy coasts
is noted; and Colonel C. A. Seons’ emphasis on the importance of knowtagnbot
topography in Submarine cable laying is citédThis conference, where Bigelow
himself was probably present, apparently exerted an immensgeenoé on his
understanding of various issues related with ocean sciences.athehat such a
conference was held in 1924 shows the great interest oceanographgogiving in the
United States from scientists, engineers, governmental agencies, andyhe Na

The issue of economic value of oceanographic researchesdfaricreicial part
of the Report as well as the committee’s discussions becawusss ithe basis of the
argument that oceanography was useful for the welfare of the nation and timel deata

Oceanography on the West Coast of North Amerigayials of Sciencel8(1991): 241-266.

*1 Bigelow, “Report,” 91. Sir Napier ShavForecasting Weather2nd edition (London:
Constable & Co., 1923). Meteorology was the one field for which Brgskeemed to rely most
on other experts’ specialist opinions. In the first chaptereffeport,” he filled the section on
marine meteorology solely with the statement of C. F. Brooks. BigelospdR,” 66a-66c.

42 Bigelow, “Report,” 80. Donald K. TressléMarine Products of Commerce: Their Acquisition,
Handling, Biological aspects, and the Science and Technology of Pheparation and
Preservation(New York: The Chemical Catalog Company, Inc., 1923).

*3 Bigelow, “Report,” 83, 85, and 86. For the federal Interagency @mdfe on Oceanography
(ICO), see Gary E. Weirhn Ocean in Common: American Naval Officers, Scientists, and the
Ocean Environmer(College Station: Texas A&M University Press, 2001), 21-52.
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it needed to be supported by the Rockefeller Foundation. At a time tivberactical
importance of ‘pure’ science such as oceanography was doubteddesdolirse on its
economic value was indispensable.

4. The State of Oceanography in the United States and Abroad

In the nineteenth century, according to Bigelow, the United Statamed the
position of one of the few leading countries in the realm of magtrences. Soon after
the turn of the twentieth century, however, “there followed in Acaer period of
stagnation.”

It is, in fact, hardly an exaggeration to describe Oceanography i
America during the first years of the present century asd,tl@ath the

old ways no longer yielding advances commensurate with the effort.
This period of stagnation, however, was short, and the awakening that
followed must fairly be credited to the example of the Internationa
Committee for the Exploration of the Sea, in North European wéters.

The early-twentieth-century fall of American oceanography,raiags Bigelow, resulted
from the fast development of the science of oceanography and ltive fafi American
oceanographers to keep up with the transforming trend. Nineteentlmycent
oceanographic work consisted mostly of large-scale expeditions, foiteled by the
state, and those expeditions covered large areas of the oceans quenmgahat often
lasted several years. This method was appropriate at a timewvheally nothing was
known about even the general features of the oceans with the ercefptome coastal
regions which had long been the domain of human activities. With the alation of
the various data from the nineteenth-century expeditions, however, ocaameng were
now able to grasp the big picture of the ocean systems, and whatebeégd more at

*4 Bigelow, “Report,” 94.
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this stage was detailed information of specific areas,pecs of the sea. “[T]he day of
pioneering passed,” writes Bigelow, “and . . . continued exploratidheise preliminary
lines proved more corroborative than novél.”

Oceanographic exploration, whether its aim be biologic or physiaal

by natural process of evolution developed along two lines. It may be
carried on by great deep-sea exploring expeditions, oceanwide i scope
but comparatively short in duration; and sent out as more or less isolated
events in the general progress of science. As the need of nensivet
knowledge developed, continuous or at least periodic study of areas
within a few hundred miles of the home station have proved more and
more fertile, such as can be carried out on a small vessehall s
expense. It is this procedure that has contributed most to the modern
advance of Oceanic Biology. The deep-sea expedition was the method
of early days of the science. As just remarked, the day sEngator
expeditions of this sort, except in the realms of physical apdhidal
Oceanograph$f

American oceanography, which continued to cling to the large-expedityle of
oceanography, lagged behind in the early twentieth century just keitalid not react
promptly to the demand of the new oceanography. Marine scientifts United States
failed to adapt themselves quickly to the new method of oceaarcas&hich became
essential for further progress into the next phase.

4.1 European Oceanography
In contrast to the situation in the United States, “Nothing ofghis happened

in Europe,” and there had been no period of stagnation in ocean sciencesabbemoar
the “dead” American oceanograpHyThere developed in Europe a new line of oceanic

S Ibid.
%% |pid., 95.
47 Ibid., 135.
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research that Bigelow called “intensive study.” The origithefnew oceanography was
closely linked to the problems of fisheries, and was pursued i twdexplain and
predict the annual fluctuations of fish harvests in the northern Eamopeuntries.
Bigelow writes:

In Europe, however, synchronous with this American decline, there had
arisen new schools centering their attention not so much on regional
surveys of the oceans as on the biologic economy of its inhabitants as
governed by their physical and chemical environment. This change of
viewpoint, from the descriptive to a conscious attempt to interpret
oceanic phenomena in terms of its organic inhabitants, marks the
beginning of the modern science of Oceanic Biology, and it is
interesting that the real incentive came, in this case, frendéimands

of declining fisheries for betterment, i.e. from economic neceYsity.

There was a belief that science could help solve the problem afidling fisheries
yield from year to year, which often caused a disaster toettanomy of the
Scandinavian nations as the national economy of those countries dependiddmeavi
the fishery industry. The scientific study of the ecology lté fishes was actively
pursued, and the Scandinavian scientists soon came to understanie tipdtysical
properties of the ocean, such as temperature, salinity, and cunmerts important
factors governing the life histories of the major food fishes. iltensive area study
method was developed in order to satisfy the needs of the @iststudies, supported by
the ocean dynamics newly developed in Scandirfdvia.

A notable feature of the European oceanography, or the study séahwas the
numerous scientific institutions built actively in many countries throughoutubepEan
continent. “[A] widely disseminated interest in the sea” wamndiated “into the
development of a large number of institutions,” which were “designeehtourage
researches in a wide variety of fields, biological, physiad| chemical . . .>° A great
diversity existed among the European institutions which were dewvotaketor another

“8 |bid., 94.
4 |pid., 94.
%0 Ibid., 137.
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aspect of oceanography. Many of them were devoted to the fisheties, while still
more were marine biological laboratori@sThere were some institutions, mostly
governmental, that concentrated their efforts on hydrography—and in caseas with
combined interests in marine biology. In many cases, the instisutvere devoted not
just to one branch of ocean science but rather to several omtexcted fields,
acknowledging the complex relationship among the oceanic phenomenBuidpean
institutions also varied as to whether they were private, goveiaimer subordinate to
universities. Some were founded and run by individual, or a group of, @Beantists
while others belonged to state universities if not directly sponsoregbternments?
To Bigelow, the crucial factor that contributed to the productivitytree marine
institutions in Europe was the fact that they were “in mangscastually endowed with
the material means, and with the personnel requisite for thapgeif which their
American counterparts mostly lack&dThis was much more important than the mere
number of institutions devoted to marine sciences.

The second, and perhaps more important, key to the prospering of Europea
oceanography was the existence of international coordinating age#s European
scientists continued their study of “oceanic biology” and physheyocal
oceanography, they soon felt that successful oceanographic work weotdd beyond
the ability and boundary of a single nation, not to mention a singletst. The sea has
no natural boundary and, thus, the movements of currents and fishes evafmsd to
limited areas of the sea. In the nineteenth century, large-scadémographic expeditions
were often carried out competitively for the purpose of enhancingnaaiprestige and
pride. With the shift in emphasis, and as the dominating methodologyethdragyvever,
what ocean research now required was international cooperation tizinenational
competition. How such international cooperation in oceanography could ladbeal
achieved was a difficult problem. There existed a tradition iammagraphy to distribute
specimens gathered during major oceanic expeditions to prominentssi@ctording

*1 Bigelow reported that “A list recently published names upwar 70 of [marine institutions]
in European countries.” Bigelow, “Report,” 136. For an earlier acoolutite European marine
stations, see Charles A. Kofoidhe Biological Stations of Europ@Vashington, D.C.:

Government Printing Office, 1920).

*2 Bigelow, “Report,” 135-137.

** Ibid., 137.
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to their expertise and regardless of their nationdlityhe specialists would, then, study
the group of animals or plants allotted to them and write a régatie expedition. The
international cooperative scheme now being considered at the eh@ oineteenth
century among northern European oceanographers was a wholly difieeefrom that
tradition. What they envisioned was a cooperative venture at thedegelernments,
with the whole community of ocean scientists and institutions awh ecountry
participating, for which there had not been any precedent. It wgsopportune for
oceanography because “just when the need for general coordinatiors iacihince
became most pressing,” writes Bigelow, “an impelling stimutushat direction was
provided by growing fears of depletion of the sea fisheries, coupldd gmowing
appreciation of the obvious truth that it would be idle to seek remediasures unless
all the nations whose fisheries drew from the threatened arealsl unite in joint
examination of the existing status.”

In the Report, Bigelow mainly mentions three European coordinatjagceées
of oceanography: the International Council for the Exploration of 3@, the
International Council for the Exploration of the Mediterranean &ee the International
Hydrographic Bureau. Of the three, the ICES was by far th& mfluential, and most
important for the development of oceanography. For, in the case @@ EMS, the aim
was merely “the exchange of information as to the work in pssgby each and the
encouragement of coordination, generally, between the differeminabiervices that
actually have scientific investigations in progress in the Medihean,” and the actual
coordinating function was rather we¥kln contrast, an “outstanding characteristic
of . . . [this] International and Official Agency [ICES]” was thiawas endowed “with
executive power to insure coordination of scientific effort betwkerfisheries Bureaux
of the various European countries, [which had] no direct parallel elsewHere.”

This control has resulted from the fact that throughout its existéhe
Council has been entrusted with the duty of coordinating the scientific

** The collection of the&€hallengerExpedition is a good example. Susan Schlée, Edge of an
Unfamiliar World: A History of Oceanograplfilew York: E.P. Dutton, 1973), 125-127.

5 Bigelow, “Report,” 138.

*® |bid., 140. In addition to the three, a few minor ones were also mentiabdas the Section
on Oceanography of the International Geodetic and Geophysical Union. Bigelow, t;R&pbr
°" Bigelow, “Report,” 137.
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researches of the Fisheries Services to insure that thexnofigll shall
correspond as to date, as to methods and as to subjects of study, etc;
entrusted too, with allocating to each nation the part of the sea to be
covered by it, and with choosing the fisheries problems for whidh eac
nation should be primarily responsible. The following list of nations that
subscribe at present to the council shows how widely inclusiv it i
Germany, Belgium, Denmark, Spain, France, Great Britain, Inske F
State, Italy, Norway, Holland, Poland, Portugal, Sweden, Finland, and
Latvia>®

The countries participating in the ICES operated research |sessaintained
oceanographic laboratories, and carried out surveys, measurementsllacibns at
stations on a periodic basis within the allotted areas of theasdathe result of their
research was shared by all.

In addition to spurring oceanographic research in each pattiggpcountry, the
ICES had more positive effects on the development of oceanogratyid-ensure the
common use of the data collected in each country, the ICES fiadllitae settlement of
standard methods and techniques in oceanographic work. And, second, through the
network and cooperative projects of the ICES, new theories and techdeystsped in
one place were disseminated quickly to other places. One such exaaspthe ocean
dynamics developed largely in Bergen, Norway, by Vilhelm Bjerlamekhis colleagues.
The role of the ICES was appreciated and admired not only by theskead in the
programs directly related to it. Its influence went beyond Hr&qipating countries, and
even reached across the Atlantic Ocean to those marine ssiémtiee United States.
Bigelow admits that his study of the Gulf of Maine too was @pam modeled on that
followed by the International Council for the exploration of the seile Northeastern
Atlantic.”®®

*® Ipid., 138.

% Ibid., 97. Even before Bigelow set about the plan for the GuMaihe project, there were
many other American marine scientists who were impresseithébyCES program. William

Ritter’s research program, mentioned earlier in Chapter 2, adipittes inspired by it. William

E. Ritter, “The Marine Biological Station of San Diegos IHistory, Present Conditions,
Achievements, and AimsUniversity of California Publications in Zoolog®:4 (1912): 137-

248.
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Despite its admirable achievements, the ICES program had semaksesses
as well, Bigelow contends. First, with all the participating coestconducting periodic
surveys, data—both physical and biologic— accumulated so fast thas itmpossible
to process them in a timely manner. As a result, the needaeérfsytsc analysis ... has
not kept pace with the accumulation of facts °°. More serious shortcomings resulted
mainly from the fact that the program was aimed at solvindisheries problems. Even
though there existed the general consensus that physical conditieea ajreatly
affected the lives of fishes and that, therefore, the knowledge rof iege essential for
the understanding of the life histories of major food fishes, seresgsarch programs in
physical and chemical oceanography were often omitted and &ahysieanographers
[were] seldom included within the staff of investigators in Europiesteries services.”
So, when expertise in physical oceanography was needed, “it fiepiently been
necessary to relegate the discussion of physical data tdistsenot directly connected
with them, or with the counci* Although it was true that the ICES, in early years, did
contribute to some extent to the development and dissemination of tiegbhigeories
of the ocean currents, it at the same time restricteghiigical oceanography’s potential
to grow into a fertile field in itself as well as the possibbksistance it would be able to
give to the fishery studies. Bigelow writes:

We must point out, however, that the development of oceanography in
Europe has been somewhat one-sided during the past quarter century,
from the intellectual standpoint. This has been largely due to the
dominating role played by the Permanent International Council for the
Exploration of the Seasic], the main object of which is to develop the
sea fisheries on a scientific basis, and which consequentlyridesitéo

keep biologic problems in the foreground, often at the expense of the
physical and chemical aspects of the sea that are the tdiasia for a
correct understanding of marine biology. In the regular investigations
carried on by the fisheries services of the subscribing gowmsnthe
tendency has been to take up physical oceanography only to the extent

% Bigelow, “Report,” 139.
%1 |bid., 139.
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that it may be expected to have direct bearing on fisheriesepnsbl

with the result that hydrographic data have not always been chosen most
wisely for the solution of physical problems. Though the work of the
International Council has contributed materially to the quantitative
knowledge of the circulation of the waters off western and northern
Europe, it would have contributed still more to the general
understanding of the natural economy of those seas had the phgdical a
chemical features been given consideration equal to the biolodie in t
arrangement of the investigational programs.

