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Dedication to Rhodes Fairbridge
(21st May 1914 to 8th November 2006)

A tribute to Rhodes W. Fairbridge in this Encyclopedia of
Modern Coral Reefs could not be more appropriate. He
was the founding editor of the Encyclopedia of Earth Sci-
ences Series, launched in 1966 and continued as Series
Editor and for a number of volumes, as Editor-in-Chief,
until he passed away in 2006. The series consists of almost
30 volumes and reflects Rhodes’ holistic knowledge of the
earth, ocean and atmospheric sciences.

Although Rhodes spent his career at Columbia Univer-
sity in New York, he was born in Pinjarra, Western Austra-
lia. He graduated with degrees in geology from Queens
University, Canada and Oxford University U.K. before
receiving a DSc. from the University of Western Australia
in 1942. During the war he served in the Royal Australian
Air Force where, with friend and colleague Curt Teichert
he became interested in aerial photography of coral reefs,
initially from a military point of view but subsequently as
an aid to interpreting the surficial features of reefs, his first
study site being Low Isles on the Great Barrier Reef, the
location of the 1928-29 Royal Society Expedition led by
Sir Maurice Yonge.

From this time on Rhodes’ research interests, to 1955 at
the University of Western Australia, then at Columbia
University, New York were intimately related to the topics
around which this encyclopedia revolves. His interests in
coastal geomorphology and especially in past sea level
features were promoted by the spectacular calcarenite
coastline of south-western Australia. Features of climate
change are also prominent in arid climates, such as most
of Western Australia, and this too became a focus of
Rhodes’ interests.

It is not surprising that Rhodes took a very active inter-
est in the newly developing techniques of radiometric dat-
ing. In particular they allowed for the quantification of
Quaternary events, particularly sea level change. He was
the first to put together a sea level curve for the Holocene

and, although developed from different locations and not
applicable to all sites, the Fairbridge sea level curve did
much to promote coastal studies. This was no more so than
at the 1969 Paris INQUA meeting where the gathering of
the Sea Level Commission and the associated field excur-
sion around the Atlantic coast of France saw the emer-
gence of numerous ideas which were developed over the
next few decades and applied to the many areas from
where the INQUA delegates had come.

Rhodes was a scientist with extremely wide vision with
a natural curiosity which saw him following up explana-
tions across different fields of science. Sea level change
led him into oceanography and climate change which he
examined at a broad geological timescale. He was ahead
of his time in accepting the Milankovitch theory directing
his interests into the planetary sciences. When global cli-
mate change became a focus of discussion no-one was in
a better position than Rhodes to put some of the initial
ideas into a more reasonable context pointing out that
the earth’s climate has always been changing and that data
was needed to evaluate human contribution to global
warming. Again he was predicting the future direction of
research although his conclusion that “Whatever the pre-
sent trend, the last word will always be political”, seems
especially prognostic!

The ideas of Rhodes Fairbridge permeate through this
encyclopedia which I believe is a most appropriate volume
to pay tribute to his contributions to science in general and
to the Earth Sciences Encyclopedia Series in particular.
I am especially honoured to be able to make this dedica-
tion as Rhodes, who always retained his Australian citi-
zenship, had a strong influence on the early part of my
career. My honours and Masters theses were on the coast
of North Wales and reference to Rhodes’ sea level work
was inevitable and even more so for my 1970 PhD. on
the coast and islands of North Queensland. However, by



vi DEDICATION TO RHODES FAIRBRIDGE

Field trip on the coast of northern France at the 1969
INQUA conference (left David Hopley, right Rhodes
Fairbridge)

that time I had not only met Rhodes (initially when he
passed through Townsville) but had spent more than 3
weeks with him on the second half of his expedition to
the islands east of New Guinea (Misima, Rossell and
Louisiades etc.). He had recognised that my experience
with reefs (coming from the UK) was minimal and saw

this as an ideal opportunity for “field tutoring”. It certainly
paved my way into reef research. Also on the expedition
was Rhodes’ charming wife Dolores (then working for
the Carnegie Museum) who did much to lighten what at
times were some very dark days (including the edge of
a tropical cyclone). This included suggesting that whilst
at sea, the men of the expedition wear lap-laps!

