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Preface

Moreton Bay is one of the world’s great estuarine embayments. It harbours a rich diversity of
organisms, some of which are vulnerable to extinction. Ringed by one of the fastest growing
urban areas in the developed world (Skinner, p. 67), it is the epitomy of systems that demand
urgent attention to the relationship between environment and development. The challenges we
face in understanding its resources and processes are made complex by the interaction of the
two principal components of change: natural and anthropogenic. It is crucial that we understand
both and discriminate between them in our plans for a sustainable future for Moreton Bay.

It is clear from David Neil’s paper (p.3) that there is no such thing as a status quo for Moreton
Bay. On a geological timescale the Bay has experienced major changes both in its extent,
through sea level changes due to glaciation, and freshwater input through changes in climate.
So great have been some of these changes that periodically the Bay itself ceases to exist. We
are fortunate to be present at a time when the Bay is filled and can provide a haven for the
plethora of organisms that thrive in its sheltered waters.

For many, the Bay might appear as a timeless, ancient entity that will exist in perpetuity if we
govern its resources wisely. This viewpoint is unlikely to be correct. The Bay is ephemeral. It
is almost certain that relatively soon, on a geological timescale of tens of thousands of years,
the Bay will again cease to exist, the streams of its catchment cutting new paths across the
former sea bed and across the continental margin to some distant new shore.

At shorter timescales, tens to thousands of years, change is again a prominent feature of the
Bay. It will continue to gradually infill with sediment from tidal deltas to the east and riverine
deltas to the west. Banks of sediment will be reworked and mobilised by the effects of waves
and tide.

On a more immediate timescale, well within a generation, it is clear that human activities such
as land clearing, agriculture, urban development and industry will continue to rapidly change
the nature of the Bay. Our challenge is to differentiate between natural and unnatural forces that
cause change, and employ this knowledge for an integrated and effective management program.

Complicating this objective is that following 200 years of intensive development, it is difficult
for us to divine what the Bay would have been like in the absence of such development. To
what extent are the patterns and processes we measure today features of a natural system and
to what extent have past and present human activity influenced them?

For example, and with reference to my own discipline, an understanding of what would have
been the natural fish community of Moreton Bay in the absence of anthropogenic change is
fraught with difficulties. Moreton Bay continues to be heavily fished for the purposes of both
recreation and commerce. We know that trawling, for example, not only selectively removes
some fishes, it also renders seabed topography less diverse, thereby reducing habitat diversity
and as a consequence changing the diversity of fish communities. Moreover, we know that
bycatch from fishing operations when returned to the system provides an abundant, if patchy,
supply of carrion probably allowing organisms that can make use of such unnatural food falls
prosper at the expense of those that cannot. All of these effects act to change the structure
of fish assemblages and the processes by which their components interrelate. It is clear that
determining what would constitute a natural assemblage of fishes in the absence of human
influence is difficult, and next to impossible for less well understood organisms of the Bay.
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How then should we set our management objectives for the Bay? Should we aim merely to
arrest the processes leading to anthropogenic change and accept the present status quo as the
bench mark against which the influences of future development are to be gauged, or should we
aim instead to achieve some benchmark that includes criteria developed from our understanding
of the Bay as it would have been in the absence of human influence? Whichever option (or
more likely, compromise) is adopted, it is clear that if the present rate of unnatural change
continues, there will shortly be left little to conserve.

If wisely managed, the Bay has the capacity to support industry, tourism and recreation in
harmony with rich natural resources. It is my belief that this wisdom cannot be achieved
through the activities of a ‘green’ movement alone, but requires a polychromatic approach
through the collaboration of science, industry, government and community. We are witnessing
the early stages in the development of this mature approach. Funding initiatives, such as the
National Heritage Trust, are drawing together such partnerships to address problems at a
local scale. Industries are seeking opportunities to support research, and alliances between
local government agencies are nurturing major integrated research programs such as the
Brisbane River and Moreton Bay Wastewater Management Study that will provide the basis
for mechanistic management tools.

Such initiatives are likely to both greatly increase our knowledge of how the system works
and at the same time increase our ability to exercise fine control over our impact on the Bay.
Through control comes choice. The capacity for choice places heightened responsibility on the
custodians of the resources of our Bay and its catchment. While the superficial responsibility
of custodianship might seem to lie with the ‘managers’, the ultimate custodians of the Bay
are the people of southeast Queensland.

Before I leave you to read the book I would like to make two points concerning time and
perspective. The first is that warnings concerning the impact of humans on the Bay are not
a recent phenomenon. Nearly a century ago, Thomas Welsby wrote of his concerns that the
resources of the Bay were being exhausted and should be protected. This makes one wonder how
our exhortations for the wise management of the Bay and catchment will be viewed 100 years
hence. The second point on time and perspective arises from the apparent myopia associated
with our present plans and strategies. We have an obligation, a custodial responsibility, to
guard the resources of the Bay in perpetuity. We should be bound by vision that extends
across generations. As David Neil so effectively points out, management visions that extend
merely to the next election are sadly deficient. It is time we adopt an ethos of ‘management for
millennia’. What more appropriate time than at the threshold of a new millenium is there for
us to take stock, acknowledge past inadequacies, adopt a new vision for the Bay and challenge
ourselves to translate that vision into reality.

Ian R. Tibbetts



Introduction

This compilation of work is for the people of the Moreton Bay region, the future of their
Bay and the health of its catchment. While this book had its origins in the Moreton Bay and
Catchment Conference held at The University of Queensland in December 1996, it is not
merely a synthesis of that meeting. The authors, editors and reviewers have worked hard in
the two years between the conclusion of the conference and the date of publication to refine
and add to the content. Moreover, this book is not the first to draw together summaries of our
knowledge of this system. We must pay our respects to forebears, such as Moreton Bay in the
Balance, Brisbane River: A Source Book for the Future and Future Marine Science in Moreton
Bay, a series of proceedings of conferences that prepared the ground for the present enhanced
atmosphere in which marine science and management has begun to blossom in this region.

Regional research initiatives, such as the Brisbane River and Moreton Bay Wastewater
Management Study, have made important inroads in our understanding of the Bay and how it
works. While they increasingly allow us to consider management choices based on detailed
knowledge of natural (and unnatural) patterns and processes, actions and reactions, causes and
effects, we have yet a long way to go before we can secure the Bay’s future.

National initiatives also impact on our investigations of the Bay. For example, the State of
the Marine Environment Report, Oceans Policy and Marine Science and Technology Plan
have outlined strategies for the investigation, assessment and conservation of our marine
resources. Funding through the National Heritage Trust has empowered local communities
to play a more active role in research, management and conservation. For individuals and
groups, whether they be scientists, managers, politicians, industrialists or ordinary members
of our community, synopses of knowledge that allow an objective assessment of the state of
play will be an important resource from which they may determine priorities and courses of
action. This book represents one such resource. It is not the first, nor will it be the last. It is
part of a natural progression in the periodic synthesis and dissemination of information.

The scope of the work is naturally broad, both in the geographical limits of what defines
Moreton Bay and Catchment and in the diversity of disciplines on which it touches. Where
appropriate we have encouraged the addition of information and examples external to our
region that have important lessons for us all.

The book is structured as a series of chapters that very broadly equate to themes used in the
conference. Each chapter (theme) is provided with an overview. This allows the reader to gain
an overview of what is discussed within the chapter and flags important concepts and gaps
in our knowledge. Each overview is followed by a series of invited papers that summarise
the state of our knowledge and highlights in more detail critical issues that will need to be
addressed by future researchers and managers. These papers are themselves followed by
papers or extended abstracts with a narrower focus providing information on specific topics.
This structure provides a logical framework whereby the reader can sample the work at a level
appropriate for their needs.

The fundamental units of this book are scientific papers. The scientific paper is a succinct and
precise method of communication, developed over a long period as the most appropriate means
for the communication of scientific knowledge. The basic measures of the quality (=credibility)
of a paper are that the method is clearly explained, such that the work may be repeated, and
that it is reviewed by experts in the field who have knowledge sufficient to correct errors and



challenge inappropriate or unwarranted assertions. While this makes the paper a wonderful
vehicle for the storage of knowledge and ideas it does present those not familiar with this form
of communication some challenges. Happily the generally accepted structure of abstract (a
precise summary), introduction (setting the scene), methods and materials (what was done),
results (what was found), discussion (what it means), and references (sources of information)
is now well used in the school science curriculum and should be at least vaguely familiar to
most readers. While the general structure of scientific papers may be quickly divined, a greater
challenge is presented by the jargon and units that tend to pepper such reports. To assist the
reader in this respect we have provided a glossary of technical terms. To allow the reader to
identify the location within the book of information of particular interest to them we have
also provided an index.

Ian R. Tibbetts
Narelle J. Hall
William C. Dennison
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Overview

Moreton Bay and Catchment

As is desirable in such a book, the early passages set a scene against which subsequent
information may be ranged. The three papers comprising this chapter are unified by their
focus on change. They serve to emphasise that the Bay and catchment have undergone major
changes in both their fundamental nature and the way in which we use them.

David Neil’s paper summarises what is known of the geomorphological history of the region,
Aboriginal and European settlement and recent development, and their effects on key habitats.
He warns that the integrity of the Bay’s ecology is under threat. He challenges as inadequate the
short timescales and shifting baseline of previous attempts at managing the system and calls for
a management vision of much greater temporal dimension if the Bay and its resources are to be
sustained. David summarises an extensive and diverse range of literature, making extensive use
of quotations from early explorers and inhabitants to paint a rich picture of how the Bay would
have been at the time of European settlement. This allows us to envisage the environmental
status (healthy) and capacity (high) that would have prevailed at the beginning of the nineteenth
century. This pre-(major)disturbance datum is one of the potential targets of management criteria
for Moreton Bay, but turning back the clock on 200 years of development is unrealistic. If this
datum is rejected then the challenge for us all to determine what level of degradation from this
datum of 200 years ago should we accept as a target for our management of Moreton Bay. As
we progressively compromise our standard of quality for the Bay and catchment toward that
which prevails at present, our task becomes easier and less expensive, however, we do not know
that the Bay in its present state is in either an acceptable or sustainable condition. Of what we
can be fairly certain, is that each additional impact on the Bay will render good management
more difficult, more expensive and less likely to result in a satisfactory outcome.

Michael Capelin and his coauthors take us a step further in our understanding of the chronology
and impact of settlement by discussing changing land use patterns in the region since Aboriginal
settlement, with particular emphasis on vegetation cover. The authors confirm the intimate
link between land and water, relating changes in landuse with water quality degradation in the
catchment and Bay. In particular they highlight the rapid reduction in land cover by natural
vegetation following European settlement and its acceleration of land degradation. Capelin
et al. point out that among the most immediate and serious threats to the system is that of
urbanisation, resulting from population growth. They suggest that if population growth in the
region is not slowed then, to maintain the present integrity of Moreton Bay and its catchment,
population growth will have to be accommodated in existing urban areas, meaning that
population density must increase.

The final paper in the chapter, by Jim Skinner and coauthors, provides a review of population
growth in the region and a forecast of future growth, enabling us to put the implications of the
previous paper in perspective. The astonishing rate of past growth and the trend for continuing
and rapid population growth of this region, among the fastest growing urban regions in the
world, highlights the immense challenges that face the managers of both the natural and built
environments of this system.

Ian R. Tibbetts
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and Degradation

David T. Neil
Department of Geographical Sciences and Planning, The University of Queensland, Brisbane Qld 4072

Abstract

This paper presents an environmental history of Moreton Bay and its catchment. Aspects of the geological
and sea level histories of the area are outlined. The development of the geomorphic and ecological systems
of the Bay over the last 10 000 years is described. From 10 000 to 6 500 y BP the Bay experienced a
period of filling due to rising sea level followed by a period (from about 6 000 years ago to the present)
of relative sea level stability. Environmental changes in both the catchment and the Bay have occurred
throughout the past 6 000 years as a result of both natural changes and human activities. The magnitude
of the anthropogenic changes increased rapidly in the 200 years since European settlement. The nature
of environmental change, both natural and anthropogenic, is outlined. In spite of widespread awareness
of environmental degradation in the Bay and its catchment for the last 150 years, of calls for actions to
rectify these problems, and of legislation ostensibly with this intent, degradation of the lands and aquatic
systems of the catchment, and of the Bay itself, has continued. There is an urgent need to recognise that
our obligations for management of Moreton Bay extend beyond the short term to time scales required for
survival of systems and species which have survived for millions of years (albeit not necessarily in their
present day locations) in the absence of human impacts and to take action to ensure that this can occur.

Introduction

Apart from its significance as home to about 1.4 M people, one of the most desirable places to
live (as indicated by high rates of in-migration) and a comfortable climate for human habitation
(Auliciems & Kalma, 1981), the southeast Queensland region is widely recognised as having
considerable “environmental significance”. Aspects of the significance of Moreton Bay include:
being located at the overlap zone of tropical and temperate flora and fauna, harbouring coral
assemblages unique in the Indo-Pacific region, reef islands probably unique in the world, the
only significant population of dugong close to a major city and the southern-most significant
dugong population in Australia and a site of great importance for migratory shorebirds (a
declared Ramsar site). Moreton Bay is one of few sites in the world where humans can interact
closely with ‘wild’ dolphins, one of the most important fisheries in eastern Australia, one of the
fastest growing seaports in the country, and a major destination for recreational boating and
fishing. The catchment of Moreton Bay contains some of the fastest growing urban areas in
Australia, particularly severe development pressure on coastal and riverine habitats, extensive
and expanding rural residential development, considerable areas of intensive cropping of high
value produce and large areas of grazing land, as well as significant stands of subtropical
rainforest and habitat for numerous vulnerable and endangered species.

Physiographically, Moreton Bay and its catchment could be regarded as a microcosm of the
Queensland coast. The catchment consists of several river basins, some of which (Nerang,
Coomera, Pine) are relatively small, rising in coastal ranges with short steep courses discharging
direct to the coast. Rainfall and runoff in these catchments is relatively high and land use
is dominated by closed forests, cropping and urban areas. By contrast, there are two large
catchments (Brisbane and Logan) which rise in the hinterland of the coastal ranges, have

long, meandering, low-gradient courses, low rainfall and runoff and land use dominated by
In: Tibbetts, LR., Hall, N.J. & Dennison, W.C. eds (1998) Moreton Bay and Catchment.
School of Marine Science, The University of Queensland, Brisbane. pp. 3-54.



Neil

open forests, grazing and limited areas (proportionally) of cropland and urban development.
All of these streams discharge to a semi-enclosed water body, with restricted tidal exchange
with oceanic waters, and harbouring significant areas of mangroves, seagrasses, saltmarshes
and coral communities, and associated populations of fauna and flora. In many respects, these
characteristics are typical of the catchments and waters of the Great Barrier Reef Lagoon,
albeit on a smaller scale and in a subtropical climate. However, they are in marked contrast
to the catchments and coastal waters of southeast Australia.

The southeast Australian coastline lacks the offshore barrier islands which enclose large bodies
of relatively protected waters adjacent to low energy coastlines. South of Moreton Bay is a
largely open, high energy coastline where major streams discharge direct to oceanic waters.
Where large embayments do occur on the southeast coast, the rivers discharging to them
generally have small catchments and low total discharges. Furthermore, because rainfall is
less variable on both seasonal and long term (i.e. interannual and longer) time scales, river
flow is also less variable and coastal ecosystems are likely to be influenced by relatively
constant levels of terrestrial input, by comparison with the often extreme, episodic events of
the tropics and sub-tropics.

These contrasting physiographic characteristics may be reflected in the perspectives of scientists
and managers. For example, the State of the Marine Environment Report (SOMER; Zann,
1995) found that declining marine and coastal water/sediment quality, particularly as a result
of inappropriate catchment land use practices, is probably the most serious issue affecting
Australia’s marine and coastal environments. Nevertheless, Underwood & Chapman’s (1995)
Coastal Marine Ecology of Temperate Australia all but ignores the impact of catchments on the
coastline. By contrast, in northeast Australia the relationship between catchments and coastal
ecosystems has had an increasingly high profile for the last decade. This is evident in the
workshops and research projects supported by the Great Barrier Reef Marine Park Authority
(GBRMPA), the research profile of the Australian Institute of Marine Science (AIMS), and
numerous other activities such as the conference on Downstream Effects of Land Use in 1995
(Hunter ef al., 1996) and the CRC Reef Research-sponsored workshop on Great Barrier
Reef: terrigenous sediment flux and human impacts (Larcombe & Woolfe, 1995) and various
television documentaries (e.g. Four Corners 1987 Super reef).

Moreton Bay is significant in this context, lying at the southern end of the semi-enclosed coastal
systems, with economically and scientifically important coastal ecosystems adjacent to both
large and small catchments that have been subjected to significant anthropogenic change and
degradation. However, an important aspect of the interest in the catchment—coast relationship
in Queensland, is the role of the Great Barrier Reef (GBR) as an aesthetic, cultural, scientific
and economic icon. By contrast, the values of Moreton Bay are more subtle, there appears to
be an element of (superficial) “familiarity breeds contempt”, and for most of the European
history of the region the perspective of the Bay has largely been from the intertidal mudfiats
and often turbid waters of the western Bay.

This paper provides an overview of the changing nature of the environment of Moreton Bay
and its catchment through pre-Tertiary and Tertiary, Quaternary and Holocene time periods,
and examines both natural and anthropogenic factors influencing environmental change. The
paper takes the approach of environmental history, attempting to explain “... how we got to
where we are: why is the environment ... like it is?”” (Dovers, 1994). The emphasis, however, is
on the biophysical environment of Moreton Bay, rather than the socio-economic environment.
The sources used range over numerous disciplines and include scientific literature, historical
documents and accounts and anecdotal information. Clearly, there is some variability in the
reliability of these various sources.
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Pre-Tertiary and Tertiary

Significant aspects of this period for modern Moreton Bay include the definition of the main
physiographic features of the region and the establishment of the future catchment boundaries.
Some Mesozoic sediments have high susceptibility to landslides (e.g. the Heifer Creek
sandstone of the Marburg formation), gullying (e.g. the Gatton sandstone of the Marburg
formation) and salinity (e.g. the Marburg formation and Walloon Coal Measures). Complex
interactions occur between these susceptible landscape elements, patterns of climate variation,
and patterns of land use change following human settlement.

Tertiary basalts erupting about 25 million years ago (Ma), now form some important
topographic features of the Bay. These now act as substrates for some reef islands (e.g. Mud
Island), and high islands (e.g. Russell and some other islands of the southern Bay) which
in turn form loci for sediment deposition and colonisation by mangrove and other intertidal
vegetation communities. Tertiary lateritic platforms later became important as a substrate for
coral colonisation on both mainland and island coasts.

The Tertiary basalts play a role in defining both the catchment boundaries and the location
of the mouth of many of the smaller streams discharging to the Bay. The basalts also form
the nutrient-rich, fine-textured soils which subsequently influenced patterns of land use and
human settlement. In turn, these patterns influence the distribution of sediment and nutrient
yields from the catchment to Moreton Bay.

The Quaternary

Coastal landforms in the southeast Queensland region, although of greater antiquity than

coastal terrain in most areas of the world, are much younger than those of the catchment,

being largely confined to the Quaternary period (the last 2 M years). During this period, the

results of tectonic processes, in terms of the positions of land masses on the earth’s surface,

construction of mountain ranges, and oceanic circulation patterns, led to conditions where

oscillations in the earth’s orbit, and consequent changes in solar insolation, were expressed

as global oscillations in temperature. These temperature oscillations resulted in oscillations

of glacial ice accumulation and, as a result, of sea level over a range of about 150 m (e.g.

Chappell, 1983a). Present sea level is within a few metres of the upper limit of this range.

As aresult of these patterns, the Quaternary is a defining period in the evolution of Moreton

Bay in several important ways:

1. it was during this period that the dune-island barriers (Stephens, 1982), which define the
eastern coast of Moreton Bay, were formed;

2. sea level oscillations during this period defined the geomorphic and ecological character
of the Bay;

3. climatic oscillations influenced geomorphic and ecological characteristics and processes
in the catchment; and

4. the end of the last glacial phase established the environmental setting and processes within
which the present Moreton Bay would form.

Each of these factors is dealt with in turn below.

Dune-island barriers

The bedrocks on which the dune-island barriers have formed are about 60 m and 50 m below
sea level for North Stradbroke and Moreton Islands, respectively (Stock, 1990). Without the
accumulation of sands on these foundations there would be no Moreton Bay as we know it.

Furthermore, it is these Quaternary sea level oscillations which mediated sand island formation.
Moreton Bay and Catchment 5
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Sediments carried onto the continental shelf by rivers during periods of low sea level were
transported landwards by the prevailing winds to form the coastal dunefields. Whether this
occurred at times of low, rising, high or falling sea level has been the subject of some debate.

In eastern Australia, transgressive dunes, which form by far the greatest part of Moreton and
North Stradbroke Islands, have been variously reported as forming during low (glacial phase)
sea levels (e.g. Ward, 1978; Roy & Thom, 1981; Thom et al., 1994), rising (transgressive
phase) sea levels (Stephens, 1982; Pye & Bowman, 1984; Willmott & Stevens, 1992), and
high (interglacial phase) sea levels (Kelley & Baker, 1984; Pickett et al., 1984, 1985, 1989).
Glacial phase dune building is attributed to relatively arid and windy conditions with lower
vegetative cover to stabilise coastal sand masses. Transgressive phase dune building is attributed
to destabilisation of the vegetation by the rising sea, and formation of extensive areas of
foredunes which are then blown inland. Interglacial phase dune building may be a consequence
of the reworking of the abundant foredune sands mobilised during the preceding transgression.
There are significant areas of unvegetated blowing sand in the southeast Queensland region
in the present interglacial. It is known that they were in existence and active before European
settlement because they were observed by Joseph Banks in 1770 (Beaglehole, 1962), and there
are parabolic dunes in eastern Australia which have been radiocarbon-dated to the present
interglacial (e.g. Lees et al., 1990).

Pickett et al. (1985) present various lines of evidence to show that the dune which formed 105
thousand years ago (ka) at Amity Point has maintained its vegetative cover continuously since it
was deposited, suggesting that “... the climate here during the last glaciation did not deteriorate
beyond that necessary to sustain vegetation ... dune building along the Queensland coast was
not necessarily associated with low sea levels or very arid conditions”. However, Thom et al.
(1994) suggest that vegetation cover on sandy surfaces was quite patchy during the last glacial
maximum (LGM), i.e. some areas were continuously stabilised by vegetation, some were not.
Furthermore, given that the dates for the Amity site have been revised to c. 125 ka (Pickett
et al., 1989), it is conceivable that the particular dune in question was initiated during the
penultimate glacial maximum and continued to blow landwards (continuously or episodically)
until stabilised by increased vegetation cover following amelioration of the climate during
the last interglacial. The morphology of some parabolic dunes provides evidence of episodic
transgression over long time periods (Neil, 1983; Stock, 1990). Pye (1984) suggested that ...
it is conceivable ... that dune formation ... may have continued during both a transgressive
and regressive marine phase, or to have exhibited a periodicity which is completely unrelated
to sea level conditions.” Stock (1990) suggests that “the dune sands visible today could have
been formed at any sea level position”, including levels higher than present.

It seems likely that dune building has occurred during glacial, transgressive and interglacial
sea level phases. Furthermore, sea level oscillations during the stadial-interstadial periods may
have amplitudes about half that of the glacial-interglacial cycles and rates of change of a similar
magnitude, with resulting instability of coastal systems. Consequently, dune building seems
possible throughout the glacial-interglacial cycles, although dune building maxima would
be likely during the glacial phases, limited by the apparently diminishing (Thompson, 1981)
availability of sand on the continental shelf.

A further consideration in the interpretation of the chronology of the dune islands is raised by
Nott et al. (1994) who erroneously note that the work of Thompson (1981), Walker et al. (1981),
and their subsequent publications, assumes that “one soil profile equals one sedimentary unit”.
The finding that ages for soil A, horizons were as much as 200 k years younger than for the
underlying B horizon of what was apparently one soil profile, led Nott ez al. (1994) to caution
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that “application of these ... [pedologic] ... processes to determine the relative age of deposits
which have not been independently dated is fraught with danger..”. This conclusion, which
questions the validity of the geomorphic framework outlined for the southeast Queensland
dunefields, is based on dating of soil profiles in southern New South Wales dunefields. The
geomorphic context of the New South Wales sites is sufficiently different from that in most
of the southeast Queensland dunefield that their findings may be less relevant to this region,
although Stock’s (1990) work, by far the most comprehensive on the geomorphology of the
southeast Queensland dune fields, demonstrates greater geomorphic complexity in these
systems than is recognised in Thompson’s model.

Sea level oscillations and the Bay’s characteristics

Patterns of sea level change dictate that Moreton Bay can exist in something like its present
form for periods of just a few thousand years every 100 000 years or so and, due to factors such
as variations in antecedent conditions, the height and duration of each sea level stillstand and
any residual inheritance from previous high sea levels, each manifestation of the Bay would
differ from previous ones. The morphostratigraphic and dating evidence from the dune barrier
islands suggests that they may have been present for only the last several sea level oscillations,
although a 700 ka date from the Cooloola dune field raises the possibility that Moreton Bay
may have formed episodically over at least this period of time.

During each of the Bay’s manifestations an evolutionary sequence, similar to those described
by Roy (1984) for New South Wales coastal embayments during the Holocene, is likely to have
occurred. Such a sequence generally involves a gradual transition from oceanic, clear water
ecosystems (e.g. with coral communities) to communities more tolerant of turbid conditions
(e.g. seagrass and mangroves), as infilling by both terrigenous and marine sediments occurs
and flushing rates decrease. The oscillations in sea level truncated this sequence, resulting in
an embayment of the present form, rather than the shallow coastal swamp which would have
developed had sea levels remained at the present level for much longer periods.

The present Moreton Bay formed as sea level rose from that of the Last Glacial Maximum
(-150 m at 18 ka) to about the present level (c. 6 ka; Figure 1) (Chappell, 1983a; Lambeck &
Nakada, 1990). The sequence is described by Stephens (1992). Conditions in the proto-Moreton
Bay are largely unknown, although they are relevant to the Bay’s ecological development after
sea level stabilised. For example, where were the nearest coral reefs? Woodroffe et al. (1986)
have shown how mangrove communities tracked sea level rise in north Australian estuaries,
forming extensive mangrove swamps in the mid Holocene (Woodroffe et al., 1985). Was
proto-Moreton Bay extensively colonised by mangrove communities, or was there a significant
timelag as propagules arrived from elsewhere? Flood (1978) has suggested that, at Empire
Point, mangrove colonisation occurred only recently, subsequent to the demise of the coral reef
there. The most likely scenario is that mangroves were present in proto-Moreton Bay, although
the geomorphic setting differs from that of northern Australia and extensive mangrove swamps
were unlikely. Their late arrival at Empire Point can be attributed to changing conditions during
the late Holocene. The Pleistocene inheritance of Moreton Bay is also important in determining
the possibilities for ecosystem development as the Bay filled. For example, interglacial high
sea levels during the Pleistocene are likely to have eroded developing soils from the Tertiary
lateritic platforms, which are common along the Bay’s west coast, maintaining them as a
potential substrate for coral colonisation.

Moreton Bay and Catchment 7
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Influence of climatic oscillations on the catchment

There is abundant evidence of significant impacts on the geomorphic and ecological characteristics
of eastern Australia, as elsewhere on the globe, as a result of marked climatic oscillations
throughout the Quaternary (e.g. Bowler & Wasson, 1984; Singh & Geissler, 1985; Kershaw,
1994). Changes which occurred include variations in rates of erosion by water and by wind,
of soil formation, and of the area, distribution and composition of vegetation communities.
Although these environmental oscillations occurred in the Moreton region, there is little
palacoenvironmental evidence from this region to establish the exact nature of the changes
experienced in the Moreton Bay catchment. Geomorphic and ecological responses to these
climatic oscillations are likely to have been hysteretic (i.e. not following a reciprocal trajectory
during deteriorating and ameliorating climatic conditions; e.g. see Bowler & Wasson, 1984)
and complex, with different components of the system responding in different ways at different
rates (e.g. Huntley & Webb, 1989; Overpeck et al., 1992; Faunmap, 1996) and different time
scales (Roy et al., 1992; Valentine & Jablonski, 1992). In simple terms, the general pattern is
likely to have been one of greater areas of closed forest, relative to open forest and woodland,
during interglacial phases.

End of the last glacial phase

Rising sea level at the end of the last glacial phase would have resulted in geomorphic changes
in the catchment. Some adjustments in stream morphology would have occurred as the stream
profile adjusted to the new base level (i.e. sea level). In the catchment, changing climate is
likely to have played a far more significant role than changing sea level, although sea level
rise contributed to the changing climate by moving the coastline up to 50 km westward of
its position during the last glacial phase, thus changing the distribution of onshore climatic
gradients.

The climate became warmer and wetter as the ice caps receded which resulted in the expansion
of the more hydrophilic vegetation communities. These changes were occurring during the
formation of proto-Moreton Bay, but, by analogy with sites elsewhere and allowing for lag
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times (Kershaw & Nix, 1988), the climate and vegetation would have largely stabilised by
the time Moreton Bay reached its present form.

Another potentially important change at this time was the expansion westward of the regional
Aboriginal population, forced to migrate by the rising sea level and more able to occupy the
catchment area as a result of ameliorating climatic and environmental conditions. There is
now at least circumstantial evidence for Aboriginal occupation from widespread areas of
Australia for periods approaching, and in some cases greater than, 100 000 y (e.g. Roberts ezal.,
1990; Singh & Geissler, 1985; Kershaw, 1994). In the Moreton region, Neal & Stock (1986)
document continuous occupation of the Wallen Wallen site on North Stradbroke Island for c.
22 000y, as well as the changing resource base as the Bay was transformed from a terrestrial
to a marine environment. An increase in the number of dated occupation sites (Walters, 1989)
as sea level rose is evidence for increased intensity of use of the inland areas of the Moreton
Bay catchment. There is evidence from elsewhere in coastal areas of eastern Australia of
geomorphic instability, increased erosion and marked changes in vegetation communities as
coastal Aboriginal populations were concentrated by rising sea levels (e.g. Hopkins et al.,
1996; Thomas & Kirkpatrick, 1996).

