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Preface

ECOLOGY IN RELATION TO OTHER SCIENCES

The science of ecology embraces all aspects of the interrelations of
organisms and their environment, and since the organisms themselves
are part of the environment, their own interrelations form part of the
study. A field as broad as this of necessity makes contact with many
other sciences. Within the limits of marine ecology as defined here,
the ecologist is concerned with physical and chemical oceanography
as well as with meteorqlogy and marine geology in describing and
explaining the physical and chemical aspects of the environment. He '
is concerned with physiology and arnimal behavior in understanding
the reactions of the organisms to particular conditions. Taxonomy
plays a vital role in defining the species, races, etc., with which he is
dealing, and itself receives help from ecology in explaining problems
of speciation and race formation. Biochemistry and biophysics sim-
ilarly interlock with ecology, whereas mathematics, and particularly
statistics, comprises a vital section of ecological studies. The list
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might obviously be extended further, but the point is already clear
that this is no compact entity, self-sufficient, but rather a meetmg
place of many sciences.

Ecology in general has been surveved in various texts, perhaps the
ranst cmnprehenmve of which, at least from the point of view of ani-
mals, is Principles of Animal Fcology. by Allee et al. (1949). Un-
fortunately, there is no such comprehensive treatment of the special
field of marine ecology, which comprises, usually, only a minor por-
tion of most general works. This minor role is understandable, since
so many general principles of ecology can be best illustrated by land
or fresh-water examples, and thesc fwo habitats are more accessible
to the majority of students than is the ocean.  There is, nevertheless,
an extremely extensive literature periziaing to marine ecology, al-
though widely scattered in different jeurnals. In attempting to bring
this together into a coherent book, there at once arises the problem of
how much to include, and decisions are the more difficult with so
many sciences contributing to the wide field of ecology.

It is intended that this boek shall be of use to students of marine
science. Already available to them are such texts as The Oceans by
Sverdrup et al. (1946), Harvey’s Recent Advances in the Chemistry
and Biology of Sea Water (19453), and many others, and it seems
unnecsssary to duplicate what is well treated in them, simply for the
sake of completeness in the present velume. It is sufficient to give
references that will enable the stucent to locate such material when
needed. It must be stressed, however, that ecology is concerned not
merely with the environment as it affects the organism. Icology
must equally embrace the effects of the organism on the environment.
A recently published treatise on marine palaeoecology® comes closest
to covering the field, and includes both authoritative articles by a
number of different authors and very valuable bibliographies.

SOURCE MATERIAL IN RELATED FIELDS

Throughout subsequent chapters, references will be found to source
material from which the student may follow up lines of interest in
greater deta]l than can be given here. Where possible, these have
been chosen to include good bibliographies on the subject. Also,
those written in English have been chosen wherever possible, and
this certainly requires justification. A general text of this type should

®J. W. Hedgepeth, (Editor) (1957). Trecatise on marine ecology and palacoecol-
ogy. Vol.I. Geol. Soc. Am., Mem. No. 67, 1-1288.
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be as world-wide in application as possible. The research on which
it is Bised has been carried out in many countries and described in
various languages. It will, however, be rcad, in all probability, by
more English-speaking students than any others, and unfortunately
they are notoriously poor linguists. Additional reading, based on the
bibliography, will, then, undoubtedly meet the needs of the greatest
numbers if it is mainly in English, at least when an alternative exists.
This is a deliberate selection, and in no way reflects the value of the
work of other countries. It cannot be tco strongly stressed, though,
that the student who reads only in his own language must realize the
wide field which he is missing thereby, and the unbalanced outlook
which he must inevitably have.

A work such as this is largely a compilation of the work of others,
and adequate acknowledgment should cover all these whose names
appear in the bibliography. Even this would be inadequate, sirce
so much selection has been necessary and so much important work
has had to be omitted. I am deeply indebted to Dr. J. A. Kitching
without whose collection of references and abstracts the work weald
hardly have been possible. Dr. Gunner Thorson and Dr. D. P.
Wilson have read the manuscript and offered a wealth of suggestions.
Dr. W. R. Taylor not only helped with suggestions but also provided
the classification of the algae in the appendix. Among the many
others who have helped with suggestions and criticism, particular
mention should be made of Dr. G. L. Clarke, Dr. C. P. Idyil,
Mr. R. M. Ingle, Dr. B. H. Ketchum, Dr. A. C. Redfield, Dr. F. G. W.
Smith, and a succession of students at the Marine Laboratory of the
University of Miami. To all these, as well as to those authors and
publishers who *have given permission for the reproduction of text
figures, I wish to express my great indebtedness.