According to Bigelow, the neglect of physical oceanography, was$act, a
rather general phenomenon in Europe. It was not a problem confined jusheny f
studies in general and the ICES program in particular. “phgsical aspects of
Oceanography” writes Bigelow, “have also long suffered to sottenein Europe, from
another prevailing tendency (the origin of which we do not pretedplain) to regard
them as subservient to oceanic biology rather than to give theimpbetance that they
deserve as a branch of geophysfsAs mentioned earlier, Bigelow firmly believed
that a genuine development of a scientific field depended on whétaerseience
acquired an independent status or not. Therefore, the European tendéhink tof
physical oceanography as a subsidiary science to oceanic bmglegtyy impeded the
advance of not only physical oceanography but also the ocean sciences as a whole.

4.2 Oceanography in the United States

It did not take long before oceanography in North America eweecthe period
of being “dead.” Bigelow contends that several events in the 198d'sthe 1910’s
marked the “reawakening” of American oceanography, or the begroi “Modern
Oceanography in America.”

%2 |bid., 141-142.
% Ibid., 142.
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As is so usually the case, the first evidences of this reawads were

not only several, but these several nearly simultaneous. Modern
Oceanography in America may, we think, be dated from the following
events: the establishment, in 1904, of The Tortugas Laboratory of the
Department of Marine Biology of the Carnegie Institution of
Washington; the adoption of a regular program of oceanographic study
at the Scripps’ Institution for biologic research at La Joli&jf@nia in
1908; the institution in 1908 of studies of the bottom sediments, shore
line geology and physics of the waters around Florida and ther2aha

of which the Committee on Sedimentation of the National Research
Council was an outgrowth; the inception of the cooperative study of the
natural economy of the Gulf of Maine by the U.S. Bureau of Fes$er
and the Museum of Comparative Zoology in 1912; the development
since 1910 of oceanic biology as a major project at the St. Andrews
Laboratory of the Biological Board of Canada leading direttlyhe
Canadian Fisheries expedition in 1915; and the inclusion by the
International Ice Patrol of studies of oceanic circulation as gfaits
regular duties since 19£4.

By the time Bigelow was writing the Report, therefore, theere many exploring
projects, both one-time and periodic, going on and a number of institwmRksg on
at least one aspect of oceanography. The most notable exploring ptdjest time was
the ongoing cruises of th@arnegieof the Carnegie Institution of Washington, which
was “planned for three years, to cover a net-work of 110,000 axless all the great
oceans.” TheCarnegiewas intended to cover virtually all areas of oceanography in
addition to its regular work on magneti§m.

More important, however, than the one-time expeditions for the advance of
American oceanography were the intensive studies of the seardfuay to the Report,
“it is by the method of periodic surveys of definite areas, ocdmtinuous attack on
definitely limited problems, that Oceanography in Americanevgis most rapidly

®* Ibid., 94-95.
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advancing at present, and may be expected most rapidly to develoe fature.®®
First, at the American Northeast, Canadian agencies had beemgaot regular
survey programs. Canadian Hydrographic Service had been working orgtagdric
surveys, collecting mostly physical and magnetic data, whileBtbkegical Board of
Canada, whose main mission was fishery studies, worked on both playgicaiologic
surveys. The International Ice Patrol, which was operated byJiSe Coast Guard,
studied the circulation of water masses using the most up-éortiethods of dynamic
oceanography. Bigelow also mentions the Gulf of Maine study yooathducted in the
previous sixteen years by the U.S. Bureau of Fisheries andubkeuvh of Comparative
Zoology of Harvard University, of which he himself was in charge.

On the West Coast, he first mentions the oceanographic progrdma Sttipps
Institution. “Oceanography is well served in the coastal betigasouthern California,
and for a couple of hundred miles out to sea, by periodic cruiseébeofScripps
Institution of Oceanography of the University of California ....fom Bigelow’s
scattered remarks throughout the Report, it is easy to notickelmagarded this project
as the best example of oceanographic work ever undertaken in tieel States, even
better than his own work at the Gulf of Maine in some respectswiifes that the
Scripps Institution’s scientific cruises “constitute the mos¢msive continuing program
of the sort now in progress off the Pacific Coast of North Araefi’ He also writes
that “The Institution’s efforts represent, in fact, the most esgftl project of this sort
yet undertaken by any American agency since the days offéefontaine] Maury®®
Other projects were also going on at the Pacific Coast. TidayArarbor Station of the
University of Washington had been increasingly involved in oceanograpbik,
including studies of oceanic chemistry, physics, and plankton studies, Ale
International Fisheries Commission, operating under treaty bet@emada and the
United States, has undertaken a program of sub-surface sectiotise oAlaskan
coast . . . * There was also a newly established program in CaliforniaHtkins
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Marine Station and the California Fish and Game Commission joeémtllgarked on a
program of oceanic research concentrating on biological aspects.

In North America, there were a number of scientific tnitns where some
work related to oceanography was being conducted, although the numbeathers
modest compared with Europe. “[T]his development [the prospering afinen
institutions in Europe],” writes Bigelow, “which (as we now spesd the climax of a
process extending over more than half a century, has had its countergasmaller
scale in America® Among those American marine institutions, only a few were
considered by Bigelow to have developed fertile oceanographic preg@inthose, the
Scripps Institution certainly ranked at the top. He writes tihae“Scripps’ Institution of
Oceanography of the University of California occupies a positigoregent unique in
American oceanography, because it is the only establishmeiiteocontinent that is
expressly organized and maintained for the investigation of tidegons of this science,
without economic bias™ No other American institutions at the time paid as balanced
attention to all of the oceanographic branches as this west-csisite, with the
genuine method of the “intensive study.” Without doubt, therefore, f8gitton, and
present activity, the [Scripps] Institution leads Oceanography on thécRaist.”?

With the exception of Scripps, American oceanography still deyjgehdavily
on the federal agencies, particularly the U.S. Bureau of Fishen@ the U.S. Coast and
Geodetic Survey. With their well-equipped survey vessels, tlegg wndeniably in the
foremost position to carry out oceanographic surveys at sea. Bipetoself benefited
from the cooperation with the governmental agencies while carryinghisubwn
oceanographic research in the 1910's and 1920’s. Citing Congresgiotsalthat
mentioned “the use of the Scientific and Technical reseadoilitiés of the Government
by private investigators or institutions,” he notes that “it istnotmuch to state that the
United States Government is definitely committed in advance tgeheral policy of
cooperation in scientific undertakings as a whéfelh the past, these two agencies had

Ecological Knowledge and Environmental Problem-Solvit8y-150.

0 Bigelow, “Report,” 137.

" Ibid., 101.

2 bid., 101-102.

3 Ibid., 112. See alsBupplement to the Revised Statutes of the United State8, 1892-1901,
pp. 71-72; andeficiency Appropriation A¢tChap. 831, Vol. 2, 1892-190%upplement to the
Revised Statutep. 1532.

175



sometimes been involved directly in scientific activities unaelusively strong leaders,
but generally such deviations from their regular duty of more ipedatiork were only
rare exception§’

Despite the strong potential and abundant resources of the federakagtey
were largely restricted from participating actively in aesgraphic programs because of
their busy schedule of regular duties and their tight budget. Asil, rié was impossible
for them to initiate and lead oceanographic research programdiraotly related to
their practical duties. The U.S. Congress would generally not diloding for such
‘purely’ scientific projects. “Thus,” writes Bigelow, “the propdsiaval Oceanographic
Expedition planned at the Conference on Oceanography held at theNav$.
Department in the summer of 1924, failed of fruition because it mdedaa large grant
from Congress which was not forthcoming, and which, in fact, thasene reason to
expect would be forthcomind™ Therefore, money and initiative had to come from
somewhere else, from the non-governmental sector. Bigelow obs#rae “Under
present conditions private institutions, alone, or the state univeysiae originate and
carry on a coordinated attack in this field, and it is by helpanfll this gap that the
proposed Institute would have its greatest usefuln@ss.”

The cooperation between private institutions, or institutions aéti with
universities, and the governmental agencies would, thus, prove fruitfagrefully
planned and managed. Bigelow is confident that “they [the agefc&g) a position to
offer practical assistance of various sorts in any large felaoceanographic study that
might be initiated elsewhere under authoritative auspices.” dlizeesuch a fruitful
cooperation, “What is needed is a definite estimate of the fialaghich the several
bureaux can lend active aid and of the amount of such assistancarthattually be
expected from eacH.” The first and foremost assistance that Bigelow expected from
the federal agencies was research vessels. He writes that

4 Hugh Richard SlotterRatronage, Practice, and the Culture of American Science: Alexander
Dallas Bache and the U.S. Coast Surg€ambridge: Cambridge University Press, 1994); Dean
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... the proposed Institute might thus arrange joint periodic cruiseg al
representative profiles in the Atlantic Basin off the Uniteatest of just
the sort that are most needed to show the secular changes thdatake
there, not only in the physical state of the water, but alsts iarganic
communities’?

It is not clear whether Bigelow, and the members of the Coeendgh Oceanography,
had a plan at that moment for the new institution’s own reseas$elAtlantis The
Report says virtually nothing about the possibility of the proposeduitist owning
and operating its own ship and just emphasizes the desirabilityawftaining close
relationships with government agencies that possessed ships wigichba used for
cooperative oceanographic research. For the matter of chartefinghips for
oceanographic purposes, the Bureau of Fisheries and the Navyheermst important
for “No federal institution of the United States, other than thgyNand the Bureau of
Fisheries, can now spare ships from their regular duties for thanea short time’®
But, to use governmental ships in scientific researches, addifiomding had to be
allocated from some outside sources, because “Under present condmons
governmental agency, whether Canadian [or] United States, is abikout
contributions of outside funds, to send a ship on special cruises ofreatylength,
unless these can be combined with regular duffes.”

The U.S. Bureau of Fisheries, in many respects, was the béstrp@ work
together in oceanographic research programs, as its origines dwerlapped in many
areas with the oceanographers’ work. The close proximity of rfislséudies to
oceanography had been clearly demonstrated in the work of B Ehd this intimate
relationship had indeed contributed to the development of oceanography dls® i
United States for many decades. Thus, Bigelow writes that Bureau of Fisheries
stands in a position toward Oceanography different from any abeernmental
institution in the United States, for its entire program ofaede and of conservation of

8 Ibid., 114.
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the marine fisheries, is intimately bound up with basic oceanograpbizams.®' In
particular, the Bureau surpassed other agencies in threasadpst; it possessed well-
equipped seaside facilities adequate for all areas of oceanagraphk done in
laboratories; second, it had workers well trained in branches ednography; and
finally, and perhaps most important, it had ships “capable of longisadtcruises with
a well arranged laboratory fully equipped for dredging, towing and otbkrgcal work
as well as for the ordinary routine observations of temperatuirgfysatc., and manned
by a personnel fully trained in oceanographic procedifrédhe problem with the
Bureau as a partner in oceanographic programs was that, bedatsencssion, its
cruises were mostly confined “to the waters over the continghédl, in comparatively
shallow water and near land, where practically all the impofisinéries are located
n83

What was more promising than executing long-term investigatbrie sea
jointly with the governmental bureaus was to carry out “spetiaérvations” of oceanic
phenomena “as an incidental or secondary program on [governmentalpsippsyed
on other duties.” In fact, “It is under this heading that coopmratiith the Government
may be expected to prove most productive,” according to the Ré&palit.of the
governmental agencies in the United States and Canada relatenné vgays to
oceanography agreed to offer this kind of service to private ogesphers and
oceanographic institutions, when inquired by the Committee. In ifacgffectiveness
was already proven by the cooperative network that the Scripjisitioa formed with
several agencies. That network had been working quite successfully fal sezes>

In the Report were mentioned the Bureau of Fisheries, the Nawyl.S.
Shipping Board, the Coast Guard, the Coast and Geodetic Surv&gakmgical Survey,
the Lighthouse Service, the U.S. Bureau of Standards, and some@taieations on
both coasts of the United States. All of these agencies weraiadblwilling to offer help
to oceanographers in one way or another according to their situatoaddition to
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aiding in long-term or incidental work at sea, some organizatiome algle to offer
different kinds of assistance essential to oceanographic reseafchthey maintained
on-land facilities and laboratories throughout the Atlantic andfiPadasts, they could
be used as temporary headquarters during marine investig&tidhe help expected
from the Bureau of Standards was unique, and very important. “In i¢he df
instrumental development—one of the most important in modern Oceanography—,”
writes Bigelow, “the prospect for governmental assistanceguslly rosy, for the U.S.
Bureau of Standards offers unique laboratory facilities, and alreaslyin successful
operation a plan for cooperative research in this figldat the laboratory of the Bureau,
experts would help developing and improving oceanographic instrumentea$iqn
that no other place could offer.

One of the characteristics of the Report is that it cometsonly the United
States but in most cases deals with North America that inclddedda. This coverage
certainly resulted from the oceanographers’ point of view thade¢héhas no boundaries,
and revealed the necessity of international cooperation irriéaeomparable to that in
Europe. But at the same time it also shows the degree of indmckdamiliarity on the
part of those who had been involved with the Committee, including WiclRtse,
Frank Lillie, and Bigelow, in the Canadian governmental establistsmiair personnel
and projects.

The Biological Board of Canada, admittedly the leader in Canadian
oceanography, closely resembled those European governmental agdswoésd to
hydrographic and biologic studies more than any American institutiortee scope of
their activities, and in their organizatioff"The Biological Board of Canada operated
stations on both Atlantic and Pacific coasts: “The LaboratorfieBiological Board of
Canada at Nanaimo, B.C. is the headquarters on the Pacific ao&dnada, for
participation by various universities in the marine investigatajrike Board, just as St.
Andrews Laboratory is in the Atlantic coa&?."The Biological Board of Canada, like
the U.S. Bureau of Fisheries and the Fishery Services of Europeamsnédcused on
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the problems of fisheries and related biological studies. But st freger than its U.S.
counterpart in pursuing “investigations in the more theoretic fieldsceénic biology,
and in physical oceanography, the practical bearings of which gy semote.” It
resulted from the “differences in organization” compared with Wh8. Bureau of
Fisheries.

In these biological laboratories [of the Biological Board of Caha
system has been developed by which students and instructors from
Canadian colleges and universities actively participate in the
investigations of the board, under such direction as the case demands.
Special attention has, in fact, been directed to the laborateityoch of
attacking oceanographic problems, resulting in a type of cooperation
with educational institutions that may be taken as a ni8del.