The Holocene

At 6 000 years ago: the climatic optimum
Climate and sea level

Throughout the world there is evidence, from numerous locations and various types of proxy
records (e.g. palynology, dendrochronology, lake level chronologies, isotopic analysis of ice
cores), of a period at about 6 ka of relatively warm temperatures and high precipitation by
comparison with the present — referred to as the climatic optimum, or hypsithermal (Bell &
Walker, 1992). In the Australian region, too, there is evidence of this pattern from locations
ranging from New Guinea (Bowler ez al., 1976) to Antarctica (Jouzel et al., 1987). In Australia,
as elsewhere (Bell & Walker, 1992), the timing and magnitude of the climatic optimum varies.
For example, Kershaw & Nix (1988) have inferred climatic optimum temperatures 2-3.5°C
higher than present (21°C) between 3 600 and 5 000 ka on the Atherton Tableland and mean
annual rainfall 300-700 mm greater than the present 1 700 mm during this period, and possibly
higher during the 6 000-7 500 ka period. The Holocene record closest to Moreton Bay is that
of Dodson et al. (1986) and Dodson (1987) from Barrington Tops, New South Wales. Their
interpretation of the palynological record suggests that the period 8.5-2.3 ka was wetter and
warmer than the present, and 6-5 ka was the wettest part of that period.

These climatic patterns are also associated with higher sea level than at present. Sea level in
Moreton Bay during the climatic optimum was 1.0-1.5 m higher than present (Flood, 1983;
1984), an estimate consistent with those determined elsewhere for northeast Australia in the
mid Holocene (Hopley, 1983; Chappell, 1983b; Larcombe et al., 1995). With the exception of
sea level estimates, there is little unequivocal evidence from southeast Queensland to indicate
either the occurrence or the magnitude of the mid Holocene climatic optimum. However, a
single sample, c. 7 500 ka, from estuarine muds in the Maroochy River estuary is particularly
rich in vine forest and Araucaria pollen, suggesting higher rainfall and a much less open forest
in this catchment in the mid Holocene than at the time of European settlement (Bell, 1978).

The Moreton Bay catchment in the climatic optimum

In the absence of detailed palacoclimatic data specific to the southeast Queensland region,
inferences regarding the effect of climate change, particularly rainfall variations, on catchment

processes are made using analogues from elsewhere in eastern Australia. Given the widespread
Moreton Bay and Catchment 9
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evidence for the climatic optimum and the objective, quantitative estimates of Kershaw & Nix
(1988), rainfall in the Moreton Bay catchment is estimated to have peaked at between 18 and
42% greater than present. Assuming that mid Holocene rainfall was 25% greater, and using
modern relationships between rainfall and runoff and a simple model relating stream sediment
concentrations to catchment runoff for Queensland coastal streams (Neil & Yu, 1996), the mid
Holocene streamflow, sediment concentrations and total sediment yield from the Brisbane River
were estimated. Results of this analysis suggest that runoff during the mid Holocene climatic
optimum may have been about 60% greater than at present. More importantly, the mean flow-
weighted suspended sediment concentration is likely to have been about 40% lower than the
stream sediment concentrations prior to the effects of European land use intensification, as
estimated by Neil & Yu (1996). Given the large proportion of nutrients which are transported
adsorbed to inorganic particulates, these estimates would also imply lower nutrient input to the
Bay at this time, as well as an increase in the ratio of dissolved to particulate nutrient delivery.

An alternative interpretation of the mid Holocene climate is provided by Shulmeister (1996)
which suggests that the mid Holocene climate was wetter in both northern and southeastern
Australia, but little different from present in southern Queensland. Under this scenario, the
changes in runoff and stream sediment concentrations outlined above would not have occurred.

Shulmeister (1996) suggests that the El Niflo—Southern Oscillation (ENSO) may have been
“switched off” during the mid Holocene (prior to about 3.5-4 ka) as a result of low intensity
Walker circulation at that time. This conclusion is consistent with the proxy palacoclimate
records contained in massive Porites corals from Orpheus Island (GBR) which indicate that,
at about 5.8 ka, both rainfall and sea surface temperature were less variable than at present,
consistent with no, or much reduced, ENSO activity (Gagan ef al., 1997). The implication of
this finding is that, for a given mean annual rainfall, erosion rates would have been lower than
at any time since. In the absence of ENSO, variability of catchment condition (e.g. ground
cover, with its critical influence on erosion rates) would have been low.

Under the wetter and less variable environmental conditions postulated, the catchment would
have experienced better ground cover, on average, and few severe fluctuations of climate with
severe, long duration droughts. Consequently, runoff would have been higher than at present,
but more consistent. Sediment concentrations in stream waters are likely to have been lower
than at present. Flooding in the Bay would have been more frequent but of lower magnitude
and carrying less sediment. The lower reaches of the major streams, drowned by the rising sea,
are likely to have been broad, funnel-shaped estuaries, rather than the relatively narrow channels
of the modern streams.

Moreton Bay in the climatic optimum

The physical environment of Moreton Bay, as sea level stabilised at the end of the post-glacial
marine transgression, was different from that of the present in numerous ways.

* The west coast of the Bay was further landward in many places due to the mid Holocene
sea level being higher by 1.0 to 1.5 m. Examples of these mid Holocene coastlines include
the Serpentine Creek area adjacent to the north bank of the Brisbane River (coastline up
to 9 km landward; Gourlay & Hacker, 1983; Hacker & Ward, 1985) and Deception Bay
(coastline up to 4 km landward; Flood, 1981).

* The thickness of bottom muds in the western Bay was much less than at present, both in
sediment wedges adjacent to stream mouths and on the platforms which commonly underlie
the mudflats of the western Bay. Stephens (1992) estimated that a volume of 1.86 x 10° m?
of mud has been deposited in the Brisbane River delta in the western Bay, in places > 5 m
thick.
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Restriction of tidal circulation through the entrances in the northern and eastern Bay was
minimal. In the area of the ancestral Jumpinpin Bar, a transgressive barrier/back-barrier
system (the embryonic South Stradbroke Island) enclosed the embayment adjacent to the
Coomera and Pimpama Rivers. Baker (1984) argues that, during the transgression of this
barrier system, there was a tidal entrance at its northern end so that, in effect, it brought an
incipient tidal delta with it when it stabilised in alignment with the then east coast of North
Stradbroke Island. The South Passage tidal delta is the product of Holocene sedimentation
and, in the North Entrance tidal delta, Holocene sands have been shown to average about
10 m in thickness, although some of this may be reworked Pleistocene sands (Stephens,
1978; 1992).

Pleistocene parts of the dune-island barriers only were present. The extensive beach
ridge sequences on the northwest coasts of both North Stradbroke and Moreton Islands
and the Holocene sands at Reeders Point were absent so South Passage would have been
much wider. The North Entrance may have been wider in the absence of the Holocene
part of the beach ridge sequence at Comboyuro Point and the Holocene sands of Bribie
Island.

In the absence of the “flood-tidal delta islands” which accreted on the tidal shoals adjacent
to the Jumpinpin Bar, the deltaic islands of the Logan River estuary and the Holocene
accretion on the west coast of Russell Island (see Baker, 1984), the tidal exchange through
the area of the present Jumpinpin Bar would also have been greater than at present.

Sea surface temperatures (SSTs) in the central GBR, were c. 1°C higher than present
(Gagan et al., 1996) and this is also likely to have been the case in Moreton Bay waters.
Assuming that the 1°C increase occurred in Moreton Bay, and that the thermal gradient
on the southern Queensland coast was similar to that at present, summer SSTs are likely
to have been similar to those in the latitude of Rockhampton, and winter SSTs similar to
those at the latitude of Mackay (see Lough, 1994). Furthermore, the absence of ENSO
(Gagan et al., 1996; Shulmeister, 1996) would have reduced SST variability, minimising
the temperature extremes which can be lethal to, for example, coral communities.

Hypothesised low-intensity Walker circulation (Shulmeister, 1996) compared to that today,
may have resulted in low intensity southeast tradewinds. Under this scenario, it is likely that
mid Holocene bottom sediment resuspension, hence water turbidity, was lower in the western
Bay than at present. On the other hand, the wider and deeper openings at ocean entrances
would have resulted in exposure of some areas of the Bay to higher wave energies, analogous
to the mid Holocene high energy window described by Hopley (1984) for the GBR.

The physical consequences of these conditions include greater tidal exchange with oceanic
waters and probably more rapid flushing, and a greater volume of water into which fluvial
input could be mixed and diluted. Deeper waters and less bottom sediment, particularly in the
western and southern Bay probably resulted in reduced bottom sediment resuspension and
turbidity by comparison with present conditions. The combination of deeper water and increased
tidal exchange would have reduced the extremes of minimum and maximum temperature
experienced in the Bay, by comparison with those at present.

These characteristics of the physical environment of Moreton Bay during the mid Holocene
climatic optimum necessarily resulted in a biota which differed from that of the present. Some
of these changes may have included the following:

higher and more stable water temperatures would have made the Bay a more suitable
habitat for dugong, perhaps thermally more similar to Hervey Bay or Shoalwater Bay;
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* deeper entrances to the Bay, associated with the warmer temperatures, would have resulted
in a Moreton Bay more similar, in some respects, to modern Hervey Bay and possibly a
suitable resting and breeding area for humpback whales (Megaptera novaeangliae);

* more “tropical” in species assemblages, a characteristic particularly evident in the sub-
fossil scleractinian coral species assemblages (e.g. Wells, 1955; Lovell, 1989);

» the presence of lateritic rock platforms, rather than mudflats, in the western Bay which are
suitable sites for colonisation by corals (these platforms were probably created by erosion
of the overlying soils as the sea level rose); and

» restricted areas of mudflats and small mud volumes, less wind energy for sediment
resuspension, better tidal circulation, lower fluvial sediment concentrations, and reduced
flooding-related salinity fluctuations would have resulted in markedly improved water
quality.

As a consequence of these conditions, the populations and patterns of distribution and
community structure of, for example, coral, seagrass, fish, marine mammal, and infaunal
communities are likely to have been quite different from those of the present. The ecological
implications of the characteristics of the physical environment of Moreton Bay at the climatic
optimum are probably best seen in the scleractinian corals, given the resistance of their skeletal
material to weathering. Turbidity-sensitive acroporid corals are uncommon in the western
Bay at present but form the bulk of subfossil corals at sites in western Moreton Bay from
Mud Island to Empire Point (Jones ef al., 1978; Flood, 1978). In the southern Bay, acroporid
skeletal material is common on beaches and intertidal flats of Point Halloran, Coochiemudlo
and Lamb Island, and has been found as far south as Redland Bay. Furthermore, coral reefs
were more extensive throughout the Bay in the past, occurring in areas where there is little or
no modern coral growth (Lovell, 1989). The marked offshore contraction of the distribution
of coral growth, and of the acroporid range in particular, is indicative of the severity of the
environmental changes which have subsequently occurred.

From 5000 to 200 years ago: gradual, natural and anthropogenically-
induced, degradation

Natural change

The deterioration of the climate during the late Holocene led to drier conditions and, coupled
with the onset of ENSO oscillations, increased incidence of climatic extremes, including, for
example, oscillations between flood-dominated (more humid) and drought-dominated (more
arid) climates (Warner, 1987; Erskine & Warner, 1988) and highly erosive rainfall events.
A slight decrease in temperatures would have accompanied these changes. During shifts in
climate (particularly rainfall), the soil, vegetation and climate are not at equilibrium, and soil
erosion and sediment yield increase while a new equilibrium is established (Knox, 1972). A
climatic shift to greater humidity is likely to result in channel incision, while a shift to greater
aridity is often followed by hillslope erosion and channel aggradation (Hereford, 1984; Balling
& Wells, 1990).

In the Moreton Bay catchment, climatic changes would have led to geomorphic instability,
a deterioration of vegetative cover (associated with changes in community composition and
the distribution of plant communities), with droughts bringing extremes of vegetative cover
decline. Increased variability in streamflow and higher stream sediment concentrations in more
extreme and episodic events are likely to have led to significant shifts in the geomorphology
and ecology of catchment streams and an increase in the impact of the catchment on the
ecosystems of Moreton Bay.
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The catchment was experiencing a shift from the “optimum conditions” of the mid Holocene
towards the conditions of the present. While this shift in catchment condition following the
climatic optimum is expected to have resulted in a significant increase in erosion rates, stream
sediment concentrations and sediment delivery to Moreton Bay, it should be noted that examples
do occur where no change in inferred erosion rates was detectable in response to the much larger
shifts in climate between the last glacial maximum and the present (e.g. O’Hara et al., 1993).

In Moreton Bay, several important changes occurred in response to deteriorating climate,
deteriorating catchment condition and, importantly, to the extended period of relative sea
level stability. These changes, relative to the climatic optimum, had several consequences
for Moreton Bay.

Infilling of the Bay by fine-grained terrigenous sediments resulting in decreased water
depth and volume, more sediment available for resuspension during high energy wind
events and, because of the reduced depth, the available sediment being more susceptible
to resuspension during high energy wind events. Increased turbidity is likely to have been
an important factor in the late Holocene shift in coral community composition and also
in the nature and distribution of fish communities in the Bay (e.g. Blaber & Blaber, 1980;
Blaber, 1997).

Progradation of mainland coasts by coarse- and fine-grained terrigenous sediments
resulted in decreased water volume in the Bay and the discharge point of terrigenous input
(e.g. sediments and nutrients) moved progressively closer to some ecosystems e.g. coral
communities at locations such as Mud Island.

Decreasing sea level resulted in decreased water depth and volume and increased bottom
sediment resuspension, and may also have been a trigger for increased erosion of the lower
reaches of streams. Opinions differ as to whether sea level fall during the late Holocene
occurred gradually over the last 6 000 years (Chappell, 1983b; Lambeck & Nakada, 1990)
or rapidly between 3 and 4 ka (Beaman et al., 1994; Larcombe et al., 1995).

Decreased, and more variable, sea surface temperatures resulted in increased low-
temperature stress for tropical species/communities, increased suitability for temperate biota
and increased episodic/acute stress on both tropical and temperate biota due to increased
variability.

Increased intensity of the prevailing southeast tradewind resulted in increased bottom
sediment resuspension and turbidity (with associated increases in nutrient transfer between
sediments and the water column) and intensification of the wind-forced component of
water circulation within the Bay (with implications for the distribution and duration of
river plume impacts on marine and intertidal communities).

Progradation of dune-island barrier coasts by coarse marine sediments (whether due to the
sea level fall or simply equilibrating following sea level rise (see Chappell, 1991)) resulted
in reduced tidal exchange. This coastal progradation is evident on the northwest coast of
Moreton Island (Bulwer Swamp), the north coast of North Stradbroke Island (at Flinders
Beach), and much of Bribie Island. An important part of this phase was the establishment of
an offshore barrier island (South Stradbroke Island), linking the mainland to the east coast
of North Stradbroke Island, probably as a result of the combined effects of two processes:
(1) landward movement of an offshore bar as sea level rose, followed by its stranding with
the mid Holocene sea level fall, and (ii) longshore transport of sediments forced by the
prevailing southeasterly winds. These changes had a significant impact on the openings
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between the Bay and the ocean and, consequently, on tidal circulation and water quality.

The important role of the openings in the east coast of Moreton Bay in determining the Bay’s
physical and biological seascape, as well as playing a role in the commercial and recreational
opportunities available, suggests that a brief review of their history and role is warranted,
particularly given the inconsistencies and confusion in previous reports.

South Passage, between Moreton and North Stradbroke Islands, has been widely regarded as a
recent “breakthrough” (Welsby, 1907; Steele, 1972; O’Keefe, 1975; Clifford & Specht, 1979;
Durbidge & Covacevich, 1981; McLeod, 1983), largely as a result of anecdotal evidence from
Welsby and misinterpretation of the charts and journals of the early navigators (Cook, Flinders,
etc.). Neil (1991) analysed these charts and journals and argued that these records could be
relied upon to identify the presence of such an opening but could not be relied on to identify
its absence. Stephens (1992), using a simple sediment budget approach, argued that the rate
of sediment transport was insufficient to fill and close this opening during the Holocene sea
level highstand. Given the geomorphic evidence for a permanent opening and the absence of
reliable historical evidence for a recent closure, despite considerable support for this view in
previous reports, it seems likely that South Passage has been open throughout the Holocene.

The South Passage opening is important to the geomorphology and ecology of the Bay in
several ways.

» The processes and sediments necessary for the formation of the flood-tide delta, comprising
the Amity and Moreton Banks, are important to the area, biomass and diversity of secagrass
communities in the Bay and to the species which rely on them (e.g. sea turtles, dugongs). The
entrance banks are also important in the breeding cycle of some fish species (e.g. Pollock,
1984).

» South Passage is a source of oceanic water of lower turbidity and less extreme temperatures
than the waters of the Bay, important to dugongs, both directly (temperature) and indirectly
(water turbidity effects on seagrasses). Oceanic waters of low turbidity and low temperature
variability are potentially important to sessile organisms such as corals. This source of oceanic
water lies adjacent to suitable substrate for coral colonisation, on the laterite platforms of the
islands and mainland coast of the central Bay, unlike the Northern Entrance where suitable
substrates are uncommon.

. South Passage is a point of entry for coral propagules (Johnson & Neil, this volume),
again in the vicinity of suitable substrates for settlement. South Passage also provides access
for dugongs to the seagrass beds of the eastern central Bay, important because these are
the most extensive seagrass beds in the Bay, because oceanic waters are warmer than Bay
waters in winter and tolerable for dugongs, and because there is a relatively low level of
disturbance by boat traffic in this area (Preen ef al., 1992).

Instability of South Passage, including variations in depth and of the orientation of deep
channels (Eberhardt, 1978; Davenport, 1986), is also likely to result in temporal variations
in tidal flushing and spatial variations in patterns of oceanic dispersal into the central Bay:.

The history of the openings to the south of North Stradbroke Island is also important, influencing
patterns of sedimentation and ecosystem development in southern Moreton Bay. Through its
influence on the circulation of oceanic waters and the fate of Logan River flood waters, the
history of the southern openings is probably intimately linked to the collapse of the coral
communities in the Macleay, Perulpa and Lamb Island and Pelican Banks areas.

Using essentially the same arguments, based on historical sources, as for the South Passage,
Neil (1991) argued that there is insufficient evidence to determine whether the Southport
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Bar (South Passage on some early maps and now the Gold Coast Seaway) is only a recent
(since 1800) phenomenon or was open, perhaps episodically, prior to that time. However, it is
likely that this opening was much less stable than South Passage, and its position has varied
considerably since the closure of the northern spit of South Stradbroke Island with the east
coast of Stradbroke Island to form the Eighteen Mile Swamp about 600 years ago (Grant et
al., 1985). Human activities (notably construction of the Gold Coast Seaway) have altered
this entrance considerably and some of the effects are described briefly below.

The opening at Jumpinpin Bar is variously reported as occurring in 1895, 1896 and 1898.
Several writers have suggested a role for human activities in this event, viz. detonation of cases
of explosives from the wreck of the Cambus Wallace which “made huge gaping wounds in
the sand” (Welsby, 1907) and trampling of the dune vegetation during salvage operations (e.g.
Durbidge & Covacevich, 1981; Salter, 1984). In this context, it is also worth noting that the
salvaged cargo of the schooner Bellinger, wrecked at Jumpinpin in April 1892, was dragged
across the dune ridge, at that time reported to be 35 feet high, to Swan Bay (Welsby, 1907),
the area was “for many years a favourite camp for boating men (Anon., 1898) and Welsby’s
(1907) photograph of ‘Jumpin Pin ... before the Break Through’ shows small ‘blowouts’ in
the dune ridge, apparently used for access from Swan Bay to the ocean beach. On the other
hand, Hanlon (1935), who was aware of the Cambus Wallace wreck, notified the police of its
occurrence, and was present at the wreck site the morning after it occurred, makes no mention
of the role of the explosion in the Jumpinpin breakthrough. He says (Hanlon, 1935) .. I myself
saw the break-through at the narrow neck of Jumpinpin, during which the ever-encroaching
seas seemed to melt the sand, with standing scrub on it, as though it were sugar — large areas
collapsing in one sweeping surge”. The Jumpinpin breakthrough appears to have developed
progressively over several years. In his September, 1895 report, Almond (1895) observed that
“..during the easterly gales experienced in the early part of the year the sea made a breach of
about 350 yards in extent through Stradbroke Island; this has since extended and at high water
spring tides the water now washes over into Swan Bay. Should the erosion continue Stradbroke
Island will be divided..”. The breakthrough was completed in May 1898 when “during the
recent gales...a channel has been cut right through Stradbroke Island at Jumpinpin...the break
is about 700 yards wide ... and the sea is now breaking right through onto the mangrove islands
inside the Bay ... [and]...a bar is forming outside at Jumpinpin... (Anon., 1898).

As a result of the breakthrough, and consequent decreased tidal flows through the opening
at Southport, sedimentation in southern Moreton Bay increased markedly. Swan Bay was
turned from a “deep-watered fishing haven..[to]..a shallow expanse of water” (Horton, 1983),
a mere “gutter through drying banks” (Bell, 1975; “..where it was once deep and blue water,
the seaweeds now show on the surface at low tides..” (Hanlon, 1935)). Diminished tidal flows
caused shoaling of the southern Broadwater and, by 1905, the Southport Bar had become so
shallow that “... a person could easily walk from head to head...” at low tide (Davenport, 1986).
Bell (1975) suggested that the oyster banks between Jumpinpin and Southport, including
Tippler’s Never Fail Island banks, were wiped out at the time of the Jumpinpin breakthrough.
On the other hand, Horton (1983) states that the oyster banks in this area were destroyed
during the 1893 flood, and that ““.. Tippler’s Never Fail Island escaped.” Salter (1984) confirms
the effects of both flooding and the breakthrough on the oyster banks, noting the effects of
the January 1887 flood and a long campaign (1904-1936) by the oystermen, supported by
the Southport Chamber of Commerce, to have the Jumpinpin entrance closed. Kelley (1984)
published notes from E.F. Darcy (from 1940) which suggest closure of Jumpinpin in 1917 and
a subsequent breakthrough in October 1936. Natural change in the position of the opening at
Southport (gradual northward movement forced by net northward sediment transport) also
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altered geomorphic and ecological conditions within the Broadwater. For example, the area
near Narrow Neck, formerly a deep hole known as Shark Bay, was replaced by a ““..quagmire...
a repulsive mudflat” (Hanlon, 1935).

In summary, it appears likely that the opening between North Stradbroke and Moreton Islands
has been open throughout the Holocene, although progressively constricted by progradation
of the adjacent islands and deposition of the flood-tide delta and offshore bar. South of North
Stradbroke Island, a wide opening was present until the development of a barrier island (South
Stradbroke Island) at the time of sea level fall between 3 and 4 ka. Closure of the northern end
of this barrier occurred about 0.6 ka, and the barrier may have been quite unstable since then.

During the 6-0.2 ka period, the lower reaches of the rivers were becoming less estuarine and
more riverine as sediment infilling and channellisation occurred. Similarly, the Bay ecosystems
were becoming less oceanic and tropical, and more estuarine and temperate. The physical
environment was changing in such a way as to make it less suitable for some biological activity
(e.g. whales, corals) and more suitable for others (e.g. mangroves, seagrass, saltmarsh). For
some species these changes could be seen as a “mixed blessing”. For example, formation of the
South Passage flood-tide delta provided a suitable substrate for colonisation by seagrasses to
form the most important habitat for dugongs in the Bay, but they were increasingly restricted
in their ability to use it as a result of decreasing temperatures in an area which is now at about
the limit of their temperature tolerance. Most of the present seagrass areas can only have
formed progressively throughout the late Holocene, although in the past many areas of the
Bay may have been colonised by seagrasses at depths much greater than at present due to
greater water clarity.

Anthropogenic change

There are two, diametrically opposed, models current which purport to explain the impact of
Aboriginal people on the physical environment and ecosystems of Moreton Bay. In the mould
of the “noble savage” is the popular view, espoused by Baker (1987), that the “natives lived
in harmony with the land, sharing it with animals, plant life and the spirits”. By contrast,
Walters (1989) suggests a chain of events commencing with forest burning in the catchment,
increased erosion rates, and increased sediment delivery to the coast “which would have given
rise to large areas of mud and sand flats covered with shallow turbid waters and seagrass
beds, permitting the evolution of fish stocks on a scale which today form the basis of large
contemporary commercial fisheries”. Their success in harvesting “rich fish stocks .. was an
unforeseen consequence of the ... activities of their “firestick farming” (Jones, 1969) ancestors
in the hinterland” (Walters, 1989). Hall (1990) also supports this model, suggesting that their
intensified catchment land use was responsible for “changing the ecosystem to one more
suitable to their needs”.

Neither the model of Baker (1987) nor that of Walters (1989) and of Hall (1990) is consistent
with geomorphic processes in the catchment and Bay, and reality probably lies somewhere
in between. Walters supports his argument by analogy with Hughes & Sullivan’s (1981)
suggestion that late Holocene sedimentation occurred in response to anthropogenic burning.
Evidence for this includes sediment infilling occurring at a time of climatic and sea level
stability, and “anachronistic phasing” (i.e. asynchronous erosion and sedimentation events).
Several arguments can be made against these conclusions.

1. Walters postulates Aboriginal burning as the “ultimate cause ... [of] ... sedimentary loads
washed from coastal streams” during the late Holocene. However, catchments yield sediment
under natural conditions. “Firestick farming” can only increase, not create, catchment
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sediment yield.

2. “Anachronistic phasing” occurs naturally and does not require an anthropogenic
trigger (Prosser, 1988; 1989; Taylor & Lewin, 1997).

3. Anthropogenic burning has probably been in the Australian landscape much longer than
the Holocene; tens to hundreds of thousands of years (Singh & Geissler, 1985; Kershaw,
1994) rather than thousands. Hughes & Sullivan’s (1981) argument was based on apparent
intensification of Aboriginal land use during the late Holocene, which has been reported
widely throughout eastern Australia (e.g. Ross, 1985). However, Walters’ (1989) data
(Figure 2) suggest that the increase in the number of dated archaeological sites between the
period 5 ka-0 ka and 8-5 ka (by a factor of 2.7) is about the same as the increase between
10-8 ka and 8-5 ka (a factor of 2.9). This pattern is consistent with westward migration
of humans in response to a receding coastline throughout the Holocene, analogous to the
events described in north Queensland during the same time period by Hopkins et al. (1996),
rather than a late Holocene intensification of land use. It is also likely that at least some
of this increase may be due to greater site visibility, although Ross (1985) presents a case
against this. The very large increase in the number of coastal sites (from c. 2 ka) is largely
attributable to increased exploitation of the fisheries resources of the Bay (Walters, 1989;
1992), and is unlikely to have significantly altered the catchment’s impact on the Bay.

4. Accounts of the early explorers suggest that the grasslands, those areas most frequently
burned, were limited in area and, furthermore, were generally on plains rather than hillslopes,
thereby minimising the impact of burning on erosion rates. Although these accounts contain
frequent mention of grassland and lightly wooded areas, very few of these areas are described
as having been recently burned and the journals of the early explorers of the Moreton Bay
district also indicate that much of the grass cover was 1-2 m high, which would have provided
good ground cover. Furthermore, the general climatic characteristics of the catchment are
consistent with a setting for natural vegetation ranging from rainforest to grassland (Figure 3)
along a rainfall gradient locally influenced by soil characteristics. The pattern implied by
this simple diagram is generally consistent with recent mapping of pre-clearing vegetation
in southeast Queensland (Bean et al., 1998) which indicates that open forests dominated
east of about Ipswich. To the west of Ipswich, the vegetation consisted largely of open forest
and woodland with several extensive areas of vine thicket. Throughout the region, the open
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Figure 2. Number of dated archaelogical sites in the southeast Queensland
region during the Holocene (data from Walters, 1989).
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forest on alluvium generally had an understorey of rainforest species and/or sclerophyllous
shrubs.

Braithwaite (1991) argues that, in the monsoon tropics, Aborigines manage their fires,
preventing their escape into areas which they have no wish to burn, and Hughes & Sullivan
(1986) suggest that Aboriginal burning was largely restricted to “localities which were foci
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Figure 3. The relationship between mean annual precipitation, mean annual temperature and the major
terrestrial biomes, showing the climatic characteristics of the Moreton Bay catchment (After
Begon et al.’s (1990) modification of Whittaker, 1975).

of Aboriginal economic activities”. This is consistent with Leichhardt’s (1843a) observation
that “only small patches” were burned in southeast Queensland, which contrasts with his
observations of extensive burning west of the Great Divide (Leichhardt, 1847). Gresty (1947,
1951) also noted that Aboriginal fire management involved “..only small sections being burnt
amidst larger conserved areas”. Furthermore, change in species composition in areas of low
frequency burning does not necessarily imply a change in forest structure or loss of ground
cover. Thus, the geomorphic effects on the catchment are uncertain but would probably have
been minimal, a conclusion consistent with the findings of Tulau’s (1996a) recent review of
the geomorphic effects of Aboriginal land use in eastern Australia.

A simple example may provide some indication of the impact of burning on the catchment.
It seems reasonable to assume that:

(i) 10% of the catchment was converted to grassland through anthropogenic burning (50%
greater than the area of cropland at the present and several orders of magnitude greater
than the estimate of grassland area of Bean ef al. (1998)), and

(i1) conversion to grassland results in a long term increase in catchment sediment yield by a
factor of two. This is about half the factor of increase measured by Neil & Fogarty (1991)
for open forest to grassland conversion, but seems appropriate because, in this case, the
resulting grasslands are not then trampled by livestock. It should also be noted that the
very high sediment yields resulting from burning alluded to by Hughes & Sullivan (1981)
are likely to have been both short lived and predominantly organic sediment (e.g. Blong
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et al., 1982). Furthermore, high intensity fires have much greater erosion and sediment
yield consequences (Humphreys & Craig, 1981) than do the low intensity fires associated
with Aboriginal burning.

