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THE IMPACT OF OCEANOGRAPHY ON 
OTHER SCIENCES1 

BY 

RICHARD H. FLEMING 
Departme:nt of Oceanography 

University of Washington 
SeaUle, Washington 

"Unity is perhaps the keynote of modern science. This means 
unity in time, for the present is but the outgrowth of the past, and 
the future of the present. It means of process, for there seems to 
be no sharp dividing line between organic and inorganic, physical 
and mental, mental and spiritual. . And the unity of modern science 
means also a growing tendency towards cooperation, so that by 
working together scientists discover much that would else have 
remained hid. " 2 

The title of my paper is one that was proposed by the committee 
that planned the Oceanographic Convocation. The subject was a 
challenging one, but when I attempted to set down ideas it became 
obvious that the problem was not so much one of pointing out interest-
ing problems that had stimulated research in the basic or related 
sciences but rather one of determining the unique features of ocean-
ography as a whole and how these might be of importance in the 
growth of human knowledge. Some aspects of this problem, described 
in a recent paper,3 will not be dealt with in any detail. 

For the purposes of this discussion, it is necessary to establish 
certain terms of reference. The science of oceanography is still 
in a formative stage; subject matter is broadening as new topics 
are investigated, and it is obviously pointless to define the field in any 
restrictive way. Therefore, a broad definition, that oceanography 
is the scientific study of the oceans and of their relation to man, is the one 
that will be used. There can be little argument about the first 
phrase of the definition, but a word of explanation about their relation 

1 Contribution No. 196 from The Department of Oceanography of The University 
of W asbington. 

2 Preface to Climatic Changes: Their Nature and Causes by Ellsworth Huntington 
and S.S. Visher, Yale University Press, New Haven, 1922. 329 pp. 

'Fleming, R. H., 1955, Present status and future development of oceanography. 
Proc. 8th Pacif. Sci. Congr. (Held in 1953.) 
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to man may be in order. This too is intentionally broad. The most 
obvious aspects covered by this phrase are the practical or engineering 
applications of knowledge of the seas, how the design and performance 
of vessels are affected by the environment in which they must operate, 
or the nature and size of fisheries that might be developed in the 
unexploited waters of the southern hemisphere. The oceans have 
exerted, and continue to exert, major effects on the cultural, economic, 
and political histories of mankind. These are not generally included 
in the field of oceanography, but the scientific aspects of these prob-
lems offer many opportunities for co-operative investigations. 

It is not necessary to stress the tremendous size of the oceans-
that requires such great expenditure of effort for their systematic 
study-nor the complexity of the problems that involve the specialized 
techniques and theories developed in practically every other field of 
science. But it is important, in the face of these obstacles, that we 
do not lose sight of the concept of unity so well expressed in the 
quotation from Huntington and Visher. It is the unity of the oceans 
that can give to oceanography a unique character among the sciences. 

Oceanography is not circumscribed by the traditional boundaries 
of the older sciences; it is truly world-wide, recognizing no political 
boundaries; and finally it is concerned with the environment that 
contains the uninterrupted and coherent physical and biological 
history of the earth. That is, the unity of the oceans can be recog-
nized in subject matter, in space, and in time. The ultimate value 
of oceanography among the sciences will be found in the influence 
it exerts by bringing together, in a coherent whole, the theories and 
knowledge of the many specialists and by stimulating the scientific 
curiosity of those in the basic and related fi elds of science by presenting 
to them those problems that require their special talents. This 
is a period of specialization in science, and oceanography, to preserve 
its unique character, should strive to continue to be a co-ordinating 
study. It is only through such a broad attack on the oceans that 
their true nature will be understood and the full value of oceanography 
achieved. 

The facilities available to oceanographers determine, to a large 
extent, the type of studies they will undertake. Some, with large 
vessels at their disposal and with adequate staffs will explore the far 
reaches and great depths of the open ocean. Others, with less re-
sources, will limit their efforts to shallow and confined coastal waters. 
Governmental agencies, such as hydrographic services, may be 
concerned with only one or a few aspects of the ocean, but their 
interests may be world-wide in scope. The important point is that 
all of them are dealing with a single body of water and that all of their 
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contributions serve to swell the body of knowledge. If any single 
set of objectives can be agreed upon, these will influence not only the 
lines of research effort but will accelerate the rate of development of 
the science of the seas. 