That cooperative relationship benefited both sides, the BiologicaldBaad the
educational institutions participating in the program. For the studen&Sanadian
colleges and universities working at the laboratories of thedbaarwas a great
opportunity for “supervised research, leading to degrees.” Bigelowneonts that “this
opportunity, largely taken advantage of by students from most ahfh@rtant Canadian
schools, is an especially fertile contribution to the problem ofrmggaphic education
in America today.*

Why is the case of Canadian marine science taken so sgriousle Report,
and the Biological Board of Canada considered as the most sucaassfimographic
institution in North America? The first answer has to be thatnieenbers of the
Committee and Bigelow truly admired the success and effectigeniethe Canadian
system. Bigelow on one occasion writes that “the excellends {Biological Board of
Canada] investigations is internationally recogniz&dBut, Bigelow and others may
also have aimed at stimulating the national pride of their fellmwwericans by
emphasizing the Canadian superiority. Trying to secure supporbdeanographic
programs in the United States, and hopefully for a brand new oceanogregtitition

% Ipid., 132.
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on the east coast, they perhaps sought to emphasize the uegpktt beost the research
and teaching of oceanography in their own country in order to elévat¢he level of
its rival countries. The third, and probably the most important, ansegld be that the
Committee considered the Biological Board of Canada as a mode¢hd proposed
American oceanographic institution, especially in the way itthbuné productive
relationship with colleges and universities. Education, in fact, wiig groblem for
American oceanography, and the Committee hoped that the new owgdnog
institution could contribute to solving that problem. The prospect of adophiag
Canadian model certainly seemed promising.

5. Problems and Obstacles for American Oceanography

Summing up the chapter on the “Present Situation in Oceanography in
America,” Bigelow concludes that “Oceanography is todaywe*lscience in America,
but at the same time an “infant” science, struggling agaiastyrand serious obstacles
to its growth.” American oceanography, indeed, had many problems and obStheles
were only two things that were sufficiently well maintained dceanography’s further
progress: libraries and opportunities for laboratory work. Exceph®two, “in every
other way Oceanography, though very much alive, lags far behititeatther sciences
with which it is commensurate in importanc8.”

Among the problems that American oceanography faced nothingmoeas
serious than the deficiency in its manpower. The number of oceaneggaphNorth
America was so few, even when those in Canada were includédesiearch in many
areas of the marine sciences could hardly be expected torleel cart successfully in a
continuous manner. According to the “Liste des oceanographes” compildtieb
International Geophysical Union in the years between 1925 and 1927 wihexel 24
oceanographers in the United States and Canada. This number includetose
interests touched an aspect of the ocean sciences and, thus, foromamgm
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oceanography was not their primary field. The American GeogddySicion’s Section
of Oceanography had only 31 members in 1927, which “include[d] practiballyhole
roster of American Physical Oceanographers, as well asaevhose interests [were]
primarily biologic.” The Report continues,

Probably it is safe to assert that the number of students irh Nort
America whose studies are devoted to the physical, geologic, cilemi
or biologic aspects of the ocean as an entity, as contrastedhoge
whom the oceanic aspect of the projects in which they are engaged
secondary, is not greater than fifty, all told. And fewer st@l actually
engaged in oceanographic investigafion.

Bigelow also mentions later in the Report that the number of Aareriand Canadian,
oceanographers outside the governmental establishments did not ekgeadd that
those within the various governmental agencies would number about thirty five.

The very small number of American oceanographers meant thataihtse
institutions engaged in oceanic studies had “only one or two ogegpiers on their
staffs, or none at all.” It inevitably resulted in the instabildfy most American
oceanographic programs, which had to be abandoned completely if then per
responsible for a project lost interest in it or had to leaveriséme other reasofns.
Often, it was extremely difficult to find suitable staff migers when a new
oceanographic project was being planned. Bigelow, in the Report, emgshdkat
money and ships were desperately needed in order for oceanognapinyerica to
advance; yet, “it is of men that there is now the most seriousaglegr he add?®
Similar contentions were repeated. For example, “If one gresdt o€ oceanography
today is money, another is meff;"and “the scarcity of students in this field has been
one of the drags on the development of this science in Améfica.”

Why, then, were there not enough oceanographers in America? The most
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apparent reason was that there were insufficient opportunities thggeiroper
education in oceanography. Another, perhaps more serious, problemhedact that
there [were] very few professional openings for oceanographdmarmica, outside the
government bureaux, whether in teaching or in research institufforihere were
scientists who were trained in other fields who, in a position tetgined for their
original specialties, touched some aspects of the ocean sciBatdsr those who had
been trained in oceanography with the hope of finding a job in tle&dr the reality was
harsh “because very few professional openings for teaching or investifygere] open,
except in the very special lines of work carried on in the government scigfice.”

How was oceanography taught in colleges and universities?ifliadan was
disappointing. “The general paucity of opportunities for instruction ingéieeral field”
of oceanography was “so obvious that it need[ed] no detailed surgey f
corroboration,*** says the Report. Compared with other scientific fields, edpecia
those already well established, ocean science in general adgglty not included in
the university curriculum at all. So far as higher education waserned, oceanography
was far from an independent scientific discipline until thaetigespite the wide public
interest in it"%? It was no better for the specific branches of oceanograpliyeae were
“few opportunities for instruction in the basic aspects of ocean gemsh or in the
oceanic phases of biology” in American Universiti&sThe situation of physical
oceanography was apparently worse. According to “a cursory survey” bytheni@ee,
“no American University today offers a satisfactory coucsandergraduates in oceanic
Geophysics, as a concrete and sufficiently inclusive subj€ctThus, both general
introductory courses and advanced specific courses in oceanograpbypat taught at
a satisfactory level, especially to undergraduate but algoattuate students. What was
desperately needed was “a course of instruction, properly gradedaufreen the
elementary introduction to advanced reseath.The evident result of the lack of
proper university instruction was that oceanographers in Amieaiddo be “largely self-
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taught. %

The way oceanographic courses were taught at universities and colkpbhadil
serious problems for the rearing of the next generation of Aareroceanographers.
Bigelow firmly believed that oceanographers had to be famiigh the sea and be
capable of doing work proficiently at sea. To satisfy this reguent, two things were
indispensable: that there had to be teachers who were experiersmeniific work at
sea; and that the students themselves were given enough opportargicésally go to
the sea and learn by doing some work there. There were, howevenougih teachers
who were experienced workers in marine field work in most Amenicaversities and
colleges. Thus, the Report notes that “but few American Uniiessibw number active
investigators in Oceanography among their teaching staffsfithout teachers who
were actively engaged in ocean investigations, training studergsaatvas hardly
possible. Bigelow, an ardent advocate of field training at seaaiagphe difficulty of
cultivating true oceanographers as below:

Psychology must also be reckoned with. It is essential for the
oceanographer to have an intimate firsthand acquaintance withathe se
because this alone can give him the mental apprehension of itssgastne
and of the complex inter-relation of its internal economics that he
requires as the background for his detailed studies, no matter in what
field these may fall. Therefore, he must spend some of s ala on

the sea; often on a boat far too small for comfort, contending witfhrou
seas, wet and cold; sea-sickness must be no bugbear to him, nor
cramped quarters. He must, in a word, be sea-minded, just as arforest
must be forest minded. Furthermore, marine explorations at all
ambitious are necessarily the work of a party whose efforts the
oceanographer in charge must direct; therefore, he must have some of
the qualities of leadership; it will be easier for him if e seaman
enough to lend a hand, when needed, and if he have some knowledge of
navigation. Practical experience shows that these requirements of
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personality and especially of love for the sea will alwaysitlithe
number of budding scientists from whose ranks the supply of
oceanographers can be dratth.

The “vastness and ... the complex inter-relation of its internal ecdosdwof the
ocean was in fact a great barrier to the advance of oceanogfaphiy the individual
investigator have vision he is apt to stand appalled at the conypddttie problems to
which any marine investigation necessarily introduces him; agpadlo, at the great
extent of the area of sea that must be taken into account.” Astigat®r, then, had to
have “more than an elementary” knowledge about many differdds fed science in
order to analyze and interpret the phenomena that he was dealingnwigality, it is
often not possible for an individual scientist to have enough knowleugslkals in all
the areas of science that were needed for his oceanograplactptbpr this reason,”
writes Bigelow, “fertile results in the more basic problemsQaeanography can be
expected only through cooperation between individual scientisteabpeg in different
fields, between institutions with different facilities, and betweations fronting on
different sectors of the oceat?”

In Europe, cooperation in oceanographic research at various levels was
effectively facilitated by the presence of the ICES, but in North Aradhere existed no
such organization comparable to it. One notable organization in tinismasi the North
American Committee for Fisheries Investigation founded in 1920. Canada,
Newfoundland, France, and the United States were members of thisi@=menan that
time. This organization, which was intended to include fisheries cesnand other
relevant institutions of the countries “that participate[d] indheat sea fisheries of the
northwestern Atlantic,” had “no executive powers but [was] purélysary.” However,
the Report assesses its work in the previous years as vesssfud, and concludes that
“the success it has enjoyed without powers of any sort is one efrtireest arguments
for the establishment of the proposed Institutibf.”
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Another difficulty that American oceanographers faced was thecibc of
publishing opportunities. Bigelow reports that there was only one sicgueriodical
devoted solely to oceanography in America, the one published bytippsSinstitution
of Oceanograph¥}* The problem with this Scripps periodical was that there aftas
not enough room for outside contributors. As a result, technical ocephagpapers
were scattered in scientific journals of such diverse fieldsasgy, chemistry, geology,
geophysics, and fisheries. This situation was apparently not good rfaridan
oceanography, because it made it difficult for oceanography to be seen as andedepe
and unified scientific field. Also, the difficulty on the part of tinelividual student to
“keep abreast of the work of all his colleagues in various pdrtbe world” was a
serious problem for the development of oceanography in Amefica.

6. “Possible Remedies”

Compared with the complexity of the problems, the solution was rsitiheite:
founding an oceanographic institution at an appropriate location on tlegicam east
coast. That institution would be able to function as a vehicle thraagth most of the
problems that American oceanography faced would find solutions, them@ies
believed. The necessity of a leading organization was obvious to Bjgatavthe
committee, for it seemed to be the simplest and easiestowaprove the situation. By
giving multiple roles to the new institution ingeniously and stratdly, it could be
expected to contribute to the betterment of the many problems nrerigan
oceanography, ranging from the lack of proper coordination in oessanches to the
insufficient educational programs. Once the committee agreed upon ibhedlaton of

1 The technical series of thHBulletin of the Scripps Institution of Oceanographms first
published in 1927. For Vaughan's ideas and his correspondence with o#@rographers
regarding the publication, see Letter from Bigelow to Vaughan brugey 25, 1924 and Letter
from Vaughan to G. W. Littlehales on January 26, 1925, Records of @eOS8ice of the
Director (Vaughan), 1924-1936, Scripps Institution of Oceanographkives, University of
California, San Diego.
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founding an oceanographic institution, what was needed then was @ eacketailed
discussion on its concrete shape and organization. What kind of institutiold best
serve the various needs of American oceanography became theissize of the
committee’s further discussions. Therefore, the last two antf elagoters of the Report
deal with the characters of the proposed institution of oceanograptgh would
enable it to carry out its dutié§’

How would the institution contribute to solving the problems of American
oceanography? It would, first, carry on active field investigetiof various aspects of
oceanography and publish an oceanographic journal. And, by maintainintasabssat
“Arctic waters and oceanic abyss,” the institution would be abldeial with diverse
oceanic environments. The institution would give opportunities of instruction i
“Oceanographic field methods” as well as “in the boat work” tding students, some
of whom would be able to get the benefit of fellowships. For estedulisesearchers at
universities, it was expected to function “as headquarters forgteimer work” in the
field of ocean sciences. Close relationship with universities dveakble it to offer
research opportunities to them. Finally, “It should constantly mak@itmary object to
encourage the unification of effort” in various oceanic sciehtes.

Regarding the educational function of the oceanographic institution, the
committee took a rather indirect approach. Unlike the Scripps utistif which
admittedly operated as the department of oceanography of the sityiadr California,
the new institution would not set up separate undergraduate and graduatela of
oceanography within the institution itself. Instead, emphasis lardson the kind of
“support via the universities, because [the committee was] convinced thiat fewt
exceptions sound advances in any field of knowledge [could] be expectethimuigh
them or through research institutions fed by their graduat®sThree things were
considered: establishing fellowships, founding teaching or researcins,clzand
“strengthening the oceanographic departments in the univstditiat already existed.

113 The titles of the chapters are, Chapter VI Handicapeedevelopment of Oceanography,
and Best Remedies; Chapter VIl Principles That Should Deterthe Type of Organization for
an Institution for Oceanography in Eastern North America; and t€hafll Considerations
That Should Govern the Location of an Oceanographic Institution oBabieCoast of North
America.. Bigelow, “Report,” 143-163.
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Through these measures, it was expected that “the opportunitigstiaction” would
be enlarged and “the professional openings in sea-science inespliaguniversities,
and in the seaside laboratories” would multipl§. The proposed oceanographic
institution would be instrumental in stimulating and supporting suchuresslesigned
to improve education in oceanography. The institution would provide the eshafic
“field instruction in the technical procedure” and “furnish the exampt actual
investigations for students.”

