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THE WESTERNPORT BAY SYMPOSIUM 

14 SEPTEMBER 1974 

EDITOR’S FOREWORD 

This issue of the Proceedings contains reports of scientific investigations together 
with papers presented at the Society’s Symposium on Western Port held on 14 September 
1974 at Monash University. This combined arrangement follows from a decision of 
Council that affects publishing procedures. 

The Westernport Bay Symposium continues the Society’s policy of organizing 
discussions on various aspects of defined regions within Victoria. Personnel of the 
Westernport Bay Environmental Study within the Victorian Ministry for Conservation 
gave freely of their time to make the Symposium the success that it was, and that Study 
was also generous in contributing to the costs of this publication, which is gratefully 
acknowledged. 

‘Western Port’ was the name given by Surgeon George Bass to the embayment at 
the westernmost reach of his voyage from Sydney in December 1797. The name 
‘Western Port’ remains the official title of this bay as determined by the Surveyor General 
on advice of the Place Names Committee of the Department of Crown Lands and 
Survey. The Society was unaware of this when it fixed the title of the Symposium and 
advised contributors to employ a locally used name, Westernport Bay. 

Western Port is a deep water harbor with an unrealized potential as an industrial, 
residential and recreational area within seventy kilometers of Melbourne and has 
attracted attention from numerous quarters. The Symposium served as a forum to 
introduce points of view and accumulated data related to most of these interests. 
Included with the papers presented at the Symposium are some that were read by title 
only, and in this regard attention should be called to the map (folded in back pocket) 
which now enhances the Symposium, and which accompanies the paper on sedimentation 
by M. A. H. Marsden and C. W. Mallett. 

J. W. WARREN. 
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THE ARTIST 

Drawings of Western Port reproduced in th* 
frontispiece and throughout the Symposium papers 
are by Melbourne artist Peter Graham. They hast 
been selected from his 1974 exhibition entitlei 
* Western Port Foreshores*. 

Mr. Graham has studied painting, lithographs 
and photoengraving both here and overseas, arid 
has lived in Alice Springs and Fiji. Now, settled 
in Victoria, he finds himself captured by tht 
strange beauty of Western Port. 

*It was only after many visits to Phillip Island 
over a period of years,* he says, ‘that Western 
Port began to have any significance to me except 
as a place to enjoy with my family. Then, in 1973> 
I suddenly “saw” the unique, tall, silver-green 
beauty of the coastal banksias. A new awareness 
of plant and bird-life quickly followed. The enthu¬ 
siasm of my good friends John and Ailsa Swa* 
for the conservation, and the study of the history 
and ecology of the Bay, helped to unify the many 
visual ideas which resulted in my exhibition.* 

Fascinating among Mr. Graham9s works, arid 
uniquely Australian, are his ‘Notation Drawings’• 
These are abstract designs derived from motifs 
offered by the banksias, ti-tree, gorse bush and th* 
she-oak. Extremely decorative, they could perhaps 
be regarded as a link between the factual observe 
tion of the scientist and the imaginative interpre¬ 
tation of the artist. 

The Society is grateful to this gifted artist fot 
making his drawings available for presentation in 
conjunction with the Proceedings of the Western- 
port Symposium. 

vi 
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The Westernport Bay Environmental Study 

By M. A. Shapiro1 and D. W. Connell2 

Abstract: From 1962, local government, and the Government of Victoria, 
advocated extensive development of Westernport Bay as a port and for new industries, 
with little recognition of the possible environmental consequences. The large labour and 
consumer market of Melbourne is nearby, and the region central to the entire market 
of southeast Australia. Only Westernport on the Victorian coast and a small number of 
other locations on the entire Australian coast possess a combination of qualities and 
resources necessary to many industries. In addition, the area is a major recreation outlet 
for Melbourne and contains a rich variety of animals and plants. The resources of 
Westernport Bay are linked into a system such that the value of each resource is related 
and often dependent upon the maintenance of the others. That is why, with multiple 
pressures for exploitation of Westernport, it is essential that development and conserva¬ 
tion go hand in hand. 

By 1970 the concept of a major multidisciplinary environmental study was accepted 
by all concerned and the outline of its form established. The overall responsibility for 
the Study is lodged in a four man Executive Committee chaired by A. Dunbavin 
Butcher, Deputy Director of the Ministry for Conservation. The three remaining members 
represent the Westernport Regional Planning Authority, the Division of Ports and 
Harbors of the Victorian Department of Public Works, and industry. Of the current 
budget of $1,535 million, $400,000 is a contribution from industry. A Study Advisory 
Committee chaired by Professor J. M. Swan, Pro-Vice-Chancellor of Monash University, 
reviews proposed technical projects. A Review Committee chaired by Sir John Knott 
reports directly to government. 

The Study consists of 43 individual projects: 7 land based investigations, 26 marine 
studies, 6 social and economic studies and 4 mathematical modelling projects. Research 
projects and investigations were initiated early in 1973 and progressively since. The final 
report of this phase of the Study is due at the end of the first two years, namely, as 
soon after December 31, 1974 as possible. 

INTRODUCTION 

Westernport Bay is one of those historical 

misnomers, since it is actually the eastern of the 

two major bays in the Melbourne region. It was 

named by that intrepid physician George Bass, 
who discovered it in 1798 when he sailed south 

from Botany Bay in an open whaleboat. Warneke 
(1968) reports that within a few months of Bass’s 

return to Sydney, sealing expeditions were leaving 

for Bass Strait and Seal Rocks at the entrance to 
the Bay. In 1801 Grant conducted further investi¬ 

gations of the Bay. Before departing, he planted 
Victoria’s first grain crops on Churchill Island. 
Mapping and exploration of the coast and vicinity 
were carried out in later years by Barrallier, Caley, 

Robins, Oxley and Tuckey (Bowden, 1970). In 
addition, in 1802 a French expedition commanded 
by Captain Hamelin entered and charted the Bay, 
naming the northern island Tie Fran$aise\ now 
French Island. 

After this initial burst of interest, the area was 
left to the sealers who gathered in Bass Strait 
from all over the world. Seal Rocks yielded a 
regular harvest and some of the sealers lived 
periodically on Phillip Island (Gunson, 1968). 

In 1826 the visit of the French ships LfAstro¬ 
labe and UAustralie coincided with a period of 
British fears that the French would claim parts 
of Australia. To forestall any French ambitions, 
a settlement was established at Corinella, but 
soon abandoned, in 1828. It is now believed that 

1 Director, Westernport Bay Environmental Study, on leave from his post as Professor of Environmental 
Health Engineering and Urban Affairs, School of Public Health, University of Pittsburgh, Pittsburgh, 
Pennsylvania, U.S.A. 15261. 

2 Marine Studies Coordinator, Westernport Bay Environmental Study, Ministry for Conservation, 240 
Victoria Parade, East Melbourne, Victoria 3002. 
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2 M. A. SHAPIRO AND D. W. CONNELL 

this visit of the French to Australia and Western- 
port Bay was for scientific reasons. 

Batman and Fawkner settled in what is now 
the Melbourne area in 1835 and permanent settle¬ 
ment in the Westernport region began during the 
late 1830’s and early 1840’s. Cattle ‘runs’ gradu¬ 
ally spread from Melbourne through Dandenong 
and Frankston (Gunson, 1968). 

DEVELOPMENT OF THE WESTERNPORT 
REGION 

Agricultural development of the Westernport 
region expanded and intensified in later years with 
small towns springing up at strategic points (see 
Fig. 1). Metropolitan Melbourne also expanded, 
and extended towards Westernport Bay. 

Ultimately it was as a recreation area that 
Westernport became best known. Although Phillip 
Island with its unique fauna is a true international 
tourist attraction, it is the Mornington Peninsula 
that has become the major recreation outlet for 
metropolitan Melbourne. Separating Port Phillip 
Bay and Westernport, and located immediately to 
the south-east of the metropolis, the Peninsula is 
an area of great natural attraction with a variety 
of recreation resources. Its landscapes form a 
mosaic of hill and vale, wood and pasture; its 
beaches range from the safe sandy inlets of Port 
Phillip Bay to the wave-swept surf of the Gunna- 
matta-Portsea area. A third of the houses on the 
Peninsula are holiday homes and some 150,000 
people use the area as their main source of 
recreation during the peak summer months. 

Both Port Phillip Bay and Westernport are 
extensively used by amateur fishermen, yachtsmen, 
swimmers and power boat enthusiasts and Western- 
port also supports a commercial fishing industry. 
The Bay is fringed with small towns—San Remo, 
Corinella, Tooradin, Wameet and Hastings—^ 
which have in the past been almost totally 
dependent upon the fishing industry. 

Westernport Bay has long been recognized as 
a fine port with deep, sheltered anchorage, but 
it was adjoining Port Phillip Bay which had be¬ 
come Victoria’s major commercial and industrial 
port. Now with a dramatic increase in deep 
draught shipping, particularly for industrial car¬ 
goes, the importance of Westernport has increased. 
No other harbor on the Victorian coast, and few 
in Australia, can match its deep sheltered waters. 
Almost completely landlocked, its depth at the 
entrance exceeds 33 m, dropping to a minimum 
at low water of 15 m at berthing points within 
the Bay. 

HISTORICAL BACKGROUND 
TO THE STUDY 

In 1960 some people living generally in the 

Mornington Peninsula area and anxious to see 
the abundant resources of Westernport further 
developed, formed a Westernport Development 
Committee. This was followed, 1962, by a meet¬ 
ing with neighbouring shires convened by the 
Hastings Shire Council to discuss the planning 
and development of Westernport Bay as a deep 
water port (Anon., 1972). 

A number of factors were recognized as adding 
to Westernport’s value as an industrial port. In 
the vicinity of Hastings, the deep water channel 
is flanked on both sides by large tracts of flat land 
suitable for heavy industrial development. It is 
close to the Melbourne-Dandenong-Berwick axis, 
where the thrust of Melbourne’s growth has been 
greatest. Similarly, it is close to the Melboume- 
Gippsland axis with its rich resources such as the 

extensive brown coal deposits in the Latrobe 
Valley and the gas and oil in Bass Strait. 

In the middle sixties local governments, and 
the Government of Victoria, were advocating 
extensive development of the port and of new 
industries, and there was pressure, with little 
recognition of the possible environmental con¬ 
sequences, for major reclamation of the tidal flats 
of the Bay. The large labour and consumer 

market of Melbourne is nearby, and the region 
is central to the entire market of south-east 

Australia. It is also served by land transport 
connections. 

In 1962 the Westernport Joint Advisory Plan¬ 
ning Committee was formed and an Act of Parlia¬ 
ment passed permitting the establishment of an 

oil refinery at Crib Point. In later years approval 
was given for the construction of a gas fractiona¬ 
tion plant and steelworks north of Hastings. 

By 1970 three major industries, a refinery, a 
crude oil and low pressure gas export facility, 
and a cold reduction mill, as the first stage of a 
proposed integrated steelworks, were established 
or in the process of construction on the western 
shore of the North Arm. The two petroleum in¬ 
dustries are served by channels and port facilities 
accommodating tankers up to 100,000 Dwt. Both 

wharves are owned by the State of Victoria, while 
the raw materials for the cold reduction plant are 
handled on roll-on, roll-off berths built by the 

industry concerned. The Acts passed to facilitate 

construction of two of the industries allows them 
to carry out reclamation on the Bay shore and 
some areas where mangroves existed before have 
already been reclaimed. 

Industry is competitive, and minimal trans¬ 
portation costs an integral part of success. Many 
of the industries basic to Australia’s economy 
could not exist without close access to deep water 
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and the economies of deep draught cargo ship¬ 
ping. Westernport meets these essential demands: 
few other locations around the entire coastline 
of Australia do so. When other factors of markets, 
labour, land quality and availability and raw 
material sources are analysed also, Westernport 
is found to be highly suitable for development as 
an industrial port complex. 

During 1969, two organizations of great signifi¬ 
cance for the future of Westernport Bay were 
formed. These were the Westernport Regional 
Planning Authority and the Westernport Bay 
Water Pollution Committee. There was recogni¬ 
tion that perhaps the most important feature of 
the resources of Westernport is that they do not 
exist in isolation but are linked in an ecological 
system such that the value of each resource is 
related and often dependent upon the maintenance 
of others (Butcher, 1970). This is why, with 
multiple pressures for exploitation of Westernport, 
it is essential that development and conservation 
go hand in hand. 

By 1970, after initiatives by the Westernport 
Water Pollution Committee, the concept of a 
major multidisciplinary study was accepted by all 
concerned and the outline of its form established. 
The overall responsibility for the Study was lodged 
in a four man Executive Committee chaired by 
A. Dunbavin Butcher, Deputy Director of the 
Ministry for Conservation. The three remaining 
members represent the Western Port Regional 
Planning Authority, the Division of Ports and 
Harbors of the Victorian Department of Public 
Works, and an industry representative. It has been 
averred that the Study has unique features: per¬ 
haps of greatest moment is the fact that of the 
current $1,535 million, $400,000 is a contribution 
from industry. However, the Study is independent 
and, subject to the administrative policy of gov¬ 
ernment being generally adhered to, all policy 
decisions and financial approvals are matters for 
the Executive Committee. The Executive Com¬ 
mittee is backed by a larger Study Committee, 
chaired by Professor John Swan, Pro-Vice- 
Chancellor of Monash University. This has a 
major function of commenting on proposed tasks 
prepared by ad hoc sub-committees and, since the 
advent of the Core Group, those prepared by this 
Group also. 

Recently a Review Committee was appointed 
with the function of acting outside the already 
existing bodies to assess progress and objectives 
of the Study and to report to Government. The 
Review Committee is chaired by Sir John Knott 
and these are its terms of reference: 
‘To review Study objectives by making impartial 
assessment of programs, agency, consultant and 

university contractor activity and advising upon 
these. 
To report to Government on the organization, 
operation and effectiveness of the Study’. 

Early in the development of the Study it was 
concluded that the demands of a multidisciplinary 
undertaking required direction and co-ordination- 
The Core Group concept evolved and was 
accepted. This is, as is the Study itself, a group 
composed of biological, physical and social 
scientists, engineers and administrators. The Core 
Group is intimately involved in each of the 
research and investigation projects, and is respon- 
sible to the Executive Committee. 

The Westernport Bay Environmental Study is 
hence a co-operative and collaborative multi¬ 
disciplinary effort consisting of basic and applied 
research activities designed to develop compre¬ 
hensive knowledge and understanding of the Bay 
and its catchment. The resulting balanced ap¬ 
proach to the future of the region should permit 
those with statutory responsibilities and others 
concerned to assess and evaluate most, and ideally* 
all of the relevant factors which impinge on the 
environmental viability of Westernport Bay. Fig. 1 
shows Westernport Bay with the external bound¬ 
aries of the catchments which flank the Bay> 
together with the boundaries of the component 
sub-catchments. 

Co-operation and collaboration is demonstrated 
in a variety of ways, of which perhaps the most 
outstanding is that the Study is jointly financed 
by government and industry. The original budget, 
approved in 1972, amounted to $1 million; 
$300,000 provided by industry and $700,000 by 
government. Early in 1973, a budget review was 
undertaken to update scientific information and 
take into account other changes such as inflation- 
This resulted in approval of a new budget of 
$1,535 million to which industry and government 
contributed on much the same basis as was agreed 
for the original budget. 

The Study was originally conceived as a fiv^ 
year activity, but for a number of reasons the 
initial phase was modified to cover a two yea* 
span, after which a reassessment of requirements 
was to be made. Thus the contracts awarded tn 
university groups and consultants, and the task 
specifications approved for the studies and re¬ 
search undertaken by both State and Common¬ 
wealth governmental agencies, have deadlines fo* 
a final or major report to be submitted no later 
than the third quarter of 1974. 

Shortly after the Study was initiated in January* 
1973, the Premier of Victoria made a statement 
(February 13) concerning the future of Morning' 
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Peninsula and Westernport. Of the five points 
f? statement the first was: 

• No permits for major industrial projects in the 
esternport area (including French Island) will 

e granted while the Study is in progress (at least 
°r two years)’. (The ‘Study’ is the Westernport 
aV Environmental Study.) 

. % this action the requirement for the submis- 
SI°n of a report at the end of the two year Study 
Was re-emphasized. 

THE westernport BAY ENVIRON¬ 

MENTAL STUDY PROGRAM 

The Study program consists of a set of co- 
Juinated projects concerned with activities and 
aracteristics of the catchment area of the Bay 

** the Bay itself, as they affect environmental 

ha I'7 ^See A Critical Path Program 
been in operation since the Study was initiated 

n the network has been assessed a number of 
Initially, the Study consisted of 23 tasks, 

* . sb?ce ^at ^me activities have expanded. The 
0 owing is a brief outline of the individual tasks 

their objectives. 

l' Land based studies 

inf^and based studies are designed to obtain basic 
ormation and understanding of the physical 

characteristics of the catchment, its soils, geology, 
hydrology and climatology. The latter information 
is to be obtained from historical records and 
current measurements. 

1.1 Geology 

1.1.1 Description of Geology and Hydrology 
of the Bay: A comprehensive bibliography of the 
available information is being prepared by the 
Victorian Mines Department and the State Rivers 
and Water Supply Commission as a basis for a 
review of the geology and hydrology of the 
Westernport Region. 

1.1.2 Seismic Survey: A sparker seismic sur¬ 
vey of Westernport Bay has been conducted by 
the Commonwealth Bureau of Mineral Resources 
in co-operation with the Victorian Mines Depart¬ 
ment to delineate the subsea extent of aquifers in 
the area and to locate any sea bottom outcrops of 
these aquifers where salt water intrusion or fresh¬ 
water loss may be occurring. 

1.1.3 Gravity Survey: This survey is being 
carried out by the Geology Department, Univer¬ 
sity of Melbourne in co-operation with the 
Geological Survey of Victoria. It will detect 
subsurface density inhomogeneities which can be 
used to determine the regional extent of the 
various geological features of the Westernport 
Sunklands. 

THE WESTERNPORT BAY ENVIRONMENTAL STUDY 

I- 

LAND STUDIES 
I 

MARINE STUDIES 

Geology 
Soil 
Climate 
Air Quality 
Inputs to the Bay 

I- 
SOCIAL AND 

ECONOMIC STUDIES 

Physical Characteristics 
Chemical Characteristics 
Population & Community 
Structure 

Mangrove, Seagrass and 
Related Studies 

Toxicology 

I 
DEVELOPMENT OF 

MATHEMATICAL MODELS 

Land & Bay Activities 
Sociology 
History 

Land Activities Model 
Water Quality Model 
Water Quality Control 

Program 
Preliminary Ecological 
Model 

Fig. 2—Organization of the Westernport Environmental Study research program. 
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1.2 Soil 

1.2.1 Soil Reconnaissance Survey: A survey of 
the soils of the Westemport catchment is being 
carried out by the Soil Survey Section of the 
Victorian Department of Agriculture in associa¬ 
tion with the State Rivers and Water Supply 
Commission. It will determine their suitability for 
forest, agriculture and urban use, as well as 
physical and chemical properties affecting run-off 
and groundwater flow. 

1.3 Climate 

1.3.1 Climate Survey: This involves the col¬ 
lection, collation and analysis of climatic records 
and involves the Commonwealth Bureau of 
Meteorology, the State Rivers and Water Supply 
Commission and the CSIRO Division of Atmo¬ 
spheric Physics. 

1.4 Air Quality 

1.4.1 Air Quality Baseline Investigation: This 
project is to determine the air pollution potential 
in the Westemport region with particular emphasis 
on the areas proposed for industrial development. 

1.5 Inputs to the Bay 

1.5.1 Input Stream Sampling and Gauging: 
This project is being carried out by the Victorian 

Departments of Health and Agriculture and the 
State Rivers and Water Supply Commission. Its 
aim is to assess the average and extreme hydraulic 
load of selected chemicals entering the Bay with 
the present pattern of land use, and to establish 
techniques to predict the loadings from other 
patterns of land use within the catchment. 

2. MARINE STUDIES 

Marine studies are designed to obtain the 
maximum information and understanding possible 
under the constraints of time and resources about 
the physical, chemical and biological regimes of 
the Bay. They constitute collaborative field samp¬ 
ling and collection program, laboratory analysis 
and various research activities. These range from 
categorization of archival biological material col¬ 
lected by a large number of people for many 
years and stored in the National Museum of 
Victoria to ‘flow through’ toxicological studies 
conducted by the Marine Pollution Studies Group, 
Victorian Fisheries and Wildlife Division, designed 
to ascertain the lethal and sub-lethal effects of 
toxic materials which could be introduced into 
the Bay. 

2.1 Physical Characteristics of the Bay 

2.1.1 Hydrographic and Hydrodynamic Char¬ 
acteristics Study: This project aims to obtain basic 

hydrographic and hydrodynamic data for calibra¬ 
tion and verification of the Water Quality Model 
and to provide a comprehensive description of 
water movement in the Bay. The Ports and Har¬ 
bors Division, Victorian Department of Public 
Works, is conducting the work. 

2.1.2 Drift of Surface Residing Materials 
Study: This aims to describe the patterns of 
surface winds in the region and to develop, as an 
adjunct to the Water Quality Model, a technique 
to determine the likely frequency of deposition 
on shores of the surface residing materials dis¬ 
charged from any potential source. The project is 
being carried out by CSIRO, Division of Atmo¬ 
spheric Physics. 

2.1.3 Preliminary Sediments Survey: A pre¬ 
liminary assessment of the patterns of sediment 
distribution in the Bay has been made by the 
Geology Department, University of Melbourne. 

2.1.4 Sediment Movement and Bottom De* 
posits: Bottom current and sediment transport are 
to be measured at selected localities, and also 
bottom drift studied, to predict the occurrence 
of sediment movement and determine mode of 
sediment transport. The project will be conducted 
by the Geology Department, University of Mel' 
bourne. 

2.2 Chemical Characteristics of the Bay 

2.2.1 Nutrient and Other Chemical Studies’ 
This program has been initiated to determine 
the concentrations of nutrients, such as com* 
pounds of N, P and Si, and other chemical suh' 
stances of environmental importance, for example- 
dissolved oxygen, chlorophyll a, and their seasonal 
variations in the Bay waters. A Marine Chemistry 
Unit has been set up within the Victorian Division 
of Agricultural Chemistry to make these deter 
ruinations. 

2.2.2 Environmental Monitoring of Toxti 
Materials: The objective of this program is to 
investigate the current distribution and concentre 
tion of pesticides, PCB’s (polychlorobiphenyls) 
and heavy metals (Zn, Cd, Hg, Pb and Cr) 
sediments, phytobenthos, zoobenthos, total plank' 
ton, water, fishes, birds and mammals at majot 
river, municipal and industrial effluent discharge 
points in Westemport Bay. It is a joint project 
involving the Arthur Rylah Institute and thc 
Marine Pollution Studies Group of the Fisheries 
and Wildlife Division, and the Marine Chemistry 
Unit. 

2.2.3 Hydrocarbon Investigations: This project 
aims to provide a preliminary survey of the cuP 
rent concentrations of petroleum hydrocarbon5 
which exist in the biotic and abiotic component5 
of the Bay. It is being carried out at the Study’5 
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nb Point Regional Laboratory in association 
Wl*b the Marine Chemistry Unit. 

,*-•2.4 Chemical Data Comparison Study: A 
Prjvate consultant is gathering chemical data on 

/‘arine or estuarine areas in other parts of the 

aS a bas*s f°r comparison with Westernport 

2 T 
Population and Community Structure 

2.3.i Field Survey of Fish Populations: This 

S ^ect was initiated to establish baseline data on 
. Populations in the Bay, including characteri- 
10n of natural variation against which future 
auges can be assessed. The work as well as that 

b0r the following Studies (2.3.2, 2.3.3, 2.3.4) is 
cem8 carried out in the Marine Pollution Studies 

r°uP, Fisheries and Wildlife Division. 

^ ^-2 Zooplankton Population Studies: The 

h: f^ination of existing types, abundance and 
.^ nbution of zooplankton in Westernport Bay 
sj In Progress. The information will be used in a 
7 manner to that described below for 

°benthos Invertebrate Studies. 

^•3.3 Zoobenthos Invertebrate Studies: This 
j ?|ect has the following aims: 

djt- 0 Provide information as to the present con- 
p0,0n tbc Bay by surveying the invertebrate 

den** °n *n order to develop estimates of the 
2 $Jty and diversity of this population. 

JJ‘ ^ obtain knowledge of the distribution of 
pa hlc fauna and any relevant physicochemical 
qu arr|cters which are sufficiently detailed and 

cha^1®6^ to provide a baseline against which 
a8es in faunal composition can be evaluated. 

r '^*4 Study of Archival Benthic Material: The 

and lS tb*s project will assist in the definition 
fau cbaracterization of the marine invertebrate 
recna of Westernport Bay by correlating the 
]°rds and collections lodged in the National 

yease^ of Victoria archives over the past eighty 
s with new information. 

2 3c 
v0jv ° Avifauna Investigation: This project in- 
on ^ ^be collection of historical and current data 
ip species associated with the various habitats 

seas C area’ aiK* as P°.ssible> to determine the 
of 0rial variation in habitat usage and abundance 

coliSPeCies* ^he wor^ being carried out by 
tute Ol?tion between tbe Arthur Rylah Insti- 

Fisheries and Wildlife Division, Monash 
^ ersity and various ornithological groups. 

‘^•6 Exploratory Investigation of Feeding 

^niv, 

poj** and Behaviour of Shorebirds in Western- 

lhe J*ay: This project involves investigation of 
evai*°°d intake of shorebirds in the Bay and 
beinUabon of different areas as food sources. It is 

& carried out by a staff member from the 

University of Durham (England) on sabbatical 
leave at Monash University. 

2.3.7 Preliminary Investigation of the Effect 
of Dredging and Dredging Spoil: This project in¬ 
volves evaluation of the effects of past dredging 
and spoil disposal in Westernport Bay, and aims 
to indicate whether or not further investigation is 
needed into the effects of dredging operations on 
the biological environment of the Bay. It is being 
undertaken by a private consultant. 

2.4. Mangroves, Seagrass and Related 

Studies 

2.4.1 Study of Coastal Dynamics: Historical 
data indicates that sedimentation, erosion and 
other factors have caused substantial changes to 
to the coastline of Westernport Bay. This study, 
which has been carried out in the Geography 
Department of the University of Melbourne, is 
designed to provide one input for the development 
of guidelines for management of future coastal 
changes. 

2.4.2 Classification and Mapping of Peripheral 
Vegetation: The survey and mapping of the 
coastal vegetation of Westernport Bay and the 
determination of the vegetation units or plant 
associations that exist in this region is being 
conducted in the Botany Department of Monash 
University. 

2.4.3—Mapping of Seagrass Communities: 
Basic information as to the extent and location 
of the seagrass communities in Westernport Bay 
is being obtained by private consultants who are 
mapping these communities. This information is 
needed by the other studies concerned with the 
quantitative evaluation of the biological signifi¬ 
cance of the mangrove, saltmarsh and seagrass 
communities. 

2.4.4 The Determination of the Role of the 
Mangrove and Seagrass Communities in Nutrient 
Cycling: The purpose of this investigation is to 
examine the cycling of nutrients within and be¬ 
tween plant communities, water and detritus in 
Westernport Bay. It is being carried out by the 
Botany Department of the Univeristy of Mel¬ 
bourne. 

2.4.5 Study of the Role of Macrofauna in 
Seagrass Communities: This project aims to con¬ 
centrate on a limited number of representative 
areas and carry out detailed studies on these 
areas to determine the role of the seagrass macro¬ 
fauna in the Bay ecosystem. Staff at the Zoology 
Department, University of Melbourne, are plan¬ 
ning and carrying out this investigation. 

2.4.6 Marine Bacteria Investigation: This pro¬ 
ject aims to investigate the role of bacteria in 
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controlling the rate of breakdown of marine 
organic matter and the cycling of nutrients in 
Westernport Bay. (Carried out in parallel with a 
similar investigation in Port Phillip Bay.) It is 
planned to carry it out in the Microbiology 
Department, University of Melbourne. 

2.4.7 Study of the White Mangrove (Avicen- 
nia marina): The objective of this investigation is 
to determine the environmental factors controlling 
growth and survival of the White Mangrove 
(Avicennia marina) in Westernport Bay. It has 
been undertaken by the Botany Department, 
University of Melbourne. 

2.4.8 Productivity Studies: This work involves 
a study of carbon flux through the Bay system 
in relation to nutrient cycling. Production of 
organic carbon by seagrasses and phytoplankton is 
being compared, and an assessment of loss through 
respiration versus consumption in situ, in open 
water, sediments, loss to beaches and open ocean 
is being made. Staff of the Marine Pollution 
Studies Group, Fisheries and Wildlife Division, 
are conducting this investigation, as well as the 
two immediately following (2.5.1, 2.5.2). 

2.5 Toxicology and Related Studies 

2.5.1 Fish Toxicology Study: The fish toxi¬ 

cology program is designed to establish the 
‘safe* ambient concentrations of selected heavy 
metals for the species of fish in Westernport Bay 
that are important for commercial, recreational 
and/or ecological reasons. It involves both static 
and flow-through bioassay experimentation. 

2.5.2 Invertebrate Toxicology Study: In this 
work the bioassay technique is being used to 
establish ‘safe’ concentrations of toxicants for 
invertebrate marine animals which occur in 
Westernport Bay. 

2.5.3 Heavy Metal Accumulation in Biological 
Materials: This work involves the collection of 
phytoplankton from Westernport Bay and the 
analysis of these collections for heavy metals (Cu, 
Zn, Pb and Cd). In addition, laboratory cultures 
of Ditylurn brightwellei are being made to deter¬ 
mine the rate of uptake of the above heavy metals 
by this organism. The work is being carried out by 
the Botany Department, University of Melbourne. 

3. SOCIAL AND ECONOMIC STUDIES 

Westernport Bay and its catchment is a complex 
region. The future of the Bay and the region 
depends upon the quality of the choices and 
decisions made in relation to its development. 
An understanding of the underlying social and 
economic determinants of such choices is of great 
importance. The following projects, including the 
model building efforts, are designed to make a 

start in understanding the complex and ecological 

inter-relationships in the region. 

3.1 Land and Bay Activities 

3.1.1 Survey of Existing Land Use: The aim 
of this investigation is to collect data on existing 
land use in the Westernport Bay catchment and 
to arrange this information in a form appropriate 

for use in the land activities model. This is being 
carried out by Westernport Regional Planning 
Authority and private consultants. 

3.1.2 Beach Survey: This survey is being cat' 
ried out by the Core Group and its aims are 
threefold: 

1. To locate the presently used beaches ifl 
Westernport Bay. 

2. To select representative beaches to be in* 
spected regularly to assess present beach and 
water quality, present use, and any relations 
between these. 

3. To gather data to form a basis for moni' 
toring future changes in beach use and quality- 

3.1.3 Forecast of Possible Industrial Develop' 
ment: The objective of this program (under 
taken by contract) is to explore the economic 
probabilities and the types of industries whicfo 
might locate at Westernport. 

3.1.4 Survey of Beneficial Uses of the Bo)': 
The main aim of this survey is to provide suffi' 
cient quantitative documentation of both existing 
and possible future uses of the total study area- 
This information should facilitate measures to 
meet public demands and requirements. The suP 
vey has been undertaken by the Westernport 
Regional Planning Authority. 

3.2 Sociology 

3.2.1 Sociological Investigation: The aim of 
this investigation is to determine attitudes of 
people to aspects of the existing and projected 
environment of Westernport Bay and its region- 
The work is being carried out within the Cotf 
Group. 

3.3 History 

3.3.1 History of the Study Area: The objeC' 
tives of this project, which is being carried oirt 
by the History Department of the University of 
Melbourne, are: 

1. To establish the pattern of settlement of tftf 
Westernport region and discover any influence* 
this had upon community development, transport 
pattern and use of natural resources. 

2. To investigate the pressures, as they d& 
veloped, from the growth of Melbourne, and frofl1 
concepts, in particular those from 1960 to the 
present, of Westernport as a setting for a separate 
urban-industrial centre. 
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4- DEVELOPMENT AND APPLICATION OF 
Models 

Land and Bay Activities 

4-Ll Land Activities Model: The aim of this 

niodel is to represent the relationships between 
and activity alternatives, effluent control options 

water quality in Westernport Bay and to take 
0 c°nsideration the social and actual costs and 

^enefits of these options. It is intended as a tool 
permit exploration of the alternatives and to 

nd a mix of activities which can be defended on 
r^ad social grounds, and to provide a basis for a 

j lder consensus in the community as a whole. 
0* ^e development of the model, the catchment 

the Bay was divided into subcatchments and 
^°nes as shown in Fig. 1. The model is being 

eveloped by private consultants. 

Water Quality 

n Water Quality Model: To develop a 
athernatical model of Westernport Bay capable 

ti Inking discharges from the land to concentra- 
ns of several parameters in the Bay. The pro- 

fi *ms are to solve the basic equations of fluid 
pi v an.d chemical kinetics at each of the thousand 

* points throughout the Bay. Private con- 
pralants are developing this model. The pro- 
cjyms.are: E Topographic program; 2. Hydro- 
4 pmic program; 3. Pollutant transport program; 

* PoHutant decay program; 5. Pollutant Inter- 
°n and chemical kinetics program. 

jjS2-2 Water Quality Control Program: This 

sch VeS an eva^uati°n of feasible alternative 
Qf emes for the collection, treatment and disposal 
^.Wastewater generated within the catchment. 

Wat 1S ke*n£ carried out by the State Rivers and 
ler Supply Commission. 

Ecology 

liny 3’1 Pretiminary Ecological Model: A pre- 
dev> oiodel of the Bay ecosystem is being 

Pish °?ed in Marine Pollution Studies Group, 
Gr^er^es and Wildlife Division, and the Core 

i0Up. 

advice is to be prepared. Then as an aid to other 
researchers there will be a compilation of the 
reports as received from the individual projects. 
A third document to be reproduced in substantial 

numbers will briefly describe the ecosystem in 

pictorial and diagrammatic form and will outline 
the results and options. 

A film, to be produced jointly by the Victorian 
Ministry for Conservation, the British Broadcast¬ 
ing Corporation and the Australian Broadcasting 
Commission, is planned. It is believed the film 
will be distributed overseas as well as in Australia. 

In addition, public meetings and addresses to 
private organizations by Study personnel has 
assisted in informing the public of the Study’s 
objectives and progress. 

CONCLUSIONS 

In a Study of this magnitude some avenues of 
investigation will prove to be of particular import¬ 
ance, and require further work to gain a clearer 
perception of future environmental implications. 
However, in other cases all the information 
needed will be obtained in the period of the 
present Westernport Bay Environmental Study. 
We believe that in spite of the time constraints, 
a substantial body of information will be available 
for the formulation of the initial environmental 
management objectives. 

The physical, chemical, biological, social and 
economic environment of Westernport Bay is 
highly complex. Within the natural environment 
chemical and biological factors interact in a 
pattern which varies from season to season, and 
even throughout individual daily cycles. 

Social factors such as recreational fishing, boat¬ 
ing and similar activities are superimposed on 
the ecosystem and influence it. In addition, com¬ 
mercial fishing, industry and urban development 
all affect the area and thus the nature of the 
ecosystem. In such a complex situation, future 
monitoring will be necessary to detect changes 

and to assure the success of environmental 
management procedures. 

PlJfiLlC INFORMATION 
Th 

of tJ'e Presentation of the results and conclusions 
sl Study is of vital importance and, at this 
ficar’ tlle topic is subject to discussion and modi- 
adviJ°n- However, these are current plans for 
Sc:ft Sl?g the Government, the public and other 

le?tists. 

inteIrst> a major document, containing a detailed 
rPretation of the results, conclusions and 
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Francis Barrallier and the Survey of 

Westernport Bay 

By Juliet F. Bird* 

This Paper was not delivered at the Symposium. Because of its historical aspect, 
however, it is given precedence. 

The story of the discovery and exploration of 
^sternport Bay is a complicated one, with 
Several separate expeditions contributing to the 

knowledge and nomenclature of the area. 
George Bass discovered Westernport Bay in 1798, 
tl^d his account (1895) and eye sketch show that 
^though he entered and left the Bay by the 
eastern entrance he was aware that another, 
^'estern, channel existed, dividing Phillip Island 
[om the mainland. He also saw the southern 

Saore$ of French Island and travelled some dis- 
tance up the east and west arms of the Bay 
J'Whout realising that the two were linked at 
hlgh tide. 

In December 1800 James Grant, in charge of 
ship Lady Nelson, arrived at Port Jackson, 

aving completed the first west to east traverse of 
ass Strait. Grant had charted the outlines of the 
ictorian coast from Cape Bridgewater to Cape 
att°n. However, he omitted the sector between 
aPe Patton and Wilsons Promontory, where he 
°nght there was a deep bay. This he named 

? ter Governor King. Early in 1801 he was sent 
ack to investigate this area more closely, to 

famine the suitability of Westernport as a har- 
°r> and to discover if Kings Bay contained the 

entrance to an inland sea. Governor King (1896) 
^pressed great confidence in Grant’s seamanship, 

ut doubts over his surveying ability, so he 
pranged for him to be accompanied by a sur- 

GVor, Francis Barrallier, son of a French naval 
lU*veyor, whose task was to produce accurate 

^ afts of the coast, particularly of Westernport 
Bay. 

The Lady Nelson, with Grant and Barrallier 
at)°ard, entered Westernport Bay by the western 
entrance on 21st March 1801, and remained 
^thin the Bay until 29th April (Grant 1803). 

llr*ng that time Barrallier carried out surveys 

of the smaller islands of the Bay, and the main 
channels in the east and west arms. Several copies 
of his chart exist, differing mainly in nomen¬ 
clature. The copy reproduced here shows some 
of Grant’s original names, with additions and 
emendations made soon afterwards, presumably 
by Governor King before he sent the chart to 
London. There are copies of this chart in the 
Public Record Office and the Admiralty Library 
in London. 

Grant recorded a number of feature names in 
his journal, but some of these had already been 
changed by the time this chart was sent to 
London. The spit which Grant had named Lady 
Nelson Point is here labelled Sandy Point, while 
Lady Nelson Point has been transferred to the 
promontory on which Rhyll now stands. Other 
names shown have subsequently been altered: 
Margaret Island is now Elizabeth Island, Round 
Island is Pelican Island, and Snapper Head has 
become Cape Woolamai. The names of the three 
islands in the west arm have also been changed 
or modified. McKellar Island (sic), now Sand¬ 
stone Island, was probably named by Governor 
King after Neil MacKellar, his aide-de-camp from 
September 1800 to April 1801, and as MacKellar 
died in mid-1802 it is likely that it was named 
prior to this date. Harris Island was named after 
John Harris, a surgeon who later accompanied 
Barrallier on an expedition to the Hunter River: 
it is now known as Quail Island, although the 
name Harris Island is still officially recorded as 
an alternative in the Victorian Lands Department 
Gazetteer. 

The name Barrallier Island has persisted, but 
with variations in spelling. Even contemporary 
records differ, Grant for example using the form 
‘Barreillier’. There may have been confusion with 
barilla, a soda ash obtained by burning mangroves 

* 
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around French Island in the eighteen-forties 
(Gunson 1968), for Cox’s chart of 1865 uses the 
form ‘Brilla’, presumably derived from barilla, 
while the ‘Barriliar’ of the modern Admiralty 
Chart is apparently a hybrid. The chart illustrated 
here makes it clear that the correct name is 
Barrallier Island. 

This chart also establishes that in an otherwise 
accurate survey Barrallier failed to perceive the 
insularity of French Island, labelled Westernport 
on his map. This was discovered by the French 
expedition to Australia under Baudin, an offshoot 
of which, with the geographer Pierre Faure, 
visited the Bay in 1802 to check the English chart 
(Peron & Freycinet 1824). The French were 
already aware that the early maps were often 
wrong in identifying islands and peninsulas: they 
had found that D’Entrecasteaux’s lie Tasman was 
really a peninsula, while over on the West Coast 
a careful investigation of another ‘island’ led tg 
its being renamed the Peron Peninsula. Thus they 
probably paid particular attention to the promon¬ 
tory of land charted in Westernport Bay, and 
found that at high tide a boat passage divided it 

from the mainland. This information would have 
been available at official levels soon afterwards, 
but it was several years before it became common 
knowledge, because Baudin died before his jour¬ 
nal had been published. Examination of various 
editions of Flinders* charts shows that although 
some were updated to incorporate the new dis¬ 
covery by 1814, other contemporary charts persist 
in showing French Island as a promontory. 
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Shoreline Changes in Westernport Bay 

By E. C. F. Bird* and M. M. Barson* 

Abstract: Shoreline changes in Westernport Bay are identified by comparing 
outlines and features shown on Smythe’s map (1842) and Cox’s chart (1865) with 
those on modern maps and air photographs. Apart from sectors of loss and gain on 
developing sand spits, the most extensive changes have been associated with die-back 
and disappearance of the mangrove fringe on a number of shore sectors. Field studies 
have indicated several possible explanations for these changes, including deliberate 
clearance to provide boat landings, build jetties, form drainage outlets, and harvest 
wood to be burnt for barilla ash, and the effects of drifting sand, frost action, excessive 
salinity, current scour, and accumulation of dead Zostera within gaps formed in the 
mangrove fringe. 