Given these assumptions, it follows that anthropogenic burning increased catchment sediment
yield by no more, and probably much less, than 10%. Although this is a crude estimate, it is
at least consistent with observations (i), (ii) and (iii) above, and with the known increases in
sediment yield associated with “European” land use intensification. Contrary to the model
proposed by Walters (1989) and by Hall (1990), it seems highly unlikely that intensified
Aboriginal land use was responsible for “changing the ecosystem to one more suitable to their
needs”. Rather, Aboriginal communities may have benefited by ecological changes in the Bay
which were occurring naturally.

Regardless of the cause, natural or anthropogenic, of the ecological changes which occurred in
the Bay in the late Holocene, it seems likely that a shift in Aboriginal subsistence patterns was
a likely consequence. Alfredson (1984) also suggests that the changes in the archaeological
record at St Helena, from fish and bat bone in the lower (older) strata to shell in the upper
(younger) strata, may have a been a consequence of a three-fold reduction of the distance
from the mainland to the island. This change, caused by progradation of both the mainland
and island coasts, reduced the risks associated with accessing the island’s resources, shifting
exploitation from “specialist parties of experienced adults” to “a more generalised pattern
of foraging”. Alternative, although not mutually exclusive, explanations for this change in
the archaeological record include an increase in regional population (Alfredson, 1984) and a
change in the available resources, i.e. increased shellfish stocks as progradation increased the
intertidal and shallow subtidal area. The pattern of increased resource accessibility as a result
of geomorphic change, suggested by Alfredson (1984), is likely to have occurred throughout
Moreton Bay.

The catchment at 200 years ago: country of “the richest description”

An indication of the characteristics of the catchment at the time of European settlement can
be obtained from the journals of the explorers. Some caution is needed in the interpretation of
these works due to factors such as navigational uncertainties, inconsistencies in terminology,
and ulterior motives in their landscape descriptions. (Finlayson (1984) provides an excellent
example of Mitchell’s need to discover good country strongly biasing his description of the
landscape of Lake Salvator in central Queensland). In order to explore this landscape, we will
start by travelling upstream along the Brisbane River.

As far as the downstream end of the Hamilton Reach, the river banks were lined with
mangroves (four species), referred to by Lang (1861) as “a forest of gloomy mangroves ...
cheerless vegetation.” Upstream of the mangroves “the soil and scenery on the banks of the
Brisbane rapidly improve” (Lang, 1861), giving way to specimens of Hibiscus heterophyllus
and patches of forest (Eucalyptus, Callitris, Tristania [Lophostemon] species) similar to that
of the adjacent ridges. Breakfast Creek drained a “reedy swamp”. The country to the north
and south of the lower reaches of the river was described as “Fine open grazing country” and
“Open country, hills stony but well covered with grass”, respectively (Stirling, in Steele, 1972).
John Sweatman travelled up the river to Kangaroo Point in January 1846, and observed that
“...the scenery along the banks exceeded anything I had yet seen in Australia ... the bush was
rather thick and the banks intersected with numerous small creeks which serve as a resort for
swarms of wild duck & plover, but afterwards you pass tracts of beautiful open forest land
which remind you rather of a gentleman’s park than of wild uncleared bush” (Allen & Corris,
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1977). From the vantage point of Mt Coot-tha, “the view from southeast to northwest was
extensive and very grand, presenting an immense, thinly wooded plain, whose surface was
gently undulating, and clothed with luxuriant grass”. To the north was “...a tract of lofty and
forest covered hills, interspersed with extensive districts of Araucaria...” (Fraser, in Steele,
1972). The “rich flats” (Stirling, in Steele, 1972) at South Brisbane covered with a “...tangled
mass of trees, vines, flowering creepers, staghorns, elkhorns, towering scrub palms, giant
ferns, beautiful and rare orchids and the wild passion flower, while along the river bank were
the water lily in thousands and the convolvulus of glorious hue...” (Convicts’ reminiscences,
Brisbane Courier March 1830, in Johnston, 1988; Gregory, 1996). There was a “chain of
ponds watering a fine valley” at Milton (Oxley, in Steele, 1972). Similarly, the Coopers Plains/
Archerfield area consisted of “...excellent land, thinly wooded ... [with] ... a beautiful chain
of ponds” (Fraser, in Steele, 1972). The south bank of the river, to Canoe (Oxley) Creek, was
“...covered with forests of Pine or Aracauria to a considerable extent. The north bank ... is
principally open forest, not reaching very far, beyond which it is clothed with pine brushes”
(Fraser, in Steele, 1972). At Long Pocket and upstream of Seventeen Mile Rocks the banks
consisted of mudflats vegetated by H. heterophyllus and Casuarina sp.

Several kilometres upstream of the Bremer confluence, Oxley (in Steele, 1972) described “...a
very thick brush abounding with stately and magnificent pines, which towered far above the
other timber of the hill ... an entirely new species of the genus Araucaria ... decidedly the growth
of the interior, and not a coast tree” (Aracauria cunninghamii). “It was totally impossible not
to halt a few moments to admire this noble tree...” (Cunningham, in Steele, 1972) of which
there were “...endless quantities...” (Brisbane, in Gregory, 1996); “Pines” were common on
both banks upstream of the Edenglassie (now Brisbane CBD) settlement (Lockyer, in Steele,
1972). About 5 km upstream of the Bremer confluence, Lockyer (in Steele, 1972) described
“...delightful, thinly wooded [country] with fine pasturage for any number of cattle.” Lockyer
recognised the potential for severe flooding of the river with “drift grass and pieces of wood
washed ... up into the branches of the trees — Marked the floods to rise here upwards of one
hundred feet” (Steele (1972) notes that the recorded 1893 flood height at Mt Crosby pumping
station was 94 feet 10 1/2 inches).

Between the confluences of Lockyer Creek and the Stanley River with the Brisbane River,
Lockyer described extensive “level country, fine appearance, thinly wooded” with “hills of
pines very thick™ to the northwest. Water in the streams flowing into the Brisbane upstream
of the Stanley confluence was of “excellent” quality. The terrain of the upper reaches of the
Bremer was timbered by various Eucalyptus and Angophora, of “beauty and fertility...[a]...
beautiful vale ... excellently watered, and fit for any purpose to which it may be applied”
(Logan, in Steele, 1972).

Much of the lowlands of the lower Logan catchment was swampy terrain, often “timbered with
forest oak”. Further upstream were abundantly watered grasslands, open forest, and extensive
scrubs, including “pine scrubs”. The upper Logan catchment included large swampy plains and
scrub covered slopes (Logan, in Steele, 1972). Some of the plains were dry but well watered
by chains of ponds (Fraser, in Steele, 1972).

“From near its source to where it meets the tide the Brisbane [River] retains the same character
having a wide gravelly bed with Casuarina growing over all these parts not usually covered
with water (Burnett, in Gregory, 1996). Cunningham also refers to “the extensive banks of
alluvial sand and gravel, with which the channel of the Brisbane is alone* occupied” (*Steele’s
footnote — “That is, no mud”). Although the banks within the channel may have been exclusively
sand and gravel, the banks of the river in the Seventeen Mile Rocks area and at least as far
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downstream as Long Pocket consisted of mudfiats (Oxley, Cunningham in Steele, 1972). Later
reports also describe sand beaches at various locations along the lower reaches of the river
(e.g. Mandalay, Chelmer and South Brisbane (Gregory, 1996)).

The journals of the early explorers also provide some indication of the extent of anthropogenic
burning in the catchment at the time of European settlement (e.g. Cunningham, Lockyer, Logan
in Steele, 1972), although any meaningful quantification of this is difficult (see Fensham, 1997),
particularly given that burning was often a response to the presence of whites. Fensham (1997)
gives examples of accounts of fire being used as a defence against whites (e.g. Leichhardt,
1847), as a means of signalling (Banks in Beaglehole, 1962) and as a mode of attack (e.g.
Mitchell, 1848; Cunningham in Steele, 1972; Hann, 1982). Cunningham describes such an
attack at Laidley Creek: “... the eldest native set fire to the grass ... ran along the outskirts of
the plain, carrying a fire-brand and igniting as he went; the others did the same in an opposite
direction ... in a few moments ... an extensive line of flame appeared to windward of us, making
rapid advances, towards our little encampment ... [Despite an attempt at burning a fire break]
the enemy’s flames were with an appalling noise and rapidity approaching us; the columns of
black smoke that were driven before the wind almost stifled us, whilst the red hot flakes of
burnt stubble flew about us in a most terrific manner ... [however] ... (as by a kind interposition
of Providence) the wind veered round more to the Southward and Eastward, and freshening,
blew the body of flame past us into the creek ... All was tranquillity again, with the exception
that occasionally the natives ... gave us a yell of disappointment, that their diabolical purpose
had been thus defeated” (Cunningham in Steele, 1972).

Recently, several authors (e.g. Rolls, 1981; 1994; Flannery, 1994; Ryan et al., 1995) have
argued that the Australian landscape, before the coming of the Europeans, was grassland with
few trees, that much of the forest now present is due to regrowth subsequent to the cessation
of Aboriginal burning, and that modern forest clearing is simply reestablishing the vegetation
of 200 y ago. For example, Rolls (1981) states that “Australia’s dense forests are not the
remnants of energetic clearing, they are the product of one hundred years of energetic growth”,
“Australia was not a timbered land that has been cleared” (Rolls, 1994), and Ryan et a/. (1995)
suggest that “...much of the tall mixed eucalypt forest with a developed understorey that is
a common occurrence these days did not exist at the time of European settlement...the first
settlers did not set to and ringbark huge areas. There was no need to. Most of the country was
woodland, grassland, savannah and open forest”. Furthermore, “the widespread ringbarking
that was carried out around the turn of the century was mostly ... regrowth. The landowners
were attempting to re-establish the original grazing capacity”. A contrary view is put by Norton
(1886), whose observations largely relate to the New England Tableland in the 1850s. He notes
that “not only have unserviceable classes of trees been intentionally destroyed, but thousands
of acres upon which were many of the most valuable eucalypts have been ring-barked, and
scarcely a living specimen can be seen in some places. This is the deliberate work of men
who persuade themselves that they are vastly improving the country... this artificial mode of
destroying has been so extravagantly carried out...”. Biases in reporting on the characteristics of
the landscape are likely to have arisen because open country was easier to traverse, Aboriginal
burning generally concentrated on alluvial flats adjacent to streams which, again, were easier
to traverse and provided a source of water, expeditions were often funded by pastoral interests
and therefore sought out open country and, in small colonies struggling to attract free settlers
and investment, favourable descriptions of the agricultural potential of the landscape were
used to promote development (see Tulau, 1996b; Benson & Redpath, 1997).

The controversy and conflicting views are not surprising given the nature of the historical
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record. For example, in two consecutive paragraphs Gregory (1996) cites an 1845 report of
the surveyor Burnett: “The whole of the country on the Brisbane is very thinly wooded forest
furnishing a rich and abundant pasturage, patches of scrub intervening in one or two places...”,
and an 1842 article in The Australian newspaper: “...the Brisbane River...traverses a large
extent of beautiful country, exhibiting all the luxuriant features of tropical vegetation...”. An
excellent analysis of the conflicting hypotheses is provided by Benson & Redpath (1997), who
use explorers’ accounts supported by scientific evidence (e.g. palynology, dendrochronology,
geomorphology) to conclude that ... the main causes of change to Australia’s vegetation
since European settlement have been large-scale clearing and cultivation of land”. This also
appears to be the case for the Moreton Bay catchment where, although there is limited scientific
evidence, the journals of the explorers and the early surveyors’ reports (e.g. see Watson, 1988)
show clearly that the vegetation was a mosaic of rainforests (which were preferentially cleared
(Pettigrew, 1877)), open forests, woodlands and grassland. Bean et al. (1998) conclude that
only 0.01% of the pre-European vegetation was grassland. The general pattern in southeastern
Australia appears to be one of forested or wooded hillslopes with anthropogenic grasslands
confined to areas of the alluvial flats (Tulau, 1996b; Benson & Redpath, 1997) which is broadly
consistent with long-recognised influences on Aboriginal land use patterns (Peterson, 1973;
Meehan, 1982), i.e. resource proximity (vegetable staples, hunting grounds, water) and comfort
(e.g. relatively insect free). In the Moreton Bay catchment the explorers’ accounts also show
that some hillslopes were grassland and that dense forest (scrubs, brushes) was common on
the alluvial flats. In Leichhardt’s (1844) words: “When you enter the basin of the Brisbane
... [River, from the west]... you are at once aware of the greater vigour of plant growth. Trees
are taller and they grow closer together. The flanks of the mountains and the banks of streams
and of the river are overgrown by an almost impenetrable brush [rainforest]”. “The country
between the coast range and the sea ... [from Newcastle to the Moreton Bay district] ... has
the advantage of plenty of water, though the rather dense forest and the abundance of scrubs
renders them less fit for sheep farming” (Leichhardt, 1843b).

200 years ago to the present: European settlement and environmental
degradation

Degradation of the catchment

The problems of extremes of climate and land degradation in Australia were visible and
recognised very early in the country’s European colonisation. Land degradation, in the form
of soil fertility decline, was recorded in the Sydney area as early as 1798 (Collins, 1804). The
drought of February 1799 led to ponds becoming “..brackish, and scarcely drinkable ...from
which... it was conjectured that the earth contained a large portion of salt” (Collins, 1804).
Collins also reported floods and bushfires. In 1810 the Sydney Gazette and New South Wales
Advertiser published regulations to alleviate the problem “that the stream of water which flows
through the Town of Sydney, and the Tanks which have been constructed thereon ... for the
purpose of procuring an adequate Supply of pure and good Water ... are frequently polluted
and rendered totally unfit for those valuable purposes...” (Aplin, 1998). Robertson (1853)
describes drainage lines in western Victoria which were rarely entrenched and carried a good
cover of perennial tussock grass. Within ten years of settlement (about 1841) overgrazing had
resulted in perennial grasses being replaced by annual species, soil exposure, saline runoff and
gully incision to 3 m deep. Clarke (1860) observed that “... the deepest injury that could be
inflicted...[on the Southern Tablelands of New South Wales]... would be the introduction of the
system of swamp drainage which obtains amongst the agriculturalists of Europe. ... I do not
know what this beautiful and well-watered country would do if any attempt should be made
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to drain the swamps and boggy places which so often occur...”. Darwin (1845) described the
““... sirocco-like wind of Australia ... Clouds of dust were travelling in every direction; and the
wind felt as if it had passed over a fire”. Sturt (1833) stated that “...the ground on both sides
of the [Macquarie] river looked bare and arid” due to overgrazing by cattle; Mitchell (1848)
refers to overgrazing by sheep to the extent that “...not a blade of grass could be seen...”; and
Trollope (1873) observed that “...salt-bush was disappearing on runs which had carried sheep
for many years, ...it certainly receded as the squatters advanced...”. Norton (1886) noted the
soil compaction, changed infiltration and runoff regimes and eucalypt dieback which followed
forest clearing and “excessive” stocking with sheep on the New England Tableland. Clearly,
land use intensification in Australia rapidly brought about ecological and geomorphic changes,
capable of increasing erosion and sediment yield rates, with consequences for both terrestrial
ecosystems and downstream aquatic and coastal systems.

Furthermore, Meredith’s (1840) observation that “the system of clearing... [around Sydney]
..., by the total destruction of every native tree and shrub, gives a most bare, raw, and ugly
appearance to a new place. In England we plant groves and woods, and think our country
residences unfinished and incomplete without them; but here the exact contrary is the case,
and unless a settler can see an expanse of bare, naked, unvaried, shadeless, dry, dusty land
spread all around him, he fancies his dwelling ‘wild and uncivilized’...” suggests that not all
environmental degradation in Australia was a consequence of emulation of European land
management practices. On the other hand, settlers may simply have been responding to local
environmental conditions, e.g. high fire hazard.

In the Moreton Bay catchment, the situation was little different from elsewhere in Australia.
In 1824, Oxley (in Steele, 1972) remarked on the uncertainty of “the rules governing the
operations of Nature” in Australia, and recognised the problem of drought in the southeast
Queensland region. Lockyer (in Steele, 1972) reported the evidence for high magnitude floods
in the Brisbane River and surface crusts of salt were reported by Cunningham (in Steele, 1972)
in the Lockyer Creek catchment in 1829.

It seems, therefore, that European land management in Australia was based not on ignorance
(not knowing, unaware), but on ignore — (to pretend not to see, to set aside) -ance. In spite of the
warning signs from elsewhere in eastern Australia, destructive exploitation of the resources of
the Moreton Bay catchment proceeded at a rapid rate. The Moreton Bay penal settlement was
shifted from Redcliffe to Brisbane in early 1825 and by 1835 there were “no spars within 20
miles”; all the easily available timber had been cut (Johnston, 1988). Jardine (1873) complained
that the “Moreton district which, sixty years ago, was covered with valuable red cedar, cannot
now boast a single stick of that species”. The Government paid a bounty for land clearing and
the “...pine and cedar were easily cut, and as easily burned...”. The settlers targeted particular
landforms and vegetation communities, notably the pine (Araucaria cunninghamii) scrubs
on the fertile valleys and plains which lay close to the waterways (Webb, 1966; Catterall &
Kingston, 1994). “Where this pine grows on anything like level ground farmers know they
can grow maize, sugar cane etc.; and therefore many pine scrubs are cleared for cultivation,
to the injury of the country...” (Pettigrew, 1877). The clearing of the rainforest scrubs also
had its effect on soil fertility which was recognised early — “even the rich scrub soils of
Queensland can be exhausted..[and this is]..most observable in scrub farms eight or ten years
in cultivation, and from which the roots have all rotted away..” (Anon., 1871). A dubious form
of land management in the Brisbane area was “trenching” which involved “..digging down
the soil and covering it with the subsoil..” (Pettigrew, 1862). During the 1840s pastoralists
moved flocks of sheep from the Darling Downs into the western parts of the catchment which
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came under increasing grazing pressure, with at least ten stations established in the western
catchment by 1842 and 17 by 1844 (Craig, 1925). By the 1850s, Pettigrew (in McLeod, 1990)
was reporting that much of the ground in the Brisbane Valley was eaten bare by sheep, and
erosion was becoming evident. The cedar scrubs which grew on the banks of the Albert River
in the 1840s were cut; the scrubs which remained were swept away in the 1864 flood in which
the channel was widened and the river’s course altered (Perry, 1923). The channel instability
and alteration may, itself, have been a consequence of the previous partial clearing of the littoral
scrubs. In the Numinbah Valley (upper Nerang River catchment), there was “ruthless and ...
indiscriminate exploitation of the red cedar” by one settler which was “still an unpleasant
memory among the descendants of the pioneer timber-getters” seventy years later (Gresty,
1947). Tully (1881) noted that, although timber reserves had been established in the Moreton
District, “efforts are continually being made to declare these areas open to selection ... and
sometimes these requests are backed by Parliamentary influence.” Timber licences, granted
under defined conditions, “virtually empower the license holder to cut down as much timber
as he likes ... the present regulations encourage greed, and the result is that a large quantity of
valuable timber is wasted every year” (Tully, 1881). By 1880, 20% of scrubland in the district
was under cultivation and nearly all of the alluvial scrubs had been selected (Smith, 1881).

Lang (1861), following a visit to the Moreton Bay settlement in 1845, was critical of
mismanagement of the resources of Moreton Bay and cited several examples.

* “on most of the rivers that fall into Moreton Bay, the cedar has been long since cut away
...[to provide work for convicts] ... large quantities of that timber were actually piled up and
left to rot on the beach at Dunwich, Stradbroke Island, after all the labour that had been thrown
away procuring it.”

* overseers were paid an allowance per acre of land cleared; to maximise this allowance “...it
was only necessary to select thinly timbered land, without reference to its quality...[so, areas
of Moreton Island]... a mere collection of sand-hills of no use whatever for cultivation, but
thinly covered with cypress pine trees, was cleared by the convicts. The timber, which would
now have been very valuable...[was]...destroyed.

* “A swamp on the Brisbane River ...was drained ... for the growth of rice, and... sown
accordingly; but instead of sowing the grain in its natural state of paddy, it was sown in its
manufactured state of rice, procured for the purpose from a merchant’s store in Sydney! ... Of
course the settlement was proclaimed unsuitable for the cultivation of rice.”

During the first decades of settlement, climatic extremes affected production in the Moreton
Bay settlement. In 1828 drought resulted in crops which “entirely failed”. The next (“thriving”)
wheat crop was destroyed by blight. In January 1831, wind and hail damaged crops and gardens,
followed by frost damage later that year. Harvests were down as a result of drought in 1833
and heavy rain ruined the 1841 wheat crop (Johnston, 1988).

In spite of the extent of the degradation of the landscape during the first few decades of
settlement, greater intensification of land use was to occur during the final decades of the 19th
century and the first decades of the 20th. Although sheep grazing in the coastal catchments
collapsed to negligible numbers by about 1880 (Figure 4), cattle numbers continued to increase.
Market size limited the expansion of cattle grazing until the introduction of refrigeration.
Livestock numbers then increased dramatically from 1900 to about 1920 and have been
reasonably stable since then (Figure 4). Associated with this pattern is a marked expansion of
sown pastures, which continued from 1900 to the late 1950s (Figure 5). Neil & Fogarty (1991)
have shown that in southeast Australian sheep pastures, soil loss is greater than for native
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pastures, largely due to the disturbance of the soil during preparation and planting and, in some
cases, to a lower tolerance of drought. The area of cropland in the Moreton Bay catchment
increased markedly during the period 1895-1925 and has remained reasonably stable since
that time (Figure 5). Fertiliser application increased during the 1920s and rather dramatically
in the period 1960 to 1990 (Figure 6), the bulk of fertiliser applied being nitrogenous.

The implications of these changes for the condition of the catchment are, in quantitative
terms, unclear. There is abundant evidence to indicate that land use intensification to grazing,
particularly using sown pastures, increases catchment sediment yields, often by a factor of
about four to five. Cropping results in greater increases, from one to two orders of magnitude
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Year
Figure 4. Time series of livestock numbers in the Moreton region (5-y intervals; data from Statistics

of the colony of Queensland, Statistics of the State of Queensland and Australian Bureau of
Statistics, various years).

depending on the soil, topography and crop type and management. When the changes in land
use also result in changes in landforms (e.g. formation of gullies and of salt scalds) the increase
in soil loss may be much greater (e.g. Neil & Fogarty, 1991). In southeastern Australia, land use
intensification in and adjacent to stable, swampy valley floors with drainage lines characterised
by chains of ponds (Eyles, 1977a; b), resulted in gully incision and markedly increased sediment
yield. However, incision of these valleys also occurred during the late Holocene (Prosser,
1988; 1989), unaided by European land management. There has been insufficient research in
the Moreton Bay catchment to adequately characterise the total landscape response to land
use intensification which is likely to have varied along the climatic gradient from the humid
coastal catchments to the drier catchments in the west.

The problem of dryland salinity is common in the Bremer and Lockyer catchments (Johnston,
1979; Shaw, 1979). Soil exposure in salt scalds results in high sediment yields (Neil &
Richardson, 1990; Neil & Fogarty, 1991). Occurrence of dryland salinity is mediated by
climate. High rainfall in the catchment in the 1950s led to rising saline groundwater levels
and consequent salinity outbreaks with exposure of bare, erodible soil (Godfrey & Neil, 1993;
1994). However, the contribution of salt scalds to sediment yield from the catchment remains
unquantified.

Concern over increasing sediment concentrations in the lower reaches of the Brisbane River
led to the commencement of water quality monitoring as early as 1917. The source of the
sediments was attributed to upstream transport of sediments resuspended by wave action in
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Figure 5. Time series of the area under crops and under sown pasture in the
Moreton region (5-y intervals; data from Statistics of the Colony
of Queensland, Statistics of the State of Queensland and Australian
Bureau of Statistics, various years).

1910 1930 1950 1970 1990

Figure 6. Time series of fertiliser input in the Moreton region (5-y intervals;
data from Pulsford & Rayment, pers. comm.).

the western Bay (Cullen, 1917). Human activities are implicated in this problem in two ways.
Firstly, dumping of large quantities of dredge spoil from the lower reaches of the river in the
western Bay would have increased the availability of this sediment and, secondly, dredging of
the river also facilitated the transport of suspended fine sediments upstream. The worst water
quality was in the Town Reach, apparently as a consequence of discharges from Brisbane Town
(Cullen, 1918). The concern was high sediment concentrations and loss of water clarity; there
was “...no question of pollution of the river...” (Cullen, 1918). Although intended as a long
term monitoring program, sampling was apparently discontinued within three years.

The land use history suggests that the critical period for sediment impacts on the Bay was
probably the first few decades of this century, although this conclusion is based on the rural
land use history alone and Stock & Neller (1990) present strong anecdotal evidence for a
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marked increase in turbidity in the river since the 1940s. The impacts of urbanisation and of
river dredging are likely to have been significant contributors to this deterioration (Stock &
Neller, 1990).

The early part of this century would also have seen an increase in nutrients associated with
the eroded soil. However, the greatest impact of diffuse-source nutrients would have been the
period since 1960, the effects of which would have been exacerbated by the marked increase in
sewage discharge over the same time period. Clearly, the foregoing indicates the potential of the
catchment to yield sediments and nutrients, but actual discharges of diffuse-source sediments
and nutrients from the catchment to the Bay are largely determined by extreme rainfall events.

Estimates of the changes in sediment yield from the catchment, in response to both climatic
deterioration following the climatic optimum and as a consequence of European settlement
are presented in Figure 7. These estimates, based on a simple model for Queensland coastal
catchments (Neil & Yu, 1996), suggest that mean flow-weighted sediment concentration in
the Brisbane River increase from about 90 mg/L to 150 mg/L in response to deteriorating late
Holocene climate, and to 525 mg/L as a consequence of land use intensification following
European settlement. These are necessarily crude estimates, with some limitations in relation
to both scale and process, but provide an approximation of the contrast between the effects of
natural changes during the late Holocene and changes during the last 200 y due to the effects
of modern agriculture. Validation of these estimates is difficult. Stephens (1992) calculated an
average sediment concentration in the Brisbane River over the last 6 500 y of about 130 mg/L,
based on mud accumulation rates in the delta. The estimates presented here imply an average
sediment concentration over the same time period of about 170 mg/L, an encouraging similarity.
Furthermore, these estimates suggest that only about 3.5% of the Holocene terrigenous sediment
in Moreton Bay is derived from the consequences of “European” land management.

Landscape change in coastal areas adjacent to southern Moreton Bay, over the half-century
from the 1880s to the 1930s is described by Hanlon (1935): “...rivers denuded of all their
scrubs, ... the streams themselves seemed to be sullen and sluggish, and polluted, and wore
an air of being ashamed of their nowadays nudity. Utility and ugliness were the dominant
notes everywhere. In many places the physical features of the places were changed or entirely
obliterated; watercourse and chain of ponds of my day were, nearly all, filled in with the
accumulated debris of the past half century or so. ... the thickly timbered hillslope gullies
behind the Pimpama Hotel, harboured a great number of families of Bell-birds ... these birds
disappeared “ages ago” ... before a big and comprehensive system of drainage of the many
swamp areas around Carrara and Benowa, on either bank of the Nerang River, the big birds
we call Swamp Redbills were a real pest to the sugar farmers ... Now that their former haunts
(the reedy swamps) have been transformed into grazing lands and farms these birds have
disappeared entirely.” A further 60 y of development have continued the transformation of this
landscape since Hanlon’s observations (e.g. see Figure 1 and Map 2 of Hyland & Butler, 1988).

In considering catchment impacts on the Bay, it is important to recognise that each catchment
discharging to the Bay has its own unique combination of biophysical characteristics, climate
history, land use history, and spatial and temporal scale of influence on downstream geomorphic
and ecological systems. Consequently, there is no single chronology of catchment impacts on
the Bay, rather several chronologies which interact in complex ways.

Degradation of the Bay and its foreshores
If the relationship between “baseline” conditions and those of the present is unclear in the

Moreton Bay catchment, it is much less so in the marine ecosystems of the Bay itself. For
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Figure 7. Relationship between catchment runoff and unit sediment yield (USY (t.km/y.mm runoff');
USY x 10° = mean flow weighted sediment concentration) for Queensland coastal streams.
Estimates for the Moreton Bay catchment (Brisbane River): ‘a’ = at climatic optimum,
‘b’ = during the late Holocene, and ‘c’ = present, i.e. including the effects of post-European
settlement land use intensification (based on Neil & Yu, 1996).

example, fish catches were reported to have declined by the turn of the century (Petrie, 1904);
but made a “remarkable recovery towards what it had been in the golden days of last century”
following the reduction of fishing effort during the Second World War. The recovery was
short-lived and “since then the decline has been rapid” (Bell, 1975), and fisheries of the Bay
continue to be heavily exploited. Attempts to manage the fisheries of Moreton Bay and preserve
fish breeding and feeding grounds commenced as early as the Queensland Fisheries Act of
1887. This act also included provision for closures, examples of which included closure to
net fishing of the Brisbane River upstream from Bulimba Creek and from Canaipa Passage to
the Broadwater, the latter for three years (Davenport, 1986). Bay fisheries in the late 1800s
were hampered by the lack of refrigeration and infrastructure. In the absence of refrigeration
and motorised transport, overfishing of banks close to markets occurred. The construction of
railways improved the efficiency of transporting fish to markets in Brisbane and of subsequent
transport to inland towns, thus increasing the level of exploitation of fish stocks. In 1897, 600
t of fish were carried on railways of southern Queensland (Davenport, 1986).

Concern about the sustainability of the Moreton Bay oyster fishery, following decades of
burning live oysters for lime, resulted in prohibition of this practice by the Oyster Act of
1863. Further regulation was imposed by the Oyster Act of 1874 and, subsequently, the Oyster
Act of 1886 (Davenport, 1986). Nevertheless, as a consequence of the combined effects of
disease (possibly introduced in live oysters imported from New Zealand), overexploitation,
market competition and land use conflicts, the Moreton Bay oyster fishery collapsed, from
the largest fishery in southern Queensland to one of the smallest, by the first decades of this
century (Smith, 1982).

