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Foreword

The Great Barrier Reef is one of the most spectacu-
lar examples of natural ecosystems anywhere, 
which easily justified its inclusion as a UNESCO 
World Heritage Area in 1981. Arguably, the Reef is 
also the best managed marine parks to be found 
anywhere. And for Australians going back thou-
sands of years, it has been a central part of our 
identity, community and economy.  

Preserving this magnificent piece of Australia’s 
natural wealth has grown in importance as our 
understanding and knowledge of the system has 
increased. Developing a multi-use park system in 
1975, Australia pioneered the idea that areas as 
large as the Great Barrier Reef Marine Park should 
not be shut away, but rather should be part of a har-
monious balance between preservation and use.  

This approach, however, has not always been 
easy. As the 1970s taught us, communities can 
see things in very different lights. At one end 
there were people who wanted to exploit the 
resources of the Reef without regard; at the other, 
people who wanted to simply lock it up. Fortu-
nately, however, Australia chose the middle 
ground which requires us to understand and 
regulate the use of the park, while keeping it in 
good condition in perpetuity.

As a test of that dialogue and transparency of 
process, the Park underwent a systematic review of 
its zoning at the beginning of the Millennium, 
which resulted in extensive consultation with 
 Australians and the international community. Led 
by the Hon Virginia Chadwick AO, who wrote the 
Preface to the first edition of this book, the review 
led to the largest and most comprehensive review 
of a Park system anywhere. 

The results of the rezoning of the Park were 
spectacular. As a result of that consultation and 
process, the Park went from around 5% of its zones 
as ‘no take’ to no take areas comprising more than 
33% of the total Park area. A key feature of these 

modifications to the Great Barrier Reef was that 
they involved consultation with thousands, and 
that people discussed and owned the outcome. As 
a result of the changes, the Great Barrier Reef Act 
passed relatively easily through Federal Parliament 
in 2004.

This was a miraculous achievement in many 
minds, but heavily depended on having the neces-
sary science in place to inform management deci-
sions. And in this regard, it has been important 
that we have built our understanding and knowl-
edge of the reef, so as to underpin the sorts of man-
agement decisions that were typical of re-zoning 
process. 

The world’s oceans, including the Great Barrier 
Reef, are being challenged at an unprecedented 
level. The ongoing challenges of dealing with cli-
mate change, overfishing and impacts from the 
land continue. Like coral reefs elsewhere, new 
methods of extraction are also posing additional 
challenges for the GBR, especially for lesser known 
areas such as the deep mesophotic reefs. These 
challenges, however, make it more, not less, impor-
tant to base decisions relating to resource use and 
conservation on sound knowledge and under-
standing of the complex processes involved.

In its second edition, this book on the Reef 
builds on the tradition of the first edition and has 
expanded the already amazing array of authors 
and expertise to tackle a number of new and cur-
rent issues to do with the Reef. Stretching from the 
geology, biology and oceanography of the Reef, to 
modern issues such as water quality, climate 
change and socio-economics of the Reef, this book 
enables the reader to get a total insight to how the 
world’s largest coral reef functions. This is a book 
that will be useful for school students through to 
experts, and has relevance for people interested in 
coral reefs and related ecosystems worldwide.
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For these reasons, I am extremely pleased to see 
the publication of the second edition of the book, 
the Great Barrier Reef. To put it bluntly, under-
standing how this vast system operates is in every-
one’s interest. This is why books such as The Great 
Barrier Reef are so important.  

* The Honourable Robert Hill was responsible for establishing the Commencement of Representative Areas Program (1998) that 
led to the rezoning of the GBR in 2004. He also initiated what would become the world’s first national Oceans Policy just before 
that time, although he had moved on from Environment Department before it was implemented. 