Shoreline changes can be studied on various 
time scales. There are relatively long-term changes 
that have taken place during the period of about 
five thousand years since the world-wide Holocene 
marine transgression brought the sea up to 
approximately its present level, as a sequel to the 
late Pleistocene low sea level phase. There are 
the changes that have taken place over the past 
few centuries, including those within the era of 
European settlement in Victoria, and there are 
short-term changes measured over periods from a 
few years down to a few days, related to seasonal 
variations in climate or to particular weather 
events, such as storms or floods. 

In Westernport Bay the relatively long-term 
changes are those which followed the marine 
submergence of a former coastal lowland to 
establish the broad outlines of the Bay, together 
with those of French Island and Phillip Island. 
They include recession of cliffs on sectors exposed 
to comparatively strong wave action generated by 
the prevailing westerly winds, as at Settlement 
Point near Corinella; deposition of sandy beach 
ridges and spits, as at Sandy Point and Stockyard 
Point; and development of extensive mangrove- 
fringed marshlands, notably in the northern parts 
of the Bay and in sectors sheltered from strong 
wave action, as on the eastern shores of Phillip 
Island. Studies of geomorphological evolution of 
parts of Westernport Bay over this period have 
been published by Hills (1942) and Jenkin 
(1962), but much work remains to be done. 

The present paper is concerned with changes 
during the more limited period of European 

exploration and settlement, which began when 
George Bass discovered Westernport Bay in 1798. 
We have endeavoured to trace these changes by 
comparing the features of Westernport Bay re¬ 
ported by explorers and recorded on early surveys 
with the configuration shown on more recent 
maps, and on air photographs taken in 1939 and 
1973-4. 

After Bass had discovered Westernport Bay it 
was visited by English and French expeditions in 
1801-2, and then explored by a French party led 
by D’Urville in 1826. There followed the short 
phase of British settlement at Rhyll, and later 
Corinella, in 1826-7. These episodes yielded a 
sequence of charts compiled by Bass (1798), Bar- 
rallier (1801), Faure (1802), D’Urville (1826) 
and Wetherall (1827) which show versions of the 
outline of the Bay, but these are not sufficiently 
accurate for determining subsequent changes. 
Journals and reports written by the various 
explorers include incidental references to shore¬ 
line features, but proved to be of little value as 
a basis for assessing changes. 

The first detailed survey of Westernport Bay 
was that made by George Smythe in 1842 at a 
scale of two-inches-to-a-mile. It was based on a 
triangulation, and shows the shoreline, together 
with information on hinterland features, notably 
vegetation. It provides a document against which 
the nature and extent of subsequent changes can 
be identified, providing due allowance is made for 
possible errors in surveying and cartography 
(Carr 1962). The accuracy of Smythe’s map can 
be judged only by comparing his rendering of 

* Department of Geography, University of Melbourne, Parkville, Victoria 3052. 
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the spatial relationships of fixed points, such as 
clearly-defined rocky headlands and hill summits, 
with their distribution on modern surveys. There 
were very few such points within the area mapped 
by Smythe, but his network of triangulation lines 
suggests a thorough survey, even where the shore¬ 
line was mangrove-fringed. In some of the areas 
mapped as mangrove he apparently included the 
tall Arthrocnemum scrub which locally grows in 
the salt marsh to the rear of the white mangrove, 
Avicennia marina, on the shores of this Bay 
(Fig. 3). Other areas, labelled samphire, were 
presumably low shrubby salt marsh. 

In general, Smythe’s map is regarded as suffix 
ciently accurate to be used as a basis for a quali^ 
tative assessment of the changes that have since 
occurred, and in some sectors it is possible to 
make estimates of the extent of these changes. 
Fig. 1 shows the shoreline of Westernport Bay as 
mapped by Smythe, emphasizing the sectors which 
he showed to be mangrove-fringed. It will be 
noted that mangroves were then almost continuous 
from Sandy Point in the west round to the present 
mouth of Bunyip River on the north coast; they 
occurred at Red Bluff, south of Lang Lang, and 
on the shores of Pioneer Bay, round to Corinella. 
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Several embayments on the east coast of Phillip 
Island had mangroves, and they were almost 
continuous on the western and northern shores, 
and within embayments on the southern shore of 
French Island. It is assumed that in 1842 the 
mangroves were either absent, or too sparse and 
sporadic to be worth mapping, on the intervening 
sectors of the Bay shoreline. 

In 1865, Cox produced a chart of ‘Port West¬ 
ern’ (scale approximately one-inch-to-a-nautical 
mile) which shows the pattern of shoals and tidal 
channels in Westernport Bay just over a century 
ago. The working plans on which this chart was 

based (scale six-inches-to-a-nautical mile) also 
show details of the shoreline at the time of the 
survey. These working plans generally confirm 
the features mapped by Smythe, but show dis¬ 
crepancies in the extent of the mangrove fringe. 
These could be partly due to cartographic errors 
and omissions: Smythe probably omitted some 
sectors of mangrove fringe that were sparse and 
scattered at the time of his survey, while Cox was 
primarily concerned with providing a chart for 
navigators, which must show the form and depth 
of shoals and channels, but may be less accurate 
on the details of bordering shorelines, especially 

Fig. 2—Westernport Bay in 1939, showing the extent of the mangrove fringe as seen on air photographs. 
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where these are low-lying and swampy, and lack 
natural features identifiable as navigation aids. 
Sectors where the discrepancies between Smythe’s 
map and Cox’s chart may represent actual changes 
in shoreline features between 1842 and 1865 are 
noted below, but allowing for these, the two 
surveys provide good evidence of the features of 
the shoreline of Westernport Bay in the mid¬ 
nineteenth century. 

Subsequent surveys with which they could be 
compared include those made in the nineteen- 
twenties as a basis for the Australian Army Corps 
1:63,360 maps of Cranbourne (1924) and 
Korumburra (1928). Air photographs taken in 
1939 were used in compiling the Westernport 
sheet in this series, and these photographs provide 
the most reliable source of information on the 
nature and extent of the mangrove fringe at that 
time (Fig. 2). When Smythe’s map and Cox’s 
chart are compared with more recent maps, 
revised charts, and modern air photographs it is 
seen that the broad outlines of Westernport Bay 
have changed little during the past century, but 
some sectors of the shoreline have advanced, 
others have retreated, and there is evidence of 
changes in the lateral extent and general condition 
of the mangrove fringe. 

Comparison of Figs. 1 and 2 shows that the 
mangrove fringe mapped in 1842 had become less 
extensive and more fragmented by 1939. It also 
appears narrower, but this may be partly due to 
the inclusion of areas of Arthrocnemum scrub 
within the mangrove fringe as mapped by Smythe. 
In several sectors, however, the former seaward 
margin of the mangrove scrub is now indicated 
only by a few scattered outlying mangroves. 
Where little or no change has occurred, as on 
much of the north coast of French Island, the 
present mangrove-fringed shoreline is backed by 
salt marsh (dominated by species of Salicornia 
and Suaeda, often with areas of Arthrocnemum 
scrub), and then by Melaleuca ericifolia scrub 
(Fig. 3 and PI. 1, fig. 1). This zonation was 
probably similar in other areas mapped as man¬ 

grove-fringed by Smythe. It is related to tidal 
submergence, and is thought to indicate a suc¬ 
cession of vegetation types that accompanies the 
gradual building of a bordering marshland terrace 
by sedimentation and the accumulation of salt 
marsh peats (Bird 1971). 

Sandy shorelines became more extensive in 
Westernport Bay between 1842 and 1939 as sand 
drifted into sectors previously mangrove-fringed. 
There was growth on recurved spits at Sandy 
Point and Stockyard Point, but the spit at Obser¬ 
vation Point on Phillip Island was reduced in 
length. Recession doubtless continued on cliffed 
sectors of the shoreline, but Smythe’s map is not 
sufficiently accurate for this to be measured. 

By 1974 the shoreline of Westernport Bay had 
the features shown in Fig. 4. Between 1939 and 
1974 there was further reduction of the mangrove 
fringe, with widening of gaps, extension of areas 
of die-back, and destruction of mangroves in 
areas of land reclamation, notably on the shores 
of Hanns Inlet, where construction of a naval 
dockyard began in 1912 and has subsequently 
extended, and adjacent to the modern area of 
industrial development near Long Island Point. 
In some sectors, by contrast, there has been a 
revival and spread of mangroves where in 1939 
they were sparse or absent. 

Changes continued on sandy shorelines, with 
further growth on spits, and cliffed sectors con¬ 
tinued to retreat, notably on the low-lying coast 
between the mouth of Yallock Creek and Lang 
Lang beach. A detailed account of these various 
changes was prepared for the Westernport En¬ 
vironmental Study (Bird 1974), and in this paper 
we shall confine attention to selected sectors that 
show features of particular interest. 

Sandy Point 

The sandy shoreline that extends east from 
Somers to Sandy Point has been modified since it 
was mapped by Smythe, some sectors having been 
cut back by erosion while others have built for¬ 
ward by deposition. Fig. 5 shows the changes that 

Fig. 3 Zonation of vegetation on marshlands bordering Westernport Bay. In some sectors the tall Arthroc¬ 
nemum scrub occurs farther back, within the salt marsh, and in some it is missing. 
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Fig. 4—Shoreline features in Westernport Bay, based on air photographs and field studies, 1974. See also 
Lands Department Photomap 254 of Western Port (scale approximately 1:100,000), based on 1970 

air photographs. 
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occurred between 1939 and 1972. The broad area 
of sandy terrain here is marked by a pattern of 
beach and dune ridges (Jenkin 162, Fig. 16) 
which indicate a complex history of growth, the 
outcome of many phases of erosion and accretion 
on an intermittently prograded shoreline. Long¬ 
shore drifting of sand has been predominantly 
eastward, with the result that accumulation has 
occurred in the form of successive recurves, added 
to Sandy Point, and since 1939 there has been an 
eastward advance of the Point, marked by the 
formation of new scrub-covered and grassy beach 
ridges. To the north, sand is spreading into the 
area of mangrove-fringed salt marsh south of 
Hanns Inlet, and the mangroves have become 
sparser than they were in 1939. 

Stony Point 

A gap has developed in the continuous man¬ 
grove fringe mapped by Smythe at Stony Point. 
According to Enright (1973) this was cut prior 
to 1850 in order that cattle could be loaded on 
to boats and shipped round into Port Phillip Bay. 
By 1884 the mangroves had been cleared for a 
distance of about 200 m on either side of a jetty 
built out from Stony Point, and it appears that 
the bluff of Tertiary sandstone to the rear then 
became an eroding cliff in the sector newly 
exposed to wave action. Sand derived from this 
cliff spread across the adjacent muddy foreshore, 
much of it drifting southwards. By 1939 there 
had been extensive die-back of the mangrove 
fringe south of Stony Point, probably due to 
adverse effects of drifting and deposited sand. 
The salt marsh which lay behind a sparse man¬ 
grove fringe was eroding, and at the same time a 
sandy beach had developed, and was growing 
southwards as a recurved spit into Hanns Inlet. 

These features can still be traced, but since 
1939 there has been substantial regeneration of 
the mangroves. This is correlated with the building 

of a wall to halt cliff erosion at Stony Point in 
1952, and the ensuing diminution of sandy drift. 
By 1974 the foreshore was again muddy, and the 
mangrove fringe was spreading across it in front 
of the sandy beach (PI. 1, fig. 2), which in places 
had been driven up on to the salt marsh to form 
a perched beach ridge, a landform known as n 
chenier. The sequence of events is summarized 
diagrammatically in Fig. 6. 

Similar features have developed at several other 
points on the coast of the Bay where gaps have 
been cut in the mangrove fringe to permit boat 
access. These include Crib Point, where the gap 
in the mangroves shown on Smythe’s map, per¬ 
haps already made by the early settlers, has since 
widened, the shore at Hastings, and the boat 
landing at Denhams Road to the north. 

Yaringa 

A boat harbor has been developed at Yaringa 
by excavating a canal across the salt marsh, 
through the mangrove fringe, and out across the 
tidal mudflats for a total distance of 1*4 km to 
the deeper channel which opens southwards from 
Watson Inlet (PI. 1, fig. 1). A first attempt to cut 
such a channel a little to the south was abandoned 
when it was realized that the mudflats off this 
sector consisted of deep, soft mud, whereas 
further north an extensive underlying shell bed 
offered a firmer substrate for canal extension 
offshore. Mangroves have recolonized the mouth 
of the first canal, but the second has been success¬ 
ful in maintaining a navigable approach to the 
marina established in 1967. Although the man¬ 
grove fringe has been interrupted, and bordering 
levees of dredged material (mainly shells and 
mud) have been dumped on the adjacent salt 
marsh, erosion has not ensued; instead the man¬ 
groves have advanced in the last few years on 
either side of the protruding levees. The cutting 
of a gap through the mangrove fringe to provide 

Fig. 5—Shoreline changes between Somers and Sandy Point, 1939-1972. 
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Fig. 6—Sequence of changes on marshland shores in Westernport Bay when the mangrove fringe (A) dies back 
or disappears. Erosion of the salt marsh occurs (B), and a beach of sand washed onshore or along¬ 
shore may then accumulate at the outer edge of the salt marsh (C), and be driven up on to it by 
storm waves at high tide, forming a chenier (D). In some sectors, this sequence has been followed 

by recovery of a mangrove fringe in front of the eroded salt marsh (E). 
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boat access here has not resulted in mobilization 
of sandy drift, and so the adjacent tidal flats 
remain muddy, and mangrove growth continues 
without the die-back and erosion seen at Stony 
Point. 

South of Yaringa, measurements of surface 
levels over a three-year period showed sustained 
vertical accretion within the mangrove fringe in 
contrast with irregular sequences of accretion and 
erosion on the adjacent mudflats. From this it was 
concluded that the mangroves are promoting sedi¬ 
mentation and causing the aggradation of a 
depositional terrace to mean high spring tide level, 
whereupon the mangroves are succeeded by salt 
marsh vegetation (Bird 1971). 

Blind Bight 

In 1842 the mangrove fringe was continuous 
here, but by 1939 a gap had formed on either side 
of the outlet from the Main Western Contour 
Drain opening into Blind Bight. This change was 
correlated by Enright (1973) with the effects of 
the scour that developed when the outflow from 
Dalmore Swamp was diverted from its former 
seepage towards Sawtells Inlet into this drainage 
channel, the excavation of which was completed 
in 1938. During, and for some years after the 
excavation, the outflow carried sandy sediment 
(derived from the Cranbourne Sands formation 
which extends beneath the peat deposits) on to 
the shores of Blind Bight, and this produced an 
environment that was unfavourable for mangrove 
growth and regeneration. Salinity dilution by 
drainage water was an additional factor adverse 
to mangroves. In recent years there has been a 
return of muddy sediment to part of the area 
that had become sandy in 1939, and as a con¬ 
sequence, there has been substantial regeneration 
of mangroves and salt marsh in sectors that in 
1939 were devoid of vegetation (PI. 1, fig. 3). 

The Inlets 

When Smythe made his survey The Inlets were 
a series of meandering tidal creeks opening on to 
a mangrove-fringed shore, backed by the extensive 
freshwater swamps of Koo-wee-rup. A number of 
streams, including the Bunyip River, flowed into 
these swamps to disperse amid rushes, reeds, and 
‘tea-tree*, mainly swamp paper-bark (Melaleuca 
ericifolia), and there was only a gradual seepage 
filtering through to the mangrove-fringed shore¬ 
line (Hills 1942). After very wet weather there 
was extensive flooding, and water overflowed 
noisily into the Bay through the tea-tree at The 
Inlets (Gunson 1968). 

Drainage of Koo-wee-rup swamp began with 
small-scale, piecemeal schemes in the eighteen- 

seventies, and progressed in stages, with phases of 
improvement and enlargement of drainage canals 
right through to the present day (Key 1967). 
Drains were cut to open into each of The Inlets, 
but the major schemes brought the Cardinia Drain 
and the Toomuc-Deep Creek outfall (the latter 
completed in 1937) into Cardinia Creek and 
Moodys Inlet respectively and the Main Catch 
Drains into the Bunyip Drain, the outlet that had 
been made for the Bunyip River. 

As in Blind Bight, there was disruption of the 
mangrove fringe and erosion of salt marsh on the 
shoreline adjacent to these outlets by the time air 
photographs were taken in 1939. Again, this is 
attributed to the effects of drainage schemes. 
These facilitated runoff from the reclaimed Koo- 
wee-rup Swamp and concentrated it at the mouths 
of the creeks, thereby intensifying scour, reducing 
salinity, and injecting large quantities of sand 
and gravel (derived from deposits beneath the 
swamp peat) into an environment that was pre¬ 
viously muddy. At low tide the banks of the 
channel off the mouth of Bunyip River show 
sections of up to 50 cm of alternating layers of 
sandy gravel and mud, representing accretion 
during successive phases of strong outflow and 
sand yield from the Main Catch Drains alternat¬ 
ing with quieter periods when muddy sedimenta¬ 
tion returned. Key (1967) mentions flooding in 
the Koo-wee-rup area in 1893, 1900, 1901, 1911, 
1916, 1923, 1924, 1934, 1935, 1937, and 1952, 
and it is likely that each of these floods yielded 
an outwash of coarse sediment. Locally there are 
beaches derived from outwashed sand and gravel, 
and in some sectors these have been driven up on 
to the salt marsh, probably in episodes when 
strong southerly wave action accompanied high 
tides, to form cheniers. In recent years, flooding 
has been less frequent and the drainage channels 
have become relatively stable, with the result that 
muddy sediments are now again extensive, and 
there has been some regeneration of mangroves 
on and in front of the eroded salt marsh (PI. 2, 
fig- 4). 

The Lang Lang Shore 

Between the mouth of Yallock Creek and the 
pier at Lang Lang Beach there is a long sector 
of receding cliffs up to 2 m high in black cracking 
clays (PI. 2, fig. 5 & 6). On Smythe’s map this 
shoreline is shown as irregular and much indented, 
without any mangrove or salt marsh fringe, and 
the black clay terrain of its hinterland carried an 
extensive paper-bark swamp, through which flood- 
waters drained out into the Bay. It is probable 
that this sector of shoreline was cliffed and reced¬ 
ing in 1842; indeed, it may well have been 
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retreating ever since the Holocene marine trans¬ 
gression arrived in Westernport Bay and brought 
wave action to the seaward margins of Koo-wee- 
rup swamp (Hills 1942). Smythe’s map is labelled 
‘numerous rills of fresh water continually running 
forming the outlet from the swamps’, and it is 
possible that floodwaters spilling out in this way 
produced the crenulate shoreline, with waterfalls 
scouring out each small cove. 

Under natural conditions, the Lang Lang River 
dispersed into this swamp, but between 1880 and 
1920 the area was gradually drained and reclaimed 
for agriculture, and an outlet was cut to take the 
river through to the Bay shore. This was widened 
in 1913 and further improved and embanked in 
1937, and its effect has been to concentrate the 
outflow and reduce the occurrence of floodw'aters 
spilling out along the length of the shoreline. 
Nevertheless, erosion has proceeded, and Gell 
(1974) has demonstrated recession of the shore¬ 
line, with a simplification of its outline in plan, 
over the period since Smythe’s survey. The clay 
cliffs are reached by waves for only a small 
portion of each tidal cycle, and much of the 
erosion takes place intermittently, when storm 
waves accompany high tides. Comparison of air 
photographs taken in 1939 and 1973 shows a 
general shoreline recession of 10 to 20 m, and 
locally up to 50 m (Gell 1974). 

Red Bluff and Stockyard Point 

Red Bluff consists of cliffs up to 15 m high in 
Tertiary sands, sandstones and clays. In 1842 a 
sector extending south from the Bluff had a 
mangrove fringe, but by 1939 this had become 
very sparse, and now there are only a few scat¬ 
tered and elderly mangroves persisting in sandy 
mud. Depletion of the mangroves here may have 
been a result of the use of this sector of shore as 
a convenient loading and unloading area for cattle 
and produce shipped in and out of Westernport 
Bay in the mid-nineteenth century. Some of the 
mangroves may have been cut and burned to 
produce barilla ash, exported from here to 
England for use in soap manufacture in the 
eighteen-forties (Gunson 1968). With a natural 
source of sandy drift in the cliff at Red Bluff 
this must have been a marginal environment for 
mangrove growth and regeneration, and any man¬ 
groves cut would not easily have been naturally 
replaced. 

Sand eroded from Red Bluff has drifted both 
northwards to form the narrowing beach extend¬ 
ing to north of Lang Lang pier and southwards 
to Stockyard Point (Nicholson 1974). The long¬ 
shore drift results mainly from wave action at 
high tide. Strength and frequency of this wave 

action is related to the wind regime and to 
lengths of fetch, and here the longer north¬ 
westerly fetch gives a dominance of waves from 
this direction over those arriving from the short 
south-easterly fetch, so that south'ward drifting 
has been more important than northward drifting 
in dispersing sand derived from the cliff at Red 
Bluff. Sand that has drifted southwards has been 
deposited in a series of recurved ridges at Stock- 
yard Point (Jenkin 1962, Fig. 17). Each ridge is 
capped by low dunes bearing scrub or grassy 
vegetation, and there are intervening areas of 
salt marsh. The western shoreline has been cut 
back, transecting some of the earlier recurves, but 
southward growth by sand accretion has continued 
since Smythe made his survey, and an additional 
sand ridge has been built up between 1939 and 
1973 (PI. 3, fig. 7). 

Pioneer Bay 

The extensive sectors of mangrove shore 
mapped by Smythe have been much reduced in 
Pioneer Bay, especially in the vicinity of Grant- 
ville, Queensferry, and Corinella, where gaps were 
cut in the mangrove fringe to permit boat access 
and the construction of piers. On the southern 
shore between Queensferry and Corinella, Cox 
mapped a more extensive mangrove fringe than 
had been recorded by Smythe 23 years previously, 
which may indicate some regeneration after an 
initial phase of mangrove clearance by early 
settlers around 1840, when Westaway’s run was 
first licensed. 

Bass River Mouth 

The estuarine meanders of Bass River wind 
through an extensive area of salt marsh to open 
on a broad, shallow tidal embayment (Jenkin 
1962, Fig. 8). Smythe’s map shows no mangroves 
on this shore, but he indicates their presence here 
in his field book. In 1865 Cox charted them in two 
areas, one to the north and the other to the south 
of the river estuary, and there are mangroves in 
these areas now (PI. 3, fig. 8). At present they 
fringe the lower reaches of Bass River and are 
extensive on the muddy shore to the north, where 
they have advanced further on to the soft mud 
since 1939. To the south the shore becomes sandy, 
the sand having drifted into Westernport Bay 
through the eastern entrance near San Remo, 
thence across the floor to be washed up on the 
broad gently-sloping inter-tidal zone. In the 
presence of drifting sand, only a few old man¬ 
groves survive. So far, northward drift of sand 
has been impeded by the outflow from Bass River, 
so that a marked sedimentological contrast is 
maintained between the northern and southern 



24 E. C. F. BIRD AND M. M. BARSON 

sectors. The shore here has recently been colon¬ 
ized by Spartina anglica, an introduced halophytic 
grass that has spread from initial plantings in the 
estuary at Bass Landing (K. G. Boston, pers. 
comm.). 

Observation Point 

North of Rhyll the coast consists of steep bluffs 
in weathered basalt, which pass along the southern 
shoreline of an estuarine area known as The Nits 
(Jenkin 1962, Fig. 15). The northern margin of 
this estuary is an elongated sandspit with several 
recurves, built up by the drifting of sand eastward 
along the north coast of Phillip Island. It now 
terminates in Observation Point, but at an earlier 
stage it had grown farther eastward, as is clear 
from the illustration of the ‘crique des mangliers’ 
that accompanied D’Urville’s (1826) report of his 
visit to Westernport Bay (Bowden 1970, f.p. 21). 
An outlying sandy islet shown on Smythe’s map 
and Cox’s chart has been eroded away during the 
past century. However, comparison between air 
photographs taken in 1938 and 1973 show that 
Observation Point has recently resumed its 
eastward growth. 

Sheltered by Observation Point, the estuarine 
area is largely mangrove-fringed, with salt marshes 
to the rear. Smythe mapped a mangrove fringe 
on the southern shore, a substantial area of 
mangroves to the west (now mainly salt marsh, 
but this may have been an error by Smythe rather 
than evidence of a vegetation change), and a 
central mangrove island, but omitted to indicate 
mangroves on the northern shore. Cox’s chart 
includes these, but shows a much reduced area of 
mangroves on the southern shore. By 1938 there 
were certainly gaps in the mangroves on the 
southern shore, notably near the quarry, and on 
either side of the cattle landing to the west. 
There is now an eroded embayment in salt marsh 
in front of the abandoned quarry, where thin 
muds mantle a platform cut in Mesozoic rock, 
flanked by surviving mangrove stands. This gap 
was probably cut to give boat access to the shore, 
and has widened out with the spread of sandy 
sediment derived partly from overspilled quarry 
waste. At the cattle landing there is an extensive 
area where mangroves have died back, except for 
a few surviving shrubs along the seaward margin 
(PI. 3, fig. 9). This is not a sandy area, and the 
die-back must be due to some unfavourable 
ecological condition (see discussion below). 

Fairhaven 

The mangrove fringe mapped by Smythe on 
the west coast of French Island has been much 
reduced, and there has been erosion of salt 

marshes and accumulation of drifting sand. In the 
sector north from the ruined jetty at Fairhaven, 
occasional surviving mangroves mark the former 
seaward limit of the mangrove fringe. The shore 
consists of very soft mud, with a superficial 
admixture of sand, and a sandy beach extends 
northward as a spit, fingering into the salt marsh 
behind an area which is still mangrove-fringed 
(PI. 4, fig. 10). The features here are due to the 
widening of gaps originally cut through the man¬ 
groves to provide boat access: mangroves were 
originally able to establish on a muddy substrate 
despite exposure at high tide to waves generated 
by the prevailing westerly winds, but in the 
presence of sandy drift there is no regeneration. 

Scrub Point 

The north-western corner of French Island was 
shown on Smythe’s map to have a continuous 
fringe of mangroves backed by salt marsh. On 
Cox’s chart, surveyed in 1865, a wide gap is 
shown in this mangrove fringe, and a sector of 
sandy beach borders the western shore. By 1939 
there had been revival of mangroves in front of 
this sandy beach (cf. Fig. 6), and there are now 
patches of live mangroves alternating with areas 
of dead mangroves and sectors where they have 
disappeared altogether (PI. 4, fig. 11). Some of 
the gaps are correlated with the cutting of drain¬ 
age ditches to let water run off the salt marsh, 
and show on a small scale features similar to 
those at The Inlets and Blind Bight, except that 
in this sector the sand drift appears to have been 
washed in from the Bay floor. There are some 
areas of dead mangroves, with surviving shrubs 
and trees at the outer margin, similar in pattern 
to the features described from the southern shore 
of The Nits. Other gaps may have been cut 
originally for boat access, or to harvest mangrove 
wood to be burned to make barilla. 

Spit Point 

The easternmost point of French Island is 
shown as Sandy Point on recent maps, but to 
avoid confusion with Sandy Point on the western 
shore of the Bay we will revive the name Spit 
Point, used on Cox’s chart in 1865. Spit Point 
is a cuspate foreland, with sandy beach ridges 
and low dunes similar to those on Stockyard 
Point, enclosing an area of salt marsh. Since 1842 
the point has grown out to the south-east, a 
marked extension in this direction being seen 
when air photographs taken in 1973 are compared 
with those of 1939. On the northern side, where 
Smythe showed a broad mangrove fringe, there 
are now only a few mangroves growing in soft 
sandy mud in front of the sandy beach. It is 



SHORELINE CHANGES, WESTERNPORT BAY 25 

thought that mangroves were being cut and 
burned to produce barilla ash on this part of 
French Island in 1843-4 (F. J. Bird, pers. comm.), 
and it is possible that this exploitation depleted 
the mangrove fringe. 

Smythe’s map shows no mangroves on the 
shore south-west from Spit Point to Freeman 
Point, whereas Cox’s chart shows several sectors 
of mangroves here in 1865. Smythe’s omission of 
mangroves could have been an error, or it could 
have indicated that in 1842 they were sparse or 
absent here, and that regrowth of mangroves had 
occurred by the time Cox charted this sector 23 
years later. By 1939 they were again sparse, and 
under present conditions their regeneration is 
prevented by the extensive sandy drift arriving 
from the south. 

Tortoise Head 

Tortoise Head is a former island of Tertiary 
basalt, which by the time Smythe made his survey 
had been almost tied to the south-west of French 
Island by an isthmus of mangroves, through which 
ran an open tidal channel. This has been sub¬ 
sequently sealed off by sand deposition and swamp 
encroachment at its western end, and comparison 
of 1939 and 1973 air photographs shows that 
mangroves fringing this channel have further 
advanced, reducing its width (PI. 4, fig. 12). The 
extent of mangroves on the eastern and western 
shores of Tortoise Head has otherwise diminished 
since Smythe and Cox made their surveys. Much 
of the area north of Tortoise Head mapped as 
mangroves by Smythe is now salt marsh, but 
again it is impossible to decide whether this 
represents an actual change in vegetation, or 
whether he included salt marsh then existing 
within his mangrove area. This is one of the few 
areas of continuing mangrove advance on the 
shores of Westernport Bay, where it is possible to 
study the features that must at one stage have 
been widespread, when mangrove spread initiated 
the building up of the salt marsh terrace bordering 
Westernport Bay. 

DISCUSSION 

Apart from the sectors of gain and loss on 
developing sandspits and the recession of border¬ 
ing cliffs the most obvious changes on the shore¬ 
lines of Westernport Bay since 1842 have been 
those resulting from die-back, destruction, and 
deliberate clearance of the mangrove fringe. The 
few gaps that Smythe mapped have become wider, 
and other gaps have formed, notably where the 
mangroves have been cut to create boat landings, 
build jetties or harbors, or allow runoff to escape 
from drainage canals and ditches. Parts of the 

mangrove fringe have been embanked and infilled 
to reclaim land bordering the Bay shore. 

In addition to these direct effects of man’s 
activities, it is evident that sectors of the man¬ 
grove fringe have died back, and in some sectors 
disappeared. While there is no single explanation 
that will cover all cases, it is clear that the arrival 
of drifting sand in areas where mangroves 
formerly grew in soft mud has impeded their 
growth and regeneration. In some sectors this is 
a natural process, notably where a sand spit is 
growing into a mangrove swamp (e.g. north of 
Sandy Point), but in others it results from the 
mobilization of sand eroded from cliffs, washed 
up from the Bay floor, or carried in by drainage 
channels, as a consequence of man’s impact on 
the Bay, its shores, and its hinterland. Further 
work is needed to determine the physiological 
changes that occur when drifting sand arrives in 
a mangrove swamp. 

Damage to mangroves by frost action is a 
possibility in Westernport Bay, where Avicennia 
marina is growing close to its climatic limit: 
Australia’s southernmost mangroves occur in 
Corner Inlet at latitude 38° 55' S. Frosts occur 
several times a year at Tooradin on the northern 
shore of the Bay, and in 1965 the mangroves 
were damaged here during a severe frost (Ashton 
1971). 

Mangroves can also be killed by the effects of 
reduced salinity when fresh drainage waters are 
diverted into them, or by very high salinity, which 
is unlikely to occur on open shores where there 
is free circulation of sea water, but may develop 
in areas of impeded drainage, as in the lee of a 
growing spit. In such sites, however, mangroves 
are more likely to succumb to waterlogging as 
they did within the area embanked for reclama¬ 
tion at Hastings in 1967. Nevertheless, Ashton 
(1971) reported an example of small mangroves 
apparently killed by high salinity on the marsh at 
Warneet during the dry summer of 1968. 

Toxic chemicals present in industrial effluents 
are likely to damage or destroy mangroves, but 
no definite example of this has yet been observed 
in Westernport Bay. Accidental drifting of a 
herbicide spray is thought to have defoliated 
mangroves near Queensferry. 

In the course of our field work we noted that 
large quantities of dead Zostera are washed up 
on parts of the shoreline of Westernport Bay, 
especially on beaches and in sectors where there 
are gaps in the mangroves. Examples of man¬ 
groves completely blanketed by this Zostera hay 
were observed, the outcome being at least tem¬ 
porary defoliation. In some places the deposition 
of a wet, decaying mat of Zostera over pneumato- 
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phores had apparently killed mangroves. Zoster a 
does not accumulate where the mangrove fringe 
is intact, presumably because it is floated by every 
high tide, and can be readily dispersed, but where 
gaps have been cut in the mangrove fringe, dead 
Zostera is washed in, and can build up a sub¬ 
stantial blanket of decaying weed. The possibility 
that this accumulation plays a part in widening 
artificial gaps deserves further investigation: it 
could account for the features of mangrove die- 
back noted on the southern shores of The Nits, 
and near Scrub Point on French Island. 

The changes that have been identified in the 
mangrove fringe of Westernport Bay are largely 
due, directly or indirectly, to man’s activities. 
Where mangroves have died back or disappeared 
there has been increased instability, marked by 
the onset of erosion of salt marshes and drifting 
of sand, but where the mangrove fringe persists 
there are relatively stable physiographic and 
ecological conditions. In terms of conservation, 
it would be wise to avoid any further disruption 
of the mangrove fringe in Westernport Bay, and 
to attempt to restore mangroves in areas where 
they formerly grew. In some sectors this would 
mean little more than protecting the mangrove 
seedlings that develop each year until they reach 
a stage of sufficient maturity to persist as a 
regenerating scrub community. The high mortality 
observed in mangrove seedlings on tidal flats 
under present conditions requires investigation 
in order to devise appropriate management tech¬ 
niques, but where drifting sand is a limiting factor 
the creation of a transverse ridge-and-furrow 
topography could provide sufficient stability to 
enable naturally occurring or planted seedlings 
to mature. Where the mangrove fringe is still in 
retreat, as to the north of Fairhaven, insertion of 
a groyne may be necessary to halt the inflow of 
drifting sand. 

There is a possibility of creating new mangrove 
and salt marsh areas to balance some of the 
losses incurred during the past few decades. 
Thus the elongated shoal off the west coast of 
French Island could be artificially raised by 
dumping dredged sediment to a level where it 
could sustain vegetation, and this in turn would 
shelter the adjacent coast, and assist with the 
restoration of a mangrove fringe there. The ad¬ 
vent of the Westernport Environmental Study is 
implicitly a prelude to deliberate management of 
the Westernport Bay system, which should include 

the conservation, restoration, and creation of suffi¬ 
cient areas of mangrove and salt marsh to ensure 
relatively stable physiographic and ecological 
conditions, provide an acceptable coastal scenery, 
maintain productivity (notably of fisheries), con¬ 
serve wildlife, and perpetuate the scientific interest 
of Westernport Bay. 
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DESCRIPTION OF PLATES 

PLATE 1 

Fig. 1—-The north-western part of Westernport Bay, showing the mangrove and salt marsh 
fringe and the canal cut at Yaringa boat harbor. 

Fig. 2—Sandy beach south of Stony Point, now fronted by mangroves. Note strandlines of 
Zostera weed. 

Fig. 3—The shore at Blind Bight, showing the gap in the mangroves off the mouth of the 
Main Western Contour Drain. 

PLATE 2 

Fig. A—The shore at The Inlets: Moodys Inlet (foreground), Cardinia Creek, and Lyalls 
Inlet. Mangroves are reviving here after depletion in the nineteen-thirties. 

Fig. 5—The eroding shoreline near Lang Lang, viewed from the south-east. 
Fig. 6—Eroding cliffs in black clay on the shoreline near Lang Lang. 

PLATE 3 

Fig. 7—Stockyard Point, viewed from the south, with Red Bluff in the background and a 
few surviving mangroves on the sandy shore. 

Fig. 8—Mangroves and a clone of Spartina anglica on the shore north of the mouth of 
Bass River. 

Fig. 9—Area of dead mangroves on the southern shore of The Nits near Rhyll. 

PLATE 4 

Fig. 10—The shore at Fairhaven, on the west coast of French Island, where mangroves have 
been reduced and a sand spit has grown into the salt marsh. 

Fig. 11—Scrub Point, north-west French Island, where the mangroves have become sparse 
and a sandy beach has developed on the salt marsh to the rear. 

Fig. 12—-The mangrove-fringed tidal creek near Tortoise Head, French Island. 
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Westernport — Man’s Impact and Land Planning 

By B. C. S. Harper* 

Abstract: This paper is concerned with estimating the likely long term future 
land use pattern in the Westernport catchment. Planning policies which will affect this 
development are discussed and their growth pressures examined. From an analysis of 
growth forces it appears that significant urban pressure is not likely to occur in the 
catchment area before the year 2000, but that most of the limited area of land suitable 
for urban development will be taken up and built upon in the next 50 years. Specialized 
industrial development associated with port facilities, given it can meet environmental 
constraints, is likely to proceed at a steady rate, although it will be subject to short 
period changes related to the world economic picture. Even by the year 2050, however, 
the area suitable for such industry will be only partly developed. Demand for outdoor 
recreation facilities associated with water bodies will take up the available space well 
before the year 2000, since the nature of the physical and policy constraints operating 
are such that only a very small part of the catchment will serve this purpose. Changes 
in agriculture can be expected in limited sections of the catchment as a result of 
intensification to serve urban needs; however, overall the existing pattern will persist. 
The changing demands of transport also are likely to mean that additional wharfage 
will be provided and a major airline airport built in the catchment by the year 2000. 
But the overall pattern of land use in the area will be rural and approximately 
90 per cent of the area will remain in low intensity use, predominantly agriculture, 
in the year 2050. 

INTRODUCTION 

The Westernport area, after a period of rapid 
change following European settlement, has be¬ 
come established as a productive agricultural area 
with a relatively stable pattern of land use. Agri¬ 
culture and related activities predominate, with 
intensive urban activity limited to T4 per cent of 
the total area. As our community makes further 
use of this valuable land, the amount used for 
urban purposes is likely to increase substantially, 
with the development of permanent housing and 
associated facilities, of port facilities and special¬ 
ized industry, of transport and additional facilities 
for recreation. However, in comparison with size 
of the catchment, these changes will be relatively 
small. The Westernport catchment will continue 
to be used particularly for agriculture even in the 
long term future. The topography and transport 
facilities, the nature of the existing growth pres¬ 
sures, and the relationship of the area to the 
Melbourne urban complex, will continue to 
influence development so that such changes as 
will occur will not significantly alter the rural 
character. 

PLANNING POLICIES AFFECTING 
THE AREA 

Community interest in Westernport as an area 
valuable for purposes other than agriculture stems 
from the 1960’s. Growth pressures in the Mel¬ 
bourne urban area raising questions of urban 
strategy, and changes in shipping technology 
involving Westernport as a deep water harbor, 
were the two principal factors. 

In the 1960’s Melbourne was experiencing rapid 
growth in population with an increased demand 
for housing due to population growth and the 
high level of immigration. This growth was rapidly 
depleting land on the metropolitan fringes zoned 
for urban development. As a result, the Minister 
for Local Government requested the Town and 
Country Planning Board and the Melbourne and 
Metropolitan Board of Works to examine and 
report on alternative strategies for Melbourne’s 
development. 

These two bodies reported to the Minister in 
1967 and both recommended a strategy involving 
expansion of the urban area in lineal fashion 
along the principal transportation routes leading 

* Director, Westernport Regional Planning Authority, 235 Queen Street, Melbourne, Victoria 3000. 
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out of the urban areas. Both Boards in their 
reports recognized the past predominance of 
growth of the urban complex in east and south¬ 
easterly directions, and accepted that this growth 
pattern was likely to continue. Fig. 1 is a copy 
of the diagram included in the report prepared 
by the Town and Country Planning Board which 
shows the favoured pattern of development. While 
there are a number of corridors shown, the 
greatest emphasis is given to that along the 
Princes Highway and the parallel railway towards 
the La Trobe Valley; this has become popularly 
known as the Berwick Corridor. 

These reports were considered by the Govern¬ 
ment and, after public discussion on the proposals, 
an urban strategy to cater for Melbourne’s growth 
involving expansion along corridors was adopted 
as Government policy. This policy has been put 

into effect by the Melbourne and Metropolitan 
Board of Works in its planning reports of 1971 
and 1974. 

Following the adoption of this overall urban 
strategy by the Government, attention was given 
to areas where development pressures should be 
channelled and land conserved. As a result of 
studies by the Town and Country Planning Board, 
three statements of Planning Policy, Nos. 2, 3 
and 4, were adopted by the Government, covering 
the Mornington Peninsula, the Dandenong Ranges 
and the Yarra Valley. These all have the effect of 
restricting urban growth in their respective areas 
and limiting the opportunity for urban expansion 
to the east and south-east of Melbourne. In fact, 
two of the three corridors shown by the Town 
and Country Planning Board as possible expan¬ 
sion areas in 1967, that is, those covering the 

URBAN ZONING* FUTURE URBAN GROWTH 

HIGHWAYS - 

FOREST AND OTHER COMMITTED LAND 

RESERVOIRS ■■ 

Fig. 1—Map included in Town and Country Planning Board report, Organization for Strategic Planning 1967. 
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Mornington Peninsula and the Yarra Valley (see 
Fig. 1) have been truncated, and the bulk of 
growth which occurs in this direction will have 
to be accommodated in the Berwick Corridor. 
This policy of concentrating urban expansion 
along the Berwick Corridor means that as suitable 
land in the catchment of Port Phillip Bay is 
exhausted, Melbourne’s urban development will 
move into the Westernport drainage basin. 