The institution would also be able to play an important role in enhancing
oceanographic research and in coordinating the work already Heimmg at several
institutions in America. It is interesting that the committegended that this
oceanographic institution, and not a separate organization modeledthaftéCES,
would “serve ... for the stimulation of oceanographic researcheshar aistitutions,
and ... the development of cooperation between the several agenesbyactive in
that field, private, governmental and internatiorfal."There certainly was a need for
coordinating the scattered efforts at various centers of maudg sn the east coast.
Scientific study of the oceans had to be a cooperative work by bemwhparticipating
scientific institutions because of the scale of work, but therayslvexisted the danger
that each institution do the work in its own way regardless of athats were doing. If
one of the institutions was in a position to lead the way and to coadimatwhole
projects in a systematic manner, by setting up a standard metllatbo¢ollecting and
analyzing and by allotting portions of the sea according to théidacand capacity of
each institution, the project would be much more efficiently camwigd “A common
plan” could be establishéd®

This was one of the reasons why they insisted that the newuiiostitbe
absolutely independent. The Scripps Institution, for example, despitacthiat it was
“rapidly developing into a centre of stimulus in this respect’tton Pacific coast, was
not able to coordinate all the oceanographic work being done by &epatiutions at
the north eastern part of the Pacific Ocean because of iteimHhenitation of being a
university attachment. It was beyond the ability of an instituthan belonged to a state
university to coordinate researches being done by the divetgatiaoes—some private,

11 |bid., 147-148.
17 |pid., 148.
118 |pid., 93.
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some governmental, and some even belonging to other nations. Even thougtipibe S
Institution lacked the function of coordinating, however, oceanography was
comparatively well served on the west coast of North Amdrgzause “the committee
on the oceanography of the Pacific, of the Pacific Scienceiagsogchas proved highly
effective” as a coordinating agency. But, it had nothing to do with the situation on the
east coast because the two coasts had to be considered &sepavaices” both “on
geographical grounds and ... existing institutional conditions.” So, &f& Glommittee
on Oceanography’s recommendations as to the two coasts wererdifand irrelevant
to each other. For the west coast, it was suggested that Giteeffective course would
be financially to assist and otherwise to strengthen thesasifle laboratories],
combined with the establishment of some sort of inter-institutiboatd to serve as a
clearing house for information, and to encourage cooperation between tBantkie
Atlantic coast, however, a wholly different approach was neededthése was no
institution “established primarily for ocean researché$.Therefore, on the east coast,

support could most effectively be given through the foundation of a
central institution for Oceanography. We are convinced that ifotige

run, any such institution will benefit this science more by degats
energies to supporting education, by planning its firsthand
investigations to serve as examples, and by encouraging cooperation,
than it could by spending its resources on a succession of expeditions,
unless these resources were practically limitt&ss.

Only independence of the institution would ensure its function of cooroimatdf
oceanographic education and research.

The committee aimed at establishing “an entirely independmmtdétion,”
ensuring its independency by giving it proper organization, bothefieaf’ and
“internal.” Discussing the “external organization,” the Remuggests that “two aims

119 bid., 147. See also T. Wayland Vaughan, et. al., ebigernational Aspects of
Oceanography: Oceanographic Data and Provisions for Oceanographic Reg@¢ashington,
D.C.: National Academy of Sciences, 1937), xiii-xvii.

120 Bigelow, “Report,” 148.
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that might be sometimes conflicting” has to be considered: “(@h¢tourage the closest
cooperation with other agencies engaged in oceanic resear¢B),attthe same time to
insure the permanent independence of the institution, lest it evgnto@tome
dominated by some one university, or group of universifi&sit means that the
committee wanted to make sure that the institution’s independemae wever hinder
its important role of facilitating cooperation among various eaastcmarine institutions.
Thus a way to maintain the delicate balance between the two seemingigticondims,
independence and cooperation, had to be sought somehow.

In the Report is shown the efforts on the part of the Commatéad adequate
models from the already existing marine institutions in both EuamgeAmerica. Yet,
good models were hard to find as the majority of institutionsewersome ways
dependent on governments. Bigelow writes that “out of 86 establishmestdeoat
North America that are listed by the International Geodettt @eophysical Union as
occupied with the study of the sea, more than 60 are operatedyda®gfovernmental
establishments®** Among the few independent institutions four received careful
consideration: the Stazione Zodlogica at Naples, the Marine dgialoLaboratory, the
Oceanographic Institute of Monaco, and the Carnegie Instittfffoihe Naples Station
provided “laboratory facilities and materials for individual students working @ievir
problems they [might] select,” and the MBL did the same “wigtayram of instruction
in addition.” The Monaco Institute and the Carnegie Institution vmeoee research-
oriented, the latter being strictly centered on research wigléotmer had public lecture
programs. The committee put aside the last two as theyneesppropriate models that
could encourage cooperation as their organizations did not allow muatigzdion by

122 Ipid., 150.

123 |pid., 151.

124 For the history of these institutions, see the articleinB. Metz, ed., “The Naples
Zoological Station and the Marine Biological Laboratory: One Hedhdyears of Biology,”
Biological Bulletin 168 (Suppl.) (1985): 1-207; LilieThe Woods Hole Marine Biological
Laboratory, Jane Maienscheir,00 Years Exploring Life, 1888-1988: The Marine Biological
Laboratory at Woods Holéoston: Jones and Bartlett Publishers, 1989); Pierre Midilledt

de Monaco, Prince des Mel&renoble: Glénat, 1995); Christian Carpind,a Pratique de
I'Océanographie au Temps du Prince Albert I6¢lonaco: Musée océanographique, 2002); and
Margaret H. Hazen and James Treflpod Seeing: A Century of Science at the Carnegie
Institution of WashingtofWashington, D.C.: Joseph Henry Press, 2002).
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outside researchers from universitiés.

The MBL was selected as the best model for the oceanograystitution
because it had “proved itself so admirably adapted to the conditionswinidérscience
operate[d] in North America,” although some modification was iablet'?® MBL's
successful tradition of participation by a great number of ingtitatowed much to the
“table system” that it inherited from the Naples Station. Ttazi8ne Zbologica could
maintain “its international character” firstly “by the salled table system, whereby
institutions in various countries that subscribed toward the upkee station had the
privilege of sending investigators therd” The universities and other institutions “that
subscribe[d] to the support of the Marine Biological Laboratory ... [Haolvever, no
such power to make nominations to the governing board (“Trustees™f ahom
[were] elected by the corporation of the laboratory.” Theegfdhe “danger of
domination by any one university, or particular scientific cetecould effectively be
prevented for the “entire control of the affairs of the institutiwaq] kept in the hands
of the persons interested in its welfare as an independent instittffon.”

Likewise, the proposed oceanographic institution’s independence would be
guaranteed by the participation of a large number of universitidscalleges. The
ownership would be “in the hands of a broadly representative corporattoygew
numbers [might] be expected to grow, with growing interest in tls&tution, and
[might] eventually come to represent all the institutions in Acaethat [were] actively
concerned with the study of the sea.” And the actual managemt istitution was
to be entrusted to “a smaller board, of manageable size, cclécie the general
membership of the corporation.” It was this board that would conteolrtstitution’s
budget and determine its policiEs.

For the “internal organization” of the institution, MBL could not d&ejood
model for the oceanographic institution, mainly because it had tg oat its own
research projects. Moreover, the limited opportunities for conduatsgarches at sea
on a ship necessitated systematic planning of the projects and orgahe work force.
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The MBL, or the Naples, style of ‘each scientist doing his owrkweould definitely
not work well here.

Obviously such entire personal independence would prove much less
fertile at an oceanographical institute, because the necessity of obtaining
the raw data for the major oceanographic problems at sea ftmmata
confines the projects that could be undertaken at any one time to such as
could be provided for, jointly, by the station’s fleet. This meansttiea
activities, not only of the staff of the institution, but of visiting
investigators as well must, so far as major problems are cwude
directed. And this would apply, in particular, to investigations involving
the synthesis of various divisions of science, which it should be the
special aim of the institution to foster. It is, therefore, essethat the
internal organization provide for direction of the station program, at
once efficient, sympathetic, and broad-mind&d.

On the other hand, the Committee was determined that the interaalzaigon be not
too rigid but be “fluid enough to allow evolution.” It would thereforealteue challenge
for the directorate of the institution to be “rigid enough toycaut an effective program
and to provide direction both authoritative and stimulating,” but “at dheestime loose
enough to insure the requisite fluidity.” To ensure the fluiditg, institution’s programs
had to be "built up around men and projects, never around subjects,” and it wa
suggested that dividing the institution “along departmental lines would in the long run be
ruinous.3!

Finally, there was the question of where to build the centrédutisn. It would
not take long to notice the strong influence of the Marine Bio&ddiaboratory, or of its
director Frank Lillie, in the discussion of the institution’s locati as well as its
organizational characters. For the location of the main institutioee things were
considered. First, it had to be close to existing libraries in aodietke advantage of the
books and periodicals that had been accumulated so that the institteégmisces could

130 |pid., 155.
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be saved from gathering them from nothing at hand. Second, the new orstitotild
greatly benefit if it be located near “established laborasooif Physics, Chemistry, and
Biology,” which meant that the ideal location had to be one of theatgeducational
centers” on the American east coast. Third, geographic condition® ledconsidered
as well as natural conditions of the nearby seas. Climate Hazel favorable and living
conditions good, so that researchers could live comfortably duringithenar seasons.
Harbor facilities and ship yards had to be near the institutionth@nesearchers had to
have easy access to diverse marine environments by smalt¥hifize region that best
fit these conditions was, according to Bigelow, the “Cape Cod—Hasiétor,” and
within this region Woods Hole in Massachusetts was choseneasle¢hl site of the
central institution largely because of the existence of theneld@iological Laboratory
and the Laboratory of the U.S. Bureau of Fisheries. The facthbgthtad been quite
successfully doing their job of studying the sea and their liimhgbitants for many
decades proved the suitability of the area for the oceanographtatios. And, very
naturally, close cooperation among the three institutions devoted tmensarences was
expected®

The locations of the two sub-stations were also discussetiybfieé one at or
near oceanic abyss was especially mentioned in more detailcdrhmittee suggested
that Bermuda would be a perfect location for the sub-station, whefadtiges of the
Bermuda Biological Station, that had ceased to operate, weretexpede used. If the
Station could be reorganized and used as the sub-station, “littleexprase” would be
needed for building the facilitids? The discussion on the other, arctic, sub-station did
not reach an agreement regarding the exact location, but the Reparons several
places in the Canadian arctic region.

After all, at the core of the Committee’s recommendation Wwasptan for an
oceanographic institution, which was expected to solve most of thideprs that

32 Ipid., 156.

133 |bid., 159. See also W. D. Russel-Hunter, “The Woods Hole LaboratteyH8story and
Ecology,” Biological Bulletin 168 (1985) (Suppl.): 197-199; and Philip J. Pauly, “Summer
Resort and Scientific Discipline: Woods Hole and the Struotirdamerican Biology, 1882-
1925,” in Rainger, Benson, and Maiensch&ime American Development of Biolpd®1-150.

134 Bigelow, “Report,” 163. For the station’s history, see Thenefa Biological Station for
ResearchThe First Century: Celebrating 100 Years of Marine ScigBegmuda: The Bermuda
Biological Station for Research, Inc., 2003).
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American oceanography faced at that time. Toward the end oRepert, Bigelow
writes:

The time is ripe for the project just outlined. If a strong oceapbgc
institution can be established on the Atlantic coast, and those now
existing on the Pacific coast be adequately strengtheneckliggdothat
through their cooperation, the interests of oceanographic research in
America will continue to receive needed attention in the futiire.

7. Conclusion

The time was “ripe” indeed. A few months after the submissionhef t
Committee’s report, the Woods Hole Oceanographic Institution wdigiathy
established®® No more discussion was necessary as there had been enough in the
preceding years. Nor was there any serious dispute about tlaetehand location of
the institution. A full agreement was reached among the pamiesemed—Ileading
scientists, related scientific institutions including governmegencies, and the
Rockefeller Foundation. They were all very well aware of thedniee such an
institution and were overall satisfied with the scheme presemtBayelow’s report. By
the time the report was completed, then, they were ready to thegactual work of
starting up the oceanographic institution.

The Rockefeller Foundation’s role was particularly importarthasmoney for
building the institution came from it and most of the actual work wane by its
officials. The Foundation was extremely supportive of the plan tod bthie
oceanographic institution and did not spare money and efforts needed fmoject. In
fact, even the scientists involved with the Committee on Oceanggypdh as Bigelow,

135 Bigelow, “Report,” 149.

1% Henry B. Bigelow, “The Woods Hole Oceanographic Instituti@gienceVol. 71, No. 1837
(March 14, 1930): 277-278; “The Woods Hole Oceanographic Institutibhg Scientific
Monthly, Vol. 31, No. 4 (Oct., 1930): 377-378.
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were surprised at the speed of all the processes and theo&fiakencial support from
the foundation. Officials of the Rockefeller Foundation fully took oleckliffe Rose’s
vision and did what they could to realize it. Rose, who retired in 1928 both the
General and the International Education Boards, died in 1931 justedteg she WHOI
founded.

With the establishment of the WHOI, oceanographers in the USteds now
possessed full-scale seaside institutions devoted manifestly amoggaphy on both
coasts of the country. Thereby the foundation of balanced development af oce
researches was successfully laid. Together with those srealiside stations and other
institutions where oceanography was of only minor interest, sgdttroughout the
Atlantic and Pacific coasts, Scripps and WHOI would provide chamz$aailities of
oceanographic research and education for American scientiststahehts. In the
Atlantic Ocean, particularly, American oceanographers could cgtahith the work of
their counterparts in Europe at a fast pace and contribute tglabal cooperative
program of understanding the oceans. Oceanography as a sciiatiptine was now
well established with the two major oceanographic institutionsredgtcarrying on
oceanic research projects.

As it was clearly envisioned in the Committee on Oceanography’s report, WHOI
had very different features and missions from those of Scripg. dfiall, WHOI was
an independent institution not at all affiliated with any univeraiby with federal or
state government. The difference resulted from the differentstiamel situations in
which the two institutions arose. When Scripps grew up as an ocaphaginstitution,
there were few other institutions on the west coast that dddnmgraphic work and,
therefore, the notions of inter-institutional cooperation and coordinatioa nar so
important. But for WHOI things were different. Scattered masoentists and their
vulnerable research programs in many places, both governmental and non-govérnmenta
made it inevitable that a coordinating agency like the ICESstablkshed. In order to
play that role, WHOI could not be bound to a single university or a goverahag@ncy,
and inevitably had to be independent. The existence of many good uresessid
colleges made Bigelow and others to think that it would be much efteetive to
induce them to develop educational programs in oceanography thstalibsh separate
degree programs at WHOI. Therefore it is impossible to underttandeas behind the
founding of the WHOI without considering the contemporary east-coast Gituati
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A central oceanographic institution which played the role of medati
coordinating, cooperating, and stimulating the research and edutagtiogeams in a
region very well fit Rose’s ideal as shown in the work he did whth International
Health Board?®’ He sought to build centers of scientific research and education in
European countries and believed that they would influence the regiorsy reead
eventually contribute to the economy and well-being of their residengéssimilar way,
the town of Woods Hole was expected to become a center of Ameceanography
with the laboratory of the U.S. Bureau of Fisheries, the Marineogicdl Laboratory,
and the WHOI cooperating. WHOI's research and education prograresmended to
influence and stimulate other institutions on the east coast. obeanographic
researches were expected to contribute to the nation’s econoaigtihy the industries
such as fisheries, overseas trade, and weather forecastmatdly, American
oceanography under the initiative of the WHOI would contribute to ritexnational
cooperation of science.