It is believed that the objectives of oceanography are to understand 
the present, to interpret the past, and to predict the future. Under-
standing the oceans of today is in itself a tremendous task, and so 
far we have sketched only an incomplete and fragmentary picture. 
In many cases, the key to understanding may be in the past. One 
of the basic principles of geology is that the present is the key to the 
past. This applies to the ocean as well as to the land (as will be ex-
plained later), but for the moment the concept will be inverted-that 
is to say, the key to present-day conditions in the ocean may very 
well be in the past. Recent interest in the origin and age of the deep 
water of the North Atlantic is an example.4 It has been suggested 
that the formation of deep water in the North Atlantic occurs only dur-
ing periods with extremely cold winters and that the water now present 
in the deep basins was formed during a period of climatic extremes, 
about 150 years ago. If this hypothesis is correct, it is obvious 
that the origin of the existing deep water cannot be explained in terms 
of present-day climates and that the key to the problem lies in climatic 
and oceanographic conditions that existed in past centuries. 

A more generalized situation, which covers a span of many thousands 
of years, is the oceanography of the inland waters of the State of 
Washington, including Puget Sound and the waters adjacent to the 
San Juan Islands. The physical, chemical, biological and geological 
oceanography of this region cannot be understood without taking 
into account the geological history of the area. The extensive glaciers 
of the late Pleistocene carved deep, steep-walled valleys into the 
unconsolidated sediments deposited during periods of earlier glacial 
activity. It is the shapes of these features, now forming the beds 
of the channels, inlets and sounds, that largely determine the physical 
characteristics of the water as well as the nature and rate of water 
exchange in the partially isolated, elongated basins. The distribution 
of the plants and animals inhabiting the beaches and sea floor of this 
area will be understood only if it is recognized that some 10,000 to 
15,000 years ago the entire area was filled with ice and that, since 
the retreat of the glaciers, the marine population has been re-estab-
lished by migrants from the open ocean. The apparent mixture 
of "northern" and "southern" forms in the area probably indicates 

4 See in this issue: C. O'D. Iselin, Recent advances in our understanding of the 
circulation problem and their implications. 
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that the populations have not yet reached a climax. Certainly the 
challenge of establishing the chronology of the repopulation of the 
area and its correlation with the gradually changing physical environ-
ment is one of the principal problems that should be attacked by the 
oceanographers and biologists in the area. Finally, it should be 
pointed out that the submarine geology of the region is primarily 
one of working out the past history of the submerged areas. Processes 
of recent sedimentation are largely governed by the submarine topog-
raphy produced by glacial action, and in many areas glacial debris 
is still exposed on the sea floor. Most investigations must inevitably 
lead towards an integrated geological, physical, biological and climatic 
history of the area. Other examples concerning larger regions and 
longer spans of time could be cited in support of the thesis that the 
key to the present lies in the past, but the important point to be recog-
nized is that the history of the oceans is a continuous one and that "the 
present is but the outgrowth of the past." 

The behavior of marine animals is receiving an ever increasing 
amount of attention. In many cases this involves study of the 
response of animals to the physical or chemical stimuli that they 
might encounter in the ocean; or it involves the development of hypoth-
eses based on these environmental conditions to explain such behavior 
as spawning migrations, season or dates of spawning, diurnal vertical 
migrations, etc. In these investigations, emphasis is placed on the 
environmental conditions as they exist today. Distributions of 
organisms have been affected by past conditions in the ocean, and 
it seems equally probable that their behavior may depend, in part at 
least, upon the past environments as well as upon those existing today. 
The key to such perplexing problems as the migrations of fishes and 
the spawning habits of many invertebrates may very well be in relict 
behaviors that had survival value under conditions quite different 
from those in the ocean of today. 

The concept of the continuity in time of all aspects of the oceans 
is equally important when we attempt to re-create conditions of the 
past. It is only in the present-day ocean that we have any oppor-
tunity to evaluate the interdependence of various physical factors 
and to develop the theories that are essential if we are ever going to 
properly reconstruct the oceans of the past, and, through such knowl-
edge, to better interpret the history of our planet. Let us consider 
only a single example. It would be of great interest to estimate the 
abundance of life and the productivity of oceans of the past. To 
accomplish this we must have a quantitative understanding of the 
physical factors that control the supply of nutrients to the photo-
synthetic layer and the rate of turnover of such limiting substances 
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in the surface layers. To date our understanding of these processes 
is only fragmentary, but it is both useful and stimulating to examine 
a problem such as that of productivity, not only in terms of present 
conditions but also as to the types of information that must be at 
hand in order to attempt any valid estimate of the productivity during 
past geological ages under different environmental conditions. 