The other major Governmental policy affecting 
the area is Statement of Planning Policy No. 1 
(Westernport). This policy arises out of the 
Government’s recognition of the importance to 
the State of the natural deep and sheltered water 
in the north arm to accommodate large vessels, 
and the value of the land adjacent to this channel 
for industries requiring ready access to wharf 
facilities. This policy requires the land to be 
conserved, for normal urban development to be 
prevented, and only special water-oriented or 
closely linked industries and port facilities to be 
provided in the section of the Bay running from 
Stony Point to Quail Island, where significant 
industrial development has already occurred. 

The development of recreational facilities is 
influenced by Statement of Planning Policy No. 2 
(Mornington Peninsula) and by Government 
policy on Phillip Island. The prime land for 
recreation adjacent to the entrance channel at 
Westernport has already been developed and 
these policies in effect severely restrict further 
development. 

URBAN DEVELOPMENT PRESSURES 
While planning policy can shape development, 

economic growth brings it about. For the future 
use of the Westernport catchment it is necessary 
to make predictions about the future size of the 
Melbourne Urban Complex. Prediction is difficult: 
past predictions of population have generally been 
wrong. In the twenties the Melbourne Town Plan¬ 
ning Commission forecast three million people 
by 1968. In its 1968 report the Melbourne and 
Metropolitan Board of Works estimated a popu¬ 
lation of 3-7 million people by 1985 and five 
million by the year 2000, figures now not likely 
to be achieved. There are many examples of 
underestimates. The rapid growth of Melbourne 
in the late sixties when population increased by 
55,000 persons per annum was largely unforeseen. 
With values changing rapidly, and in a period of 
economic instability, it is becoming even more 
difficult than in the past to make forecasts. 

In general terms, Melbourne’s population 
growth since the war has been due to migration 
from overseas, natural increase, and migration 
from rural areas in the proportions of 50, 40 and 

10 per cent respectively. Any of these factors 
may fluctuate or drastically change over a period 
of time and the past estimates of future population 
must be reassessed. 

As a result of depressed world economic condi¬ 
tions, the energy crisis and its effects on the 
Australian economy, it is highly likely that the 
present national policy of only limited immigra¬ 
tion, with a net migration rate of almost zero, 
will not change for a decade or more. This will 
mean that one of the prime causes of population 
growth in Melbourne will be removed. Never¬ 
theless we can expect the re-introduction of 
controlled immigration in the near future. 

Natural increase is just as difficult to assess, 
with a probable long term downward trend. The 
‘no-growth’ ideas of Dr. Paul Erlich are likely to 
exert a strong influence in Australia, so that 
natural increase may fall to a point slightly above 
zero population growth for some time and then 
commence to rise slowly. 

Large city-small city migration could be stimu¬ 
lated by current initiatives to foster decentraliza¬ 
tion, or, alternatively, difficult economic condi¬ 
tions possible in the future may work against 
decentralization. 

Thus a reasonable prediction is that the growth 
of population in the Melbourne area is likely to 
slow, probably reaching 3-5 million by the year 
2000 and 5 million by 2050. How is this 
population likely to be distributed? 

Melbourne has long displayed a tendency to 
grow towards the south and the east because of 
more attractive land and climate in these areas, 
as well as significantly lower costs of providing 
public utility services. Efforts to encourage rela¬ 
tively higher growth in the west and north have 
not, and are not likely, to meet with marked 
success. This bias to the east and south is strong 
and appears to be continuing. 

As Doxiadis, the eminent Greek town planner 
points out (Ekistics, 1968), such a phenomenon 
is typical of ‘dynapolis’, the dynamic city. This 
city he describes as elliptical in shape, with the 
downtown or city centre located at one focal 
point in the ellipse and growth strongly oriented 
towards the side remote from the centre. Mel¬ 
bourne is a typical ‘dynapolis*. Between 1954 and 
1971 three-quarters of all population growth 
occurred in the southern and eastern sectors, and 
this trend is continuing. As land availability in the 
eastern sector decreases, growth is moving into 
the southern sector and the Berwick Corridor. 
Doxiadis states that the forces directing growth 
in the dynamic city are strong, and must be 
accepted. Though the pattern may be moulded, 
it is extremely difficult or well-nigh impossible to 
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reverse the trend. So although it is now suggested 
that the growth of Melbourne towards the south 
and east be discouraged, the social dynamic is 
likely to make this impossible. 

With this growth in these chosen directions the 
planning policies which close off options for 
development in the Yarra Valley, the Dandenongs 
and the Mornington Peninsula have the effect of 
concentrating growth into the Berwick Corridor. 
Under the population growth conditions forecast, 
urban development in this Corridor will be con¬ 
tained within the Port Phillip catchment prob¬ 
ably until the year 2000. However, some spill-over 
into the Westernport catchment is likely to occur 
at an early date because the Housing Commission 
proposes to develop approximately 400 ha near 
Pakenham. 

Major urban growth caused by Melbourne’s 
expansion is not likely to occur until the period 
between the years 2000 and 2050. There are a 
number of significant constraints affecting the 
amount of land suitable for urban development 
in the Corridor where it passes through the 
Westernport catchment. Limitations are imposed 
by the flood-prone old swamp area to the south, 
the steep land to the north and the need to pro¬ 
tect areas through which the acquifer under the 
Kooweerup swamp, so important to agricultural 
activity, is recharged. Full development is there¬ 
fore unlikely before 2050. Development will con¬ 
tinue in the vicinity of Hastings, but otherwise 
urban growth in the small towns within the 
catchment area will not be significant. 

INDUSTRIAL ACTIVITY 
The development of specialized industry at 

Westernport is linked with factors affecting 
migration. The world economy is at present going 
through a major period of adjustment. We have 
changes in the trading ties between nations, in 
currency values, in increasing energy costs (par¬ 
ticularly oil), diminution in world food production 
relative to demand, and the depletion of non¬ 
renewable resources. All these contribute to the 
current world-wide inflation. There is also a re- 
evaluation of attitudes to consumption and quality 
life issues, and to work and leisure in the 
industrialized countries. 

Traditionally Australia has been a supplier of 
basic agricultural products and some extractive 
raw materials to overseas markets. In more 
recent times the discovery of new minerals and 
the establishment of the size of mineral reserves 
has changed the emphasis of Australian exports 
from agricultural to extractive industry. Indus¬ 
trial developments serve principally the local 
market, and have been basically developed in 

small scale manufacturing units, requiring tariff 
protection against overseas competition. How¬ 
ever, this process of encouraging local industry 
has meant that Australia has developed a high 
level of technological skill which is available to 
support large scale industrial development in 
specialized areas when economic conditions are 
favourable to such expansion. 

Australia is particularly well endowed in terms 
of energy resources at the present time. The 
significant black and brown coal deposits in the 
more densely populated areas, together with the 
oil and gas reserves, are of such magnitude that 
if these are carefully used Australia can be a low 
power cost country for many years. 

The nation is not so well placed for transport 
costs. It is isolated from the major world markets, 
a remoteness of great influence in Australia’s 
history. The recent development of large ships, 
both bulk carriers and container ships, has re¬ 
sulted in a dramatic decrease in transport costs 
by sea. This has effectively reduced Australia’s 
remoteness from world markets and opened up 
new possibilities. 

The abundance of raw materials and the favour¬ 
able power cost situation place Australia in a 
strategic position to supply semi-processed chemi¬ 
cal and metallurgical products to the international 
market. Australia is also perhaps in a better 
position to cope with the changing conditions 
of industry than the more heavily industrialized 
nations, many of whom are faced with diminish¬ 
ing local basic resources, rapid increases in power 
costs, and a rapidly diminishing supply of land 
suitable for the new capital intensive automated 
plants with access to deep water ports. Their 
capacity to accommodate the changes in the in¬ 
dustrial structure is likely to be limited. This will 
add to the competitive advantages of Australia. 

Thus it appears that conditions are favourable 
for Australia to change from being a supplier of 
unprocessed raw materials to being a supplier of 
semi-processed materials. A shift in emphasis of 
this kind would give the nation the benefit of the 
value added before export. Westernport may play 
a key role in such a change. 

Westernport has two great advantages: its port 
potential which relies on naturally deep and 
sheltered water to accommodate large ships with 
ease, and the availability of large areas of un¬ 
developed land suitable for industrial purposes 
adjacent to and in close proximity with the deep 
water channel. No other potential deep water 
port/industrial area in Australia has this combina¬ 
tion. Nor do any of them have Westemport’s 
favourable location close to a major city with 
its support facilities and available work force near 



WESTERNPORT—LAND PLANNING 33 

pleasant residential areas. Other advantages are 
places suitable for a wide range of outdoor 
recreational activities, and access to the energy 
and industrial feedstock from the La Trobe Valley 
and Bass Strait. 

The industries suitable to the area would be 
designed to achieve long-term cost stabilization. 
They will be very capital intensive, involving a 
low labour force and high land/area ratio. They 
are likely to be designed to provide a high quality 
working environment to attract and hold the staff 
involved and hence minimize disruptions to pro¬ 
duction through industrial troubles stemming from 
worker dissatisfaction. They will aim also to 
protect the surrounding environment. 

The industrial development which has so far 
occurred has established the basic infrastructure 
necessary for further development. Typically, the 
pattern of utilization is as a specialized water- 
oriented industrial area. Lysaght has developed 
a cold strip rolling mill (in operation) and a hot 
strip mill to serve a local market, drawing feed 
from other plants around the coast, and the 
Esso/Haematite Gas Fractionation Plant processes 
local raw materials before export by sea. For such 
water-oriented industries the area offers great 
advantages. 

Industrial growth rate is difficult to assess, 
particularly when based on export markets. In 
1971 Plant Location International (Aust.) Pty. 
Ltd. forecast that some 2,500 ha would be 
acquired and partly built on by industry by 1985. 
At the present time it is difficult to see such a 
demand arising: it would appear that something 
like 3,000 ha may be acquired and partly built 
upon by the year 2000, given that industry can 
meet the likely environmental constraints. Beyond 
that date the future industrial development is 
difficult to forecast. 

RECREATIONAL DEVELOPMENT 
Patterns of recreation in our community are at 

present undergoing significant changes. Outdoor 
unstructured recreational activities are taking over 
from previously predominant team games and 
spectator sport, and generally people are moving 
to activities which involve ‘doing their own thing’. 
These often involve a degree of exploration, of 
water and landscape, and part of the experience 
is a sense of freedom. More and more people are 
participating in such unstructured activities for 
longer times and with greater frequency. Driving 
for pleasure, surfing, camping, canoeing, boating, 
walking, fossicking, gem collecting, trail bike 
riding, horse riding, fishing and the like are all 
on the increase as important weekend recreations. 
Increasing affluence has also made the second or 

weekend house within the reach of many more 
people, with a consequent major increase in the 
number of such houses in resort areas. 

Areas of greatest appeal for outdoor recreation 
are those which offer variety in local environ¬ 
ments, and people are attracted to environmental 
boundaries, such as where perhaps land meets 
water, hill meets plain, or bush meets pasture. 
It is areas with such characteristics, and particu¬ 
larly waterfront areas, which have seen the greatest 
development of recreation activities. 

The Westernport area with its bay coastline 
some 260 km in length, with 60 km of sandy 
beach, and its 692 km2 of relatively sheltered 
water, together with its adjacent hills and wooded 
areas, has attracted considerable recreational 
development in the form of holiday home areas, 
yacht clubs, boating facilities and the like, and 
is established as an area for day visitors. Already 
there are holiday villages at the best sites along 
the coast, particularly on Phillip Island and on 
the Mornington Peninsula, adjacent to the main 
entrance channel. Boating facilities have developed 
at all the physically suitable sites and the future 
of boating as a recreation is well established. 

Yet the fact remains that the opportunity for 
expansion in recreational facilities in the area to 
meet the demands of the future community is very 
limited, due to the physical characteristics of the 
area. Because of the extensive mud flats, much of 
the Bay is unsuitable for boating and swimming 
and there is little potential for the development 
of new locations for boat launching and mooring 
and bayside holiday homes. Nearly all the coast¬ 
line along the northern and eastern sides of the 
Bay is physically unsuitable for outdoor recreation. 
Limited additional boating facilities can be pro¬ 
vided at Hastings in the Warneet to Tooradin 
areas, and at Corinella. Other areas have little 
potential. In addition all the areas physically 
suitable for holiday housing have been developed 
and in fact so have others which should not have 
been subdivided for this purpose. As a result, 
pressure for additional development will be 
greatest in the areas with the best characteristics, 
that is, adjacent to the entrance channel on the 
Peninsula and on Phillip Island. In both these 
areas, however. Government has laid down strong 
planning policies which will restrict development. 

There is generally a concensus that the coastal 
area of the Peninsula from Somers to Flinders 
should not be allowed to develop in a fashion 
similar to the Port Phillip coast. In the imple¬ 
mentation of Statement of Planning Policy No. 2, 
it appears that conservation of the landscape will 
exercise a major restraint on the size of these 
ooastal towns in the future. Similarly, on Phillip 
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Island the Government’s concern that the wildlife 
protection and the scenic character of the island 
be preserved from urbanization means that 
further recreational development will largely be 
constrained to around Cowes. 

In view of these policies and the general lack 
of suitable locations around the Bay for new 
recreational villages, it can be expected that the 
character of the existing recreational villages will 
change over time with the changes in patterns of 
recreation. The recreational areas are likely to 
have to cope with more day visitors and there 
may be a gradual swing away from second homes 
to flats and holiday accommodations in these 
villages. Overall, the area occupied by such vil¬ 
lages will not increase substantially and will 
remain a very small proportion of Westernport 
catchment. 

Boats operating from the established areas 
around the entrance channel and the north arm 
will most certainly increase, but this will not be 
accompanied by substantial physical changes to 
the area. Similarly, other non-water oriented 
recreations such as riding, bushwalking, driving 
for pleasure, etc., based on the other natural 
features of the catchment, will have greatly in¬ 
creased participation, but, as with the increased 
boating activity, they will not bring major changes 
in the character of the catchment. 

AGRICULTURE 
Agriculture is the predominant land use in the 

Westernport catchment and this will continue well 
beyond the year 2050. Changes are taking place 
in agriculture as in all other fields, but it appears 
that none of these will exert a significant influence 
on the conditions in the catchment area. 

Dairy and grazing are the predominant land 
uses, both capable of intensification to lot type 
feeding. However, this is unlikely to happen be¬ 
cause of the general high quality of the pasture 
and the remoteness from suitable grain production 
areas and consequent increase in the cost of feed. 

Poultry farming and pig farming, two intensive 
feed lot types of husbandry, are well established 
in the catchment. These will increase as urban 
expansion forces them out of the Port Phillip 
catchment and because of the locational and 
climatic advantages Westernport possesses. How¬ 
ever, they will not form significant numbers or 
cover major areas. 

Market gardening has been increasing in the 
area in recent years, with production for both the 
fresh vegetable market and contracts for canneries 
and food processors. The major area of vegetable 
growing around Dalmore in the heart of the old 
Kooweerup swamp is related to this latter market, 

while market gardening is fairly widely dis¬ 
tributed. Available water is limiting production 
in both activities. The proximity of the Melbourne 
market will ensure that market gardening continues 
and expands, although it will never challenge the 
dominance of other agricultural uses. 

TRANSPORT 
Two significant developments in transport are 

likely: the future development of port facilities 
and the possible construction of a second airport. 
Port developments are discussed in another paper 
and little need be said here except that their 
associated land requirements will not be extensive. 
An airline airport on the other hand, built on 
modern standards, involves an area of almost 
8,000 ha. 

As with many of the factors associated with 
Westernport, it is difficult to say whether or not 
such an airport will be required or will be built 
in the area. There are many uncertainties. How¬ 
ever, it must be recognized that the Westernport 
plain of the old Kooweerup swamp represents the 
only location around Melbourne conveniently 
placed in the areas of origin of the bulk of airline 
users which is topographically suitable for an 
airport, and in which the airspace is not already 
pre-empted. Unless there are significant changes 
in travel patterns or transport technology it is 
highly likely that such an airport will be built by 
the year 2000. A number of sites have been 
investigated and two exist where an airport may 
be provided with minimum disruption to the 
overall pattern of development and use. Because 
of the physical features of these sites, each being 
in an extensive area of flood-prone land, the 
pattern of urbanization discussed previously is not 
likely to be modified in form by the provision of 
an airport. The pattern or corridor development 
will persist, with development somewhat acceler¬ 
ated as a result of the economic impact of the 
airport. 

CONCLUSION 
In looking forward towards man’s likely future 

impact on the Westernport area, it is valuable 
also to reflect on the past. In the early days of 
European settlement in the catchment, massive 
changes were wrought in the environment. Indeed, 
the clearing of the timber and the drainage of the 
Kooweerup swamp brought about far greater 
changes than anything that is likely to happen 
in the area in the future. It is difficult for 
the people of today to appreciate the magnitude 
of these past changes, though some idea can be 
obtained from early reports. For example, a 
journalist who, last century, travelled on the 
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URBAN T/SX/A POSSIBLE URBAN LAND OVER 160 M tv.-.v.v.v.i RAILWAYS - ROADS 

Fig. 2—Likely long-term future urban development pattern in the Westernport catchment. 

Great Southern Railway writes about the experi¬ 
ence of crossing the Kooweerup swamp, which 
\ve now know as an interesting area of productive 
farmland, . . careering over the Koo Wee Rup, 
which had the appearance of an inland sea, water 
lay deep on either hand and spread far over the 
land, with here and there bilious tea-tree clumps 
imparting to the seascape an uninviting prospect’ 
(Quoted in Bowden 1970). A far cry from the 
present-day conditions! Again, decrease in rainfall 
and increased run-off resulted from forest clear¬ 
ance as land was opened up for grazing and for 
building towns and establishing transport facilities 
to ship produce to outside markets. These events 
caused environmental changes of such significance 
that by comparison possible future change is 
insignificant. For the pattern of land use set in 
the early period of settlement will persist well 
into the future, with agriculture predominant, and 

even in the year 2050 approximately 90 per cent 
of the catchment will still be rural. Fig. 2 shows 
in diagrammatic fashion the likely pattern of 
urban development in the year 2050 and indicates 
the small proportion of the catchment involved. 
The relatively long period of land use for rural 
purposes gives the community time to plan, 
design, finance and construct works to protect 
the environment of Westernport Bay. It would 
appear that the pattern of development discussed 
can be accommodated without difficulty. 
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Westernport — Man’s Impact and Marine Planning 

By R. M. Perry* 

Abstract: This paper sets out the principal factors influencing port planning in 
Westernport at this time. It outlines current pressures for development and the existing 
constraints on planning, refers to planning methods and tools, and sets out the nature 
of possible future developments. 

ROLE OF THE PORTS AND HARBORS 
DIVISION 

The Ports and Harbors Division of the Vic¬ 
torian Public Works Department is the Port 
Authority for Westernport and responsible for the 
planning, construction, operation and administra¬ 
tion of the Port. This control is exercised under 
the provisions of the Marine Act and the Port 
Rules made pursuant to that Act. 

Up to the present some $14 million have been 
spent on capital works for Westernport develop¬ 
ment and a maximum up to 14 million tonnes of 
cargo (500 vessels) handled in a single year. 

DEVELOPMENTS IN THE LAST DECADE 
Major development in Westernport commenced 

in 1963 when the Westernport (Oil Refinery) 
Act 1963 was enacted to permit the establishment 
of the BP Refinery (Westernport) Pty. Ltd. The 
Act also authorized the construction at a cost of 
$7 million of State-owned port facilities and 
harbor services for use in the first instance by 
that Company. These facilities comprised a two- 
berth marine terminal of steel and reinforced 
concrete construction at Crib Point, with the main 
and secondary berths designed for tankers up to 
100,000 and 40.000 Dwt respectively. The ter¬ 
minal is served by a 21 km long buoyed channel 
with minimum widths of 400 m in the undredged 
and 180 m in the dredged sections. Depths pro¬ 
vided are 14 9 m and 14*3 m below chart datum 
in the channels and the 610 m diameter swinging 
circle, with 15*8 m and 12-8 m respectively along¬ 
side the two berths. Harbor services include two 
fire-fighting tugs, the navigation aids system, 
mooring services, and the port office and depot, 
plus the necessary staff. This first stage was 
commissioned in July 1966. 

In the second stage, the Westernport Develop¬ 
ment Act 1967 enabled the Esso-Haematite frac¬ 
tionation plant and crude oil storage facility to 
be established at Long Island Point some three 
miles north of Crib Point. It also authorized 
State expenditure of $3-5 million for the con¬ 
struction of a single-berth marine terminal for 
the export of liquid petroleum gas and crude oil 
from the Bass Strait fields. 

The steel and reinforced concrete jetty structure 
was designed for 100,000 Dwt tankers (with 
15 8 m alongside), but the channel depths in 
the 240 m wide channel extensions from Crib 
Point and the 580 m diameter swinging circle 
were limited to 12*8 m in the first instance for a 
tanker size of 40,000 Dwt. When additional 
exploration by Esso-Haematite in Bass Strait in¬ 
dicated that crude oil reserves were larger than 
first thought, the jetty design was amended some¬ 
what and channel depths increased to 14*3 m to 
allow 100,000 Dwt tankers to use these facilities 
immediately after their completion. 

The Westernport Development Act 1970 in¬ 
creased the financial limit to $6 05 million to 
cover for the additional works and also permitted 

Esso-Haematite to use the Crib Point terminal for 
export of the increased amounts of crude oil 
from Bass Strait. It also increased the minimum 
annual wharfage charge payable by the Company. 
This second terminal was commissioned in March 
1970. 

The third stage of development was authorized 
by the Westernport (Steel Works) Act 1970 
which provided for the ultimate establishment by 
John Lysaght (Australia) Ltd. of a fully integrated 
iron and steel works on some 680 ha of land at 
Tyabb. Dredging requirements have been met by 
the State as provided for by the Act. The Corn- 

Chief Engineer (Development), Ports & Harbors Division, Public Works Department, Victoria. 
168 Exhibition Street, Melbourne, Victoria 3000. 
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pany has completed the first stage of development 
comprising a cold reduction mill and including 
one Roll On Roll Off berth. A second conven¬ 
tional berth is currently under construction and 
plans for stage two of the works (a hot strip mill) 
are in hand. 

THE PRESSURES FOR DEVELOPMENT 
General Pressures 

Ports have always been focal points in the 
development of any country with a dependence on 
sea-borne trade, and historically this has been 
very evident in Australia. The growth and stability 
of many national and regional industries are very 
closely associated with shipping and in recent 
times the economies of scale in both ship sizes 
and industry have rapidly increased the value of 
deep-water ports. In Australia the number of 
these is strictly limited. 

The growing economy in Australia is related 
to increases in population and more importantly 
to the affluence of our society and a rapidly 
increasing consumer demand. Unless there is a 
marked change, then ports such as Westemport 
must be accorded a very high value as a national 
resource. 

The economics of scale have also become very 
obvious over the last decade, both in the size of 
shipping, and the nature of industry and raw 
material transport. For example on a 8,000 km 
one-way journey the cost per unit of transporting 
oil in a 200,000 tonne tanker is about half that of 
the cost in a 30,000 tonne vessel. Iron ore can now 
be shipped more economically from West Australia 
to Japan than to the eastern Australian States. 
The position has been further influenced by the 
current bunker fuel situation. 

It follows that, to provide for economic develop¬ 
ment, satisfy consumer demand, and to keep costs 
in line with other manufacturing nations the value 
of deep-water ports must be both recognized and 
protected. 

Local Pressures 

Many local factors generate pressures for de¬ 
velopment at Westemport. Some of these are the 
proximity of the major market of Melbourne and 
the Port Phillip District, easy access to large areas 
of undeveloped land suitable for industrial pur¬ 
poses, road transport to the eastern sections of 
Melbourne and the Latrobe Valley. Further, there 
are the support facilities and work force (profes- 
fessional, skilled and unskilled) afforded by the 
neighbouring Port Phillip District, the near energy 
resources of Bass Strait and the Latrobe Valley, 
and adequate water supply. 

A prime factor is the availability of naturally 
deep and sheltered water. Vessels of 100,000 Dwt 
have been provided for with virtually no dredging, 
and 120,000 Dwt could be accommodated with 
full use of the tide. The lower reaches of the port 
could accommodate vessels to 200,000 Dwt but 
only with some deepening of the entrance. Recent 
sea bed investigations in these areas have indicated 
that much of this material would be comparatively 
expensive to remove. 

Whilst depths at the Rip have always been kept 
ahead of depths at harbor facilities within Port 
Phillip, many tankers that now enter Westemport 
could not do so at the Rip when fully loaded* 
and container vessels are showing every indication 
of being similarly deepened. General cargo h 
predicted to increase in volume, with a trend tQ 
larger size container ships. In the short term* 
congestion and lack of space will be expensive 
to overcome in Melbourne port, and the total cost 
of development including any deepening of ths 
Rip and internal channels in Port Phillip Bay will 
have to be compared with costs for Westemport. 

The centre of distribution for processed goods 
is now in the Waverley-Springvale area, resulting 
in a shift of warehousing, and there is increasing 
demand for import/export to and from the new 
south-eastern industrial areas. 

On the non-commercial scale there are ever 
increasing pressures for pleasure boat facilities 
throughout the State. Westemport will undoubt¬ 
edly have to accommodate its share of these craft, 
and considerable area could be involved. 

EXISTING GUIDELINES AND 
CONSTRAINTS 

Several major factors presently influence plan¬ 
ning: 
(i) Statement of Planning Policy No. 1, which 
proclaimed the State’s intention to develop the 
North Arm areas as a port-industrial complex. 
(ii) Statement of Planning Policy No. 2 which 
broadly restricts urban development in the 
southern section of the Momington Peninsula. 
(iii) The Westemport Environmental Study which 
is aimed at developing a sound water quality 
management policy. 
(iv) A moritorium on major development in the 
area by the Government, pending the findings of 
Stage 1 of the Environmental Study (December 

1974). 
In addition (i) and (ii) are currently the 

subject of review by the State. 
Obviously in this era of environmental aware¬ 

ness it will be no simple matter to reconcile the 
many opposing factors working in the area. 
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principles and requirements 

It would be appropriate at this stage to outline 
soine of the factors that should be taken to 
aCcount in port and regional planning. 
(i) The unique value of a deep-water port site 
lo both the State and the nation. 
(ji) The restriction of the use of waterfront land 
f0r purposes for which it is essential, and the 
progressive separation of other industries from 
the waterfront, dependent on need: i.e. those that 
CaD be served by pipelines and those that can 
he located away from the waterfront without 
disadvantage. 
(jji) The location of port facilities to make the 
best use of existing water depths and to minimize 
dredging cost and disturbance from both dredging 

and spoil disposal. 
(iv) State Control of multiple-user wharves to 
maximize use, minimize facilities required. 
(v) Use of reclaimed areas strictly for purposes 
that cannot be accommodated elsewhere. 
(vi) Grouping of industries involving the use of 
dangerous cargoes. 
(vii) Location of industries for the most effective 
dispersal of effluents (including thermal loading), 
(viii) Proportioning of the dimensions of water¬ 
front sites, with long axes at right angles to the 
shoreline, to ensure maximum use. 
(jx) Avoidance of marginal freeways and access 
corridors that might restrict access to the water¬ 
front or otherwise encourage non-priority enter¬ 

prises. 
(x) Extreme care in siting facilities such as 
airports which in their own right might have some 
claim to proximity to the water but which utilize 
enormous area, impose restrictions on the develop¬ 
ment of surrounding areas and attract major 
supporting services and access corridors, all of 
which could seriously impair port development. 
(xi) Attention to the development of new forms 
of wharf designs and cargo handling methods to 
minimize interference to the environment. 
(xii) The founding of structures and causeways 
on piles as far as possible. 

(xiii) Establishment of visual corridors and un¬ 
developed areas between groups of facilities. 
(xiv) Establishment of adequate public reserves 
in marginal areas, or even on reclaimed ground 
if necessary. 

(xv) Provision for both active and passive water- 
oriented recreational requirements. 

METHODS AND TOOLS 

In keeping with most other applied sciences, 
planning, particularly when it involves regions, 
has become increasingly more complex. Sophis¬ 

ticated methods and major inputs from multi¬ 
disciplinary groups are required. The co-ordination 
of these diverse segments is a major task in itself 
and often sufficient to occupy senior planners 
completely. For ports the closest liaison between 
land and port planners is required. 

Traditionally, thorough in depth, desk-type 
studies have been used for engineering feasi¬ 
bilities, economic comparisons and transportation 
type studies. Whilst there is no substitute for most 
studies of this type detail planning can now be 
greatly assisted by the use of models, both physical 
and mathematical. 

Broadly, physical models are applicable where 
engineering investigation requires detailed three 
dimensional description arising from tidal currents 
and movements. Such considerations are essential 
where any large-scale alterations are made to the 
shape of the water body. 

Mathematical models are commonly used in 
two dimensional studies and permit the introduc¬ 
tion of pollution transport and decay, evaporation 
and other factors, some of which cannot be 
physically modelled. Computer capacity and 
operation costs, however, limit grid sizes to the 
order of one km in the case of the model of 
Westernport, and this does not provide the fine 
detail of current movements required for engin¬ 
eering design. 

Both types of model have their own special 
uses and are complementary in many ways. 

The Westernport Environmental Study has pro¬ 
vided a mathematical model of Westernport Bay 
on the basis of extensive field data obtained by 
the Ports and Harbors Division. This will be 
used to model pollution transport, dispersion and 
decay and to optimize alternative points and 
types of discharge to the Bay. 

The Division is currently developing firm pro¬ 
posals for a large physical model of Westernport. 
The model would then be available as a manage¬ 
ment tool to investigate a variety of problems, 
and particularly any proposals for large-scale 
alterations to the hydraulic regime. For this it 
would be essential. Since the lead time to carry 
out the field work and to establish such a model 
is three to four years, it is essential that an early 
start be made. Notwithstanding the present mori- 
torium, it seems inevitable that increasing popu¬ 
lation, consumer demand and State development 
will exert strong pressures for development 
following completion of the Environmental Study. 
Failure to establish such a tool could result in 
undue deferment of decisions, or worse, decisions 
without the best means of assessment. The model 
would require a building about 120 m x 120 m 
and expenditure of several million dollars. 
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POSSIBLE FUTURE DEVELOPMENTS 

The problems confronting most ports relate to 
the availability of land and to water depths. Many 
ports had their origins in rivers and sheltered areas 
close to centres of population. Goods could be 
readily transported between port and consumer/ 
producer and the reverse. 

The scale of operations is now such that many 
ports both inside and outside Australia are being 
forced to migrate to areas outside their previous 
confines. Examples are Europort, Port of London, 
Botany Bay, Fremantle and Brisbane. The poten¬ 
tial to avoid many of these costly difficulties 
experienced by others already exists within 
Westernport because of its size and undeveloped 
nature. 

Modern technology is also of advantage. Both 
increased ship sizes and modern cargo handling 
techniques greatly reduce the extent of waterfront 
facilities previously required. This could reduce 
disruption to the environment. (Note, however, 
that land requirements may be greater.) Contain¬ 
erization in Melbourne has increased the through¬ 
put over wharves by as much as five to ten times; 
larger sized ships greatly reduce the number of 
berths and hence the amount of waterfront 
required. The turn round time for a 100,000 Dwt 
tanker at Westernport is less than 24 hours and 
for a large container vessel in Melbourne 5 days: 
conventional earlier vessels were in port much 

longer. Fewer large vessels generally mean higher 
safety standards. Furthermore, many bulk trades 
are now accommodated at dolphin berths, which 
have minimal disruptive effects on the environ¬ 
ment. 

Economy in scale is also evident in pollution 
control. Large industries are better able to arrange 
and to afford the very rigid control requirements 
applicable to discharges. 

Whilst it is obviously not possible at this time 
to predict the nature of future developments in 
Westernport other than the extension of the exist¬ 
ing industries, there are various and interesting 

possibilities. It must be stressed, however, that 
many of these, as listed below, are purely 
speculative. 

Development of the Steel Industry: The steel 
industry has statutory rights to some 3,000 m of 
waterfront and considers that this will all be 
necessary if the site is to be fully developed. 
On the basis of present practice much of this 
wharfage would require land backing. 
Extension of the oil industry: There is presently 
no pressure for such extension, but an additional 
berth or berths using present approach structures 
could enormously increase capacity with minimal 

effect on the environment. Such industries them' 
selves could be served by pipeline and thus be 
located away from the waterfront. 

Liquid Cargoes: Liquid cargoes could also be 
handled from single point moorings and through 
submarine pipelines. 
Petrochemical and Other Bulk Industries: It should 
be possible to accommodate such industries with 
low cost dolphin-type berths and trestle approach 
structures. Waste discharges may create problems. 
Container Trade: As stated earlier the relative 
difference in the cost of providing facilities at 
Melbourne could eventually influence the estab' 
lishment of container facilities at Westernport. On 
present indications berths would be of the order 
of 300 m long with some 20 ha of land backing 
required for each. In established ports congestion 
due to lack of land, and transport costs for 
distribution, are of major concern. 

Tasmanian Trade: The economies of the Tas- 
manian-mainland trade could eventually lead to 
the provision of a single mainland terminal to 
handle all sea-borne trade. Westernport would 
naturally be on the short list of sites. Land backed 
RORO or container facilities with land backing 
would be required. 
Ship Building and Repair Industry: This industry 
is traditionally associated with steel industries. 
The general lack of large-scale repair facilities in 
Australia, the existence of a steel industry and 
terminal nature of the port for large ships all 
generate incentive, while the cost of Australian 
labour would be a contra influence. Such an in¬ 
dustry requires relatively shallow water, is non¬ 
polluting, and could be located in the northern 
sector. The extent of ship building or repair in 
Australia is largely a question of Australian 
Government policy. 

In addition to the foregoing which are harbor 
requirements, there have also been suggestions of 
causeways to French Island, and major reclama¬ 
tions for such items as airports and power stations. 

CONCLUSION 

Changing community values have exerted a 
major influence on port and regional planning. 
The contradictory nature of the philosophies in¬ 
volved makes this a very challenging era for 
planners. 

On the one hand we have the increasing popu¬ 
lation and consumer demand in the Port Phillip 
District; on the other the curbs on development 
advocated by many interests and for a great 
variety of reasons. Such curbs, if adopted, must 
inevitably result in some change in living standards 
for the community. At present, there is lack of 



WESTERNPORT—MARINE PLANNING 41 

sympathy between two different attitudes to the 
future. 

Water areas, intertidal zones and foreshore 
areas have attracted much public discussion and 
Westernport is a prime centre of public interest. 
The extent of this interest has been sufficient to 
exert considerable influence on policy formulation 
in the area. However, it could be noted that 
public opinion is largely concerned with industrial 
development, whilst it apparently ignores the 
urban growth which might w'ell pose a much 
larger threat to such things as water quality. 

Westernport as a deep-water port is of prime 
importance to the economic development of the 
State. With careful planning it is large enough to 
accommodate developments that can reasonably 
take account of the conflicting community values 
and requirements, but it is most important that 
the options to achieve a balanced development be 
kept open. 

And here a comment, perhaps cynical, perhaps 
realistic. The influence of the conservation lobby 
has not yet required the public to accept any real 

responsibility. In other words, conservation has 

not yet affected the people’s ‘quality of life’, their 

incomes and living standards. For comparison it 

could be noted that when there has been even a 
threat of this, in other countries, the conservation 
ideals of the public have quickly disintegrated. 
As a recent example we cite the energy crisis in 
U.S.A. and its influence on the controversial 
Alaska Pipeline and various areas of off-shore 
drilling. 

There is a very genuine need for sensible 
conservation policies to be applied to planning 

as a whole. An excessive swing of the pendulum 

to a degree that cannot be sustained in the longer 

term may well be very detrimental to conservation 
and to an area such as Westernport. 

In the meantime considerable resources are 

being applied to the overall planning of Western- 

port both ashore and in the port area, and there 

seems no reason why, with sound planning, a 

satisfactory compromise between conservation and 

development should not be achieved. 

Phillip Island, 1973 
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Geology of the Westernport Sunkland 

By D. Spencer-Jones,* M. A. H. Marsden,! C. M. Barton,$ 
J. J. Carrillo-Rivera* 

Abstract: The Westernport Sunkland is a broad, low-lying physiographic unit 
resulting from the interplay of block faulting, vulcanicity and non-marine and marine 
sedimentation during the Cainozoic Era. In the early Tertiary widespread basic 
vulcanicity with minor sedimentation was followed by a period of erosion. In early to 
middle Miocene subsidence of the area resulted in an extensive marine transgression 
with the deposition of marls and limestones. As the sea retreated in late Miocene to 
Pliocene, fluviatile sediments infilled channels and covered most of the area. Data from 
drilling and surface mapping have enabled the presentation of revised distributions and 
interpretations of the Tertiary units within the Sunkland. 

The Quaternary tectonics and sealevel changes in the Sunkland are complex, and 
resulted in the development of the onshore land forms, and also the development of 
intertidal and subtidal morphological systems. Eight of these are recognized. The 
complex distribution and movement patterns of sediment types in the channels, on banks 
and tidal flats, result primarily from tidal currents. 

Geotechnical drilling along the main shipping channels has revealed new informa¬ 
tion on the engineering properties of the sediments and sub-strate. High areas in the 
outer part of the Bay are composed mainly of Quaternary clayey conglomerate and 
uniform sands. In contrast, the inner channel is generally floored by soft (<0*35 
Mpa, UCS) Quaternary silty clays. Deep weathering montmorillonitic clay profiles, in 
Tertiary basalt at Stony Point, show a progressive downward increase in clay stiffness. 
Engineering properties of other sub-channel materials are briefly considered. 

The important Tertiary aquifer systems beneath the Koo-wee-rup/Dalmore areas 
in the northern part of the Sunkland are a valuable irrigation water resource, and 
control measures will be necessary to prevent overdevelopment and saline water 
intrusion. 

INTRODUCTION 

The aim of this paper is to present a summary 
of the geology of the Westernport Sunkland and 
in particular to outline some of the geological 
work, either recently completed or underway, in 
the fields of stratigraphy and structure (Victorian 
Mines Department; Geology Department, Univer¬ 
sity of Melbourne), in recent sedimentation 
(Geology Department), and in the applied fields 

of hydrogeology (Mines Department), and geo¬ 
technology (Division of Applied Geomechanics, 

CSIRO). 
The Westernport Bay area has been studied in 

detail by geologists for many years and reference 
to the publications produced will give detail on 
specific areas. Keble (1950) published a report 
on the geology and economic resources of the 

Momington Peninsula and Jenkin (1962, 1974) 
and Thompson (1974) have described the physio¬ 

graphy, geology and hydrogeology of the Western- 
port Bay area. Hydrogeological maps have been 
prepared by Carrillo-Rivera (1974). 

In recent years studies have been undertaken 

within Westernport Bay by the State Electricity 

Commission (Learmonth & Garrett, 1966); 
Geology Department, University of Melbourne 
(Marsden & Mallett 1974); Ports and Harbors 
Division of the Public Works Department (Barton 
1974) and the Victorian Mines Department in 
collaboration with the Commonwealth Bureau of 
Mineral Resources (Gunn 1973). Geological con¬ 
tributions to the Westernport Bay Environmental 
Study are being made by the Mines Department 
(geology, geophysics and hydrogeology), the 

* Victorian Department of Mines, Russell Street, Melbourne. Victoria 3000. 
t Department of Geology, University of Melbourne, Parkville, Victoria 3052. 
t CSIRO Division of Applied Geomechanics, P.O. Box 54, Mount Waverley, Victoria 3149. 
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Geology Department, University of Melbourne 
(geophysics, morphology and sedimentation). 

The Western port Sunk land as a physiographic 
feature is a product of block faulting and the 
resulting interplay of early Tertiary vuleanicity 
followed by nonmarine and marine sedimentation 
during the Cainozoic Era. Hence it is comparable 
to the Port Phillip Sunkland. 

Normal faults with pronounced topographic 
scarps define the eastern and western limits of the 
Sunkland and, as will be explained later, other 
faults determine physiographic units within it. 

The most extensive marine transgression in the 
Tertiary occurred during Early to Middle Mio¬ 
cene when widespread marl and limestone were 
deposited. As the sea retreated during late Miocene 
to Pliocene, the area was covered by fluviatile 
sediments leaving the flat-lying topography be¬ 
tween Longwarry and Koo-wee-rup. The fluviatile 
deposits were subsequently covered by Quaternary 
aeolian sand sheets and dunes, resulting in a 
poorly developed drainage system and swamps. 

Prior to settlement the extensive plain at the 
head of the Bay was covered by thick scrub, and 
the central area of this plain was referred to as 
the ‘Koo-wee-rup Swamp’ because of its water¬ 
logged condition during most of the year. Artificial 
drainage systems were developed as early as 1876, 
and an extensive drainage scheme completed in 
1920 by the State Rivers and Water Supply 
Commission. This drainage included an irrigation 
system using water from the Bunyip River. 

PHYSIOGRAPHIC UNITS 

Aspects of the physiography of the area have 
been referred to by Hills (1942) and later de¬ 
scribed in detail by Jenkin (1962) and Marsden 
and Mallett (1975). The following are the most 
important units (Fig. 1): 

1. The Mornington Peninsula 

The Mornington Peninsula Horst is bounded by 
the Selwyn Fault to the west and the Tyabb Fault 
and Clyde Monocline to the east. The Peninsula 
consists of Palaeozoic sedimentary and granitic 
rocks covered to the south and southeast by a 
thick sequence of early Tertiary volcanics. It 
separates Port Phillip Sunkland from the Western- 
port Sunkland with the main ridge reaching 300 m 
above sea level. 

