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Project description and rationale for a history of chronobiology 
 
Chronobiology is a creation of the second half of the twentieth century.  With its distinctive 
vocabulary and outlook, chronobiology reflects a successful attempt to create an exact science of 
research into periodic behaviors of living organisms and their physiological systems, a science that 
redefines physiology to include temporal considerations with morphology in defining organic 
essence.  Not all scientists who study biological rhythms have acquiesced to this disciplinary 
identity, but chronobiology as a field is now well established, with consensual vocabulary and 
research methods, national and international societies, decades of dedicated meetings, the 
foundation of several specialist journals, and even the emergence of university chairs and curricula 
specific to the science.   Chronobiology was meant by its founders to be transdisciplinary in nature, 
and the field clearly draws on and spills over into other disciplines as well.  Chronobiology is 
intrinsically engaged with environmental studies, and examination of its historical development 
contributes to recent historical interest in the relationship between environment and organism 
development and growth, human manipulation of the environment, and global climate cycles.  The 
historical process of building chronobiology, defining its parameters and establishing boundaries 
delimiting it from other kinds of cycle studies and pseudo-scientific accretions, is important for 
understanding how science works and how scientists make sense of their work in modern culture.  
Study of this process will cast light on how scientists are grappling with the information overload 
and methodological fragmentation that characterizes scientific research fields in the late twentieth 
century.  Further details about the development of chronobiology are given on pages 7-15, below. 
 
Why a history of chronobiology at this time?  The field is new, taking shape in the second half of 
the twentieth century, yet not much subject to systematic study by academic historians.  The central 
debate in the discipline-formation stages of chronobiology was whether rhythms are innate and 
hereditary or learned responses to environmental signals.  In recent years, this discussion has been 
significantly affected by the availability and use of new technologies, which have enabled the 
identification of genetic coding responsible for rhythms in many species, assuring scientists that 
some sort of timing mechanism is built into living systems at the cell level.  Nevertheless, a vocal 
minority insisting on the importance of cosmic signals as the basis for rhythms persists, suggesting 
that this is a good point in the disciplinary development to take stock of its history.  Moreover, 
several of the founders of the discipline have passed away and several others are retired or of 
advanced age; it is becoming urgent to conduct oral histories with the individuals who initially 
framed this field and to facilitate the preservation of their papers for historical study.  We will begin 
this process during the grant period by identifying at least three senior scientists and exploring the 
archival resources related to their chronobiological laboratories. 
 
The field of chronobiology is itself in need of a synthetic historical narrative.  A recent blog (1 July 
2009) by a chronobiologist writing under the name Coturnix observes that current research is 
hampered by a lack of understanding of what has already been demonstrated: 
 

It comes as a shock for the current researcher in the field to read the Proceedings [of the 
1960 Cold Spring Harbor Symposium] and realize that practically everything we know now 
was already known in 1960.  We added detail, lots of detail, but no new concepts, no new 
rules, no new creative experimental protocols....There is a long list of papers with data that 
directly contradict the current understanding of the way the circadian clock works....If all 
you know is the current model and the current data, and that is the only way you think about 
it, you will never realize that there may be alternative models that are compatible with ALL 
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data.  [Coturnix, “Clock Tutorial #2a: Forty-Five Years of Pittendrigh's Empirical 
Generalizations.”]  

 
Clearly this biologist has understood that the pace at which the field of biological rhythm studies 
has moved forward has obscured important developments of the past.  Historical study can serve to 
establish the major developmental contours of the field for its researchers and point out important 
contributions, past disagreements, and the evolving relationship between experiment, theory 
building, and applications and help put current research into context. 
 
Why center this project at the University of Minnesota?  Chronobiology is multidisciplinary, both in 
its historical dimensions (biology, physiology, physics, statistics, electrical and mechanical 
engineering) and in its current development (chronobiology, chronopharmacology, chronomedicine, 
chronomics) and, therefore, is best approached by a team of diverse specialists.  Chronobiological 
studies and antecedent research have been undertaken at UMN within the Institute of Technology, 
College of Biological Sciences, and School of Medicine.  The Chronobiology Laboratory under the 
direction of Franz Halberg, who coined the term “circadian rhythm,” has been a leading contributor 
to international research within the field since the early 1950s and has played a key role in the 
establishment of chronobiology as a field that is interdisciplinary and international in scope.  
Biological rhythm studies have been undertaken by biologists Frank Barnwell, Willard Koukkari, 
Robert B. Sothern, and Phillip Regal, and within the medical school basic sciences by Halberg’s 
collaborators C.P. Barnum, J.J. Bittner, Germaine Cornélissen, and Dana Johnson, with technical 
collaboration by Otto Schmitt, a mechanical engineer, and others in electrical engineering.  
Fundamental for this project is the fact that the recently merged HSTM program at UMN brings 
together historians of biological science, technology, and medicine, all of them located in 
departments of science, engineering, and medicine.   The HSTM program is already cooperatively 
situated with respect to the Program in the Philosophy of Science.  More than half of the faculty 
members have an active interest in the twentieth-century biological sciences.   
 
Description of activities during the grant period 
 
Central to this project on the history of chronobiology will be a campus-wide faculty workshop 
during academic year 2010-2011.  The PI, Jole Shackelford, will provide its intellectual leadership, 
doing the initial planning and preparation during the summer of 2010.  The workshop will meet 
monthly during the academic year and involve common readings for discussion, presentations by 
members of the group, and conversations with outside scholars whose expertise is relevant to the 
project.  We hope, for example, to engage a range of outside scientists and scholars, such as 
Michael Smolensky, Professor of Environmental Physiology at University of Texas-Houston Health 
Sciences Center and co-editor of the journal Chronobiology International, and philosopher William 
Bechtel, who has studied circadian rhythms as part of his work on cognitive neuroscience at 
University of California, San Diego.   
 