In addition to the scientific needs, therefore, a mixture of ra\wdfferent
factors enabled the founding of the Woods Hole Oceanographic Institatidrshaped
and determined its character. WHOI was an outcome of the iiciemd educational
situation of its time and place as well as of the prevaledenof thinking among the
leaders of American society.

137 See Robert E. Kohler, “Science and Philanthropy: WieklRose and the International
Education Board,Minerva, 23:1 (1985): 75-95; and Simon Flexner, “Wickliffe Rose: 1862-
1931,”Science75 (1932): 504-506.
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CHAPTER 6
Sailing the Oceans: American Oceanography in the 1930’s

American oceanographers struggled to build a modern science of o@gaNnogr
in the United States since the mid-1910’s. Their efforts begbaaofruit from the mid-
1920's with the founding of two prominent scientific institutions on theiffe and
Atlantic coasts, first the Scripps Institution of Oceanograptd/then the Woods Hole
Oceanographic Institution. These oceanographic institutions broughtheith several
features new to the traditional American marine sciences.sfuy of the physical
aspects of the seas became much more important than beforestscvesrte encouraged
to go out to the high seas with better equipped research vesselgopedative work
mixing several aspects of oceanography was more activelyquur¥he new pattern of
doing oceanographic work resulted from the ideas that had been ptdvaie earlier
times among a handful of leaders of American oceanography, sutteray Bryant
Bigelow and Thomas Wayland Vaughan who, as directors of WHOI angpSc
respectively, contributed to the actual building process of the twanogeaphic
institutions’ research programs and educational schemes.

At the two oceanographic institutions, American oceanography developéu fast
the 1930’s. With the institutional settings that had been estatblishéhe previous
decade, American oceanographers could make significant contribtaitmes science of
the sea by doing original researches in every domain of ogemity. In the years
between the founding of WHOI and the U.S. entry into World War llaoography as a
scientific discipline was finally established in the United&taand truly oceanographic
work was actively carried out on both coasts of the country. At the same time, the leader
of American oceanography also took actions to establish ednaatd training systems
that would guarantee the supply of the new generation of qualiffeddass in the field
of oceanography. The 1930’s was the time when oceanographiccrepeagrams and a
modern educational system for the students of oceanography were set up.

This chapter will first explore the developments of Americagaoography that
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took place in the 1930’s, which set the standard of oceanographiccteaad education
for the American oceanographic community. Then, as a closingtreflean the whole
discourse on American oceanography from the beginning of thei¢tvenentury until
about 1940, it will try to reflect on the meanings of the institutination of the science
of the sea in the United States that took place in this period.

1. Oceanographic Researches in the 1930’'s: The Case of the Woddsle
Oceanographic Institution

Oceanographers at Scripps and WHOI actively pursued the stuldg &facific
and Atlantic oceans according to carefully articulated resgalests beginning in the
1930's. Having well-defined research programs, the two American oyegoioc
institutions in the 1930’s carried out deliberately planned, sysiestatly of the oceans,
and the scientists who belonged to or were connected to them coldmtioin the
research network unlike their predecessors whose researchesfteeradependent and
isolated from those of their colleagues. What pioneers of Aarermceanography
previously dreamed of, somewhat apart from the reality of tieest came to be
realized at last in this period. With the high-level researches peddrgntheir scientific
staff, Scripps and WHOI became world-renowned oceanographituiestwhich, by
the early 1930’s, undoubtedly caught up with their European counterparts.

The oceanographic research plans of the institutions were sebstfy by their
directors and, thus, the role of the directors became ever mpoetant in the period of
active and intensive ocean research. Scripps directors T. Waylagdaraand Harald U.
Sverdrup and WHOI director Henry B. Bigelow tried to build stronganographic
programs at their institutions. The situations they faced as aliseof Scripps and
WHOI in the 1930’s were by no means identical, however. Until aroun@, a3ipps
was certainly in the forefront of American oceanographic stuaigbe only institution
clearly aimed at the study of the sea with its relativedyl-established academic staff
and resources. Scripps director Vaughan was well aware of tiegticen and was
confident of his institution’s superior position in the United Staféken the National
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Academy of Sciences Committee on Oceanography recommendeaduha@inly of
WHOI, Vaughan, who was a member of the committee, readilyedguéh the decision
which might have meant unbalanced financial support favoring the pbtem@etitor
of his own institutior. He had no worries regarding the future competition with the
younger, east-coast oceanographic institute as he believedinhast thirty years of
Scripps’ history and experience were not easy to overcome faethieorn institution.
In reality, contrary to Vaughan’'s confidence, it turned out that Whki@»n excelled
Scripps in the realm of ocean research with its fully equippsdarch vessétlantis
WHOI's director Bigelow was much more experienced than Vaughaterms of
seagoing oceanographic work, and had a clearer vision for his iostdukbng-term
research program. With the substantial amount of financial supporttfre Rockefeller
Foundation, one of the first things that Bigelow did as director wwabuild R/V
Atlantis? At that time, Scripps did not own a full-scale vessel which couldsee for
open-sea research work, and that made a big difference favdhadtitutions. In terms
of full-scale seagoing research, the first became lastrenthst became first. Bigelow
and his colleagues at WHOI took a full advantage of the institatigsearch vessel
Atlantis in pursuing comprehensive studies of the high seas, particulatig wedstern
part of the Atlantic Ocean.

The R/V Atlantis best represented Bigelow's idea about the kind of
oceanographic researches to be done at WHOI. In fact, Bigelndent quest for a
research vessel preceded the plan for an oceanographic institatios.Gulf of Maine
studies, it was arranged for him to use the Bureau of Fishehips Grampusand
Albatross but they were not perfectly suited for the kind of oceanographic work
Bigelow pursued and were not always available at the timeam¢ed them because of
the Bureau’s own working scheddlaVhen the Gulf of Maine project ended, mainly

! Elizabeth N. Shor, “The Role of T. Wayland Vaughan in American Oceanography,”Sears
and D. Merriman, edsQceanography: The PagiNew York: Springer-Verlag, 1980), 127-137,
Helen Raitt and Beatrice Moulto&cripps Institution of Oceanography: First Fifty Yed8an
Diego: The Ward Ritchie Press, 1967), 108-111.

2 Susan Schlee, “The RMitlantis and Her First Oceanographic Institution,” in Sears and
Merriman, Oceanography: The Past#9-56; For a fuller account dftlantis, see SchleeOn
Almost Any Wind: The Saga of the Oceanographic Research Yaksgis (Ithaca: Cornell
University Press, 1978).

® For Bigelow's Gulf of Maine study, see Jeffrey P. Brostéenry Bryant Bigelow, the U.S.
Bureau of Fisheries, and Intensive Area Stuytial Studies of Scienckd (1989): 239-264.
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because both ships became unavailable in 1924, Bigelow began seaochamgther
ship that would enable the resumption of his ocean research. In trahefireported to
the General Education Board president Wickliffe Rose “On work iea@agraphy
which can be accomplished by a suitably equipped ship” in 1925, and th&plhe
central east-coast oceanographic institution grew out of theoideailding a research
vessel for Bigelow and other American ocean scieriti$ter the founding director of
WHOI, the vessel was indeed the first priority, and he quicklyngad for its building
in Copenhagen, Denmark. Columbus O’Donnell Iselin, physical oceanograpter
Bigelow’s former student at Harvard, was appointed the commandiee &/V Atlantis
and was sent to Denmark to oversee the building and equipping of tied »dissitis
arrived at Woods Hole in time for the summer’s work in 1931.

The existence oAtlantis was the main factor in inducing marine scientists to
Woods Hole during the summer months because, as Bigelow’s own expéestifoed,
they had extremely rare chances of working on a well equiggpd Wnlike Scripps in
California, WHOI did not operate all through the year with thedesdi staff, and was
rather similar to its neighbor, the Marine Biological Laboratarythiat it was mostly a
summer station for university professors and studkemigelow himself retained his
position at the Museum of Comparative Zoology, Harvard, and he textrsiaff
members also from the pool of academic scientists who alrestiydsitions at their
own institutions. Thereforéitlantis also operated mostly during the summer months.
Given the very limited number of ocean scientists in the UnitetesStt that time,
Bigelow adopted the strategy of attracting scientific peopie had some interest in the
sea and educating them into oceanographers by making them wokkaoitis He

* Harold L. Burstyn, “Reviving American Oceanography: Frankid,ilWickliffe Rose, and the
Founding of the Woods Hole Oceanographic Institution,” in Sears andrin\er
Oceanography: The Pasb7-66; Schlee, “The RMtlantis” 49-51; Henry B. Bigelow, “On
Work in Oceanography Which Can Be Accomplished by a Suitably Equipiped’ Fall 1925,
Rockefeller Archive Center.

® For the Marine Biological Laboratory’s system, see PhiligPduly, “Summer Resort and
Scientific Discipline: Woods Hole and the Structure of ekitan Biology, 1882-1925,” in
Ronald Rainger, Keith R. Benson, and Jane Maienschein,Téus American Development of
Biology (New Brunswick: Rutgers University Press, 1988), 121-150; FrahkIR, The Woods
Hole Marine Biological Laboratory(Chicago: University of Chicago Press, 1944); Jane
Maienschein100 Years Exploring Life, 1888-1988: The Marine Biological Laboraadiywoods
Hole (Boston: Jones and Bartlett Publishers, 1989).
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believed that scientists in any field could become genuine ocequtmys if they could
learn to do their researches at sea. Therefore, the mpsttant task of the director,
Bigelow believed, was to make plans and schedulesAfilantiss regular scientific
cruises. Each year, he wanted to send\thantis as many scientists as possible so that
they would eventually become experienced, enthusiastic oceanograpghéne. same
time, he had to make sure that everyone who came to work at WHCdrhadqual
opportunity. All of the WHOI staff members were required to workAtlantis at least
once each year for about 10 days, and Bigelow arranged to sents exfpseveral
different scientific fields together on a same cruise expgctn interdisciplinary
mixing.?

Atlantiswas for the WHOI scientists both laboratory and classroom aatine
time. Bigelow put emphasis on field work at sea, Atldntiswas the main means to get
to and stay at the WHOI scientists’ working field. They did emilhg, measuring,
experimenting, and discussing étlantis, even though more work had to be done on
land at the laboratories of WHOAtlantis was indeed at the center of the WHOI's
research program in the 1930’s. In the summer of 1930, b&fiamatis became available,
WHOI did not conduct its own research and, instead, supportedatintdus Expedition
with its first year’'s operating budget. It was a submarinpediion that aimed to
explore the Arctic Sea under the command of Sir Hubert WilkiAgter Atlantis
became available, however, most of the WHOI'’s research plansceetered around
the ship’s capacities. WithAtlantis, Bigelow wanted to continue his Gulf of Maine study
first of all, and he regularly sent the ship to the Gulf of M&mea comprehensive study
of the area, which was expected to supplement the preliminary dtune in the 1910’s
and 1920's. The Gulf Stream was also a main research targe ofstitution. It was
Columbus Iselin who was most interested in the physical chasticte of the Gulf
Stream and, thus, under his leadershilantis “made a systematic series of repeated
cruises with the objective of obtaining a quantitative descriptioheofaulf Stream and
the physical characteristics of the western North Atlaritic.”

6 Roger Revelle, “The Oceanographic and How It Grew,” in Seard Merriman,
Oceanography: The Pgst0-24; Schlee, “The R/¥tlantis” 51-52.

" Susan Schle&he Edge of an Unfamiliar World: A History of Oceanografiigw York: E.P.
Dutton, 1973), 276-278; George E.R. Deacon, “The Woods Hole Oceanogragihigion: An
Expanding Influence,” in Sears and Merrim@teanography: The Pas25-31.

8 Revelle, “The Oceanographic,” 15-16; Columbus Iselin, “Study @fG@hlf Stream,’Science

201



There was also a landmark invention of an oceanographic instrunmectt w
opened a new world for oceanographers by enabling them to have dimemsion of
information about the undersea physical environment. Measuring i®atperatures at
different depths and at different locations was a laborious and csomberjob taking
considerable time for oceanographers and others working onboard shipscagebaf
the innate limitations of the work, existing temperature recafde®ven the most
exhaustively studied parts of the seas had inevitable gaps ana@lse space and time.
The nearest two stations where water temperature was regéasere often several
miles apart at best and, with such sparse data, analysesnobvieenent of the seawater,
for instance, had to be very limited permitting only a rough outlinevas almost
impossible to attack much smaller-scale phenomena such as theuedghts. In 1934,
Carl-Gustaf Rossby devised an apparatus which was expectedptoveecome the
situation by allowing continuous measurement of water temperdtusas difficult to
make the “oceanograph,” as it was called, work effectivelysem, and Athelstan
Spilhaus was asked to redesign it. In 1939, Spilhaus was finallycapleduce a much
improved instrument which he called bathythermograph (BT). A styisisle the BT
was designed to give a scratched profile of water temperagaimst pressure on a
smoked glass slide, thereby producing a continuous temperature-degith Maurice
Ewing and Allyn Vine then designed the BT’s exterior as astl@ed torpedo shape in
order to enhance the instrument’s capacity af sea.

In addition to changing the practice of oceanographic field work amdeteal
research, BT played a significant role in repositioning oceanognajphin U.S. society.
Particularly, beginning in the time of the European war, BTistary usefulness was
quickly realized and the American oceanographers, with theintgmeabilities and
instruments, were soon participating in the Navy’s wartime sff@T was especially
useful for the submarine and anti-submarine operations against thaliseaval force
during the Second World War. For example, effective use of the Rildvwemable the
U.S. Navy to take advantage of the newly discovered “afternoest&fiWhen naval
officers were testing the new acoustic echo-ranging gedha Caribbean Sea, they

\ol. 86, No. 2242 (Dec. 17, 1937): 555.

° Revelle, “The Oceanographic,” 16-17; Naomi Oreskésjssez-tomberMilitary Patronage
and Women’s Work in Mid-20th-century Oceanograpliistorical Studies in the Physical and
Biological Sciences30 (2000): 373-392.
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found that the equipment was not working satisfactorily in the aiternvhen the
surface water was warmed while it worked quite well in tloenimg and at night. They
suspected that the cause might be biological, but could not go fuithetheir limited
scientific expertiseAtlantis was sent down to the Caribbean, and soon Columbus Iselin
and Maurice Ewing discovered that the effect was caused kjotleward bending of
the sound waves which formed an acoustic “shadow zone” during the daytien the
surface water was heated. They also demonstrated that theoaftezffect and other
sonic phenomena could be detected and utilized for naval operations nigy thei
bathythermograph. Iselin, WHOI's second director, thought the clésgoreship with
the Navy beneficial for both, as the oceanographers would mehlmgten the country’s
military capacities during the war and the Navy patronageldveventually improve his
institution’s financial circumstances. With the outbreak of World War |l, mog@phers’
participation in the Navy intensified and American oceanographg wg@adually
recognized as a military sciente.