2. South Gippsland Highlands 

These Highlands, which form the eastern limit 
of the Sunkland, consist of tilted blocks between 
the Bass, Heath Hill and other normal faults. 
They comprise Mesozoic (Lower Cretaceous) 

sedimentary rocks with some Tertiary sediment 
cover. Both the Bass and Heath Hill Faults are 
represented today by pronounced topographic 
escarpments. 

3. Eastern Highlands 

The undulating country forming the northern 
edge of the Sunkland represents the foothills of 
the Eastern Highlands. The hills are composed 
of Silurian-Devonian sedimentary rocks and 
Devonian granitic rocks. Residuals of early Ter¬ 
tiary volcanics and sediments cap some of the 
foothills and Jenkin (1962) suggests that the 
northern edge of the Sunkland is not due to 
faulting but results from a gentle southerly down- 
warp. The old topography eroded in the Palaeo¬ 
zoic rocks passes down beneath the Cainozoic 
volcanics and sediments of the Sunkland. 

4. The Westernport Sunkland 

This is the area which lies between the Morn¬ 
ington Peninsula Horst and the South Gippsland 
Highlands. Jenkin (1962) has recognized the 
following units within the Sunkland: 

(a) Koo-wee-rup Plain 

A flat-lying area which is virtually a coastal 
plain covered by a veneer of Quaternary fluviatile 
and aeolian deposits. The limits of the plain are 
defined by the traces of the Clyde Monocline, 
Heath Hill Fault, the subsurface Lang Lang Fault, 
and the north shore of Westernport Bay. 

(b) Lang Lang Lowlands 

This unit consists of a group of tilted blocks 
between the southeast corner of the Koo-wee-rup 
plain and the Heath Hill Fault. It includes slightly 
undulating country, part of which now lies beneath 
the waters of the Bay. 

(c) Central Ridge 

This constitutes the higher land on Phillip and 
French Islands, composed of Mesozoic sedimen¬ 
tary rocks and early Tertiary volcanics. Its 
margins are controlled by faults such as the 
Tankerton, Wellington, Corinella and Brella 
Faults. 

(d) French Island Lowlands 

An area northwest of the Tankerton Fault 
covered by aeolian deposits with swamps and 
lakes in the low-lying interdune and sand sheet 
areas. 

(e) The Bass Plain 

This area comprises the flat alluvial plain of the 
Bass River which is incised along the down thrown 
side of the Bass Fault. The unit also includes the 
flat country of the Bass River delta and appears 
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to pass offshore into the East Arm Embayment 

Plain. 

(f) Westernport Bay 

Jenkin (1962) has described the drainage of 
the area surrounding Westernport Bay as essen¬ 
tially a betrunked river system resulting from 
the last post-glacial rise of sea level. Streams 
entering the Bay from the Mornington Peninsula 
and the South Gippsland Highlands are actively 
eroding, as demonstrated by the development of 
deltas. The natural drainage system on the Koo- 
wee-rup plain has been considerably hampered by 
aeolian deposits, vegetation and perhaps the effects 
of back tilting or subsidence of fault blocks lead¬ 
ing to the development of extensive swamp areas. 
Thompson (1974) has referred to the artificial 
construction of drainage channels which effectively 
drained the area, causing rejuvenation of the main 
rivers, the Bunyip and the Lang Lang. The Lang 
Lang River is now actively forming a delta where 
it enters Westernport Bay and similar deposits 
are forming at the mouths of the Bunyip River 

and Cardinia Creek. 
Marsden and Mallett (1975) have discussed 

in detail the development of both the marginal 
and offshore morphology of Westernport Bay and 
interacting sedimentation characteristics, in which 
sea-level fluctuations, including a relative fall of 
1 to 2 m since the mid-Holocene, have been a 

notable factor. 
The drowned embayment morphology is essen¬ 

tially controlled by distribution and erosion of 
bedrock rather than by sediment-constructed 
features, and this has resulted in linear, elongate 
major channel systems. This highlights the relative 
lack of land-derived sediment input into the Bay. 
Tidal processes dominate, but wave-action is 
important because of the general orientation of 
the Western Entrance and the major arms of the 
Bay with respect to the dominant wind directions. 
The Western Entrance opens towards the south¬ 
west through a cliffed coastline to the high wave- 
energy zone of Bass Strait, and is the major 
channel. The Eastern Entrance is relatively minor, 

having been opened only recently, probably at or 
near the time of high sea level in the Holocene, 
and since enlarged by scour associated with high 

tidal velocities. Morphological and sedimentation 
changes are probably still occurring. 

Many morphological units have been recognized 
by Marsden and Mallett (1975) in Westernport 
Bay. Each has significantly different character¬ 
istics, arising from differences in geological history 
or in sensitivity to variations in present-day 
physical and other controlling processes. Varying 
numbers of individual morphological units sharing 

common characteristics have been grouped into 
eight morphological systems outlined below. 

However, it must be stressed that, within this 
generalization, local variations of the processes 
operating in the Bay result in many variant units, 
which have been revealed by detailed examination. 
This lack of uniformity is a dominant character¬ 
istic of the morphological units of the Bay. Hence 
extrapolation of physical and sedimentation data 
over large distances could be hazardous. 

Morphological Systems (Fig. 2) 

1. Beaches and Rock Platforms. Beaches and 
other constructional features, and erosional plat¬ 
forms, cliffs, etc. occur discontinuously. 

2. Salt Marsh Zone, normally lying landward of 
the mangrove zone and fully inundated only 
periodically, at high-water spring tides and in 
storms. Sediments are generally clayey, with some 
peats which are often impure. The zone is charac¬ 
teristically cut by small meandering tidal creeks. 

3. Mangrove Zone. This lies just below the high- 
tide mark, is well defined and extensive, although 
relatively narrow. Sediments are normally muddy, 
but stabilized. 

4. Inshore Marginal Sandy Zone. Generally 
grass-free, and consists of sand with varying 
proportions of mud. It forms a very persistent 
zone around Westernport Bay, lying marginal and 
offshore from a variety of coastal features, and 
sloping very gently outwards to grassed tidal flat 
areas which may be muddy rather than sandy. 
Characteristically it shows features arising from 
interaction between onshore-offshore, and long¬ 
shore movements. There are, however, three 
significant modifications to this zone, namely: 

(a) where longshore movements are dominant, 
e.g. Cowes Bank, 

(b) in inlets which show more uniform, lower- 
energy movements, e.g. Watsons Inlet, 

(c) where land-derived sediment influxes occur, 
e.g. Bass River delta, and where deltas develop 
offshore from man-made swamp drains. 

5. Intertidal Flats and Banks occupy approxi¬ 
mately 1/3 of the Bay area and show the greatest 
variability in aspect, in configuration and in sedi¬ 
ment type. They are characteristically grassed, 
are largely exposed at low tide and usually dis¬ 
sected by channels. Morphologically, three types 
can be distinguished: 

(a) elongate channel-margin flats and banks 
(bars) with linear channels, e.g. Middle Spit Tidal 

Flats. 
(b) relatively small, isolated flats with dendritic 
to meandering channels, e.g. Hastings Bight Tidal 
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Flats, which owe their existence and individual 
characteristics largely to the pre-existing morpho¬ 
logy, and often to their sheltered aspect. 

(c) extensive embayment-head flats with domin¬ 
antly dendritic channel patterns. 

Normally the seaward margins of the flats 
descend steeply, or almost vertically into chan¬ 
nels, and in the landward direction shelve to the 
Inshore Marginal Sandy Zone. Areas of overwash 
sand accumulation occur on and within the flats, 
particularly along channel margins. 

6. Offshore Banks and Shoals. These show grass- 
free or poorly grassed characteristics similar to 
the Inshore Marginal Sandy Zone. The offshore 
banks are, however, mostly subtidal, and consist 
of mobile sand, characteristically showing large- 
scale bedforms indicating periods of high-energy 
transport. Middle Bank is the largest of these. 

7. Embay me nt Plains are permanently sub¬ 
merged. They have relatively low but irregular 
relief, and slope gently to their deepest margin, 
where they are terminated abruptly by a steep 
descent into a large tidal channel. The inner 
margins are variable, commonly being formed by 
the outer fronts of shallower banks and tidal flats, 
which may partially enclose the plain. Three 
Embayment Plain areas have been delineated 
(Western Entrance, East Arm and Queensferry). 
The former two owe their morphology in part to 
an inherited topography, but features of the latter 
suggest the influence of faulting also. 

8. Tidal Channel Systems. These comprise (a) 
the minor dendritic channels and tidal creeks 
incised into the embayment-head flats flanking 
either side of the tidal watershed, and into the 
other smaller tidal flat areas (b) the main trunk 
systems in the North Arm and East Arm, leading 
to the dominant Western Entrance, and (c) the 
more limited channel system of the Eastern 
Entrance. Flood-dominant and ebb-dominant 
channels move both water and sediment in com¬ 
plex patterns, forming bars, and also over-wash 
sands on the margins of tidal flats and banks. 

MAIN STRUCTURAL FEATURES (Fig. 3) 

The major structural features which led to the 
formation of the Sunkland are the normal faults 
along the east and west margins. The Tyabb Fault 
which extends from near Flinders to northwest of 
Hastings was described by Keble (1950) as a 
bedrock strike fault with a vertical displacement 
of approximately 60 m. He considered that the 
presence of terraces and hanging valleys along the 
eastern edge of the Peninsula was evidence of 
intermittent movement in recent times. However, 

Jenkin (1962) suggested that these features may 
be the result of Quaternary sea-level changes. The 
northeasterly extension of the Tyabb Fault is the 
Clyde Monocline which eventually loses topo¬ 
graphic expression and dies out. 

On the eastern side of the Sunkland, the Heath 
Hill Fault forms a pronounced escarpment trend¬ 
ing north northeast until it also dies away to the 
north. This fault has an estimated displacement 
of 300 m producing pronounced steep dips in the 
nearby Tertiary sediments. Further to the east 
and sub-parallel to the Heath Hill Fault is the 
Bass Fault with a pronounced escarpment along 
the eastern side of the Bass River valley. The fault 
has produced drag effects in the bedding of the 
Lower Cretaceous sediments. Parallel to the Bass 
Fault is the Almurta Fault and between them a 
back-tilted block, infaulting Tertiary sediments 
and Thorpdale Volcanics. 

The Tankerton Fault cuts across the western 
and northwest part of French Island separating 
the block of Mesozoic rocks forming the core of 
the island from downfaulted Tertiary sediments 
to the northwest. The Wellington Fault crosses 
the Tankerton Fault with an east-west scarp across 
the northern part of French Island with down¬ 
throw to the north. This fault may extend as far 
as the Heath Hill Fault to the east. The Corinella 
Fault is described by Jenkin (1962) and follows 
the coastline east of Corinella where masses of 
ferruginous sandstone occur along the shoreline. 
Jenkin (1962) suggested that the ironstone had 
formed along the actual fault line, but Thompson 
(1974) suggests that the ironstone may be a 
development at the unconformity between the 
Thorpdale Volcanics and the overlying Baxter 
Formation gravels. 

The Brella Fault has been mapped by Jenkin 
(1962) along the east side of French Island where 
it again defines the edge of the Mesozoic rocks, 
with downfaulted Tertiary Volcanics and sedi¬ 
ments to the east. The Lang Lang Fault and the 
Koo-wee-rup Fault do not have any obvious sur¬ 
face expression, but close drilling into the Tertiary 
sediments has established the presence of these 
two structures. 

Age of Faulting 

Since at least the Jurassic, block faulting in this 
region has played a major role in the vulcanicity 
and sedimentary rock deposition. However, the 
present form of the Sunkland probably owes its 
origin to late Pliocene to Early Pleistocene move¬ 
ments along the major boundary faults. The 
escarpments of the Heath Hill Fault and the 
Bass Fault in particular show many youthful 
geological features. 
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DISTRIBUTION OF THE GEOLOGICAL 
FORMATIONS (Fig. 4; Table 1) 

Ordovician 

The bedrock ranges in age from Ordovician to 

Lower Devonian. Ordovician rocks outcrop on 

the Mornington Peninsula and consist of a 

sequence of siltstone, cherty mudstone and sand¬ 
stone ranging from lowermost Lower Ordovician 
to Upper Ordovician in age. Keble (1950) estab¬ 

lished mappable zones in these rocks based on the 

graptolite assemblage. The rocks are folded into a 
broad anticlinorium and show strongly developed 
cleavage. 

Silurian to Lower Devonian 

Sedimentary rocks of this age, including mud- 
stone, siltstone, shale and some sandstone, outcrop 
along the eastern edge of the Mornington Penin- 
sula. They outcrop in the foothill country along 
the northern margin of the Sunklands where they 
are deeply weathered to clay in some parts. The 
rocks are mainly unfossiliferous, but occasional 
graptolites give the age. The rocks are folded 
but do not exhibit the cleavage typical of the 
Ordovician rocks. 

Silurian-Lower Devonian rocks have been pene¬ 
trated by water bores beneath the Cainozoic 
formations in the Koo-wee-rup area, Phillip Island 
and French Island (Jenkin 1962). 

Table 1 

Rock Unit 

Quaternary Holocene Cranbourne Sand 
Pleistocene Heath Hill Silt 

<J Pliocene 
MM 

o Baxter Formation 
N 
O Miocene Sherwood Marl 
z 

< 
Tertiary 

Oligocene 

o 
Eogene Thorpdale Volcanics 

Childers Formation 

Paleocene 

o 

o 
N 
O 
CO 

Lower Cretaceous Strzelecki Group 

W 

S 

o Devonian • 

o 
N Basement 
O 

Silurian 
(Sandstone, Siltstone, Mudstone, 

w 
< 

Granite, Granodiorite) 

< 
Ordovician 
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Upper Devonian 

Granitic masses intrude the bedrock of the 
Mornington Peninsula as discrete masses on the 
Arthurs Seat Ridge (Dromana Granite), Mt. 
Martha, Mt. Eliza and to the north in the foothill 
country of Packenham and Tynong. Granite also 
outcrops at Cape Woolamai on the southeast tip 
of Phillip Island. The granitic masses are typical 
of the discordant Upper Devonian granite massifs 
of Central Victoria. In the vicinity of the Western- 
port area they are deeply weathered, giving rise 
to coarse clayey sand and sandy clay. 

Lower Cretaceous 

Sedimentary rocks of this age form the South 
Gippsland Highlands along the eastern margin of 
the Sunkland, and outcrops have been recorded 
on Phillip Island at Rhyll, and along the southern 
coast of French Island (Jenkin 1962). Non- 
rnarine fcldspathic sandstone, mudstone, shale and 
conglomerate were deposited in an east-west rift 
or trough which formed across the southern part 
of Victoria after the Triassic. The main trough 
was divided into two separate basins by the base¬ 
ment high of the present Mornington Peninsula: 
Otway Basin to the west, the Gippsland Basin to 
the east. The Lower Cretaceous sediments in the 
Westernport area are near the western limit of 
the Gippsland Basin and represent marginal de¬ 
posits in close proximity to the source areas. As 
evidence of this Jenkin (1962) cites the presence 
of conglomerate and grit on French Island and 
on the San Remo Peninsula. The rocks are rich 
in fossil plant material including the black coal 
deposits of the old Wonthaggi-Kilcunda coalfields. 
The age of the rocks has been determined from 
fossil spores and macro-plant material (Douglas 
1969, 1973). 

The strata are generally horizontal or gently 
dipping with some evidence of minor folding. 
However, steep dips are found adjacent to normal 
faults which are widespread throughout the 
exposures. 

Tertiary 

The Tertiary and Quaternary successions in the 
Westernport Sunkland and their relationships are 
difficult to interpret because of the inevitable 
rapid facies variations both in space and time. 
These are to be expected in a marginal-marine to 
shallow embayment area which has been sub¬ 
jected to persistent tectonic activity. The shortage 
of adequate palaeontological control, both for age 
and facies determination, means that hypotheses 
previously advanced on the basis of lithology and 
broad distribution will need to be clarified by 

application of other detailed and rigorous basin 
analysis techniques. 

Paleocene-Eocene 

Deposits of river gravel, sand and clay occur 
in the bottoms of ancient river valleys and extend 
as remnants on other parts of the South Gipps¬ 
land Highlands, generally beneath the Early 
Tertiary basaltic rocks. These sediments rest un- 
conformably on the Lower Cretaceous rocks east 
of the Sunkland, on Devonian granites to the 
northwest, and on Silurian-Devonian sedimentary 
rocks in the centre and east. The formation varies 
in thickness, reaching a maximum of 83 m near 
Yallock and thinning out towards the north and 
northwest. The formation has been equated to 
the Childers Formation of Gippsland and contains 
some ligneous beds and thin brown coal seams. 
These sediments are now completely covered by 
basaltic rocks and in some cases underlie thick¬ 
ness of basalt up to 310 m. Keble (1950) suggests 
that a buried pre-Thorpdale Volcanic valley 
existed west of French Island, but Thompson 
(1974) reported a pre-basaltic valley to the east 
of French Island. 

Eocene 

During the Eocene extensive flows of basalt 
were extruded over the Westernport Bay area, 
completely blanketing the existing stream valleys 
and topography (Fig. 5). These volcanics have 
been correlated with the Thorpdale Volcanics of 
South Gippsland (Jenkin 1962). Jenkin suggested 
that the great thickness of basic lavas and asso¬ 
ciated pyroclastics was a result of discharge from 
peripheral eruption centres into a graben structure. 
Eruption centres have been identified on Phillip 
Island, at Mt. Ararat and in the Flinders and 
Cranbourne areas. The lavas are predominantly 
iddingsite and olivine basalts. Thin deposits of 
alluvial clay, sand, gravel and ligneous clays are 
interbedded with lavas. Occasionally the sediments 
contain recognizable plant remains (Jenkin 1974). 
With the exception of some areas where they occur 
as residuals, i.e. at Berwick and Narre Warren, 
the lavas are deeply weathered, giving rise to the 
deep red soils of the Red Hill-Balnarring district. 

A sparker seismic survey (Gunn 1973) by the 
Bureau of Mineral Resources, in collaboration 
with the Victorian Mines Department, confirmed 
that the seabed between Phillip Island, French 
Island and the Mornington Peninsula is underlain 
by the Thorpdale Volcanics with a thin sediment 
cover. Although drilling by the Ports and Har¬ 
bors Division of the Victorian Department of 
Public Works in the main shipping channel 
showed that the basalt surface falls off southwards 
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from Stony Point, the outcrops of Lower Creta¬ 
ceous rocks and Thorpdale Volcanics on the south 
coast of French Island indicate that the post- 
volcanic cover beneath the main channel is not 
thick. Off Sandy Point the maximum proved 
thickness of cover consists of 6 m of Quaternary 
sediments (Barton 1974). 

Miocene 

After the widespread basic vulcanicity of the 
Middle to Late Eocene a comparatively quiescent 
period of mild erosion followed. This continued 
into the Early Miocene, when the area began to 
subside, resulting in a widespread marine trans¬ 
gression and the deposition under shallow condi¬ 
tions of a sequence of sandy marls and limestones 
(Sherwood Marl). The Sherwood Marl is richly 
fossiliferous and is regarded as Batesfordian to 
Balcombian in age (Early to Middle Miocene). 
The formation underlies most of the southern part 
of the Koo-wec-rup Plain and extends to the 
northwest corner of French Island (Fig. 6). It 
has been intersected by water bores southwest of 
Lang Lang in the Parish of Corinella, and near 
Crib Point. It overlies unconformably the Eocene 
basalts and in some places rests directly on the 
Palaeozoic basement. During the time of deposi¬ 
tion of the Sherwood Marl, surrounding areas 
such as Momington Peninsula, the greater part of 
French Island, Phillip Island and the southeast 
part of Westernport Bay were land masses. The 
Flinders limestone recorded by Kitson (1902) 
may be an equivalent formation. 

The maximum development of the Sherwood 
Marl is between French Island and the mainland. 
The sparker seismic survey and drilling has indi¬ 
cated a thickness of over 50 m dipping towards 
the east, upturned by drag in the vicinity of the 
Wellington Fault. Seismic surveys suggest that the 
ridge near Sandy Point (on the northeast comer 
of French Island) is the termination of the 
Thorpdale Volcanics and the Sherwood Marl. 

Present evidence from the channel drilling 
indicates that the Sherwood Marl pinches out on 
a basalt palaeo-slope south of Long Island Point 
and is overlapped to the south by the younger 
Baxter Formation. The apex of the ridge appears 
to occur in the vicinity of Stony Point (Barton 
1974). 

During a mapping programme (1971) by mem¬ 
bers of the Geology Department, University of 
Melbourne, a shallow-marine terrigenous facies of 
Early Miocene age was identified at two localities 
near Bass. This indicates the possible limit of the 
basin towards the southeast of the Sunkland 
(Tickell 1971). Gravelly, coarse sands to clayey 
sands, all heavily ferruginized, lie immediately on 

Older Volcanics, and contain a poorly preserved 
fauna of gastropods, bivalves, bryozoans, and an 
occasional solitary coral, for which an Early to 
Middle Miocene age has been determined on the 
basis of the following identifications (T. A. Dar- 
ragh, pers. comm.): Cerithium flemingtonense, 
Turbo c.f. hamiltonensis, Turritella c.f. murray- 
ana, Haliotis sp., Conus, Eotrigonia, Notocorbula, 
Chione c.f. cenozoica and Glycimeris. At the 
locality on Reef Island, the solitary coral Placo- 
trochus, together with other forms, indicates 
slightly deeper water conditions than prevailed 
at the second locality 1-5 km to the east, on the 
mainland. At this locality, rocky bottom dwellers 
such as bryozoa and the molluscs, Cerithium, 
Turbo and Haliotis are prominent. At Reef Island, 
an associated zone of northeasterly trending minor 
faults suggests that the line of the Heath Hill 
Fault continues southwesterly (or swings west¬ 
erly), and possibly was a factor in delineating the 
shoreline of the Miocene depositional basin. The 
existence of a nearshore terrigenous facies in this 
segment of the basin suggests that contempor¬ 
aneous non-marine post-volcanic sediments could 
have been deposited further east. 

Upper Miocene 

After the deposition of Sherwood Marl, uplift 
resulted in the regression of the sea, and a wide¬ 
spread sequence of fluviatile sandy clay, gravel 
and sand was deposited over areas of the Morn- 
ington Peninsula and the Westernport Bay area. 
This formation overlies the Sherwood Marl and 
in other localities rests variously on the Thorpdale 
Volcanics, Mesozoic rocks and Palaeozoic base¬ 
ment. In surface exposure the sediments are highly 
ferruginous, oxidized to reddish brown to yellow, 
and leached. It is only in subsurface that samples 
of the typical lithologies can be obtained. These 
consist of fresh fine to coarse grained clayey sand 
with minor clay lenses and some ligneous matter. 
The formation has been equated with the Baxter 
Sandstone which was described by Keble (1950) 
as ferruginized sandy deposits outcropping on the 
Mornington Peninsula in a road cutting near 
Baxter. 

Thompson (1974) designated this the Baxter 
Formation, and reported that sediments tended to 
become coarser east and northeast of the Western- 
port Sunkland. He suggested that the Devonian 
granitic rocks outcropping to the north of the 
Sunkland were the source of the coarser sands. 
From the detailed drilling oarried out in the 
Koo-wee-rup plain and around the margins of the 
Bay by the Victorian Mines Department it would 
appear that the Baxter Formation has been de¬ 
posited in an old drainage system. There appear 



56 D. SPENCER-JONES, M. A. H. MARSDEN, C. M. BARTON, J. J. CARRILLO-RIVERA 

d 
.2 

a 
•—i 
o 

Uh 

J-l 

2 
X 3 

CQ 

o 
.c 

c 
O 
3 

X> 

c/i 

3 

d 
£ 

D
IS

T
R

IB
U

T
IO

N
 

O
F
 

S
A

N
D

S
, 

S
A

N
D

Y
 

C
L

A
Y

S,
 

S
A

N
D

S
T

O
N

E
S
 

(B
A

X
T

E
R
 

F
O

R
M

A
T

IO
N

) 
(A

ft
e
r 

J
J
. 

C
a
m

!t
o
-R

iv
e
ra
 

1
9
7
4
) 



GEOLOGY OF THE WESTERNPORT SUNKLAND 57 

to be four main broad channels; one along the 
trend of the present Bunyip River, then swinging 
southwest towards Koo-wee-rup East; another 
north-south channel west of Cora-Lynn; a third 
bearing southwesterly towards Koo-wee-rup and 
a fourth running northwest beneath Lang Lang. 
The subsurface distribution of the Formation is 
shown in Fig. 7. It reaches a maximum thickness 
beneath Yannathan (146 m) and thins towards 
margins of the Sunkland. 

Detailed mapping along the scarps of the Heath 
Hill, Bass and Almurta Faults, and in adjacent 
areas, by the Melbourne University Geology De¬ 
partment (Power 1971, Tickell 1971) has clarified 
some aspects of the Tertiary stratigraphy for the 
southern region of the Westernport Sunkland. It 
has shown that: 
(a) In outcrop, Tertiary gravels, etc. consistently 
overlie the Older Volcanics and are not pre- 
basaltic as indicated by Jenkin (1962). 
(b) Post-basaltic non-marine Tertiary sediments 
are generally to be equated with the Baxter 
Formation, although part of the sequence may 
be equivalent to the terrigenous near-shore Early 
Miocene facies near Bass (see above). 
(c) Areas mapped previously as Grantville Gravels 
(Jenkin 1962) are occupied partly by fine-grained 
sediments of Quaternary alluvial fans of limited 
extent, but mainly by Baxter Formation gravel, 
sand, etc. 

These results are generally consistent with the 
interpretations of Thompson (1974) for the Heath 
Hill Block and the more northern part of the 
Sunkland, and are elaborated below. 
(i) Outcropping Tertiary gravels consistently over- 
lie the Older Volcanics, although occasionally the 
volcanics have been totally denuded, leaving the 
gravels resting on the Lower Cretaceous. Norm¬ 
ally either thin volcanics are present (e.g. less 
than 10 m west of Almurta), or more often the 
thickness of volcanics is greater and the base is 
not seen in outcrop. The normal depositional 
contact often shows relatively fresh basalt grading 
into weathered basaltic clay, overlain by gravel 
dominated by large basaltic clay clasts, followed 
in turn by gravel with fewer clay clasts. This 
sequence represents the reworking of the typically 
deeply-weathered basalt surface material, and 
prolonged deep weathering prior to the deposition 
of the gravels may also be indicated by isolated 
but widely-separated occurrences of limonitic 
pisolitic soils on the basalt. 

The re-interpretation by Thompson (1974) of 
gravels at Heath Hill as post-basaltic was con¬ 
firmed and extended to outcrops along the 
Almurta Fault, southeast of Kernot, where a 
number of normal gradational contacts are found. 

The basalt therefore cannot be intrusive or faulted 
against the gravels (Figs. 8, 9). 

Recent investigations have shown that similar 
deposits resting on basalts are also present beneath 
the seabed in channel areas north of Phillip Island 
(Barton 1974). 
(ii) The widespread post-basaltic non-marine Ter¬ 
tiary sequence in the southeastern part of the 
Sunkland has not been differentiated except in the 
Kernot area. In general it consists of similar 
lithologies to the Baxter Formation: predomin¬ 
antly clayey sands (with gravels), but with minor, 
although widespread gravels similar to Unit 1, 
at Kernot (below). 

No assessment can yet be made of the impor¬ 
tant question of which areas landward of the 
Early Miocene near-shore facies near Bass were 
exposed, and therefore subject to deep weathering. 
Contemporaneous deposition of a terrestrial facies 
may also have occurred, in which case some of 
the lower part of the sequence in the Kernot area 
may be Early Miocene in age, or even older. 
A brief review of the characteristics of the Kernot 
sequence is therefore given below. 

Four units, totalling 70 m (maximum) thick¬ 
ness, have been differentiated, the oldest of which 
has a lithology recognizable in places throughout 
the Bass River area, resting on weathered and 
eroded basalt. Viewed broadly the lithologies 
found in Units 3 and 4 at Kernot are similar to 
those of the widespread and large areas shown as 
undifferentiated Tertiary sediments. 
Unit 1 (oldest): Gravels, ironstained, uncemented, 
composed largely of granule-size, angular granitic 
quartz, together with abundant clay clasts up to 
10 cm in diameter, often showing relict volcanic 
textures. Sands occur locally, and occasional 
relatively pure clays are thought to be reworked 
weathered basalt. 

The evidence of lithologies, bedding sequences 
and thicknesses (often greater than 1 m) com¬ 
mon large-scale and small-scale ripple cross¬ 
lamination, and cut-and-fill structures, all indicate 
relatively widespread, high-energy river floodplain 
deposition, principally from braided streams such 
as might be developed on a coastal plain. 

Unit 2: Lignites and carbonaceous sands (Stir¬ 
ling 1893; Mines Department Bores 56, 57), with 
a maximum thickness of 10*5 m. Outcropping 
lignite also occurs on the Bass River near Glen 
Forbes. Lower-energy conditions (at least locally) 
such as coastal plain swamps must have prevailed. 

Unit 3: Clayey sands and sandy clays, iron- 
stained with small amounts of gravel, up to 25 m 
thick. These are only occasionally current-bedded, 
probably representing a return to fiuviatile deposi¬ 
tion under lower-energy conditions than Unit 1. 
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Unit 4: (youngest): Gravels, with notably 
fewer clay clasts, and less ironstained than Unit 
1, with a maximum thickness of 15 m. Granitic 
and reef quartz, and chert clasts occur, often 
relatively well-rounded. 
(iii) It has proved impossible to map the Grant- 
ville Gravels as a formation, both in the area of 
the Heath Hill Block and along the Bass and 
Almurta Faults. Areas previously mapped as 
Grantville Gravels proved to be (Fig. 8), either: 
(a) Quaternary alluvial fan and hill-wash deposits 
of limited extent, of fine-grained sediments essen¬ 
tially without gravel, derived almost entirely by 
denudation of Lower Cretaceous litho-feldspathic 
sandstones and mudstones of the upthrown blocks. 
The deposits consist of fine sands, silts and silty 
clays, and form small, relatively thin fans and 
sheets, sometimes coalescing to form aprons, some 
interfingering with flood-plain deposits of the Bass 
River and its tributaries. 
(b) Tertiary gravel and clayey sand belonging to 
the Baxter Formation. Extensive outcrop continua¬ 
tions of these occur away from the fault lines, as 
a result of rapid decrease in angles of dip, from 
steep or vertical, to near-horizontal. 

The interpretation of the Grantville Gravels as 
alluvial fan deposits accumulated along scarps of 
Early Quaternary, possibly partly Late Tertiary 
age (Jenkin 1962) is contradicted by their wide¬ 
spread distribution and structural relations, their 
occurrence preserved on the upthrown side of 
fault blocks, and their sedimentation character¬ 
istics, which are similar to fluvial floodplain 
deposits (e.g. braided stream gravels). 

The Melbourne University Geology Department 
mapping supports the re-interpretation of the 
Grantville Gravels by Thompson (1974) which 
was based on Victorian Mines Department drilling 
at Grantville itself and further north. Illustrative 
examples are: (a) The section at Williams Gravel 
Pit (The Gurdies), previously interpreted as a 
significant unconformity between horizontal 
Grantville Gravels (formed on the downthrown 
side of the scarp of the Heath Hill Fault) and 
underlying steeply dipping Tertiary gravels (Jenkin 
1962). This has been re-interpreted (Fig. 10) on 
the basis that the horizontally-bedded gravels are 
simply the repetition of the same lithologies of 
the steeply-dipping Baxter Formation, the quarry 
having been placed on the line of the Heath Hill 
Fault. 
(b) Sections through the Kernot area, and the 
area southwest of Woolamai (Fig. 9), which show 
typical relationships. 
(c) The area east of Woolamai, where sands and 
clayey sands lying to the east of the Bass Fault 
have the same lithology as Tertiary sediments on 
the downthrown side, and probably owe their 
preservation to faulting. Similar lithologies occur 
also on the upthrown Heath Hill Block (especially 
at the southwestern end), and in the upper part 
of the Kernot sequence. They probably also 
originally covered significant areas of the up- 
thrown block elsewhere, if only as local thin 
deposits, but as fluviatile rather than alluvial fan 
deposits. 

The Warneet Beds were proposed by Jenkin 
(1962) as equivalent to the Grantville Gravels. 

Fig. 10—Diagrammatic interpretations of relationships across the Heath Hill Fault at Williams Gravel Pit: 
A. Grantville Gravels unconformably overlying Baxter Formation, as described by Jenkin (1962). B. Warping 

of Baxter Formation (Tickell 1971). 
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The relationships of small inliers of Warneet 
Beds, shown outcropping about 2 km north of 
Warneet (Jenkin 1962), were investigated by Cass 
(1973) along the State Rivers and Water Supply 
Commission pipeline trench (Tarago to Western- 
port). 

The excavation passed between these isolated 
inliers and the main outcrops of Warneet Beds 
on Cannons Creek. However, the typical Baxter 
Formation lithologies found elsewhere in the pipe¬ 
line persisted throughout this section. The Baxter 
Formation does not outcrop here, however, being 
covered by a variable, thin veneer (approximately 
1 m) of Quaternary swamp clays, peats, etc. and 
sands. The sands generally occur as sheets, over- 
lying the swamp deposits rather than as Cran- 
bourne Sand inliers, and were probably deposited 
mainly in broad, shallow drainage zones of the 
swamp, and by re-distribution following recent 
sea-level fall. Pedogenetic effects were noted in 
units of all ages, including these superficial sands. 
The outcrop area designated as Warneet Beds on 
the Tooradin-Baxter Road (Jenkin 1962) appears 
to be of such superficial material. 

This indicates that the Warneet Beds at Warneet 
should probably be regarded as part of the Baxter 
Formation, which is in agreement with Thompson 
(1974). 

Quaternary 

Quaternary deposits cover significant areas of 
the Westernport Sunkland and most of the Bay 
floor. The geological controls and processes of the 
Quaternary are largely operative at the present 
day, but include interaction between tectonic 
effects, and patterns of erosion, transport and 
deposition. 

The Quaternary succession and its distribution 
is not yet known in detail, but a tentative frame¬ 
work for relating onshore and offshore features 
of the Bay has been presented by Marsden and 
Mallett (1975), who recognized four main 
phases of Quaternary history, namely, 1. Faulting, 
drainage initiation, and erosional downcutting. 
2. Extensive fluvial deposition. 3. Erosion (lower 
sea level), aeolian activity. 4. Holocene marine 
phase, drowning of the present Bay, with sea level 
reaching about 1 to 2 m above present level about 
5000 to 6000 years B.P. Associated onshore 
deposition also occurred. 

Some of the major Quaternary depositional 
units are briefly described below. 

Pleistocene 
Widespread fluvial sedimentation in the earlier 

part of the Pleistocene resulted in flood plain 
deposition from the Bass River, now forming a 

high-level terrace which extends offshore under 
the East Arm Embayment Plain. The Heath Hill 
Silt (Thompson 1974) forms an extensive sheet 
in the northern part of the Sunkland, generally 
overlying the Baxter Formation. The formation 
consists of silty clay and silty sand, and contains 
carbonized wood fragments. 

A widespread sheet up to 6 m thick of grey clay 
and sandy clay occurs northwards from Stony 
Point: offshore in the North Arm, onshore near 
Hastings, and extending as far north as Watson’s 
Inlet. Its relationships and age are unknown but 
the clay may be essentially lacustrine and broadly 
equivalent to the Heath Hill Silt. 

The aeolian Cranbourne Sand (Jenkin 1962) 
forms siliceous northwesterly trending ridges and 
sheets in the Cranbourne-Tyabb and Lang Lang- 
Nyora areas, and also on the northern part of 
French Island. These presumably formed in the 
late Pleistocene in a dry period which coincided 
perhaps with a lower sea level, erosional phase. 
In parts of the Koo-wee-rup Plain the deposits of 
the Cranbourne Sand are buried beneath Holocene 
swamp deposits. 

Holocene 

A wide variety of Holocene deposits is found 
in the offshore, littoral and onshore areas and 
their progressive development to the present-day 
is significantly controlled by sea-level rise. These 
are discussed in more detail in Marsden and 
Mallett (1975). 

Drilling near the main shipping channel in the 
Western Entrance has demonstrated the presence 
of coarse Quaternary deposits, principally of 
sandy basalt-pebble and cobble gravel (Barton 
1974). These are regarded as fluviatile and hence 
indicate a sea level of at least 20 m below present- 
day, a level which occurred approximately 10,000- 
15,000 years B.P. (Gill 1973, and pers. comm.). 

The distribution of the sediment types on the 
present floor of the Bay shows a generally coarse- 
to-fine inward gradient which is apparently largely 
a response to landward transport and re-distri¬ 
bution of sediment. Sand-rich sediments, with 
quartzose and biogenic carbonate in varying pro¬ 
portions, dominate the channels, but the channel 
floors also include local muddy sediments, bio- 
genically-bound areas and areas of outcropping 
older units. The inner, shallower areas of the Bay 
become muddier, but important interruptions to 
this trend are seen in the Inshore Marginal Study 
Zone and elsewhere. An example is the significant 
development of sand in the Post Office Tidal Flats, 
north of French Island, attributed to re-working 
of relic sediment. 

Onshore depositional units of Holocene age in- 



62 D. SPENCER-JONES, M. A. H. MARSDEN, C. M. BARTON, J. J. CARRILLO-RIVERA 

elude beach, lagoon, fluviatile and extensive swamp 
deposits, the latter particularly seen as sandy clay, 
peaty clay and peat in the Koo-wee-rup plain area 
and adjacent valleys. 

CHANNEL SUBSTRATE 

GEOTECHNOLOGY 

The floor of the North Arm and western 
approach channel is largely underlain by Quater¬ 
nary sediments. In the channel from Stony Point 
northwards, the bulk of the succession is made up 

of low-plasticity sandy clays with subordinate 
medium sands. Farther south, near Sandy Point, 

sands increase in relative thickness to approxi¬ 
mately equal proportions. 

The character of the Quaternary sediments in 
the deeper parts of the outer channel is still not 
known, but drilling of the channel sea mounds 
shows that thin, sandy, coarse gravel and uniform 
(well sorted) sand predominate (Barton 1974). 

Clays are of illitic to kaolinitic types with 
sample unconfined compressive strengths generally 
less than 0-3 megapascals and a correspondingly 
low vane shear resistance (standard in-situ vane 
strength commonly less than 0 01 megapascals). 
The range of clay consistencies for 257 clay 
samples is shown in Fig. 11. On shore supra- 

OEPTHtm.) 
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phreatic-level clays, as indicated by the State 
Electricity Commission investigations, possess a 
considerably higher in-situ strength (Learmonth 
& Garrett 1966). 

The few analyses of the sub-bottom Quaternary 
sands which have been sized as part of the 
Victorian Department of Public Works sea-bed 
investigation show extreme variability between 
fine and coarse mean size, and from well to 
poorly sorted, with either a positive or negative 
skew to the particle-size distribution. Specimen 
sites extend along the length of the channel and 
results indicate a possible trend of negative skew¬ 
ness toward the open sea. Three standard penetro¬ 
meter tests, in the inner harbour areas, gave values 
indicative of a medium to very dense in-situ state 
(Barton 1974). 

The engineering character of the Quaternary 
gravel beds in the outer channel areas is still not 

well known since the materials are difficult to 
drill, sample and test. The sandy matrix is gene¬ 
rally not well cemented but the numerous hard 
pebbles and cobbles of relatively fresh volcanic 
rock would tend to hamper dredging operations. 

The fluviatile Baxter Formation changes later¬ 
ally from predominant low-plasticity clays in the 
area north of Long Island Point, through pre¬ 
dominant silts to medium and coarse sands in the 
vicinity of Stony Point. Iron cementation and a 
basal ligneous zone are characteristic. Clays are 
generally soft to firm while sands exhibit medium 
to high in-situ densities. Four of the coarse sand 
samples from Stony Point have been analysed to 
reveal a moderate sorting index with a positively 
skewed size distribution. 

The underlying Sherwood Marl also displays a 
general lateral southward coarsening from sandy 
calcareous clay and calcareous silt and fine sand. 

megapascals megapascals 

Fig. 12—Correlation of hardness (Field Penetrometer Tests) in residual clays with 
depth and weathering category. 
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The stratigraphic terminology is a slight misnomer 
as the calcareous content is usually too low for 
strict acceptance of the terra marl. The presence 
of thin, hard, cemented, impure limestone bands, 
at irregular horizons within the Marl make de¬ 
tailed geotechnical interpretation difficult. In the 
uncemented zones the matrix is typically a soft, 
shelly, calcareous clay or silt. It is particularly 
relevant to note that any contamination of the 
Sherwood Marl by extraneous solutions could 
ultimately affect water quality in the Koo-wee-rup 
aquifer system. 

Tertiary volcanic rocks, of which basalt forms 
the largest proportion, are commonly present near 
the base of the Tertiary sequence. Variations in 
degree of weathering are of critical importance to 
the strength of the basaltic rocks. In the outer 
channel mounds, relatively fresh hard basalt with 
overlying Tertiary pebble and cobble gravel occurs 
at shallow depths. In other areas, a deep weather¬ 
ing profile is preserved. Increase in hardness in 
residual clay can be correlated (=0-82 and 0-87) 
with depth and weathering category (Fig. 12). 
Residual clay contains montmorillonite. Excava¬ 
tion and exposure to air would tend to result in 
dry cracking and wet expansion, factors which are 
of considerable engineering significance. 

