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Prefoce

I'was fortunate to be raised near the sea and to become tamiliar
at a young age with the California beaches and rocky head-
lands. Later, | had the privilege of attending two coastal univer-
sities, Oregon State as an undergraduate and Stanford as a
graduate student. At Stanford, | was exposed to an exceptional
faculty and a stimulating group of fellow graduate students. My
research interests were most strongly influenced by the courses
taught and the personal examples set by two of my Stanford
professors, George S. Myers and Rolf L. Bolin.

Following my student days, | was able to continue my research
in marine biology—with an emphasis on fishes—first at Stanford
on a postdoctoral appointment and then as a taculty member at
the University of Florida, University of British Columbia, Univer-
sity of Texas, and now at the University of South Florida.

The research for this book started in 1962 when | was on the staff
of the Marine Science Institute of the University of Texas at Port
Aransas. My move to the University of South Florida, a new state
university, in 1964 involved the assumption of considerable
administrative responsibility. Consequently, there was less time
available for research, and progress on the book became
discouragingly slow. Now, after almost 10 years, | can with great
relief add the preface and send it off to the publisher.

"Tl-we"great'e'r bart of this.volume is devoted to the various marine -

life zones and to the delineation and characterization of the
many zoogeographic regions and provinces that are found
within them. This had not not previously been done in a detailed
manner, so it was a necessary task. In the tast chapter, it was
possible to trace the history of a few of the faunas to some extent
and to examine certain aspects of the relationship between
zoogeography and evolution.

Zoogeographic conclusions, if they are to have lasting value,

must be based on dependable systematic work. Consequently, |
have attempted {o be selective about the works | have utilized for
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analysis. The reader will find that | have placed considerable
emphasis on the fishes. There arc two reasons for this. First, | am
primarily an ichthyologist and am therefore better able to
evaluate systematic works on this group. Second, in many parts
of the world the fishes happen to be better known than the major
groups of invertebrates. Among the phyla of marine animals, the
general distributional patterns seem to coincide remarkably well
so that good data for one group are likely to have significanee for
the rest. '

In the introduction to his valuable little volume, The Natural
History of European Seas, published in 1859, Edward Forbes
remarked, “In this age of volumes, a man needs to offer a good

excuse before adding a new book, even though it be a small

one, to. the heap already accumulated.” If Forbes were alive
today what would he have thought about the need of addmg one
_more "volume to an annual world productlon of something on the
order of 100,000 tltles"

I would hke to think that | am offering this book in the same spmt
that Jean Baphste La_marck did his Zoological Philosophy in
1809. In the introduction to that monumental work he said, “in
pubtishing these observations, together with the conclusions
that I'have drawn from them, my purpose is to invite enlightened
men who love the study of nature to follow them out, verify them,
and draw from them” on thenr snde whatever conclusions they
thlnk justified.” '

JOHN C. BRIGGS
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The des:gn ofa a book is the pattern ‘ofa redlity controlléd and shaped by the mind
of the writer. Thls is completely understood- about poetry or. fiction, but it is too
seldom realized about books of fact. And yet the impulse which drives a man to
poetry-will:send another man‘into the tide pools and force him to try to report what

he f/nds’there.

John Steinbeck in Sea of Cortez, 1941




2 % INTRODUCTION

As viewed from outer space, the planet we inhabit is a beautiful, blue

- and white sphere. The blue is reflected from the oceans which cover 71
percent of the surface, and the white comes from the clouds which float
above both oceans and land. In our solar system, only earth has liquid
water. The uther planets are either too hot or too cold. Our total volume
of water has been estimated at 1,500 million cu km, about 97 percent of
it forming the oceans. Most of the rest exists in the form of ice. If all the
water were liguid and the surface of the earth perfectly smooth, our
planet would be covered by a layer of water about 3,000 meters deep
(Penmaa 1970). In the words of Ray (1970), “Earth is different from the
other planets. Earth is unique. Earth has water.”

Life on earth is confined to the globe’s fluid envelope, or covering. This
envelope is divided in two parts—a gaseous portion called the atmo-
sphere and a liquid portion-called the hydrosphere. The atmosphere is
0 thin that very few fiving things have been able to achieve a purely
aerial existence. Alrnost'a]l atmospheric organisms are obliged to
depend on the physical support of the substrate that forms the-lower

boundary of the atmosphere. So, from the standpoint of their overail

distribution, we can see that such organisms occupy a thin, two-
dimensional layer on the earth's surface.

in contrast, the liquid of the hydrosphere is viscous enough to provide
physical support-and contains sufficient nutrients in suspension so that
almost all its volumé‘?g continually occupied by a vast array of living
things. Here, we find that life exists on a truly three-dimensional scale
with its vertical combone\nt extending from the surface to the greatest
depths—almost 11,000 meters. If we call that portion of the earth
inhabited by life the biosphere, it is clear that the oceans comprise by
far the greatest part of |t Thorson (1971:20) estimated that the total
oceanic living space is roughly 300 times larger than that available for
life on fand.