Hmary B. Moogre
June 1958
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Introduction

LITERATURE

In the opening section of Allee et al., Principles of Anirmal Ecology
(1949), two chapters are devoted to the history of animal ecology.
Although much of this material is non-marine, it also includes many
marine works and covers the subject so fully that there seems little
call to repeat it here. This work, incidentally, has 71 pages of bib-
liography which will prove invaluable to the student in search of
further information on animal ecolegy. Gislén (1930) in his Epi-
bioses of the Gullmer Fjord gives a very comprehensive bibliography
of work on marine ecology up to that date, and Fischer-Piette (1940)
has brought this further up to date for the intertidal region. Hesse’s
Tiergeographie auf oekologischer grundlage (1924), Hesse Allee, and
Schmidt’s Ecological Animal Geography (1951), and Ekman’s Zoo-
geography of the Sea (1953) contain a wealth of additional material.
A treatise on marine ecology and palaeoecology, to be published by
the Geological Society of America, is now being prepared.

1
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Flattely and Walton’s The Biology of the Sea Shore (1922) is a
work which, in its field, has not yet been superseded. In the field of
marine biology, more recent works which will be invaluable to the
student include Russell and Yonge’s The Seas (1936) and Yonge's The
Sea Shore (1949), Wilson’s Life of the Shore and Shallow Sea (1951)
and They Live in the Sea (1947), MacGinitie and MacGinitie’s
Natural History of Marine Animals (1949), and Buchsbaum’s
Animals without Backbones (1938). In all these, though, the more
accessible shores have received the most attention, with progressively
smaller space devoted to the less accessible ocean waters. For these
the student must turn to sections of more general works such as
Murray and Hjort’s The Depths of the Ocean (1912) and Sverdrup
et al. The Oceans (1946). For deeper water, two excellent books are
Hardy’s The Open Ocean (1956) and Marshall's Aspects of Deep
Sea Biology (1954). Even with all these to draw on, we have no
comprehensive work to turn to for the biological side of marine
ecology, and the student will be forced to track down his facts labor-
iously through an extensive literature of more specialized and limited
works.

Most books on marine biology are based mainly on the fauna and
flora of a relatively small area. This can be very discouraging for the
occupant of a region which shares few species in common with that
of the book. It is true that a large proportion of the earlier work in
this field has centered around the Naples laboratory and the various
northern European laboratories, and later the laboratories on the
northeast coast of the United States and on the California coast. More
- recently, though, much ecological work has been done in South
America, South Africa, Japan, Australia, and elsewhere, and it seems
proper to choose illustrations from as wide a field as possible, if a
general point of view is to be obtained. This introduces the difficulty
that most of the names of plants and animals referred to will be
strange to all but the specialist. To meet this difficulty, a partial
classification of the plant and animal kingdoms is given in an ap-
pendix; here all genera referred to in the text can be located.

Although some ecological research can make use of gross analyses
of the total quantity of animal or plant material present in a region or
being produced in it, still most of the work calls for a detailed knowl-
edge of the species concerned. It is perhaps in this aspect, more than
in any other, that ecology has lagged behind other sciences in
mechanization. Modern oceanography has accelerated its routine by
using such time-saving devices as the bathythermograph, the geo-
magnetic electrokinetograph, the echo sounder, and the salinity-tem-
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perature-depth recorder, to mention only a few. All have reduced
enormously the time needed to make certain field observations and to
interpret them in the desired form. Biochemistry, biophysics, and
physiology have likewise accelerated many of their methods. Yet
ecologists are still faced, in so many cases, with laborious sorting and
identification of individual specimens. In the laboratory, they may
be able to work with unispecific cultures and estimate their changing
population density photometrically. In the field, such simplification is
rarely possible. ’