A basal Tertiary clayey conglomerate of vari¬ 
able thickness is known to occur over considerable 
distances in the northern part of the channel. The 
engineering characteristics of the material are 
incompletely known. The matrix is usually un¬ 
cemented and many of the clasts are of highly 
weathered sedimentary rock. Lower Cretaceous 
and Silurian rocks lie beneath the Tertiary and 
Quaternary sediments. These are generally com¬ 
petent when fresh, and offer engineering usage as 
a footing for deep-end bearing piles. Over most 
of the northern areas, where such potential use is 
more likely, pile depths of over 50 m would be 
necessary. Since in these areas the upper surface 
of the ‘basement’ rocks is frequently weathered, it 
may be necessary to drive through an incompetent 
zone to obtain a sound footing. 

HYDROGEOLOGY 

General 

In the Koo-wee-rup and Dal more areas increas¬ 
ing use was made during the 1960’s of high quality 
groundwater from underlying aquifers. A result 
was the development of the extensive market¬ 
gardening and dairying industries which supply 
the Melbourne market. In the drought years of 
1967-1968 and 1972-1973 these industries placed 
severe strain on the aquifer system and con¬ 

sequently, after proclamation of the Groundwater 
Act, 1970, the district was declared a Ground- 
water Conservation Area, 1971. 

Since then the Victorian Mines Department has 
intensified the hydrogeological study of the area, 
including the intake areas. The objective has been 
to ascertain whether over-development of the 
aquifers could result in saline water intrusion, 
and to provide data to calculate a safe yield from 
the system. 

All the important water-bearing formations in 
the Westernport area are of Cainozoic age. They 
are shown in diagrammatic cross-section in Fig. 
13. From the hydrogeological point of view the 
most important geological outcrops which serve 
as intake areas are: 
(1) Rocks of volcanic origin (Thorpdale Vol- 
oanics), exposed in the Cranboume and Drouin 
West areas. 

(2) Sand, gravel and clay, often ferruginized, of 
the Baxter Formation in the Lang Lang, Drouin 
West and Cranbourne areas. 

The most important privately developed aquifer 
system taps the Sherwood Marl-Baxter Formation 
which, compared with the Thorpdale Volcanics, 
occurs at relatively shallow depths. The Volcanics 
within the main groundwater basin are not only 
deep, but also hard, and expensive to drill. 

The Aquifer Systems 

Childers Formation 

This consists of white to grey gravel, at times 
in a sandy or sandy clay matrix, underlying the 
eastern side of the Sunkland. It is an important 
water-bearing unit, but is seldom tapped for 
private use because of its relatively greater depth. 
However, it is used as a water source in some 
areas, e.g. at Lang Lang for the town water 
supply. Water of this formation has been reported 
with salinities as low as 390 mg/1 TDS and yields 
obtained are large. The coefficient of transmis¬ 
sivity for the Lang Lang area Is of the order of 
900 m2/day. Towards the centre of the ground- 
water basin the sediments of the formation be¬ 
come finer and poorly sorted resulting in lower 
yields and the deterioration in water quality 
(1500 mg/1 of TDS). 

Thorpdale Volcanics and associated sediments 

There is a lack of basaltic rocks in a strip 
parallel to the present northern coastline of the 
Bay and extending from the town of Koo-wee-rup 
to near Warneet. Southwards, as far as the north¬ 
western corner of French Island, basalts also 
appear to be absent. A thickness of more than 
100 m of lavas encountered in the Drouin West 
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area gradually decreases towards the north and 
west. At Flinders a thickness of more than 400 m 
has been proved, and 300 m on the western tip 
of Phillip Island. 

Hydrologically this formation is of particular 
importance. The main source of groundwater 
recharge for the basin is from the outcropping 
volcanics in the intake area around Drouin. 
The Thorpdale Volcanics aquifer is occasionally 
tapped by private bores, e.g. in the vicinity of 
Cranbourne, where it is found at shallow depth 
and the basaltic rocks are extensively fractured. 
Depending on the degree of weathering and inten¬ 
sity of fracturing, the formation has a trans¬ 
missivity value varying from 12 to 1240 m2/day. 
Normally good yields can be obtained, and the 
water is artesian in the Drouin area, at Lang Lang 
and on French Island. The water quality does not 
exceed 1500 mg/1 TDS although the iron content 
is relatively high. 

Sherwood Marl 

This aquifer is the most intensely developed in 
the district although the formation is inhomo¬ 
geneous because of rapid changes in facies. The 
value of transmissivity ranges from 6 to 810 
m2/day. The water in the Sherwood Marl is 
generally of high quality but deteriorates rapidly 
towards the western part of the groundwater 
basin, where salinities as high as 7500 mg/1 TDS 
have been encountered. 

Baxter Formation 

Water from this aquifer is used for irrigation 
and stock supplies and to a certain degree for 
domestic purposes. The aquifer is confined, and 
artesian flows have been developed north of the 
Cranbourne area and towards the south of Lang 
Lang. The quality of the water is moderately good 
(1000-2000 mg/1 TDS), but normally is has a 
medium to high iron content. 

| 1 QUATERNARY - GRAVEL. SAND. CLAY 

1/ \-\\ MIOCENE * CLAYEY SAND SAND. SANDSTONE - BAXTER FORMATION 

MIOCENE * SANDY. CLAYEY MARL. LIMESTONE - SHERWOOD MARL 

* *1 EOCENE - BASALTS. SAND - THORPDALE VOLCANICS 

(I « M PALEOCENE • GRAVEL. SANDS - CHILDERS FORMATION 

U/A PRE-TERTIARY - SANDSTONE. MUDSTONE. GRANITE ETC 
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Fig. 13—Diagrammatic cross sections of aquifer systems. 
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Quaternary deposits 

Under this heading are included all formations 
younger than the Baxter Formation. They include 
clay, gravel, sand, sandy clay, and silty clay, 
and may be alluvial, paludal, aeolian or littoral. 
The most widespread are the alluvial deposits 
which cover about 72% of the plains area. The 
swamp deposits are responsible for the peaty clay 
soils of the Koo-wee-rup and Koo-wee-rup East 
areas where most of the market-gardening takes 

place. 
The Quaternary deposits thicken rapidly to¬ 

wards the centre of the basin where up to 80 m 
of sediments have been encountered southwest of 
Lang Lang. This may suggest a general subsidence 
in the basin contemporaneous with deposition. 
Owing to the poor sorting of the sediments, yields 
of groundwater are normally very small and suit¬ 
able only for domestic uses. The water quality is 
quite adequate for this purpose, but the TDS can 
vary considerably. 

Groundwater Problems 

When the groundwater resources were originally 
developed in the Koo-wee-rup area, the water was 
artesian. The construction of high yielding bores, 
and increasing numbers of bores over the past 
decade, has lowered the original potentiometric 

surface. 
At the present time artesian water is encoun¬ 

tered only in the Sherwood Marl and Baxter 
Formation aquifer system in the Cranbourne and 

Yallock areas. 
The estimated extraction rate for 201 licensed 

groundwater bores used for irrigation purposes 
in the Koo-wee-rup Dalmore area is of the order 
of 10 x 106m3/year. The total estimated extrac¬ 
tion figure would not be reached in a normal 
‘year’, but during drought periods, such as 1967- 
68 and 1972-73, the total water extracted has 
exceeded this figure. The amount of groundwater 
used for domestic and stock supplies is negligible 
compared with that used for irrigation purposes. 
The potentiometric surface shows a cone of 
depression centred on the Dalmore area, into 
which groundwater is moving from all directions. 
During the irrigation season a second cone of 
depression is formed in the Cora-Lynn area induc¬ 
ing groundwater to travel from the Lang Lang 
area towards the centre of the basin. The overall 
result affects the groundwater resources in the 
Cora-Lynne Dalmore areas with a general de¬ 
watering, and lateral seepage of saline water into 
the cone of depression. If saline connate water 
or sea water is introduced into the aquifer system, 
then permanent damage will occur. 

Although generally from year to year the 

groundwater levels recover to the equilibrium 
state of the previous year, the cone of depression 
in the Dalmore area persists, and thus creates a 
situation which may induce saline water intrusion. 
The intrusion may take 20 to 30 years to occur 
under uncontrolled conditions, but by rigid control 
of the extraction rates and by artificial recharge 
the danger can be averted. 

Solutions of Overdevelopment Problems 

(1) When accurate extraction figures are ob¬ 
tained from the metering being carried out by 
the State Rivers and Water Supply Commission 
on irrigation bores, a control programme will be 
introduced into the Western port area. This pro¬ 
gramme will establish pumping limits in time and 
space for an overall management of the water 
resources. 

(2) The possibility of recharging the systems 
by injecting treated waste effluent into the aquifers 
beneath the Tooradin area could be a solution, 
or the effluent could be used directly for the 
irrigation of pasture during summer months and 
thus reduce the amount of water extracted from 
underground for irrigation purposes. 

(3) However, the general solution will not be 
to reduce pumping throughout the whole of the 
basin. Pumpage should be encouraged in some 
areas such as Lang Lang and Yallock, where the 
groundwater is readily available. The overall 
problem is not really the amount pumped in a 
normal year, but the gross pumpage on any 
particular day, and in a drought year, through 
the extended pumping season. 

In any plans to develop the Westernport region, 
the important intake areas which feed the aquifer 
systems must be protected from pollution or any 
proposal which interferes with natural seepage 
into the rock systems. The valuable groundwater 
resources of the area must be carefully managed 
as long as the area remains an important dairying 
and market gardening district. Investigation of the 
possible use of artificial recharge in the area will 
continue. 
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Peripheral Vegetation of Westernport Bay 

By P. B. Bridgewater* 

Abstract: Salt marsh vegetation of Westernport Bay can be classified into ten 
complexes, each composed of one or more communities, linked by structural and 
floristic similarities. Although these may be ranked in a sea-land sequence, minor 
changes in topography usually produce a mosaic effect. 

Communities dominated by Arthrocnemum arbusculum and Salicornia quinqueflora 

cover the largest area of salt marsh vegetation. It is suggested that much of the salt 
marsh around the shore of Westernport Bay is in a fairly stable state, and that few 
dynamic changes are occurring. 

INTRODUCTION 

During the period 1973-4 an extensive survey 
of the peripheral vegetation (salt marsh) of 
Westernport Bay was undertaken. Sampling 
methods used were those described in Bridgewater 
(1971). Collected data were processed using com¬ 
puter programmes Zumont/Sort and Zumont/ 

Print, which simulate the process of the Zurich- 
Montpellier system of phytosociology. A total of 
430 releves were collected, using 5m x 5m as the 

releve area. 
Because of the large number of vegetation 

samples taken in the survey, a classification 
scheme has been devised along the lines of the 
scheme proposed by de Smidt (1966) for the 
heathlands of the Netherlands. This enables all 
the variation in vegetation from a limited area 
such as the Bay to be expressed within a classi¬ 
fication scheme, without prejudice to the later 
inclusion of the material in a geographically wider 

survey. 
De Smidt’s classification has, as the highest 

level, the complex, a group of communities linked 
by floristic and structural attributes. The com¬ 
munity is the base level in the classification, 
although at the extremes of its range there may 
be sub-communities and variants, distinguished by 

floristic attributes. 
Salt marshes are characterised by a similarity 

in vegetation structure (in similar climatic zones) 
and also a degree of floristic resemblance, usually 
at the generic level (e.g. genera such as Salicornia, 
Arthrocnemum, Suaeda, Samolus, Triglochin). 
Thus, all Australian salt marshes are vicariants of 
plant communities found elsewhere in the world. 

Australasian marshes can be distinguished by 
some species being peculiarly Australasian in 
distribution, e.g. Selliera radicans, Wilsonia spp. 

The complexes, described in detail in the next 
section, are listed below with their vicariants: 

1. Avicennia complex (= Avicennion resini- 
ferae, Chapman 1970). 

2. Spartina complex (= Spartinion Beeftink 
1968). 

3. Salicornia complex (vicariant of Salicornion 
Beeftink 1968). 

4. Arthrocnemum complex (possibly also Sali¬ 
cornion vicariant). 

5. Suaeda complex (possibly also Salicornion 
vicariant). 

6. Puccinellia complex (vicariant of Puccinel- 
lion Beeftink 1968). 

7. Juncus complex (vicariant of Juncetea mari- 

timi). 
8. Stipa complex (vicariant of Juncetea mari- 

timi). 
9. Schoenus-Cotula complex (analogous to 

nano-Cyperion). 
10. Melaleuca complex (Australian). 

These 10 complexes are ranked in an idealized 
sea-land order, although changes in altitude or 
slope in a salt marsh may well produce a mosaic 
vegetation pattern. The Appendix lists the com¬ 
munities and sub-communities within each of the 

complexes. 
To try to judge the contribution of each com¬ 

munity to the vegetation of the Bay, 11 regions, 
of more or less equal size and character were 
created (Fig. 1). Using these divisions, a table 
showing the distribution of sub-communities has 
been plotted (Table 1). 

* Botany Department, Monash University, Clayton, Victoria 3168. 
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Many of these are widespread around the 
shores of the Bay, and individual sub-communities 
are discussed in detail in the next section. It is 
interesting to note that the regions with the largest 
number of sub-communities are 3, 4, 5 and 10 
(75%-85% of the sub-communities). Populations 
of the more restricted species, e.g. Frankenia 
pauciflora, Wilsonia backhousei, W. humilis, 
Salicornia blackiana are also restricted to this 
area. 

Thus the geographic area from Tyabb to Toora- 
din, with the north coast of French Island, is the 
focus of botanical importance in Westernport Bay. 

THE PLANT COMMUNITIES 
Table 2 lists the sub-communities, and their 

identifying species. Full tables for the communi¬ 
ties are included in Bridgewater and Hughes 
(1974). For clarity, the complexes and com¬ 
munities are treated in the order given in 
the Appendix. 

1. Avicennia complex (Av.) 
Av.l. Avicennia marina community. 

Chapman (1970) includes all Australasian man¬ 
grove communities in the Avicennietum resini- 
ferae. Because the species A. marina is normally 
distinguished as var. resinifera in Australia and 
New Zealand he maintains this distinction at 
community level, to distinguish the Australasian 
vegetation. 

The distribution of the community is all round 
the Bay, but concentrated in the north west of 
the Bay, and the mouth of Bass River. 

There seems little doubt that the Avicennia 
populations in Victoria are relict in origin, and 
that they are on the fringe of their range. 

2. Spartina complex (Sp.) 
Sp.l. Spartina x. townsendii community. 

As an introduced species, this community is 
synonymous with the Spartinetum of W. Europe 
(Beeftink 1968). 

Found at the mouth of Bass River, Main Drain 
outlet, and possibly in some other localities. Also 
at Andersons Inlet, Victoria. In the pure form, 
the community is not very common, becoming 
established on bare mud patches in the absence 
of Avicennia plants. A wide range of Salicornia 
communities, however, do have a content of 
Spartina, which appears to be invading. 

3. Salicornia complex (T-S) 
T-S.l. Triglochin striata community. 

Found alongside creeks and mud flats, this 
community is subject to regular tidal submersion 
at the seaward edge of the marsh. The Schoenus 
nitens sub-community is an exception, being 
found only on the west coast of French Island, 
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and on the inland side of the marsh. However, 
there has been considerable disturbance from 
cattle trampling in this area. Where the ground 
rises slightly, scattered plants of Arthrocnemum 
arbusculum occur, forming the A. arbusculum 
sub-community, which links the Salicornia com¬ 
plex with the Arthrocnemum complex, via the 
Arthrocnemum-Triglochin community (A.2.). 

Open flat areas that are submerged by the tide 
sometimes have dense mats of Selliera radicans 
with Triglochin striata and Salicornia quinqueflora, 
forming the Selliera radicans sub-community. This 
is most frequent in the Warneet-Crib Point area 
of coastline. 

T-S.2. Salicornia quinqueflora community. 
This community forms the most seaward of 

salt marsh vegetation, immediately behind the 
Avicennia community, or, occasionally without 
any preceding Avicennia. 

Additionally, this community is found in areas 
on the landward side of the marsh that are lower 
than the rest of the marsh, and accumulate water 
(particularly in winter) on the silt surface. This 
water is either overflow from king tides, or, more 
usually, drainage from the hinterland. A major 
feature of the typical sub-community is an almost 
total lack of other species, apart from Salicornia 
quinqueflora. At sites between Tyabb and Toora- 
din S. blackiana sometimes occurs mixed with 
S. quinqueflora, at the landward edge of the 
marsh. S. blackiana is fairly uncommon as a 
coastal species, although it has a number of 

occurrences in Port Phillip Bay. 
The SE. coasts of Westernport Bay and French 

Island have a larger area of the S. quinqueflora 
community than other parts of the Bay. Also, 
large amounts of Zostera detritus are washed onto 
the marsh in this area. (Sometimes 30-40 cm 
deep.) In these conditions the Suaeda australis 
sub-community develops, with a Rhizoclonium 
(a green alga) variant where the Zostera deposit 
is not very thick. Rhizoclonium forms a dense 
tangled skein beneath the Salicornia and Suaeda, 
which is characteristic of this variant, and the 
following sub-community. 

In more sheltered areas, almost exclusively in 
the SE. of French Island, the Hemichroa pent- 
andra sub-community is common. It is, however, 
one of the most restricted forms of salt marsh 
vegetation encountered in the survey. 

4. Arthrocnemum complex 

A.l. Arthrocnemum-Puccinellia stricta 
community. 

Found most frequently on the landward side of 
the marsh system—often grading into communi¬ 
ties of the Puccinellia complex. Clearly this 

community is very much a transition form of 
vegetation, between more typical Arthrocnemum 
communities and Puccinellia communities. Usually 
low cover/abundance values for Arthrocnemum, 
further underline the vegetation’s transitional 
nature. The two sub-communities, and the Dis- 
tichlis distichophylla variant of the typical, form 
a wet-drier gradient. Extreme wet forms of the 
vegetation are found bordering brackish pools, 
on the landward side of the marsh. 

Although useful to consider this as a ‘com¬ 
munity’ in the context of the Bay salt marsh, it 
would certainly not be maintained as an associa-. 
tion in a wider survey. It serves to emphasize, 
however, the difference between sharp boundaries 
such as that between the Avicennia community 
and Salicornia community, and gradual transition 
zones. 

A.2. Arthrocnemum-Triglochin striata 
community. 

Vegetation from this community occupies the 
position between Salicornia communities and 
other Arthrocnemum communities (e.g. A.3. and 
A.5.). Its structure and diversity varies with the 
breadth of salt marsh, and tidal influences. 

Where the sea invades via creeks there is often 
a wide range of variants from this association— 
particularly where it impinges on Juncus maritimus 
communities. This is the seaward analogue to 
A.l. Like A.l., sub-communities other than the 
typical often have rather low values for Arthroc¬ 
nemum on cover/abundance scales. 

Where the expanse of marsh inundated by tides 
is large, a Limonium australe sub-community 
develops. There is some overlap between this 
sub-community and the Distichlis distichophylla 
sub-community, by a Distichlis variant (A.2.b.l.). 
The greatest variation is found, however, in the 
Selliera radicans variant of the Distichlis sub¬ 
community (A.2.C.I.). Here the conditions vary 
between long immersion under sea water (close to 
creek sides) and relatively short immersion. There 
is a complex senes of sub-variants, all illustrating 
the very ‘fuzzy’ nature of vegetation boundaries 
in this zone. 

The Wilsonia backhousei sub-variant is different 
from the others, because it forms quite large areas 
of marsh in localities such as Cannons Creek, 
Yaringa. Chinaman and Quail Islands. This is 
analagous to, and often mixed with, vegetation of 
T-S.2.c. Both these vegetation units occur in areas 
that are submerged at high tide, but for only 
relatively short periods. 
A.3. Arthrocnemum-Atriplex paludosa 

community. 
This community represents the typical form of 

the Arthrocnemum complex, growing on drier. 
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usually raised, areas of the marsh. Drier sites 
support a typical sub-community, with relatively 
few species (including low presence values for 
both Samolus repens [56% of releves] and Hemi- 
chroa pentandra [25% of releves]) whilst slightly 
wetter areas support a Distichlis distlichophylla 
sub-community (transitional to the Distichlis 
distichophylla sub-community for A.2.). Atriplex 
paludosa exhibits a climbing growth form (over 
Arthrocnemum bushes) in this vegetation. 
A.4. Arthrocnemum-Stipa teretifolia community. 

Stipa teretifolia is usually associated with dry, 
often sandy, areas of the marsh, although it can 
grow with Juncus maritimus in areas that are 
submerged. In this (A.4.) community, it occurs 
as a dominant, or co-dominant plant in the driest 
(and often highest) parts of the Arthrocnemum 
vegetation. Because of the dependance on differ¬ 
ences in edaphic factors, this community usually 
occurs as patches among other Arthrocnemum 
communities (notably A.3. and A.5.). A species 
often associated with this community is Gahnia 
filum—which also occurs as occasional scattered 
tufts throughout a wide range of communities. 
A.5. Arthrocnemum-Suaeda australis community. 

This is the ‘typical’ community of the complex, 
and is quite species poor in contrast to some 
others. In drier areas species richness declines 
further—particularly with loss of Hemichroa 
pentandra from a number of sites. Arthrocnemum 
reaches its best development in this community, 
usually covering > 60% of surface area. Arthroc¬ 
nemum is remarkable also for the number of 
epiphytes it carries, including a number of lichens 
and the moss Tortula papillosa. 

In areas where large quantities of Zostera frag¬ 
ments are deposited, a depauperate version of the 
community, involving only the shrubs A. arbus- 
culum, Suaeda australis, and Salicornia quinque- 
flora is found. This is linked to the Suaeda 
complex, floristically and structurally. 
5. Suaeda complex (Th-Su) 

There are two communities within this complex, 
which can also be distinguished by the lack of the 
species Salicornia quinqueflora and Samolus re¬ 
pens, both of which can be regarded as ubiquitous 
throughout all other communities. 
Th-Su. 1. Suaeda australis community. 

The community occurs on strand lines, mainly 
in areas that lack full salt marsh development. 
They are not, therefore, part of the interrelated 
system of salt marsh communities. The A. hastata 
sub-community occurs where there is no salt 
marsh littoral fringe (the presence of Phragmites 
communis in two releves illustrates the oligohaline 
environment of this sub-community). The A. 
cinerea sub-community appears localized in the 

large saltings at the mouth of Bass River. 
Th-Su.2. Arthrocnemum arbusculum community. 

This community is formed by three releves only, 
although they are from widely separated parts of 
the Bay. The main feature is the dominance of 
Arthrocnemum arbusculum, and the almost total 
lack of any other species. In two cases a massive 
deposit of Zostera detritus may serve to prevent 
other species from becoming established. At 
Palmers Point, French Island, a deep drain has 
meant mud dries out very rapidly, and conditions 
are probably unsuitable for the establishment of 
other species—and the rather dry conditions may 
have forced the loss of species in the first place. 

6. Puccinellia complex (P) 
P.l. Puccinellia stricta community. 

Although Bay-wide in distribution, the largest 
areas of this community, and indeed, the complex, 
are at Bass River, Rhyll, and the north coast of 
French Island. A Parapholis sub-community is 
confined to the Bass River and French Island 
localities. Puccinellia communities occupy the 
landward side of the marsh behind the Arthro¬ 
cnemum zone. Their abundance in the Bass River 
and French Island sites is due to cattle grazing. 
This is extremely beneficial, as it tends to increase 
and maintain species diversity. Puccinellia, Agro- 
stis billardieri and Parapholis incurva are the main 
grasses eaten. Juncus revolutus is not uncommon 
in these Puccinellia communities, and is almost 
certainly maintained by grazing pressure. Para¬ 
pholis incurva is an introduced grass from Europe, 
and curiously enough is a character species for 
the European alliance Puccinellion. In fact, vege¬ 
tation of the Puccinellia complex is rather poor in 
grasses, and has abundant Salicornia, which sug¬ 
gests an Australian analogue to the Puccinellion 
may not exist—the vegetation being an ecological 
variant of the alliance Salicornion. Further work 
should clarify this situation, with releves from a 
wider area. Both the Parapholis sub-community, 
and the Agrostis billardieri variant of the typical 
sub-community are from drier localities—although 
Puccinellia stricta does not appear to be affected 
by standing water. 

P.2. Puccinellia-Triglochin striata community. 

Just as community A.l.a. occupied a transition 
area between Puccinellia and Arthrocnemum 
communities, this community is intermediate 
between the Puccinellia (P.l.) community and 
open pools, with Ruppia maritima and the alga 
Lamprothamnium papulosum. 

The wettest areas of the Distichlis disticho¬ 
phylla sub-community have a variant with the 
following differential species: Selliera radicans, 
Hemichroa pentandra. Vegetation of the landward 
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side of salt marshes, with pools, is therefore a 
complex mixture or mosaic of communities A.I., 
P.l. and P.2. 
P.3. Frankenia pauciflora community. 

This community is restricted both ecologically 
and geographically. Although described here as a 
separate community, it may be only a phase of 
the Salicornia community—and most certainly it 
is a transition between the Salicornia community 
and the Schoenus-Cotula community. 

A point of interest is the occurrence of Sali¬ 
cornia blackiana in some of the releves collected, 
a species whose range is as narrow as Frankenia 
pauciflora, within the Bay area. 

P.4. Disphyma australe community. 

Drier, often disturbed parts of the marsh sup¬ 
port this community. Despite a lack of Puccinellia 
strict a, vegetation of this community is contiguous 
with, and sometimes forms a mosaic with, Pucci¬ 
nellia communities. Where there has been dis¬ 
turbance a Plant ago coronopus sub-community 
develops. There is often a higher percentage of 
sand in the soil from these areas than sites of 
the other Puccinellia communities. In extreme 
forms, this community has very few species, but 
has Disphyma dominant. 

7. Juncus complex (J) 
J.l. J uncus maritimus community. 

Occurring on the tidal side of Arthrocnemum 
communities, and on the extreme landward side 
of the marsh. This community is an Australian 
vicariant of the Juncetea maritimi vegetation from 
Europe. 

Following the pattern of most salt marsh vege¬ 
tation, the identifying species (J. maritimus) is 
also the dominant one. Boundaries between the 
Juncus community and others are usually sharp. 

In some places, possibly due to the influence of 
fresh water through flow, a number of mesophytes 
can be found, e.g. Mimulus re pens, Ly thrum 
hyssopifolia, Senecio lautus, as component species. 
Certainly, this vegetation is among the most 
variable in ‘chance’ species. 

8. Stipa complex (St.) 
St.l. Stipa teretifolia community. 

The community occurs on sandy banks around 
the Bay and other localities in eastern Victoria. 
Also found on sand deposits amongst other marsh 
vegetation. Naturally there is some overlap be¬ 
tween this community and A.4. This community, 
however, occurs only on dry sites, with A.4. 
occupying damper, and even wet sites. 

9. Schoenus-Cotula complex (N-C) 
N-C.l. Schoenus nitens-Cotida coronopifolia 

community. 

As the most landward vegetation of the salt 
marsh ‘proper’, it is not surprising that this 
community is richest in species, especially grasses 
and herbaceous plants. Unlike Puccinellia com¬ 
munities, cattle grazing does tend to reduce the 
species richness, perhaps because the Melaleuca 
community (q.v.) is often totally removed—or at 
least partially destroyed, in such sites. 

Some of the differential species and accompany¬ 
ing species of the sub-communities are ephemeral 
plants, e.g. Angianthus preissianus, Apium pros¬ 
tratum, Sebaea, albidiflora, Juncus bufonis. 

Although there is a Distichlis Distichophylla 
sub-community the morphologically similar grass 
Sporobolus virginicus is the dominant feature of 
the community. Rabbit grazing appears to be an 
important factor in preventing succession in this 
community. It occupies a position analogous to 
that of halophytic associations of nano-Cyperion 
in Europe, which are found on the landward side 
of salt marshes. 

10. Melaleuca complex (M) 
M.l. Melaleuca ericifolia community. 

This community is less a community than a 
boundary zone, or ecotone, between salt marsh 
and wooded heathland on sandy soils. A very 
varied vegetation is the result—analogous to the 
German Saum or ‘Mantle’ communities. These 
are associated with woodland edges: usually sharp 
edges with fields, i.e. anthropogenic effects. This 
salt marsh./woodland boundary is similarly sharp, 
but the factors are all naturally induced. 

Melaleuca erici folia is this boundary species 
between woodland and salt marsh around much 
of the south-east coast of Australia. Despite this, 
the species content of this community depends 
very much on the hinterland. 

PLANT COMMUNITY RELATIONSHIPS 
IN SPACE AND TIME 

Spatial and temporal arrangements of vegeta¬ 
tion are often confused by authors, temporal 
‘possibilities’ being extrapolated from spatial 
actualities (e.g. Chapman 1960). Three ‘schema’ 
of spatial arrangements are shown in Fig. 2. A 
diagram suggesting possible dynamic relationships 
is shown in Fig. 3. 

Beeftink (1966) makes much of a ‘cybernetic 
approach’ to salt marsh ecology. This approach is 
particularly valuable when discussing the Western- 
port coastal system. Beeftink points out the com¬ 
bination of unstable and stable factors which char¬ 
acterize a coastal system, e.g. regularity of tidal 
fluctuations is a stable character, salt-spray on land¬ 
ward vegetation and flooding of creeks are unstable 
characters. Van Leeuwen (1966) distinguishes 
two vegetation types in terms of stability: 
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Fig. 2—Possible spatial arrangements of salt marsh communities. 

Stipa 
community 

Fig. 3—Possible dynamic relationships between salt marsh communities. 

(a) unstable vegetation has coarse grained pat¬ 
terns, is poor in species, and has sharp boundaries 
with neighbouring vegetation (e.g. Salicornia 
community). 
(b) stable vegetation has a fine grained pattern, 
is rich in species, and has vague boundaries with 
neighbouring vegetation (e.g. Schoenus nitens- 
Cotula coronopifolia community). 

In general, then, the more landward vegetation 

possesses stable characters, whereas the seaward 
vegetation may be regarded as unstable. 

Expanding this theme to looking at the coastal 
land system as a whole, then those areas of coast 
with the greatest variety of plant communities 
are likely to be more stable than those with little 
variety. In the former case, there is a range of 
communities, usually with vague boundaries be¬ 
tween them, and thus this satisfies the ‘high 
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variety-in-space’ versus ‘low variety-in-time’ cri¬ 
terion of van Leeuwen. It would seem to follow 
that the areas of coastline with the largest variety- 
in-space offer the best chance for conservation. 
Such areas would include the coast from Tyabb 
to Tooradin, the north coast of French Island and 
Rhyll Swamp. 
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Appendix 

LIST OF VEGETATION UNITS 

Av. Avicennia complex 

Av.l. Avicennia marina community. 
S. Spartina complex 

S.l. Spartina x. townsendii community. 
T-S. Salicornia complex 

T-S.l. Triglochin striata community. 
T-S.l.a. Arthrocnemum arbusculum sub- 

community. 
T-S.l.b. Selliera radicans sub-community. 
T-S.l.c. Schoenus nitens sub-community. 
T-S.l.d. typical sub-community. 

T-S.l.d.l. Avicennia phase. 
T-S.2. Salicornia quinqueflora community. 

T-S.2.a. typical sub-community. 
T-S.2.a.l. Avicennia phase. 

T-S.2.b. Suaeda australis sub-community. 
T-S.2.b.l. Rhizoclonium variant. 

T-S.2.C. Hemichroa pentandra 
sub-community. 

A. Arthrocnemum complex 
A.l. Arthrocnemum-Puccinellia strict a 

community. 
A.l.a. typical sub-community. 

A.l.a.l. Distichlis distichophylla variant. 
A.l.b. Triglochin striata sub-community. 

A.2. Arthrocnemum-Triglochin striata 
community. 

A.2.a. typical sub-community. 
A.2.b. Limonium australe sub-community. 

A.2.b.l. Distichlis distichophylla variant. 

A.2.C. Distichlis distichophylla 
sub-community. 

A.2.C.I. Selliera radicans variant. 
a Juncus maritimus sub-variant. 

Juncus-A triplex sub-variant. 
Y A triplex paludosa sub-variant, 
a Wilsonia backhousei sub-variant. 

A.3. Arthrocnemum-Atriplex paludosa 

community. 

A.3.a. typical sub-community. 
A.3.b. Distichlis distichophylla 

sub-community. 

A.4. Arthrocnemum-Stipa teretifolia 
community. 

A.5. Arthrocnemum-Suaeda australis 
community. 

Th-Su. Suaeda complex 
Th-Su.l. Suaeda australis community. 

Th-Su. 1.a. A triplex hastata sub-community. 
Th-Su.l.b. A. paludosa sub-community. 
Th-Su.l.c. typical sub-community. 

Th-Su.2. Arthrocnemum arbusculum 
community. 

P. Puccinellia complex 
P.l. Puccinellia stricta community. 

P.l.a. typical sub-community. 
P.l.a.l. Agrostis billardieri variant. 

P.l.b. Parapholis incurva sub-community. 
P.2. Puccinellia-Triglochin striata community. 

P.2.a. typical sub-community. 
P.2.b. Distichlis distichophylla 

sub-community. 
P.2.b.l. Selliera radicans variant. 

P.3. Frankenia pauciflora community. 
P.4. Disphyma australe community. 

P.4a. Samolus repens sub-community. 
P.4.b. Plantago coronopus sub-community. 

J. Juncus maritimus community 
J.l. Distichlis distichophylla community. 

J.l.a. Selliera radicans sub-community. 
J.l-b. Stipa teretifolia sub-oommunity. 
J.l.c. typical sub-community. 

St. Stipa complex 
St.l. Stipa teretifolia community, 

N-C. Schoenus-Cotula complex 
N-C.l. Schoenus nitens-Cotula coronopifolia 

community. 
N-C.l.a. typical. 
N-C.l.b. Frankenia pauciflora 

sub-community. 
N-C.l.c. Distichlis distichophylla 

sub-community. 
M. Melaleuca complex 

M.l. Melaleuca ericifolia community. 
M.l.a. Distichlis distichophylla phase. 
M.l.b. Lophocolea semiteres phase. 
M.l.c. Scirpus nodosus phase. 
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Some Components of an Ecosystem Model of 

Westernport Bay 

By W. T. O’Brien* and J. B. HinwoodI 

Abstract: This paper describes the present structure of the Westernport Bay 
Water Quality Model, some preliminary results obtained from its use and proposals 
for future extension and application of the model. 

The model has been developed to enable the waters of the Bay to be managed to 
best effect. The pollutant levels resulting from a given waste disposal strategy may be 
examined for their potential effect on other beneficial uses of the Bay and especially 
upon the marine ecology of Westernport. Tn its present form, the model provides a 
first step towards a total ecosystem model of Westernport Bay. 

Use of the model to date has been restricted to application of the hydrodynamic 
and pollutant transport components. Good agreement has been obtained between 
predicted and measured values of tidal heights and velocities. The model has also 
yielded some previously unsuspected transport patterns, especially at the western 
entrance of the bay; these results have important management implications and suggest 
the need for additional field measurements to verify both the model and the predictions. 

The development of the model is related to existing ‘water quality’ and ‘ecosystem’ 
modelling approaches. General mathematical relationships are used to define the present 
strengths and weaknesses of the model and to indicate profitable directions for future 
model developments and data collection programs. 

INTRODUCTION 

A model is a representation of a real system 
which can be used to make predictions which can 
be tested. If a model is incapable of prediction, 
it is of no interest to resource managers; if it is 
incapable of verification, it may still be of interest 
but the conclusions drawn from its use will be 

severely limited. 
Many different types of models have been 

developed to predict the impact of human activity 
on the physical, chemical and biological condition 
of estuaries. Good agreement has been obtained 
between predicted and measured values of physical 
variables such as water movements: these vari¬ 
ables are sensibly independent of the chemical 
and biological components and the physical laws 
governing their behaviour and interaction are well 
understood. The calibration and verification of 
chemical and biological system components, how¬ 
ever, is still at a relatively early stage of develop¬ 
ment, due primarily to the lack of understanding 
of the complex physical, chemical and biological 
interactions which occur in marine ecosystems. 

The Westernport Bay Water Quality Model has 

been developed as a first step towards a total 
ecosystem model for Westernport. The following 
sections of the paper outline the present structure 
of the model, some results obtained to date from 
its use and proposals for future extension and 
application of the model. 

WESTERNPORT BAY WATER 
QUALITY MODEL 

The model includes all waters of Westernport 
Bay with the boundaries defined by the high water 
mark, river entrances and sea entrances as shown 
in Fig. 1. To provide accurate boundary condi¬ 
tions, the model extends seawards beyond West 
Head, Nobbies, Red Point and Griffith Point. 
The model boundaries can be readily changed to 
include, for example, the sea adjacent to the 
MMBW south-eastern outfall at Boags Rock. 

Model Structure 

The model comprises a number of computer 
programs which may be run either independently 
or as an integrated suite. These programs solve 
the basic equations of fluid flow and chemical 
kinetics at each of the thousand or more grid 

* Centre for Environmental Studies, University of Melbourne, Parkville, Victoria 3052. 
t Department of Mechanical Engineering, Mon ash University, Clayton, Victoria 3168. 
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points throughout the Bay. The principle programs 
are shown in Fig. 2 and are described below. 

The first program in the sequence is the Topo¬ 
graphic Program which accepts data on water 
depths obtained from charts or other survey 
information. The program applies a weighting 
procedure to these values to produce depth values 
on a grid selected by the user. This information is 
stored on disc or magnetic tape for use in later 
stages of the computations. A valuable feature of 
the program is that depth values may be con¬ 
tinually updated by reading in new values over 
any or all of the field. 

The Hydrodynamic Program is used to com¬ 
pute tide heights and current velocities through¬ 
out the Bay. This program is a derivative of 
that devised by Leendertse in which the depth- 
integrated equations of motion are solved numeri¬ 
cally by a mixed implicit-explicit method, a pro¬ 
cedure which ensures numerical stability. It has 

been adapted to the geometry of a bay which 
includes islands, more than one entrance to the 
open sea and mud flats which dry and flood. 
The equation is two dimensional, reproducing 
variations in the horizontal directions but not in 
the vertical direction: the data presently available 
on Westernport Bay show that vertical stratifica¬ 
tion is unimportant, except in very localized areas. 
Hence this model can be expected to be quite 
reliable throughout the Bay, except in small 
channels and at the edge of the mud flat region. 

The procedure adopted in the Pollutant Trans¬ 
port and Chemical Kinetics and Interaction 
Programs to calculate the movement of a con¬ 
servative pollutant is to release computational 
‘particles’ at points in the grid system so as to 
simulate an effluent discharge. The number of 
particles introduced at each time interval gives 
the time variation of the discharge being simu¬ 
lated. At each time interval each particle is moved 

Depth Soundings 

1_ 
TOPOGRAPHIC PROGRAM 

Ocean Tide 

Wind 

i 
Depths at grid points 

i 
-> HYDRODYNAMIC PROGRAM 

Pollutant 
inflows v 

Tide heights and velocities 
throughout the bay 

Pollutant concentrations 

throughout the bay 

Fig. 2—Structure of Water Quality Model of 
Westernport Bay. 
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a distance in the direction of the tidal velocity at 
that point equal to the tidal velocity multiplied 
by the time interval. To this movement is added 
a random step whose envelope is an ellipse, the 
axes of which are determined by the dispersion 
characteristics of the flow. The random walk of 
the particles accurately reproduces the dispersion 
due to turbulence and velocity shear. At any time 
subsequent to the release of the computational 
particles the resultant spread or relative density of 
the particles in the grid allows a direct determina¬ 
tion of concentration contours. The advantages of 
this direct simulation of the dispersion process 
have been demonstrated by Pollock and Maier- 
Reimer. 

A relatively simple modification for a pollutant 
which decays with time would be to reduce the 
number of particles present at each time according 
to the decay law. However, this would require 
the release of a vast number of particles to give 
the desired accuracy, and so a more economical 
solution is to reduce the quantity of pollutant 
represented by a given particle as the pollutant 
decays. In the Thermal Waste Subprogram the 
quantity of excess heat carried by a computational 
particle is reduced by evaporation, radiation and 
conduction to the atmosphere as the particle is 
advected by the local mean velocity and is ran¬ 
domly displaced by the dispersive processes. 
Similarly, in the Suspended Sediment Waste Sub¬ 
program the sediment is deposited when the 
velocity falls below a locally evaluated threshold 
value. Each of these subprograms represents a 
compromise between a complete analysis of the 
behaviour of the pollutant, involving variations 
in concentration with depth with consequent 
dynamic effects, and the increased cost and time of 
development of reliable models of these complex 
processes. 

The remaining subprograms shown in Fig. 2 
compute the change in levels of oxygen, the 
various states of nitrogen, organic carbon and 
coliform bacteria. The levels of these quantities 
depend on the temperature and natural reaeration 
and oxygen demand. Radical departures from the 
present conditions will change these factors and 
will require that new values be estimated. It is 
tempting to try to predict these changes by use 
of a mathematical model of the biology and 
biochemistry of the Bay, and this is the next 
model extension that the authors hope to develop. 

