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flagellates other than G. brevis. Consequently present ideas of the
abundance of these organisms may be based on gross underestima­
tions.

What is the role of dinoflagellates in the sea? They photosynthe­
size, and under some circumstances they also ingest food. They can
use extremely low light intensities in photosynthesis. Could it be
that they are the chief primary producers in deep water? In this
connection it may be especially significant that they can apparently
live at lower nutrient levels than many other microscopic forms, such
as diatoms.

Bacteria are widely distributed and extremely important in marine
ecology. They too are closely involved with fundamental processes
in the sea. Yet there are few scientists engaged in marine bacterio­
logical research. ZoBell in his monograph on hydrobacteriology
writes, "It has been necessary to rely largely upon personal judgment
in recording the frequency of occurrence of bacterial genera in the
sea. The descriptions of many marine bacteria are so fragmentary
that it is difficult or impossible to ascertain the genus to which they
belong." 21 The biology of microorganisms of all classes has been
more neglected than any other subject of marine research. Work in
this field should be greatly expanded to include laboratory physio­
logical and biochemical studies as well as careful quantitative ob­
servations at sea.

How observations on characteristics of the environment might
be integrated to evaluate the role of each element and to predict
biological effects under given circumstances has been demonstrated
by Riley, Stommel, and Bumpus in an analysis of data concerning a
portion of the western North Atlantic Ocean.22 They took into ac­
count measurements of solar radiation, temperature, vertical turbu­
lence, transparency, and the concentration of phosphates in deep
water; and they used these five environmental factors to estimate
theoretical. quantities of phytoplankton, herbivorous zooplankton,
and carnivorous zooplankton. The quantities of plankton which
they estimated for various parts of the western North Atlantic corre­
sponded closely to the quantities which they actually observed dur­
ing the brief period of their study. As more systematic data about
environments accumulate, the accuracy of such estimates should
improve. Furthermore, it might become possible to extend the
methods to the prediction of the abundance of fishery stocks.

In the foregoing pages, I have tried to develop a case for setting
up teams of scientists to concentrate their attention on the study of
marine environments. It must be admitted that a considerable body
of theory and fact on this subject has already accumulated for a
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number of regions. Indeed, it is not possible to carryon any serious
marine oceanographic or fishery study without adding to knowl­
edge about environment. A few scientists in scattered places devote
all their time to integrating data in order to formulate a concept of
environmental dynamics. Gradually, their efforts should become
ever more rewarding and useful. Still, these people depend very
largely on hand-me-down data. They have little to work with and
little help, and their inclusion in oceanographic programs, while wel­
come, is often pointedly incidental to other activities. Conse­
quently the growth of knowledge about sea environments is re­
tarded.

The literature is full of comparisons between the productivity of
the land and of the sea, between farming and fishing. There really
is no adequate basis for comparison yet; we do not really know the
sea as we do the land, and our knowledgeable use of sea environ­
ments is centuries behind that of land environments. If it were
desired to expand knowledge about marine environments, where it is
most needed, what would be the best way of going about it? The
most obvious answer would seem to be this: Establish laboratories
in maritime countries where they are now lacking. It would seem
logical to give precedence to countries whose populations are dens­
est, whose food problems are most serious, whose fisheries are still
far undeveloped, and which are within practical cruising range of
promising fishing grounds.

This seems reasonable enough. If there are so many laboratories
in northern countries, they must be needed. If they were not bene­
ficial or at least gave no promise of being beneficial, they would not
continue to be supported as they are. If they are needed in one part
of the world, why not also in another?

However, it is easy enough to say, "Put marine laboratories here
and there." Some serious obstacles have to be faced. These in­
stitutions cost a great deal of money to establish and a great deal
more to maintain. The laboratory building is only the beginning.
There must ultimately be expensive equipment such as aquaria,
scientific instruments, libraries, fishing gear, and sea-going vessels.
There must be a well-balanced staff of scientists who are paid
salaries high enough to keep them happily attached to the institution,
and given enough expense money to make their research programs
effective. It is better not to establish a laboratory at all than to
give it poor equipment, inadequate support, and half-hearted back­
ing.

Money, then, is the first problem. However, it is not necessarily
the most difficult one. Recruiting the scientists might be harder.
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These men should be well educated in their fields. The director of
a new environmental research laboratory situated in a relatively un­
explored area should have an exceptionally wide range of learning
and experience. His team should be composed of men dedicated
to applying their several fields of learning to the central goal of
understanding the sea as a system of environments for living organ­
isms. Drawn from many countries, they should be congenial and
understanding of each other's cultures. Scientists willing to uproot
themselves are not easily found. Apart from that fact, there are not
enough qualified general marine biologists, fishery biologists, and
physical oceanographers in the world to satisfy present demands.
There is some hope that this situation will improve, since many
countries are sending students to northern universities for training
in aquatic sciences. Yet here another problem is introduced. These
people go to long-established, well-eqUipped research centers for
their education. They become familiar with advanced techniques.
When at length they return home, ready to begin putting their
learning to use, they often find nothing to work with-no suitably
equipped laboratory, not enough money to finance a research pro­
gram, a vessel perhaps, but no means to operate it, and worst of all,
only half-hearted interest from. their government. Sometimes a man
returns home to find his job gone. These are the most frequent
complaints of foreign students in northern universities. Probably it
is unreasonable to expect large enough means to maintain an effec­
tive laboratory in every country. The alternative, of course, is to
encourage two or more countries to cooperate in establishing and
maintaining regional laboratories.