The ecologist must, then, be able first to identify his material with
certainty and then, having established the species with which he is
concerned, to sort it with the least possible consumption of time.
Where primary identification is concerned, he may usually submit
material to specialists in that particular field, although these, even
when available, usually have a heavy accumulation of similar material
already awaiting their attention. Even with a named set of material
available, the ecologxst still requires good taxonomic training to be
sure that his own later identifications are correct. To many non-
taxonomists, the specialist often appears unjustifiably concerned with
the erection of new subspecies and races. There is a purpose in this,
however, which has very real significance to the ecologist. What
today are considered as two su_bspemec may one day be more prop-
erly separated into distinct species. Ecologically, these may prove to
be widely different. If this happens, earlier ecological work may
prove valueless if it has not been made clear at the time with pre-
cisely what form the work was done. An example at the time of writ-
ing can be seen in the copepod Calanus. Prior to a few years ago,
much classical work was done on C. finmarchicus. It now appears
that this must be distinguished from C. helgolandicus, and it has not
always been possible to refer back to preserved material to see which
species was included in the earlier work (Russell, 1951).

To attempt to indicate available taxonomic literature is out of the
question. For workers in the clder marine laboratories there are
usually available extensive fauna and flora lists such as the Plymouth
Marine Fauna (Marine Biological Association, 1931), “A Biological
Survey Of The Waters Of Woods Hole and Vicinity” ( Bull. U.S. Bur.
Fisheries, 1913), and “Manx Algae” (Knight and Parke, 1931). The
bibliographies quoted in these usually afford an excellent starting
point. For a few -groups there are world-wide monographs (e.g.
Mortensen’s A Monograph of the Echinoidea, 1928-1950) or ones of
wide application (e.g. the jorrnal Johnsonia for east coast American
molluscs ), and the Fiches d'Identification du Zooplankion published
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by the International Council in Copenhagen. All tco few groups
have, however, been treated in this way, and for many parts of the
oceans neither species lists nor comprehensive works exist. Descrip-
tions of oceanic plankton and nekton, in particular, are largely con-
fined to the various expedition reports concerned. Unfortunately,
complete sets of these reports are not always readily accessible. The
ecologist who must be able to recognize a wide array of species,
particulariy if he is to work in a region remote from a long-established
marine lzhoratory, is faced with a difficult taxonomic problemn. A
iong time delav may be involved before all his species have been
identified, and early work may be invalidated by delay in distinguish-
ing various species present. Nevertheless, the success with which the
sroblems can be met may be seen in the teamwork of the members
of the Great Burrier Reef expedition or of Stephenson and his co-
workers in Scuth Africa.

The» embryology and life history of the organisms studied is a field
in which even less information is available to the student. There are
excellent texthooks of invertebrate embryology, such as Textbook of
Embryology by MacBride (1914) and Dawydoff's Traité dem-
bryologic comparée des invertébrés (1928), and algal life histories
are covered in such general texts as Smith’s Manual of Phycology
(1951) and Fritsch’s The Structure and Reproduction of the Algae
(1935, 1945}, Nearly all the examples included, though, are selected
types, usually from a limited region of the ccean. Even for such clas-
sical areas as Naples, Plymouth, or Woods Hole, the life history of
only a small percentage of the local species is known. For most of
the fauna and flora of the oceans, information on life histories is neg-
ligible. As with general marine biology, few comprehensive works
exist. Probably for no other area is there a review as comprehensive
as Thorson’s “Reproduction and Larval Development of Danish
Marine Bottom Invertebrates” (1946a). The latter work, incidentally,
provides a valuable starting point in tracing further literature on
particular forms, as well as containing a very extensive survey of the
ecology of the larvae. A few comprehensive works on particular
groups are available, such as Gurney’s “Larvae of Decapod Crustacea”
{1942) and Mortensen’s “Contributions to the Study of the Develop-
ment and Larval Forms of Echinoderms” (1931-1938), but these
are the exception and the available literature is in general widely
scattered. For most marine organisms, the life histories are still
unknown.