Dugong were harvested to near local extinction during the last century. Dugong numbers
were reported to be “rapidly decreasing” (Fairholme, 1856a) as early as the 1850s as a result
of Aboriginal hunting, made more efficient by the use of European technologies (whaleboats
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and harpoons) and more desirable by the existence of markets, particularly for dugong oil
(Fairholme, 1856a). Petrie (1904) and Welsby (1905) also noted the decline in dugong numbers
in the Bay. Although attempts to revive the dugong industry at Amity Point in the period
1901-1910 were hampered because the dugong numbers had been so depleted (Beitz, 1972),
some commercial exploitation of dugongs in Moreton Bay continued until 1944 (Preen et
al., 1992). The range of dugongs within the Bay has largely contracted to the area adjacent
to South Passage, probably influenced by a combination of boat traffic disturbance (Preen,
1992) and habitat decline in the western Bay. The dugong is listed as vulnerable to extinction
(IUCN, 1990).

Campbell (in Welsby, 1905) noted that “...people who visit the Bay are in the habit of taking
shots at the poor old porpoises, both with rifles and shotguns, and the consequence is that
they have become shy, and only very seldom can they be got to work to the advantage of the
fisherman”. This may have contributed to the demise of cooperative fishing between humans
and dolphins in the Bay (see Neil & Brieze, this volume). As early as the 1920s, Longman
(1926) reported that *“...owing to the presence of motor boats ...[dolphins]... are less common
than in the past”. Both boat traffic and the exploitation of the dolphins’ food sources have
increased since that time. There is some evidence from locations elsewhere that dolphins
avoid approaching boats, possibly as a direct response to the boat itself or in response to prey
movements, but their behaviour changes little if boats are merely passing (Acevedo, 1991;
Janik & Thompson, 1996). Under conditions of diminished food supply, use of trawler bycatch
provides an easily located and captured food source for dolphins. However, this association
between the dolphins and human activities may lead to greater vulnerability of the dolphins
to attack by sharks which are also attracted to the trawler bycatch (Preen ef al., 1992).

Petrie (1904) commented on the nineteenth century decline in turtle numbers in the Bay.
Although the population of green turtles (Chelonia mydas) appears to have experienced some
recovery since 1950 (Limpus et al., 1994a), when they were protected in Queensland waters,
it is unlikely that this recovery has seen a return to the “great numbers” (Petrie, 1904) seen
in the early days. In the 1990s the only known concentration of green turtles in the Bay is on
the Moreton Banks, in the vicinity of South Passage (Limpus et al., 1994a) whereas, in the
early days, large numbers were found in the western Bay, particularly in the Humpybong —
Pumicestone Passage area (Petrie, 1904). It seems likely that, like the dugongs, the remnant
turtle population has largely contracted to the eastern Bay. Harvesting of the Moreton Bay
green turtle population occurred both on their feeding grounds in the Bay (from the 1890s) and
on their nesting areas on the southern Great Barrier Reef (Limpus ef al., 1994a). Moreton Bay
is also a significant feeding ground for loggerhead turtles (Caretta caretta) nesting in eastern
Australia, the eastern Australian population being the only significant breeding population in
the South Pacific Ocean (Limpus et al., 1994b). This is important, given the 50-80% decline
in the loggerhead population in the southwest Pacific over the last 10-15 y (Limpus & Reimer,
1994) the major cause of which is incidental killing of turtles by fishing, particularly by prawn
trawling. Almost half of all tagged turtles captured by prawn trawlers in eastern Australia
(excluding habitat immediately adjacent to nesting areas) were captured in Moreton Bay,
with a further 16% captured in waters immediately outside of the Bay. Estimated mortality
for this incidental catch is 30% (Limpus & Reimer, 1994). Although loggerhead turtles have
not been subject to direct exploitation, about 11% of the Moreton Bay population shows signs
of anthropogenic impacts (Limpus ef al., 1994b). Similarly, about 10% of the green turtle
population exhibit these signs, which include fibropapillomas (attributed to anthropogenic
changes in marine ecosystems), entanglement in ropes and fishing lines, and boat/propeller
strikes (Limpus ef al., 1994a). These anthropogenic impacts on turtles continue to occur,
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despite “protection” of all species of sea turtles in Queensland since 1968 under the Fisheries
Act (Limpus et al., 1984). Limpus et al. (1994a) interpret the report of Backhouse (1856)
that ... three species of turtle are met with here ...[Moreton Bay]..., one of which is black and
unwholesome” as a reference to the leatherback turtle (Dermochelys coriacea). At present
this species is not resident in Moreton Bay (Limpus, 1995), raising the question of whether
this species has been affected by habitat degradation. Green and leatherback turtles are listed
as endangered and loggerhead turtles as vulnerable to extinction (IUCN, 1990).

Apart from its influence on the east coast humpback whale population, the Tangalooma whaling
station (Bryden, 1978) is a likely indirect cause of anthropogenic impacts on the Bay’s dolphins,
dugongs and turtles. It has been suggested that “the smell of so much blood ...[from flensing
of the whales]... attracted sharks from far and wide to make Tangalooma notorious for them”
(Jones, 1980). Increased shark predation on dugongs and dolphins in Moreton Bay is a probable
outcome, particularly following closure of the whaling station in 1962. For example, Corkeron
(1990) reports that 37% of bottlenose dolphins and 36% of humpback dolphins examined in
the Bay carry wounds from sharks. Orams & Deakin (1997), however, suggest that this may
be an underestimate of the proportion of dolphins which have suffered shark attack, because of
the rapid healing of shark wounds, and that dolphins in the Bay are more vulnerable to shark
attack than those outside, e.g. at Point Lookout. A possible explanation is that dolphin groups
in the Bay, which are smaller than those at Point Lookout, are too small for adequate predator
detection and defence. Concurrently, dolphins in the Bay may be limited to small group sizes
by fishing pressure on prey species (see Corkeron, 1997 for discussion). By contrast with the
dolphins, turtles in the Bay carry few injuries from sharks (no wounds on 320 C. caretta and
wounds on one of 826 C. mydas examined; Limpus et al., 1994a; b)

The avifauna of the Bay has almost certainly suffered a marked decline, although unequivocal
evidence is difficult to obtain. Welsby (1907) reported that “black swans were in thousands,
ducks the same only more on shore”. Such numbers are not seen today, probably as a
consequence of such factors as shooting (Welsby, 1907), disturbance and habitat degradation.
Few quantitative data are available to document trends in the Bay’s avifauna. However,
Woodall & Watson (1988) contrasted bird counts during the 1980s at Raby Bay, where coastal
ecosystems have been replaced by a canal estate, with counts from the 1950s (Amiet, 1957)
and found that marked declines had taken place for most species and that Raby Bay “now
is of negligible importance as a wader habitat”. A similar pattern is likely to have occurred
for most of the “developed” Bay foreshores. This may have a disproportionate effect on
particular species because many species which are common in the western Bay (preferring
muddy substrate habitats) are not necessarily common elsewhere in the Bay (Driscoll, 1992).
Indirect anthropogenic disturbance of shorebirds (e.g. due to nutrient enrichment » seagrass
decline » changed habitat structure and food availability) has led to changes in the natural
patterns of species composition and distribution in the Bay (Thompson, 1993). Temporal
patterns (e.g. seasonal variation) are also important. During their southward migration,
shorebirds in Moreton Bay have low energy reserves and tend to utilise a wide range of
habitats (Thompson, 1998). Because of the complexity of the spatial and temporal patterns
of habitat use, Thompson (1998) argues that protection of all habitats, including those in both
the western and eastern Bay, is necessary in order to conserve the full range of shorebird
species which use the Bay. Anthropogenic impacts notwithstanding, Moreton Bay remains
of sufficient importance to have been listed under the JAMBA and CAMBA agreements and
to be declared a Ramsar site (under the Convention on Wetlands of International Importance
Especially as Waterfowl Habitat). The Bay is “..arguably the most important feeding area for
migratory waders along the coastline of eastern Australia (Driscoll, 1992).
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The destruction of areas of Melaleuca wetlands, mangroves and seagrasses has been reported,
however, there is also evidence of increases in the area of mangrove and seagrass communities
in some localities. There are anecdotal accounts of the replacement of sandy beaches and
intertidal flats by mud, and widespread evidence of shoreline erosion.

Foreshores

Foreshore development on the mainland coast commenced from as early as 1832 with the
construction of a stone jetty at Cleveland Point. Mainland coast foreshores have been changed
markedly in some areas by development of the early coastal resorts such as Sandgate and
Wynnum/Manly. Melaleuca wetlands, the vegetation type most severely affected by clearing
in southeast Queensland (Catterall & Kingston, 1994), were “reclaimed” at these locations
to develop recreation reserves. Greenway (1998) suggests that the loss of these wetlands is
largely a consequence of competing land uses and ignorance of the value of wetlands, and
wetland degradation has occurred largely as a result of ignorance of the importance of the
hydrological regime to their maintenance. The main causes of Melaleuca wetland loss and/
or degradation, and threats to their future survival, are drainage for agriculture, drainage and
filling for urban and industrial development, drainage for mosquito control, use of surface
and groundwater for irrigation (e.g. of golf courses), altered hydrological regimes resulting
from engineering works (e.g. highway construction), and water pollution, including salt water
intrusion (Greenway, 1998). Beaches, which formed the original focus of the bayside resort
villages, have changed markedly over the last century.

Artificial shorelines, including seawalls, breakwaters and groins, have been constructed
along a large proportion of Moreton Bay’s western coast, as well as at several locations on Bay
islands. Of these types of structures, seawalls occupy by far the greatest length of the coastline.
Given the three main options available for managing eroding shorelines: (i) hard stabilisation
(e.g. permanent hard structures in a fixed location such as seawalls); (ii) soft stabilisation
(e.g. beach nourishment, beach replenishment); and (iii) relocation or retreat, the traditional
response globally has been hard stabilisation (Pilkey & Wright, 1988). This observation also
applies in Moreton Bay. Seawalls may degrade or destroy beaches in three ways: (1) walls
constructed within the beach zone result in immediate partial or total loss of the beach by
burial; (2) walls constructed on an eroding shoreline will result in narrowing or loss of the
beach if the erosion continues; and (3) walls may increase rates of erosion by intensifying
erosion processes at the beach face (Pilkey & Wright, 1988). Examples of mechanisms (1)
and (2) above have occurred in Moreton Bay, although there remains some controversy over
the role of seawalls as an active agent of erosion (e.g. Kraus, 1988; Pilkey & Wright, 1988).
Determining whether seawalls have played an active role in coastal erosion in Moreton Bay
(process (3) above) would require detailed process studies. Terchunian (1988) has argued for
beach nourishment programs as a normal companion to seawall construction, comparing this
relationship with the use of wetland mitigation to reduce the impact of development on coastal
ecosystems. In the > 80 y history of seawall construction on the coastline of Moreton Bay, the
need for a concurrent beach nourishment program has been largely ignored. Consequently,
many of the beaches of Moreton Bay have been severely degraded.

Redcliffe gradually became popular as a seaside resort from the 1870s, although its growth
was limited by poor accessibility from Brisbane. Apparently, one of the attractions was the
sand which “...being of brown tint ... there was no glare” (Comyns, 1908; cited in Jones, 1988).
Seawall construction at Sutton’s Beach, on the Redcliffe Peninsula, commenced in 1918 (Jones,
1988). Reflecting on 40 y of observations (1943-1983), Stanaway (1983) observed that at Scotts
Point on the southeast coast of the Redcliffe Peninsula, the “swimming beach” at the foot of
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Lahore Hill was reduced from 12 m wide at high tide to nil, following the construction of
stone retaining walls. Consequently, “the number of daytrippers has dropped on the Peninsula
since the beaches vanished with the advent of the rockwalls, and the best beaches there are
the ones which still have a natural shoreline” (Stanaway, 1983). It should be noted that there
are still beaches seaward of some rockwalls on the Redcliffe Peninsula. Subdivision practices
as early as the 1870s have apparently been a significant factor in the condition of Redcliffe
beaches today, limiting subsequent management options.

Real estate posters of the 1920s depict a broad sandy beach at Clontarf, on the southern side
of the Redcliffe Peninsula, and describe “a beautiful ... fine sandy beach.. [with] splendid
fishing.. [and] .. safe bathing”. Today, most of the coastline between Woody Point and Hays
Inlet is bounded by seawalls and there are no longer beaches seaward of these walls. A careful
evaluation of the shoreline changes which have occurred on the Redcliffe Peninsula, their
causes and the nature and effects of management responses, is needed.

In the 1890s, Sandgate, at the terminus of one of the railway lines, became a prosperous
bayside resort and the most popular “watering place” near Brisbane. Such was its popularity
that, on New Years Day 1899, 8 000 people travelled to Sandgate by train (Lawson, 1973). At
Sandgate “the shore was shelving and perfectly free from mud, the beach being composed in
some places of sand, and in others of shingle” (Lang, 1861). Construction of seawalls along
the coastline between Hays Inlet and Cabbage Tree Creek has altered the character of the
foreshore and destroyed the beaches. At present, a small artificial beach is all that remains on
a shoreline of concrete walls and intertidal flats.

The other popular bayside resort at the end of the last century was Wynnum. The Wynnum
foreshore was characterised by an extensive Melaleuca wetland with a sandy beach to seaward.
Until the 1930s the foreshore was reportedly “a sandy beach for 100 m out from Lota to
Wynnum North” (Ludlow, 1994). A log wall was constructed along parts of this shoreline,
apparently, at least in part, from the trees cut from the Melaleuca wetland (Ludlow, 1994).
During the Great Depression of the 1930s, relief workers replaced the log wall with a stone
one (Wetherell, 1993). Today, the Wynnum/Manly foreshore resembles that of Sandgate, with
a reclaimed, levelled foreshore park, with a stone seawall and mudflats at its base. About
35% of the coastline between the Brisbane and Logan Rivers is “protected” by such seawalls
(Wetherell, 1993).

The early development of Cleveland is associated with its failure as the major regional seaport
in the 1850s, as a sugar growing centre in the 1860s, and as a resort in the 1900s. At this
time there were “two great Brisbane holiday resorts...Sandgate for those who had to depend
upon the train and Cleveland was for those with buggies...In September 1903 the railway
line to Tweed Heads was opened ..[and].. Cleveland’s hope of becoming the pleasure resort
of Brisbane became very dimmed...Local councils ..[on the Gold Coast].. set themselves out
to attract holiday visitors, a thing upon which the Cleveland Council frowned” (McKinnon,
1948). A proposal that the Council seek a development loan from the State Government was
“turned down flat by the Council, most of its members saying definitely that they did not
want Cleveland to become a Brisbane holiday centre.. Cleveland ... had its crowded hour and
died. Died without hope even of a glorious resurrection.” (McKinnon, 1948). The resurrection
of Cleveland has seen the destruction of mangroves, saltmarshes and seagrass beds as a
consequence of the construction of the Raby Bay development and of Toondah Harbour. The
first seawall on Cleveland Point was constructed in 1875 (Davenport, 1986) and, in the 1990s,
Cleveland Point and Raby Bay are entirely enclosed by seawalls.
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At Victoria Point, development took place more recently. In the mid 1950s there was some
residential development near the end of the point and along the southeast-facing embayment
between Victoria Point and Wilson’s Point. Most of the remainder was used for small crop
farming. A small caravan park and camping ground was located in the reserve at the seaward
end of Victoria Point, adjacent to a sandy beach. Construction of carparks and picnic areas by
“reclamation” has destroyed the beach and left a seawall and mudfiat, littered with angular
rock debris from the construction work. In the southern part of the Victoria Point—Wilson’s
Point embayment a thin line of mangroves protected a narrow, sandy beach. By the late 1970s
the mangroves and beach were gone and seawalls abutted the mudfiats. In 1997, about 75%
of the residential properties along this embayment are “protected” by seawalls. This more
recent coastal development at Victoria Point provides some clues as to the process of foreshore
degradation of much of the west coast of Moreton Bay.

Southern Moreton Bay was not exempt from seawall construction. A concrete wall about 1 km
long was constructed south of the Southport Jetty in 1901-2 (Davenport, 1986).

An important recreational resource has been lost to the communities of southeast Queensland
due to beach erosion and seawall construction. Apart from small artificial beaches at Brighton,
Wynnum and on the Raby Bay shoreline, little thought appears to have been given to the long
term restoration and maintenance of recreational beaches in Moreton Bay. An example of what
can be done comes from Tokyo Bay where nine beaches with a combined length of 13 km were
constructed during the 1970s and 1980s in partial replacement of recreational beaches lost
as a result of land reclamation works (Koike, 1990). It is important to note that these works
were undertaken in association with plans for improved water quality and public access. Local
authorities should be evaluating restoration programs for Moreton Bay recreational beaches,
acknowledging that artificial beaches have a finite life (e.g. May, 1990; Leonard ez a/., 1990) and
that their continued viability requires long term, regular maintenance. Although such restored
beaches are preferable to seawalls with no beach, the preferred option should be planning
which allows for further coastal recession, accompanied by appropriate relocation and retreat.

Further offshore, on the intertidal flats, significant changes have also taken place in Moreton
Bay. Stanaway (1983) suggests that sufficient sedimentation had occurred to reduce low tide
depths at Scotts Point from 2 m at 5 m offshore to about 1 m at 20 m offshore, and at Clontarf
Beach low tide depth at 100 m offshore has decreased from 1.5 to 0.5 m. Such claims warrant
sedimentological verification. Changes in the composition of the intertidal substrate have also
occurred. At Manly, in the 1920s, there was a “big salt pan at low tide which was used for
cricket, football and corroborees™ and, to the 1930s, the foreshore was reported to be a sandy
beach for 100 m out from Lota to Wynnum North (Ludlow, 1994). Similarly, the intertidal
flats at Victoria Point were sandier in the 1930s to 1950s and often used for playing cricket
(Arundell, pers. comm.), which is impossible today. This is not to suggest that all muddy
areas of the western Bay were once sandy. This is clearly not the case, on the basis of both
geomorphic processes (the rivers discharging to the Bay carry large volumes of silt and clay)
and observations of the early explorers (e.g. from Redcliffe Point to the Brisbane River there
was “no great danger” to ships which ran aground “as the Shoals are of soft mud” (Oxley
in Steele, 1972). Anecdotal accounts of changes in substrate have their limitations as the
following example shows. In support of the use of Green Island as a resort, Home Secretary
Appel described the “..hard sandy bottom..[which].. at high water .. is one of the best bathing
grounds imaginable..”. Several days later a member of the Moreton Bay League, who were
arguing for closure of the prison on St Helena Island to allow it be used as a resort for the
people of Brisbane, responded suggesting that “The so-called “hard sandy bottom” resembles
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an oyster bank more than anything else .. sharp coral and mussel shells and, although I used
the utmost care, I returned to the shore with bleeding feet” (Finger, 1987). Both accounts are
probably correct, referring to different, but immediately adjacent areas of the intertidal flats.

Changes in water turbidity in inshore areas are even more difficult to evaluate from anecdotal
accounts as they are episodic in nature. However, a shift to muddier sediments would result in
increased turbidity in response to a given input of wind and wave energy. Again, Bay waters
have always been turbid to some degree. For example, Edwardson (in Steele, 1972), from
observations made in 1822, reports that “the tide running in various directions at 3 to 4 miles
per hour, stirs up mud and sand so thickly as to hide the appearance of shoals and sands”.

Mangroves

Mangroves were cleared (e.g. in association with river improvement works at the mouth of
the Brisbane River) and exploited (e.g. for smoking fish — “mangrove wood ... gives the best
results ... viz., delicious flavour and a rosy, glossy surface” (Fison, 1894)) since the middle of
the last century. More recently, changes in the distribution patterns of mangrove vegetation
have been documented in Moreton Bay. Hyland & Butler (1988) report the loss of significant
areas of mangroves in the Bay (c. 8.4% loss between 1974 and 1987) largely in response to
construction of the new Brisbane Airport. Wetherell (1993) examined changes in the coastline
between the Brisbane and Logan Rivers between the mid-1950s and the early 1990s using
historical air photo analysis. Several areas of direct anthropogenic mangrove loss were recorded,
particularly in the north of the study area and some areas of expansion in the area of mangroves
(notably at Oyster Point (see also McTainsh et al., 1986)). However, throughout most of this
area, the mangrove distribution was generally stable, with only small increases observed, largely
in a shoreward direction at the expense of saltmarsh. In the Pimpama/Coomera River region
of southern Moreton Bay, Morton (1993) reported a 10% increase in the area of mangroves
in the period since 1944, largely shoreward and, in some areas, at the expense of saltmarsh
communities. He attributes these changes to several factors including the Jumpinpin Bar
breakthrough, and the construction of the tidal barrage on the Pimpama River and the Gold
Coast Seaway. Hanlon’s (1935) account (above) describes the loss of wetlands on the lower
Nerang to the 1930s. Hyland & Butler (1988) contrast the extent of wetlands in this area in 1934
with that in 1987, showing extensive, additional wetland losses. On North Stradbroke Island,
Bell (1975) reported mangrove progradation at Myora (on the west coast), although neither
rates nor time periods are given, and Flood and Grant (1984) observed that mangroves were
encroaching (landward) into the freshwater swamp of Eighteen Mile Swamp, on the island’s
east coast. These historical changes in mangrove distribution which have occurred on North
Stradbroke Island are unlikely to be related to local anthropogenic influences. It should also be
noted that a good understanding of mangrove community response to natural and anthropogenic
influences is difficult to obtain from a small number of observations through time, given the
sometimes rapid fluctuations in mangrove area and condition in response to a diversity of
possibly countervailing influences (see Buckney, 1987, for example). Mangrove losses have
also been reported from streams discharging to Moreton Bay. For example, Henry ef al.
(1987) reported a loss of 50% of mangroves from the Brisbane River, although the time period
and study area boundaries are not defined. Mangroves have migrated upstream in the Brisbane
River from about 9 km from the river mouth in the 1840s (Lang, 1861), to at least 35 km in 1928
(Watson, 1928) and 64 km in 1974 (Hegerl, 1975). This process appears to be a consequence
of a combination of anthropogenic factors including increased tidal penetration as a result of
dredging, dam construction in the catchment and muddier substrates on the river banks. These
mangrove communities apparently now play an important role in bank stabilisation (Hegerl,
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1975), although they suffer heavy mortality during floods, largely as a result of high rates of silt
deposition (Watson, 1928; Hegerl, 1975). Ironically, a significant influence on these mortality
rates is likely to be the anthropogenic increase of siltation rates. Mangroves have also colonised
tributary streams in the lower reaches and there are anecdotal reports of upstream expansion
of mangrove communities in other streams discharging to the Bay (e.g. Tingalpa Creek in
response to diminished stream flows following construction of the Leslie Harrison Dam). In
the absence of road access to areas of the Moreton Bay catchment south of Brisbane, access
for settlers and transport of produce in the late 1800s was largely by the major streams, all of
which had shallow bars and shoals in their lower reaches. Dredging for improved navigation
on the Logan, Albert, Coomera and Nerang Rivers (e.g. Nisbet, 1887; Davenport, 1986) is
likely to have facilitated upstream migration of mangrove communities in these streams and
markedly altered the ecology of the lower reaches. Ironically, after decades of lobbying, the
dredging of these streams to facilitate improved river boat access was finally carried out as the
railway lines, which would soon replace the river boats, were being laid. The same pattern
occurred, for example, on the Murray—Darling system and on the Mississippi River and
its tributaries in the USA (e.g. Hunter, 1949).

Seagrasses

Seagrass areas in Moreton Bay have both increased and decreased at different locations and
time scales. In Deception Bay, a large-scale decline in the 1970s, apparently due to sediment
movement (Kirkman, 1978), was followed by a large scale recovery during the 1980s (Hyland
et al., 1989). Wetherell’s (1993) analysis of the Brisbane-Logan River coastline indicates a
general pattern of shoreward movement of the upper seagrass boundary over the three decades
to c. 1990. Arundell (pers. comm.) reported that there was no seagrass on the intertidal flats
at Victoria Point (between Victoria Point and Wilson’s Point) in the 1930s, air photos of the
1950s indicate limited areas of seagrass at the low tide margin and, by the 1970s more than
50% of the intertidal flat was colonised by seagrasses. An exception to this general pattern
occurred at Point Halloran where there was a 200 m retreat of seagrass in response to formation
and movement of a sandspit. Seagrass losses due to direct human impacts include 60 ha lost
due to construction of Manly Boat Harbour, a small area at Thorneside due to dredging of the
channel for the Aquatic Paradise canal estate, and 50 ha due to construction of the Raby Bay
canal estate. Little change in the area of seagrass between Redland Bay and the Logan River
mouth was discernible (Wetherell, 1993). Air photo inspection also indicates that the area of
intertidal seagrass has also increased markedly on mudflats south of Dunwich and on banks
offshore from Victoria Point. On relatively short time scales, Abal & Dennison (1996) report
significant contraction of the area and depth range of seagrass in the Logan River estuary, an
effect which diminishes with distance from the estuary and has been associated with increased
water turbidity and concentrations of total N and chlorophyll a in response to input from the
Logan River.

In the Pimpama/Coomera River region, Morton (1993) reported an increase in the area of
seagrass in the period 1944 to 1973, followed by a marked decline. Similarly, in the southern
Southport Broadwater, about 90% of the dense seagrass present in 1982 was lost by 1987.
The overall loss of about 80% is attributed to several factors including freshwater flooding,
dredging, increased boat traffic, and altered tidal regimes following construction of the Gold
Coast Seaway. Morton’s (1993) results are consistent with the observations of Doley (in Hyland
et al., 1989) of seagrass decline in the Broadwater.

Cross-Bay variation in seagrass community structure, depth (Preen, 1992), area and depth
range (Abal & Dennison, 1996) are associated with a cross-Bay gradient in water quality. It
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seems likely, therefore, that prior to post-settlement intensification of land use, and consequent
decline in water quality, the patterns of seagrass distribution in the western Bay were more like
those which presently occur in the east. Such changes have implications for the population and
distribution of species which depend on seagrasses. Campbell (in Welsby, 1931) suggested that
the best winter dugong catches in the Bay were to be had following a summer of heavy rain
and flooding. Flood waters fertilised the seagrass beds resulting in “vigorous sprouting of fresh
young shoots of the dugong grass” (nutrient availability has a significant effect on the growth
of seagrasses (Short, 1987)). Recent reports of seagrass decline as a result of deteriorating
water quality and flooding (e.g. Preen et al., 1993 in Hervey Bay; Abal & Dennison, 1996 in
Moreton Bay) may indicate that catchment input to the Bay has crossed the threshold from
beneficial to deleterious effects of catchment input.

Anthropogenic effects on seagrass community characteristics are likely to be complex with
multiple causality operating at differing timescales. For example, dugongs have a strong dietary
preference for the seagrasses Halophila ovalis and Halodule uninervis, which recolonise
disturbed areas. Dugong grazing (“cultivation” grazing (Preen, 1992)) encourages H. ovalis, and
retards the expansion of Zostera capricorni (Preen, 1995). Reduction of the dugong population
in western Moreton Bay, whether by past hunting pressure or present disturbance by boat
traffic (Preen, 1992), is likely to have changed seagrass community characteristics over the last
150 y. Similarly, given the marked inter-specific differences in seagrass response to nutrient
enrichment (Udy & Dennison, 1997), changes in seagrass community characteristics may also
have occurred in response to increased nutrient input from agricultural runoff and discharges
of inadequately treated sewage effluent. Given the greater capacity of muddy sediments to
transport and store nutrients, any change to muddier coastal sediments in the Bay (see above)
is also likely to alter seagrass community structure. In summary, anthropogenic influences are
likely to have changed the distribution and composition of seagrass communities in the Bay
through alterations of light regimes, nutrient input, sedimentation patterns and effects of grazing.
Clearly, the spatial (within—site, between—site, cross—Bay) and temporal (decadal, seasonal,
episodic) patterns, and interactions between them, will be complex and difficult to unravel.

Coral communities

Coral communities in Moreton Bay largely occur in the central part of the Bay where there are
suitable substrates for coral recruitment, where they are exposed to oceanic waters entering the
Bay through South Passage and southward down the west coast of Moreton Island, and south
of the normal (northward) path of the Brisbane River sediment plume. They are distributed
along a strong onshore-offshore water quality gradient, with conditions most stressful for coral
growth occurring in the western Bay (Johnson & Neil, this volume). Stresses associated with
human activities are also greater in the western Bay. These include increased concentrations
of sediments and nutrients in runoff water, sediment resuspension by boat wash and the direct
effects of coral dredging. At the present time, there are insufficient data to determine the extent
of the effects of human activities on the Bay’s coral communities. At Mud Island, where corals
are under the greatest stress from Brisbane River outflows and where corals had been collected
for limemaking since the 1840s, nearly all of the subtidal reef flat has been removed by dredging
(Allingham & Neil, 1995). Dredging has also damaged coral communities at Empire Point by
removal of substrate and by sedimentation (Harrison et al., 1991). Anchor damage is inferred
from the structural characteristics of corals along the eastern margin of the Green Island reef
(Harrison ez al., 1991). At sites marginal to coral growth, most colonies of Favia speciosa
(living or dead) are attached to Acropora skeletal fragments, suggesting that the transition
from acroporid to faviid coral communities in the Bay may have occurred relatively recently.
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Alternatively, relict acroporid skeletons from the mid Holocene may simply provide a suitable
substrate for modern coral recruitment.

Extensive coral mortality has occurred as a consequence of major floods (e.g. Slack-Smith,
1959; Lovell, 1989), however, the extent to which these impacts differ from those prior to
European settlement is unclear. An encouraging finding for Moreton Bay’s coral communities
is an apparent increase in diversity since the 1970s. An improvement in water quality has
been suggested as facilitating this change (Harrison et al., 1991), although further work will
be required to ascertain the extent to which it is influenced by differences in survey methods,
species identification and environmental factors such as flood magnitude and frequency. The
decade prior to the survey of Harrison ef al. (1991) was one of low flood impacts on Moreton
Bay. In the longer term, McEwan ef al. (1998) predict increases in chlorophyll a concentrations
of the order of 40 to 60% at reef sites in the Bay in response to predicted population increase
and land use intensification in the catchment to the year 203 1. A marked decline in the health of
coral communities in association with this increase would be likely if the trend is not arrested.