Honourable Robert Hill AC* 
Former Minister for the Environment and for 
 Defence 
Ambassador for Australia to the United Nations
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Introduction to the Great Barrier Reef
P. A. Hutchings, M. J. Kingsford and O. Hoegh-Guldberg

The Great Barrier Reef (GBR) is one of the world’s 
most spectacular natural features and one of the 
few biological structures visible from space (Fig. 
1.1). The sheer size of the GBR Marine Park (over 
360 000 km2), as well as its beauty and biodiversity, 
draws people from all over the world. The reef 
stretches over 2200 km from subtropical waters 
(~27°S) to the tropical waters of Torres Strait (8°S) 
and as far as 400 km from the coast to the outer 
shelf slope. For Australians, the reef is a source of 
much pride and enjoyment. The GBR is one of the 
most prominent icons of Australia, with the major-
ity of visitors coming specifically to Australia to 
see it. This drawcard for visitors underpins sub-
stantial income from industries such as tourism 
and commercial and recreational fisheries. What is 
perhaps surprising about the value generated by 
this extraordinary ecosystem for Australia is how 
little we know about the reefs that make up the 
GBR. We are still struggling to describe the myriad 
of species and processes that define the GBR – all 
with an urgency now that is heightened by the 
unprecedented local and global pressures that cur-
rently face it.

The frequency, and in some cases intensity, of 
major events affecting the GBR have increased in 
recent years. The first major recorded coral bleach-
ing incident was in the early 1980s, followed by 
events in 1987, 1998, 2002, 2010, 2015 and 2016. The 
last two bleaching incidents resulted in an 80% loss 
of coral in northern regions of the GBR, while 
southern regions were largely unaffected. Although 
the number of cyclones affecting the reef has if 

anything dropped, the intensity has increased. In 
the last 12 years the reef has been subjected to five 
category 5 cyclones, one of which (Cyclone Hamish) 
wreaked havoc to habitats on outer reefs of the 
GBR over ~1000 km. Threats from crown-of-thorns 
starfish, overfishing, run off from the land and a 
warming planet are impacts that organisms of the 
GBR have to deal with. Accordingly, these threats 
and challenges sharpen our resolve to understand 
how these factors can affect habitats and how a 
knowledge of pattern and process can provide the 
solutions that are so desperately needed if we are 
to avoid a heavily compromised GBR that is no 
longer a coral-dominated paradise.

Consequently, the underlying concept behind 
this book is to describe the patterns, processes, 
human interactions and organisms that underpin 
large reef ecosystems such as the GBR. Although 
much of the content of this book is focused on the 
GBR, we consider it highly relevant to coral reefs in 
other parts of Australia and the rest of the world. 
There has been no other comprehensive introduc-
tion to the biology, environment and management 
of the GBR, especially with regard to the major pro-
cesses that underpin it or how issues such as dete-
riorating coastal water quality and climate change 
affect it. Extending our knowledge and under-
standing of these processes is vital if we are to sus-
tainably manage the Reef, and reassure its future, 
especially during the coming century of rapid, 
anthropogenic climate change. Only by under-
standing and managing the GBR wisely do we 
have a chance of keeping the GBR ‘great’.
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This book is aimed at undergraduate and post-
graduate students, the informed public, as well as 
researchers and managers who would like to famil-
iarise themselves with the complexity of coral reefs 
such as the GBR. The project arose out of an 
advanced undergraduate course that has been held 
on the GBR for almost 20 years and which gener-
ated extensive discussions on the need for a book 
such as this at the Australian Coral Reef Society 
(ACRS). Through the Society and the course, we 
were able invite the appropriate international 

experts to contribute to this book. The ACRS (which 
started out as the Great Barrier Reef Committee) is 
the oldest coral reef society in the world and most 
of the authors are members and associates of this 
society. It was also intimately involved in the estab-
lishment of the world’s largest marine park, the 
GBR Marine Park in 1975. This huge park, with 
some of the largest no-take areas in the global 
ocean, was enlarged and rezoned in 2004 based on 
our much increased scientific understanding of 
coral reefs and their challenges and solutions.

The book is divided into three sections. The first 
section focuses on the geomorphology, paleobiol-
ogy and oceanography of the GBR. Here, various 
habitats of the GBR are discussed, not only from 
the point of view of coral-dominated ecosystems, 
but also with regard to the important associated 
inter-reefal areas (Chapters 2–9). These compo-
nents of the GBR, along with catchments and off-
shore deeper waters, are highly interconnected 
(Fig. 1.2). The second section of the book focuses on 
the major processes that are affecting the reef and 
includes the description of organisms and pro-
cesses that contribute to photosynthetic activity 
and primary production, as well as the flow of 
energy and nutrients within coral reef ecosystems. 
Other chapters deal with the major forces within 
and around the reef, illustrating its inherent 
dynamic nature. This section also reviews our cur-
rent understanding of how local challenges (i.e. 
declining water quality and over exploitation of 
fisheries) as well as aspects of climate change (e.g. 
ocean warming, acidification and intensifying 
storms) have changed the circumstances under 
which coral reefs have otherwise prospered for 
thousands if not tens of millions of years (Chapters 
10–14).