At Woods Hole, such wide array of topics as “the role of bacterthe cycle of
life in the sea,” “methods for the determination of dissolved orgaarizon and nitrogen
in sea water,” and “marine erosion of glacial deposits inselcisusetts Bay” were also
actively studied during the 1930%.Although WHOI began almost thirty years later
than Scripps, it caught up with the older competitor very quicklysmmh excelled it
especially in the domain of open ocean research. Henry Bigetesgsarch experience
and his firm belief that oceanography had to be studied at se&uatedrto the early
achievement of the institution.

1% Gary E. Weir, “Fashioning Naval Oceanography: Columbus O’Donselih and American
Preparation for War, 1940-1941,” in Helen M. Rozwadowski and David K.Keuren, eds.,
The Machine in Neptune’s Garden: Historical Perspectives omritdogy and the Marine
EnvironmentSagamore Beach, MA: Science History Publications, 20049,16Revelle, “The
Oceanographic,” 19-22; Oresketaissez-tombet 375-378; “The Woods Hole Oceanographic
Institution,” ScienceVol. 92, No. 2385 (Sep. 13, 1940): 233-234.

1 SchleeThe Edge of an Unfamiliar Worl@79.
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2. Harald U. Sverdrup and His Reform of the Scripps Institution in the 1938

In the early years of the 1930’s, Scripps Institution was in a ndifeérent
situation from WHOI in several respects. One of the main difiees was aptly pointed
out by Roger Revelle:

As is well-known to many of you, the Woods Hole Oceanographic
Institution did not slowly evolve from small beginnings as did the
Scripps Institution, which began as the Marine Biological Associat

of San Diego with a gift of $1300 from interested San Diego aiize
and was still relatively impoverished when it became the Scripps
Institution of Oceanography in 1924. Instead, from a financial point of
view, at least, the Oceanographic sprang full-blown into existéke

the goddess Pallas Athena, during the year 1930.

T. Wayland Vaughan struggled to transform Scripps from a biologisaktute to a
genuine oceanographic research and educational institution sineenbe@ La Jolla in
1924. But his reform had limits mainly due to the fact that the institution airtfeatvas
“impoverished” as Revelle pointed out. Its limited funds had to batspn maintaining
and repairing the old buildings, facilities, and the Scripps Pieddition to maintaining
the small number of its academic and non-academic staff. Vaugkpected a
substantial amount of financial support from the Rockefeller Foundagi@rasult of
the National Academy of Sciences Committee on Oceanography) wbidd enable an
expansion of the institution facilities and research capacity.itButned out that the
amount of money that eventually came to Scripps was meager @i that which
went to WHOI

It was not only financial shortage that caused Scripps Institsitregakness in
ocean research. Despite his admirable ability and effortsexdalirof the first American

12 Revelle, “The Oceanographic,” 11. It was in 1925, not in 1924, wieeStripps Institution
for Biological Research was officially changed to the Scripps Institutf Oceanography.

3 For a general overview of Vaughan’s directorship at ScripgsRsétt and MoultonScripps
Institution, 92-127. See also Shor, “The Role of T. Wayland Vaughan,” 127-137.
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oceanographic institution, Vaughan’s leadership showed serious dpétitalarly in
the last few years of his tenure. The fact that the Scrippstssts failed to participate in
large-scale oceanographic research projects for more tdanaale gave at least some
staff members the feeling that Scripps was not doing wheddtto do and, thus, was
lagging far behind the European competitors and even the newborn Wooels Hol
Oceanographic Institution. They included longtime Scripps staff mensioeh as W. E.
Allen who worked with William Ritter and shared his vision of ‘amgmal” field
science at sea. They were dissatisfied with Vaughan’'sypolicstressing laboratory
experimentation, particularly in the domain of marine biology. Vanghpreference for
laboratory science over field science is well shown in his choice of new staibens in
marine biology. In the early 1930’s, Vaughan hired biochemist Deois #&nd
microbiologist Claude ZoBelff!

The shortage of operating funds of the Scripps Institution and director
Vaughan's favor of laboratory over field together led toeaiosis defect for the
institution’s research capacity: lack of a research vesgpalte of open sea expeditions.
Scripps, in its much longer history, never had such a well-equipgedroh vessel as
Atlantis and there were even times when it had no ship at all. Oceanogvamkiat
Scripps often concentrated on the coastal seas, and its studyadetheocean had to
rely mostly on the information gathered not by its own stadinibers but by others
including the U.S. Navy, the Coast and Geodetic Survey, the LighthoungeeSand
commercial steamships. Tremendous amounts of data and sampldseanded over to
Scripps by the arrangements made with those agencies, and thelgekspientists too
busy to plan for other lines of study. Within the Scripps Instituti@net were voices that
contended that Vaughan had to recognize the importance of fielg ist oceanography
and that Scripps needed a larger research vessel than alieSsnpps former purse
seinet® purchased in 1925. Vaughan's ill health prevented him, however, from playing a

* Ronald Rainger, “Adaptation and the Importance of Local CultGreating a Research
School at the Scripps Institution of Oceanograpbgyirnal of the History of Biologyd6 (2003):
461-500. For William Ritter’s “organismal” philosophy, see Rjtlene Unity of the Organism:
Or the Organismal Conception of Lif2 vols. (Boston: R.G. Badger, 1919).

15 “pyrse seiner” is a fishing vessel employing nets ltiaay vertically in the water, the ends
being drawn as a purse so as to enclose the fish. The vessel is @quithpgaursing gallows and
pursing winches for hauling in the purse lines which ctbsenet after setting. Commission of
the European Communitie§lossarium: Fishing Vessels and Safety on Bdaukembourg:
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leading role in planning and executing large-scale oceanographiditxpg and the
one ambitious plan of chartering the Carnegie Institutionsares shigCarnegiecould
not be materialized because of the ship’s unexpected accidemtejos¢ the Scripps
Institution’s scheduled expeditioh.

Having realized that he could not satisfy the demands of the Satpfis
members, who wanted the director to make the institution more ocephmgiaughan
felt that it was time to resign from the directorship. The ehoperson to replace
Vaughan as the Scripps director was Harald Ulrik Sverdrupnewreed Norwegian
physical oceanographer and polar explorer. A student of VilhelenkBgs, he was
internationally famous for his achievements in oceanographic, geophyaic
meteorological researches as well as for his oceanic and polar expedisidasas field
research in oceanography was concerned, Sverdrup was cexamlyf the best
oceanographers in the world. Moreover, having served as the main @atssidtant for
the National Academy of Sciences Committee on Oceanography imid 1920’s, the
Norwegian scientist was well informed of the situation of Acarioceanography. As a
person who had an extensive experience of oceanographic field stushh@hkdew the
state of oceanography in both Europe and America, he was thoughdanyytmbe the
one who would successfully set Scripps back on the track of fielchogesohy and
revive its active ocean research.

From the standpoint of Sverdrup, on the other hand, it is not so easy to
understand his decision to accept the offer of the Scripps dirggtoisom the
University of California. Sverdrup was professor of geophysicthatUniversity of
Bergen, “an endowed professorship for which there are no specifis,dutieich gave
him a good income and considerable freedom. And if he wanted to stiag Wnited
States, he had an earlier, perhaps better, chance. Sverdrupeaaly dleen offered the
first directorship of the Woods Hole Oceanographic Institutionptigtion which was
eventually given to Henry Bigelow after Sverdrup’s refusal.réfoge, Sverdrup’s final
decision to accept the offer from the University of Califosiayears later was in many

Office for Official Publications of the European Communities, 1990), 503.

! Raitt and MoultonScripps Institution104-115; Rainger, “Adaptation and the Importance of
Local Culture,” 463-473.

" Raitt and MoultonScripps Institution116-127.
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respects an unexpected outcome considering his firm academic position iryRforwa

A direct influence on Sverdrup’s decision was Bjorn Helland-Hasse
persuasion. Helland-Hansen, who was then director of the Geophysstélite at
Bergen, visited Scripps during the search process for the newoditde was consulted
on the candidates for the new directorship at the Scrippsubisti and recommended
Sverdrup, who was already on the list. After returning to Bergehait-Hansen talked
with Sverdrup on the opportunity, and was able to draw his positivensspAnother
factor that helped Sverdrup to accept the offer was the facttlibatUniversity of
California allowed him to take the directorship for only three y/e@he three-year term
would ensure his return to the same position and his ongoing work a@nBémgeality,
it turned out that he later extended his stay in La Jolla hatiinally left the Scripps
Institution in 1948.

There was a more important reason for Sverdrup’s decision to amrtieet
Scripps Institution, however. Sverdrup mentioned it during his spedettte dNational
Academy of Sciences meeting in 1938 when he received the Agassiz Medal.

There is another matter | wish to mention to you. During thenaer

in the Arctic, in 1924-25, we used to discuss what we wanted to do afte
returning to civilization. One of our party wanted to go to Perossr
the Andes and, instead of drifting with the ice, to drift down the
Amazon River on a raft. He did. | used to say that | should like an
opportunity to do oceanographic work in the Pacific Ocean. It took me
much longer to reach that goal. Although in 1930 | came into intimate
contact with the problems of the Pacific through discussion of the
excellent data collected by ti@arnegieg it is only within the last three
years that my wish has been actually fulfilled. In 1924-25 | thoafht
the Pacific Ocean as a pleasant contrast to the Arctic;lrasw more
than ever impressed by the tremendous amount of work as yet to be
done in the Pacific Ocean, and by the fact that, in spite of the pilogee

of Alexander Agassiz and Sir John Murray, large areas in thi#idPa

'8 william A. Nierenberg, “Harald Ulrik SverdrupNational Academy of Sciences Biographical
Memoirs Vol. 69 (1996): 338-375; Raitt and Moultdcripps Institution116-156.
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Ocean are still completely unknown from the point of view of the
oceanographer. . . . The Scripps Institution has a fortunate loeettbn
adequate resources for intensive studies of limited areas off thétoast.

Despite the many problems and difficulties that the Scrippstdisdgp would cause,
Sverdrup seriously wanted to come to the Scripps Institution wher@lid Wwe able to
study the Pacific Ocean directly. The Pacific Ocean avesatively unknown place for
oceanographers at that time, and the knowledge of that vast ocebadiypsieeded in
order to understand the whole oceanic system. Having spent much ofe®s atathe
Arctic regions and elsewhere, Sverdrup felt that the Pacifiea® could be a new
challenge worth tackling for the period of three years at @cldistance. The location
of the Scripps Institution was more than adequate for this purposagus tenure, his
interest in the study of the Pacific Ocean continued and even inter8ified.

As soon as he arrived in La Jolla in 1936, Sverdrup began to reform thpsScr
Institution in several directions. Among others, the first thing deadis to find ways to
secure a new research vessel for the institution’s newrobs@aogram which was
directed at extended sea work. Sverdrup felt that a larger aed-eégtipped vessel was
necessary for a full-scale study of the Pacific Ocean, wisileg the smalleScrippsfor
short term cruises along the California coast. To discuss therma contacted local
members of the Advisory Board, including J. C. Harper, Julius WangenhaunFred
Baker. Shortly after Sverdrup began his efforts to get the secontbshife institution,
however, an accident happened, which made the situation even worse. In Ngpvembe
1936, there was an explosion &crippsand the ship sank immediately. Instead of
having a second, much better one, Sverdrup and his institution lost thieegredready
had. Since the accident, the Scripps Institution had no ship atialRabert P. Scripps,
E. W. Scripps’s son, purchased a yacht for the scientific use afghtition in April,
1937. The 104-foot auxiliary schooner was rechristenedEth&. Scrippsand became
available for the use of the Scripps Institution on December 17, 1937 saftee

% Harald Ulrik Sverdrup, “Response by the Medali§gience Vol. 90, No. 2324 (Jul. 14,
1939): 26-27.

20 H. U. Sverdrup, “The Currents of the Pacific Ocean and Besring on the Climates of the
Coasts,"ScienceVol. 91, No. 2360 (Mar. 22, 1940): 273-282; “The Pacific Oce8niénce \ol.
94, No. 2439 (Sep. 26, 1941): 287-293.
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remodeling and installing of scientific equipment. Having gone through soubles in
the first year of his directorship, Sverdrup now had a ship of apatepsize and
seagoing capacity to implement his research progtam.

The first opportunity came with an offer from the California Dmisof Fish
and Game in 1937, which was even beférdV. Scrippsvas ready. Although Sverdrup
had not worked in relation to the fisheries problems in the past, Higyrescognized
that this request from the state fishery agency could giveahiinhis institution a good
chance to try a new model of ocean research. In order to understaedgbas for the
declining catches of sardines in the California coastal sei@stists at the state agency
wanted aid from the Scripps oceanographers regarding currentnpated other
physical properties of the area, which might have influencedpga@ning and the drift
of fish eggs and larvae. Specialists of biological aspectslof thhey wanted assistance
from the Scripps Institution particularly in physical oceanogyafierdrup accepted to
participate in the California Division of Fish and Game’s projeciy the Scripps
scientists could work on the Fish and Game Shifin®

The Fish and Game sponsored study that began in 1937 set the stantided f
research projects of the Scripps Institution. At the same stati@ssc oceanographic
properties such as water temperature, salinity and dissolved oxygen measured
repetitively, and the data and samples were analyzed by tipp$Sstaff members and
their assistants. In particular, physical data were used tgoietethe movement of
seawater by the dynamical method, which gave knowledge about th@cocaaent
system and the seasonal changes. The California current sgsistal upwelling, eddy
currents were better understood thanks to Sverdrup’s research pr&gralar methods
were used again in 1939 and 1940 during the expeditions to the Gulf of &alifor
Chemical, biological, and geological studies were also done i chklation to the
physical oceanographic wofk.