Although the role of land use intensification in the major catchments (Brisbane and, to a lesser
extent, Logan) is generally emphasised in discussion of the degradation of the western Bay, the
changes which have occurred in the small coastal catchments cannot be ignored. For example,
the sediment laden freshwater plume from Moogurrapum Creek at Redland Bay resulting from
the small flood of 15—-16 May 1998 reached as far north as Point Halloran and Coochiemudlo
Islands (pers. obs.). Similarly, that from Eprapah Creek at Victoria Point extended north of
Cassim and Sandy Islands. All of these sites have coral reef communities which are severely
degraded by comparison with their sub-fossil equivalents. Both of these catchments have
been extensively cleared for agriculture and urban and rural residential development. Sewage
treatment plants also discharge waste into many of these streams.

Islands

The islands of Moreton Bay are of four main types:

1. Sand islands, composed of siliceous sands and include Bribie, Moreton and North and
South Stradbroke Islands;

2. Reefislands, composed of carbonate sediments and include Mud, Green, King and Bird
Islands;

3. Delta islands, predominantly in the area from Redland Bay south to the Broadwater,
composed of mud and colonised by mangroves; and

4. High islands, largely composed of Landsborough sandstone, with Tertiary basalts in
some areas, and include St Helena, Peel, Coochiemudlo, Macleay, Lamb, Karragarra
and Russell Islands (this list is not exhaustive).

The nature of human use, and of consequent changes, on these different types of islands varies
considerably, as does their sensitivity to exploitation.

Sand islands

Anthropogenic changes on the sand islands are associated with urbanisation on Bribie, relatively
isolated village settlements on Moreton and North Stradbroke, and resort developments on
Moreton and South Stradbroke Islands. Extensive degradation of Cape Moreton is associated
with the presence of goats and timber felling for the light station. More extensive impacts are
associated with plantation forestry on Bribie and, to a lesser extent, on North Stradbroke, and
various forms of sandmining on North Stradbroke Island. Human activity on the sand islands
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generally results in limited impacts on the Bay, although there have been cases of mangrove
destruction as a consequence of sand mining (at Amity Point and Blaksley Lagoon) and of
mangrove and saltmarsh “reclamation” (at Amity Point) for camping ground construction (see
Durbidge & Covacevich, 1981). The early (1880s) land use on South Stradbroke Island was
cattle grazing which led to widespread erosion (Salter, 1984).

Reef islands

Mud Island largely consists of a “mangrove park™ interspersed with several, roughly concentric
sand islets. The island is classified as a “mangrove island” (Allingham & Neil, 1995) which
is an unusual type of reef island of which only five examples occur on the Great Barrier Reef,
all at < 15°S (Hopley, 1982), although they are relatively common in the Caribbean (Stoddart
& Steers, 1977). Anthropogenic alterations to the island are largely a consequence of coral
dredging operations by Queensland Cement Limited which commenced in 1937, although
removal of corals from Mud Island had been occurring for almost a century prior to this
(Saville-Kent, 1893). Dredging operations have removed about 74% of the open reef flat.
This has altered the hydrodynamics of the island in two main ways. Firstly, removal of the
reef flat has resulted in increased wave energy during high tides, with significant erosion of
the northwestern islet. Secondly, around most (75%) of the perimeter of the island, adjacent
to areas dredged above the low tide line, the availability of coarse coral rubble generated by
the dredging, in combination with the increased wave energy due to removal of the reef flat,
has led to the formation of rubble banks which cover an area of about 19 ha. These banks have
caused mangrove mortality by restricting tidal circulation in the mangrove park and by direct
abrasion and partial burial of trees and seedlings (Allingham & Neil, 1995).

Similar rubble banks, on a much smaller scale, have also formed in response to coral dredging
at St Helena Island. Here they occupy 22% of the islands’ perimeter (LeProvost, Dames &
Moore, 1997a) and have begun to modify drainage of the reef flat (LeProvost, Dames & Moore,
1997b). The observation that “beach ridges are a natural geomorphological feature of Mud,
St Helena and Green Islands” (LeProvost, Dames & Moore, 1997a) fails to acknowledge that
the geomorphology and sedimentology of the rubble banks resulting from coral dredging are
fundamentally different from the natural sedimentary deposits on these islands and their reef
flats.

Green Island is a “low wooded island” (Neil, 1994), a type of reef island which has been
recorded only at latitudes of < 18°S. At 27°S, Green Island is a unique, subtropical example
of geomorphic and biogeographic significance; it consists of three small islets, the two on the
eastern side being largely intact, although subject to weed infestations. Most of the natural
littoral rainforest has been removed from the largest, northwest sand cay, and replaced by a
weed-infested sward, a stand of Casuarina, and a fine stand of groundsel (Johnson ez al., 1993).

Bird Island was described by Flinders (in Steele, 1972) as one of “two small spots, which
being covered with wood look as if they were models for islands; their appearance being very
pretty.” Welsby (1907) confirmed this — “In those days ..[c. 1880s].. the island was a beauty
with numbers of high oak trees all over it.... How that pleasant island has changed since then.
Few trees, not one of any height, all cut and hewed by the vandal”. The island was subsequently
reduced to a bare sand bank, however, planting of Casuarina by a far-sighted Moreton Bay
yachtsman has restored some of Bird Island’s former beauty. At present (January 1998) Bird
Island is eroding and about two-thirds of the mature Casuarina are dead. Goat Island is a small
sand cay deposited on a supratidal lateritic platform. Native vegetation includes a mangrove
fringe and Hibiscus and Pandanus spp. The island is heavily infested by weeds including
asparagus fern, prickly pear and groundsel.
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King Island was described as follows (Ludlow, 1994): “..originally there was about half an
acre of thick vine scrub comprising some sizable trees, including dogwood, ironwood, cotton
trees etc. .. today, King Island is only a skeleton compared to when we lived there. About half
or even more has washed away. This was caused by the local council cutting down all the
mangrove trees about 50 years ago.. [i.e. about 1930]”. Corals from King Island were exploited
for lime making from about the 1840s (Petrie, 1904).

Delta islands

Kelley and Baker (1984) described a sequence of development of delta islands adjacent to the
Logan, Pimpama and Coomera River mouths which is intimately linked to the sea level history
of the area and to the establishment of an offshore barrier island (South Stradbroke Island).
While the barrier was open, a flood-tide delta was established between the incomplete barrier
and the mainland coast. Sea level fall in the late Holocene (3-4 ka) facilitated development
of the barrier (Flood & Grant, 1984; Kelley & Baker, 1984). Consequent reduction of energy
in the back barrier lagoon allowed deposition of the delta islands which were subsequently
colonised by mangroves. Closure of the opening probably occurred by northward longshore
drift about 600 y ago (Grant ef al., 1985). The Jumpinpin breakthrough of 1898 reestablished
a tidal delta and led to some erosion of the delta islands (Kelley & Baker, 1984). Recent work
on the geomorphology of this area has been carried out (Lang et al., this volume; Lockhart
et al., this volume).

The delta islands of the southern Bay are of considerable ecological importance. In the late
1970s the area between Macleay Island and the Nerang River bridge contained about 50% of
the mangroves and 40% of the saltmarshes in the southeast Queensland (Noosa to the New
South Wales border) region (Curvengen & Outridge, 1982).

Anthropogenic impacts on the delta islands in Moreton Bay include the development
of the Port of Brisbane on Fisherman Islands at the mouth of the Brisbane River, with
accompanying changes in hydrodynamics and reductions in the area of mangroves (by 30%)
and of saltmarsh/claypans (by 50%) (WBM, 1992). In southern Moreton Bay, delta islands
(Woogoompah, Tabby Tabby and Eden) have been used for cattle grazing (Curvengen, 1982).
Contemporary pressure on the geomorphology and ecology of the delta islands, however,
is largely a consequence of northward expansion of the Gold Coast tourism precinct by
reclamation and landfill. The development of Sanctuary Cove/Hope Island, of Griffin and
Andy’s Islands (now Sovereign Islands) and Ephraim Island may be indicative of the style
of things to come.

High islands

A detailed analysis of the physiography and human impact on the high islands of Moreton Bay
is beyond the scope of this paper. Nevertheless, it is clear that the effects of European settlement
have been considerable, mainly through extensive land clearing, initially for agriculture and
more recently for residential subdivision. An example of the effects of clearing is the destruction
of the “vast congregations” of fruit bats (Fairholme, 1856a) which existed seasonally on St
Helena Island before it was cleared, initially for building and fuelling the dugong oil factory
in the 1840s and 1850s (see Finger, 1987) and subsequently for construction of the prison and
associated agricultural activities during the late 1860s (Bell, 1975). St Helena was previously
“..covered with a dense scrub or jungle” (Fairholme, 1856b).
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Moreton Bay: Past, Present and Future

The past

“Optimum conditions” occurred in Moreton Bay and its catchment during the mid Holocene sea
level highstand. By comparison with the late Holocene, conditions in the Bay were relatively
warm, oligotrophic, deep, and oceanic with high water volumes and less variable temperatures
at ENSO and seasonal time scales. Catchment input to the Bay, by comparison with the late
Holocene, were less variable at ENSO and seasonal time scales, and of low turbidity and
low sediment and nutrient concentrations, although higher flood magnitudes and, therefore,
freshwater input would have been common.

During the late Holocene “natural degradation” of both the catchment and the Bay occurred
as a result of both climate change and cumulative geomorphic processes including sea level
fall, restriction of tidal entrances, sediment infilling from the catchment and decreased rainfall
of greater variability. In the catchment, physical changes included lower, more variable runoff
and higher sediment concentrations in runoff water.

Physical consequences of these changes in the Bay included decreased tidal flushing, reduced
average water temperatures, increased water temperature range, and increased bottom sediment
resuspension. Biological consequences included some communities (e.g. corals) coming
under increasing stress from these changes, and others (e.g. mangroves, seagrasses) probably
facilitated by these changes.

Human intervention was responsible for accelerating the late Holocene “natural degradation”
trend, although Aboriginal land management played a very limited role in these changes.
European settlement imposed both direct and indirect impacts on the Bay which were imposed
on a largely unidirectional trend of deteriorating environmental quality. The effects appear to
vary with the biological community. A possible scenario is as follows:

Coral communities > further stress
Seagrass communities subtidal > facilitation ->  stress
intertidal > further facilitation

Mangrove communities Bay and riverine ->  further facilitation (local stress)

The present

Catchment impacts, as a consequence of sediment yields, increased rapidly in the 19th
century and have been relatively stable since the 1920s. Nutrient input, on the other hand,
have increased rapidly since the turn of the century, particularly during the last three decades.
Direct impacts on the Bay were at a relatively low level in the 19th century and increased
rapidly this century, with some notable exceptions. For example dugong exploitation, which
assumed “the qualities of a minor gold rush” (Bell, 1975), was rife last century and early in
the present one. There was a dugong rendering plant at Amity Point until the mid 1930s (Bell,
1975). However, with the exception of indigenous hunting, dugong hunting is prohibited today.
Marked changes in intertidal communities have occurred, some related to direct impacts,
some to catchment impacts and some, apparently, to global changes. Pressure on the Bay’s
ecosystems is increasing with more population growth, infrastructure development, housing,
resort development, shipping and recreation in and adjacent to the Bay. Whilst there is greater
awareness and relevant legislation and regulation, there is little evidence to suggest that the
destructive trend has been halted, let alone reversed.

The State of the Brisbane River, Moreton Bay and Waterways report (Brisbane River
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Management Group, 1997) analyses Moreton Bay and its catchment in the context of the
Pressure— State—Response model. Pressures on the Bay arise from *...treated wastewater
discharges, urban and rural runoff, dredging, fishing, ship ballast water and the reclamation
of coastal land. Because of this, water quality in the Bay is poorer near to the coast, and
improves further offshore. Water quality in the western embayments tends to be worse than the
recommended water quality guidelines for aquatic ecosystems. Runoff from urban and rural
areas during floods can have a dramatic impact on coral and seagrass communities, possibly
causing major dieback after large floods ... overall, pressures on the Bay are increasing, the
western Bay is the worst affected in terms of water quality and habitat, and this is an area
of importance for commercial fisheries and other marine life. So far the system has coped
reasonably well in terms of its flushing and flood recovery capacity after small to medium flood
events, however, the Bay’s long term sustainability is uncertain and a cautionary approach is
warranted” (BRMG, 1997).

However, the response to the pressures on Moreton Bay is insufficient to reverse the degrading
trend. For example, the Bremer River catchment is one of the most degraded parts of the
Moreton Bay catchment. Responses identified in this subcatchment are limited to plans,
strategies, schemes, studies, surveys and committees (BRMG, 1997). Similarly, for Moreton
Bay itself, the responses are largely plans and strategies. Implementation of the majority of the
plans and strategies lies in the future, and there is no moratorium on development in the interim
(as of early 1998 implementation of the Moreton Bay Marine Park is occurring, however its
scope is limited). Under conditions of increasing pressures on Moreton Bay, delays in making
the difficult management decisions can lead to those decisions becoming even more difficult
to make in the future, being made within a diminished range of options and/or being made
only after some ecological or geomorphic threshold has been crossed from which it may be
difficult or impossible to return. Models which conceptualise this problem for coral reef systems
include those of Buddemeier & Hopley (1988), in which water quality requirements for reef
maintenance may be much lower than for reef establishment, and of Done (1992), in which
community trajectories are influenced by disturbance regimes, with recovery following major
disturbance controlled by ambient conditions (e.g. nutrient availability).

The recently released Healthy Waterways — Waterways Management Plan (BRMG/
BRMBWMS, 1998) provides a possible framework for action to resolve many of the issues
confronting the Bay and its catchment. Important initiatives under this plan include sewage
treatment plant upgrades, development of wastewater re-use schemes, improved management
of urban runoff, and development of catchment management plans. However, the plan will
only achieve the desired “water quality and ecological health” outcomes if the plans, schemes
and strategies are actually implemented, if there is continuity and strength of commitment
on the part of the stakeholders (in perpetuity, rather than for a term of political office), and if
action is taken to appropriately manage emerging problems (e.g. acid sulphate soils) rather
than ignoring the problem until substantial ecological damage has occurred (e.g. nutrient
enrichment and eutrophication). Baudel (1981) observed that “...every centre of population
has worked out a set of elementary answers —and has an unfortunate tendency to stick to them
out of that force of inertia which is one of the great artisans of history”. It remains to be seen
whether recent and forthcoming developments in management regimes can overcome 150 y
of inertia in the environmental history of Moreton Bay, and chart for the future a new course
of realised, not just planned, ecological sustainability and health.
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The future

In evaluating the future for Moreton Bay and its ecosystems, and the scope and responsibilities
of present and future science and management, we could consider two, apparently antithetical,
scenarios:

(i) Global warming and sea level rise in response to artificial “Greenhouse” gas increases.

(i) Global cooling and sea level fall as a response to orbital forcing (Milankovitch cycles)
of the Earth’s climate.

Reviewing studies of recent changes in sea level, Pirazzoli (1996) suggests that the most
likely estimate for sea level change over the last 100 y is 0.7 + 1.0 mm/y, of which about
40% might be attributed to thermal expansion of ocean waters and 60% to decreasing ice
volumes. Recent scenarios for the next 100 y suggest a sea level rise of 0.5 = 0.4 mm/y
(e.g. Wigley & Raper, 1992) in response to a possible global warming of 1.5-4.5°C. Under
the global warming scenario a range of outcomes, many of which may be “beneficial”, is
possible for Moreton Bay. These are likely to include a deeper Bay with improved water
quality through better tidal flushing and reduced sediment resuspension (deeper water and,
with increased frequency/magnitude/duration of ENSO events, fewer extreme wind events).
Greater diversity of mangrove and coral communities is likely to occur, along with an increase
in coral cover. However, if ENSO events are more influential, stream sediment concentrations
may increase in response to a deterioration of catchment ground cover. Also on the down side,
landward expansion of intertidal communities, particularly mangroves and saltmarshes is
likely to be a necessary response for survival of these communities. At the same time, coastal
property owners are likely to be fighting shoreline recession caused by the rising sea level.
Intertidal communities may be caught, and destroyed, between the rising sea and the sea walls.
Management has an opportunity to address these issues now, particularly with respect to the
delta islands of southern Moreton Bay. In the longer term, sustained sea level rise at 0.5 mm/y
may result in destruction of some coastal ecosystems regardless of direct human intervention
(e.g. construction of, or prohibition of, seawalls). Holocene analogues suggest that mangrove
communities may collapse at rates of sea level rise only 25% of that predicted (Ellison &
Stoddart, 1991). Similarly, although coral reef growth in tropical waters may be sufficient to
keep pace with sea level rise (Hopley & Kinsey, 1988), the very low growth rates in Moreton
Bay (Lovell, 1975; Roberts, 1997) suggest that, under conditions of sustained sea level rise,
coral communities in Moreton Bay may also collapse. In both cases, a marked flow-on effect
to the Bay’s marine fauna would occur. Forecasting coastal response to rising sea level is,
of course, an uncertain pursuit, given that the effects vary greatly according to the rate of
rise, interactions with climatic changes and the characteristics of the affected landforms and
ecosystems, all of which may vary on a regional and, in some cases, local scale (e.g. Dolotov,
1992; Spencer, 1995).

The basis for the global cooling scenario, in insolation changes induced by orbital forcing, is outlined
by Berger (1988) and may occur within a few thousand years. Under this scenario, the following
sequence of environmental responses is possible: transition to the next glaciation; sea level falls
so Moreton Bay dries out; and temperatures decrease so there is northward range contraction of,
for example, turtles, dugongs, corals, mangroves etc.. Under this scenario, if Moreton Bay is just
going to dry out, why bother with “science for sustainability”” and why manage for the sustainability
of Moreton Bay’s ecosystems?

In the short term we should bother because Moreton Bay is a valuable resource for both present
and future generations, a resource of high economic, ecological, aesthetic, and spiritual values. In
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the long term (at the scale of Quaternary glacial — interglacial cycles), wise management can make
a contribution to the long term sustainability of species such as turtles and dugong, which will be
stressed by the falling sea levels and temperatures of the “next glaciation”. As a result of relatively
high levels of exploitation and habitat loss and low levels of protection and management throughout
much of the Indo-Pacific region, many of these species will be getting very little contribution to
maintenance of their minimum viable populations from much of their range, particularly where this
lies outside Australia. Little is known of these processes; we know something of the evolution of
coastal ecological and geomorphic systems under conditions of rising sea level, but relatively little
of coastal ecosystem response, or population response of individual species, when sea levels fall.
Our obligations for wise and sustainable management of Moreton Bay extend beyond the short term
(centuries) view of management for “present and future generations” to the time scales required
for survival of systems and species which have survived for millions of years in the absence of
human impacts. A lesser commitment is little more than superficial tokenism.

Given that the future may well hold warming and sea level rise in the short term, and cooling
and sea level fall in the longer term, science for sustainability demands an understanding of the
geomorphology and ecology of the past, the present and, perhaps by using spatial and temporal
analogues, the future.
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Abstract

The condition of a catchment determines the state of its receiving body of water. This statement is true
for rivers, streams, lakes, and the inshore areas of oceans. Moreton Bay is the receiving water body for
rivers and streams which flow from the catchments of Pumicestone Passage, Deception Bay, Bramble
Bay, the Brisbane River, Redland Bay and the southern Bay.

In its pre-European state, the catchment was relatively stable with sediment and nutrients predominantly
supplied to the Bay by major flood events. Aboriginal fire management and periodic cyclones and wildfires
were the only disturbance to vegetation cover (Hall, 1990).

Clearing of vegetation began soon after exploration by Oxley in 1823, settlement at Brisbane in 1825,
and the opening to free settlers in 1842 (McCleod, 1990). Land use in the catchment area of Moreton
Bay reflects: (i) the pattern of settlement and land tenure; (ii) the capability of land to support cropping,
pastoral and forestry activities in rural areas; and (iii) the occurrence of particular resources such as
minerals, sand, rock and timber. Cropping occupies 5%, grazing and private forestry 65%, public land
17% and urban uses occupy 13%.

Land cover correlates closely with land use. The original vegetation cover has been removed from areas
used for cropping, plantation forestry and urban purposes; partially removed from grazing and low
density residential areas; and is relatively intact in areas set aside for conservation as National Parks and
other reserves. Catterall e al. (1996) recorded the rate of vegetation clearing in southeast Queensland
since European settlement, and found that only 34.6% of the original vegetation cover remains. The
overall clearing rate since 1820 has been 8 450 ha per year, with more recent clearing rates (1987-1994)
reducing to 3 340 ha per year.

Land degradation is widespread. As early as 1850 there are reports of land eaten bare by sheep and
increasing erosion (McCleod, 1990). Severe soil erosion has been recorded from 10% of the Moreton
region (Queensland Department of Primary Industries, 1974) where the most affected catchments are the
Bremer River and Lockyer Creek. Clearing of vegetation for agricultural activities has almost ceased in
the catchment, although some further expansion of coastal horticulture and sugar growing areas may be
expected. The most significant land use changes occurring are: (i) the expansion of urban settlements
in the north, south, western and Bayside corridors of Brisbane, and (ii) significant rural residential
subdivision in the Beaudesert, Laidley and Caboolture commuting areas.

The future condition of Moreton Bay will depend on how this growth is managed to maximise vegetation
protection and minimise the impacts of soil erosion and surface runoff into the tributaries of the Bay.

Introduction

Moreton Bay is the receiving water body for rivers and streams which flow from the catchments
of Pumicestone Passage, Deception Bay and Bramble Bay in the north; the Brisbane River and
its tributaries (Stanley River, Lockyer Creek and Bremer River) in the centre; and Redland Bay
and the Logan and Albert Rivers in the south. The condition of these catchments determines

In: Tibbetts, LR., Hall, N.J. & Dennison, W.C. eds (1998) Moreton Bay and Catchment.
School of Marine Science, The University of Queensland, Brisbane. pp. 55-66.
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the state of water quality in the watercourses and ultimately the Bay.

Throughout the catchment, land use and land management practices control the quality of water
reaching the rivers, and the level of equilibrium reached between the volume of catchment
runoff and the size of stream channels determines stream capacity and bank stability. Changes
resulting from fire, clearing and land use cause a change in the volume, period of runoff and
sediment load from the catchment, which requires an adjustment in stream channel shape to
cope with new conditions. The deposition of sediment and reduced water quality in the lower
reaches of streams or inshore areas of Moreton Bay has important implications for river
capacity and flooding, and on marine flora and fauna.

This paper examines current land use patterns and practices in the catchments of Moreton
Bay and relates these to the present land cover of remnant vegetation and land degradation.
Conclusions are drawn on whether the catchments are moving towards or away from stability
under the influence of continued land use changes.

History

Pre-European settlement

In its pre-European state, the catchment was relatively stable with sediment and nutrients
predominantly supplied to Moreton Bay by major flood events and disturbance by aboriginal
fire management, periodic cyclones and wildfires. Hall (1990) estimates aboriginal occupation
of the region from 22 000 years ago, with major occupation of the coastal areas occurring since
Moreton Bay was formed by the sea level rising to its present level approximately 6 000 years
ago. He postulates that the most intensive occupation began between 4 000 to 4 500 years ago
when there is evidence of vegetation change from vine forests to open eucalypt forests and
grasslands as a result of more intensive ‘firestick farming’. Hall estimates population numbers
in the region during this time at over 5 000, divided broadly into a coastal-littoral/marine
‘lifeway’ and an inland-terrestrial/riverine ‘lifeway’. The intensity of the fire management
by the inland-terrestrial groups may have caused significantly increased rates of erosion with
fertile sediment delivered to the shallow western Bay creating the basis for the rich fishing
grounds utilised by the coastal-littoral groups.

European settlement

A much more dramatic change was to result from the arrival of Europeans, led by Oxley who
explored the Brisbane River in 1823. Clearing of vegetation began soon after the establishment
of Moreton Bay penal settlement in 1824, movement to Brisbane in 1825, and the opening to
free settlers in 1842 (McCleod, 1990). Pastoral development of the Brisbane River region began
in the 1840s. In the intervening 150 years, successive waves of settlement have developed the
forest, land and water resources for human use to supply the needs of the expanding local,
state and national population.

As has happened throughout Australia, land development proceeded as an experiment to apply
and adapt European methods to local conditions. Understandably, many failures occurred such
as the early attempts to grow sugarcane in the Brisbane area. Gradually, however, a large body
of knowledge has grown on how these resources can be used in a way which is beneficial to
society without diminishing their quality or long term stability. The result is seen in the current
pattern of land use in the catchments.
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Land Use

Factors affecting land use

Land use in the catchment of Moreton Bay (Figure 1; Table 1) reflects several fundamental
factors, including: (a) the pattern of settlement and land tenure; (b) the capability of land to
support cropping, pastoral and forestry activities in rural areas; and (c) the occurrence of
particular resources such as minerals, sand, rock and timber. Of the total area of the catchment,
cropping occupies 5%, grazing and forestry on private land 66%, public land 17% and urban
and rural residential uses occupy 11%. Figure 2 shows the distribution of land uses and
remnant vegetation.
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Figure 1. Land use in sub-catchments of Moreton Bay,
1996.

Land used for agriculture, grazing and private forestry dominates, accounting for 71% of
the catchment. The emphasis of agricultural production is moving from the development of
new areas towards the consolidation and the intensification of existing production areas. The
principal issues affecting agricultural producers within the catchment are farm profitability,
commodity prices received in a subsidised international marketplace and the need for planning
measures to protect land resources. Of equal importance is the management of land resources
to avoid land degradation, protect water resources and achieve sustainable production systems.

Urban

Residential development in both urban and rural settings is centred on the Brisbane area as
the focus for metropolitan growth for both the region and the State of Queensland. Under the
dual influences of population growth and increased commuting distances, urban development
will be the most active form of land use change for the foreseeable future. On current lifestyle
and urban density trends, the population increases in the region will occupy an additional
155000 ha over the next 20 years, resulting in 7500 ha of bushland, agricultural land and other
rural land being consumed for housing and other urban purposes each year. Land clearing rates
over recent years also indicate that during this time almost half of this area will be developed
at the expense of natural vegetation.
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Table 1. T.and use in the Moreton Bay catchment (hectares), 1996

Sub- National Other Grazing/ Cropping Water & Urban&  Total Remnant
catchment parks/  state forestry transport rural bushland
forest land residential (% of sub-
reserves
catchment)

Northern 43140 35000 115 390 6 000 7 990 41570 249 090 23.7
Bay

Upper 151760 17 690 479930 28 540 18 240 20370 716 530 26.2
Brisbane

& Stanley

River

Lockyer 23970 15240 252770 29180 5050 29570 355780 31.8
Creek/Middle

Brisbane

River

Bremer 7 590 3990 175 240 15430 3610 13710 219 570 15.7
River

Lower 5200 6 150 49 900 930 7 460 33890 103 530 31.0
Brisbane

River

Southern 46200 13710 356720 25420 10 920 92380 545 350 26.2
Bay

Total 277860 91780 1429950 105500 53 270 231490 2189 850 26.0

Note:  Land use figures exclude off-shore islands. Sub-catchment boundaries are shown on Figure 2;
Source: SEQ2001 Regional Resource Unit, Department of Local Government and Planning, Brisbane.

Agriculture

Cropping occupies five percent of the catchment, and is located generally on alluvial and
lower slopes in five major areas: the Lockyer Creek and its tributaries; the Fassifern Valley;
the Logan River; the Cressbrook and Buaraba Creeks in the Upper Brisbane River Valley; and
the coastal areas of Woongoolba and the Glasshouse Mountains. Small production areas on
isolated basalt soils occur at Redland Bay, Rochedale and Mount Tamborine.

The Lockyer Valley, which includes Laidley, Flagstone, Ma Ma and Tenthill Creeks, is the most
intensively developed area producing a wide variety of vegetables, cereals, fodder crops and
fruit, in particular, potatoes, onions and pumpkins. The Fassifern Valley based on Warrill Creek
is the other major agricultural area producing cereals, lucerne, soybeans, pumpkins and potatoes
both alone and in conjunction with animal production enterprises. Both areas are dependant
on irrigation for reliable production with water resources based on underground supplies in
the Lockyer Valley and surface water supplied from Moogerah Dam in the Fassifern Valley.
Agriculture in the Logan River area is focused more on feed crops for animal industries, but
also produces vegetable and cereal crops.

Cropping on the upper Brisbane River concentrates on cereals, soybeans, hay and fodder
crops in association with grazing. In order to provide both water supplies and flood mitigation
for the Brisbane metropolitan area, both the Somerset and Wivenhoe Dams have inundated
significant agricultural resources.

The coastal agricultural areas with higher rainfall are used for growing sugarcane in the
Woongoolba area south of the Logan River, supplying the Rocky Point sugar mill; and a
wide range of horticultural crops (pineapples and subtropical tree crops) in the Glasshouse
Mountains area.
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Figure 2. Moreton Bay catchment land use and remnant vegetation, 1996.

Source: SEQ 2001 Regional Resource Unit, Department of Local Government and Planning,
Brisbane.
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The proportion of land used for cropping (5%) is less than the proportion of arable land (8%),
however, 34% of all cropping is located on land which is either marginal or unsuitable for
this use (Capelin, 1990). Land used beyond its capability in this way is susceptible to serious
soil erosion with implications for downstream water quality and reduced future productivity.

Water supply

Numerous water storages have been constructed to supply the growing population of the
catchment with water. These occupy 2% of the catchment. Major structures are: the Wivenhoe
and Somerset Dams on the Brisbane - Stanley Rivers; Perseverance and Cressbrook Creek
Dams in the Upper Brisbane River catchment (which take water out of the catchment to
supply Toowoomba); the North Pine Dam and Lake Kurwongbah in Pine Rivers Shire; and
the Leslie Harrison Dam in Redlands Shire. Storages built primarily for irrigation purposes
in the catchment are Moogerah Dam on Warrill Creek, Maroon Dam on the Logan River
system, and Atkinson Dam on the Lower Lockyer Creek. Future water supply sources have
been identified in the Logan River catchment for a planning horizon of the next 100 years.