The third and final section of this book deals 
with the diversity of organisms that live in and 
around coral reefs (Fig. 1.3). In this section, the 
reader is introduced to broad categories of organ-
isms (e.g. plankton) as well as the basic taxonomy 
of the major groups of organisms and their biology 
and ecology (Chapters 15–32). We believe that this 
provides the reader with a fascinating journey 

Fig. 1.1. Quasi-true colour image from space showing the 
Great Barrier Reef along the continental shelf of north-
eastern Australia from Cape York to Gladstone (~2000 km). 
A mosaic of reefs can be seen parallel to the mainland 
and extending hundreds of kilometres across the GBR. 
(Source: Image generated from the Moderate Resolution 
Imaging Spectroradiometer (MODIS), data courtesy of 
NASA/GSFC, image courtesy of Dr Scarla Weeks, Centre 
for Marine Studies at The University of Queensland. Inset 
shows a closer cross-shelf view of the reefs out from 
Hinchinbrook, near Townsville).
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through the unique and spectacular biodiversity of 
coral reefs. By weaving the basic taxonomy of these 
groups together with fascinating details of their 
lives, it is hoped that the interest of the reader will 
be inspired to explore this incredible diversity.

Throughout this book we come back to the 
major challenges that reefs face in our changing 
world. For this reason, our book is unique in that it 
reviews the past, current and future trajectories 
and possible management responses of the GBR. 
Globally, coral reefs are at risk and knowledge-
based management is absolutely critical. The GBR 
is at the forefront of this, with a growing risk of 

being severely degraded in the next few years if we 
don’t understand the problems and apply evidence-
based solutions.

It has been 11 years since the first edition of this 
book was published (2008). With a new decade, the 
pressures on the GBR have increased and trends 
such as increasing temperatures and ocean pH 
continue to warrant responses at a global and local 
level; you will find examples of this in all the chap-
ters. We have added two extra chapters one on 
mesophotic reefs (Chapter 7) and another on fish-
eries of the GBR (Chapter 10). Chapter 7 reveals 
amazing diversity in habitats and associated fishes 

Fig. 1.2. Crossing the Blue Highway. Designed and written by science communicator Russell Kelley and published by 
the ACRS, the Blue Highway poster portrays the reefs of the Great Barrier Reef as part of a larger supporting system that 
includes the coastal catchments and connects numerous interacting ecosystems from ridge to reef. The poster illustrates 
how natural nutrient loads from runoff and ocean upwelling fuel a connected mosaic of ecosystems and the role inter-
reef habitats play in supporting migrating species as they move from inshore nursery grounds to the outer reefs. The 
model species of fish is Lutjanus sebae (red emperor snapper) that spawn near the shelf edge and recruit to estuaries as 
larvae. Juveniles move from recruitment habitat to reefs and inter-reefal habitats, before they mature. Printed copies of 
this poster are available from the GBRMPA (Artwork: G. Ryan).
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on the shelf slopes of the GBR that have been 
largely unknown until now (Fig. 1.4). Fishing meth-
ods and markets have changed with time and 
Chapter 10 describes changes in time and new 
challenges that relate to managing GBR fisheries 
with methods other than zoning plans.

Impacts of coral reefs are a global issue and 
most, or all, of the impacts we describe for the GBR 
are also true of other reef systems of the world that 
include the Caribbean, Indo-Pacific and Red Sea. 
Furthermore, many of the habitat-forming organ-
isms (e.g. corals), those that influence them, such 
as herbivorous fishes, starfish and bioeroders, as 
well as the organisms that simply use different 
habitats on the GBR are similar in other coral reef 
systems. Detailed accounts of other coral reef eco-
systems include Riegl and Dodge on reefs of the 
USA and that of the Japanese Coral Reef Society 
(MEJCRS).

For most chapters, citations are not included in 
the text, but a list of helpful references is provided 
in ‘Further reading’ at the end of the chapter. How-
ever, for some chapters, citations are inserted 
within the text because they refer to specific (some-
times controversial) points.