Historians and philosophers of science will serve as the core of the workshop, but the intention is to 
involve colleagues from other disciplines as well.  In addition to the PI and co-PIs, we have 
commitments for participation from philosopher Alan Love (Department of Philosophy and member 
of the Center for the Philosophy of Science); historian colleagues Mark Borrello (Ecology, 
Environment, and Behavior), Jennifer Alexander (Mechanical Engineering), Dominique Tobbell 
(Academic Health Center/Surgery), Susan Jones (Ecology, Environment, and Behavior), Robert 
Seidel (Chemical Engineering), and Tom Misa (Computer Science); museum curator and historian 
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Juliet Burba (Bakken Museum of Electricity and Life); and faculty scientists with interests in 
chronobiology, such as Emeritus professor of Ecology, Evolution, and Behavior Frank Barnwell.  
Historian Karen Ross and colleagues from the departments of Biology and Education at Troy 
University, who will be partners in developing the undergraduate course, will participate in the 
workshop from afar (via the Wiki) through the readings, on-line discussions, and activities to map 
the field.   
 
The workshop will explore the subject of chronobiology in a relatively open-ended way, allowing 
participants to consider distant historical events and actors, such as Renaissance incorporation of 
temporality into biological definitions and the heliobiological studies of Russian physicist 
Alexander Chizhevsky, even as the group concentrates on the way in which the subject (and 
vocabulary) took shape in the twentieth century in North America.  While this is a deeply historical 
investigation, scientists who are or have been engaged in this area will be encouraged to participate 
in the workshop, invited as outside speakers, and contribute in other ways as the project moves 
forward.   
 
These collaborations will work to establish some common ground on which to base the project and, 
through a Wiki, to begin mapping chronobiology’s key questions and networks of scientists.  These 
activities will also serve as the foundation for the project’s educational activities, which include 
curriculum development for a graduate seminar to be offered fall 2011 and an undergraduate 
seminar to be piloted for the Biology, Society, and Environment major at the University of 
Minnesota in conjunction with an Interdisciplinary Studies Course for history, science, and 
education students at Troy University in Troy, Alabama.  In addition, workshop members will be 
involved in planning a longer-term project that may be proposed for an IGERT. 
 
The purpose of the online Wiki (for grant team members and selected outside contributors) will be 
to: 
 

 Create an online space where documents and activities related to the grant can be 
accumulated, discussed, and stored. 

 Provide online communication for the workshop group, including participants from Troy 
University and other institutions. 

 Provide controlled access to readings and electronic media for the workshop. 
 Maintain a working bibliography to which all participants will contribute. 
 Serve as a collective workspace (a virtual whiteboard) for the group to begin "mapping" the 

field of chronobiology—to create and connect temporal layers and nodes of scientists, 
organizations, institutions, journals, conferences, funding, popular extrapolations, ideas and 
themes. 

 Provide a way to monitor the activities of the graduate research assistant and post-doctoral 
researcher and to offer collective ideas for facilitating research. 

 Enable all participants to see overall progress on the project. 
 Post oral histories, updates on archival research findings, reports of conversations, 

identification of new interview subjects, and ideas for further exploration. 
 Provide monthly progress reports that connect research on each thematic question and 

activities of team members with progress toward the specified goals of the work plan. 
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The workshop Wiki will be a closed site, administered by the RA (under the supervision of the co-
PIs), who is responsible for granting or removing individual access.  Once an individual has been 
granted access, the site contains the necessary tools to facilitate participation and identify new 
additions or modifications without requiring intermediate moderating.  The University of 
Minnesota’s Charles Babbage Institute has offered to provide technical assistance in setting up the 
Wiki.   
 
Graduate Seminar – The goals of the graduate seminar are to introduce students to the yet 
undeveloped history of research on biological rhythms and to use the history of its disciplinary 
development as chronobiology as a vehicle for teaching students how to study the complex 
processes and structures of recent science.  In the fall of 2011, co-PI Kohlstedt, the PI, and the 
postdoc will conduct a graduate research seminar on the history of chronobiology, admitting a mix 
of students from history, philosophy, biology, engineering, and the basic medical sciences to 
explore the themes and topics of particular relevance to their own research interests.  The class will 
involve reading critical historical literature and require a research project and paper.  Students 
producing strong papers will be encouraged to develop them for presentation in their own 
professional associations.   
 
Undergraduate Course – One of the educational outcomes of this research project will be an 
undergraduate seminar that brings together students from the sciences and the humanities to do 
original research on the history of chronobiology.  Using chronobiology as the common topic, 
students will experience the research and writing process; learn how to locate and evaluate scientific 
information; critically examine how social and political contexts have influenced the formation of 
scientific questions, research agendas, methods, and the interpretation of results; and explore the 
popularization and application of scientific ideas.  The readings and core research activities will 
draw upon primary and secondary materials identified and discussed in the workshop (above).  
 
The course will be taught and developed collaboratively by faculty in two different institutions.  
Troy University, a Southern public university with Master’s level programs, serves a highly diverse 
student population (more than 45% ethnic minorities) including members of the U.S. military; it 
prepares many students for K-12 teaching careers.  The University of Minnesota, a Midwestern 
Research I doctoral institution, has a more racially homogeneous student body (73% white) 
dispersed over 135 majors.  At Troy, the seminar will be taught as an Interdisciplinary Studies 
Course by historian Karen Ross in collaboration with colleagues from Biology and Education.  At 
The University of Minnesota the course will be aimed at undergraduate students in the Biology, 
Society, and Environment major, who are required to write a senior research paper during their final 
semester.  These students’ individual focus varies from history and philosophy to biology and 
chemistry, and the chronobiology seminar will provide a range of research options for their papers.  
The postdoctoral fellow will work with co-PI Gunn and historian Ross to design and evaluate how 
the chronobiology materials might be used in training future scientists and teachers and in educating 
non-traditional students through distance learning classes as part of a subsequent project. 
 