Although the number of species of animals described from the ter-
restrial environment greatly exceeds that reported from the sea or from
fresh water, such superior terrestrial diversity is due mainly 1o the
enormous number of specles of arthropods especiaily arachnids and

- msects However..if org considers diversity at the level of&1e phylum or

class, a much different picture results. No'less than 34 of the 37 phylaof
living animals are found'in the sea, while only 17 occur in fresh-water,

.
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Planet
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and 15 occur on land; at the class level, 73 occur in the seas, 35 in fresh
water, and 33 on land (Nicol 1971).

Not only did life apparently originate in the sea, but as far as
fundamerital structure is concerned, it exists in far greater variety there

..foday. Most of the basic differentiation in the animal kingdem took place

in the-early Paleozoic era, and many of these marine groups have never
developed the ahbility fo invade fresh water or land. Of the large phyla
that have entered the, latter two environments, the phylogeny of most
reflect a long history 0f life in the sea. For example, of the seven living

" classes of mollusks, all live in the sea, only two have also invaded fresh

water, and only one of the latter (the gastropods) is also found on iand.

Vertebrate and invertebrate zoology, and to a considerable extent
ecology, can be taught best at the eige of the sea where one may gain
a measure' of appreciation for the vast complex of animal life in our
world. Here, students.can collect and study fresh or living examples of a
wide variety of interesting creatures instead of concentrating upon
pickled specimens of a few so-called “representative types.” A number
of years ago, Wheeler (1923) spoke .in disparaging terms about the
“present depauperate glacial fauna of the Laboratory,” a condition that
is unfortunately still with us.

Most of our knowledge about the distribution ot animals within the
oceanic part of the bigsphere is recent and, compared to what is known

- about the terrestrial environment, still very fragmentary. People have

been interested in marine animals for a long time, but the enormous size

“ofthe world ocean, the three-dimensional pattern of life within it, and the

to man have preve the accumuiation of needed tata. For exampte,
the limits of the terrestrial ~zoageographic regions were essentially
established by Sclater in 1858, but orly.now can we attempt to do the ~
same thing for the continental shelves. Distributional patterns in the
deep séa and the open sea are still relatively poorly known, and it will
be many years before they are thoroughly worked out.,

difficuWo? king adequate observations in a habitat relatively hostile

Marine zoogeography got its start with the Work of a young man who was
later to become:a world-famous geologist. James D. Dana, who
participated in the United States Exploring Expedition, 1838 to 1842,
made observations on the distribution of corals and crustaceans that
jed him to some important conclusions. He was able to divide the



4 88 INTRODUCTION

-surface waters of the world into several: different zones based on
temperature and used isocrymes (lines of mean minimum temperature)
to separate them. His plan was published as a brief paper in the
American Journal of Science in 1853.

In 1856, Edward Forbes published his “Map of the Distribution of Marine
Life," together with a descriptive text, in Alexander K. Johnston's The
Physical Atlas of Naitural Phenomena. In this, the first comprehensive
work on marine zoogeography, the world was divided into 25 provinces
which were located within a series of 9 horizontal, “homoizoic belts.” A
series of five depth zones was also recognized. In the same year,
Samuel P. Woodward, the famous malacologist, published part three of
his Manual of the Mollusca, which dealt with the worldwide distribution
of this group. .

Three years later, in 1859, Forbes’ smal but skmfully written volume,

The Natural History of European Seas, was published posthumously by
Robert Godwin-Austen. This work constitutes &n important contribution
to both marine zoogeography and marime ecology. Also in 1859,
Charles Darwin in his On the Origin of Species devoted two chapters to
geographic distribution. He pointed out the interesting relationship
between distributional and evolutionary patterns and gave some exam-
ples from the marine environment. In 1880, Albert Giinther included in
his book, An Introduction to the Study of Fishes, an analysis of shore fish
distribution. In 1896, Arnold Ortmann published  his Grundziige der
Marinen Tiergeagraphie based on the distribution of the decapod
crustaceans. The following.year, in 1897, Philip L. Sclater published a
paper in the Proceedings of the Zoological Society of London on the
general distAbutlon of marine mammals. In 1901, David Stafr Jordan, in
an adicle in the joUrn_al Science, provided an improvement to Giinther's
scheme for.the distribution of fishes. :

