Preface (Version 8: Draft July 26, 2003) 
Bio-optical oceanography concerns the interactions of organisms and light in the sea.  More generally, bio-optical oceanography, also termed bio-optics for brevity,  encompasses studies of the plethora of oceanic organisms, their effects on the propagation and spectral (color) distribution of light in the sea, and in turn the effects of light intensity and spectral quality upon these same organisms.  Bio-optical oceanography, as the name implies, is an interdisciplinary science with biology and the optical branch of physics defining the principle intersection point.  The science of oceanography has developed relatively recently as the term oceanography was apparently first applied in the 1880’s according to Rozwadowski (2001).  Oceanography has been traditionally partitioned for convenience into the following major disciplines: physical, chemical, biological, and geological.  However, there are no strict definitions of the various disciplines of oceanography, perhaps rightfully so as oceanography is a science that encompasses all scientific endeavors associated with the oceans, and due to the fact that many oceanographic phenomena involve interactions across the traditional disciplines.  Consequently, the disciplinary boundaries are often blurred.  Commonly used terminologies applied to oceanographic disciplines and subdisciplines have evolved in rather peculiar ways, as physical oceanography is not typically considered to include acoustics or optics.  Rather, acoustical oceanography and its optical counterparts, which include hydrological optics, marine optics, ocean optics, and most recently bio-optics, are generally considered as separate disciplines or subdisciplines.  Bio-optical oceanography and bio-acoustical oceanography have recently emerged as two quite popular and important subdisciplines.  They represent the convergence of interests of optical and biological oceanographers and acoustical and biological oceanographers, who recognized the innate interdependencies along with the power of interdisciplinary research studies and importantly optical and acoustical technologies. Much of the impetus for the emergence of these field comes from the fact that acoustics and optics provide the only means to study non-invasively biological processes and organisms at scales smaller than a meter in space and a minute in time. 

Bio-optical oceanography is a rapidly growing subdiscipline that will likely continue to expand in interest because its applications encompass such a broad range of environmentally important problems as discussed in the Introduction.  Further, several ocean color satellites with increasing capabilities have been placed in orbit within the past few years and more are scheduled for launch in the coming years.  In addition, rapid development of robust and/or sophisticated in situ bio-optical sampling systems will be key elements of the developing Global Ocean Observing System (GOOS) as well as other scientific and environmental monitoring programs. 

To my knowledge, this is the first book to focus both upon bio-optical oceanography and its applications.  However, several excellent books serve to complement the material presented here.  Earlier related works include:  Jerlov (1976), Shifrin (1988), Kirk (1994), Mobley (1994), Spinrad, Carder, and Perry (1994), Walker (1994), and Thomas and Stamnes (1999), Dera, Fournier and Jonasz.  In addition, readers can benefit from books concerning physical optics by Fowler (1975), Bohren and Huffman (1983), Born and Wolf (2002), and Hecht (2002) and introductory physics (including electromagnetic radiation and optics) book by Halliday et al. (2001).  The level of mathematics (e.g., largely algebra, trigonometry, and differential and integral calculus) and physics used for the present book is roughly equivalent to that presented in Halliday et al. (2001), which could serve as a useful companion reference for some readers.  Books recommended for biological aspects include: Harris (1986), Mann and Lazier (1991), Lalli and Parsons (1993), Kirk (1994), Valiela (1995), and Falkowski and Raven (1997).   Readers are encouraged to obtain a new educational CD-ROM called Phytopia that provides information about phytoplankton in an interactive mode along with excellent visuals.  Information needed to obtain this inexpensive, but extremely valuable, tool is given in the Bibliography.  Another recent book on satellite oceanography by Martin (2004) can serve as a valuable supplement for this book.  Finally, the Encyclopedia of Ocean Sciences (Steele, Turekian, and Thorpe, 2001) provides concise introductions and reviews of nearly all aspects of oceanography; it can serve as a remarkably valuable resource for student and researcher alike.  IOCCG volumes on Ocean Color remote sensing and its challenges.
These rather diverse books and a large number of journal articles and reports are valuable assets that readers will find referenced here.   Interestingly, most of the books with relevance to bio-optical oceanography were published in 1994 or earlier.  Clearly, many new bio-optical technologies and models have been developed since 1994 and the body of bio-optical literature is growing very rapidly.  The satellite-borne Coastal Zone Color Scanner (CZCS) provided ocean color data from 1978 to 1986.   However, not until 1996 and 1997 were ocean color data again available from the ocean color sensing satellite Ocean Color and Temperature Scanner (OCTS, Japan) and  Sea-viewing Wide Field-of-view Sensor (SeaWiFS, United States) systems, respectively.  Many in situ multi-spectral and specialized fluorometric instruments have been developed and new observing platforms have become available, all since the early 1990’s. Also, many new bio-optical and related interdisciplinary oceanographic experiments have been completed since 1994.  Biogeochemistry has recently become a major research area that complements and utilizes much of the research of bio-optical oceanography.  Biogeochemistry is used in this book as one of the study areas; readers interested in a thorough development of recent advances in biogeochemistry are directed to a new book by Sarmiento and Gruber (2004).   Another emerging application of bio-optics is for the study of harmful algal blooms, carbon science and ecosystem dynamics.  A new book devoted to this topic has been recently edited by Babin and Roesler (2005).  