The most important characteristic of the oceanographic work done¢hé
California Division of Fish and Game was that it involved manyppsrstaff members
of different specialties. Previously, under Vaughan’s directorsiaipntific work at the

2L Raitt and MoultonScripps Institution121-127; Rainger, “Adaptation and the Importance of
Local Culture,” 474-476.
2 Rainger, “Adaptation and the Importance of Local Culture,” 476-478.
23 .
Ibid.
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Scripps Institution was largely individualized, each person pursuingais line of
research without linking it with those of his colleagues. The itdaa dll the natural
phenomena of the sea are interconnected did not have much influence upantifee sc
work of the institution in reality. In other words, there was no comraim and no
overarching research program that encompassed the researclispobjesach staff
member of the Scripps Institution. Vaughan had his personal resea@aing on, too,
even though most of them were temporarily suspended because afntimestative
duties of the director. But he did not try to link his scientific kvarth that of others at
the institution, and made no efforts to organize the researches Stiipps scientists
according to a coherent plan. In short, Vaughan was not a buildeeséa@rch program,
which Sverdrup certainly was. It did not take long for the scisnts$t Scripps to
discover that everything was different with Sverdrup, who not only plarhed
researches of the Institution where a number of the Scripps membald participate
but also actively participated in the cruises, discussions, and ledhbke venture
himself>*

Sverdrup’s new research program emphasized and enabled cooperative w
among scientists of various specialties, but it did not mean Hhéiteaoceanographic
branches had equal importance in that program. “[Sverdrup] was #tegénuine
physical scientist who ever came to the Scripps Institution, a rmagEpphysicist,”
Roger Revelle later remarked as to the Scripps directorstitgleas a physical
oceanographer as well as to his preeminence as a world renovaaadsoeentist of his
time.?® Sverdrup was basically a physical oceanographer and he thoughtt that i
constituted the fundamental part of ocean sciences.

In the field of physical oceanography, the greater parteothboretical

and practical work can be conducted with little or no attenbaesults

in other marine sciences. Occasionally, conclusions are tested by
examining distributions of properties that are influenced by bicdbgic
activity—for instance, the dissolved oxygen content—but often studies

24 |
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in physical oceanography can be carried out independently. For this
reason several oceanographic institutions, such asintgut far
Meereskundeof the University of Berlin, and the Division for
Oceanography at the Geophysical Institute, Bergen, Norway, are
devoted to research within physical oceanography only, and for this
same reason the International Association of Physical Ocesgtogr
exists as part of the International Union of Geodesy and Geophysics
and separate from other branches of oceanogfaphy.

At the core of physical oceanography was the dynamical th&bigh, as Sverdrup
firmly believed, could yield the understanding of basic features ob¢kan and, thus,
other oceanographic researches had to be based on the dynasemabgraphy. The
dynamic theory of ocean currents was developed by Johan Sandstromjeand
Helland-Hansen in 1903, and this theory was based on the principle thaty dens
distribution is dependent on currents and therefore currents camnipuied from the
density distributiorf! The density distribution of certain areas of the sea coulty desi
acquired from the data set of water temperature, depth, and saByityplacing
dynamical oceanography at the center of the Scripps reseamfamproSverdrup was
able to play his role as the leader of the mainstream oeessarch at the Scripps
Institution, because he, as an expert of dynamical oceanograpdythe only person
who could manage and control details of the program. And he did partiap#te
researches as one of the research scientists for researefenyamportant for Sverdrup
himself. As already mentioned, he was afraid that adminigtralities would interrupt
his own research, and it was one of the reasons he had hesdated) ¢co Scripps.
Therefore, despite the necessary administrative work of thetatir&verdrup actively
participated in the researches of the institution that he himself plahned.

Other branches of oceanography, mostly those that were relevdgpbhamical
oceanography, were also actively studied within Sverdrup’s sgaiogram. For

% H.U. Sverdrup, Martin W. Johnson and Richard H. Flemiffge Oceans: Their Physics,
Chemistry, and General Biologiew York: Prentice-Hall, 1942), 4.

2" M.P.M. Reddy,Descriptive Physical Oceanograplfxton, PA: A.A. Balkema Publishers,
2001), 99-100. See also Brosco, “Henry Bryant Bigelow,” 241-243; Sverdrup,odolansi
Fleming,The Oceans481-515.

% Raitt and MoultonScripps Institution120-121.
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example, the movement of fish eggs and larvae were studied m r@ladion to the
California current system. The changes in the current and gdthnswould inevitably
result in the different fate of the eggs and larvae which weukehtually cause the
increase or decrease of yearly catches of commerciakfidtat only the study of fish
eggs and larvae but also that of the planktons in general (bothpfEnktons and
zooplanktons) fit very well with the program. As planktons have no, or hreried,
ability to move by themselves, ocean currents largely explaihedmigration of
planktons and, conversely, positions of planktons could often supplement physical
oceanography by verifying the theory—showing that they wesdlyr there at the
anticipated location. Therefore, W. E. Allen rose to a much more targqgposition at
the institution than during Vaughan's directorship; Vaughan did naoikk thhat his
methodology was as effective and up—to-date as that of expeainfeoliogists. With
Sverdrup, however, things changed as Allen’s plankton studies weleiresrporated
into the mainstream work led by the new director. Similarly, &Rdgevelle’s marine
geological work fit well with the program. Revelle led tgeological investigations
during the Scripps Institution’s expeditions to the Gulf of Calif@rini 1939 and 1940.
He studied marine geology with Vaughan, but was interested inytiemilcal theory
and he tried to apply it to his work on sedimentafibn.

Not every one of the Scripps scientists received the benefit 8eendrup’s
research program. There were those whose research methods asdlistyhot match
well with the research program centered on dynamical ocesgping Denis Fox and
Claude ZoBell's experimental biology which was heavily laboratmignted did not
find its place easily within Sverdrup’s program, and the two mmehtheir scientific
work were more and more marginalized during Sverdrup’s directorgiifpwise,
Francis P. Shepard’s marine geological work with emphasis omwatge topography
did not have much relevance with the mainstream researches aisttation and,
unlike Revelle work, remained on the periph®ry.

% Rainger, “Adaptation and the Importance of Local Culture,” 481-483. Shepard, R.
Revelle and R. S. Dietz, “Ocean-Bottom Currents off the GaldioCoast,’ScienceVol. 89, No.
2317 (May 26, 1939): 488-489. Sverdrup’s new approach was widely influesecially
among the younger researchers and students at Scripps anteetseand eventually resulted in
the forming of a new kind of biological oceanography. See John A.oMea@, “Sverdrup’s
Biology,” Oceanographyl7 (2003): 106-112.
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During Sverdrup’s directorship, the Scripps Institution of Oceanograpignbe
to study the Pacific Ocean in a systematic manner, althougdfftines had to be limited
to a few small areas near the California coast in thet faw years. The kind of
oceanographic studies carried out by the Scripps scientistis ipaiiod were similar to
the work done at the Woods Hole Oceanographic Institution in severa. \Bayh
institutions emphasized the importance of field work and rekeaessels. The
effectiveness of the dynamical theory, developed by the Scamatlingeophysicists, was
highly valued, and it was adopted as a means to understand the phgaisibns of
the oceans. Physicists, chemists, biologists, and geologistsemeosiraged to work
together to solve problems of the oceanic phenomena which are ahiexrgennected.
These characteristics formed the basic pattern of Americaanographic research in
the 1930’s, and remained influential thereafter.

3. Education of American Oceanographers

Since the mid-1920’s, when the Scripps Institution was transformethmfost
American oceanographic institution, finding qualified oceanographetsenUnited
States who could carry out genuine ‘oceanographic’ researchemdéema urgent
problem for the administrators. It was indeed a problem becausewbee not many in
the country who could be called oceanographers. When Vaughan was lookiag for
biological oceanographer to fill a position at the Scripps IngtituHenry Bigelow told
him that “there ain’t no such animal in the U.S.A. You must eitigort him or bring
him up.”®* Oceanography, as envisioned by leaders like Vaughan and Bjgessanot
a synonym of marine science; a scientist who studies an aspécé sea without
considering the relationships within the connected whole could not Heuea

Ronald Rainger, “Science and Security before the Atomic BombLdyaty Case of Harald U.
Sverdrup,” Studies in History and Philosophy of Science Part B: Stuilieblistory and
Philosophy of Modern Physic31 (2000): 309-369.
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oceanographer. When the Woods Hole Oceanographic Institution wassesthlih
1930, it became more difficult to find suitable ocean scientist® fihe small pool of
American oceanographers.

At the root of the problem of manpower lay the deficiency of predacational
programs. Henry Bigelow wrote in the report of the Nationahd®my of Sciences
Committee on Oceanography that American oceanographers had selftselucated
because there were not enough chances for proper formal oceanogdachitoa. The
small number of American oceanographers that existed were nattedwnd trained to
be oceanographers at colleges and universities. Therefore, baldeducation system
for those who were to become professional oceanographers had tobessue within
the American oceanographic community throughout the 1§30's.

To Bigelow and Sverdrup alike, the most effective way to edubate/oung
generation of American oceanographers was to make thencipeti directly in
research as assistants to established scientists, duringwioeld and at laboratory.
Formal education was no less important, however, and in this the twericam
oceanographic institutions took very different approaches. Scripps bdldigthe
University of California system, and Vaughan used to callrtbggtution the “department
of oceanography” of the degree-granting state university. Yet,OWMas an
independent institution which had no formal connection with any eduehiistitution.
From the beginning, Bigelow and the WHOI trustees wanted theftutnen to remain
independent from the possible influences from the government, industry, adehac
institutions including colleges and universities. Therefore, WHOI hadformal
educational program within the institution, nor had it built any offict@operative
relationship with outside educational institutions.

There were two levels of oceanography education and trainMH®I. First,
the staff members had to be trained. Bigelow constituted theutimst’'s scientific staff
with professional scientists of diverse specialties from a nuwfldifferent institutions.
Many of them had no former experience of doing oceanographic wanod they had to
learn to become oceanographers by studying basic knowledge &lkootd¢an and

% Henry B. Bigelow, “Report on the Scope, Problems and Economic Importahce
Oceanography, on the Present Situation in America, and on the Hanthdaevelopment, with
Suggested Remedies,” Report of the committee on Oceanograpiy National Academy of
Sciences, Frank R. Lillie, Chairman, 1929, 108-110.
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applying their scientific background to the natural phenomena of éhéaeticipating in
oceanographic field work, especially tAdantis regular cruises, was an essential factor
of this training for the WHOU’s staff membets.

For the education of future oceanographers, Bigelow and others at WHOI
believed that it had to be done basically at universities and cellgge like other
scientific disciplines. Instead of formal education leading to dsgré/HOI awarded
fellowships to graduate students interested in oceanography, wh® emrolled at
various universities, and it enabled them to have chances to workH&I With
oceanographers of diverse sub-specialties. Generally, twelve filows were
appointed each year. These student-fellows would learn basic akitlseanographic
researches, both in the field and at laboratories, and their exgewendd help them to
be better prepared for the career in oceanography. AgainAtthatis played an
important role for the field education of the student fellows, antiah gense it might
well be called the institution’s main laboratory and classroom. I&igeand his
colleagues also aimed to stimulate universities and colkbgesgh this apprenticeship
system. When their students became the WHOI fellows, the uniesraiere expected
to become more interested in the science of oceanography. Towelg \wrobably
organize and strengthen oceanography programs, or at leagt sgire oceanography
courses for their students.

The WHOI took this indirect approach to the problem of education becaus
there were already a number of good universities and colleges eagsheoast of the
United States. Bigelow and others felt no need to establish ydteanetucational
institution within the WHOI. This situation was very different fradhat on the west
coast where there were fewer universities. WHOI's role @anography education was
to train as many university professors first by engaging timethe programs of the
institution.

WHOI's education policy did not change until the mid-1960’s, when the
changed circumstances necessitated a new approach. Theliglleywstem had worked
quite well, and it was reported that between 1930 and 1958 “320 fellowsteps
awarded] and in the next three years, at an accelerated pacegoef1Ewen though the

¥ Revelle, “The Oceanographic,” 13-14; Schlee, “The R/V Atlantis;3@9
3 Schlee, “The R/V Atlantis,” 49-56.
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WHOI fellowship was usually a pivotal part in the students’ nogeaphic education,

not much was attributed to the institution officially. The studegatuate “degree was
awarded by the home university with little credit other thanoatnbte to the
Institution.”® It had not been a problem in the 1930’s, but was a disadvantage for the
institution around 1960. The post World War |l era saw a great boom amagephy,
which brought about the founding of many new oceanographic institutions and
oceanographic programs at universities. The WHOI trustees detidethe institution

had to get involved in the formal education in order to survive the cdmpet
Cooperation with the Massachusetts Institute of Technology wdsedskd as the two
institutions had been working together in several projects for ipeans. For instance,
WHOI and MIT jointly published “Papers in Physical Oceanograguiy Meteorology.”

In 1966, WHOI started to operate the joint graduate program with MIT, and the pblicy
indirect oceanographic education was finally abanddhed.

Formal oceanography education at the Scripps Institution air@geaphy was
initiated by Vaughan, who became the second director of Scrippsthatmission to
make it oceanographic. As he struggled to transform the marine biologtaat stéo an
oceanographic institution, he soon realized the need for an educg@iogedm which
had not existed at Scripps, formerly a biological institutentdele up course guidelines
for undergraduate students intending graduate study in oceanograptey Scripps
Institution, in which he described the number and kind of mathematicsalnstiences,
and language courses to be taken. Graduate courses were aldishest at Scripps,
which would be taught by the staff members. Therefore, Sverdrupatidee a total
void of oceanographic curriculum at Scripps when he arrived as Vaugharéssorec

Vaughan’s oceanography curriculum, both for the undergraduate stofléins
University of California and the graduate students at La Jolla m@ working
satisfactorily, however, to Sverdrup’s judgment. Few students wesgested in
oceanography deeply enough to fulfill the course requirement atgnaduate level, so
that it was difficult to find qualified students for the Scrippgduate program. To

% Paul M. Fye, “The Woods Hole Oceanographic Institution: A Centary,” in Sears and
Merriman,Oceanographyl-9.

% Ibid., 3-5; George E.R. Deacon, “The Woods Hole Oceanographic liwstitdn Expanding
Influence,” in Sears and Merrima@gceanography23-31.

3" For the establishment of educational program at Scripps dusinghan’s directorship, refer
to Chapter 3 of this volume.
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remedy the situation, Sverdrup and his colleagues at the ilstitatight undergraduate
courses in oceanography, for the first time, during the summsiosesf 1937 at the
University of California at Los Angel€§. Graduate education also needed some reform
and standardization. The weekly seminar was led by the sg¢affoers in rotation, and
the content depended too much on the staff members’ own interest. Upveaitrthat
graduate students needed to receive more systematically odyéeeohing in order to
grasp the background knowledge of general oceanography and, at thetim@mne
specialized education in their own sub-figld.