Conservation

Approximately 58 000 ha is included in an established network of national parks and
environmental parks under public ownership, representing almost 3% of the catchment.
These parks contain areas representative of 88% of the region’s major vegetation types
(Regional Planning Advisory Group, 1993). The subcoastal lowlands contain the poorest
representation of vegetation types in conservation reserves where only 35% of vegetation
types are represented. The coastal lowlands bordering Moreton Bay have the richest diversity
of vegetation types (36) of which 72% are represented in reserves. Catterall et al. (1996)
estimate that 56% of remnant bushland in southeast Queensland is located on freehold land
compared with only 35% in national parks, state forests or timber reserves. These figures
emphasise the need for conservation strategies for privately owned land where a large proportion
of remnant vegetation is located. This issue is further discussed under Land cover.

Land use impacts on Moreton Bay

The major impacts on Moreton Bay are due to land development, particularly urbanisation of
the catchment. The State of Environment Report for Brisbane City (Brisbane City Council,
1996) lists the following impacts on the Bay:

» significant increase in short term sediment yield, due to the removal of vegetation cover,
estimated at up to 30 times larger than before land clearance;

» accelerated stormwater runoff;
* reduced number of aquatic organisms;

* increased time and distance for assimilation of nutrients, and consequently an upward
trend in the incidence of pathogens harmful to humans;

» increased tidal prism, tidal discharge, tidal range and tidal velocity; and
* solid and liquid waste from the catchment.

Commercial development at the Port of Brisbane (due to expand from 150 ha to 550 ha) and
mainland Bayside residential development has led to the reclamation of significant areas of
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foreshore for canal developments, marinas and port development with the associated increased
threat of oil and petrol spills. The proportion of land uses in Brisbane City are given in Table 2.

Over 40% of the City comprises urban residential, commercial, industrial and transport uses
which provide hard impervious surfaces. Such surfaces cause rapid, unconstrained runoff
leading to short term flood peaks, giving little opportunity for sediment and pollutants in
surface flows to be intercepted before entering streams and ultimately Moreton Bay. A high
proportion (50%) of Brisbane City remains either vacant, under bushland, or under some
form of agriculture.

Land Cover

Land cover correlates closely with land use and is a useful indicator of catchment condition.
Table 2. Land use in Brisbane City, 1991.

Broad land use category Area (ha) % of total
Urban*/Low density residential 29210 26.0
Commercial*/Industrial* 7 440 7.0
Institutional*/Airport* 6 990 6.0
Currently under development* 1015 1.0
Utilities*/Major transport® 705 0.6
Major recreational 3695 3.0
Bushland/Reclaimed land*/Vacant land* 44 645 39.0
Agriculture/arable land 11 700 10.0
Roads* and water courses 9100 8.0
Total 114 500 100.0

T

Urbanised component of land use in Brisbane City (excluding Moreton Island);
Source: Brisbane City Council (1996).

A fully vegetated catchment with adequate ground cover will be stable and contribute only
background levels of sediment and nutrients to runoff. Any disturbance through fire, clearing
or cultivation which removes this cover will lead to increased soil erosion and the movement
of significant amounts of sediment and nutrients into streams and downstream water bodies
with major impacts on water quality and stream capacity.

Vegetation clearing

The original vegetation cover in the catchment has been fully removed from areas used for
cropping, plantation forestry and urban purposes; partially removed from grazing and low
density residential areas; and is relatively intact in areas set aside for conservation as national
parks and other reserves. Catterall ef al. (1996) has recorded the rate of vegetation clearing
in southeast Queensland since European settlement, finding that only 36.5% of the original
vegetation cover remained in 1987, declining to 34.6% in 1994 (Table 3). The overall clearing
rate since 1820 has been 8 450 ha per year, with more recent clearing rates (1987-1994)
reducing to 3 340 ha per year.

Data from the Moreton Bay catchment show that only 26% of the total area remains uncleared,
with the Bremer catchment the most affected where only 15.7% of the area remains vegetated
(Table 1).
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Table 3. Summary of losses of bushland cover in the SEQ 2001 region 1820-1994.

Area of Percent of Percent of Percent of
bushland bushland at bushland original
at start of start of at end of bushland

lost

period period period per year

Net bushland losses (ha) (%) (%) (%)
1820 - 1987 2 225148 100.0 36.5 0.38
1987 - 1989 811713 36.5 35.4 0.28
1989 - 1994 742 820 35.4 34.6 0.47

Source: Table 4.3 in Catterall et al. (1996).

Clearing of vegetation for agricultural activities has almost ceased in the catchment with most
suitable land now developed, although some further expansion of coastal sugar-growing areas
may be expected. The most significant land use changes now occurring are the expansion of
urban settlements in the north, south, Bayside and western corridors of Brisbane, and significant
rural residential settlement in the Beaudesert, Laidley and Caboolture commuting areas.

A case study of land use change within the Pumicestone Passage catchment between 1974
and 1991 reveals that the single greatest change in land use in that catchment has been
the reduction in the area of native vegetation by 8 500 ha or 14% of the total catchment
(Table 4). The major land uses which replaced the natural vegetation have been pine plantations
(5448 ha), pastures (1195 ha) and urban development (1 076 ha) (Queensland Department of
Environment and Heritage, 1993).

Distribution of vegetation

Most clearing has occurred and continues to occur in lowland areas on low slopes (Catterall
etal., 1996) (Table 5). Only 21.6% of the original vegetation below 60 m elevation remained

Table 4. Pumicestone Passage catchment land use by category in 1974 and 1991.

Land use 1974 land use 1991 land use 1991 land use
of

category area ha (%) area ha (%) 1974 natural

vegetation

Urban 1392 (2.3) 2845 (4.7) 1076 (3.4)
Transport 363 (0.6) 726 (1.2) 195 (0.6)
Pasture 3632 (6.0) 4418 (7.3) 1195 (3.8)
Horticulture 3874 (6.4) 5387 (8.9) 415 (1.3)
Littoral vegetation 2 966 (4.9) 2724 (4.5 2724 (8.7)
Native vegetation 28 326 (46.8) 20095 (33.2) 20095 (64.2)
Pine forest 19610 (32.4) 23363 (38.9) 5448 (17.4)
Rural residential 363 (0.6) 787  (1.3) 195 (0.6)
Totals 60 526 (100.0) 60 526 (100.0) 31292 (100.0)
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in 1987, and by 1994, this figure had declined to 19.4%. It is this lowland area that is under
most threat from urban and rural residential development as a result of population growth.
Historically, clearing rates of inland (> 10 km from the coast) lowland vegetation for agriculture
had been higher, leaving only 17% of the original vegetation in 1987, and 15.1% by 1994.
However, more recent clearing rates within 10 km of the coast now exceed the inland rates as
a result of urban and coastal development. Only 28.5% of lowland vegetation within 10 km of
the coast remained in 1987, and by 1994, this figure had declined to 25.9%.

Littoral vegetation, which forms the western fringe of Moreton Bay, has also suffered
significant decline due to development activity. Since European settlement, approximately
20% of mangrove forests and 10% of the saltmarsh/claypans of Moreton Bay have been
destroyed by human activity. Major losses have occurred since the 1970s, principally due to
the development of the Brisbane Airport. Net losses over this time are estimated at 1 241 ha
of mangrove forest and 580 ha of saltmarsh (Quinn, 1992).

These results pose particular challenges to public policy makers wishing to maintain
biodiversity, water quality and other indicators of environmental quality in the catchment and
Moreton Bay. Whilst not documented in a direct sense, there is clearly a relationship between

Table 5. Bushland clearing within land categories indicative of the risk of loss, within freehold land in
the southeast Queensland mainland.

Bushland lost between % of land area cleared
1987 and 1994 per year
Risk category Area (ha) % of 1987 bush 1820-1987 1987-1994
Coastal lowlands® <10 km, <60 m 5424 141 0.48 0.41
Other lowlands >10 km,<60 m 6 162 13.0 0.51 0.28
Coastal slopes <10 km, 60 - 160 m 120 3.1 0.30 0.22
Other slopes >10 km, 60 - 160 m 5602 5.2 0.49 0.13
Mountains >160 m 2728 1.0 0.35 0.06
All freehold land 20 036 4.3 0.44 0.16
+ Includes Bribie Island due to road and bridge connection;

Source: Table 7.1 in Catterall et al. (1996).

population growth and decline in environmental indicators. Land cover, with its related impacts
on loss of biodiversity and water quality will continue to decline in the face of population
growth in the catchment. As the clearing rates for land held in different tenure show (Table
6), attention needs to be given to the rate of clearing on State controlled land as well as that
occurring on freehold land.

Land Degradation

Land degradation is the loss of land quality which may be measured in terms of destruction of
the land resource (gullying, land slip), loss of agricultural productivity (soil erosion, salinity)
or damage to an external resource (sedimentation of reservoirs and rivers). Land degradation
is widespread in the catchment. There are reports as early as 1850, within 10 years of free
settlement, of land eaten bare by sheep and increasing erosion (McCleod, 1990). It is beyond
doubt that there was some land degradation occurring in the catchment prior to European
settlement due to fires, extreme weather events, flooding and earth movements. However, it
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Table 6. Bushland clearing by tenure within southeast Queensland.

Bushland lost between % of land area cleared
1987 and 1994 per year

Risk category Area (ha) % of 1987 bush 1820-1987 1987-1994
National parks 110 0.1 0.02 0.02
State forestry 820 0.4 0.10 0.05
timber reserves

Lands Dept lease 415 2.1 0.29 0.16
Other Crown 836 43 0.39 0.21
Commonwealth/Other 117 1.4 0.23 0.12
Freehold 20 036 4.3 0.44 0.16
All land 22 334 2.9 0.39 0.15

Source: Table 6.6A in Catterall et al. (1996).

may be considered to have been negligible compared with the extent of degradation which
the changes in land use over the past 150 years have caused.

Soil erosion

The Moreton Region Non-urban Land Suitability Study (Queensland Department of Primary
Industries, 1974) revealed that 225 400 ha, or 10% of the rural lands in the region, are
subject to severe soil erosion as a result of agricultural and development practices. A further
1568 100 ha (70%) suffer from less severe erosion and 481400 ha (21%) suffer only negligible
erosion (Table 7). Severe soil erosion affects 14% of the Brisbane River catchment (Capelin,
1990). Lands affected by moderate or slight erosion occur throughout but are concentrated
in the Upper Brisbane and Lockyer catchments. Subsequent studies into land degradation in
the Bremer catchment (Johnston,1979) and the Lockyer catchment (Shaw, 1979) confirmed
these figures, defined the problem in more detail and developed land management strategies
to control land degradation.

Table 7. Existing soil erosion in the Moreton region, 1974.

Erosion type Area (ha) Percentage
(%)

Negligible 481 400 21.2
Slight sheet and rill 1050 200 46.1
Moderate sheet and minor gullying 517 900 22.8
Severe sheet and minor gullying 197 100 8.7
Severe gullying 23100 1.0
Severe gullying with lateral extension 5200 0.2
Total 2274900 100.0
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Acid sulfate soils

Intensive development for canals, residential areas and agriculture has resulted in degradation of
near coastal areas through habitat destruction and disturbance of acid sulfate soils (ASS). Soils
with high concentrations of subsoil sulfate formed under marine conditions are common on
the coastal plains below approximately 5 m Australian Height Datum (AHD). When disturbed
through excavation or the lowering of the water table and exposure of the subsoil to air, sulfates
are converted to sulfuric acid which can move into local waterways and inshore areas causing
dramatic loss of water quality and significant fish kills. Methods of identification and management
of ASS areas are now available so that susceptible areas can be managed to control the impact
of development on water quality. However, as development of the coastal plain intensifies, this
issue will need to be adequately addressed by both developers and governments.

Causes and solutions

The causes of land degradation are straightforward and well understood. The equilibrium achieved
between rainfall, vegetation, soil and groundwater under natural conditions is disturbed when
land is cleared for grazing, cropping uses or other development. Soil is exposed to the impact
and runoff effects of rainfall causing erosion and steep lands lose the protective network of tree
root systems causing land slip. In addition, in some areas, groundwater levels rise in the absence
of moisture-demanding trees causing waterlogging and saline outbreaks.

The methods required to address these problems are now known and available. What is needed
is the commitment of the community, government and industries to implement the necessary
changes to attitudes, land management practices and land use to achieve a return to a stable,
productive catchment. These institutional and attitudinal changes are discussed elsewhere
(e.g. Pressland et al., this volume).

Condition of the Catchment

A report on the condition of Queensland river catchments (Queensland Department of Primary
Industries, 1993) has recorded that in the grazing lands of the Brisbane River catchment, landslips
are common on cleared steep land along the Great Divide. Overstocking has caused extensive
sheet and gully erosion on fragile soils, and fires have changed species composition and reduced
biomass. Severe gully erosion has occurred on texture contrast soils in the Murphy’s Creek and
Helidon areas, and tunnel erosion is widespread in coarse-grained sediment (sandstone) areas.
Invasion of woody weeds, such as lantana, is also a significant problem.

In the catchment areas of the southern Bay, the upper inland sections of the Logan and Albert
Rivers exhibit landslips on steep, cleared grazing land along the Border Ranges, and extensive
sheet and gully erosion occurs on fragile soils due to the combination of high stocking rates
and excessive burning. The upland scrub soils and lighter textured soils have undergone rapid
fertility decline and loss of soil structure. Salinity problems have developed in the mid to upper
catchment valleys where vegetation has been cleared resulting in rising groundwater levels.

The catchment of the northern Bay and Pumicestone Passage has suffered similar problems
to other grazing lands through soil erosion, woody weed invasion (e.g. groundsel bush) and
overgrazing. Horticultural land on steep slopes in high intensity rainfall areas is prone to very
high rates of soil erosion in excess of 100 t/ha/yr; however, the trend to perennial tree crops
represents a more sustainable use of these soils. Nutrients and high fertiliser inputs are required
to alleviate the decline in soil fertility, but these practices can lead to nutrient enrichment of
watercourses and storages through erosion and runoff.
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Conclusion

The future condition of Moreton Bay will depend on how population growth is managed so
as to maximise vegetation protection and minimise the impacts of soil erosion and surface
runoff into the tributaries of Moreton Bay. The Moreton Bay catchment has been developed
for agricultural, forestry and urban uses up to and, in some areas, beyond its capability for
such uses, while industrial and transport uses continue to demand their share of land resources.

The pioneering phase of development has passed and the phase of reassessment and
consolidation is currently underway to determine the realistic limits to resources in the region.
The SEQ 2001 Project has started this process at the regional level, and the Brisbane River
Management Group is continuing it at the catchment level. The tasks of repair and adjustment of
land uses to achieve a catchment which is both productive and stable will be the responsibility
of landholders with the guidance and assistance of government and industry.

We are still learning how to manage Australia’s climate and land resources in a sustainable
way. Whilst the health of the rivers and Moreton Bay will be a constant reminder that we are
dealing with finite resources with interdependencies between the marine, littoral and terrestrial
environments, the catchment community must seek the means to manage population growth
and its impacts. While this may mean short term sacrifices in terms of either development
controls or increased residential densities, such tradeoffs may be necessary to preserve the
quality of Moreton Bay and our lifestyle which are so closely linked.
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The Demographic Future of the
Moreton Region

James L. Skinner, Elizabeth Gillam and Carl-Johan Rohlin

Applied Population Research Unit (APRU), The University of Queensland, Bris-
bane QId 4072

Abstract

This paper provides a background on the history and future of the human population of the Moreton Region,
which is defined as the greater Brisbane region stretching from Noosa in the north to the New South Wales
border in the south and west to the Great Dividing Range. This region is experiencing one of the fastest
population growth rates of any large city in the developed world and is the fastest growing capital city in
Australia. Most of this growth over the last three or four decades has come from migration — not natural
increase. Because Brisbane is not a “world city” as defined by Friedman and others, some people question
whether its growth can be sustained for long. However, “world city” status appears to have little to do with
short term population growth. We expect that greater Brisbane’s growth will continue for another decade at
least and that most of this growth will be along the coastal strip. Consequently this rapid population growth
is likely to place ever greater stresses on the environment of the Moreton catchment.

Introduction

This paper analyses the recent demographic history of the Moreton Region and examines a
variety of future scenarios for the population of this rapidly changing region. The Moreton
Region is defined as Brisbane and Moreton Statistical Divisions (SDs), stretching from Noosa
in the north to the New South Wales border in the south and extending westwards from the
coast to the Great Dividing Range. While including some small areas in the north and south
which, strictly speaking, are not in the Moreton Bay water catchment area, most of this Moreton
Region is in the Moreton Bay “environmental catchment” area. We shall refer to this Moreton
Region also as the Brisbane Region, Brisbane Urban Region and Southeast Queensland (SE
QId), the terms being used interchangeably to avoid repetition. Unless otherwise specified
“Brisbane” also refers to the Brisbane Region as a whole.

The Moreton Region presently contains just over two million persons and is growing at around
2.9% per annum. As we shall show, this makes the region one of the three or four fastest
growing large urban areas in the developed world. Moreover, this rapid growth has extended
over several decades and is likely to continue at least another decade or more into the future.
For these reasons it is essential to understand something of the demographic growth of the
region, in terms of overall numbers and their geographic distribution as well as the components
of growth, in order to grasp the significance of possible futures.

In order to accomplish these objectives we look first at a brief history of population growth
and its changing distribution in SE Qld. We compare this growth with that of other Australian
cities and with the fastest growing cities of the developed world. Finally we examine some
scenarios of future growth in SE QId and the likely outcomes in terms of distributions.

Growth in a World Context

The world’s population has grown rapidly since the turn of the century from 1.6 billion to
5.6 billion, an absolute increase of four billion persons (Figure 1). It is presently growing at
around 1.6% p.a. Although most areas of the world, including Asia, have slowed their growth
over the last two decades, Africa, Western Asia and Central America are still growing at very

In: Tibbetts, LR., Hall, N.J. & Dennison, W.C. eds (1998) Moreton Bay and Catchment.
School of Marine Science, The University of Queensland, Brisbane. pp. 67-78.
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Figure 1. Population of Queensland and Australia compared
to world population, 1905-1995. Source of data:
United Nations (various), Australian Bureau of
Statistics (various A).

Table 1.  Average annual growth rates, selected
areas of the world, 1990-95.

%
Least developed countries 2.82
Africa 2.81
Western Asia 2.43
Central America 2.23
Less developed regions 1.88
Latin America & the Caribbean 1.84
Southeastern Asia 1.81
South America 1.74
Asia 1.64
World 1.57
Oceania 1.54
Australia 1.37
New Zealand 1.24
China 1.11
Northern America 1.05
More developed regions 0.40
Europe 0.15

Source: United Nations (various).
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high rates in excess of 2% p.a. (Table 1).

The population of Australia has more than doubled in the last forty years to over 18 million,
with growth at an average rate of 1.7% p.a. or more than 200,000 persons p.a. Despite the fact
that Australia’s growth has slowed from an average annual rate of 3.3% after World War II to
the present 1.4%, Australia is still growing at a faster rate than many countries in East Asia
including China (Table 1). Our growth is more akin to that of less developed regions than that
of the more developed regions. Nevertheless, as Figure 1 shows, the population of Australia
is insignificant when compared with the total number of people in the world and represents
only 0.3% of the global population.

However, if the same data are graphed with population on a semi-logarithmic scale, a rather
different picture emerges. In Figure 2, slope represents rate of increase and equal slopes
represent equal rates of increase. Therefore, it can be seen that the rates of growth of Australia
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Figure 2. Population of Queensland and Australia compared to world population (semi-logarithmic
graph), 1905-1995. Source of data: United Nations (various), Australian Bureau of Statistics
(various A), Australian Bureau of Statistics (various B).

and Queensland have virtually paralleled that of the world over the last century.

Queensland, with a total population of more than three million, is the fastest growing state in
Australia and is currently growing at over 2% per annum. The growth of the state is expected
to continue at a relatively high rate for at least the next decade, with much of this population
increase being due to interstate migration from southern states. There has been a substantial
redirection of population growth away from the traditional growth areas of Melbourne and
Sydney, principally to Queensland. However, some researchers believe that Brisbane’s growth
will cease or even reverse in the not too distant future (Birrell ez al., 1995; Stimson & Taylor,
1996). Nevertheless, there appears to be an important lesson here; the best “predictor” of
population growth in Australia is growth in the world, and that also applies to a degree to both
Queensland and SE QId. It is emphasised here that we do not imply that world population
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growth directly causes population growth in Australia and Queensland but rather, for reasons
not yet understood, the growth of these latter areas seems to follow world trends closely.

Components of Growth in Southeast Queensland

Prior to World War II the majority of growth in SE Qld came from natural increase (the excess
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Figure 3. Population growth of SE QIld divided into natural increase and net migration, 1931-35 to
1991-95. Source of data: Calculated from ABS data.

of births over deaths) rather than migration. Since World War II the rate of growth attributed
to natural increase has steadily declined and in the last twenty years has been less than 1%
annually (Figure 3).

Since the late 1960s, the principal component of growth in SE QId has been migration. It is
primarily internal migration from elsewhere in Queensland and from the southern states that has
become more important than natural increase to Brisbane’s population growth. The Brisbane
Region receives a low level of overseas migration compared to Sydney and Melbourne.

Comparison of SE Qld’s Growth with that of other Urban Regions

Queensland’s population growth is becoming increasingly concentrated in the southeast
corner and Figure 4 shows SE QId in relation to other selected cities of Australasia. Clearly,
SE QId is not the largest urban area in Australasia since Sydney has dominated in both total
population and overall growth since World War II. However, the population of the Moreton
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Figure 4. Comparison of population growth rates in selected regions, 1947-1995. Source of data:
United Nations (various), Australian Bureau of Statistics (various A), Australian Bureau of
Statistics (various B).

Region today approximates that of Sydney in 1957 and the most recent rapid growth rates in
SE QId have surpassed those of Sydney and Melbourne. Compared with cities of comparable
size in 1947 (Perth, Adelaide and Auckland), the Moreton Region has far outgrown them.

Over the last decade, the Brisbane Region has maintained steady growth averaging 3% p.a. This
compares with an average annual growth of 2.3% for Perth SD, 1.5% for the Auckland urban
area, and less than 1% p.a. for both Adelaide and Sydney SDs, between 1985 and 1995. Whilst
growth in Perth and Auckland has fluctuated over the last decade, with Auckland declining in
population in the late 1980s, the Brisbane Region has remained consistently high.

At this point in time it is difficult to forecast whether this signals a long term change in the
relativities of Sydney and Brisbane because of structural changes in the economy, or whether
Brisbane’s present pre-eminent growth is just a temporary phenomenon. Some commentators
suggest that Brisbane is not participating in the world economy to the same degree as Sydney and
thus its rapid growth may be only temporary (Birrell et al., 1995; O’Connor & Stimson, 1995).

As Table 2 shows, the Brisbane urban region is probably the third or fourth fastest growing
large urban region in the developed world. Here we take the UN classification of the developed
world as Europe, North America, Australia, New Zealand and Japan — basically the OECD
countries; by large urban regions we mean those that had more than one million persons in
the early 1990s.

Of the top ten fastest growing regions, two are in Canada, five are in the USA and two are
in Europe. Anecdotal information indicates that Berlin may be growing very fast due to the
number of undocumented immigrants, but official UN sources do not confirm this growth.
Sapporo is the only large urban region in Japan with growth approaching that of the Moreton
Region but it does not reach the top ten list.
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Table 2. The fastest growing large urban regions in the developed world, 1990-95.

Rank Urban Region 1995 Average annual
Population growth 1990-95
‘000s %
1 Toronto, Ontario, Canada 4 084" 3.66"
2 Vancouver, British Columbia, Canada 1678' 3.46"
3 Atlanta, Georgia, USA 3432 2.88
4 Brisbane-Moreton-Tweed, Australia 21092 2.862
5 Phoenix-Mesa, Arizona, USA 2 564 2.68
6 Denver-Boulder-Greeley, Colorado, USA 2233 2.37
7 Lisbon, Portugal 1863 2.33
(7 Orlando, Florida, USA 1 391 2.33
9 Disseldorf, Germany 3031° 2.318
10 Portland-Salem, Oregon, USA 2022 2.28

Note: These are cities which had at least one million persons at the beginning of the 1990s;

' Data for 1992, growth 1986-1992;

2 Comprises Brisbane and Moreton Statistical Divisions in Queensland and Tweed Shire Part A in
New South Wales;

3 Disseldorf includes Disseldorf, Monchen-gladbach, Remscheid, Solingen and Wuppertal;

Source: US Bureau of the Census (1996), United Nations (various), United Nations (1995), Australian
Bureau of Statistics (1996).

In the 1970s Friedman developed the concept of “world city” to describe those few cities that
dominate the economic, cultural and political structure of most of the earth’s populations at
any given time. While London, New York and Tokyo have remained the pre-eminent world
cities of the last few decades, Friedman (1995) has recently identified thirty cities which he
designates as “world cities” (Table 3).

Interestingly, only Toronto, Vancouver and Diisseldorf, among the top ten population growth
cities, are ones that are designated by Friedman as “world cities”. Perhaps being a “world
city” is not critical for rapid urban population growth or perhaps this delineation of “world
cities” is biased towards historical measures rather than those which measure importance to
a present or future world.

When the Applied Population Research Unit (APRU) of the University of Queensland
performed a similar exercise in 1993 to determine the ten fastest growing cities of the developed
world, it came up with a somewhat different list (Table 4). That list consisted solely of nine
cities in North America plus Brisbane, and only five of these cities now appear in the top ten.
Whilst the Brisbane Region, Atlanta, Toronto and Vancouver have all increased their ratings,
all the Californian cities have now fallen off the list, illustrating the slowing of growth in
California. In fact, California has had a net domestic migration loss of more than a quarter of
a million persons per annum over the last five years to the other states of the USA.

It is also noteworthy that in terms of population growth, the so-called “sun-belt” cities have
fared relatively badly recently and “snow-belt” cities such as Toronto, Vancouver, Portland
and Denver have overtaken them. Moreover only three of the top ten cities, perhaps four if
Portland is included, could be considered “oceanside” cities.
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Table 3. Spatial articulations: 30 world cities, 1990-95.
1995 Average annual
Articulations population growth 1990-95
‘000s %
1 Global financial
#*London 7 335 0.0
# New York 18 107 0.3
#*Tokyo 26 836 1.4
2 Multinational
# Miami 3443 14
# Los Angeles 15 362 1.0
# Frankfurt 3606 0.8
# Amsterdam 1109 1.0
* Singapore 2 848 1.0
3 Important national
#*Paris 9 469 0.3
# Zurich 897 1.6
* Madrid 4072 -0.5
* Mexico City 15643 0.7
Sao Paulo 16 417 2.0
* Seoul 11 641 1.9
# Sydney 3590 0.4
4 Subnational/regional
Osaka-Kobe 10 601 0.2
# San Francisco 6 540 0.9
# Seattle 3265 1.8
# Houston 4164 21
# Chicago 8 590 0.8
# Boston 2842 0.5
# Vancouver 1678 3.5
# Toronto 4084 3.7
Montreal 3240 1.8
Hong Kong 5574 0.7
# Milan 4 251 -1.6
Lyons 1311 0.7
Barcelona 2819 -0.6
# Munich 2238 0.9
# Dusseldorf-Cologne- 12 496 1.0

Essen-Dortmund

# major immigration target;

* national capital;

Source: Friedman (1995), US Bureau of the Census (1996), United Nations
(various), United Nations (1995).
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Table 4. Comparison of the fastest growing large urban regions in the developed world, 1980-90
and 1990-95.

Rating (1980-90) Rating (1990-95)  Urban region

1 5 Phoenix-Mesa, Arizona, USA

2 17 Sacramento-Yolo, California, USA

3 21 San Diego County, California, USA

4 13 Dallas-Fort Worth, Texas, USA

5 3 Atlanta, Georgia, USA

6 4 Brisbane-Moreton-Tweed, Australia

7 1 Toronto, Ontario, Canada

8 22 Tampa-St Petersburg-Clearwater, Florida, USA

9 20 Los Angeles-Riverside-Orange County, California, USA
10 2 Vancouver, British Columbia, Canada

Source: US Bureau of the Census (1996), United Nations (various), United Nations (1995),

Australian Bureau of Statistics (1996).

The importance of these comparisons is that there is nothing to suggest that those things
which are commonly held as “attractions” to SE QId — sun and surf — ensure long term growth
elsewhere in the world, at least at very high levels. On the other hand there is also nothing
to suggest that cities may not achieve very high population growth over long periods even
though they are not presently considered “world cities”.

If we compare SE Qld’s growth to two cities in the US which are sometimes held up as
undesirable models for Brisbane’s possible futures, Los Angeles and Miami, we see that
Brisbane is remarkable for its consistent growth in the post-World War II period (Figure 5). We
can also see that both Miami in the 1950s and 1970s and Los Angeles in the 1970s have had
periods of very much more rapid growth than anything the Brisbane Region has experienced.

1980-90

O Miami

B Los Angeles

1970-80 @ SE Qld

Period

1960-70

1950-60

0.00 2.00 4.00 6.00 8.00
Annual growth rate (%)
Figure 5. Growth rate of SE QIld compared to Los Angeles and Miami, 1950-60 to 1980-90. Source
of data: United Nations (various), Australian Bureau of Statistics (various B).
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Finally these data suggest that very fast growth for large cities is most characteristic when
their populations are around two to three million. Cities larger than that generally slow down
in their population growth although even the largest may have short bursts of rapid growth.

Before proceeding to consideration of future scenarios, let us look at the historical growth of
urban settlement in the Moreton Region (Figure 6). As can be seen from the maps, pre-World
War II growth was concentrated along the Brisbane River well upstream from the coast. Only
after World War II did rapid development begin to take place along the coast itself. The first
major growth area was what became the Gold Coast; more recently the Sunshine Coast has
had very rapid growth particularly in percentage terms.

Population densities in SE QId vary from less than 30 persons/km? in rural parts to more than
250 persons/km? in the cities of Brisbane, Ipswich, Redcliffe and Gold Coast. Australian cities
in general have densities comparable with those in the USA and well below those of European
and most Canadian cities. Furthermore, in 1980 the population density of Brisbane was the
lowest of any Australian capital city, and similar to that of other cities that currently rival it in
terms of growth, for example Vancouver, Denver and Phoenix (Newman ef al., 1990).

Scenarios for Future Growth

The above analyses and comparisons indicate that most of the recent projections for SE Qld’s
future population are quite possible. Given the pitfalls of making population projections it is
difficult to say which scenarios are the most likely and it is possible that the eventual actual
populations may fall well outside the range of population projections provided here.