The publication of the physical Atfas of Zoogeography (Bartho-
- lomew et al) in 1911 was a ssgmflcant event. It presented a com-
pendium of know‘edge about the distribution of 700 families of animals,
both marine and terrestrial, on beautlful!y éxecuted, color-plate maps.
In 1935, Sven Ekman, a professor at the Umversny of Upsala in Sweden,
completed the huge task of analyzing-all of the pertinent literature on
marine animal distribution and published his:resuits in a book entitled
Tiergeographie des Meeres. This well-documented presentation im-
mediately became the definitive work on the subject. In 1953, a second

edition was published in English. Regrettably, the 1953 editionwasnet =

brought entirely up to date so that much of itwas only a translatuon ofthe
1935 work.
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In 1957, the ecology volume of the comprehensive Treatise cn Marine
Ecology and Palececology was published by the Geological Society of
America. A chapter in this volume, written by Joel W. Hedgpeth, was
devoied to marine biogeography. Although many other books, dealing
with marine zoogeography to some extent, were published and hun-
dreds of smaller contributions appeared, | believe those mentioned
have advanced our knowledge the most.

The need for an up-to-date tréatment of marine zoogeography along the
lines-of Ekman’s original 1935 book has existed for a long time. In the
past 20 years, especially, an enormous amount of useful work has been
accomplished. Ekman felt that the ultimate aim.of zoogeography (and
zoogeographers) was not only the understanding of:the present re-
gional system but the revealing of the histary which Ied foits estabhsh-
ment, the history of the faunas: »

So far, it can be said that two ‘goals of zoogeographfc research have
been generally recogmzed 1) the dellneatlon and charactenzation of
each distinct faunal area and (2) the attempt to trace the history of the
faunas. A third goal needs to-be added: the use of zoogeegraphic data
to augment our knowledge about the course, of evolution. Several
people who have had the privilege of doing systematic.work on.greups

“——wet-marine-animals that are widespread-have found a close relationship

between distributional and evolutionary patterns. This means. that the
accumulation of detailed knowledge about the distribution of species
and higher categories can often be: very useful in reconstructing the
path of evolutionary change ‘within a given group.

Anhough many ecolognsts are. prone to consider zoogeography a
segment of their discipline, there are important. dlﬁerences between the
two fields. Ecological research is_devoted primarily to community or

ecosystem structure, including trophic relationships, energy flow, suc-

cession, and the characteristics of ecological niches. If distribution is
studied at all, it is done so on a local scale with regard to the
relationship of species to their immediate physical, chemical, or
biological surroundings. Important as such investigations are, they are
not zoogeography. Zoogeographers are interested in the various faunal
areas of the world and in the distributional patterns of individua! animal
groups. Studies along these lines are rewarding, since they lead to a
better understanding of the faunal areas, their history, and—perhaps
most important of all—the phylogeny of certain widespread groups of
animals.
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m.any fish rarggs from the Pacmc into the Indlan Ocean and many shells are
coqzmon to the éastern isiands of the Pacific. and the eastern shores of Africa, on .
almost exactly opposne ‘nendlans of longitude.

Charles Darwiri in On the Ongm of Species, 1859




10 a THE TROPICAL OCEAN

The tropical seas, as well as the better-known terrestrial environment of
the tropics, support an astonishing variety of animal life. Why is this so?
Ecologists have recognized for a long time that animal populations
existing in the temperate parts of the world may be profoundly affected
by seasonal variations "in the weather. Of course, weather affects
animals directly, but often more important, it also can control such vital
necessities as food and shelter. Consequently, it has been suggested
(Dobzhansky 1950) that natural selection in the temperate zones
operates mainly in response to the exigencies of the physical environ-
ment, but -in the tropics, where weather is relatively stable, natural

selection appears.to be closely affected by the competition among -

orgamsms that is, it responds mainly to the biological rather than the
physical environment.

We should also recognize, as Sanders (1968) did in his thoughtful study
of marine benthic diversity, that in order for biclogical competition to
have evolutionary effects, ipmust be able to operate tinder conditions of
long-term physicar stability. Thus, increased diversity appears to
represent the slow but inevitable response of living organisms, via the
mechanism of natural selection, to increased climatic stability. Since
the equatorial regions are the only parts of the world that have over the
ages remained relatively unaffected by climatic change, we might
expect to find a greater number of species per unit area than in regions
with less stable histories.

Because evolution in the tropics has apparently been controlled mainty
by biological competition, the species have tended to become highly
specialized, and many have developed intricate interdependencies.
‘This tendency is nicely illustrated by a study of the latitudinal_differ-
ences in the feeding habits of shallow-water marine animals (Bakus

Tropical
Diversity

1969). As a result, there are in the tropics numerous niches being

exploited that are simply unoccupled or inefficiently utilized in temper-
ate Iat\tudes

There is, in addition to climatic stabmty a second factor that appears to
have a profound effect upon species diversity. This is the geographic
size of the habitable area. Some biologists who have approached the
problem of divereity from the standpoint of community strdéture ($and-
ers 1968; Johnson 1970} apparently d;d nat consider the possubmty of
an area effect. Yet, it is true that m smali csolatéd places, such as

T

" The Effect
of Area