Sverdrup and his colleagues realized that an oceanography textkasok w
necessary to standardize and enhance the level of graduatdéidatathe Scripps
Institution, and the task of writing a general oceanographpdek began in late 1938.
Sverdrup coauthored the book with chemical oceanographer Richard Flamihg
marine biologist Martin W. Johnson, both of whom were assistant pavgeat Scripps.

It was a vast amount of work for the three authors to summéezetiole achievement
of the science of the sea that had been accumulated for centotilethat time, and it
was more so since the development of oceanography became much faster in the 1930’s

Four years ago when we started the preparation of this book, ved hop

to give a survey of well-established oceanographic knowledge, but it
soon became apparent that the book could not be brought up to date
without summarizing and synthesizing the wealth of information that
has been acquired within the past dozen years, as well as tigenva

ideas that have been advanced. Consequently, the book has grown far
beyond its originally planned scope, and the presentation has become
colored by the personal concepts of the autffors.

The historic oceanography textbookhe Oceans: Their Physics, Chemistry, and
General Biology was published in 1942. More than one thousand pddmesOceans

% By this time, Scripps became more intimately connected tdJ@leA than the campus at
Berkeley, and from 1938 it officially belonged to the Los Angelsipus until the founding of
the University of California at San Diego in 1958.

% Rainger, “Adaptation and the Importance of Local Culture,” 4%4itt and MoultonScripps
Institution, 125-127; McGowan, “Sverdrup’s Biology,” 106-107.

0" Sverdrup, Johnson and Flemifigne Oceansv.
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contained the most up-to-date knowledge of physical, chemicalogieal and
biological oceanography in its twenty chapters. It has long lbeesidered as “the
Bible” of oceanography, and its influence can still be felt tdday.

One of the characteristics dhe Oceanswvas that it emphasized the “close
interrelation and mutual dependence of the single marine sciences,” andhtie first
chapter, Introduction, was devoted to explaining and giving examples dl#tienship
among the four branch fields of oceanograffh¥his emphasis on the interrelation and
mutual dependence, together with the fact that it was a geneatagraphy textbook
which encompassed all of its sub-branches, had a clear impliéatithve readers of the
book, both teachers and students. In order to become a good oceanograpiad, tone
study general oceanography and know basic knowledge and skills of sulottields of
oceanography no matter what his/her specialty was. The ideenefal oceanography
education had a lasting impact on the American oceanographic community faharore
a half century as, for instance, WHOI scientist Joseph Pedlosky remarked in 1992:

The first and more traditional of these [attitudes] sees oceaping as

a single unitary whole. All branches of oceanography, i.e., physical
chemical, biological and geological, are seen as closelyffiftarts of a
single science. The task of education in this traditional véete make

sure each student knows something about all branches of oceanography.
This attitude is typified by courses that at least philosogkitalow in

the pattern of the great oceanographic treafise, OceangSverdrupet

al., 1942). This massive text, which runs to over a thousand pages,
Imposes a suggestion of a basic curriculum in oceanography. Itdheats

*1 For example, see the short article©iteanography5 (1992) celebrating the B@nniversary

of the book’s publication: D. James BakeFhe Ocean$0" Anniversary,” 154-155; Walter H.
Munk, “The Ocean “Bible”: Reminiscences,” 155-157; Bruce A. Warren, “Physical
Oceanography iThe Ocean$ 157-159; Sharon L. Smith,The Oceans-Its Relevance Today
in Biological Oceanography,” 159-160; Dean A. McManughé OceansThe Geological
Bookends,” 160-162. See also, Walter Munk, “Harald Ulrik Sverdrup (1888-1@®&Rbrating
the Return of thélaud 75 Years Ago, Polar Research20 (2001): 129-138; John W. Farrington,
“Sverdrup, Johnson, and Flemingkhe OceansRevisited: What the Future of Graduate
Education in Ocean SciencegDteanographyl4 (2001): 34-39; John A. Knauss, “The Oceans
as Educational PhilosophyJceanography16 (2003): 29-31.

2 Sverdrup, Johnson and Flemifigne Oceansl.
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the subjects described above and has had an enormous influence in our
thinking about oceanography educatfdn.

The publication offhe Oceansvas perhaps the culmination of pre-World War |l
development of American oceanography, in terms of the disciplimgiutionalization.
The Oceandook not only contained the achievement of recent researches ddme by t
Scripps scientists but also reflected the new research prdgvandrup established at
the Scripps Institution. At the same time, the curricula and centéritaching for the
graduate students at Scripps directly followed the textbookistate and contents. In
that sense, research and education were perfectly linked andtiosélized at the
Scripps Institution according to the same philosophy and methodologyhen@ceans
was the medium and symbol of that accomplishment. Moreover, that phenomason
not confined to the Scripps Institution alone since the textbook’s ndtugas strong
throughout the countryThe Oceansas the standard textbook of oceanography, was
enthusiastically accepted and used almost everywhere in the Usiétes where
oceanography was studied and taught. Those who entered oceanognapigh th
studyingThe Oceansaturally absorbed the philosophy and methodology embedded in
the book, and when they became oceanographers themselves they daethiéc
activities according to what they learned from the textbook. Tdrexreit is no
exaggeration to claim that the book standardized not only the ocephpgraucation,
but also the whole practice of the science of the sea in the goOaganography was
still a minor scientific discipline in the United Stateshe 11930’s and early 1940’s with
only a small number of oceanographers, and there were but a feutiorss where the
research and teaching of oceanography were done. Yet, the comrtimyokexvhich
standardized the education and practice of the science of the ,ceetaihe fundamental
basis for the future development of oceanography as a unifietifici discipline. With
the publication ofThe Oceanand its wide distribution, American oceanography now
possessed one of the key factors, which was indispensable for hgcammodern
scientific discipline.

3 Jeseph Pedlosky, “Graduate Education in Physical Oceanogr@umghographyVol. 5, No.
2 (1992): 117-120.
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4. Conclusion

In the early twentieth century, some American scientists sdagtgtablish the
science of oceanography as a unified scientific discipline, irctwiihe physical,
chemical, geological and biological studies of the sea wereelgldsnked and
interconnected. Building on the foundation of former marine sciencegiaradand
somewhat stimulated by the contemporary developments in Europe)esailys such
as William Ritter, Henry Bigelow, and Wayland Vaughan, tried to make ocespiogan
acknowledged scientific field in the United States. Marine segnespecially marine
biology, were popular within the American scientific community at tinae, but marine
biologists were more interested in biological problems than ¢karoc phenomenger
se In that respect, they believed that oceanography had to be atsegpatapendent
science dealing with the scientific aspects of the oceaestlgi Their efforts were
materialized in the form of oceanographic institutions, on the Pacific anatidttamasts.

At the Scripps Institution of Oceanography and the Woods Hole Ogesotoc
Institution, oceanographers not only did their researches of #slsé also tried to
establish the research programs and educational system oftAmedeanography. Due
to their differences in history, organization, regional contextnfof financial support,
and the kind of research vessels they operated, the two oceanognaphites naturally
came to take somewhat different steps in those developments, andudadis own,
unique style of research and education system. The ocean sciettithe two
institutions, however, arrived at a consensus on most of the importantplasis such
as the concept, methodologies, and problems of oceanography, and had aistwered
for its future development. Thus, the foundations for the science ofagreahy in the
United States were laid in the 1930’s, and it can be said thanogephy as an
independent scientific discipline was established by the TineeOceansvas published
in 1942. Once American oceanography was established and institzgohathe
scientific study of the oceans was no more sporadic efforts ofidiodil scientists, who
were often amateurs, but became a continued, systematic satenpecuted by groups
of well educated oceanographers.

For the establishment and institutionalization of oceanography itJtied
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States, then, the period of about forty years, roughly from 1900 to 1940rweed as
we have seen so far. The importance of this period did not go unnotcethry
oceanographers. For example, Harald Sverdrup wrote in the Introduclitve @ceans
in 1942:

Since 1900, great advances have been made within all of theemari
sciences, and the contacts between the special fields have becoee m
and more intimate. The development is due partly to improved
technigue and partly to the application to the phenomena in nature of
theoretical research and results of laboratory stfdies.

The historical meanings of the first four decades of the tetntentury have not been
duly appreciated, however, by historians of oceanography, who afiphasized the
great oceanic expeditions in the late nineteenth century, asseeped by the famous
Challenger Expedition, or the unprecedented expansion and militarization of
oceanography since the Second World War. In the history of oceahggrthe
importance of those two great periods is unquestionable, and it isugquieestandable
that historians took a closer look at them, during which manytapdar events and
changes took place. On the other hand, during the forty year sjmtween the two
periods, the development of ocean sciences did not make much noise, andrapégnog
made a rather quiet internal progress. Not much spectacular newstlabsatence of
the sea was heard by the public. The tragic accidehitadic in 1912 and the German
U-boat attacks were perhaps the only exceptions, but there @adAhterican ocean
scientists could do with them. The outward silence of Americannosgiance was not
an evidence of stagnation, however. Oceanography was quietlygnalstep-by-step
progress that was most needed at that stage of its history.

During the period of the great trans-oceanic expeditions, a unifiedce of
oceanography did not exist even though the name ‘oceanographyomasl @t that
time. Scientists who participated in and were responsible fa phthe scientific work
of the expeditions did not think of themselves as oceanographers nbegidonsider
their collective work as belonging to a single science of oceapby Largely, their

** Sverdrup, Johnson and Flemifigne Oceansl.
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activities were still more basic survey work and collectihngn profound scientific
practice. Only through the decades of ocean expeditions and ig tryiexplain the
causes and effects of their findings did the idea that variousioccelaenomena were
interrelated emerge slowly. For example, Sir John Murray, wdmticppated in the
ChallengerExpedition and later took over the work of the Challenger Cosiomsafter
Wyville Thomson’s death, came to understand the need for a unified appmahe
study of the oceans, and had a strong influence on American adeatists such as
Bigelow and Vaughan. The recognition that the scientific studhebteans had to be
unified led to the efforts of ocean scientists to build an indepersdetice of the sea,
which took place during the first four decades of the twentieth century.

Oceanography, as a scientific discipline formed during that pehed, groved
its practical value and effectiveness during the Second Worlcaméathe ensuing Cold
War period. Many of the American oceanographers could contributeetavar effort
utilizing their scientific expertise in such domains as anatyzhe bathythermograph
data and predicting the surf conditions for landing operations. Afteerideof World
War 11, the American oceanographic community experienced & gxgansion, largely
owing to the G.I. Bill. Young men who had become familiar with nogaaphic work
during the war entered graduate schools to study oceanographyndexistianography
programs were enlarged and new programs were established ynumiaersities and
colleges throughout the country. Oceanography’s military and péolithoportance
became obvious and, thus, the connection between oceanography and the U.S. Navy
became more and more intimate. Large amounts of funding poured intesitréseand
research institutions to support both military and non-military studies of tla@sce

The four-decade formative period for oceanography as a scienstgline
was, then, a product of the preceding period and at the same fouadation for the
future development. It is doubtful whether without the institutionalizahahtbok place
during the period oceanography could become what it was in the fiofjcava of great
expansion. As Margaret Deacon pointed out, the development of marineescmuld
not be continued because of the lack of stable support and institutiorsaubtaisthe
nineteenth centurdy, On the other hand, the advance of the science of the ocean from

s Margaret DeacorScientists and the Sea, 1650-1900: A Study of Marine Sci2femition
(Aldershot, U.K.: Ashgate, 1997). See esp. X-Xiv.
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the late nineteenth century onward was certainly a continued deesbpwithout a
close investigation of the forty years of progress, there woula imssing link in the
historical puzzle and the history of twentieth-century oceanograpbuld look
discontinuous. Post-World War Il development of American oceanograpBynot a
creation of a new scientific field out of nothing but would betterlagacterized as the
enlargement or scaling up of an already existing scientific enterpris

As late as 1950 American oceanographers still had to ask thes)séhieat
distinguishes oceanography as a separate scientific discipdaring a special
combination of skills and interests?” They had a clear answer,vieowanlike their
predecessors half a century ago because oceanography alresdgdbie status of “a
separate scientific discipline” by their times. Oceanographers Verm@lden, Alfred C.
Redfield, Roger Revelle and Robert R. Shrock wrote in 1950:

Oceanography acquires its unity because it deals with everytkingy
place in a limited geographical subdivision of the earth—its watery
envelope. Problems in oceanography fall rather definitely into two
groups, those of geophysics and those of ecology. Their solutions
require the various techniques of physics, chemistry, geolayy, a
biology. It is pertinent to ask whether oceanography has its own peculiar
disciplines or whether it is merely a collection of those pairtthese
other sciences which happen to deal with the phenomena of the seas.

. .. The conditions in the sea cannot be controlled; moreover,
they are characterized by a high degree of complexity, great
geographical diversity, and variability with time. The nature of
oceanography is determined by these characteristics assvbly the
large dimensions involved and by the fact that the fluid nature of the
medium results in widespread interrelationships.

. .. The principle of dynamic equilibrium may be thought of as
a unifying principle of oceanography, in much the same walythea
principle that the present is the key to the past underlies afidsuni
geology. The problems of oceanography require analysis of observed
conditions that represent the integration of several processas &0
differentiate and describe the individual processes that averlat Two
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methods are commonly employed for this purpose: (a) All possible
parameters in a given situation are measured and processedwaredde
which explain the observed relationships between these parameters in
terms of physical, chemical, and biological principles; (b) Coatpee
studies are made of variations in certain parameters in siaagions.
These studies can be facilitated in some instances by modeinespes

in tanks, in which individual processes can be controlled. Statistical
correlations are then carried out to obtain empirical relationsbips,
preferably a simplified theoretical model is constructed and shliown
correspond in essential features to the complex reality.

Although no individual method or principle of oceanography is
unique, it is believed that the combination of principles and methods
just described forms a distinct discipline which requires special
training*°

Oceanographers in the 1950's were dealing with the same oljjechceans, with
similar goals, i.e. understanding the natural phenomena of the s$eas®entific

methods. The difference was that their science was aaalallewledged scientific
discipline and that they knew where to go from where they stooch thgoinstitutional

and intellectual basis of American oceanography, which was gainstakingly by the
preceding generation of American ocean scientists many of whena their teachers,
the new generation of oceanographers was facing new problemshaltehges that
were demanded of them by the new era.

46 \fern O. Knudsen, Alfred C. Redfield, Roger Revelle and Robert R. ISHiBducation and
Training for OceanographersStienceVol. 111, No. 2895 (June 23, 1950): 700-703.
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