We have chosen four population projections which are commonly available and are produced by
experienced projection agencies utilising accepted methodologies and reasonable assumptions
on births, deaths and migration. These projections covering the period 1996 to 2006 are the
Medium, High and Low series of projections produced by the Queensland Department of Local
Government and Planning (DLGP) which, respectively, are Scenarios 1, 2 and 3. Scenario 4
is that produced by the APRU in 1995 (Figure 7).

35
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Brisbane Sunshine Gold Coast  Brisbane Brisbane West West
City Coast and South North “rural”
Hinterland

Figure 7. Projected share of population growth under four scenarios, Moreton Region, 1969-2006. Source of
data: Queensland Department of Local Government and Planning (1996); Skinner et al. (1995).
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A glance at Tables 5A,B reveals that the Gold Coast is still the major centre for population
growth in SE QId and will remain so under all four growth scenarios. The APRU scenario
maintains Gold Coast’s lead more than any of the DLGP scenarios.

The total growth projected for the next decade, under the four scenarios, varies from 430 000
Table 5SA. Absolute population growth in the Moreton Region under four selected scenarios,

1996-2006.

1 2 3 4
Brisbane City 65 060 89 830 41 420 47 920
Sunshine Coast 103 860 123 930 85770 80 970
Gold Coast and hinterland 139 330 171 270 111 150 156 776
Brisbane South 71220 83 380 61480 83430
Brisbane North 90 730 106 180 79 590 82 562
West 43 290 50 230 37 550 30 620
West “rural” 17 770 24 110 13010 13 903
Brisbane/Moreton 531 260 648 930 429 970 496 181
Table 5B. Percentage share of population growth in the Moreton Region under four selected scenarios,

1996-2006.

1 2 3 4

Brisbane City 12.25 13.84 9.63 9.66
Sunshine Coast 19.55 19.10 19.95 16.32
Gold Coast and hinterland 26.23 26.39 25.85 31.60
Brisbane South 13.41 12.85 14.30 16.81
Brisbane North 17.08 16.36 18.51 16.64
West 8.15 7.74 8.73 6.17
West “rural” 3.34 3.72 3.03 2.80
Brisbane/Moreton 100.00 100.00 100.00 100.00

Note: Gold Coast and hinterland includes Gold Coast (C) and Beaudesert (S); Brisbane South includes Logan (C)
and Redland (S); Brisbane North includes Pine Rivers (S), Caboolture (S), Redcliffe (C); West is Ipswich (C);
West “rural” includes the shires of Boonah, Esk, Gatton, Kilcoy, Laidley. Source: Queensland Department of
Local Government and Planning (1996), Skinner et al. (1995). [(C) indicates City, and (S) indicates Shire.]

to just under 650 000 persons. This is equivalent to adding a new Newcastle (New South
Wales) urban region to SE QId in the next ten years and implies the need for provision of all
the infrastructure that such a new “city” requires — just to maintain present standards.

This Gold Coast dominance in APRU’s scenario also produces lower growth in Brisbane City
and the west and western rural regions (Ipswich City, and the rural shires from Boonah, through
Gatton, and north to Kilcoy) when compared with the scenarios of the DLGP (Tables 5A,B).
Nevertheless, all scenarios indicate that the coastal regions will get by far the predominance
of population growth in the Moreton Region. In fact under even the “best” scenario (Scenario
3), the west and western rural regions will only receive a little over 11% of the total growth
of the region over the next ten years. This is despite the fact that more than two-thirds of the
total land area of the Region is in these local government areas.
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Conclusion

It was perhaps one of the objectives of the Moreton Bay and Catchment Conference to determine
whether the future growth of the Moreton Region should best continue to be distributed along
the coast or whether it is better to encourage settlement inland in the agricultural or upland
areas. All would appear to have substantial environmental costs.

The acceptance of population growth as good rather than bad is characteristic of most of the
Region’s local authorities as well as other major decision makers in the Region such as the
State Government and big business. So far the only initiative which could have questioned
the growth is good syndrome is the SEQ2001 Project. But even that project accepted a pre-
existing set of medium to high population forecasts as given, and has structured its policy
recommendations around that acceptance.

There is some intention in SEQ2001 to direct growth into certain local authorities, but whether
this will become reality is open to speculation — quite literally. Otherwise it appears that the
foreseeable demographic future of the Moreton Region is merely a continuation of trends that
have been characteristic for three decades or more — maximum growth with minimum policy.
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Overview

Geology and Geomorphology

The theme unifying this chapter is our knowledge of that which lies beneath the surface of
the land and seabed in the southeast Queensland region. The papers demonstrate that such
knowledge can unlock clues to the ancient geomorphological history of the Bay, the position
of valuable and as yet untapped mineral deposits, the processes that influence subterranean
water resources, and hidden archacological treasures of value to our cultural heritage.

Simon Lang and Duncan Lockhart and their coauthors extend our understanding of the
geomorphological history of the Bay dealing with northern and southern Moreton Bay,
respectively. They relate data that confirm David Neil’s summary of the great geomorphological
changes that have been experienced by the system. They use seismic profiles to track the path
of ancient river beds and describe in detail the processes of sediment movement, deposition
and infilling that have led to the present hydrography and sedimentology of Moreton Bay.
Their confirmation that a mere 18 000 years ago the Brisbane River emptied into the ocean
some 25 km east of the present location of Moreton Island provides a graphic illustration
of the ephemeral nature of the system, and, as a consequence, the organisms that presently
thrive within it.

The paper by Leonard Cranfield and Garry Pascoe highlights the importance of understanding
the geology of the region, particularly in prescribing and prioritising land use and for mineral
exploration. They describe the process and attendant tasks by which the Department of Mines
and Energy are attempting to unlock the geological secrets of the region. Information of this
kind can tell us how best to use available land for forestry, agriculture, soil conservation and
urban and industrial development, and how to identify the locations of economically important
mineral resources. The absence of such knowledge would lead to at best an inefficient use
of our terrestrial resources, but at worst to a destructive and wasteful use of lands within the
catchment, with dire consequences for its inhabitants, economic prosperity and environmental
conservation.

John Harbison and Malcolm Cox relate information on the characteristics of ground water on
Bribie Island. The intimate relationship they describe between the quality of the ground water
and the surface water, and the influence of local geology on ground water quality marks this
paper as a link between discussions of geology and subsequent chapters on water quality of
catchment and Bay waters. They catalogue the natural processes that influence the nature of
ground waters and describe the impact on this resource of various human activities, confirming
the inter-relationship of air, land and sea and the need for consideration of groundwater impacts
in our management of the system.

Maria Cotter uses her paper to point out an additional consideration for land use strategies, that
of hidden archaeological material and the potential loss of such information through various
forms of development. She argues for the development of land use planning strategies that
incorporate assessments of the value of buried cultural material. Given the rapid growth of
Brisbane’s urban satellite areas, both the threat to cultural heritage and the need for assessment
are very real.
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Sedimentation and Coastal Evolution,
Northern Moreton Bay

Simon C. Lang, Shalene T. McClure, Michelle Grosser,
Megan Lawless and Trinetta Herdy

School of Natural Resource Sciences, Queensland University of Technology, Brisbane 4001

A program of seismic profiling and surficial sediment mapping of the Brisbane River delta, Deception
Bay and Pumicestone Passage has improved our understanding of sedimentation and coastal evolution
in northern Moreton Bay.

Sedimentation in northern Moreton Bay involves three main types: fluvial, tidal and reefal.

(1) Confined to the western margin of the Bay and associated with sedimentation of the Holocene
Brisbane River delta and to a lesser extent the Pine and Caboolture Rivers, are fluvial sediments,
gravel, sand and especially mud.

(2) Mature quartzose sands dominate the surficial sediments of the eastern and northern tidal deltas.
They are derived from either sands undergoing northward littoral transport being deposited in or
transported from tidal deltas or sands reworked from older Pleistocene tidal delta deposits, dune
island barriers or coastal strandplains.

(3) Carbonate reefal deposits are associated with the fringing reefs (e.g. around Mud and St Helena
Islands). No recent sedimentation occurs in the central area of the Bay.

Over 400 km of high resolution continuous seismic reflection data acquired since 1995 from the Brisbane
River delta, Pumicestone Passage and northern Deception Bay reveal incised valleys and transgressive
surfaces indicating that Late Quaternary sedimentation has been profoundly influenced by sea level
changes. The interpretation of the seismic profiles indicates that during the last glacial minimum
(18 000 yBP), the Brisbane River drained to the northeast and reached the sea over 25 km east of Cape
Moreton. The incised Brisbane River occupied levels between 20 and 40 m below the present sea level
in the area now covered by Moreton Bay.

The incised Pine and Caboolture Rivers joined the Brisbane River near the middle of present day Moreton
Bay. In Deception Bay a dendritic network of minor creeks drained into the Caboolture River system
offshore from Godwin Beach. A southward draining river valley also existed along Pumicestone Passage
(Elimbah Creek). Between 18 000 and 6 500 yBP sea level rose rapidly (over 1 m per century) drowning
incised valleys and forming broad muddy estuaries. The Pleistocene Bribie strandplain and the Elimbah
Creek valley were inundated, causing Deception Bay to extend 2 km further inland than today. At around
6 500 yBP, sea level reached its peak. This was maintained until at least 3 000 yBP and was followed
by a slight fall in sea level of around 1-1.5 m. Progradation of a Bay-head delta at the mouth of the
Brisbane River resulted. This was fed by the abundant sediment supply, filling the former funnel-shaped
estuary between the present location of the suburb of Hamilton and the Brisbane Airport. The shoreline
of Deception Bay also prograded rapidly during this time, with at least two distinct beach ridge-tidal flat
systems developing. Pumicestone Passage began to fill with flood tidal delta sands derived from either
end of the passage, with an estuarine basin developed in the middle. Fluvial sand accumulated in Elimbah
and Coochin Creeks. Prodelta muds derived from the Brisbane, Pine and Caboolture Rivers settled out
from suspension in restricted circulation areas in the Pumicestone Passage (e.g. Bullock Creek).

In: Tibbetts, LR., Hall, N.J. & Dennison, W.C. eds (1998) Moreton Bay and Catchment.
School of Marine Science, The University of Queensland, Brisbane. pp. 81-92.
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Introduction

Over the past few years a series of geological studies have been undertaken in Moreton Bay
by postgraduate students as part of a research program by the Applied Sedimentology and
Sequence Stratigraphy Group, School of Natural Resource Sciences, Queensland University
of Technology (QUT). The aim of the program is to use Moreton Bay as a field laboratory
to develop a sequence stratigraphic framework for late Quaternary coastal deposits that can
primarily be used as analogs for developing petroleum exploration models for mixed wave-tide-
fluvial settings. Major contributions to the study of sedimentation in northern Moreton Bay have
been made by earlier workers (Jones et al., 1978; Hekel et al., 1979; Jones & Hekel, 1979; Jones
& Stephens, 1981; Jones, 1992; Stephens, 1978; 1982; 1992; Flood, 1980). This paper aims
to fill several small gaps in our knowledge of sedimentation patterns and coastal evolution in
three study areas; the Brisbane River delta beneath Fisherman Islands, the Godwin Beach area
of Deception Bay, and the Pumicestone Passage (Figure 1). Furthermore, in conjunction with
a companion paper (Lockhart et al., this volume), it aims to synthesise the coastal evolution
of Moreton Bay. It is based on a sequence stratigraphic approach (van Wagoner et al., 1988),
and discusses the four phases of coastal evolution recognised by Lockhart ef al. (1996).

Moreton Bay forms a wedge-shaped lagoonal embayment 80 km long, opening to the Coral
Sea towards the north (Figure 1). The Bay has an area of 1 400 km? and ranges from 35 km
wide in the north, to 5 km wide in the south. Maximum water depth varies from 40 m in the
north to 6 m in the south.

The Bay experiences both microtidal to mesotidal conditions (up to 2.8 m maximum tidal
range), and prevailing winds are from the southeast. Moreton Bay is protected in the east
by two large sand islands, North Stradbroke Island and Moreton Island. These islands are
predominantly of Pleistocene age and represent acolian dune-island barriers that protect most
of the Bay from ocean swells (Stephens, 1978). The seaward fringes of these islands have a
Holocene beach ridge system. Several tidal entrances connect Moreton Bay to the Coral Sea
and these contain extensive ebb and flood tidal deltas. The entrances restrict oceanic swells
entering the Bay and are associated with extensive sand bar and tidal channel systems.

In both the northern and southern extremities of Moreton Bay, Pleistocene and Holocene
strandplains comprising extensive beach ridge systems are evident. These lie adjacent to
extensive estuarine complexes at the mouths of several rivers (e.g. Caboolture, Pine and
Logan) that drain into the Bay.

The Brisbane River is the largest river that flows into the Bay, and forms a significant bay-
head delta. Marine seismic profiling between the Brisbane River and the Logan River in the
southern part of Moreton Bay shows a series of incised valleys. These valleys traversed a
coastal plain towards palaeo-shorelines lying to the east of the present dune-island barriers
during the glacio-custatic lowstands of the late Quaternary (Figure 2) (Jones et al., 1978;
Stephens, 1982; Evans et al., 1992; Lockhart et al., 1996; this volume).

The sedimentary environments of Moreton Bay (Figure 1) have been moulded by a mix of
fluvial, tide and wave influences since the onset of the post-glacial transgression that reached its
peak 6 500 yBP. The Bay therefore represents an excellent laboratory to examine the differing
sedimentary processes and sedimentary sequences resulting from the relative influences of
fluvial, tide and wave processes in a transgressive setting. Analysis of these depositional systems
will shed light on the environmental response to sea level change in the Late Quaternary,
and will assist with refining stratigraphic models for use by petroleum explorers of ancient
successions deposited in comparable settings elsewhere.
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Bay. Note that the area of minimal deposition is located in the central Bay area, and locally
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Figure 2. Sea level changes in the Late Quarternary showing periods when Moreton Bay was dry.

Depositional Environments in Northern Moreton Bay

Northern Moreton Bay has several distinct sedimentary environments (Figure 1) that can be
divided into three types of sedimentation.

(1) Fluvial gravel, sand and especially mud confined to the western margin of the Bay and
associated with sedimentation of the Holocene Brisbane River delta. To a lesser extent
the same occurs in the Pine River and Caboolture River estuaries in Bramble Bay and
Deception Bay respectively.

(2) Mature quartzose sands ultimately derived from littoral transport along the northern
NSW coast, and deposited in or transported in the North Entrance tidal delta and along
Pumicestone Passage. This material includes quartzose sands reworked by erosion of
older Pleistocene tidal delta sand deposits, dune island barriers (e.g. North Stradbroke
Island or Moreton Island), or coastal strandplains comprising extensive beach ridge
systems (e.g. Bribie Island).

(3) Carbonate reefal deposits associated with the fringing reefs (e.g. around Mud and St
Helena Islands).

The central area of Moreton Bay is a distinctive area of minimal sedimentation, where
Pleistocene stiff clays are exposed at the sea bed beyond the reach of the downlapping prodelta
of the Brisbane River (Jones & Stephens, 1981).

In the following pages, a summary of the results of sedimentation and coastal evolution studies
in three study areas (Figure 1) is presented: (i) the Brisbane River delta; (ii)) Godwin Beach
in northern Deception Bay; and (iii) the Pumicestone Passage.

Brisbane River Delta

The mouth of the Brisbane River delta lies in southwest Moreton Bay, and is a good example
of an incised river valley that has filled a funnel-shaped estuary and built a 300 km?, fluvially-
dominated delta during the Late Quaternary. An extensive offshore delta front and prodelta
have developed with a slight elongate surficial distribution reflecting tidal and, to a lesser
degree, wave influence. Recent studies have focused on the nature of the incised valley fill
and coastal evolution in a mixed fluvial and tidal setting. Evans (1990) and Evans et al. (1992)
presented a detailed account of the Pleistocene and Holocene incised valley fill beneath the
Brisbane Airport and offshore from Nudgee Beach. The Fisherman Islands area has received less
attention, however, its stratigraphy may be of key importance in the geotechnical assessment
of the area for future Port development. Herdy (1997) undertook a detailed sediment mapping,
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seismic profiling and drilling program in the area, and identified a complex topographic
surface developed on the Pleistocene substrate (stiff clays and sandy clays) beneath the area
immediately offshore from the current Port development.

Sediments

An extensive surficial sampling and shallow drilling program over the intertidal and subtidal
sediments of the delta in the Fisherman Islands area resulted in recognition of eight different
lithofacies (Table 1). These lithofacies represent several sedimentary environments, including
the delta front, distributary channels and prodelta, and pass laterally and seaward into fringing
reefs, and a zone of minimal deposition. The Brisbane River forms a significant apron of
prodelta mud that extends out into the Bay. Wave and tidal influences have caused the prodelta
sediments to preferentially accumulate towards the northwest, creating the muddy coastline
around Bramble Bay, and supplying fine sediment as far as Deception Bay and possibly to
Pumicestone Passage.

Table 1.  Lithofacies on and in the vicinity of the Brisbane River delta as determined by mud, sand,
and carbonate percentages in each sample.

Lithofacies Percentage Mud Depositional environment

Slightly Muddy Sand 0.2-10% Delta Front Sand

Muddy Sand 10 - 50% Delta Front Sand

Sandy Mud 50 — 90% Prodelta Muds

Mud > 90% Prodelta Mud, Mangrove

environments

Shelly Slightly Muddy Sand 0.2% Mud Delta Front Sand
10-50% CaCO,

Shelly Muddy Sand 10-50% Mud Prodelta Mud, Channel Sediment
10-90% CaCoO,

Shelly Sandy Mud 50-90% Mud Prodelta Mud, Channel Sediment
10-90% CaCoO,

Reefal Carbonate 0-30% Mud Confined to Fringing Reefs around
70-100% Ca CO, Mud and St Helena Islands

Coastal evolution

Based on seismic interpretation, Evans ef al. (1992) and Herdy (1997) recognised several
distinct packages of sediment separated by key surfaces during the Late Pleistocene — Holocene.
As age dating of sediments in this area is sparse, the type of sediment and its position relative to
the key surfaces was used in conjunction with the sea level curve (Chappel, 1983) to interpret
possible age ranges for the sediment packages. Following the approach by Lockhart et al.
(1996; this volume), each package can be linked to four phases of incised valley fill beneath
the Brisbane River delta, representing three depositional systems tracts (van Wagoner ef al.,
1988). Depositional systems developed during discreet phases of the sea level curve in which
a sequence is deposited are referred to as “systems tracts” (van Wagoner ef al., 1988). These
include the late lowstand (Phase 1), early and late transgressive (Phase 2 & 3), and highstand/
stillstand (Phase 4) systems tracts.

An incised surface marking the base of Phase 1 lies between —20 and —40 m developed on
older Pleistocene alluvial deposits during the falling stage in sea level between 30 000 and
18 000 yBP (Evans ef al., 1992). This incised surface (sequence boundary) is clearly evident
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on the seismic profiles (Figure 3, SB3) and has been intersected by drilling for the foundations
of the Port of Brisbane developments on Fisherman Islands (Herdy, 1997). In this area, the
incision has formed a dendritic drainage network on top of consolidated clays and sands of
older Pleistocene deposits, producing an irregular, channelled surface between —10 and —20 m
AHD. This surface dips seaward joining the main Brisbane River palacochannel system to
the north. A thin package of alluvial sediments (sands and gravels) filled these channels in
places during the late lowstand but were transgressed (Phase 2) by estuarine muds during the
rapid transgression that reached its peak at 6 500 yBP. A maximum flooding surface traceable
throughout the area between —8 and —15 m AHD is visible on seismic profiles (Figure 3, MFS2),
separating laminated muddy estuarine deposits from the muddy and sandy delta front, and
laminated prodelta deposits of the early highstand. These features dip gently seaward. Rapid
delta progradation during the highstand/stillstand (Phase 4) has produced a series of sediment
lobes that clearly downlap onto the maximum flooding surface, comprising mouth bar and
distributary channel deposits (Figure 3).
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Deception Bay

Sedimentation and coastal evolution

Previous studies in Deception Bay (Flood, 1980) concentrated on the beach ridges in the
Beachmere area immediately north of the Caboolture River. McClure (1995) extended this
work north to the Godwin Beach-Sandstone Point area (Figures 1, 4) where extensive drilling
data has become available as a result of sand resource extraction. The area consists of a strip of
unconsolidated Pleistocene and Holocene coastal plain deposits that overlie the early Jurassic
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Figure 4. Stages of coastal evolution during the Holocene stillstand/highstand (Phase 4) at Godwin
Beach (GB) in northern Deception Bay. Note the two distinct beach ridge systems separated
by Stage 2 which mark a slight sea level fall between 3300 and 1000 yBP.
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Landsborough Sandstone that crops out at Sandstone Point. The area forms extensive intertidal
flats at low tide. The prevailing southeasterly winds play a significant role in redistributing
sediment around Deception Bay.

Sediments

Extensive sampling of surficial sediments in the intertidal and subtidal zone has delineated
several lithofacies that consist of sand, mud and biogenic carbonate. Mud originates from the
Caboolture River, Burpengary Creek, and possibly the Brisbane River, whereas mature quartz
sand originates from the North Entrance tidal delta. Two lithofacies dominate the area; a sand
lithofacies that is located offshore from Sandstone Point, and further to the southwest a mud
lithofacies that locally has a large biogenic carbonate component (shells).

Coastal evolution

A distinctive beach ridge-tidal flat system has developed in four stages in the Godwin Beach-
Sandstone Point area (Figure 4) since the end of the post-glacial marine transgression (6 000-
6 500 yBP; Flood, 1980). Drilling data indicate the Holocene coastal plain is a ‘stillstand’
progradational wedge (all Phase 4) that downlaps onto transgressive sand and mud and displays
lithofacies similar to those in the nearshore zone (McClure, 1995).

The Holocene coastal plain is over 2 km wide and is dominated by a strandplain comprised
of two beach ridge systems separated by 750 m of coastal lowlands and swamps. The most
landward system, Beach Ridge System 1, developed not long after the end of the post glacial
marine transgression (Flood, 1980). The lateral discontinuity of beach ridges in this system
indicates that a small outcrop of Landsborough Sandstone located in the middle of the
system has influenced their deposition. Beach Ridge System 2 developed in the late Holocene
(>1 500 yBP based on C'* dating by McClure, 1995) and consists of a large landward ridge
and several smaller seaward ridges. This system is laterally continuous from Godwin Beach
through to the Caboolture River (8 km). Between the two systems are coastal lowlands and
swamps consisting of supratidal and upper intertidal deposits.

Three different processes may have caused the separation of the beach ridge systems.

(1) Aslight sea level fall during the mid to late Holocene (up to 0.7 m based on raised upper
intertidal sediments; Chappel, 1983).

(2) The formation of a barrier built up from the southwest inhibiting the development of
beach deposits behind it.

(3) A decrease in sand supply between the development of the two systems.

A modern analogue for the development of a barrier or spit is now observed near the mouth
of an unnamed tidal creek, where a beach spit has cut off sand supply and supratidal and upper
intertidal conditions now prevail behind it. There is clear evidence that a fall in sea level has
occurred in the area, however, at this stage it is difficult to assess the influence of the other
two processes.

Comparisons of sequential aerial photographs over the last 53 years show the area has
experienced short term coastal changes that include encroachment of supratidal environments
by intertidal mangroves and beach erosion. These changes may indicate a slight rise in sea
level. Urban development along the northern Deception Bay coastline could be threatened if
these coastal changes continue.
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Pumicestone Passage

Pumicestone Passage in the northern part of Moreton Bay separates Bribie Island from the
mainland, and represents a mesotidal, elongate back-barrier lagoon estuary with a tidal inlet
at either end. Bribie Island is an extensive strandplain of prograded Holocene and Pleistocene
beachridges protecting Pumicestone Passage from the ocean. Within the southern reaches of
the Passage lies the Elimbah Creek Bay-head delta, flanked by the shallow estuaries of Bullock
and Ningi Creeks (Grosser, 1995). Central Pumicestone Passage is microtidal and contains
three small tidally dominated creeks (Glass Mountain, Hussey and Coochin) that enter the
lagoon-estuary from the west (Lawless, 1996). The morphology of Pumicestone Passage is
inherited from Early Pleistocene and Late Tertiary coastal plain, beach-ridge, tidal delta and
fluvial channels. The Pumicestone Passage estuary consists of a tripartite subdivision including
a tide delta complex at both ends, a muddy central estuarine basin and a Bay-head delta at the
mouths of Elimbah and Coochin Creeks lying along the western margin.

Sediments

Surficial sediment mapping has identified four Holocene sediment populations. Quartzose
Marine Sand is reworked from Bribie Island and from the tidal entrances at both ends of
the Pumicestone Passage. Terrigenous Sand is texturally and compositionally immature
and is sourced from the fluvial reworking of local basement. Terrigenous Mud, settled from
the suspended load of local tidal creeks, and from coastal rivers in Moreton Bay. Biogenic
Carbonate comprises whole mollusc shells, disarticulated valves and fragments, and is either
tidally reworked or in sifu. Sediment transport pathways are linked to the interference of tidal
currents entering the lagoon-estuary from both inlets. A narrow migratory zone of convergence
and divergence exists in the vicinity of Hussey Creek forming a tidal null point. North of the null
point, net bedload sediment transport is northwards, whereas south of the null point, bedload
sediment is variable depending on tide time. Transportation of suspended sediment mimics
water circulation and has an overall net northward direction (Grosser, 1995; Lawless, 1996).

Coastal evolution

Pumicestone Passage is a shore parallel, tide dominated lagoon-estuary linked to the
evolution of the Pleistocene Bribie Island strandplain. Four phases of coastal evolution can
be deduced from seismic profiling along the estuary and drilling (Grosser, 1995; Lawless,
1996), combined with interpretation based on the Late Quaternary sea level curve (Figure 2).

The Bribie Island strandplain was largely built between 140 000 and 120 000 yBP, during the
last Pleistocene interglacial highstand (Armstrong, 1990). From 28 000 to 18 000 yBP, seca
level fell to a glacio-eustatic minimum (Figure 2), during which time small incised valleys
developed in the ancestral Bullock, Elimbah and Ningi Creeks, and the exposed surface
became oxidised and overconsolidated. These creeks flowed south before heading east to
join the palaeo-Caboolture River system. By 18 000 yBP sea level had fallen between 130
and 150 m below its present level and the shoreline had migrated east of Moreton Island
(Stephens, 1992). The coastal plain was exposed to erosion and weathering while rivers and
creeks incised the bedrock and the exposed coastal plain (Phase 1, lowstand systems tract).

From 18 000 to 6 500 yBP (Phase 2 & 3, transgressive systems tract) the post-glacial
transgression, during which sea level rose rapidly to 1-1.5 m above its present position,
dominated sedimentation patterns. Fluvial sands and estuarine muds backfilled the deepest
part of the incised paleo-channels, overlain by tidal delta and tidal channel sands representing
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late lowstand/transgressive deposits. By the end of the transgression, the southern margin of
Bribie Island was inundated, with the shoreline lying approximately along the present position
of the Bongaree-Woorim Road (Armstrong, 1990), and Pumicestone Passage was broader and
more extensive than today.

Since 6 500 yBP (Phase 4, stillstand or highstand) sea level has remained relatively
stable or fallen slightly by approximately 1.5 m. During this time progradation of fluvial
sediments into the passage, and transport of tidal delta deposits, have partially filled
Pumicestone Passage in the southern and northern extremities with approximately 3
m of sand containing more mud than the underlying section (Grosser, 1995; Lawless
1996). These have been interpreted as shallow tidal channel and tidal flat sediments of
the late transgressive/early highstand systems tract. During this time, numerous beach
ridges accreted along the southern end of Bribie Island, the sand sourced from littoral
erosion of the ocean beach and from the North Entrance tidal delta in northern Moreton
Bay (Armstrong, 1990). In the Passage, large scale bedforms in the deeper parts of the
channel show internal geometries and asymmetry indicative of a long term net southward
transport of bedload sand (part of an ebb tidal delta system). This contrasts with the net
northerly transport of suspended load sediments.

Consistent with observations from Deception Bay (Flood, 1980; McClure, 1995), aerial
photography over the last forty years shows a trend of increasing encroachment of supratidal
flats by intertidal, mangrove colonised areas. This is possibly indicative of a slight rise in
sea level that could result in inundation of low lying areas around the passage.

Towards a Sequence Stratigraphic Framework

Based on seismic stratigraphic interpretation around the Bay (Jones et al., 1978; Evans et al.,
1992; Lockhart et al., 1996; this volume), sedimentation is clearly controlled by sea level
changes in the Late Quaternary. These represent lowstand, transgressive and highstand systems
tracts, each separated by key surfaces (a sequence boundary at the base of the lowstand, a
transgressive surface at the base of the transgressive systems tract, and a maximum flooding
surface at the base of the highstand systems tract).

In the youngest sequence developed through the last post-glacial transgression in Moreton
Bay, four phases of fill can be recognised. The sequence boundary developed around
18 000 yBP, when sea level had fallen to its lowest level and Moreton Bay was completely
dry. The Bay area was a broad alluvial plain traversed by several incised valleys centred on
the Brisbane River, which flowed out to over 20 km offshore from Cape Moreton (Figure 5A).

The late lowstand systems tract (Phase 1) represents fluvial sand and gravel confined to the
thalwegs of the incised valleys (Brisbane, Pine, Caboolture Rivers, and possibly Elimbah
Creek) deposited when sea level first started to rise.

The early transgressive systems tract (Phase 2) represents estuarine muds and minor sands
deposited in estuaries (drowned river mouths) during rapidly rising sea level.

The late transgressive to early highstand systems tract (Phase 3), is represented by marine
dominated quartzose sands entering the Bay via the tidal deltas, and continued estuarine
sedimentation. Beach ridges were formed along the early highstand shoreline in northern
Deception Bay (Figure 5B). A maximum flooding surface can be clearly recognised in the
Brisbane River delta, marking the top of Phase 3. Elsewhere it is difficult to pick with certainty
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Figure 5. Palacogeography of Moreton Bay. A: Phase 1, late lowstand, 18 000 yBP, showing incised
valleys traversing Moreton Bay towards the palacoshoreline well to the east of North
Stradbroke and Moreton Islands. B: Beginning of Phase 4, highstand/stillstand, 6 000 yBP.
Note the drowning of the river valleys forming extensive estuaries, and a generally broader

(especially where sandy sediments occur) but it is essentially coincident with the seafloor in
the central part of the Bay.