Model Calibration and Application 

The development of all programs shown in 
Fig. 2 has now been completed. Calibration of 
these models against field data has also been 
completed, except for the Chemical Kinetics and 

Interaction Program for which appropriate field 
data are not yet available—and indeed for some 
states, such as anaerobic conditions, should never 
become available if the Bay is properly managed. 

The major application of the model to date has 
been in the use of the Hydrodynamic Program 
to investigate water movements under various tide 
and wind conditions. This information has also 
been input to the Pollutant Transport Program 
to investigate the movement of conservative pollu¬ 
tants under the same tide and wind conditions. 

Fig. 3 shows a set of tide curves obtained from 
the model for the M2 tide, no wind condition, 
with the Bay assumed to be initially stationary at 
low water level. The increase in tidal range and 
lag towards the head of the Bay agrees with 
measured data. 

The trajectories of two groups of particles, 
released just before slack water on the flood tide, 
are shown in Fig. 4. The particles have been 
‘tracked’ for a little longer than one full tide 
cycle. Two features of particular importance to 
the flushing of the Bay are shown by particles 
released on the line across the Western Entrance. 
First, near Seal Rocks on the eastern side, particles 
which have run out on the ebb do not return on 
the flood tide and hence are flushed from the Bay. 
Secondly, near Flinders on the western side, par¬ 
ticles have run in much further on the flood than 
they ran out on the ebb tide. Hence fresh sea 
water is entering the lower part of the Bay along 
this shore. This model prediction has not been 
tested by field measurement of velocity, but 
limited chemical sampling shows that the water 
along that shore bears more affinity to the water 
of Bass Strait than does the water on the eastern 
side, which Is essentially ‘bay water’. 

This prediction illustrates an important use of 
the model: to define or discover problem areas 
which may be studied in the field, avoiding 
expensive and time-consuming general field studies 
and enabling resources to be concentrated on 
important areas and variables. 

Future runs of the model will include an 
investigation of the behaviour of non-conservative 
pollutants and extension of all preceding studies 
to investigate the hydraulic and biochemical con¬ 
sequences of changing model parameters such as 
boundaries (to simulate reclamation, construction 
of causeways, etc.), depths (dredging) and levels 
and locations of pollutant inflows. 

ECOLOGICAL MODELLING OF 
WESTERNPORT BAY 

During the last few years, ecological modelling 
has become one of the ‘growth’ areas of mathe¬ 
matical modelling. Simulation models of varying 
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complexity have been developed for many dif¬ 
ferent types of ecosystems (Patten). Calibration 
and verification of these models remain difficult 
problems but the data base is slowly being 
expanded as new laboratory and field evidence is 
accumulated. 

We can usefully distinguish two different ap¬ 
proaches to the development of ecological models 
for marine ecosystems such as Westernport Bay: 
a ‘water quality’ approach which has evolved from 
the early studies of the BOD-DO relationship, 
studies associated with such names as Streeter and 
Phelps, and an ‘ecosystem* approach (of much 

more recent origin) which has attempted to 
model mass and energy flows through complete 
ecosystems. Recent papers which exemplify these 
approaches are those by Thomann et al. and 
Kelly. Both approaches have their advantages and 
disadvantages and both are relevant to Western- 
port Bay: the ‘water quality’ approach is simpler 
to develop and calibrate, but does not internalize 
the biological interactions on water quality, nor 
does it yield information on the output levels and 
behavioural response of the variables of ultimate 
interest to resource managers, e.g. fish popula¬ 
tions; the ‘ecosystem’ model, on the other hand, 

Fig. 5—Phytoplankton Model—Potomac Estuary (Thomann et al.). 
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includes more relevant variables and, at least in 
principle, can provide explicit information on all 
significant management variables. Much more 
information must still be obtained on both biotic- 
abiotic and chemical-physical interactions before 
the latter models can be transformed from con¬ 
cepts into reliable management tools. 

The development of the Westernport Bay Water 
Quality Model, described in the preceding section, 
has followed the ‘water quality’ approach out¬ 
lined above and attention is now being given to 
an extension of the model (along the lines of 
Thomann’s recent work on the Potomac Estuary) 
to predict the dynamic behaviour of phytoplank¬ 
ton in Westernport Bay. Thomann’s model is 
illustrated in Fig. 5, and comparison with Fig. 6 
(representing the water quality component of the 
Westernport model) shows that the variables to 
be added to the Westernport model include the 
organic and inorganic phosphorus components, 
phytoplankton chlorophyll and zooplankton car¬ 
bon. The present Westernport model includes 

introduced suspended sediment, bulk heat and 
coliform bacteria, components which are not 
included in the Potomac model. 

The mathematical relationships involved in 
these ‘water quality* models can be illustrated 
briefly by consideration of the basic relationship 
for conservation of mass of phytoplankton 
chlorophyll. For a water body of n segments 
(each segment being assumed completely mixed), 
we can write (after Thomann): 

V dP = AP + VSP } 

dt V 
where V = segmental volumes (n x n diagonal 
matrix); P = chlorophyll concentrations (n x 1 
vector); A = advective and dispersive transport 
coefficients (n x n matrix); and Sp = sources and 

sinks (n x 1 vector). 

For water segment, j: 
SPj = (GpJ - DPJ) P, (2) 

where Gpj = growth rate of phytoplankton; and 
Dpj = death rate of phytoplankton. 

Fig. 6—Water Quality Model of Westernport Bay. 
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For the growth rate, the light and temperature 
effects and the Michaelis interaction effects of 
nitrogen and phosphorus concentrations are given 

by: 

Gpj = GIt (I,T,f,H,K) NIn Np2 

K,nn H“ Njn Kmp "b Np2 
(3) 

where NIn = total inorganic nitrogen with Kmn as 
Michaelis constant: NI)2 = orthophosphate con¬ 
centration with Kmp as Michaelis constant; GIt = 
function relating growth rate and solar radiation, 
I, water temperature, T, photo period, f, depth, H, 
and light extinction coefficient, K. 

Similar equations for conservation of mass in 
each of the other components of the model yield 
a set of simultaneous, nonlinear, ordinary differ¬ 
ential equations for each segment. When these 
equations are aggregated for all segments we 
obtain the following equations for the whole 
water mass: 

V^dC = AC + VSC (4) 

dt 

where C = a generalized concentration vector 
(n x number of compartments). 

Equation 4 offers a very useful summary of 
the present status of the Westernport Bay Water 
Quality Model. The first term on the right-hand 
side represents a set of linear equations, each of 
which relate the concentrations of a particular 
compartment (e.g. phytoplankton chlorophyll) in 
the n segments of the water mass. These segmental 
concentrations are coupled to each other through 
the A matrix, which represents the time-dependent 
transport interactions. The basic hydrodynamic 
and transport models used in the Westernport 
model simulate these interactions in a more 
accurate manner than previous modelling efforts 
and this work should not need further refinement. 

The second term on the right-hand side of 
Equation 4 represents a set of nonlinear equations, 
each of which relate the concentrations of phyto¬ 
plankton, zooplankton and nutrient compartments 

within each water segment. As indicated above, 
these relationships are still in an early stage of 
development and current modelling and data 
collection efforts are being directed towards their 
more precise definition. Future extensions of the 
model will include the addition of the important 
detritus chain in Westernport Bay, as a further 
step towards a more complete definition of this 
term. 

CONCLUSION 

The Westernport Bay Water Quality Model has 
been briefly described and some preliminary 

results from the use of Hydrodynamic and 
Pollutant Transport programs have been pre¬ 
sented. Good agreement has been obtained be¬ 
tween predicted and measured tidal heights and 
velocities. The model has yielded some previously 
unsuspected transport patterns, especially at the 
western entrance of the Bay; these results have 
important management implications and suggest 
the need for additional field measurements to 
verify both the model and the predictions. 

Two different approaches in ecological models 
for marine ecosystems are reviewed: a ‘water 
quality’ approach which has evolved from several 
decades of public health engineering, and more 
recently, an ‘ecosystem’ approach which attempts 
to model mass and energy flows through complete 
ecosystems. The development of the Westernport 
model is related to these approaches and general 
mathematical relationships are used to define the 
present status and future development of the 
model towards a complete ecosystem model of 
Westernport Bay. 
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The Philosophy and Application 

of Environmental Studies 

By Maurice A. Shapiro* 

INTRODUCTION 
The title of this paper affords the author wide 

latitude, and therefore it should not be viewed 
exclusively in the light of the temporal and spatial 
concern of this Symposium. However, though 
warned, it is not reasonable to expect that either 
the author or the listener will divorce himself 
from the present and near reality. 

A symposium about Westernport Bay could, 
by some stretch of the imagination, be unrelated 
to the current environmental Study. However, the 
symposium development process was a gravita¬ 
tional movement towards an exposition of the 
basis for the Study and the several disciplines 
involved. Neither time nor space would allow 
description and analysis of all the individual 
projects which make up the Study. A short descrip¬ 
tion of each is presented elsewhere in this Volume 
of the Proceedings. What could be equally illum¬ 
inating would be a further listing and review of 
the unavoidable gaps in basic information and 
understanding that are inherent in time and budget 
restraints. Lest this be misinterpreted, I must 
hasten to assure you that comparatively speaking 
the Westernport Bay Environmental Study is not 
poorly budgeted. Rather, what should be emphas¬ 
ized is the fact that starting from the begin¬ 
ning means knowledge gaps so great that even a 
generous budget in a short period may not be 
sufficient to the task. Since the purpose of any 
such investigation is the elucidation of the complex 
social, legal, economic, physical, chemical and 
biological interrelationships in the Bay and its 
catchment, the budgeting of significant sums of 
money could be justified. However, environmental 
studies are not conducted in isolation; they too 
must stand a priority test. 

Philosophies underpinning the growing number 
of such studies in the world are numerous, but 
perhaps the regional economist and planner, 
Tsard (1971), stated it best: 

We constantly assert (and I believe a consensus seems 
to exist) that no longer can regional development and 
regional planning be treated in their traditionally 
narrow contexts. Emphasis on the strict economics 
of such development and planning, with only passing 
consideration of physical (biological) environment 
and design, let alone social, political and other cultural 
factors, can no longer be tolerated. Whether we look 
at the problems of planning and development within 
the New England states, of metropolitan Budapest, 
or the environs of Lake Baikal [or Westernport], or 
in innumerable other regions of the world, we are 
confronted with the reality that (a) control of 
ecological and physical disturbances and (b) design 
of the environment are key elements of economic 
development and planning work. Even conscious 
redesign of the environment may be required. 

EXAMPLES OF PAST STUDIES 
In the not too distant past, and indeed to a 

great extent today, the design and execution of 
environmental studies has been to determine the 
level to which the environment has been degraded 
in order to establish a rational (physical, bio¬ 
logical, social, economic, institutional) program 
to undo the damage. This may not be an easy 
task since the ‘natural’ state of the environment 
could be unknown. 

The Thames Survey 

The Thames River Survey (1964), restricted 
at first to causes of silting, was subsequently 
expanded to investigate the then unsatisfactory 
condition of the Thames and ascertaining the 
best means of alleviating this condition. It is a 
classic of such studies and, though restricted as 
stated, was a massive undertaking. The report of 
the Thames Survey Committee (1964), a six 
hundred page tome, was transmitted with the 
following introduction: 

To the Chairman of the Water Pollution Board: The 
Thames Survey Committee was appointed at the end 
of 1948 by the Water Pollution Research Board to 

Director. Westernport Bav Environmental Study, on leave from his post as Professor of Environmental 
Health Engineering and Urban Affairs, School of Public Health, University of Pittsburgh, Pittsburgh, 
Pennsylvania, U.S.A. 15261. 
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study the conditions of the Thames Estuary, with 
particular reference to its capacity to purify the 
sewage and industrial discharges to it We held our 
first meeting in January 1949 and have met on 
52 occasions; we now have the honour to present 

our report. This was accomplished in 1964. 

Gameson (1972) was able to report that by 
then the estuary was again aerobic for its entire 
length and there was a return of fish life, a 
condition which had existed prior to the creeping 
decline in the 19th century. (It is of interest to 
note that a major contributor to the pollution of 
the Thames was the development of a water car¬ 
riage system of sewage transport which, naturally, 
conveyed the increasing contribution of wastewater 
from London’s growing population to the Thames.) 

Essentially, and at the crux of the apparent 
present philosophy of pre-development and pre¬ 
planning environmental studies, is the necessity 
of making regional planners and other social 
and environmental analysts, at or close to the 
decision making level, consciously and opera¬ 
tionally aware of the extremely complex inter¬ 
relationships between economic systems and 
ecosystems as well as of the environmental 
management problems that result from economic 
development. 

CONFLICTS 
In the United States conflicts about develop¬ 

ment and use of remaining natural environments 
(those relatively undisturbed) in ways that will 
destroy their natural characteristics have, in many 
instances, become the subject of litigation. The 
majority of such action has been at the behest of 
those who wished to preserve the value of environ¬ 
mental amenities and who have opposed land and 
water development, mining and timber harvesting 
in natural environments. 

In regard to these conflicts the economist, 
Krutilla (1972), has concluded most succinctly: 

That the controversies are so intense and the challenge 
to Federal agency decisions (in the United States) 
on proposed reallocation of natural areas so great are 

attributable to the fact that it will be difficult, if not 
impossible, to reverse the environmental transforma¬ 
tions that will result from such exploitation. 

E. W. Kenworthy (1974), writing in the issue 
September 8 of the New York Times, described 
the dilemma: 

In Pollution Control, it is Easier to Cure Than 

Prevent 

In the treatment of environmental pollution, as in 
that of bodily ills, there are two complementary 
approaches—cure and prevention. In the environ¬ 
mental lexicon, prevention is known as conservation, 
or, in the case of air and water, non-deterioration. 

In short, the dirty should be cleaned up and the clean 

should not be dirtied. 
But it is much easier for Congress to write legislation 
and for the Environmental Protection Agency to draw 
up regulations intended to cure pollution than it is to 
legislate and regulate non-deterioration. In the Clean 
Air Act of 1970, Congress decreed that there should 
be a primary air quality standard, designed to protect 
human health, and a stricter secondary standard to 
protect human welfare, that is, plants, livestock and 
property. Consulting medical and scientific authority, 
E.P.A. could, and has, drawn up regulations to insure 
that the air quality in polluted regions is raised to 
those standards. The primary standard must be met 
by 1977 according to the law; for the secondary 
standard there is no fixed date. 

But in the case of non-deterioration, Congress said 
no more than that its purpose was ‘to protect and 
enhance the quality of the nation’s air resources*. 
For four years, E.P.A. has been wrestling with the 

question of whether it was thereby required to prevent 
the deterioration of air quality in regions where it was 
cleaner than the primary and secondary standards. 

KNOWLEDGE REQUIREMENTS 
Thus, in face of the large number and complex 

decisions which must be made embodying a new 
concept (or, in our evolving parlance, a new 
‘ethic’) it is of utmost importance that we have 
the best and most accurate information. What we 
are witnessing is the development of new study 
methodology which should result in increased and 
more accurate information and therefore permit 
more adequate analysis of our problems than has 
been effected in the past. This in turn should lead 
to new areas and avenues of research which, 
hopefully, will allow more informed administrative 
and political decision making. The task of obtain¬ 
ing precise and accurate information and know¬ 
ledge about a particular region is arduous and time 
consuming. Not the least difficult are some ques¬ 
tions related to the temporal requirements of com¬ 
prehending the variability of biological phenomena. 
How long must the labour-intensive sample collec¬ 
tion and analysis be continued before we can be 
assured of the validity of the information as to 
‘stability’ and ‘diversity’ of natural systems? To 
some, temporal ‘stability’ of a species in one 
environment means that its fluctuations over a 
great many years (or whatever appropriate unit 
of time) conform to a lognormal distribution. 
A stable ecological system is one in which no 
species becomes extinct, yet on the other hand 
no species rises to plague proportions as in 
eutrophication (Preston 1974). 

SOME ASPECTS OF STUDIES 
Environmental studies cannot stand alone; they 

must be a part of the planning process. What they 
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could and should accomplish is to pave the way 
so that the end results, namely the ultimate social 
effects, are positive. Environmental studies should 
be the antithesis of single purpose planning. They 
go beyond the immediate problem at hand and 

are designed to uncover the multiple consequences 
of alternative courses of action. 

Environmental studies should also make a dis¬ 
tinction between, as Thorsten Veblen put it, the 
‘technological’ and the ‘institutional’ processes. 

Fig. 1. fAfttr Stonkty, 1972 ) 
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A panel of the U.S. National Academy of Science 
describes it slightly differently by making the 
distinction between ‘technologies’ and the ‘sup¬ 
porting systems’. The panel was discussing the 
broader aspect of the automobile or an SST as the 
technology in the engineering sense of the word. 
The support system is the economic and legis¬ 
lative matrix in which technology is embedded. 
A sculptor, Jack Burnham (1968), described the 
multiple order effects of individual or collective 
action vividly as the disappearance of ‘objects’ 
in contemporary society and their replacement 
by ‘systems’. Burnham contends that ‘when we 
buy an automobile we no longer buy an object 
in the old sense of the word, but instead we 
purchase a three-to-five year lease for participa¬ 
tion in the state-recognized private transportation 
system, an industrial parts replacement system, 
a costly insurance system . . 

Dependent on the nature of the region, environ¬ 
mental studies should allow us to change or 
indicate possible modification of technology, or 
the support system. We can then compare alterna¬ 
tive modes, at alternative costs, and in the long 
run design a better system to serve the social 
needs of the community. 

A geographer in the U.S. Forest Service, George 
H. Stankey (1972), devised a figure which I have 
modified to illustrate the aggregate or sector 
influences requiring study and evaluation before 
‘guidelines’ can be promulgated. (Fig. 1.) 

The concept of ‘carrying capacity’ is universally 
utilized in Australian agriculture. I adopt the 
‘carrying capacity’ model to aggregate the total use 
a community desires to make of an environment. 

Whether we are living in an era of significant 
change, environmentally speaking, only history 
will be able to ascertain. That some change is 
taking place let no one doubt. Burnham was 
correct in his evaluation of a major trend from 
perception of an object to a proclivity for looking 
at systems, and environmental studies are no 
exception. The paper immediately preceding this 
in the Symposium is one example of an effort at 
modelling a system, namely the ecosystem. Models 
are no panacea or universal answer: after all they 
are not the ‘real thing’. Nevertheless, they are and 
should become better aids in the environmental 
decision-making process. Denninger (1973) de¬ 
scribed their attributes as follows: 
I. The use of these models (mathematical) leads to 
an increased capability for defining and evaluating 
possible alternatives and provides for a wider range 
of options at every level of decision making. 
2. Models allow us to improve our capacity for test¬ 
ing assumptions and information (data) to estimate 
the effects of economic, hydrologic and hydrodynamic, 
political, social and technological uncertainties. 

3. The use of systems analysis forces us to make 
explicit all assumptions and judgements, the con¬ 
sequences of which are available for all to see and 
question. 
4. Systems analysis is a means of communication 
between all participants such as planners, engineers, 
ecologists, hydrologists, hydrodynamicists, economists, 
etc. and assists in the understanding of what each has 
to do. 

CONCLUSION 
Whether it is accomplished by means of models 

or some other tool, the need for true multi- and 
inter-disciplinary environmental studies is more 
evident than ever. However, that is not a new 
concept at all. In the 14th century, Fracastorious 
elucidated the salient features of the basis for a 
truly healthful environment and forecast the 
discovery many years later of the germ theory of 
disease. The historian, Asa Briggs (1967), records 
that other giants were ahead of their time: 

Discussions on the quality of man’s environment have 
revealed at least as much diversity in the approach 
to the study of the subject as there is diversity in the 
actual environments which men have tried to fashion 
for themselves and what holds for study also holds 
for the problems of environmental planning. It is 
fitting to recall the words of Patrick Geddes in his 
plan for Colombo, Ceylon, in 1921 that ‘neither the 
most practiced of engineers nor the most exquisite 
of aesthetes can plan for the city by himself alone; 
neither the best of physicians nor of pedagogues, 
neither the most spiritual nor the most matter of fact 
of its governing class’. 
Understanding cities or countrysides, like planning 
them, requires a combination of insights and tech¬ 
niques and a convergence of disciplines. Neither the 
combination nor the convergence is usually there. 

The historic treatment of our present and future 
is essential, for otherwise, more often than not, 
the solution to perceived problems yield other 
problems. That is to be expected, but they should 
at least be lesser ones. 
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A Strategy for Studies of the Marine Environment 

of Westernport Bay 

By D. W. Connell* 

Abstract: Certain aspects of man’s effect on marine and estuarine systems, for 
example the influence of discharges on the dissolved oxygen regime, have been under 
study for many years. However, more recent investigations have a broad-ranging 
approach, consisting of sets of studies covering topics from the physical aspects of 
tide and current movements through to the structure of biological communities. The 
Westernport Bay Environmental Study is of the latter type. 

Westernport Bay has extensive mudflats which are substantially covered by the 
seagrass, Zostera muelleri, and large sections of the coastline are lined by mangrove 
thickets, Avicennia marina, backed by saltmarsh swamps. Somewhat similar marine 
ecosystems have been investigated overseas. The intertidal grass, Spartina alterniflora 
and the mangrove Rhizophora mangle, growing in southern United States, have been 
shown to be a source of vegetable detritus. This can be swept to nearshore areas, or 
detritus consumers such as crabs, snails, mussels etc. can form the basis of a food 
chain extending to nearshore areas. In this way higher carnivores such as birds and 
commercial and recreational fish may be dependent on marine plant communities. 

The quality of water has a decisive influence on the maintainence of the marine 
resources of the Bay. As stated, plant production may 1x5 important in the Bay 
ecosystem. On the other hand excessive water-borne nutrients such as nitrogen and 
phosphorus compounds may stimulate too much growth and eutrophic conditions will 
then occur. In some other marine areas this condition has caused large drifts of dead 
grass on beaches and the reduction of dissolved oxygen in the water. Toxic substances 
in marine areas can eliminate or reduce some species, or can accumulate in food chains 
so that the higher carnivores may contain deleterious concentrations. 

The Westernport Bay Environmental Study consists of an integrated set of 
investigations both in the laboratory and in the field. This information will be used 
as a guide for environmental management. 

INTRODUCTION 
Intensive scientific studies of geographically 

limited parts of the marine environment involving 
teams of researchers are not new. Among the first 
was the British Natural History Museum Expedi¬ 
tion to the Great Barrier Reef, 1928-9. Under the 
leadership of C. M. Yonge the Expedition spent 
a year at Low Isles, thirteen km off Port Douglas 
towards the northern end of the Reef. The Isles 
are isolated from any large population centre and 
consist of a sand cay and a mangrove-covered islet 
surrounded by a coral reef system. Physiological 
and growth studies were carried out in addition 
to an extensive ecological survey (Whitley 1932, 
Yonge 1940). Many other expeditions to a wide 
variety of marine areas and sponsored by many 

different organizations were to follow. These 
studies usually consisted of teams of scientists 
working in small groups or as individuals. The 
overall objective was to discover scientific prin¬ 
ciples and to unravel the detailed mechanisms 
operating in the marine environment. 

Other types of studies of the marine or estuarine 
environment had also been developing. In 1885 
regular examinations of the dissolved oxygen 
content of Thames River water were instituted; 
these have continued to the present day. The 

objective of the earlier work was limited to ascer¬ 
taining the aesthetic condition and drinking quality 

of Thames River water and advising on how to 
improve or maintain river water quality (Anon. 
1964). 

* Marine Studies Coordinator, Westernport Bay Environmental Study, Ministry for Conservation, 
240 Victoria Parade, East Melbourne, Victoria 3002. 
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In recent years the problems of pollution and 
conservation have become acute in the near-shore 
marine environment in many parts of the world. 
It is adjacent to this zone that large urban, indus¬ 
trial and port complexes are located. Also recrea¬ 
tional usage of the coastal marine environment 

has intensified. Many man-made environmental 
changes have occurred without any immediately 

apparent problems. But with the passage of time 
an interacting chain of environmental modifica¬ 
tions has been observed, degrading both the 
natural environment and the human environment 

(see Fig. 1). 
Management problems have arisen which, for 

solution, require a detailed knowledge of the 
marine environment (Butcher 1970). To supply 
this knowledge a new concept of marine studies 
has emerged, in which the scientific investigation 
techniques of various disciplines, and their results, 
are interwoven and integrated. This integration 
frequently opens completely new areas for investi¬ 
gation by offering new perspectives. The overall 
objective is not only to expand our knowledge 
of the natural marine environment but also to 
develop a broad understanding of man’s inter¬ 
action with the marine system. 

ENVIRONMENTAL STUDIES IN 
MARINE SYSTEMS 

The rapid expansion of the science of ecology 
has given an appreciation of the many interacting 
effects in natural systems. Most recent environ¬ 
mental studies have placed great emphasis on sets 
of broad ranging investigations covering those 
aspects of the physical, chemical and biological 
environment considered to be important. Good 
examples are the environmental studies of Port 
Valdez conducted by the Institute of Marine 
Sciences, University of Alaska, and the bio- 
environmental studies on the Columbia River 
estuary conducted by U.S.A. University and 
Government research teams. Both contain investi¬ 
gations ranging from physical characteristics 
through to chemical properties, nutrient cycling, 
primary production and interrelationships of 
invertebrate and vertebrate communities. It is 
noteworthy that in both cases the various investi¬ 
gations are directed primarily to understanding a 
single aspect of man’s interaction with a marine 
system: at Port Valdez the effects of petroleum 
hydrocarbon pollution, on the Columbia River the 
effects of discharges of radioactive substances. 

Although the aspect of man’s interaction which 

MAN 

DECREASED AESTHETIC SIGNIFICANT 

AND RECREATIONAL MAN-INDUCED 

VALUES - LOSS OF ENVIRONMENTAL 

NATURAL RESOURCES CHANGE 

CHANGE IN THE 
DELETERIOUS CHANGE 

IN BIOLOGICAL <- CHEMICAL AND PHYSICAL 

CHARACTERISTICS 
CHARACTERISTICS OF THE 

MARINE ENVIRONMENT 

Fig. 1—Sequence of events often resulting from a 
significant environmental change. 
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is of interest may be limited, the investigations 
to arrive at some understanding of this may be 
many and diverse. Thus an environmental study 
of Westemport Bay would be expected to consist 
of an integrated set of research programs aimed 
at obtaining a comprehensive account of all rele¬ 
vant environmental interactions (Shapiro 1974). 

Man’s interaction with marine areas is usually 
highly complex, involving factors such as pollu¬ 
tion loads of various kinds, shoreline reclamation, 
dredging, recreational pressures. An evaluation of 
such factors and their relative significance, now 
and in the future, is needed to define critical areas 
where information is required. Such an evaluation 
will involve an assessment of social values and 
requirements (see Fig. 1). The needs of people 
in the local area and perhaps aspects at a national 
or even international level will have to be taken 
into account. In many cases the impact of water 
pollution exceeds all others in importance. For 
example, extensive environmental studies have 
been carried out on the Thames River (Anon. 
1964) and San Francisco Bay (Anon. 1972) tq 
devise pollution control procedures. 

Any environmental study of a marine area 
implies an interest in the environmental quality 
of that area over a period of time. In some cases 
improvement will be aimed at, whereas in others 
there will be safeguards against deterioration. 
Thus quantitative evaluation of the existing 
physical, chemical and biological status of an 
area will often constitute part of a study research 
program as a baseline for future comparisons. 

Environmental studies in marine areas also need 
to investigate beyond the areas of direct inter¬ 
action between man and the marine environment 
to develop an understanding of the ecosystem as 
an integral whole. In this way a concept of the 
possible extension of effects into the ecosystem 
from the area directly influenced can be obtained. 

To define the necessary research objectives the 
key elements in the ecosystem must be identified 
as clearly as possible. Often very limited informa¬ 
tion will be available, so identification may have 
to be based on information available on other 
similar areas. In some instances, as the results of 
research become available, the initial intuitive 
concepts may be shown to be incorrect and a new 
direction taken. 

It is noteworthy that in some overseas areas 
scientific information is available from a consider¬ 
able period of research and observations. For 
example, Cowles (1930) published the results of 
a seven year biological survey of Chesapeake 
Bay. This was preceded by detailed but less 
broad-ranging studies by others on plankton and 
fish. These investigations were multiplied with 

passing years and continue up to the present time. 
As mentioned previously, chemical examination 
of the Thames Estuary which commenced in 1885 
has continued to the present day. 

In broad terms the overall aim of the Western- 
port Bay Environmental Study is to develop a 
program for the maintenance of water quality 
and conservation of marine resources in the Bay. 

However, a limited amount of scientific informa¬ 
tion was available on the Bay at the commence¬ 
ment of the Study, and specific research objectives 
were arrived at using the information available, 
together with that on similar areas described in 
the scientific literature. 

THE WESTERNPORT BAY ECOSYSTEM 
According to Pritchard (1967) an estuary is 

a semi-enclosed coastal body of water which has 
a free connection with the open sea and within 
which seawater is measurably diluted with fresh¬ 
water derived from land drainage. Estuaries are 
usually influenced by strong tidal action. 

Components of the Ecosystem 

Westernport Bay has many of the characteristics 
of an estuarine system (see Fig. 2). It has a 
catchment area of c. 3,100 km2 in which annual 
rainfall varies from 66 to 152 cm, but freshwater 
inputs, mainly along the northern coast, are com¬ 
paratively small. Nevertheless, significant varia¬ 
tions in salinity occur. For example, salinity in 
the extreme northern reaches of the Bay averaged 
33-5 parts per thousand and 33 0 parts per 
thousand in the East Arm with values increasing 
to 35-4 parts per thousand at the Entrance during 
the period July 1973 to January 1974 (Harris 
et al. 1974) (see Fig. 2). The salinity of open 
oceanic waters is usually approximately 35-4 parts 
per thousand. Thus Westernport does not experi¬ 
ence the wide fluctuations in salinity which occur 
in many estuaries. Substances containing nitrogen, 
phosphorus, silica and other compounds occur in 
the Bay waters and also the input stream waters. 
Proportions of these substances are contributed by 
agricultural and urban development. Water tem¬ 
peratures vary from approximately 10°C in winter 
to approximately 22°C in summer. 

The tidal range is approximately 2-3 m and 
extensive mudflats are exposed so that in a total 
marine area of 680 km2 there are 270 km2 of 
intertidal mudflats (see Fig. 2). The mudflats are 
substantially covered with the seagrass Zostera 
muelleri and along a total shoreline length of 
263 km there are 108 km lined with mangrove 
thickets backed by a salt marsh swamp. The 
mangrove thickets contain only one species, Avi- 
cennia marina, whereas in the salt marsh swamp 
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complex floristic associations occur, often con¬ 
taining Arthrocnemum arbuscuhun and Salicornia 
sp. (Bridgewater 1974). Bird (1971) has found 
that the coastline is comparatively active, building 
up in some places, with erosion in others. Appar¬ 
ently the building of harbors, harvesting of 
mangroves and other activities have had an influ¬ 
ence on coastal processes (Enright 1973). Pre¬ 
liminary results obtained by Canterford and 
Ducker (1974) indicate that Ditylum brightwellii, 

a diatom, is among the most important com¬ 
ponents of the Bay phytoplankton community. 
Zooplankton constitute an important segment of 
the total planktonic population. 

Faunal communities, including molluscs, an¬ 
nelids, arthropods and echinoderms, are associated 
with the seagrass and mangrove communities 
(McNae 1966) and other littoral communities 
also contain a large number of invertebrate species 
(Smith 1971). The subtidal benthic communities 
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include numerous invertebrate fauna as well as 
the seagrass, Heterozostera tasmanica and the 
algae, Caulerpa cactoides (Watson 1971). 

Gilmour (1965) has reported that the fish 
population of Westernport Bay includes some 35 
species caught by professional fishermen. Of total 
Victorian landings of the fish King George whiting 
(Sillaginodes pu net at us), 25% are made in West¬ 
ernport Bay. During summer amateur fishermen 
are believed to harvest an equivalent amount to the 
professional fishermen (Gilmour 1965). However, 
many species are present which do not play a role 
in the fisheries. For example, the Smooth Toado, 
Sphaeroides glaber, occurs in substantial numbers. 

Westernport Bay has a rich avifauna and the 
Bird Observers Club has listed the occurrence 
there of 271 species (Anon. 1969). Large colonies 
of the Short-tailed Shearwater, Puffinus tenuiros- 
tris (Norman & Gottsch 1969) and the Fairy 
Penguin, Eudyptula minor, breed on Phillip 
Island (Reilly & Balmford 1969, 1971). In addi¬ 
tion, two cormorant species, the pelican, Pelecanus 
conspicillatus, the Black Swan, Cygnus at rat us, 
and a number of other species breed in Western- 
port Bay (Loyn 1974). The mudflats form a rich 
feeding area. Black swans are said to feed on the 
rhizomes of the seagrasses. 

The large seal colony (Arctocephalus tasmani- 
cus) at the entrance to the Bay which has been 
described by Warnecke (1968), and the Fairy 
Penguin colony, are major tourist attractions. 

Above are outlined what are to the best of our 
knowledge some of the many elements in the 
Westernport Bay ecosystem. 

Interactions within the Ecosystem 

As a general rule, estuaries and inshore marine 
areas are among the most productive environ¬ 
ments on earth (see Table 1). Salinity and tem¬ 
perature are much more variable than in the 
oceanic environment but food conditions are 
much better. Odum (1971) attributes this greater 
production to a number of factors. Perhaps the 
most important of these are the promotion of 
nutrient circulation by tidal action and the avail¬ 
ability of a variety of habitats for primary pro¬ 
ducers. Thus phytoplankton, benthic microflora 
and large attached plants can co-exist. However, 
Ragotzkie and Pomeroy (1957) have found that 
light penetration is low in the turbid waters of 
many estuaries and so phytoplankton production 
is often low. 

Teal (1962) conducted detailed studies of 
energy flows in a Georgia salt marsh. He found 
the major primary producers were the grass, 
Spartina alterniflora, and algae in the intertidal 
zone and these producers were linked into an 

Table 1 

Primary Production in Various Ecosystems* 

Ecosystem Primary Production 
(kilocalories x 103/m2/day) 

deserts 

grasslands 
deep lakes 
forest 
some agriculture 

moist forests 
shallow lakes 
moist grasslands 
moist agriculture 

some estuaries 
coral reefs 
intensive year-round 

agriculture 

continental shelf and 
deep oceans 

* From Odum (1971). 

energy flow system as indicated in Fig. 3. The key 
links between primary production and energy flow 
into consumer food chains are the algal-detritus 
feeders listed under herbivores in Fig. 3. Teal 
found that the quantities of energy involved in 
this system were as indicated in Fig. 4. The tides 
are of critical importance in this environment 
since the water flows permit the export of produc¬ 
tion into nearshore areas. In this case up to 45% 
of the net primary production from the salt marsh 
is available for export. This energy source is of 
considerable importance in maintaining nearshore 
fisheries. Similar results were obtained by Odum 
and de la Cruz (1967) in investigations of the 

same ecosystem. 
In more recent years Jefferies (1972) has used 

chemical techniques to investigate the carbon flow 
through food chains associated with the Spartina 
in salt marsh systems. This has been done by 
examining the fatty acid composition of the 
various biological components. Spartina contains 
a distinctive pattern of fatty acids which has been 
traced through various parts of the ecosystem to 
fish in the nearshore environment. 

Heald and Odum (1970) and Odum (1971) 
have conducted a number of investigations of the 
ecosystem based on the Red Mangrove (Rhizo- 
phora mangle) in southern Florida. By gut 
analysis and other techniques the operation of 
the ecosystem was pieced together. This is shown 
in generalized terms in Fig. 5. Thus an ecosystem 
is in operation in which primary production is 
provided by mangrove leaves falling into the 
shallow waters yielding detritus, and the detritus 
consumers provide the link between primary pro- 
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10 - 25 
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PRODUCERS HERBIVORES CARNIVORES 

*\ 

Insects 

Spiders 

Passerines 

Dragonflies 

Bacteria 

Crabs 
Nematodes Mud crab 

Snails -> Clapper rails 

Mussels Racoon 

Annelids 

Fig. 3—Energy flow pathways in a Georgia saltmarsh (after Teal, 1962). 
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Fig. A—Quantities of energy flowing through a Georgia saltmash (after Teal, 1962). 
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duction and consumer food chains. In this manner 
birds and game fish are dependent on the primary 
production from the mangrove communities. 

Walsh (1967) unravelled a complex food web 
based on detritus from several mangrove species 
and phytoplankton. The web comprised a large 
number of species at several trophic levels. The 
detritus and algae consumers included polychaetes, 
nematodes, zooplankton, and the top carnivores 
were a number of large fish species. 

The Knysna Estuary in South Africa has, in 
general terms, many similarities to Westemport 
Bay. It has extensive Zostera and Halophila beds 
in the intertidal areas which are fringed with 
salt marsh. A thorough investigation of the ecology 
of the estuary has been carried out by Day 

(1967). Attached plants (Zostera and Halophila) 
and phytoplankton initiated a food web terminat¬ 
ing in and including several important food and 
game fish such as the Kob (Johnius hololepi- 
dotus), the Garrick {Lithognathus lithognathus) 
and the Sea Mullet (Mugil cephalus). 

1 he Westernport Bay ecosystem bears many 
similarities to the systems described. It contains 
an extensive area of fringing mangroves and salt 
marsh swamps and also a substantial proportion 
of the Bay littoral is covered by seagrasses. Thus 
in general terms it could be suggested that the 
Westernport ecosystem will be based substantially 
on mangrove and seagrass primary production, 
and a detritus consumer link into the Bay food 
web. Perhaps a generalized ecosystem similar to 
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that diagrammatioally represented in Fig. 6 is in 
operation. Although this may describe the major 
pathways of carbon and energy there are some 
exceptions. For example, Black Swans (Cygnus 
atratus) are known to feed directly on seagrass 
by consuming the under-surface rhizomes, while 

seals, large fish and some birds may derive their 
food only partially from Westernport Bay. 

The mangroves and seagrasses have ecological 
influences additional to those described above. 
The mangroves are believed to provide roosting 
areas for birds and, together with the seagrasses, 
shelter and protection for fish, particularly juven¬ 

iles. In addition, mangroves have been found to 
stabilize the shoreline and in Westernport Bay 
have been an agent of land building (Bird 1971). 

INTERACTIONS OF MAN 
Human activities can have a significant impact 

on marine ecosystems. This can be due to direct 
removal of biological elements in the system or to 
the indirect effects of environmental modification. 

Elimination of Elements in the Ecosystem 

In 1798 when George Bass discovered Western- 
port Bay he noted the large seal colony at Seal 
Rocks and also colonies elsewhere in Bass Strait. 
Wamecke (1968) has reported that seven months 
later the first sealing vessel Nautilus left Sydney 
for Bass Strait, to return with 5,000 skins and 
several tons of oil. Later, sealers were attracted 
from all over the world, and in 1860 it is reported 
that only 100 seals remained at Seal Rocks 

fecal material 

Fig. 5—Food chain in estuarine waters in southern Florida based on mangrove detritus (adapted Odum, 1971). 

Fig. 6—A possible generalized energy flow pattern for the marine ecosystem of Westernport Bay. 
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(Warnecke 1968). This was the first noteworthy 
impact that western man made on the marine 
environment of Westernport Bay. Since that time, 
however, the seal colony has recovered and is now 
protected by legislation. 

There is little doubt that subsequent settlement, 
for example the draining of the Koo-wee-rup 
Swamp, decreased the habitat available for aquatic 
birds, and the numbers of some of these have most 
likely decreased. Habitat was probably affected 
also by the harvesting of mangroves in parts of 
the Bay for use in barilla soap manufacture. 

Another interesting effect on the marine 
environment concerns the Mud Oyster (Ostrea 
angasi). In 1860 ten oyster leases were operated 
in various parts of the Bay, from east of Observa¬ 
tion Point, Phillip Island to north of French Island 

(Anon. 1860). By the early 1900’s the industry 
had ceased to be profitable due to lack of oysters. 
Today oysters do not seem to be common and the 
reasons for their apparent failure to re-establish 
in large number are obscure. 

Fishing, hunting, dredging of channels, con¬ 
struction of harbors and many other activities 
have all led to the elimination of biota but the 
overall impact on the ecosystem is not known. 
Apart from the general concept as previously out¬ 
lined, our knowledge of the detailed community 
structure and inter-relationships of Westernport 
Bay biota is primitive. However, if the general 
scheme described diagrammatically in Fig. 6 ap¬ 
proaches the operation of the Bay ecosystem in 
reality, conservation of the primary producing 
systems may be required to maintain the aquatic 
resources of the Bay. 

Modification of the Environment 

The impact of environmental modification on 
the structure of biological communities is very 
complex. Some concept of the interactions in¬ 
volved can be obtained by considering the inter¬ 
relationships described by McErlean and Kirby 
(1972) in a small food web consisting of ten 
components (see Fig. 7A). Each horizontal set 
in the diagram indicates a different trophic level. 
Thus each component derives its food from those 
below it and the arrows indicate the specific feed¬ 
ing patterns. If the community is placed under 
stress, segments of the food web may be elimin¬ 
ated. Such stress could occur due to removal of 
habitat, pollution or over-fishing. If species Nos. 
4, 6 and 7 were eliminated the food web would 
adopt the modified form shown in Fig. 7B. Thus, 
the pattern of energy flow in the system would be 
quite different from its original form. Species 
No. 5 will be placed under the full feeding 
pressure of Species Nos. 8 and 9, rather than as 

one alternative food source amongst three species. 
The production of this species may not have the 
capacity to adjust to the new circumstances and 
so the energy flow in the whole system may be 
reduced. 