Conference – The workshop discussions, mapping activities, and graduate research seminar of the 
first year and a half of the project will culminate in a working conference, planned for Spring 2012.  
By this time, the core group of faculty and graduate students on campus will be positioned to 
present and discuss their findings on the history of chronobiology.  We will invite several central 
scientific figures in the development of chronobiology to participate in a discussion of this work and 
share their perspectives.  In addition to UMN chronobiologists, these might include J. Woodland 
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Hastings (Harvard University), Therese Vanden Driessche (Free University of Bruxelles), Michael 
Smolensky (University of Texas-Houston), and Patricia J. DeCoursey (University of South 
Carolina).   
 
The graduate RA and the postdoc will be involved in the planning and implementation of the 
conference, which will be hosted by the UMN’s HSTM Program.  We anticipate that the conference 
will provide an opportunity for oral interviews with participating chronobiologists.  These 
interviews will be informed by study of the interviewee’s publications, archival research, 
discussions in the workshop, and individual faculty and student research projects.  Paul Farber, 
editor of the Journal of the History of Biology, has expressed an interest in publishing a special 
issue on the history of chronobiology, with papers selected from the conference proceedings and 
perhaps including short memoirs or oral histories of several scientists.  
 
Archival research and oral histories – The PI has identified several key figures whose personal 
papers and laboratory records need to be investigated.  During the summer and first year of the 
project, he will determine where there are accessible records and also talk with key people to 
encourage them to make their correspondence, laboratory notebooks, and other materials available 
through archival repositories.  At least three oral interviews will also be conducted with selected 
researchers in chronobiology, perhaps in conjunction with the graduate seminar in the second year 
and as part of the conference.  We have expertise with oral history on the faculty (Dominique 
Tobbell) and this will also open possibilities for teaching graduate students this technique as part of 
their research training. 
 
Roles of senior personnel – The PI, Jole Shackelford, will take responsibility for the intellectual 
leadership of the project and specifically for the workshop and mentoring components pertaining to 
the postdoc and graduate instruction.  He will undertake his own research on the history of 
biological rhythms, concentrating on the use of modeling during the early stages of developing the 
‘clockwork’ hypothesis and the controversies raised by the search for internal, organic time-keeping 
mechanisms.  Elements of this particular topic connect with his long-standing interests in scientific 
and metaphysical considerations of relationships between the macrocosm and microcosm and 
debates about mechanisms in the history of science and medicine.  He is already bringing insights 
and approaches from early modern studies to bear on the study of early and mid-twentieth-century 
research on and theorizing about biological rhythms.   
 
Co-PI Jennifer Gunn will take primary responsibility for the educational outreach component of the 
project, closely coordinating work with UMN and Troy University faculty who will create and 
deploy the undergraduate course.  Jennifer Gunn has a particular interest in bringing science and 
humanities students together in the classroom to inquire into how science is funded and done, how 
its ideas are disseminated and perceived by the public, and how popular perceptions influence 
science and its potential applications.  She sees the history of chronobiology and its popular forms 
as an appealing case study that offers students opportunities to explore this entire spectrum as well 
as experience hands-on research using primary documents. 
 
Co-PI Sally Gregory Kohlstedt will take a lead role in teaching the graduate seminar, providing 
mentoring support for the postdoc pertaining to professional development.  Kohlstedt will also 
support inquiries into the institutional-historical aspects of the development of chronobiology.  She 
has a long-standing interest in the social and intellectual dimensions of American science and its 
international connections; through chronobiology she will guide research on the ways scientific 
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disciplines create boundary distinctions, specialist vocabulary, and distinctive institutions that 
challenge, extend, and enhance the other disciplines to which the new field relates.  The seminar 
will also include the public aspects of the new field as it publicized itself and was publicized, 
sometimes to the dismay of scientists. 
 
The PI and co-PIs will work collaboratively in most other aspects of grant activities, such as 
workshop participation, conference leadership and participation, and any editorial activity that 
arises in connection with written products, anticipated to be a special topical issue of the Journal of 
the History of Biology. 
 
Role of graduate student research assistant (RA) – The graduate student RA’s primary function 
will be doing bibliographic research and providing support for the workshop by administering the 
Wiki.   Since the workshop is intended to be the primary venue for mapping the discipline, the RA 
will provide bibliographical research support for individual faculty members’ inquiries into 
particular topical areas within rhythm studies and help translate findings into monthly workshop 
discussions and ultimately into seminar inquiries into aspects of this history. 
 
In the second year, the RA will also be responsible for the administrative tasks involved in 
organizing the Spring 2012 conference.  The RA will be supervised and mentored by the PI and co-
PIs and have opportunities to develop archival research skills in the papers of Minnesota 
chronobiologists, to participate in developing curriculum for the undergraduate seminar, and to help 
in writing a grant for further research and training.  
 
Role of the postdoctoral fellow – The postdoctoral fellow will work with the PI and co-PIs to plan 
and co-teach the graduate seminar, plan and participate in the Spring 2012 conference, and develop 
methods for making the Wiki “map” of the historical development of chronobiology accessible and 
useful for scholars off campus.  The postdoc will share responsibility with the PI for doing archival 
research leading to oral histories with key figures in chronobiology and have the opportunity to 
develop his or her own research project and publications on the history of chronobiology.  The PI 
will provide intellectual mentoring for the postdoc, and co-PI Kohlstedt will provide mentoring 
around professional development. 
 
Mentoring plan for RAs and postdoctoral fellow 
 
The PI and co-PIs will be responsible for mentoring the graduate RAs and postdoctoral fellow.  
There will be some division of labor: the PI will focus on helping the postdoc develop an 
independent research project and publication plans; co-PI Kohlstedt will work with the postdoc on 
graduate curriculum development and teaching and other aspects of professional development; co-
PI Gunn will work with the postdoc and RA on undergraduate curriculum development and 
teaching.  All three will guide the RAs and fellow in ethics training, developing skills in archival 
research, organization and administration, and grant-writing.  Dominique Tobbell will provide 
training in oral history. 
 