More time was spent with Rhodes a few months later at
the 1969 Paris INQUA meeting. We were also together
on the field trip around the French coast from Sangatte
to Les Sables d’Olonne, where I think Rhodes’ breadth
of knowledge and respect from fellow Quaternary scien-
tists really shone through. Subsequently, apart from
a couple of days with Rhodes and Dolores at their Long
Island home at Amagansett, contact for me unfortunately
has only been through occasional sea level meetings and
committees.

Rhodes Fairbridge has left many testaments by which
he will be remembered. None, I believe, are more appro-
priate than the Encyclopedia of Earth Sciences Series.
However, it is a privilege to have this dedication to such
a prominent twentieth century ‘Man of Science’ especially
in this specific encyclopedia on coral reefs.

David Hopley
Editor-in-Chief
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Preface

From navigational hazards in the seventeenth and eigh-
teenth centuries to enigmatic scientific features in the
nineteenth century, coral reefs over the last 100 years
have not only been understood in greater detail but also
have provided evidence of macroscale geological pro-
cesses such as plate tectonics. Charles Darwin’s 1842
book based on his 1831-1836 circum global voyage of
exploration on HMS Beagle strongly focused the interests
of science on coral reefs. Interestingly, his ideas of subsid-
ing foundations were developed whilst in South America
and before he had seen a coral reef in the field. However,
his work promoted both supportive hypotheses and alter-
natives which included ideas on glacial sea-level control,
antecedent platforms, and other ideas which were very
much more divorced from field observation than those of
Darwin himself, who, in the fourth chapter of his book
develops the biological aspects of his theory and the vari-
ous conditions under which corals can grow.
The ideas, together with his oft quoted wish,

that some doubly rich millionaire would take into his head to
have borings made in some of the Pacific and Indian atolls,
and bring home cores for slicing from a depth of 500 or
600 feet

were a forecast of the way coral reef research would travel
in the twentieth century. Although many hypotheses have
been applied to all scales of reefal features and processes,
hypotheses testing is now expected, and with this has
come the development of research tools such as survey
techniques like aerial photography and satellite imagery.
The first views of coral reefs from the sky opened up
whole new dimensions and directly aided the field-based
study of coral reefs, to the same extent that the laboratory
analysis such as palacoenvironmental reconstruction, has
in more recent times.

The understanding of how small polyps can construct
enormous coral reefs more than 100 km? is of central
interest to earth scientists but is just as much the area
of many other fields of science. The breakdown of

boundaries around the traditional fields of science is a
developing theme of the twenty-first century and is no
more so than in the study of coral reefs. Corals were ini-
tially thought to be plants until the work of André de
Peysonnel (1727) although it took another 24 years for
the Royal Society of London to accept them as animals.
Coral reefs are the largest structures on earth built by a
combination of plants and animals and inevitably they have
become the major focus of research for zoologists, bota-
nists, and ecologists. It is impossible to study reefs without
input of ideas from these disciplines. However, almost
every facet of earth science — geology, geography, geomor-
phology, sedimentology, oceanography, palaecontology,
tectonics, etc. — contributes to the understanding of coral
reefs and is included in this encyclopedia. The purpose of
the encyclopedia is to promote interdisciplinary research
and to help in the communication between earth science
and other disciplines by providing a window onto the
approaches of earth science to coral reefs and giving other
disciplines an understanding of the way corals are viewed
by the earth science community. As editor of this volume,
I see any way that brings the diverse range of disciplines
closer together and understanding each other’s knowledge
as highly productive. However, it is hoped that within the
volume there will also be much to help other earth scien-
tists. Every attempt has been made to make the entries as
authoritative and up-to-date as possible with latest reference
lists and a range of cross-references which will help in the
navigation of this volume.

Why the title — Encyclopedia of Modern Coral Reefs —
Structure, Form and Process? Again, to some extent, it is
to make it attractive to multidisciplinary readers.
“Cainozoic” or “Quaternary” could have been used but
the technical terms may have made it less attractive to
other disciplines. Also, modern coral reefs have
a continuous lineage with the earliest Palacozoic reefs,
hence the few entries which cover earlier reefs and their
influence on today’s living reefs in the volume. Structure,
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form, and process are the essential ingredients in the earth
science recipe for understanding coral reefs as well as
most other landforms.