There is no adequate textbook of physiology of marine invertebrates.
Perhaps the most useful is Comparative Animal Physiology by Prosser

Marine Ecology
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et al. (1950}, which has a particularly good bibliography. For the
physiology and ecology of marine algae, there are sections in Smith’s
Manual of Phycology (1951) and Chapman’s An Introduction to the
Study of Algae (1941). With a few exceptions, marine organisms
have been used by physiologists as convenient material for studying
particular reactions rather than for the purpose of understanding the
‘particular organism itself. This is of course true, though probably to
a lesser extent, of other aspects of ecology. From the ecologist’s point.
of view, though, it has had the unfortunate result of yielding an un-
balanced picture. There is a tremendous wealth of knowledge con-
cerning the physiology of the sea urchin egg, for example, but little
is known about the adult sea urchin. Certain aspects of physiology
have received more widespread treatment, of course. Examples may
be found in Yonge’s work on invertebrate digestion, that on respiratory .
pigments, done by various workers, etc. Again particular animals of
economic importance, such as oysters, C. finmarchicus, etc., have been
studied from many points of view. Once again, though, the ecologist
is faced with the fact that if information is sought on the physiology
of a particular species, the chances are very high that nothing is known
about it.

The behavior of marine organisms has received some study, and the
results are, on the whole, more immediately applicable ecologically
than those of other fields so far discussed. The diurnal migration of
zooplankton has yielded excellent material for the study of photo-
tropic and geotropic reactions. The complex conditions in the inter-
tidal zone have led to the examination of similar reactions in its in-
habitants as well as of their reactions to desiccation, etc. Fish have
been studied with regard to their schooling behavior, their ability to
“learn,” and their sensitivity to different stimuli. Although, again, no
one book summarizes such information, reference may be made to
Fraenkel and Gunn’s The Orientation of Animals (1940), and “Phy-
siological Mechanism in Animal Behaviour” (Society for Experimental
Biology, 1950).

Turning from the organisms themselves, to the environment in
which they live, we find a more encouraging series of texts available.
Murray and Hjort’s The Depths of the Ocean (1912) represents a
landmark in the history of our knowledge of both the chemistry and
physics of sea water. The Oceans, by Sverdrup et al. (1946) surveys
the knowledge 60 years later. Three books by Harvey, Biclogical
Chemistry and Physics of Sea Water (1928), Recent Advances in the
Chemistry and Biology of Sea Water (1945), and The Chemistry and
Fertility of Sea Water (1955) are also invaluable. Day (1951) gives



6

an extensive discussion and bibliography of estuarine conditions. In
most of these, oceanic waters tend to be more adequately covered than
inshore ones, particularly those bathing the intertidal zone and those
in estuaries. For these, reference must be made to individual papers.
Tides, which comprise an important ecological factor near shore, are
covered by Darwin (1898) and more recently by Russell and Mac- -
Millan (1952).

Meteorology impinges somewhat less on marine ecology, at least
less directly. Sverdrup’s Oceanography for Meteorologists (1943)
contains some useful data not given in Sverdrup et al. (1946). On
the whole, the ecologist most often finds his contact with meteorology
limited to a study of weather records which are available in various
government publications of different countries.

The influence of the organism on the environment has perhaps re-
ceived more attention in geology than in any of the other sciences
borderifig on ecology, although it is true that, in a large proportion of
cases, the organisms are most important geologically after they are
dead. This is true of those sedimentary rocks formed largely from a
rain of dead plankton, as well as for the oil content of some such de-
posits believed to have a similar origin. It is as true for rocks formed
from ancient coral reefs, or dominated by fossil crinoids. On the
other hand, much of both the cementation and the breakdown of in-
tertidal and shallow water rocks may be due to the activities of living
plants and animals, and both the consolidation of sediments into
coarser fecal masses and their attrition may be due to passage through
animal guts.

Such geological aspects of ecology are treated in many geological
- textbooks. THe more limited subject of marine geology has been well
surveyed in Kuenen’s Marine Geology (1950), and Shepard’s Sub-
marine Geology (1948), and from them such special aspects as coral
reef formation may be traced. Because of the economic importance
of oil, the sediments in which it occurs have received very intensive
study, as have the conditions under which such sediments accumulate.
For an introduction to the field, Landes (1951) and Cloud (1952)
may be mentioned of many others. Yet another aspect is found in
paleoecology and in the attempt to deduce the nature of extinct en-
vironments from the known present-day requirements of the fauna and
flora, or of their nearest living relations. Where recent species occur
in the deposits, fairly valid conclusion about climate may be drawn,
but when all the species have changed, such deductions must be made
more cautiously; however, plants can hardly have grown, at any time,
at a much greater depth than they do today, and the same is probably

Marine Ecology
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true of the reef corals, with their contained zooxanthellae. In this
and similar ways, a comparatively accurate picture may be drawn of
environmental conditions in previous eras. These are likely to be very
greatly reinforced by the techniques now being developed, for the
radioactive determination of both the age of fossils and the tempera-
ture at which some of their constituents must have been layed down
(Urie, 1948; Urie et al., 1951).