The UMN has a number of programs for postdocs intended to provide them a cohort, build research, 
teaching, and grant-writing skills, and make long term career plans.  UMN postdocs also have 
access to the widely emulated Preparing Future Faculty program.  Kohlstedt will work individually 
with the postdoc to ensure leadership opportunities in the graduate seminar and conference that will 
add to his or her academic resume.     
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Summary of the development of chronobiology 
 
Advocates of study of rhythms nod to the antiquity of scholarly recognition of periodicities in living 
beings, citing Hippocrates’ incorporation of seasonal shifts in normal physiological balance and 
Aristotle’s observations on sea urchins, but they generally acknowledge the origins of the modern 
science in the eighteenth-century observations of Jean Jacques d’ Ortous de Mairan and the 
nineteenth-century experimental work of Augustin Pyramus de Candolle, Charles and Francis 
Darwin, and Wilhelm Pfeffer.  The salience of Darwin’s Origin of Species in twentieth-century 
biological studies of all kinds has lent important credibility and stimulus to the understanding of 
rhythmic behavior as an adaptive feature of organisms to their environments, subject to the 
principles of evolution.  Follow-up work on Darwin’s studies of plant motions, undertaken late in 
his life, led to close observations of rhythmic behavior by Indian physicist Jagadish Chandra Bose 
(1914-19), Dutch botanist Anthonia Kleinhoonte (1929), German plant physiologist Erwin Bünning 
(1928-1980s), and others.  In a general sense Darwin’s program to understand evolution underlay 
most mid-twentieth-century rhythm studies by biologists.  From this work a clear sense emerged 
that rhythmic behaviors are complex and seem to arise from a combination of timings that are 
internal to the organisms (endogenous) and stimuli from external (exogenous) environmental 
sources that serve as synchronizing “Zeitgebers” or pacemakers.   
 
Debate about the nature of endogenous timings, whether they are generated as a learned response to 
exogenous signals or produced by some sort of inherited biochemical ‘clockwork,’ and also about 
the identity and role of environmental signals as pacemakers or synchronizers of endogenous 
rhythms have been prominent features of discussions within the field of rhythm studies in the 
second half of the twentieth century.  Recently, chronobiologists have discovered molecular 
mechanisms and genetic coding responsible for rhythms in several species, providing strong 
evidence for endogenous timers.  Even so, proponents of the view that all biological timings have 
intrinsic roots in celestial and geophysical phenomena, such as tidal forces and changes in the 
interplanetary magnetic field, continue to publish their views, seeking to subsume chronobiology 
into a yet broader field of chronomics. 
 
In part, the debate over internal clocks was an argument about how to make sense of complicated, 
sometimes conflicting data arising from the myriad of studies on animal and plant responses to 
controlled changes in temperature and lighting conditions that were undertaken in the twentieth 
century.  But, in part it appears to overlay a series of controversies about the nature of organic life 
that dominated nineteenth-century biological philosophy during the period when experimental 
physiology and medicine were taking on their modern semblances, and endured into the twentieth 
century.  These vitalist-materialist/mechanist controversies were the legacy of the French 
Enlightenment, but were given new impetus with the discovery of biological pathogens by Louis 
Pasteur, Robert Koch, and others in the late nineteenth century.  During this period, Claude Bernard 
postulated the stability of the ‘internal milieu’ of living systems as a fundamental principle of 
physiology that is necessary for organisms’ regular metabolic processes in a changeable 
environment.  This principle was elaborated and codified by Walter B. Cannon in the twentieth 
century under the name homoeostasis and is widely taken for granted in modern biology and 
medicine.  An example from everyday experience illustrates how pervasive homoeostasis has 
become: No annual medical check-up today is complete without documentation of blood pressures, 
blood lipid fractions, red and white blood-cell counts, glucose levels, and so forth, usually taken 
from a single sampling at a convenient, but otherwise randomly chosen time.  These data, forming a 
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snapshot of the patient’s condition, are judged according to determined ranges around fixed means, 
adjusted for factors such as age and gender.  But what if a single, still frame is not a good measure 
of what is truly cinematic in nature? 
 
Champions of chronobiology, the name that Franz Halberg urged on his colleagues to help establish 
a mathematically and experimentally disciplinary status for biological rhythm studies, argue that 
physiology’s emphasis on homoeostasis and its consequences for applied medicine have blinded 
researchers and clinicians to the importance of rhythmic profiles both for understanding the 
complex interactions of systems within the organism – phased relationships between specific 
endocrine concentrations, for example – and for defining normal and pathological conditions.  
Halberg envisions a chronological understanding of an organism’s physiology (and thus the 
development of chronobiology) as constituting no less than a scientific revolution within biology in 
the sense that Thomas Kuhn meant, namely that the old homoeostatic paradigm is in the process of 
being questioned and found insufficient to explain the rhythmic phenomena that living entities 
present and that a new chronobiological paradigm is slowly replacing it.  This vision of a new 
biology, one that supplements a static morphology with a dynamic approach that is characteristic of 
modern cybernetics, environmental biology, and other sorts of systems theory, has not, however, 
put to rest debates about the causal nature of rhythmic behavior.   
 
The search for a ‘biological clock,’ a bio-mechanism that regulates particularly circadian (about 24-
hour), but also annual and other period phenomena, has generated considerable debate within the 
field of rhythm studies, but also formed the most obvious public face of such studies.  Popular 
science publications in the 1950s and 1960s readily took up scientific findings on the abilities of 
birds to migrate long distances on the basis of instinctual instructions and ability to keep track of 
time, and knowledge of the effects of jet-lag and its basis in circadian rhythms is commonplace.  
Variations on the term ‘biological clock’ are featured in the titles of many scientific publications 
and even popular books that present biological rhythms and the theories that explain them.  For 
example, Richie Ward’s The Living Clocks (1971) takes up the concept of endogenous timekeepers 
and their causal mechanism as a crucial axis of scientific debate in the twentieth century, and 
numerous subsequent popular treatments with titles such as John D. Palmer’s The Living Clock: The 
Orchestrator of Biological Rhythms (2002) and Russell G. Foster and Leon Kreitzman’s Rhythms of 
Life: The Biological Clocks that Control Daily the Lives of Every Living Thing (2005) seek to keep 
aspects of chronobiology that pertain to human behavior and our relationship to our environments 
and lifestyles before the public eye.  
 