There are several audiences and goals for Bio-optical Oceanography and Its Applications.  For example, the book provides an introduction to bio-optical oceanography for advanced undergraduate students, graduate students, post-doctoral researchers, and oceanographers from virtually all disciplines and subdisciplines.  It is intended to serve as a resource for specialists in bio-optics and optics, particularly those who are interested in a wide variety of interdisciplinary applications.  The book can be used as a vehicle for observationalists to learn about basic bio-optical theory and modeling and for theorists and modelers to gain knowledge about contemporary observational methods, capabilities, and data sets.  The book has been written for use as a textbook that can be used as an integral component for academic curricula during regular school years and for special summer courses that may focus on bio-optical oceanography or special advanced topics such as harmful algal blooms (including red tides), coastal pollution, color remote sensing, radiative transfer, primary productivity, and ecological and biogeochemical modeling.  Bio-optical oceanography is a highly visual science and one that is full of aesthetically pleasing images; thus, interesting, informative illustrations including figures and pictures are central to the book’s exposition.  Thus, I have included over 150 illustrations, most of which are in color.  

A brief summary of the contents of Bio-optical Oceanography and Its Application follows. Chapter 1 provides an introduction to bio-optical oceanography including enumeration of several applications of bio-optics.  Chapter 2 serves as a primer for bio-optical oceanography.  Chapter 3 focuses on in situ measurement and observational methods while Chapter 4 reviews methods of remote sensing of ocean color and optical properties using aircraft and satellites.  Chapter 5 introduces theories and models relevant to bio-optical oceanography including remote sensing of ocean color.  In addition, proxy measurements and sampling networks are discussed.  Chapters 6 and 7 describe bio-optical research studies and results for open ocean and coastal environments, respectively.  Chapter 8 concludes the book with a brief retrospective and an exposition of challenges and opportunities for bio-optical oceanography.  Several appendices are used primarily to assist the reader and to supplement the book’s material in areas that may be familiar to some, but new to others.  The bibliography is intentionally extensive so that readers will be aided in their pursuits of special interests, new research, and detailed information beyond the scope of the book.

The readership is anticipated to have quite varied backgrounds, interests, motivations, and expectations.  The book is intended to be reasonably self-contained and comprehensible by a broad cross-section of readers regardless of previous disciplinary specialization.  Thus, I have attempted to write the book in such a way that virtually all interested students and active scientists will find it to be a valuable resource whether for learning new material, for expanding research interests, or for reference.  Major challenges in writing the book have included answering questions such as: What key introductory topics should be presented for a diverse and broad readership?  How much detail should be included?, What level of mathematics should be used?, What are the most important research areas and examples for the book?, and How many references should be included?  I realize that it is not possible to satisfy the needs or desires of all potential readers of the book, but hope that I have provided sufficient information and references to assist readers to acquire the knowledge they desire.  

I have attempted to present an objective depiction of what is presently known and unknown about the various aspects of bio-optical oceanography.  Advantages and disadvantages of methodologies and models are described.  Active areas of recent and current research are highlighted in order to facilitate learning through examples.  An underlying theme of the book is that science is always evolving and that there are few “absolutes” and much remains to be learned.  The field of bio-optical oceanography is developing rapidly, so some material in the book will certainly require updating in future editions.  I welcome input from readers in the form of comments and corrections, as the book is designed to serve as a means for readers to learn as much as possible about our amazing oceans.  My measure of success for the book will be its capacity to stimulate new ideas and research thrusts for future bio-optical and other oceanographers.

Finally, I hope that the book will be enjoyable for you to read and that your future studies of bio-optical oceanography will be as rewarding for you as they have been for me!  









Tommy D. Dickey









Santa Barbara, 2004
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