It can be seen from this example that the 
larger the number of species in an ecosystem the 
larger the number of food pathways. Thus there 
are numbers of alternative food sources available 
if some species are eliminated. Therefore, it could 
be expected that generally ecosystems of high 
diversity will have a greater capacity to absorb 
environmental stresses than simple systems. 

The waters of the Bay directly affect the life 
processes of all the plants and animals of the 
Bay ecosystem. Water-borne toxic agents may 
affect the ecosystem and operation of food chains 
in the manner previously described. But some 
toxic materials, although they may occur in sub- 
lethal or even trace concentrations, are biocumu- 
lative and may exhibit abnormally high concentra¬ 
tions in individual animals, and magnification 
through food chains. This effect has been well 
demonstrated with pesticides, heavy metals and 
certain radioactive substances (Connell 1974a). 

Thus, if the ecosystem operates as illustrated in 
Fig. 6, those biota highest in the food chain would 
be expected to contain the highest concentrations 
of any biocumulants present. The hydrocarbons 
form a slightly different class of biocumulants. 
Although these substances accumulate in the fatty 

Fig. 7—A hypothetical example of how stress can 
affect a marine food web (from McErlean 

and Kirby, 1972). 
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tissues of marine animals there has not yet been 
a convincing demonstration of magnification in 
food chains. The effects of hydrocarbons on 
marine animals are obscure, but trace hydro¬ 
carbons have caused tainting in the flesh. In some 
cases this has caused extensive damage to impor¬ 
tant fisheries (Connell 1974b). 

Previously, the possible importance of plant 
production to the maintenance of the Bay eco¬ 
system was mentioned. On the other hand exces¬ 
sive concentrations of nutrient substances in 
marine waters may result in over-production by 
the various plant communities and the develop¬ 
ment of eutrophic conditions. In marine areas 
where this condition has developed, large quanti¬ 
ties of plant detritus are produced which the 
detritus consumers cannot assimilate. Often the 
detritus stimulates bacterial activity and removal 
of dissolved oxygen from the water occurs, giving 
anaerobic conditions. Under these conditions large 
drifts of dead seagrass on beaches could be 
expected, as well as water areas where noxious 
gases, such as hydrogen sulphide, are generated. 
Thus the concentrations of nutrient substances in 
the Bay waters will have an optimum level at 
which the ecosystem is adequately maintained but 
eutrophic conditions do not develop. 

In the Thames Estuary and many other estu¬ 
aries, large quantities of organic wastes including 
sewage, food processing wastes, etc. have been 
discharged. The natural bacterial populations have 
multiplied and, in doing so, have consumed the 
dissolved oxygen in the water and anaerobic 
conditions have developed (Anon. 1964). These 
conditions occur in many Australian rivers where 
large discharges have been made (Connell 1974a). 
Such conditions could occur in Westemport Bay 
if large quantities of untreated organic wastes 
were permitted to enter the Bay waters. 

STUDIES OF WESTERNPORT BAY 

On the basis of the results obtained in other 
investigations on similar environments to Western- 
port Bay and on possible interactions of man with 
the ecosystem, a set of co-ordinated studies have 
been initiated. The tides and currents of the Bay 
are being measured as a basis for understanding 
the physical movement of substances. Also under 
investigation are the chemical characteristics of 
the waters and the manner in which nutrient 
substances, particularly nitrogen and phosphorus, 
are cycled between plants, detritus and water. 
Related to this are the investigations of primary 
productivity and the flow of carbon from primary 
production into the Bay ecosystem. As a basis for 
these investigations the seagrasses, mangroves and 
salt marsh are being mapped in detail. 

The interactions of man with the Bay system 
are being examined in investigations of coastal 
dynamics, dredging, occurrence of biocumulants 
(such as heavy metals and pesticides) and also 
bioassay studies of the effects of toxic substances 
on Bay biota. To assess the current status of the 
Bay ecosystem and provide a baseline for assess¬ 
ment ot any environmental changes, the popula¬ 
tions of benthic animals, fish, zooplankton and 
birds are being evaluated. 

CONDUCT OF MARINE 

ENVIRONMENTAL STUDIES 

The multidisciplinary nature of environmental 
studies necessitates the use of personnel with dis¬ 
ciplines ranging from the physical to biological 
sciences. In some cases such personnel are avail¬ 
able within the one institution and the study is 
carried out as part of that institution’s research 
program. This was so in the studies conducted on 
Port Valdez by the Institute of Marine Science 
(Hood et al. 1973), University of Alaska, and on 
San Francisco Bay by the University of Cali¬ 
fornia (Anon. 1966). In other cases a consortium 
of institutions may provide the range of expertise 
needed. The Chesapeake Research Consortium is 
an alliance between Johns Hopkins University, 
University of Maryland, Virginia Institute of 
Marine Science and the Smithsonian Institution. 
An environmental study of Chesapeake Bay was 
conducted by the Consortium which formed a 
Steering Committee and appointed a Principal 
Investigator (McErlean et al. 1972). The Prin¬ 
cipal Investigator co-ordinated the activities of 
almost forty research teams to arrive at a final 
result in approximately nine months. Some en¬ 
vironmental studies have been carried out by 
private consultants. For example, Kaiser Engineers 
were contracted by the State of California to carry 
out studies on San Francisco Bay (Anon. 1972). 

In environmental studies of the Columbia River, 
U.S.A. (Pruter & Alverson 1972), Waitemata 
Harbour, N.Z. (Anon. 1972-1973), Port Phillip 
Bay (Croxford et al. 1973) and a number of 

other marine areas, a combination of government 
employees, university personnel and private con¬ 

sultants were used. This would seem to be the most 
common method of conducting environmental 

studies: expertise is drawn on as appropriate. 
In the Westernport Bay Environmental Study 

knowledge and expertise have been used where 
they can be obtained. The result has been a 

combined research team including government 

employees, university personnel and private 

consultants. 



104 D. W. CONNELL 

CONCLUSIONS 

The array of investigations now in progress 
cover those aspects of the Bay ecosystem con¬ 
sidered to be important. The results should pro¬ 
vide a sound basis for environmental management 
of the area. Nevertheless, the complexity of the 
Bay ecosystem is immense. Chemical components 
in the water interact with biota, individually and 
as segments of an interdependent community. 
Superimposed on this are seasonal fluctuations 
due to changes in water temperatures, light inten¬ 
sity and water salinities caused by different water 
runoff behaviour. 

The most suitable way in which the results of 
various investigations can be integrated to form a 
comprehensive scheme is by mathematical model¬ 
ling assisted by computer techniques. Ecological 
modelling of the Westernport Bay system is now 
in progress. However, mathematical modelling of 
marine ecosystems is in its infancy and a great 
deal more progress is required before the tech¬ 
nique can become an effective management tool. 

Whatever management decisions are made con¬ 
cerning Westernport Bay, there will be a need for 
techniques to monitor the condition of the eco¬ 
system. Many methods have been suggested in¬ 
volving Indicator Species, Bioassay Techniques, 
Chemical Evaluations etc. Probably the most 
satisfactory method to document environmental 
changes is by the determination of community 
structure. A variety of mathematical measures of 
community structure are available. They can be 
applied to any segment of the biota, and currently 
population data is being obtained on zooplankton, 
benthic invertebrates, fish, birds and macrofauna 
in seagrass communities. This method has a great 
advantage in requiring no extrapolations or 
assumptions to relate the results to the ecosystem. 
The results are a direct measure of the ecosystem 
itself, which is the prime concern of management. 
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Quaternary Evolution, Morphology, and Sediment 

Distribution, Westernport Bay, Victoria 

By M. A. H. Marsden* and C. W. Mallett* 

Abstract: The complexity of Westernport Bay springs from its overall morpho¬ 
logy which is controlled mainly by bedrock distribution, the relative lack of freshwater 
and sediment input from the hinterland, the dominance of tide-driven sediment move¬ 
ment patterns, and long-term net landward transport and deposition of sediment with 
the concentration of the main tidal flats in the head of the Bay. Westernport is strictly 
an embayment, not an estuary, and differs markedly from neighbouring Port Phillip 
and many embayments elsewhere. 

Three lines of evidence portray the physical and sedimentological variability of 
Westernport Bay, namely: 
(a) its Quaternary evolution in which four phases are recognized, showing an interplay 
between tectonics, erosion, deposition and sea level changes, including evidence for 
higher Holocene sea level that at present; 
(b) the morphology of the present Bay, with the recognition of rapid variation between 
morphological units within eight major morphological systems, shown at a scale of 
1:50,000, and including: 1. Beaches, Rock platforms, 2. Salt Marsh Zone, 3. Mangrove 
Zone, 4. Inshore Marginal Sandy Zone, 5. Intertidal Flats and Banks, 6. Offshore Banks 
and Shoals, 7. Embayment Plains, 8. Tidal Channel Systems; 
(c) the distribution of bottom sediment types, shown at a scale of 1:125,000. An overall 
inward-fining sediment gradient is consistent with net landward re-working of relic 
sediment, with only minor contributions from the hinterland prior to artificial drainage. 

Both morphology and sediment distribution indicate specific bedload transport paths 
for ebb-flow and flood-flow, particularly along the channels. Landward transport also 
of suspended sediment is thought to have been responsible for the accretion of the 
very extensive intertidal sedimentation zones which occupy about 35% of the area of 
the Bay. 

INTRODUCTION 
A highlight of Westernport Bay is the greater 

complexity of its evolution, morphology, dynamics, 
and sediment movement, compared with Port 
Phillip, and many other embayments and estuaries. 
Its variability and complexity is characteristically 
matched by variability in biological and other 
features. 

Lying in a mildly tectonic region, Westernport 
is a drowned embayment, in which present-day 
processes are responding to Quaternary changes. 
The general Holocene sea-level rise, followed by 
a minor relative fall, has imposed some of the 
interacting morphological and sedimentation 
characteristics of Westernport Bay, both external 
such as the entrenched river and terrace systems, 
emergent depositional features and raised rock 
platforms, and also internal characteristics, par¬ 

ticularly the submarine topography and the pro¬ 
vision of sources of relic sediment for re-working 
within the Bay. 

Among the unusual factors controlling the 
behaviour of Westernport are: 

—Its morphology, principally controlled by 
distribution and erosion of bedrock, rather than 
by sediment-constructed features as found in more 
typical estuaries and barrier-lagoon-tidal flat 
systems. As a result, its behaviour is dominated 
by the elongate, linear channel systems which 
open through a cliffed coastline to the high wave- 
energy zone of Bass Strait, modified by the 
smaller, and younger Eastern Entrance. 

—The lack of significant fresh water and sedi¬ 
ment input from the hinterland, except from the 
Bass River, and the consequent absence of any 
significant mechanism for net outward sediment 

* Geology Department, University of Melbourne, Parkville, Victoria 3052. 
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transport. Marked sedimentation changes are now 
occurring locally, however, as a result of the 
recent artificial drainage of the Koo-wee-rup 
Swamp, and probably of forest clearing. 
—The major role of tidal currents in transporting 
sediment, and the general absence of sediment 
drive resulting from strong salinity gradients. 
Large areal differences in tidal range and veloci¬ 
ties and complex differences in ebb and flood 
movement paths control many of the sedimenta¬ 
tion patterns, with the deeper parts of the Bay 
containing the coarsest sediment. 

—The orientation of the Western Entrance and 
major arms of the Bay in relation to the dominant 
directions of wind-generated wave movements 
(essentially between 180° and 360°). 

—The availability of a range of relic and other 
sediment types and sizes, both terrigenous sedi¬ 
ment and biogenic carbonate. 

—The inward-fining sediment gradient, and the 
concentration of the major depositional zones in 
areas marginal to the channels and in the head of 
the Bay, which are consistent with net landward 

transport. 
In particular, these characteristics differ from 

Port Phillip, in which the contrasting seaward¬ 
fining sediment gradient is controlled by increas¬ 
ing depth, supply of sediment from streams, and 
the relatively low tidal range and tidal velocities 
(Beasley 1966, Bowler 1966, Link 1967). 
Westemport is a tidal embayment and lacks the 
characteristics of an estuary (Schubel 1971). 

Three lines of evidence portray the physical 
and sedimentological variability and complexity 
of Westernport Bay: 

(a) Quaternary evolution, with its interplay 
between sea-level changes, tectonics, erosion, and 

deposition. 

(b) Morphology of the present-day Bay (Fig. 
1), divisible into a large number of individual 
morphological units whose distribution and sedi¬ 
ment type are sensitive to variation in controlling 

processes. 

(c) Distribution of bottom sediment, with the 
zone boundaries for different textural types often 
extrapolated on the basis of the distribution of 
appropriate morphological units. Broad, but 
distinct net sediment transport paths are also 
delineated. 

METHODS 

Colour aerial photographs were the basis for 
the interpretation of the morphology, particularly 
for the northern half of the Bay (mainly from 
the 1973-74 Westernport Project 1106, at an 
approximate scale of 1:15,000). Basic ground 

experience for interpretation of the Quaternary 
evolution and morphological relationships was 
provided by studies involving detailed mapping 
in the southern part of the Bay, carried out by 
the Department of Geology, University of Mel¬ 
bourne, from 1970-1973 by Power (1971), 
Tickell (1971), Brennan (1972), Gray (1972), 
Walter (1973), and Walker (1973). Elsewhere, 
a limited number of ground checks has been made. 

The criteria used to delineate morphological 
units included: (a) surface textures of sediments 
such as the drainage patterns and the patterns of 
difference of relief, (b) shapes and contrasting 
elevations of sediment bodies, (c) vegetation 
cover, both uniformity of type and relative den¬ 
sity. The deeper tidal channels were identified by 
absence of light return, which also, with the 
exception of the shoal areas, prevented differ¬ 
entiation of morphological features. The photo¬ 
graphy was carried out mainly at high tide, which 
lessened the observable detail over much of the 
area. 

The morphological interpretation has been com¬ 
piled on four 1:25,000 map sheets (Marsden & 
Mallett 1974) and reduced to 1:50,000 herein 
(Fig. 2, map in back pocket). 

Approximately 200 bottom sediment samples 
were collected by a mechanical grab, mostly from 
September 1973 to March 1974, but some samples 
from the earlier studies were also incorporated. 
The majority of the 1973-1974 sample stations 
were chosen as part of the Fisheries and Wildlife 
Division Zoobenthos Survey, either by random 
selection or at intersections of the 1 km grid. 
Because of the close relationship between mor¬ 
phology and sediment type, other sediment sample 
locations were based on the morphological inter¬ 
pretation. Sample locations are shown in Fig. 7. 

For each sample, after oxidation of organic 
matter, size analysis of sand was carried out by 
sieving, and pipette analysis of the mud fraction 
was undertaken to differentiate silt and clay. 
Separation of the terrigenous and the biogenic 
carbonate fractions was not attempted. For each 
sample, sand, silt, clay, and mud (silt plus day) 
percentages were computed. Additionally, mean 
grain size, sorting, skewness and kurtosis (Folk 
1968) were calculated on data from the individual 
sand fractions plus the silt fraction, re-calculated 
to 100%. The clay fraction was omitted from the 
calculation (see later under Sediment Distribu¬ 
tion). The data was presented in detail in Marsden 
and Mallett (1974). 

Nomenclature of sediment types was based on 
relative proportions of sand, silt and clay (Shepard 
1954), (Figs. 4, 9). The sampled distribution of 
sediment types was used, in conjunction with the 
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Table 1. QUATERNARY EVOLUTION OF THE WESTERNPORT SUNKLAND. 

PHASE POSSIBLE 
TIME 

Wears B.P.) 

SEALEVEL 

(Relative] 
GENERAL GEOLOGICAL 
CONTROL OR RESPONSE 

FLUVIAL RESPONSE 
(Ba-54 River) 

AC 
? Small-scale/local 

changes in level, 

storminess etc. 

Present-day fluvial and 

coastal modifications, 

including swamp drainage and 

forest clearing. 

Deposition of modern point 
bars etc.(by reworking of 
T2 etc.) . 

PRESENT-DAY-LEVEL 

Progradation of intertidal Entrenchment into: 

AB Regressive phase 

zones. 

Abandonment of depositional and 

erosional features of high sea- 
level. 

— T2 terrace, 
— high level saltmarsh etc, 

— emergent zones of Sbi,an<j 
underlying T^. 

Abandonment of meanders. 

5000 
Holocene - - to « 

6000 
■ MAXIMUM - 1 to 2m above ■ 

present level 

• Start of rapid progradation of tm 

barriers, beach systems. 

lower Bass River. 

AA Flandrlan 
Transgression 

Swamp development. 

Drowning of relic topography and 

sediments; drainage disruption. 

Mesozoic increasingly important Deposition of T2 sediments 
sediment source. 

Lata 
Pleistocene 

16,000 

RISING Start of marine re-working of 

sediment. Some net inward 

movement, including to inter - 
tidal zone. 

Gravels, sands of Western 
Entrance sub-strate 
(older in part?). 

START OF POST-GLACIAL SEA LEVEL RISE AN V 

3 

18,000 to 
20,000 

Pleistocene 

Kosciusko 
(WUrm) 

Glaciation. 

LOW 

Possibly to — 27m. 

Erosion; sediment transported 
to beyond present shore. 

Aeolian activity. 

Minor tectonic movement -Bass, 
Almurta Faults. 

Entrenchment of T^ terrace 

General position of trunk 
tidal channels and 

embayment plains fixed. 

2 

Pleistocene 

? Last 

Interglacial 
(or earlier) . 

125,000 

HIGH? (relativelv, but 

evidence lacking for 

levels as high as at 
present). 

Extensive fluvial deposition 
(limits beyond present shore). 

Tertiary sediments (upthrown 

areas) important sediment 
source. 

Deposition of Tj^ sediments. 

Northern part of sunkland: 
-Heath Hill Silt, 
-Cardinia Sand, 

-Clays(Hastings area)? 

1 

tarty 
Pleistocene 9 LOW? (relatively!. 

Main fault movements. 

Start of erosion — stripping, 

and sediment transport to 
beyond present shore. 

Establishment of major 
drainage systems. 
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Table 1. QUATERNARY EVOLUTION OF THE WESTERNPORT SUNKLAND. 

Ill 

INSHORE MARGINAL SANDY ZONE AND OTHER ZONES 

Sedimentation Influx AA.ea Dominant Long6koA.e T-ianipcat l6olated Jn6hoA.e zone6. MARINE EROSION 

(Boaa Plain - Sbi 6heet) [Cotce6 Embaijment) 
lanckoa'id tranbpoAt, and 

A.elic 6ediment zone* 
RESPONSE 

Marine erosion of saltmarsh etc. in places 

Rock platform, cliff 

Degradation of present cutting at present 

beach ridge. level. 

7. Progradation of saltraarsh. 5. Eastward transport Progradation of saltmarsh. Successive regressive 

persisting. mangrove zones and of scalloping of South 

6. Beach ridge succession. 4. Progradation,saltmarsh isolated and embayment— Bass cliff-line etc. 
( Ri to R9 ). and mangrove. head tidal flats. 

5. Sbi sand sheet. 3. Succession of spits 
("delta progradation" (S^ S2 S3 ) and lagoons. 

offshore). 2. Sand "sheet" 

RegA.z66i.ve ^ RegAe66ive A 
' and pAogAadino 1- 

Isolated beach deposits. 
Opening of Eastern 
Entrance. 

4. Sbi sand sheet. beach ridge, saltmarsh 
1. Beach ridge development. deposits etc. at high Cutting of high-level 

3. Oldest beach ridge (R0). 
Isolation of Rhyll Swamp, 

level, (e.g. northern 

Phillip Island and French 

rock platforms,cliffs. 

2. Transgressive marine Is land). 
shell bed. 

1. Swamp clays, (more extens- Drowning of Cranbourne 
ive in north - Kooweerup 

Peaty Clay and Dalmore 
Possible transgressive 
basal sediments? 

Sand areas, northwestern 
part of bay. Development of Cowes 

Clay). Embayment ( now 

1 ?Intertidal, swamp etc. largely filled). 

Tiam>gAe66ive 1 
deposits of transgressive 
phase. 

Start of erosional 
shoreline development. 

PRESENT — V A y M A 1 J N E CYCLE IN 0/ E S T E R N PORT 8/ \ Y 

(Cranbourne Sand and 
associated aeolian 

topography). 

(Possible cliff dev¬ 

elopment at some 
stage for Holocene 

re-occupation). 
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Morphology of the Bass Plain and Delta 
(oft*r Ticktll, 1971) 

* y 4u k 
. w 

/ L jf . . • / ‘ Saltmarsh deposits (and mangroves) [j£""[ 
/* * fy * • / , Salt marsh - abandoned 

« ES2 

• • * if • P 

• * > 

Beach ridges (R^.g) sm 
R5 '/R3 tr 

f. • a • R2 y 
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^Ri Inner Sandy Zone - Bass Delta(Sbi) 
and emergent equivalent 

ESI 
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Ti flood plain (high) ns 

Vh Baxter Formation (Tertiary) cs 

r Jr /s ** 

Basalt l Early Tertiary) m 

KM 1 

bn i—l r-i~F=n 

South 
B<Js5 

Fig. 3a—Morphology of the Bass Plain and Delta. 
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distribution of morphological units, to construct 
a generalized interpretative map of the distribution 
0f sediment types within Westernport Bay, given 
at a scale of 1:50,000 in Marsden and Mallett 
q974) and included herein at a scale of 
U 125,000 (Fig. 7). This must regarded as a 
preliminary interpretation in the light of the need 
f0r close sampling in such a varied system. 

QUATERNARY evolution 

INTRODUCTION 

Morphology, bathymetry and sediment distribu¬ 
tion in Westernport Bay are partly functions of 

the drowning of pre-existing topography by sea- 
level rise from the end of the Pleistocene and 
during the Holocene, followed by a relatively 
minor, recent fall of 1 to 2 m. Valuable descrip¬ 
tions of many of the onshore and littoral physio¬ 
graphic features of the sunkland have been given 
by Hills (1942), Keble (1950) and Jenkin 
(1962). A need exists for a comprehensive his¬ 
toric framework relating these to the complex 
Quaternary history of the Westernport Sunkland, 
without which the interpretation of present-day 
features and processes is limited. 

The generalized and tentative framework pre¬ 
sented in Table 1 is based largely on work carried 

Fig. 3b—Cross-sections of the Bass Plain and Delta. Legend as for Fig. 3a. 
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out by the Geology Department in the south¬ 
eastern part of the Westernport Sunkland. This 
region was chosen as it provides important evi¬ 
dence of sea-level changes (tectonic or glacio- 
eustatic), the Bass River system in particular 
demonstrating the link between a succession of 
fluviatile floodplain terrace deposits, and Holo¬ 
cene erosion and marine sedimentation sequences. 
Correlations beyond the Westernport region have 
not been attempted. 

Four phases of Quaternary history are recog¬ 
nized, the elapsed time between which may have 
been substantial, and possibly unrepresented in 
the sequence as known at this stage. The Pleisto¬ 
cene succession is little known, marine deposits 
being notably either absent or not yet recognized. 

The Bass succession (Figs. 3a, b) serves as an 
introduction to the Quaternary history of Western- 
port: 

Phase 1. Faulting and drainage initiation: down¬ 
cutting of the sunkland drainage systems, possibly 
during relatively low sea level (? Early Pleisto¬ 
cene) . 

Phase 2. Extensive fluviatile deposition: Pleisto¬ 
cene deposition of the extensive Bass River flood- 
plain (Tj), possibly partly in response to a 
relatively higher sea level (perhaps the last 
Interglacial). 

Phase 3. Erosion: entrenchment by Bass River 
into the higher terrace Tlt at a time of low sea 
level, possibly correlated with the Kosciusko 
(Wurm) Glaciation. 
Phase 4. Holocene marine phase: rising but fluc¬ 
tuating sea level. 

4a. Rising sea level and progressive drowning 
of the Bay (?18,000 years B.P. [Late Pleistocene] 
to 5000-6000 years B.P.), deposition of fluvial 
sediments (T2) in the entrenched valley; trans¬ 
gression of marine sediments over the old T2 
surface (Bass Plain). 

4b. Fall of sea level from maximum to present 
level (?since 5000-6000 years B.P.), entrench¬ 
ment by the Bass River into the lower terrace 
T2, progressive retreat of the shoreline to its 
present position. 

4c. Present-day small adjustments of either 
sea level, climate, etc., often local. 

Migration of shoreline and marginal marine 
zones and onshore responses have provided the 
data for Table 1, in which sea level fluctuations 
and geological factors are correlated with marine 
erosion, with fluvial response (Bass River), and 
with the response of beach and intertidal zones, 
particularly the Inshore Marginal Sandy Zone 
(Fig. 1). Evolution of variants of the latter may 
also be correlated as firstly a sediment influx zone 

(Bass delta area), secondly a zone of dominant 
long-shore drift (the Nits-Rhyll Swamp-Cowes 
Bank), and thirdly isolated inshore zones, tidal 
flats, and zones of relic sediment. 

Strict time-equivalence across the columns of 
Table 1, and strict upward sequence, is not always 
implied. Correlations are necessarily broad. The 
Table underlines many unresolved questions: data 
from both surface and sub-surface sediments, con¬ 
trolled by radiometric dating, is required to relate 
satisfactorily sea level, tectonic, erosional, fluvial 
and marine successions. 

Phase 1: MAJOR FAULTING AND INITIATION 
OF DRAINAGE SYSTEMS OF THE 
WESTERNPORT SUNKLAND 

Following deposition of the Baxter Formation, 
towards the end of the Tertiary much of the 
region was presumably of low relief and relatively 
flat. Generally, the Sunkland development has 
been controlled tectonically, by movements along 
rejuvenated major bounding faults, and on faults, 
regarded as early Pleistocene or late Tertiary in 
age, within the Sunkland itself. Younger, if only 
relatively minor, tectonic movements and seismi¬ 
city have also been recorded in the region up to 
the present day (Underwood 1972, Bishop & 
Cresswell 1972). The main movements produced 
the relief for establishment of the major drainage 
systems, and structural control of the drainage pat¬ 
terns and other physiographic features (Spencer- 
Jones et al. 1975). 

The present Bass River, the largest natural 
influx into the Bay, is structurally controlled. 
It runs generally northwesterly in its headwaters 
reach on the upthrown block of the Bass Fault, 
but after crossing the Almurta Fault at Loch, its 
sharp deflection to a southwesterly course has 
been dictated by the line of the Bass Fault. Until 
Glen Forbes, it is restricted within a narrow plain 
cut between the Heath Hill and Almurta Blocks. 
As the relief of the Heath Hill Block fades away 
southwesterly, a further distinct wide reach up to 
7 km wide is developed from Glen Forbes to Bass. 
Between Bass and the river mouth (Fig. 3a), two 
distinct reaches occur: a zone of large, partly- 
abandoned meanders, then the Bass delta. The 
early Quaternary Bass River however undoubtedly 
continued in a broad valley further west beyond 
the present mouth, to join other systems draining 
the region through the present Western Entrance. 
Although sea level must have been relatively low, 
no link with any glacial low-level has yet been 
shown; the extent of tectonic uplift is also un¬ 
known. Significant volumes of both fine and coarse 
sediments, probably composed mainly of reworked 
Baxter Formation, were transported into the areas 
now occupied by the main tidal channels, the 
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Western Entrance and the offshore areas of Bass 
Strait. 

Phase 2: EXTENSIVE FLUVIATILE DEPOSITION 
—RELATIVELY HIGH SEA LEVEL 

The Bass River T1 sediments are now overlain 
by Holocene fluvial and marine sediments and 
are therefore regarded as Pleistocene. In the 
simplest view, they could be correlated with 
higher sea levels of the last Interglacial (125,000 
years B.P.) but there is no real basis for this. 
Elsewhere in Victoria, Jenkin (1968) has indi¬ 
cated sea levels of up to 15 m higher than at 
present, but no evidence for such higher levels is 
known in the Bass area. On the contrary, the 
fluvial Tj deposits extend beneath the Inshore 
Marginal Sandy Zone (Sbi) sediments of the Bass 
delta (Figs. 3a, b) and appear to form the morpho¬ 
logical base for the present East Arm Embayment 
Plain (Fig. 1). 

A thickness of up to 15 m of sediments was 
deposited as an extensive flood plain, under con¬ 
ditions of greater stream discharge than at present. 
Where their base is seen, they lie on an erosion 
surface cut in Mesozoic sediments. However, the 
sequence was derived mainly from erosion of 
Baxter Formation sediments, and only minor 
remnants of these now remain on the upthrown 
fault blocks. Contributions from Mesozoic sources 
were relatively minor. Source is indicated by the 
textural characteristics of the Tx sediments (Fig. 
4). In composition, the Tx lithologies are essen¬ 
tially quartz-clay mixtures, reflected in the dom¬ 
inant size types which are clay, silty clay, and 
sand-silt-clay, but ranging to gravel and sand. 
They are poorly sorted, typically comprising up 
to 25-30% sand with clay:silt ratios of 2:1. Silt 
is often not significant. Clear granitic (and other) 
quartz characteristics of Tertiary sediments gene¬ 
rally forms 90% of the sand-size material, with 
only minor feldspar (usually less than 5%) and 
rare lithic fragments of Mesozoic sediments. The 
sediments are well-bedded, variable, well-consoli¬ 
dated and often mottled, with unlaminated grey 
clay the most common lithology. They appear to 
be overbank deposits with lesser channel and point 
bar deposits, suggesting by-passing of the coarser 
sediment load by down-channel transportation, 
beyond the present shore. 

Although the Tx samples show a broad scatter, 
a number of those which plot in the general field 
of T2 (Fig. 4) were taken from localities near the 
headwaters of the Bass River. Their textural simi¬ 
larity to To sediments is probably due to their 
deposition after exposure of Mesozoic source 
rocks, followed by downcutting and headward 
erosion. 

Fluviatile deposition, probably contemporan¬ 
eous, occurred elsewhere in the Westernport 
Sunkland. Jenkin (1962) regarded the Cardinia 
Sand as fluviatile channel and levee deposits asso¬ 
ciated with alluvial fan and floodplain deposits of 
streams from the northern highland areas and 
brought down to the Koo-wee-rup Basin-Lang 
Lang area. Thompson (1974) has shown that 
silty clays and silty sands (with occasional gravel 
layers) of the Heath Hill Silt form an extensive, 
continuous sheet between 15 and 45 m thick. 
This extends from the Heath Hill area westwards 
across the Koo-wee-rup plain, where the sediments 
tend to become more clay-rich. It is regarded as 
originating from widespread and possibly pro¬ 
longed deposition from the major fluviatile systems 
of the northern part of the Sunkland, which were 
cut mainly into Baxter Formation but occasionally 
into the Older Volcanics. Deposition occurred 
both in the incised marginal valleys of restricted 
width, and also over the more extensive areas of 
coalesced floodplains. 

A widespread sheet up to 6 m thick of grey 
clays and sandy clays occurs northwards from 
Stony Point, both offshore in the North Arm, and 
also onshore, especially near Hastings and as far 
north as Watsons Inlet. Its relationships and age 
are unknown but the clays may be essentially 
lacustrine and broadly equivalent to the Heath Hill 
Silt (Barton 1974). 

Phase 3: EROSION—RELATIVELY LOW 
SEA LEVEL 

Entrenchment of a valley into the Tj floodplain 

CLAY 100% 

Fig. 4—Textural composition of the Ti and T2 
sediments of the Bass River. 
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occurred before Holocene deposition. It is reason¬ 
able to relate this to the immediately previous 
sea-level fall during the Kosciusko (Wiirm) 
Glaciation (maximum—18,000 to 20,000 years 
B.P.), but again, no real evidence of the date of 
entrenchment exists. Tectonic factors also cannot 
be discounted, and have probably been at least 
locally important throughout the Quaternary, as 
indicated in the profile of the Tx terrace between 
the Bass and Almurta Faults. Here, the T1 surface 
increases in height by about 5 m relative to both 
the surface of T<2 and to river level, suggesting 
uplift and/or warping of the Almurta Block some 
time before deposition of To. 

The valley entrenched into T1 was relatively 
narrow, averaging 100 m in width and about 8 
to 10 m in depth. The composition of the later 
filling (To) is distinctly different, indicating that 
the eroded Tt material was moved further out 
into the Sunkland. The floor of the East Arm 
Embayment Plain, although somewhat modified, 
by younger sediments, also shows some entrench¬ 
ment (Fig. 2), indicating that sea level was lower 
than the outer edge of the embayment plain. 

Other detritus was also transported into outer 
areas of Westemport Bay and beyond, available 
for subsequent re-working, including fine sediment 
from the Mesozoic, and quartz and clay from 
Tertiary (Baxter Formation) sedimentary rocks. 
From the nearby flanking areas of Older Vol- 
canics, both clays and fine and coarse basalt rock 
fragments would have been transported down 

relatively short, steep paths into the main chan¬ 
nels, the Western Entrance and along the present 
Bass Strait coast. Thus prior to the present-day 

(Holocene) sedimentation cycle, a diverse relic 
sediment population, both in composition and 
texture, could be expected on the exposed walls 
and floor. Accompanying weathering of the 
flanking bedrock areas also developed potential 

sedimentary material. 

During this low sea-level phase, the irregular 
aeolian sand ridges and sheets of the Cranbourne 
Sand were formed in the north of the Sunkland, 
possibly by re-working of Baxter Formation by 
both wind and water. A well-defined belt runs 
from Frankston to the northern shores of the Bay 
near Quail Island, and other occurrences are 
found on the northwestern part of French Island, 
and also near Lang Lang. Connection probably 
existed across the low-lying northwestern corner 
of the Bay, from the Quail Island area to French 
Island. Hills (1942) suggested that the aeolian 
activity reflected aridity, but interpretation is 
hampered by the diachronous nature of the sands. 
Some of the sheet-like areas near Wameet, for 

example, are very young, being re-distributed over 
Holocene swamp deposits (Cass 1973). 

Phase 4: HOLOCENE MARINE PHASE—RISING 
BUT FLUCTUATING SEA LEVEL 

This is the modern marine cycle in Western- 
port Bay, throughout which a complex continuum 
of processes has been operative to the present day. 
It has been arbitrarily divided into (4A) a period 
of sea-level rise (Flandrian Transgression), (4B) 
high sea level followed by a minor sea-level fall, 
and (4C) present-day small-scale variations, modi¬ 
fying the morphology and sediment distributions. 

On evidence from elsewhere (Gill 1971) the 
post-glacial Flandrian Transgression started from 
18,000 years B.P. near the end of the Pleistocene, 
and occurred fairly rapidly to its maximum about 
6000 years B.P., which in Westemport Bay was 
1 to 2 m above present HWM. In such a closely 
faulted area, height consistency of the residual 
evidence is not likely to be found. 

4A—Rising Sea Level and Progressive 

Drowning of the Bay 

Drowning of the actual Bay through the West¬ 
ern Entrance started about 10,000 years B.P., and 
shaping of the main channels by tidal scour began 
immediately. Decline in fluvial activity allowed 
progressive winnowing and differentiation of relic 
and weathered material, particularly by net land¬ 
ward transport of finer fractions. Lithologies such 
as the pebble and cobble conglomerates, now 
found by coring in the channel substrate, may 
therefore have various origins, but are probably 
mainly fluviatile and therefore at least 10,000 to 
15,000 years old (Spencer-Jones et al. 1975). 
The present sediment distribution, with its overall 
landward-fining gradient, has its basis in processes 
operative from this time. 

(i) Drowning of Relic Topography and Erosion 

Modification of the sub-strate morphology 
occurred during sea-level rise. As well as debris 
stripping, some rocky features undoubtedly de¬ 
veloped which have since been drowned. The 
development of the present rocky coastline is 
referred to later. 

Inlets marginal to the main tidal channels now 
started to develop their final morphology, which, 
together with their aspect, controls the nature of 
their subsequent sedimentary filling. Along the 
northern coast of Phillip Island for example, 
erosion resulted in inlets, backed by cliffs and 
platforms. Churchill Inlet between Rhyll and 
Newhaven developed a broad gently-shelving 
sheltered floor where clayey sediments accumu¬ 
lated. In contrast Cowes Embayment between 
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Cowes and Rhyll (Fig. 5b) must have been 
relatively deeply cut and is now filled with sand. 
A seismic refraction survey conducted by the 
geophysics group of the Geology Department 
(Fig. 5a), showed that the depth to the substrate 
(?01der Volcanics) increases relatively rapidly 
northwards, from near zero to about 20 m near 
the present coast, over a distance of little more 
than 1 km (L. Thomas, pers. comm.). 

Many marginal areas of Westernport were of 
low relief and low gradient, and underpinned by 
rocks of relatively low erosion resistance. Here 
the morphological effects of sea-level rise were 
variable and generally cliff and platform cutting 
less important, particularly in the inner embay- 
ment-head areas. 

Drowning of parts of the aeolian Cranboume 
Sand areas occurred at this time, developing large 
inlets in the northwestern segment of the Bay and 
supplying unconsolidated relic sand. 

Extensive Holocene swamp development also 
occurred, in valleys leading to the coastal plain 
areas, and especially in the northern part of the 
Sunkland (Koo-wee-rup Swamp). The latter must 
owe its origin and maintenance mainly to the 
effect of rising sea level on the water table levels, 
although climatic ohange (Hills 1942) and tectonic 
tilting (Jenkin 1962) have also been invoked. 

Drowning of the low-gradient East Arm Em¬ 
bayment Plain probably occurred rapidly as soon 
as rising sea level attained its outer rim, partly 
accounting for the relative lack of sandy sediment 
within the embayment plain area itself. Sands 
Started to develop only at or near the time of 
high sea level, presumably after the position of 
the Inshore Marginal Sandy Zone had become 
relatively stabilized. The initial development of 
the main cliff-line forming the southern margin 
Of the Bass Plain (South Bass cliff) probably 
Occurred at this stage, together with some slight 
marine erosion of the inundated margin of the 
Tx surface (Fig. 3b). 

(ii) Fluvial and Inshore Zone Response—Bass 

Plain Area 

In most marginal areas of Westernport few 
effects of sea-level rise are now apparent. The 
importance of the Bass Plain region lies firstly, 
in the presence of Holocene intertidal and beaoh 
sediments related to both rise and subsequent fall 
of sea level, and secondly, in linking these with 
contemporaneous onshore processes, including 
fluviatile deposition of the T2 terrace (Figs. 3a, b). 

Phase 3 entrenchment of the T1 terrace pro¬ 
duced a lower, relatively narrow valley, with a 
maximum width of 200 m decreasing to 80 m in 

the upper reaches. The infilling Holocene T2 
deposits lie on T1 material or occasionally on 
Mesozoic rocks. They contrast strongly with the 
Tl sediments in being much more homogeneous 
and unconsolidated. Light brown to grey sands 
and muddy sands occur mainly as point bar and 
channel deposits within the restricted flood plain, 
indicating that most of the suspended load was 
carried down-stream, to the outer Bass delta 
(Sbo—Fig. 2), to the East Arm Embayment Plain 
and to other offshore areas. Rare overbank deposi¬ 
tion on to the surface of Tx occurs during major 
floods at the present day, possibly from increased 
run-off following forest-clearing. 

Compared with the sediments of T2, the muddy 
and silty sands of T2 are texturally more uniform 
with distinctly less fine material, particularly the 
clay-size fraction. They contain between 50% to 
85% sand, and the clay:silt ratio ranges typically 
from 2:1 to 1:1. The textural fields of T1 and T2 
sediments are quite distinct (Fig. 4). The sands 
are typically fine to very fine with the mean size 
(based on sand and silt fractions) in the range of 
0 070 to 0140 mm. Although coarser on the 
average than Tx sediments (mean sizes typically 
about 0 040 mm), their lack of gravel and coarse 
to very coarse sand is more pronounced. Com¬ 
positional ly they are distinguished by lower per¬ 
centages of clay minerals, a sand fraction with 
distinctly more feldspar (15-30%), more grey 
lithic fragments of the Mesozoic sandstones (up 
to 5%) and mudstones. Correspondingly the 
quartz content of the sand fraction is lower 
(about 70-75%), and this distinguishes the T2 
sediments. These contrasts strongly indicate a 
marked increase in supply from the Mesozoic 
bedrock relative to Tertiary sediments, due partly 
to the earlier stripping of the upthrown fault 
blocks. The young hillwash material and the 
limited alluvial fans and aprons derived from 
the Mesozoic (Spencer-Jones et al. 1975) have 
similar compositions but are less differentiated by 
transport processes. 

The marine sequence (Figs. 3a, b) was de¬ 
posited on the slightly-eroded, shelving Tj surface 
(or partly on grey swamp(?) clays overlying Tt 
formed in response to rising sea level). The on¬ 
shore part of the marine sequence is thin and 
wedges out about 1 to 1-5 km inland. The lowest 
unit is a sandy coquina (shell bed) about 15 to 
30 cm thick, found offshore and also extensively 
onshore, north and south of the Bass River, at a 
depth of about 1-2 m. It contains well-packed 
bivalve shells, some 15% of which are still paired, 
together with lesser numbers of gasteropods, in a 
matrix of sand typical of that of the present-day 
offshore Sbi zone. Anadara trapezia is common. 
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Tidal and wave action in the intertidal zone during 
transgression over a cohesive substrate appears to 
have been the mechanism for the concentration 
and spreading of the shells, many of which have 
not been transported far. 