The importance of determining endogenous timekeeping is at least twofold.  On the one hand, it 
provides evidence for a kind of physical structure that is a morphological feature of organisms that 
is likely an important clue to the evolution of life, inasmuch as chronobiological behaviors have 
been studied in individual cells in complex creatures and also in unicellular primitives, the 
prokaryotes.  If, as Bünning (1960) has suggested, diurnal rhythms are important to the vital 
alternation of periods of anabolic metabolism with periods of catabolic metabolism, then such 
periodicities would be an essential feature of the evolution of life from a very early stage.  On the 
other hand, arguments about whether vitality is an essential feature of the individual (whether 
shaped by evolution or design) or rather the adaptive response of a mechanical, materialistic being 
to physical cosmic forces have both metaphysical and political-economical ramifications.  If 
reluctance to accept pathogenesis (the germ theory) in the late nineteenth century must be viewed 
against the political debates over whether to treat individuals or adopt a more expensive, socialist 
model of modifying environments, then it seems likely that today’s debate about the endogenicity or 
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exogenicity of chronobiological behavior also supervenes ideological divisions about how best to 
run societies, organize biomedical industries, deliver health care, and so on.  Moreover, related 
study of the role of cosmic cycles as environmental stimuli responsible for biological rhythms bears 
directly on current disputes about the nature and seriousness of global warming.  This scientific 
debate about internal and external aspects of biological rhythms is critical in early twenty-first 
century discussions of such matters.  As such, the origins and threads of arguments from 
chronobiology need to be examined more closely by historians and philosophers. 
 
Review of historical work on chronobiology 
 
Despite the importance of rhythm studies to modern science and the enormous amount of literature 
that has been generated by experimental studies in the twentieth century, and despite the emergence 
of a new discipline that has been characterized by one scientist as a modern scientific revolution, 
there has been very little historical study undertaken of this development beyond what has been 
presented by the scientists themselves.  This has take two forms: surveys of precedent work written 
as internal accounts for other scientists, and related popularizations that scientists have produced for 
the broader reading public.  The best of these internal historical surveys is Alain Reinberg and 
Michael H. Smolensky’s “Introduction to Chronobiology,” in their edited scientific volume, 
Biological Rhythms and Medicine: Cellular, Metabolic, Physiopathologic, and Pharmacologic 
Aspects (New York: Springer Verlag, 1983).  This is an apt, if cursory, historical introduction to 
chronobiology, but includes the dated perspective that the historical reluctance of Western natural 
philosophers (scientists) to accept the chronological nature of living organisms is due to an intrinsic 
‘linearity’ of Western thinking. Franz Halberg has in recent decades created a patchwork of 
reminiscences, staged interviews, and historical introductions to his recent attempts to further the 
cause of diagnostic and therapeutic applications of chronobiology and extend research into 
chronomics.  One of the more recent and extensive of these (“Transdisciplinary Unifying 
Implications of Circadian Findings in the 1950s”) ostensibly speaks to the history of the search for 
circadian ‘clockworks’ in the seminal period of debates between Frank A. Brown, Jr., Colin 
Pittendrigh, Jürgen Aschoff, and their various partisans, who are widely recognized by biologists as 
the dominant voices in rhythm studies.  It is replete with priority claims that must be checked 
against the documentary record.  Halberg’s many summary comments suggest that the passage of 
time has blurred the passions that flared between these strong-willed scientists, which are evident in 
other accounts and primary sources from the period.  Colin Pittendrigh left his own account of the 
field, “Temporal Organization: Reflections of a Darwinian Clock-Watcher” (1993), the title 
referring to Halberg’s earlier criticism of the preoccupation of Pittendrigh and others with “clocks” 
at a time when he thought that the new discipline of chronobiology should be developing 
mathematical tools to characterize the phenomena, rather than getting mired in discussions about 
mechanisms.  It is a consequence of longevity that the history of a developing field risks being 
disproportionately influenced by the last man or woman standing.  Halberg’s oeuvre contains many 
intertextual references, with later articles recycling historical reflections from earlier ones, some of 
which were authored or co-authored with assistants and family members, creating a collage of 
authorial voices that renders historical verification of their claims difficult.  One can suppose that 
reflections by other long-lived participants in the formative years for chronobiology also present 
views that are biased by the particular controversies and outlooks of their authors, which may have 
drifted with the passage of time.  It is the job of the historian to mediate some of these documents, 
verifying and contextualizing their claims for the historical record.  
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Richie Ward’s The Living Clock takes a larger and more historically-oriented approach to rhythm 
studies, but, aside from its amateurish nature as history (Ward was also a scientist, but a biochemist 
and not a researcher of rhythms), it reveals a strong bias toward Pittendrigh’s views of the 
development and identity of rhythm studies.  Halberg and his allies are mentioned only in passing, 
whereas Pittendrigh and his network are accorded entire chapters. Moreover, the general outline of 
Ward’s history bears a strong resemblance to Pittendrigh’s, a one-sidedness that can be partly 
explained by Ward’s references to his personal communications with Pittendrigh.  Ward’s account 
drew its impetus mainly from researching the background to papers presented at the 1960 Cold 
Spring Harbor Symposium on rhythmic studies and culminated with material gleaned from the 1969 
Friday Harbor meeting on rhythm studies. These early meetings need to be examined in detail.  
Ward’s history stops prior to the emergence of chronobiology as an autonomous discipline in the 
1970s, a process in which Franz Halberg, Alain Reinberg, Michael Smolensky, and others not 
specifically engaged in the search for biological clock mechanisms began to play important 
scientific, administrative, and polemical roles in moving biological rhythm studies in new 
directions.   
 