The highstand/stillstand systems tract (Phase 4) is predominantly confined to the western
part of Moreton Bay, and represents fluvially-dominated deltaic sediments from the Brisbane
River, and to a lesser degree the Pine and Caboolture Rivers, and Elimbah Creek. Sea level
may have fallen slightly (1-1.5 m), which has promoted the growth of the Brisbane River
delta forming well developed progradational delta lobes. It also resulted in a seaward jump
of the beach ridge system in Deception Bay between 3 000 and 1000 yBP. The current retreat
of mangrove species in northern Moreton Bay suggests that sea level may be rising slowly,
and this may result in coastal erosion in the next few centuries.
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Abstract

This study focuses on the narrow southern extremity of Moreton Bay. The area is bounded on the east
by a Pleistocene dune-island barrier, North Stradbroke Island and a Holocene barrier island, South
Stradbroke Island. The western part of the area comprises the low lying fluvially-dominated mangrove
islands of the Logan River’s bay-head delta. A low lying coastal plain south of the Logan River extends
up to 10 km inland from the present western Bay shoreline. The central and eastern part of the area is
a complex of low lying mangrove-colonised sand shoals and tidal channels, which represents the relict
Jumpinpin flood-tide delta.

A combination of continuous seismic profiling, one drillhole and mapping of the palaeo-fluvial systems
has enabled the development of a coastal evolution model. Results indicate that during periods of glacial
lowstand the Logan River incised the exposed coastal plain of Moreton Bay. This incision created a
complex fluvial system that originally flowed east-southeast of the present river mouth (the area now
covered by South Stradbroke Island). The Pimpama River flowed into the Logan as a tributary, the
confluence being near Jacobs Well. A fluvial system that flowed north through Redland Bay and west of
Peel Island to eventually join the Brisbane river near the western shore of Moreton Island also existed
at this time.

There are four phases of sedimentation related to rising sea level that filled the valleys and eventually
created the modern form of the Bay. Phase 1 is related to the late lowstand when sea level first started
to rise, and is comprised of fluvial gravel and sand. These sediments are thin and confined to the valley
thalwegs. Phase 2 sediments were deposited due to a rapidly rising sea level and are predominantly
estuarine mud and silt with minor estuarine sands. These sediments were deposited in a restricted
estuarine environment. Phase 3 sediments were deposited during a late transgressive to early highstand
phase. The sediments consist of clean quartzose sands sourced predominantly by marine sedimentary
processes through an ancestral Jumpinpin tidal inlet. Conditions at this stage in the southern Bay were
less constricted than they are now, with most of the present coastal plain inundated by the sea. The final
phase of sedimentation predominates in the western part of the Bay. This phase represents infilling by
fluvially-derived sediment from the Logan, Pimpama and Coomera Rivers, and marine sand entering
through the flood tide dominated tidal inlet at Jumpinpin.

Introduction

One of the more significant concepts developed by sequence stratigraphy is that of lowstand
deposits that form during periods of falling or lowered sea level. On the shelf, these comprise
two distinct types of accumulations: incised valley-fills and lowstand shorelines. Incised valleys
form when falling base level causes the rivers to extend seaward across the shelf and incise
their substratum (Posamentier ez al., 1992). Transgression of these incised valleys leads to
the formation of estuaries. Sediments become finer grained and depositional environments
are controlled primarily by tidal influences. The shoreline retreats landwards because the rate
of the increase in accommodation space is much greater than the rate of sediment supply
to the basin. During periods of high and stable sea level sediment supply is able to catch
up and surpass the amount of accommodation space that has been created by the previous
transgression. Consequently, estuaries will begin to infill with a combination of fluvially and
marine-derived sediment.

In: Tibbetts, LR., Hall, N.J. & Dennison, W.C. eds (1998) Moreton Bay and Catchment.
School of Marine Science, The University of Queensland, Brisbane. pp. 93-106.
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Modern coastal estuaries and lagoons represent excellent analogues for ancient incised valley-
fills. Detailed studies of sedimentary process and evolution of these environments aid in the
understanding of natural controls on sediment distribution. These studies are valuable for
geotechnical studies in a number of ways. They can delineate the distribution of acid clays
and provide the location of palaco-valleys filled with sediment likely to compact at faster rates
than the valley interfluves. Understanding of mud distribution in the estuarine environment
also highlights areas in which heavy metals will concentrate in sediments. To date, however,
relatively few detailed facies and stratigraphic studies have been carried out in mixed wave
and tidal dominated estuarine valley fills (Dalrymple et al., 1994).

Geological setting

The coastal zone of southeast Queensland is a wave dominated coastline with a micro to
mesotidal system. This predominance of wave power over tidal power has created the coastal
morphology of the region. The southeast Queensland coast is characterised by the presence of
barrier islands, coastal spits and the occurrence of tidal inlets (e.g. Jumpinpin, North Entrance
and South Passage). The dominance of large floodtide dominated tidal deltas, which act as
sediment sinks for massive quantities of sediment transported along the coast by littoral drift, is
a feature common to wave dominated coasts. In southeast Queensland this littoral drift direction
is to the north and driven by the predominance of southeasterly trade winds and swell waves.
In comparison, relatively little sediment is permanently trapped in the subordinant ebb-tidal
deltas, which are formed in the seaward position of these tidal inlets.

Moreton Bay itself forms an 80 km long back barrier lagoon system up to 35 km wide and
opens to the Pacific Ocean towards the north. The landward side of the Bay is dominated by
a series of incised river valleys that grade into estuarine coastal plains accumulated between
bedrock highs. The ocean side of the Bay is bordered by a sand dune dominated barrier island
system cut by a series of tidal inlets. The lagoon is tide dominated with tides ranging up to
2.4 m. Fluvial outflow is dominant in the summer wet season, especially following periodic
cyclonic rainfall.

This study focuses on the southern extremity of Moreton Bay where the lagoon narrows to
less than 10 km. The area is bounded to the east by the dune island barrier, North Stradbroke
Island, and the barrier island, South Stradbroke Island (Figure 1).

The islands of southern Moreton Bay

North and South Stradbroke Island

Although these two islands were joined in the past, they were both formed by distinctly different
geological processes. North Stradbroke Island was formed by aeolian processes during periods
of low and rising sea level in the Pleistocene. Strong, dominantly south-southeasterly trade
winds (dominant when the climate was more arid, windy and cooler during periods of low
sea level (Ward, 1977)), combined with a westerly transgressing shoreline reworking marine
sand on the exposed shelf into large migrating parabolic dunes (Stephens, 1982). These
dunes eventually anchored close to their western limit against a series of roughly north-south
trending bedrock ridges. These ridges, buried beneath the high dunes, have been imaged by a
combination of refraction seismic performed by the Bureau of Mineral Resources during the
1960s (Polack & Kevi, 1965; Kevi & Milson, 1966) and subsequent drilling by the Geological
Survey of Queensland (Laycock, 1976).

The formation of Eighteen Mile Swamp on North Stradbroke Island is most likely related to a
long period of tidal inlet closure at Jumpinpin. Flood et al. (1986) determined with C'* dating
of peat that the swamp was formed approximately 600 yBP. The origin of the barrier beach/
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Figure 1. Location of study area and distribution of sediments.

dune system on the easternmost shore of North Stradbroke Island is related to a northward
spit progradation evolving from longshore drift-spit accretion (Flood et al., 1986). A modern
example of this rapid longshore accretion, progradation and finally coastal attachment of an
offshore bar, has been documented at Alva Beach, southeast of Townsville in 1974 (Belperio
& Southgate, 1978).

With the spit becoming land-attached a small scale back barrier lagoon formed. With the
outflow of freshwater from North Stradbroke Island the water salinities eventually changed
from saline to brackish to eventually fresh. This then allowed the development of the extensive
peat swamp represented by Eighteen Mile Swamp (Flood et al., 1986).

In contrast, South Stradbroke Island was formed by shoreline processes associated with the
Holocene post-glacial transgression. Seismic imaging performed on the continental shelf to
the east of South Stradbroke Island shows the development of earlier linear barrier islands
formed during periods of sea level stillstand during periods of the Pleistocene when sea level
was between 60 to 80 m below present sea level (Searle, 1982). During the last post-glacial
transgression (from around 18 000 yBP to 6 000 yBP) sea level rise was rapid, approximately
2.5 mper 100y, the sand of the beach barrier system was moved landward by storm washover
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processes in a tank tread fashion (a process described by Swift (1975)). Lagoonal and estuarine
sediments buried by the washover processes are assumed to thin because of the rapid progress
of the transgression which averaged 1 km landwards per 100 y (Kudrass, 1982).

South Stradbroke Island probably arrived at its present position around 6 500-6 000 yBP
(Kudrass, 1982; Baker, 1984) at the time of the maximum Holocene sea level. Since this time
the Island has experienced active beach-ridge accretion associated with the slight fall in sea
level (Flood, 1984).

Mangrove-colonised islands

The eastern side of southern Moreton Bay is affected by fluvial influx from the adjacent
Logan River. This fluvial sediment is presently building a regressive bayhead delta within the
estuary and lagoon. A series of mangrove colonised silt and sand islands of fluvial, and mixed
fluvial and marine sand origin has developed. Comparisons of aerial photographs taken over
a period of decades in the area indicate that mangrove colonisation of shoals at the mouth of
the river is taking place.

Low lying mangrove-colonised islands of the Logan River bay-head delta are associated with a
network of likewise mangrove-colonised mud and sand islands near the Jumpinpin tidal inlet.
Shallow vibrocoring confirms that the islands near the Jumpinpin tidal inlet have a marine
sediment source and represent abandoned tidal delta shoals. These tidal delta shoals became
abandoned during an undetermined period of tidal inlet closure during the late Holocene during
which time mangrove colonisation was able to take place. During the period of tidal inlet
closure the only sources of sediment in the lagoon were the Logan, Pimpama and Coomera
Rivers. The sediment supplied was predominantly mud and silt, with fluvial sand being
deposited only near the mouth of the rivers. Jumpinpin inlet subsequently re-opened in May
1898 due to catastrophic southeast gales (Welsby, 1913) and has remained opened since. As a
consequence, the tidal conditions in southern Moreton Bay have changed and the relict tidal
delta is experiencing active erosion. Prior to the opening in 1898, the tidal channels were so
shallow that even rowing a small boat around the area was a difficult task (Gordon Maas, pers.
comm.) The re-opening of Jumpinpin and the associated change in tidal conditions caused
active erosion and scouring of tidal channels, along with daily inundation of some areas on
the coastal plain during the high tide. To remediate the tidal inundation problem a number of
canals were dug on the coastal plain (Gordon Maas, pers. comm.).

Bedrock islands

A number of bedrock islands are located within southern Moreton Bay. These islands are
predominantly comprised of Palaeozoic metamorphics (Neranleigh-Fernvale Beds, Rocksberg
Greenstone), Jurassic sandstones (Woogaroo Sub-Group) and Tertiary basalt. Remote sensing
data show a number of strong lineaments throughout the area. These lineaments have a strong
northwest to southeast grain and are likely to be related to thrust faulting which was initiated
during the Mesozoic. Fault reactivation occurred during the Tertiary with the onset of volcanism
in the southeast Queensland region and created a small graben in the northwestern portion of
the study area. Basaltic eruption was associated with the faulting and subsequently the graben
was filled with up to 300 m of predominantly basaltic rock (Freiderich, 1978).

The coastal plain

The coastal plain adjacent to the Logan and Pimpama Rivers was formed during periods of
higher sea level in both the Pleistocene and the Holocene. Around 120 000 yBP sea level along
the east coast of Australia was approximately 6 m higher than present sea level (Chappel, 1983).

96 Moreton Bay and Catchment



Sedimentation and coastal evolution

At the peak of the last post-glacial transgression sea level peaked at a level approximately 1-1.5
m higher than present around 6 500 yBP (Chappel, 1983) (Figure 2). Numerous deep auger
holes have been drilled on the coastal plain by the Geological Survey of Queensland during
the mid-1970s as part of an evaluation of sand extraction potential of the area. Sediments
intersected by these auger holes reveal that the entire area of the coastal plain was part of a
large shallow, predominantly sandy bay at the end of the Pleistocene transgression and at least
a large part of the area was also inundated at the end of the Holocene transgression (Figure 3).

Numerous molluscs and gastropods are contained within the sediments of the auger holes.
Numerous shells were collected from a 3 m deep pit dug at the Palm Farm on Hotham Creek,
near the Pacific Highway at Pimpama. Species collected included Anadara trapezia (blood
cockle); Pyrazus ebeninus (mud whelk); Pecten fumatus (scallop); Antigona chemnitzii (venus
clam); Saccostrea commercialis (oyster); Corbula spp. (basket shell); Bedeva paivie (oyster
drill); Nassarius burchardi (dog whelk) and Velacumantus australis (mud whelk). Several well
preserved specimens of the crustacean Scylla serrata were also collected. Many of the bivalve
specimens were articulated, indicating rapid death in sifu and therefore are representative of
the sedimentary environment in which they were recovered. This faunal assemblage supports
the interpretation of a predominantly sandy mud to clean sand estuarine tidal flat environment
in the vicinity of sea grass and rocky headlands (Coleman, 1988). Indicated water depths vary
from subtidal to intertidal.

An articulated sample of Anadara trapezia was recently sent for dating by Amino Acid
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Figure 3. Interpreted cross section based on extensive deep auger drilling of the southern Moreton
Bay coastal plain.
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Racemitisation (AAR) at the University of Wollongong. A map of the coastal plain produced by
Stephens (1982) indicates that the sample locality is Pleistocene in age and related to a higher
period of sea level during the last interglacial (approx 120 000 yBP). Given the potential of an
age around 100 000 yBP it was decided to use AAR dating in preference to C'*. The sample
returned an aspartic acid ratio of 0.415 + 0.021, a value for this species that indicates an age
between 6 000-7 000 yBP (Colin Murray-Wallace pers.comm.). The result correlates closely
with aspartic acid ratios for a sample of the same species taken from Hervey Bay (ratio of
0.44 £ 0.005). This sample was dated using both AAR and C'* techniques. The C'* technique
returned an age of 6 400 £+ 140 yBP for the sample (Murray-Wallace, 1979).

The age of the sample is coincident with the peak of the postglacial marine transgression
(Chappel, 1983), the topographic location of the sample being adjacent to the 2.5 m contour of
the coastal plain. From the depth of the sample and the dominantly intertidal to subtidal faunal
assemblage of the sample locality, it may be inferred that at least a thin veneer of Holocene
aged sediment covers the coastal plain in areas below the 2.5 m topographic contour (i.e. the
majority of the coastal plain).

The majority of the clean sands intersected on the coastal plain are of a fine to medium
grain size, well sorted, subrounded to rounded, with minor feldspar and lithic content. The
composition of these sands and their distribution are consistent with deposition in a large
flood tidal delta system active during both the last interglacial highstand and at the peak of
the Holocene transgression. A complex combination of sandy shoals and tidal channels were
deposited during these periods when the tidal inlet was much wider than present and similar
in form to that seen around South Passage today.

The fluvial influence in the coastal plain sediments is restricted to the mud and silt component
of the sediment. The present day fluvial system follows this pattern, with the majority of
river transported sand being deposited in the immediate vicinity of the mouth of the Logan
River. It is therefore expected that the predominance of fluvial derived sands on the coastal
plain will be confined to an area around the ancestral mouth of the Logan and, possibly,
Pimpama Rivers.

The majority of the sand which fills the present lagoon is marine in origin, being sourced
through Jumpinpin by a combination of northward longshore drift and the predominance
of wave power over tidal power along the coast. This dominance of wave power over tidal
power creates a wave dominated coastline. This part of the coast has been supplied by vast
quantities of marine sand throughout the Quaternary on a scale that renders the fluvial sediment
contribution of the Logan and Pimpama Rivers less significant with respect to infilling the
Bay during periods of high and stable sea level.

Seismic profiling

A total of 250 km of continuous high resolution seismic profiling has been acquired to date
in southern Moreton Bay by the Queensland University of Technology (QUT) School of
Natural Resource Sciences. Shallow water depths encountered in the area (between 0.5 m-8
m) confined the survey to the network of narrow tidal channels, and subsequently an optimal
grid pattern was unable to be obtained (Figure 4).

Data were acquired using a E.G. & G. Uniboom High Resolution System borrowed from the
Queensland Department of Mines and Energy. Position fixing was by means of a Trimbole
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Pathfinder Basic GPS unit in non-differential mode using AMG ’84 as the datum. Locations
were checked with known positions and accuracy was determined to be within &+ 50 m.

Seismic stratigraphy and interpreted coastal evolution

Seismic stratigraphy involves dividing seismic reflection profiles into distinct packages.
These are separated by key seismic reflection surfaces, and characterised by distinct reflection
signatures or facies based on amplitude contrast and orientation. These packages can then be
used to interpret geological processes that were unique to that area at the time of sediment
deposition.

Four distinct seismic facies constitute the valley fill seen in southern Moreton Bay. These
seismic facies represent four distinct phases of sedimentary fill deposited within the system
in response to sea level changes during the late Quaternary (Figures 5 & 6).

The lower-most reflector represents the base of late Quaternary sedimentation in the area and
is characterised by a dramatic erosional surface that may be correlated regionally throughout
Moreton Bay. This reflector corresponds to a major Type 1 sequence boundary (Posamantier
et al., 1992) related to glacial lowstand conditions when sea level was at its lowest leading to
incision of the exposed Bay floor by rivers such as the Logan, Brisbane, Pine and Caboolture.
To test the seismic stratigraphic interpretation, a deep fully-cored drill hole was drilled in
1996 by QUT at Rudy Maas Marina near Rocky Point. The hole known as Logan River #1
was located based on the seismic interpretation of a large incised valley in close vicinity
(approximately 100 m from the drill hole location). The hole intersected three of four interpreted
seismic facies (Figure 7).
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Phase 1 (late lowstand fluvial channel)

The Phase 1 seismic facies characteristically displays variable amplitude contrasts and varies
from chaotic to clinoform where lateral accretion appears obvious (Figure 6). The reflectors
are confined to and around the thalweg of the valley and onlap the valley walls. Deposits are
generally in the order of 4-5 m thick. Results of deep auger drilling on the coastal plain near
Behm Creek, confirm the presence of fluvial quartzite gravel fining upwards into peat at depths
of between 29-36 m. These reflectors are interpreted as being representative of fluvial point
bars, deposited after sea level had reached its lowest stage. The lack of significant vertical
aggradation in this phase suggests that sea level was constant at this stage.
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Figure 7. Location of Logan River #1 with respect to seismic line. Also displayed are the gamma ray
log and lithological log for the hole.

Phase 2 (early transgressive restricted estuarine)

Phase 2 deposits are characterised seismically by strong amplitude reflectors which onlap the
broader valley walls and can be seen most clearly in Figure 5. There are significant vertical
aggradation and weakly to strongly developed clinoformal point bar geometries evident
in some areas (Figure 6). These deposits continue on from the previous phase without any
significant erosional surface being evident. The reflector separating the two phases is interpreted
as representing the initial transgressive surface and, although not correlatable in a lateral
sense (it is confined to within the valley), it is seen on all sections where incision is evident.
The reflector is usually characterised by a significant amplitude contrast to the underlying
sequence. These deposits are interpreted as representing an early transgressive succession of
heterolithic estuarine point bars. Sediments intersected by deep auger drilling on the coastal
plain considered to represent this facies are characterised predominantly by finely laminated
mud and minor sandy mud.

These sediments are characteristically olive green to black in colour and are commonly
associated with the presence of shells and pebble lags representing tidal influenced channel
bases. Towards the top of the Phase 2 sediment unit the muds become distinctly laminated with
alternating black and buff-coloured layers. Biologically, one species of bivalve predominates
and there appears to be low species diversity indicating stressful conditions in a reducing
environment. This is consistent with restricted estuarine circulation. Sponge spicules and
foraminiferans are common in the sandy mud facies.

Minor occurrences of mud crab (Scylla serrata) claws and body fragments are found in both the
mud and sandy mud facies. Shells recovered from phase 2 sediments intersected by Logan River
#1 were dated using C'*— AMS. Ages ranged from 13 650 =50 yBP at the base (-42 m) to 7430
+50 yBP at the top of the phase (-20 m). The age dates from the shells also reveal the presence
of two depositional series within this phase that have distinctly different sedimentation rates.
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The interval between -20m and -39 m was deposited between 9130 + 50 yBP and 7430 £50
yBP. The lower 3 m of the phase (-39 m to -42 m) was deposited at a much slower depositional
rate between 13 650 £50 yBP and 9130 +50 yBP.

Phase 3 (late transgressive to early highstand-open estuarine/marine)

Phase 3 sediments are represented by weakly defined noisy seismic reflectors with only
isolated well developed strong amplitude reflectors present. The nature of these reflectors
indicates the predominance of sand in the sedimentary sequence with the higher amplitude
reflectors representing the presence of mud-filled abandoned tidal channels. The reflector
which separates the underlying Phase 2 sediments from this more marine influenced phase
is significantly erosional and is representative of a tidal ravinement surface created when the
tidally dominated lagoon has transgressed the estuaries (Figures 5 & 6).

Within Phase 3 there are several erosional surfaces that may be recognised. These surfaces
most commonly mimic present day tidal channels in form, dimension and location. In many
examples the location of many present day tidal channels appears to be determined by the
pre-existing location of major bedrock incised valleys.

Phase 3 sediments are not confined to the incised valley walls and represent a change
from restricted estuarine conditions into open shallow lagoonal conditions similar to those
experienced in the present day lagoon. The majority of the sediment for this phase was
supplied by the existence of a large flood and tide dominated tidal delta situated between an
evolving barrier island (South Stradbroke Island) and the Pleistocene dune island barrier of
North Stradbroke.

Sediments are characterised by well sorted, clean to minor muddy quartzose marine sand. The
sands are uniformly fine to medium grained, the only grain size variation being provided by
relative quantities of mud. The sand is compositionally mature with approximately 90-95%
quartz, £+ 5% lithic fragments (metasiltstone, chert), = 5% heavy minerals (ilmenite, rutile, zircon,
hornblende), >1-2% feldspar (orthoclase and plagioclase). Reworked shell fragments of fine to
medium grain size vary in abundance between 0-5% and are associated with the muddier facies.

The tidal ravinement surface separating Phase 2 and Phase 3 was intersected at -20 m in Logan
River #1. The surface is represented by a sharp basal contact between clean marine sand and
black, laminated mud with abundant rip-up clasts immediately above the contact. Bases of
tidal channels in this phase are marked by the presence of pebble and shell lags associated
with clay balls and rip-up clasts of mud. Shells recovered from the base of Phase 2 at -20 m
were dated at 7430 + 50 yBP providing an age for the tidal ravinement surface.

Phase 4 (highstand-mixed fluvial/marine)

The sediments representative of Phase 4 are confined to the landward edge of the lagoon,
the bayhead delta islands and the mangrove-colonised tidal flats surrounding the bedrock
islands in the lagoon. Generally this phase is absent from the seismic data, a fact that may be
exacerbated by water depths insufficient to allow boat access at any stage of the tide around
the bayhead delta area. Shallow auger drilling on the bay-head delta islands in the mouth of
the Logan River confirm the existence of at least 5 m of fluvially-dominated sand, silt and
mud with a high organic content and peat. A minor component of marine sand is also present.

The maximum flooding surface for the Holocene transgression is a diachronous surface between
Phases 3 and 4 which may be recognised on some seismic sections as a downlap surface. Phase
4 (and most likely the latter stages of Phase 3) represents the regressive infilling of the lagoon
during the present highstand.
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Incised valley dimensions

Incised valleys seen on the seismic records have significant dimension. Logan River #1 drilled
at Rudy Maas Marina near the mouth of Behm Creek reached a depth of -46 m G.L. before
reaching basement. The seismic line in the vicinity indicates that the valley is possibly 2.7
km wide. Even allowing for the strong possibility that this section is a traverse oblique to the
direction of the valley and arbitrarily halving the width to 1.35 km indicates a large fluvial
system comparable in size to the Brisbane/Pine River system (Evans et. al., 1992). Other
examples have dimensions of smaller but not insignificant proportions varying from around
300-500 m wide and at least 22 m deep.

These depths are based on seismic depth conversion using a velocity of 1500 m/sec based on
seismic velocity work performed around Moreton Bay by the Geological Survey of Queensland
(Searle, 1980). Drilling results from Logan River #1 displayed that this depth conversion method
is too simplistic in some areas, as the predicted depth of Logan River #1 was 35 m and the
actual depth was 46 m. To account for this depth discrepancy the seismic velocity is believed
to have increased to at least 2000 m/sec through the Phase 2 sediments as the contact between
Phase 2 and the overlying Phase 3 sediments came in at the predicted depth. It is therefore
possible that some of the incised valleys may be deeper than they are presently mapped.

Other surfaces representative of tidal ravinement surfaces with subsequent tidal channel style
morphologies are comparable to present day tidal channels seen within the bay. Generally
these tidal channels are in the vicinity of 2-8 m deep and vary from 100-400 m wide.

Basement structural control

Mapping of bedrock basement based on seismic and drill hole data show an incised valley
trend for the palaeo-Logan system that is strongly controlled by the pre-existing structural
grain of the region. Mapping of the palaco-Brisbane River system in the northern sector of
Moreton Bay indicates that this river has also been controlled by regional structural lineaments.
The main grain in the area is a north-west to southeast trend, a structural grain determined
by thrust faulting during the Mesozoic in conjunction with a conjugate set of lineaments that
trend north-east to south-west.

There is a close relationship between the present day tidal channels and the location of incised
valleys in the vicinity of Peel and Macleay Islands and Redland Bay. This is in an arca away
from the influence of the relict tidal delta near Jumpinpin. Sediment supply in the northern
sector of southern Moreton Bay during the Holocene transgression has been low when compared
to these tidal and bay-head delta areas. Consequently the majority of sedimentation in this
northern sector has been confined to the incised valleys and only a thin veneer of sediment
overlies the interfluves in the northern sector. As a result the presence of major tidal channels
in the northern sector reflects the position of the underlying incised valleys and highlights the
close relationship between the present bathymetry and the palaco-drainage pattern.

Mapping the course of the palaeo-Logan River

A map of the depth to basement for the area has been made by mapping the recently acquired
seismic and incorporating BMR refraction seismic data (Laycock, 1976) covering North
Stradbroke Island. The map covers an area from the southern tip of Green Island in the north
to just south of the mouth of the Coomera River in the Broadwater in the south. The top of
the basement was mapped by hand and two-way times measured at each position fix. Extra
two-way times were recorded in the vicinity of valley thalwegs if they did not coincide with
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position fixes. These two-way times were then converted to depth using a velocity of 1500
m/s. The depths were then corrected for tidal variation and datumed to AHD.

Positions and corresponding depths were entered into computer contouring packages (Surfer
for Windows and a program written by John Laycock, QUT). Extra points were included to
indicate areas of bedrock outcrop and the mainland. The maps were then checked for correctness
and adjusted accordingly.

The results indicate that a complex fluvial network existed in southern Moreton Bay during
periods of lowstand (Figure 8). A major fluvial system was separated by a bedrock divide
created by a topographic high located south of the present mouth of the Logan River and Russell
Island. This directed a major fluvial system to the passage through the Behm Creek area and
continuing east-southeast under the present South Stradbroke Island. The palaco-Pimpama
River joined the system as a tributary in the vicinity of Jacobs Well.

North of this divide a major fluvial channel existed to the west of Russell and Macleay Islands
and flowed northward through what is now Redland Bay and into the area south of Peel Island.
The system meandered towards the west around the very northern tip of Coochiemudlo Island
and then continued north on the western side of Peel Island with tributaries joining the system
from Eprapah and Hillards Creek. Green Island and Wellington Point were joined at low sea
level and acted as a divide between Tingalpa Creek and the north-flowing system. Tingalpa
Creek flowed northwards to join the palaeo-Brisbane River in the vicinity of St Helena Island.

The North Stradbroke Island data reveal the presence of a large valley running approximately
east-west under the island. There is no apparent incision on the seismic lines running north-
south on the western side of the island. It is possible that this represents an older Tertiary
incision into the basement rocks that has not been imaged on the seismic due to its depths
(up to -90 m MSL) and the inability of the uniboom seismic signal to penetrate these depths.

Conclusions

High resolution continuous seismic profiling in the southern Moreton Bay area has revealed
a palaeo-fluvial system that was originated by incision during a period of glacial-induced
lowstand during the Pleistocene. The results indicate that a complex fluvial network existed in
southern Moreton Bay during periods of glacial lowstand. A major fluvial system was separated
by a bedrock divide created by a topographic high located south of the present mouth of the
Logan River and Russell Island. This directed a major fluvial system to the south through the
Behm Creek area and east-southeast under the present South Stradbroke Island. The palaco-
Pimpama River joins with this system as a tributary in the vicinity of Jacobs Well. North of the
divide a major fluvial channel existed to the west of Russell and Macleay Islands and flowed
northward through what is now Redland Bay. The river then meandered to the west of Peel
Island continuing northward to probably join the Brisbane River system.

The incised valleys that were created by lowstand incision are about 46 m deep and potentially
up to 3 km wide. These valleys have been infilled in four stages each related to a specific period
of sea level history. The first phase was deposited during the late lowstand and comprises
fluvial quartzite gravel fining up into peat. These sediments were deposited as fluvial point bars
under relatively stable sea level conditions. Phase 2 sediments are estuarine in origin and were
deposited during early transgression in wide but restricted estuaries. There is significant vertical
aggradation and the sediments were deposited as heterolithic estuarine point bar deposits. Phase
3 sediments are related to the late transgression and are more marine in nature than the previous
deposits. They were deposited in a tidally-dominated back barrier lagoon with abundant marine
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sand supply via a large active flood-dominant tidal delta. Phase 4 sediments are restricted to the
landward edge of the present lagoon, and are predominantly fluvial in origin. The sediments are a
mixture of fluvial sands and muds. The