Finally, it is our hope that this book will help 
develop a better understanding of coral reefs, 
engage the next generation of coral reef scientists, 
and assist in maintaining the ecological resilience 
of coral reefs such as the GBR, in order to allow 
them to survive the challenges of the future. This 
said, we hope that you will enjoy using this book to 
discover the intricacies of the world’s most diverse 
marine ecosystem. As editors, we would like to 
thank the generous contributions from the many 
authors that have contributed to this book, the pro-
duction of which would have not been possible 
otherwise.

Fig. 1.3. A rich diversity of coral species in shallow water on the GBR. A large aggregation of plankton-feeding fish 
hover close to the complex architecture of the reef that provides them with shelter (Photo: D. Wachenfeld).
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Further reading
Iguchi A, Hongo C (Eds) (2018) Coral Reef Studies of Japan. Coral 

Reefs of the World, Vol. 13. Springer, Singapore.
Omori M, Takahashi K, Moriwake N, Osada K, Kimura T, 

Kinoshita F, et al. (2004) Coral Reefs of Japan. Japanese Coral 
Reef Society, Ministry of Environment, Japan.

Riegl BM, Dodge RE (2008) Coral Reefs of the World Vol. 1 Coral 
Reefs of the USA. Springer, Netherlands.

Fig. 1.4. Deep reefs of tropical environments are a new frontier and our understanding of their uniqueness and 
connectedness with shallower environments is in its infancy. Deep Reef ~70 m at ‘Deep Arcade’ on the north-western 
wall of Osprey Reef (Image: Simon Mitchell).
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Geomorphology of coral reefs with special 
reference to the Great Barrier Reef

D. Hopley and S. Smithers

Coral reef geomorphology is the study of the mor-
phological development of coral reef structures 
and associated landforms across a range of tempo-
ral and spatial scales. It integrates ecological, physi-
cal and geological information to understand 
controls on coral reef formation, morphological 
diversity and change – past, present and future. 
Coral reefs are biogenic limestone structures built 
by corals and other carbonate-producing organ-
isms in shallow tropical and subtropical marine 
settings, where they grow upwards or towards sea 
level as landforms able to resist wave action. Most 
coral reefs have long and punctuated histories of 
development, comprising episodes of reef growth 
when global sea levels are high during interglacials 
interspersed with periods of emergence and ero-
sion during the ice ages when global sea levels 
were up to 125 m lower. As such, many coral reefs 
consist of sequences of carbonate materials depos-
ited by former reefs, with successive units sepa-
rated by solutional unconformities developed 
when low sea levels exposed them to subaerial ero-
sion. These limestone structures form the sub-
strates on which many modern coral reefs now 
grow as relatively thin living veneers of corals and 
other reef organisms. The distribution, size and 
shape of these substrates significantly influences 
the geomorphology of many modern reefs.

Coral reef landforms include both coral reefs as 
described earlier and geomorphic features 

comprised of reefal sediments such as reef islands, 
sediment aprons and beaches. Unlike most other 
landforms, those on coral reefs are the result of 
interactions of ecological processes that influence 
the occurrence and productivity of calcium carbon-
ate producers, and physical processes such as 
waves, currents and sea-level fluctuations that also 
influence ecological processes and can redistribute 
carbonate material across a reef system. Impor-
tantly, feedbacks occur between the ecological, 
physical and geological processes operating on 
coral reefs that are captured in geomorphological 
investigations. For example, as a coral reef grows 
towards the surface and into the wave base, the 
ecology of the reef may change to reflect increased 
hydrodynamic stresses. These ecological changes 
are recorded in a reef’s geomorphology as changes 
in the composition of contributing organisms, reef 
accretion rates, and reef structure and fabric. How-
ever, as a reef grows upwards it also modifies 
waves and currents, influencing the distribution of 
carbonate-producing species and their products 
across it, evidence of which is also preserved geo-
morphologically and structurally. Coral reefs are 
thus ‘living’ and dynamic landforms that develop 
geomorphologies that both respond to and modify 
the environment in which they grow, all of which 
changes through time as growth proceeds.

Corals are the major reef-builders on most coral 
reefs (up to 10 kg CaCO3/m2/year). However, many 