During the last 100 years, coral reefs have attained new
values beyond the support of local subsistence economies.
They have provided sites for navigational aids and in days
of aircraft with limited range, stopover refuelling sites.
During World War II many mid-oceanic atolls had strate-
gic importance and following the war, some became test-
ing sites for nuclear weapons. Ironically, the drilling
associated with this testing did much to extend the knowl-
edge of the origin of reefs and in particular, support
Charles Darwin. Reefs are important sites for commercial
as well as subsistence fishing, and further economic value
has been added by tourism.

Unfortunately, the future for coral reefs is very uncer-
tain. They are one of the ecosystems most at risk from
global climate change and because of this have achieved
much prominence in recent times. They have been com-
pared to canaries in coal mines, providing early warning
of increasing risks! Both public and scientific perspectives
on the impacts of global warming on coral reefs have
changed over the last 20 years. Initially a rise in sea level
was seen as positive, encouraging new coral growth over
largely dead reef flats, although at the other extreme were
forecasts of reefs being drowned, all reef islands
disappearing and even the reefs themselves being eroded
away and tropical coastlines losing their protection. More
balanced responses have come as scientists working on
processes opened up a range of possibilities. Earth science
has played a major role in these revisions especially where
cooperation with other disciplines has provided balanced
assessments. Impacts will be severe with bleaching from
temperature rise and calcification rates declining in
response to acidified oceans, leading to unsustainable
growth rates of corals and many other important organ-
isms. The earth science focus here is on the impact on sed-
iment budgets and the transportational ability of waves.
Many scenarios are possible including an increase in
available sediment over the reef top, and, with deeper
water greater ability of waves to move both this new sed-
iment and that which may have rested on the reef top for
several thousand years, towards any preexisting reef
island. At least in the foreseeable future, the actual volume
of reef islands may increase, though new areas added will
lack vegetation and soils and may be at the expense of the
areas which have supported subsistence agriculture for
millennia.

What is becoming more apparent, as further research
into the impact of climate change on reefs is carried out,
is that in many instances there are important thresholds

which determine the severity of response. Climate
change impact is undoubtedly the most important focus
of coral reef research in all disciplines at present. To some
extent, the situation is similar to that of the nineteenth
century when conflicting hypotheses on the formation
of coral reefs were the highlight. Then, as further research
revealed the depth and lithology of the foundations, ideas
on glacially controlled sea levels became accepted and
the whole new scenario of plate tectonics was revealed,
it became clear that as in many areas of science, there
may be more than one correct answer to a problem. As
more thresholds are determined, different options for
coral reefs to move into the future will become apparent.
Unfortunately, these will mostly be under adverse
conditions.

Climate change and coral reefs form one of the major
foci of this encyclopedia. Although entries are presented
in alphabetical order, they have been organized under
major compilation headings which should become partic-
ularly obvious when the reader uses the cross-references
with each entry. Theories and hypotheses, from Darwin
to climate change, also provide a substantial number of
entries, together with some of the major methodologies
used in the hypothesis testing. Short biographies are given
of some of the major contributors to the study of coral reefs
in the earth science field, including organizations. Classifi-
cations of various features are given, which again show that
there may be more than one critical approach to features
or processes. Although the encyclopedia does not contain
a formal glossary, there are many short entries explaining
specific features or processes. As coral reefs vary around
the world, a significant number of entries have been devoted
to geographical areas. Finally, the past contribution to mod-
ern reefs is not forgotten with contributions on specific reef
complexes of the geological past, whilst the future, however
fragile, is assessed through a number of contributions on
conservation.

This is not an exhaustive list but hopefully, it gives
a structure to the encyclopedia’s contents. Of equal value
are the many references given with the entries. These
range from some of the most classical to material only
published in the last 12 months. The interest in coral reefs
is such that, over the next few years, further interesting
material will be published and updates may be required,
but the 260 entries within the present volume, written by
authors from 15 different countries, give a wide perspec-
tive of earth science’s interest in an increasingly fragile
ecosystem.

David Hopley
September 2010
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