The most professional historical study of rhythm research in print (i.e., not written by scientists) is a 
1983 article by sociologists of science Alberto Cambrosio and Peter Keating on the struggle to 
create a separate discipline of chronobiology.  Although several chronobiologists identify the 1960 
Cold Spring Harbor symposium on biological clocks as the defining moment for the discipline, 
Cambrosio and Keating locate it in the period beginning with the 1964 meeting of biological rhythm 
scholars in Feldafing, Germany and culminating in the formal recognition of chronobiology as an 
academic discipline in its own right by the creation of the International Society of Chronobiology in 
1979.  This is a commendable historical survey of high scholarly merit, but is written with the 
specific sociological model of discipline formation in mind and, consequently, pits Halberg’s efforts 
to create a new discipline against the resistance of Pittendrigh, who viewed the rhetoric, neologisms, 
and social networking associated with chronobiology as an unnecessary and perhaps disingenuous 
distraction from rhythm studies as a sub-discipline of experimental physiology.  Contributions to 
the history of science written from a sociological perspective are valuable, but sometimes fail to 
illuminate the intellectual and technological aspects of the history that are an important part of our 
discipline.  The time for a proper historiography of the science of chronobiology is clearly at hand, 
one that embraces proper historical study of the field and the details of its internal concerns and 
broader philosophical settings as well as its institutional development, antecedents, and cultural 
contexts.  
 
Collecting and contextualizing the sources of chronobiology 
 
The number of scientific studies relating to biological rhythm studies and chronobiology in the 
twentieth century is staggering.  A survey of the PubMed index by the author of a 2003 cancer 
research newsletter found over 50,000 articles about chronobiology (Ralph W. Moss, “Newsletter 
#85,” webpage, see bibliography).  Franz Halberg alone boasts of over 3000 articles, the majority of 
which are coauthored with students, coworkers, and collaborators, as is the custom in the sciences, 
and another living biological rhythms researcher, J. Woodland Hastings, lists 3 books and over 400 
articles on the subject that he has authored or co-authored (J. Woodland Hastings, “Hastings Lab” 
webpage, see bibliography).  Researchers have published in diverse fields, from mainstream 
biological science and natural history journals to specialist medical journals, journals devoted to 
solar physics, and also the journals dedicated to rhythm studies and to chronobiology. In addition, 
there are numerous collected works and conference proceedings dedicated to rhythm studies and 
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also volumes that bring together recent technical additions to chronobiological studies as they 
impinge on psychology, physiology, fatigue studies, and so on.  Understandably, much of this work 
cites parallel and previous studies and some of it is redundant; other studies appear to have been 
done in ignorance of the work of key contemporaries.  There is also a significant international 
dimension that deserves consideration and one where graduate students with special language skills 
may be used effectively (and we have both trained and native speakers of Chinese and several 
European languages, including Czech and Russian, among our faculty and graduate students).   
 
One factor that complicates reconstruction of the historical record is the degree of assimilation of 
previous work into later publications, resulting in conflicting recollections of the sequences of 
developments in the field and priorities of discovery or the novelty of hypotheses.  Participating 
scientists are understandably more interested in describing what they have experienced and 
discovered to support their vision of current scientific reality than in documenting the historical 
complexities of scientific research, leaving it to the historians to sort out the chronology of major 
theoretical and experimental innovations and the details of negotiation, blind alleys, and alternative 
possibilities of the subject area.  The work of identifying and locating printed scientific results and 
assessing which ones are the most central to building a historical narrative of the development of 
rhythm studies and launching the discipline of chronobiology will be our important first step, to 
start immediately and continue throughout the grant period.  The recent revelation of NASA’s 
erasure of the primary video record of Neil Armstrong’s moon walk serves as a cautionary tale: 
scientific achievement merits careful attention to the preservation of the documentary record for 
future interpretation. 
 
Additionally, many unpublished written materials and even unwritten personal accounts will need 
identifying, accessing, and, in the case of oral histories, recording and transcribing.  Some of these 
are local to the UMN, where important rhythm studies researchers are retiring or have retired.  
Exploration of this through conversations with Franz Halberg, Phillip Regal, Frank Barnwell, 
Willard Koukkari, and other persons associated with the University of Minnesota suggests that 
systematic interviews and cross checking of stories will provide useful guidance for developing the 
direction historical research should take and supply important anecdotes to help interpret contexts 
for printed research reports and conference presentations.  Other key laboratories at Northwestern 
University, Harvard University, Stanford University, UC San Diego, University of Arkansas Little 
Rock, University of Virginia, and similar research venues hold archival records of the 
chronobiological research conducted in these locations.  Establishing the history of organized 
meetings devoted to rhythm studies and chronobiology and the resultant formation of learned 
societies and associated journals and later websites must also be undertaken. The earliest of these 
was the International Society for the Study of Biological Rhythms, founded at the first meeting, at 
Ronneby, Sweden in 1937.  There was one more meeting before the outbreak of World War II, and 
there was no attempt to publish a proceedings for this early society, although some scientific papers 
were published in Acta Medica Scandinavica and these and the private papers of its organizers 
might yield useful information. A recollection of the 1937 meeting by one of the early participants, 
Hans Kalmus, was published in Chronobiology, but it was based on the author’s diary entries and 
recollections, not on formal records pertaining to the meeting.  Often diaries and private papers 
offer interesting perspectives about what happened intellectually at such meetings, but they need to 
be checked against and interpreted in light of other institutional documents when available.  
Kalmus’ reminiscence, for example, omits mention of the Utrecht meeting and assumes that the 
Ronneby meeting was the only one before the war.  Consequently, one significant project to be 
undertaken is to locate personal and institutional records and trace the disparate efforts of early 
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chronobiologists, who envisioned the coordination of their research programs and a coherent set of 
outcomes through collaborative conferences and publications.  This will be done by contacting 
surviving researchers and their students, gleaning information from scientific articles and historical 
reflections published by noted rhythm researchers in the journals devoted to biological rhythm 
studies and chronobiology, and through study of archival records.  
 