Many of the problems in applied oceanography resolve themselves 
into predictions. This is a sweeping generalization that requires 
some explanation. A navigational chart is valuable because the 
shoreline and bathymetry generally change so slowly than an accurate 
survey is an excellent prediction of what a navigator will encounter 
when approaching an unfamiliar coast. The fact that charts and 
sailing directions must be corrected and revised at fairly frequent 
intervals is an indication that some significant changes do occur in 
nature as well as in knowledge. Other phenomena change in a regular 
and predictable way. The practical value of tidal information and 
justification for the efforts devoted to observing and compiling such 
data and issuing predictions lies in the fact that these are reliable 
forecasts of the stand of sea level and are a major factor in safe navi-
gation in shoal waters. Tidal predictions can be made for any date, 
past or present, but they are subject to errors introduced by local 
meteorological conditions. Storm surges are catastrophic examples 
of abnormally high sea levels caused by onshore gales or hurricanes. 
Such devastating inundations cannot be predicted long in advance; 
but because of their inherent threat to life and property, methods 
of predicting their effects on sea level have been devised for individual 
localities. Predictions of storm surges are based on the known 
meteorological situation. Hindcasting is a useful corollary of such 
methods, since it permits us to reconstruct past situations when the 
significant variables are known. The examples just cited illustrate 
cases where methods of predictions have been devised to meet practical 
demands. 

There are, however, many more instances in which no satisfactory 
methods have yet been devised. No techniques have been developed 
that will enable us to predict future temperature conditions, current 
patterns, the distribution and abundance of fish, or the fate of radio-
active isotopes introduced into the sea, to name but a few. In most 
instances the serious gap is our ignorance of the processes relating cause 
and effect. Qualitative forecasts based on past experience, that is the 
use of climatic data, are useful in some cases, but they lack the local 
detail and accuracy that is desired. Similarly, empirical relationships 
derived from observed events are often used, but without a basis in 
theory. Such methods of predicting can be grossly misleading. 
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The foregoing paragraphs have emphasized the prediction of future 
events or conditions. There is another whole realm of practical 
problems that involve predictions of the influence of oceanographic 
factors upon the behavior or effectiveness of vessels, shore installations, 
offshore platforms, underwater weapons, and devices for communica-
tion and detection. These estimates require not only an understanding 
of the ocean conditions but an appreciation of how these will interact 
with the object of concern. Although some of these examples of 
applied oceanography may stretch the definition of the term prediction, 
they serve to emphasize that it is upon a firm foundation of basic 
investigations and research that the practical applications of the 
future must be built. 

The unity of the oceans in space is one of the basic principles of 
oceanography. It is the basis of the physics and chemistry of the sea 
where it is accepted that the properties of the water depend only upon 
its temperature, salinity and pressure and not upon the location of its 
existence in the sea. Effects of dilution by rivers, of freezing and 
melting sea ice, and of organisms are recognized, but they are treated 
as anomalies rather than as major regional influences. The age of 
the oceans, the magnitude of the disturbing factors, and the processes 
of mixing that produce the characteristic uniformity of ocean waters 
apply equally well to biological and geological aspects of the sea. 
The interesting problems are not differences in populations and 
sediment types as they exist but rather why they exist and how they 
are perpetuated. The principles of unity in space, unity in time and 
unity in subject matter are the factors which will weld the subject 
matter of oceanography into a coherent science. 

The concepts outlined above are more than mere philosophical 
ramblings. They can provide guidance in teaching, in research, and 
in reporting results of field work. Specialized research and local 
studies are of much greater interest if they are set in the framework 
of broader generalizations. Artificial subdivisions of science are to be 
avoided if studies in the physical, chemical, biological, or geological 
aspects of the sea are to be presented as parts of the entire picture. 
Futhermore, it is through such a unified and coherent science that 
oceanography can make its greatest contributions to human knowl-
edge and can have its greatest impact on other sciences. 

In the terms used in this paper it cannot be said that oceanography 
as a science has had much effect on progress in other fields of research. 
On the other hand, individual oceanographers who, in their work and 
writings, have stressed one or more of these concepts have had very 
large effects on their fellow workers in other fields. The work of 
Matthew F. Maury a century ago is often cited as the beginning of 
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oceanography. He was very aware of the unity of the oceans in all 
their aspects, and it was with this guiding principle constantly before 
him that he was able to stimulate so much interest in marine problems. 
Others, perhaps placing more emphasis on the biological characteristics 
of the oceans, prefer to date the birth of oceanography from the 
Challenger Expedition. It was the broad interests of Sir Wyville 
Thomson and Sir John Murray that made this venture so important 
and so productive. In this age of specialization it would be most 
regrettable to lose that which makes oceanography unique and which 
had such an auspicious start under men of broad vision. The problems 
of the ocean are among the most difficult that must be solved. Their 
ultimate solution will depend upon the co-operation of scientists 
in many lands who must draw upon the theoretical and technical 
advances in many fields of science. It is the responsibility of ocean-
ographers to develop a unified body of knowledge and to stimulate 
the interest of those in the basic sciences and related fields of natural 
science so that they may "discover much that would else have re-
mained hid." 
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