This brief survey has been intended to point the way to additional
sources of information for those who wish to explore particular fields
in greater detail than is possible here. The bibliographies contained
in the various works referred to should provide sufficient guides for
these fields. Finally, the student is recommended to consult the
ecology section, and particularly its oceanography subdivision, in
Biological Abstracts, and the bibliography in Journal du Conseil.
Further information may be found in the succeeding referen"e to
ecological methods.

Introduction

AUTECOLOGY AND SYNECOLOGY

During its evolution, ecology has tended to concentrate on two
approaches to its problems. On the one hand there has been the
study of the species as a unit, with an endeavor to arrive at as com-
plete an understanding as possible of the internal and external rela-
tionships of one kind of animal or plant. This has come to be known
as autecology. Rather sharply differentiated from this approach is
synecology in which the unit studied is more complex. There we are
concerned with communities, usually embracing many species of both
animals and plants but characterized by the predominance of certain
particular species. Unfortunately a rift has developed between the
two schools of thought, and the protagonists of one sometimes fail to
appreciate the true value of the other. It is manifest that either may
be carried to extremes, and it is suggested that the proponents of both
aut- and synecology should consider these as part of a three-way attack
on the full understanding of ecology. The third facet is one that has
so far been attempted only rarely but will certainly develop as our
knowledge progresses: it might be termed integral ecology. The
three parts form a circle, with synecology surveying the broad field,
autecology differentiating this into its components, and integral
ecology recombining these into the original whole.

Suppose we face the problem of understanding the interrelation of
the animals and plants of a particular area. This may be the Dogger
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Bank, with its economically important fishes, and the bottom-living
and planktonic forms on which they prey. It may be an abyssal
fauna, living too deep for living plants to exist; or it may be an inter-
tidal rock pool, limited in size, but harboring its own peculiar forms
of life and undergoing the rapid“and drastic environmental changes
characteristic of its location. In any of these, the first step is surely
to define what life is present and what are the phys1cal and chemical
conditions under which it lives. From the biological aspect, the
synecologists have devised descriptive terms covering various more or
less homogeneous parts of the population. To these terms they have
added estimation of the quantitative proportion of the major com-
ponents, either numerically or by weight or volume. At the same
time, environmental conditions are defined, and frequently a correla-
tion becomes apparent between some of these and the dominance of
particular species. The communities, or certain species in them, may
be so sensitive to environmental conditions that they can be used as
an index of those conditions—sometimes an easier or better index than
can be obtained by a study of the conditions themselves. Further-
more, if the age of the older members of the community is known,
we have evidence that environmental conditions did not vary beyond
certain limits during that period. This fact could perhaps not be
proved by direct methods. A classic example of such study of com-
munities will be referred to later in describing some of Petersen’s work
in Danish waters. It is of interest to remember that this work was
inspired by the need for an understanding of the biological produc-
tivity of these waters, particularly with reference to their fishing
potential.

Now the environment in itself is sufficiently complex. In addition,
no two species, or even two ages of the same species, react in quite
the same way to the conditions they encounter. In unraveling the
complicated network of interactions that exist in the community, it
seems logical to éxamine it piecemeal. It may or may not be true
that the whole, in such a case, is equal to the sum of the constituents.
Perhaps they behave differently when isolated. Nevertheless, we can-
not fail to benefit by their examination when isolated, and the possible
errors which this method may introduce can be considered later.

It is this study of individual species that constitutes autecology.
Study of the communities should have shown which are the most im-
portant species. These should now be examined separately. Un-
fortunately, there is a tendency to consider the communities in terms
of their larger and more obvious members, omitting mention perhaps
of much more significant but less apparent ones. An example of this