Finally, biologists interested in rhythm studies have authored books on the subject intended for a lay 
reading public.  Erwin Bünning wrote one in German in 1958 that appeared subsequently in 
modified versions and translations in both German and English in the 1960s and 1970s.  John D. 
Palmer, Professor of Biology at the University of Massachusetts-Amherst has written five.  A recent 
collaboration by Russell Foster, Professor of Molecular Neuroscience at Imperial College, London, 
and Leon Kreitzman, a science writer and broadcaster, illustrates the popular diffusion of biological 
rhythms into the intellectual readership.  The result is a ‘popular science’ dimension to the subject, 
which warrants study both as a public representation of the science and as context for the growing 
professionalization of the field and how scientists lay claim to discoveries.  Public attention is 
evident in Science, Scientific American, and Science News, as well as in more general publications 
like Newsweek and the Wall Street Journal.  Even columnist Jane Brody of the New York Times 
noted chronobiology in the 1980s as something her readers ought to consider in their daily lives.  
Following the example of Marcel LaFollette’s work on the popularization of science in magazines 
and on radio, this project will trace the ways in which the idea of biological rhythms became 
familiar through the media and also worked its way into common parlance, commercial 
applications, and public policy.  
 
Contextualization of the scientific studies and the analysis and dialogues surrounding them will 
require fitting the development of rhythm studies into larger questions of evolutionary biology, 
biological mechanisms, and developments in engineering and medical research.  Of particular 
interest is the methodological development (statistical inferences, modeling, et al.), and military-
industrial concerns (fatigue studies), and related developments and applications in cycles research in 
physics, sociology, and economics.  For example, the idea of biological rhythms fits well into early 
twentieth-century thinking about mathematization and what Ted Porter has termed “the rise of 
statistical thinking” that permeated science and social science disciplines.  One working hypothesis 
is that a key factor in the scientific disputes over “the biological clock” and the relative importance 
of endogenous mechanisms and exogenous synchronizing stimuli (Zeitgebers) was the application 
of statistical methods to rhythm studies.  The most vocal of the “clock” scholars, led by Colin 
Pittendrigh, Erwin Bünning, and Jürgen Aschoff, advocated direct observation of data generated 
from carefully regulated laboratory experiments in which animals and plants were subjected to 
regulated conditions of illumination, temperature, and other factors affecting rhythms.  Experiments 
of this kind produced fairly unambiguous data sets, since key variables could be easily controlled 
and measurements could be taken at regular intervals, often by means of automated devices.  Those 
urging a more mathematical approach argued that the way forward in the field lay with 
sophisticated, statistical devices (cosinors, mesors, etc.) that could reveal meaningful rhythms in 
data that was not regularly sampled, as was often the case in the clinical environment, for example 
endocrines in blood samples taken from human patients at irregular intervals.  The patterns in these 
data, and their relationship to other data tend to be obscured by ‘noise’ and require statistical 
measures to render them amenable to analysis.  But more than a methodological dispute, these 
choices reflect basic ontological commitments: the search for genetically-coded clockwork 
mechanisms implies a traditional materialist reductionism, which contrasts with the statistical 
method.  As Cambrosio and Keating observed (p. 334), “The cosinor ... brings into being a new 
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scientific object – temporal structure – for which it is now possible to claim a material existence 
equivalent to that of the cell.”  What they meant is that the tools applied by chronobiologists were 
reshaping how organisms were conceived, not merely as structures subject to morphology but as 
continually changing entities that needed to be defined in time as well as space; that whereas the old 
physiology viewed an organism as a photograph, the new chronobiology viewed it as a video 
sequence. 
 
A major goal of the project is to understand how boundaries were identified or defined in order to 
distinguish biological rhythm studies and chronobiology from parallel fields of inquiry.  The late 
nineteenth and early twentieth-century astrophysical and geomagnetic results of Svante Arrhenius 
and Alexander Chizhevsky were of varying influence in European and American rhythm studies 
and fueled the U.S. government-sponsored cycles research of Edward R. Dewey in the 1930s.  
Dewey’s chronological correlations were exploited by biological rhythms researchers, but also by 
economists and stock market analysts such as Ralph Nelson Elliott (developer of the Elliott Wave 
Theory), whose claims for predictable periodic business cycles are touted today. The general 
conceptualization of the development of the field of chronobiology will as a matter of course take 
into consideration the multi-disciplinary roots of biological rhythm studies and how its proponents 
sought to position their work to avoid being identified with some of the less obviously scientific 
adventures of the advocates of psychological cycles and other biorhythms.  To this end we plan to 
examine not only how the scientists establish boundaries in their scientific publications, but also 
how they position their field in books meant for popular consumption. 
 
Some key research topics and problems – The questions and issues listed below will serve as 
guides to discussion and mapping of the field through this project.  As individual researchers here 
and elsewhere investigate these questions, add to them, and further refine them, the materials will 
be added to the bibliography and workshop Wiki map developed by this project, both of which will 
be made publicly available.    
 
a) Chronobiology as Revolutionary Science.  Proponents of chronobiology as an autonomous 
research field with multiple applications, distinct from biological rhythm studies as a subfield of 
biology, have asserted that taking rhythmic temporal variability into account represents a 
revolutionary redefinition of physiology.  They compare the development of chronobiology to the 
cosmological revolution associated with Galileo and the chemical revolution associated with 
Lavoisier.  The foundation for this perspective is their recognition that traditional physiology 
developed and has assumed the principle of homeostasis, whereas chronobiology rejects 
homeostasis and replaces it with normal rhythmic paradigms.  This point of view, that key 
physiological variables must be assessed in relation to when they are sampled rather than against 
supposed fixed norms, as temporal recordings that reflect a genetic basis (chronomes), has profound 
implications for both biological research and medicine.  Does chronobiology fit into the well-
studied pattern of scientific revolutions?  Can study of this latest revolution provide insights into 
past scientific developments, for which the historical record is less abundant with details? 
 
b) Defining boundaries for biological rhythm studies.  Early researchers (late 19th/early 20th 

century) proposed that rhythmic behaviors of terrestrial beings reflect extraterrestrial physical 
factors (gravity, radiation, electro-magnetic fields).  There are historical connections between these 
early suggestions and the development of rhythm studies in the 1940s and 1950s and also to the 
recent development of chronomics as an extrapolation of chronobiology.  One aim of this project is 
to define the connections and establishment of boundaries between these various aspects of what 
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can generally be termed ‘cycle studies.’  Several scientific papers and popular assessments of 
chronobiology by its practitioners indicate scientists’ sensitivity to the pseudo-scientific edges of 
their field and their desire to distance biological rhythm studies from the study of what is commonly 
called ‘biorhythms,’ popular theories and applications such as astrological forecasting that draw on 
some of the same historical sources that led to chronobiology.  Will twenty-first century biologists 
accept chronomics as science or react to it as pseudo-science?   How will reception define the 
boundaries of biological rhythm studies? 
 
c) Rhythm studies as evolutionary biology.  The discovery and documentation through ample 
studies of many species that biological rhythms are relatively temperature independent (but not 
temperature insensitive) raised the possibility that the rhythmic behavior of organisms evolved as a 
means for adapting to environments, both in terms of sharing resources (time-sharing a physical 
niche with other creatures) and anticipating environmental changes (pro-active response to 
synchronous stimuli, such as tides, seasons, daylight).  Thus scientists came to study how biological 
rhythms permitted organisms to shield energy-sensitive chemical reactions from damaging solar 
radiation and to encourage alternating cycles of anabolic and catabolic reactions.   Knowing more 
precisely how contemporary developments in evolutionary biology steered the agenda of biological 
rhythm studies and shaped the interpretation of experiments will shed light on the development of 
the field.   
 
d) Biological rhythm studies and biological and behavioral engineering.  Studies of human 
fatigue and alertness, plant and animal activity cycles, tolerance of toxicity rhythms, and disease 
susceptibility cycles are all examples of aspects of chronobiology that garnered considerable public 
attention because of the various practical applications they sustained.  These include design of 
working shifts in manufacturing and service industries, ways to adapt to isolation from normal 
environmental signals during space travel and long periods undersea, and the development of less 
toxic pesticides and more effective chemotherapeutic interventions.  Historians need to investigate 
the changing sources of financial support for this research and its applications and why some areas 
of application have enjoyed rapid acceptance while others, such as long-term monitoring of blood 
pressure patterns, have not.   
 
e) Biological rhythms and the behavior of human populations.  Since the early twentieth 
century, cycles research has attempted to correlate environmental stimuli with large-scale social 
patterns, such as recurrences of epidemic diseases, political revolutions, military interventions, and 
more recently terrorism.  The attempt to understand patterns of criminal activity as a consequence 
of lunar cycles is a good example of behavioral research drawing on chronobiological study. The 
histories of these aspects of rhythm research need to be considered along with more mainstream 
scientific chronobiology in order to fill out our understanding of the cultural place of the science. 
 
f) The clock question. Rhythm studies that focused on organisms that are temporally organized 
around some kind of endogenous timer or series of such timers emerged as the salient point of 
dispute in the 1950s.  Why this question arose (contextual factors, internal factors) and the contours 
it took are a central part of any story of the development of rhythm studies. Debate over this 
question subsided somewhat toward the end of the century but is still not settled to everyone’s 
satisfaction and continues to divide the field. 
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g) Methodological disputes and developments within chronobiology.  At least two distinct 
approaches to biological rhythm studies emerged in the 1950s, one making extensive use of causal 
modeling and another emphasizing statistical inferences.  The former spurred research into the 
‘clock’ question, while the latter took rhythm studies in a decidedly quantitative and rigorously 
mathematical direction, replete with novel terminology and the development of computerized 
methods of handling and analyzing data on a correlative basis.  This led to, or perhaps reflected, a 
split in the field between those who wanted to see rhythm studies remain subservient to biological 
field and laboratory research and those who wanted view chronobiology as an exact biophysical 
science treating aggregate data as spectra and correlating them with geophysical and celestial 
phenomena.  Detailed examination of the history of these disputes and its relation to the kinds of 
experiments conducted and scientific findings in other fields will permit a better understanding of 
how chronobiology developed.   
 
h) Interaction between science and technology in the development of chronobiology. Biological 
rhythm studies were quite limited in scope and in terms of the reliability of experimental data until 
technological methods were developed to automate biometric data collection, control research 
environments, and assess data using statistical protocols and computerized algorithms.  Reinberg 
and Smolensky, paraphrasing a 1967 study in their introduction to the 1983 collection, noted that 
“The development of modern chronobiology is closely related to the development of tools, 
instruments, and techniques permitting study of variables over relatively long spans of time.”  
Moreover, theorizing about biological rhythms paralleled the development of electronic oscillator 
technology for computers, electric wire models for neurophysiology, and the rise of vibration 
studies in civil engineering, famously illustrated by the modeling of the Tacoma Narrows Bridge as 
an oscillator driven to catastrophic failure (1940) by positive feedback at a resonant frequency.  
These contemporary developments in engineering and bioscience share terminology and, in some 
instances, personnel—for example the collaboration of chronobiologist Franz Halberg and engineer 
Otto Schmitt, inventor of the “Schmitt Trigger,” at the University of Minnesota.  In another case, a 
former UMN student’s consideration of oscillators in the context of biological rhythms resulted in 
the invention of cardiac pacemakers.  Historians will find in this topic new ways to investigate how 
technology opens out science even as the science pushes for more sophisticated technology. 
   
Summary 
 
This collaborative project is intended to inaugurate investigation of a significant area of biology, 
namely chronobiology, which has not been much studied by historians or others in the social studies 
of science.  Building on the combined strength of the faculty and the growing interest of graduate 
students in studying recent history, the proposed activities will create a resource that can be used at 
the University of Minnesota but will be made available to and encourage the work of others beyond 
this campus.  There is synergy when archival research, workshop and conference conversations, 
teaching, learning, and writing are engaged in systematic ways by people working on related 
projects.  Our proposal seeks to create an intellectual center that will encourage strong interactions 
and establish a base for the ongoing study of chronobiology, its antecedents, and its influences in 
the twentieth century and beyond. 