Landward migration of the Inshore Marginal 
Sandy Zone with rising sea level deposited a thin 
sand sheet which, near its shoreward transgressive 
limit, has over-ridden the oldest (R^) of a pre¬ 
served succession of sand and gravel beach ridges. 
The majority of these overlie the sand sheet and 
hence belong to the subsequent regressive sea-level 
phase. Continuity of the sand sheet with the 
present-day Bass delta influx deposits {Sbi) shows 
that it owes its origin to both the transgressive 
and regressive phases. However, no structural or 
lithological distinction between the two phases 
can be made within the sheet, which is a homo¬ 
geneous sand showing no bedding or other struc¬ 
tures. These characteristics result from slow 
deposition combined with continuous re-woricing 
and bioturbation in the shallow intertidal zone. 

At the time of deposition the offshore Sbi sands 
and the fluvial T2 sediments were in physical 
continuity. The genetic relation of the sand (Sbi) 
to the To sands of the Bass River is shown by 
their very similar grain size distributions and 
virtually identical median grain size (in the fine 
sand range, approximately 013 mm). The only 
minor textural differences are those to be expected 
of typical To sediment subjected to winnowing in 
the intertidal zone, which would include clay 
removal (sand content of Sbi averages 90-95%), 
and very good sorting values. Compositional 
similarity to T2 sediment is even more striking: 
typically 75% quartz, 10-20% feldspar and 5% 
lithic fragments of Mesozoic rocks. Although most 
of the feldspar is derived from the Mesozoic 
source area, the presence of small amounts of 
microcline in the modern Sbi sediments hints at a 
possible contribution from the Woolamai Granite 
through the Eastern Entrance. 

4B—High Sea Level, and Subsequent Fall 

(i) Evidence for Higher Sea Level 

Evidence for mid-Holocene high sea level occurs 
widely in Westemport, and indicates a maximum 
height above present high-water level of about 
1 ‘5-2 m. When dating becomes available, apparent 
height variations between localities may be re¬ 
solved as time-dependent. However, in Western- 
port heights may have been influenced by tectonic 
activity and also by regional sea-1 evelf all. The 
time of maximum sea level is taken as 5000-6000 
years B.P. (Gill 1971). 

The time of the opening of the Eastern En¬ 
trance is unknown but must have been at or near 

high sea level, as the elevation of its original floor 
was well above that of much of the adjacent floor 
of Westernport. The relative youth of the entrance 
is further attested by its narrowness despite strong 
tidal scour. Detectable changes in the configura¬ 
tion of the channel occurred between the time of 
the surveys for the old and new bridges across 
The Narrows (1910 to 1963), and scour by 
coarse gravels has been observed in some of the 
deep parts of the channel (Ollier & Bowler 1963). 
The sharp truncation of the clay-rich Churchill 
Tidal Flats by channels and bars of the small, 
sand flood-delta, which is relatively newly- 
developed inside The Narrows, provides longer- 
term evidence. Breaching is thought (Edwards 
1942) to have been assisted by marine back- 
cutting from Bass Strait from the line of the 
Kongwak Fault, developing the entrance along 
a short valley running south from the San Remo 
Horst. The Woolamai Granite was left as residual, 
as its rate of northward retreat was relatively low. 

Other marine erosion evidence for the position of 
high sea level includes discontinuous but extensive 
stranded cliff lines with bases from 1 to 2 m above 
present high-water mark, often with associated 
abandoned sediments. (South Bass, Churchill 
Inlet, Cowes Embayment, French Island—Figs. 
1, 3, 5). A number of rock platforms lying 
between 0-7 and 1-5 m above present platforms 
have been cut into the cliffs. Some have pebble 
and cobble gravels and sands comparable to the 
sediments on modern platforms. Shell material 
may also occur, such as at Chambers Point south 
of Rhyll, where Anadara trapezia and Magellania 
sp. are commonly included. 

Present-day stranded rocky coastline features 
of Westernport are possibly due to the rejuvena¬ 
tion of earlier features developed during previous 
Quaternary high sea-level phases. Most of the 
cliffs and platforms at or above present sea level 
are cut into Older Volcanics. Despite their general 
resistance to retreat, these may be able to develop 
a steep profile rapidly, particularly where deep 
weathering or tuffaceous zones occur, as they 
frequently do along parts of southeastern Western- 
port Bay. That rapid marine cutting can occur is 
indicated by the remnant features, developed both 
at high sea level and during successive stages of 
late Holocene retreat (South Bass Cliff). Exten¬ 
sive modern platforms below the raised platforms 
also appear to have been cut rapidly. Cliff-lines 
protected from marine erosion by later Holocene 
deposition have been modified by mass-wasting, 
but others, such as those west of Rhyll, are still 
undergoing marine attack. 

A variety of small, scattered, abandoned marine 
deposits (Figs. 1, 5) is associated with the aban- 
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doned cliffs behind the Cowes Embayment and 
Churchill Inlet. These include sandy, gravelly 
beach ridges of similar lithologies to the stranded 
ridges on the Bass Plain described below, and 
ribbon-like stranded sand and shelly beach de¬ 
posits. Many of these are now marked by stands 
of Melaleuca sp. Abandoned salt marsh clays, etc. 
are found up to 0 4 m above present level, and 
sand ridges possibly represent old strand-lines. 

(ii) Fluvial, Inshore Marginal Sandy Zone and 

Other Marine Response 

Marine deposition from mid-Holocene high sea 
level to the present-day is marked by a variety of 
progressively abandoned near-shore and coastal 
deposits, and also by progradation of salt marsh, 
piangrove and tidal flats, varying according to 
local factors of energy, sediment supply and 
xnorphology. 

The Inshore Marginal Sandy Zone showed 
various responses. The Bass Plain region was a 
low-gradient area of relatively low sediment influx 
vvith which was associated a fluvial response. In 
contrast, plentiful sediment supply allowed rapid 
deposition of a sandy substrate on shelving floors, 
culminating in the build-up and progradation of 
larger barrier, beach, and lagoon complexes. This 
is seen at Stockyard Point (south of Lang Lang 
Jetty), the Sandy Point-Middle Bank complex, 
and is well illustrated by the evolution of the 
area of the Cowes Embayment (Rhyll Swamp- 
The Nits-Cowes Bank). 

(a) Fluvial, and Sediment Influx Response— 

Bass Plain Area 

The Bass region shows both marine and fluvial 
response to fall of sea level: cliff-erosion and 
associated successively lower isolated beach ridges 
lying on the regressive intertidal Sbi sheet, and 
entrenchment by the Bass River into the pro¬ 
gressively emergent part of the Sbi Sand sheet, 
and into the T2 terrace (Figs. 3a, b). 

Regression of the Inshore Marginal Sandy Zone 
and progradation of the Bass delta accounted for 
the final development of the onshore part of the 
Sbi sand sheet, the origin and characteristics of 
which have already been discussed. Beach ridge 
(R,) with its base 1*7 m above present high- 
water level marks the landward limit of trans¬ 
gression. It overlies the oldest known beach ridge 
(R0) and is followed by a succession of regressive 

beach ridges. In the southern part of the Bass 
Plain there are at least nine (Rt_9) narrow, 
relatively continuous ridges with few bifurcations. 
Rather than fanning from a single point, they 
show a striking coincidence with the succession 
of scalloped knicks developed in the otherwise 

continuous South Bass cliff-line, suggesting both 
rapid erosion, and the possibility of a series of still 
stands. In contrast beach ridges in the northern 
area are not as extensive, and possibly represent 
a coalesced sequence. The reasons for the different 
morphologies are not clear; possibly both orienta¬ 
tion with respect to wind and waves, and also 
differences in surface gradient of the sand sheet 
may be factors. 

Sediment forming the present-day beach ridge 
(R9) is transported essentially by wave-generated 
longshore movement from the nearby flanking 
headlands and cliffs. These are areas of basalt and 
Tertiary sediments. The sediment is hence rich 
in limonitic and basaltic gravel (up to 40%). 
The modern Sbi intertidal sands contain very little 
gravel, which indicates a lack of off-shore sources. 
Shell carbonate also is a conspicuous component 
of the present-day beach ridges, together with a 
typical quartzose matrix of medium sand, admixed 
from the Sbi sand. Although texturally poorly 
sorted, the ridge sediments contain less than 1% 
material finer than sand. The older beach ridges 
are relatively cemented and leached of carbonate, 
but have the same lithology, and presumably the 
same genesis, as R9. 

When developed, the typical zonation associated 
with the modern ridges includes an offshore zone 
of mangroves and a landward belt of salt marsh 
peat and clay (Fig. 2). Peats and peaty clays are 
found to 1 m thick behind the present-day beach 
ridge, but erosion and man-made drainage changes 
obscure the original distribution of salt marsh. 
Only occasional older salt marsh remnants are 
found associated with the stranded ridges, the 
grey clay beneath ridge R3 being an example. 
North of the Bass River, an extensive area of 
older peat lies 0 6 m above the present salt marsh 
level, and behind this are beach ridges which are 
still older. 

Other entrenchment phenomena are seen in the 
area of the Bass River. The original physical con¬ 
tinuity of the marine sand sheet (Sbi) and the T2 
terrace has been disrupted by entrenchment and 
lateral cutting. The main river channel has re¬ 
moved some of the emergent part of the Sbi sheet 
and exposed the underlying substrate. Upstream, 
as far as Bass, a well-developed field of large- 
amplitude meanders shows tidal influence. The 
most landward of these are at higher level and 
abandoned, and locally, flights of up to four 
distinct terraces indicate rejuvenation accompany¬ 
ing falling sea level (Fig. 3). The marked widen¬ 
ing of the meander belt downstream reflects the 
passage from a zone of entrenchment into erosion- 
resistant grey clay Tt substrate, to a zone of 
widespread, thicker Sbi sands. The extensive area 
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of low-lying salt marsh, etc. just north of the 
channel developed after entrenchment. 

Entrenchment into the T2 terrace also took 

place in all reaches of the Bass River upstream 
from Bass, to a depth typically of 4-5 m, locally 
up to 7 m (Fig. 3; Fig. 1 shows location of 
section NPR). Although modem point bar de¬ 
position occurs at or just above river level, the 
prograding Bass delta (Sbi) has been the main 
depositional area for the influx of re-worked T2 
sediment. 

(b) Dominant Longshore Transport— 
Cowes Embayment 

The initial open embayment, between Cowes 
and Rhyll, shelved seawards backed by an 
erosional coastline. An earlier transgressive sand 
sheet may have been developed by the time of 
high sea level, but no evidence for this is yet 
available. During sea-level fall, rapid sediment 
supply, mainly by west-to-east longshore move¬ 
ment has caused progradation of about 1-2 km, 
building a wedge-like body of sand whose thick¬ 
ness increases outwards to about 20 m beneath 
the present shoreline. Continuation to the present- 
day of this eastward transport gives significance 
to the evolution of the complex (Figs. 5a, b). 

The exact landward limit of marine conditions 
at the time of high sea level is unknown. Breaks 
in the original inner cliff-line opened landward to 
low-lying areas, presumably small valleys or 
swamps, which were subsequently closed by beach 
ridge systems. The isolation of the Rhyll Swamp 
thus was an early result of the formation of the 
largest of these high sea-level ridges. This ridge 
is a complex of gravelly sand, about 2-5 m high, 
broadening from 100 m to 400 m in width, and 

with a distinct pattern of smaller ridges fanning 
from a point near its eastern extremity. This 
pattern could be interpreted as the result of 
east-to-west longshore movement and therefore of 
energy conditions very different from those of the 
present. Alternatively it may simply reflect dom¬ 
inant onshore wave action whose refraction 
patterns changed as a result of progradation and 
progressive erosion-retreat of the headland and 
adjacent cliffs and platforms at the eastern end. 

Whichever, there is no evidence for west-to-east 
transport, leading to speculation that subsequent 
persistent eastward transport may be partly related 
to the opening of the Eastern Entrance at or about 
high sea-level time. 

The major regressive sedimentation phase de- 

Morpholoqy of Rhyll Swamp-The Nits-Cowes Bank. 
(after Walker, 1973. Walter. 1973) 

a/ \ < Observation P$'s 
I. . ---- 
J Nits 

° o 
o° o 

m 

Cowes Bank (offshore), with bedforms. 

Rock platforms and upper intertidal 
zone 

Saltmarsh and mangrove 

Alluvium and swamp deposits 

Spit and dune complex 

Sand sheet 

Beach ridges 

Raised platform etc 

Sands, clays (Baxter Formation) 

Basalt (Early Tertiary) 

Rhyll Arkose (Lower Cretaceous) Line of seismic survey 

Fig. 5a—Morphology of Rhyll Swamp, The Nits, Cowes Bank. 
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veloped a succession of three eastward-prograded 
sand spits (Sx, S2, S3) which radiate from a head¬ 
land near Cowes. A corresponding succession of 
tidal inlets or lagoons developed. These were 
probably shallow, as it seems unlikely that the 
spits developed as isolated features in deep water. 
An offshore subtidal sand sheet (analogous to the 
Cowes Bank lying offshore from the present-day 
spit, S3) may have been the base for spit pro¬ 
gradation, thus progressively forming the floors 
of the lagoons. Rapid sediment supply and con¬ 
struction of each of the spits occurred at or near 
the sea level of the particular time. Although 
there is a fall in elevation of 1-2 m from south 
to north, from the inner, oldest beach ridges to 
present high-water level, the exact relation of the 
individual spits to their contemporary sea levels, 
or to possible still-stands is not known. All the 
spits show a variety of superficial, local aeolian 
accumulation and deflation features. 

The oldest spit (Sx) is 3*2 km long and up to 
5 m high. It is notable for a number of closely- 
spaced, small, sub-parallel ridges developed from 
its inner, southern flank across the surface of the 

innermost part of the sand sheet. Their regularity 
and their high angle (about 60°) to the line of 
the spit cast doubt on their origin as re-curves or 
wave-refraction structures. The closest modern 
analogy, on morphology alone, may be the sand- 
wave bedforms on the present Cowes Bank, which 
are thought to be due to wave action combined 
with a net eastward flood-tide dominance. 

Both the second (S2) and third and largest 
(S3 or Observation Point Spit), show typical re¬ 
curves. The former spit is 2-5 km long, and the 
latter 5 km long and up to 5 m above high-water 
level, but showing short-term variations at its 
distal end through historic time. The Observation 
Point Spit more or less connects and smooths the 
coastline between the headland at Cowes and the 
rocky cliffed headland west of Rhyll. 

The succession of tidal inlets thus formed shows 
progressive mangrove, salt-marsh, and fresh-water 
swamp progradation, the inner, oldest area being 
the most advanced toward fresh-water swamp 
conditions prior to land-clearing. The sediments 
of the barrier complex are well- to very-well 
sorted medium quartzose sands, with relatively 

Fig. 5b—Evolution of the Cowes Embayment. 
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minor carbonate content. The intertidal lagoon 
and marsh sediments are muddier. 

(c) Intertidal Flats 
Significant net landward transport and deposi¬ 

tion of sediment by tidal processes must have 
been associated with marked decline in the input 
of land-derived sediment to Westernport Bay. 
During the period of sea-level fall, progradation 
of swamps and salt marsh probably accentuated 
the physical barrier to the passage of fluvial 
sediment, a condition which persisted until the 
very recent artificial drainage and clearing of 
hinterland areas. In particular, the build-up and 
progradation of the isolated, and the embayment- 
head tidal flats has probably resulted from the 
continuation of landward transport, especially of 
fine-grained suspended sediment, during the re¬ 
gressive phase. Although essentially terrigenous, 
the flats contain relatively thin but extensive 
coquinas, either as tidal channel or wave-dis¬ 
tributed sheet deposits. In the higher levels of 
the flats, these concentrations might reflect still- 
stands of sea level. However, the effect of sea- 
level change on the evolution of the intertidal 
areas, particularly following sea-level fall, is not 
known. 

4C—Modern Coastal Development 

Some features of the near-shore zone such as 
the erosion of the frontal parts of salt-marsh 
zones, degradation of present-day beach ridges 
and tidal flats, illustrated in places by re-worked 
shell debris, may have local causes or may reflect 
very recent minor fluctuations in Victoria in 
conditions of storminess (Bird 1973), in sea 
level, tidal parameters, etc. Such changes are not 
of the same order of magnitude as the effects of 
sea-level fall since mid-Holocene but also play a 
part in determining the morphology and sediment 
distribution patterns discussed below. 

THE MORPHOLOGY 

INTRODUCTION 

The morphology of Westernport Bay is com¬ 
plex, and reflects the variety of processes within 
it. The morphological units delineate areas of the 
Bay which have differences in water movement, 
sediment transport patterns, sediment type and 
other processes and characteristics. 

A large number of morphological units has been 
recognized, and individual units sharing some 
common characteristics have been grouped into 
the eight major, significantly different morpho¬ 
logical systems of Westernport Bay, the main 
features of which are outlined below. 

The morphological systems are often zoned, 

especially those in near-shore areas. The Hastings 
Bight Tidal Flat (Morphological Systems, 5, vii, 
Fig. 6 and PI. 5) affords an excellent small-scale 
example of the characteristic zonation and distri¬ 
bution of most of the systems. The area shows 
rapid variability despite its designation as a ‘tidal 
flat’. 

Five of the systems lie essentially within the 
intertidal zone, the three in the high intertidal 
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to Os and tidal flats. 
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Fig. 6—Morphology of the Hastings Bight Tidal Flat 
area. 
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zone being closely associated, namely: Beaches, 
cliffs and rock platforms which occur discontinu- 
ously. The Salt Marsh Zone which is fully in¬ 
undated only periodically, and The Mangrove 
Zone which lies just below high-water level and 
is extensive, although discontinuous and relatively 
narrow. 

The Inshore Marginal Sandy Zone forms a very 
persistent narrow zone around Westernport Bay, 
lying marginal and offshore from a variety of 
coastal zones and sloping very gently outwards, 
often to tidal flats. There are three significant 
modifications to this zone: (a) where longshore 
sediment transport dominates, (b) in inlets with 
uniform, low-energy conditions, (c) where land- 
derived sediment influxes occur. 

The Intertidal Flats and Banks occupy about 
35% of the area of Westernport Bay and show the 
greatest variability in aspect, configuration and 
sediment type. Three morphological types occur, 
as elongate flats along channel margins, as rela¬ 
tively small, isolated flats, and as extensive embay- 
ment-head flats. Normally their seaward margins 
descend steeply into channels. Areas of active 
overwash sand accumulation occur on and within 
the flats, particularly along channel margins, 
where they have an important stabilizing role. 
Shell material is often abundant. 

The Offshore Banks and Shoals are relatively 
grass-free, as is the Inshore Marginal Sandy Zone, 
but are mostly subtidal. The mobile sand charac¬ 
teristically shows large-scale bedforms indicating 
significant high-energy transport. 

The Embayment Plains are essentially perman¬ 
ently submerged. They have relatively low but 
irregular relief, and slope gently to their deepest 
margin, where they are terminated abruptly by a 
steep descent into a large tidal channel. The 
shallow inner margins are variable in character, 
commonly being the outer fronts of still shallower 
banks and tidal flats. 

The Tidal Channel System comprises the minor 
dendritic channels of the embayment-head and 
isolated tidal flats, the main trunk systems of the 
North Arm and East Arm which lead to the 
dominant Western Entrance, and the more limited 
channel system of the Eastern Entrance. Complex 
flood-dominant and ebb-dominant patterns affect 
sediment movement, and form bars and overwash 

sands. 

THE MORPHOLOGICAL SYSTEMS 

The detailed distribution of morphological units 
and systems is shown in Fig. 2 and the generalized 
distribution of sediment types in Fig. 7. In 
particular the legend of Fig. 2 shows details of 

E 

morphological features which are not discussed 
specifically in the text. Letter symbols used in the 
text are derived from the legend, and grid map 
references also refer to Fig. 2. 

The geographic names proposed herein for the 
morphological units are provisional, but in view 
of the complexity of the Bay, it is necessary to 
have some acceptable nomenclature, which hope¬ 
fully will become standardized in the future. 

1. Beaches (B), Cliffs and Rock Platforms 

(R) 
2. Salt Marsh Zone 

3. Mangrove Zone (M) 

These three systems have been grouped, as 
relatively less attention has been paid to their 
characteristics and sedimentation processes. 

The Salt Marsh Zone lies landward of the 
Mangrove Zone, and is only fully inundated dur¬ 
ing high-water spring tides and storms, being 
characteristically cut by small meandering tidal 
creeks. The Mangrove Zone is usually sharply 
defined, lying just below high-water level. Both 
zones are narrow, typically less than 200 m, and 
discontinuous, but both have an important role in 
sedimentation. Mangrove Zone sediments are 
relatively muddy but stabilized, whereas the salt 
marsh characteristically has clayey sediments with 
some peats, which are often impure. It should be 
stressed that the sediment types can be quite 
variable, depending on local supply and energy. 
The dominant sediment can vary, for example 
from sand in the salt marsh of Watsons Inlet, to 
clay in the inner zones of Churchill Inlet, to areas 
of sediment starvation which produce salt marsh 
peats. Interbedded coarse grained storm and wind¬ 
blown sediment, shell debris and seagrass are 
found in the outer salt marsh. The balance be¬ 
tween sedimentation and erosion is particularly 
delicate, especially in relation to recent variations 
in sea level, to erosional and constructional effects 
of storms, and to natural and artificial variations 
in vegetation density affecting sediment stability. 
This has been more than adequately demonstrated 
by the changes following removal of vegetation 
from various areas, for example near Warneet 
and in the Hastings Bight. 

The Mangrove and Salt Marsh Zones are 
extensively developed and have easily recognizable 
characteristics on aerial photographs. Accordingly, 
they were used for map definition of ‘coastline’ 
to avoid the inconsistencies seen on a number of 
previous map compilations. 

4. Inshore Marginal Sandy Zone (Si and 
Variants) 

This is a persistent feature of the middle to 
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high intertidal zone. It is normally a narrow 
(typically not more than 300 m), marginal, but 
not entirely continuous, relatively grass-free, 
sandy zone with varying proportions of mud. 
Bimodal combination of longshore transport and 
onshore-offshore (tidal and wave) sediment trans¬ 
port, imparts a characteristic well-defined reticu¬ 
late drainage pattern, clearly visible on the aerial 
photographs as a textured pattern on the sediment 
surface. The gentle outward slope of the zone 
normally leads to grassed tidal flat areas, often of 
finer-grained sediments. 

There are three distinct modifications to this 
otherwise relatively simple zone (i) where long¬ 
shore sediment transport dominates, (ii) where 
its continuity is broken by inlets, in which more 
uniform, low energy conditions prevail, (iii) where 
land-derived influxes dominate as the sediment 
source and transport mechanism. An exceptional 
variation occurs in the complex Queensferry 
Embayment Plain, wrhere the Si zone extends 
offshore from a point near the northern extremity 
of the plain (grid reference 710543), to merge 
with an area of overwash sand bodies (Co, Os) 
derived from the adjacent channels off the East 
Arm. 

(i) Dominant Longshore Transport 

(a) Cowes Bank (Siz) 
This is a wide, linear sandbank stretching from 

Cowes to Observation Point near Rhyll, and ter¬ 
minates in recurved spits. Most of the bank has a 
low gradient and is intertidal. The outer subtidal 
margin slopes relatively steeply to the floor of the 
East Arm channel. Beach sands are well sorted, 
whereas offshore moderately sorted medium sand 
occurs. 

The intertidal zone of the bank shows a 
prominent pattern of eastward-facing sandwaves. 
Both the distribution of the sandwaves and their 
asymmetry indicate that dominant wave activity 
assisted by relatively weak tidal flow give rise to 
eastward longshore sand transport. 

Tidal currents are the dominant mechanism for 
moving sand along the subtidal outer margin of 
the bank (Burrage, pers. comm.). Transport has 
been observed from west-to-east in the forming 
of migrating mega-ripples (H up to 50 cm, 
L = 10 to 15 m) with associated small-scale 
ripples. The orientation of the mega-ripple crests 
is somewhat oblique to the bank, so that in 
addition to the general west-to-east movement, 
there is a shoreward component which effectively 
nourishes the bank. 

This is consistent with the prolonged eastward 
transport which formed The Nits. Although its 
terminal spit has varied in morphology within 

recent historic time, continuing eastward transport 
of sand beyond Observation Point is indicated by 
the offshore sands between it and the sandy 
cuspate beach area at Rhyll. The latter has grown 
considerably during this century (local resident— 
personal communication), and longshore intrusion 
of sand into the Inshore Marginal Sandy Zone of 
the Churchill Tidal Flats beyond Rhyll is also 
evident. 
(b) Lang Lang Beach: Distinctive linear sand¬ 
waves oriented southwesterly, oblique to and just 
beyond the shoreline, consist of moderately sorted 
medium sand with a small (14%) mud content. 
These owe their morphology in part to north to 
south longshore sand movement, but are con¬ 
trolled by the distribution of outcrop of the 
Tertiary bedrock. This direction is consistent with 
the general longshore movement in this segment 
of the Bay (Fig. 1). 

(ii) Presence of Major Inlets (Si) 

There are four major inlets in the Inshore 
Marginal Sandy Zone: firstly, the constructional 
Nits Inlet, and secondly, the Watsons Inlet-Blind 
Bight-Rutherford Inlet group, whose morphology 
and sediments are largely inherited. The common 
characteristic of the inlets is the prevalence of uni¬ 
form, low-energy conditions, longshore movements 
being relatively weak. The reticulate drainage 
pattern is therefore generally lacking. 

(a) The Nits Inlet: This has a relatively broad 
but very shallow entrance across the eastern 
extremity of the Cowes Bank, and is occupied 
largely by a salt marsh-mangrove complex. The 
Inshore Marginal Sandy Zone proper is confined 
to the eastern portion of the inlet, near the 
entrance. The sediments are sands and clayey 
sands with a variable clay content, and up to 
30% mud. Sorting is moderate. 

(b) Watsons Inlet-Blind Bight-Rutherford Inlet: 
The northwestern corner of the bay is unique in 
the development of a complex of inlets, which 
have both unusual morphology and an unusually 
widespread relatively high sand content. The 
nearby Post Office Tidal Flats are also sandy. 
This concentration of sand is a striking feature 
of the sediment distribution of Westernport Bay, 
and its origin, whether from hydrodynamic or 
other processes, is of particular significance. 

The morphology of the inlets does not resemble 
a drowned fluviatile drainage system. Watsons 
Inlet and Blind Bight are broad, flat and shallow 
depressions, as is the isolated area of salt marsh 
above high-water mark at the head of Cannons 
Creek. Their interpretation as drowned but some¬ 
what modified, irregular topographic depressions 
between northwest-trending aeolian dune ridges of 
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the Pleistocene Cranbourne Sand is supported by 
their position within the main sand belt. 

In Watsons Inlet and Blind Bight, and in the 
grassed depression near Rolfe’s Marina, the chan¬ 
nels are sometimes interconnected in unusual 
arcuate to intersecting patterns within the very 
broad and flat areas of the Inshore Marginal Sandy 
Zone. Compared with channels of other morpho¬ 
logical units (especially the tidal flats), they have 
greater variation in width and depth, and have 
very poorly defined edges. These features reflect a 
substrate dominantly of poorly-grassed sand, in a 
low-energy environment. In Watsons Inlet, small 
but relatively high-energy tidal creeks emerge 
from the mangrove zone into broader channels 
where they deposit sand as small bars. 

Rutherford Inlet (and China Bay to the east) 
contrasts with the other two inlets in having a 
long, narrow and straight northerly trend. At 
Warneet, this changes abruptly to northeasterly 
where the tidal reach of Cannons Creek cuts 
through a prominent higher ridge of Cranbourne 
Sand, upstream of which another broad isolated 
depression occurs, this time occupied by salt 
marsh. Morphological control by original topo¬ 
graphy of the Cranbourne Sand is at least partly 
responsible for this pattern. The distribution of 
the Inshore Marginal Sandy Zone is correspond¬ 
ingly restricted, diminishing rapidly in the narrow 
tidal Cannons Creek. 

The dominance of sand in this part of Western- 
port Bay is correlated with relic Cranbourne Sand, 
especially as there is no evidence of marine hydro- 
dynamic processes concentrating sand to such a 
degree. Low availability of mud is illustrated by 
the unusual sandy salt marsh deposits in Watsons 
Inlet—an area where mud could normally be 
expected. 

Formation of the inlets by marine erosion is 
discounted, because of the similarity of their 
morphology with that of the isolated salt marsh 
area at the head of Cannons Creek, and the 
evidence for general progradation rather than 
erosion in this segment of the Bay. 

(iii) Influx Areas (Sif and Variants) 

A feature of Westernport Bay is the relative 
lack of direct natural drainage, the Bass River 
being the only significant natural input. Clearing 
of the heavily forested drainage basin has prob¬ 
ably resulted in changes in discharge, and at least 
some dynamic and sedimentation response in the 
Bass Delta area. Other natural input streams drain 
relatively very small areas with no great relief, 
and their sedimentation effects are local. 

Artificial straightening and opening of the Lang 
Lang River, the Bunyip River and its associated 

drain system and of other smaller drains is also 
noticeably modifying the Inshore Marginal Sandy 
Zone. Draining of the Koo-wee-rup Swamp has 
initiated rapid high-energy transport of signifi¬ 
cantly increased loads of coarser material, beyond 
the previous sedimentation barriers in the un¬ 
drained swamp. In some cases, active headward 
erosion is associated: for example, on the Lang 
Lang River where the knick point, 4-5 m high, 
has retreated approximately 12 km since 1909 by 
erosion of the Heath Hill Silt. Headward move¬ 
ment of up to 100 m in one day has been recorded 
(B. R. Thompson, pers comm.). 

(a) Bass Delta: The delta-like form of the Bass 
River mouth results from a combination of river 
discharge and the processes of the Inshore Mar¬ 
ginal Sandy Zone. North to northwesterly and 
southwesterly winds create relatively high energy 
conditions, a further factor in developing the 
marked contrast between the sandy sediments of 
the Bass influx and those of more-protected nearby 
morphological units. 

The Bass Delta fringes the East Arm Embay- 
ment Plain, and is a thin sheet prograding out¬ 
wards over the older Quaternary. 

Sedimentation at the Bass River mouth is indi¬ 
cated by levees flanking the relatively stabilized 
main distributary channel, and by the general 
morphology. The close similarity of the size 
characteristics and composition of the sediment 
of the youngest river terrace (T2) and of the 
delta sands also indicates that the Bass River is 
the sediment source. 

Two sediment zones are recognized: the Inner 
Sandy Zone (Sbi) of well-sorted sand, bounded 
by the Outer Muddy Zone (Sho) of poorly sorted, 
clayey very fine sand. There is no sharp demarca¬ 
tion between these. Their upper surfaces are con¬ 
tinuous and slope seaward at approximately the 
same gradient. The front of the outer zone slopes 
more steeply to the East Arm Embayment Plain, 
where only finer sediments are found, emphasizing 
the local dominance of the Bass River as the 
sediment source. 

(b) Lang Lang River: Influx from the Lang Lang 
River from its major, and other minor distribu¬ 
taries, is also forming a small thin sand sheet, 
whose frontal slope however is not as marked as 
that of the Bass Delta. North to south transport 
is indicated by the general asymmetry of the 
sheet, and by the lack of a prominent Inshore 
Marginal Sandy Zone to the north. Lower energy 
conditions are further indicated by the occurrence 
of poorly sorted medium sand with a mud content 
of 20%. 

(c) Bunyip River (and *Main Drain'): Rapid sedi- 
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mentation of a fan-like sand sheet is indicated by 
anastomosing distributary patterns of major and 
minor braided channels radiating from the drain 
mouths, which contrast strongly with the Bass 
Delta (and Lang Lang River). These distributaries 
continue further seaward than the normal outer 
limit of the Inshore Marginal Sandy Zone on 
either side and are less stabilized than those of 
the Bass River. Periodic large-volume, high- 
velocity discharge of the drains reduces the signi¬ 
ficance of tidal and wave processes, and the 
sediments, mainly pebbly coarse sands, also differ 
from those of the Bass Delta. They also contrast 
strongly with the Tooradin Tidal Flat sediments, 
over which they are prograding. 

5. Intertidal Flats and Banks (T and 
Variants) 

The Intertidal Flats and Banks as delineated are 
largely, but not entirely, exposed at low tide: the 
sloping seaward margins are only rarely exposed. 
The flats are characteristically grassed to a vary¬ 
ing degree, and their drainage channel patterns 
are mainly dendritic. Generally the sediments are 
muddy, with some notable sandy exceptions. Sand 
bodies (Co, Os) found on the outer margins (and 
within) otherwise muddy flats, owe their origin 
to transport on to the flats, in particular by 
overwash from channels. Shelly material may be 
an important constituent, either as discrete shell 
coquinas within the tidal flats or as surface lag 
concentrations. The latter are partly re-worked 
and partly from present-day organisms, and often 
armour the overwash sand bodies. 

Three distinct morphological types have been 
recognized, varying in aspect, configuration and 
sediment type: 
(a) elongate channel-margin flats and banks 
(Tyabb Tidal Flat and Bank, Fairhaven Bank) 
often characteristically cut by large linear chan¬ 
nels, especially in their more offshore areas 
(Middle Spit Tidal Flats, Peck Point Tidal Flats, 
Freeman Point Banks). 

(b) relatively small, isolated flats with dendritic 
to meandering tidal channels (Hastings Bight, 
Hanns Inlet, Churchill, and Corinella Tidal 
Flats). These owe their existence and individual 
characteristics largely to pre-existing substrate 
morphology and sheltered aspect. 

(c) extensive embayment-head flats (Tooradin 
and Post Office Tidal Flats) with dominantly 
dendritic channel patterns. The tidal range for 
the Bay increases inwards from about 1-2 m, and 
these flats are associated with the maximum range 
of up to 3-3 m during spring tides. 

Sedimentation and progradation of all three 
types has been largely by landward sediment 

movement. There is a general lack of major 
sources of land-derived sediment, and additional 
evidence for landward transport is seen in the 
generally fining-inward sediment distribution 
(until the Inshore Marginal Sandy Zone is 
reached), and also in compositional data, such 
as shown by the Churchill Tidal Flats. 

(i) Tyabb Tidal Flats and Banks: This is the 
marginal but narrow unit running northwards 
from Long Island to Quail Island, and enlarging 
where it extends into the entrance of Watsons 
Inlet. 

The Long Island-Watsons Inlet segment forms 
a grassed, shelving margin on the west side of 
the North Arm Channel, lying seaward of the 
Inshore Marginal Sandy Zone, having occasional 
overwash sands {Co). In marked contrast, in the 
east-west segment south of Quail Island overwash 
sands are prominent, and are accumulating on 
banks which are steeper and higher. These are 
derived in part by eastward transport of the 
effluent sediment (Cb) from the inlets on to the 
margins of the flats by flood-dominant currents 
(see Morphological Systems 8, iv). A similar 
transport pattern is present in the vicinity of the 
entrance to Rutherford Inlet. 

Sediment of sand-silt-clay composition is found 
only rarely in Westernport Bay, but occurs both 
off Scrub Point and south of Quail Island 
(localities 450, 453). 

(ii) Middle Spit Tidal Flats and Fairhaven Bank: 
The offshore lens-shaped Middle Spit Tidal Flat 
is dissected by relatively linear channels, the main 
one being the Middle Spit Channel. The term 
‘spit’ is inappropriate in a morphological sense. 
This is the dominant unit marginal to the North 
Arm Channel. Although its progradation history 
is not yet known in detail, there are indications 
that this may have occurred relatively rapidly. 
It obviously plays an important part in the water 
circulation patterns of the North Arm. 

The main sediment type of the flats is clayey 
silt, sand being added from prominent overwash 
mobile sandwave systems {Co), particularly on 
the westernmost margin but also flanking the 
Middle Spit Channel. Towards the northern end 
of this channel some grassed sandwave systems 
{Cog) may be older and non-active, as their 
oblique orientation suggests formation by flood- 

dominant transport. At present, the bank and 
shoal morphology suggests bedload ebb-dominance 
for much of this unit, particularly illustrated by 
the distribution of the grass-free Offshore Banks 
{Od) along Middle Spit Channel, and elsewhere. 

Along the Fairhaven Bank north from Tanker- 
ton, the channel edges are relatively poorly 
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defined because of grassed areas, lying at greater 
depths than normal, along their margins. 

(iii) Peck Point Tidal Flats: The morphology is 
dominated by the linear Blakes Channel, opening 
at both ends into the East Arm trunk channel, 
and dividing the area into an inner and outer flat. 
Tidal circulation patterns are important in the 
development of the outer flat, but proximity to 
the outcrops of Tortoise Head and the arcuate, 
backing cliff-line suggest that overall the flat may 
owe its morphology to the older bedrock. 

Clayey silts and sandy clays are accumulating 
on the more sheltered inner flats on the shoreward 
side of Blakes Channel, whereas the outer flat is 
more variable. The central part of the outer flat 
is relatively fine-grained, of sandy clay, and largely 
grassed. The marginal zones are typically coarser, 
particularly on the outermost margin facing the 
East Arm Channel where a large overwash area 
(Co) of sands and clayey sands grades outwards 
to sands in the offshore shelving marginal banks 
(Odg) along the channel, and south of Tortoise 
Head. The margin of the outer flat, along Blakes 
Channel, has a greater content of fine sediment, 
clayey or silty sands. Shell layers and shell lag 
deposits on the flats reflect both supply from 
nearby sources and re-working of older shell beds 
CTe). 

The distribution of these sand bodies (Co, Odg), 
together with bedform orientations, indicate net 
transport of sand towards the northwest on to the 
outer flat and across its western shelving margin 
by dominant ebb-tide movement. Onshore sedi¬ 
ment movement occurs also by wave action. The 
moulding of the offshore bank (Odg) southwest of 
Tortoise Head is clearly dominated by ebb-flow, 
leading into the head of the Western Entrance 
Channel. 

(iv) Freeman Point Banks: This is a system of 
elongate, somewhat irregular overwash sand bodies 
(Co) with associated elongate offshore banks (Od) 
formed in response to strong flood-tide transport 
from southwest to northeast. Sand mobility is 
shown by the pronounced bedforms. These are 
predominantly flood-oriented, though some indi¬ 
cate modification by lesser ebb-tide transport. 
Flood movement occurs up a series of blind 
channels behind the bank system, and water then 
over-spills across the banks back into the main 
East Arm Channel. The banks are basically stabil¬ 
ized by grass, but rapid sand movement may 
alternately cover and uncover the grassed areas. 
The sand is similar to the channel population in 
having a mean size of medium sand, with less 
than 10% mud. This unit extends from Stockyard 
Point on French Island, northwards beyond Sandy 
Point to include the flood-tide overwash sands 

(Co) on the southern extremity of the Tooradin 
Tidal Flats south of Bluff Point (see Morpho¬ 
logical Systems 8, iv). 

The Freeman Point Banks contrast strongly 
with the intertidal flat areas in being a zone of 
high-energy sand transport, but are included in 
this morphological system because of their position 
in the intertidal zone, and their grass cover. 

(v) Churchill Tidal Flats: Named after Churchill 
Island, these occupy Churchill Inlet, from New- 
haven to Rhyll, and for most part are sheltered, 
especially from southerly and westerly wind¬ 
generated waves. It is therefore a low-energy 
environment, reflected by total dominance of 
clay-size material within the flats, except near the 
channels and along the Inshore Marginal Sandy 
Zone. Landward sediment transport, probably by 
dominant flood tides up the tidal channels, is 
shown by the high percentage of quartz in the 
clay-size fraction, since no hinterland sources of 
quartz exist. The balance between accumulation 
and erosion of the clayey sediments varies locally. 
In some internal areas, and along the front margin 
of the flats, erosion occurs by the flow of ebb-tide 
water directly over the edge of the flats, or 
through minor tidal creeks. The lack of stabilizing 
overwash sands on the tidal margin reflects the 
lack of sand transport in the East Arm Embay- 
ment Plain area. 

The prominent Inshore Marginal Sandy Zone 
is mainly the result of longshore movement, with 
possibly a contribution from up-channel bedload 
transport. Intrusion of sand occurs from the 
Cowes Bank into this zone. 

In the outer margin of the Churchill Tidal Flats 
(and in the sub-parallel offshore zone) the sedi¬ 
ment varies from a silty clay (Rhyll to Churchill 
Island) to coarser sandy clays (Churchill Island 
to Newhaven). This differentiation probably re¬ 
flects interaction between tidal movements from 
the main Western Entrance up the East Arm, 
and from the Eastern Entrance, flood tides from 
the latter causing some northwestward incursion 
of sand. Entrances of some of the minor tidal flat 

channels near the Eastern Entrance are deflected 
by this net northwestward movement. Sediments 
still further offshore are also sandy (Locality 486 
—31% sand), and in the absence of an offshore 
sand source (shown for example by Locality 487 
where silt with only 6% sand is found) a north¬ 
westward transport zone running approximately 
parallel to the front of the flats is indicated. 

(vi) Corinella Tidal Flats: These are morpho¬ 

logically similar to the Churchill Tidal Flats. The 

meandering channels include clayey sands whereas 
the tidal flats contain silty clays. At the southwest 
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extremity of the flats, flood transport is locally 
dominant and brings sand (Os) from the main 
East Arm Channel on to the flat. This forms an 
irregular sheet, with reticulate drainage patterns 
similar to the Inshore Marginal Sandy Zone. The 
unit as a whole is relatively protected from strong 
flood tides by Schnapper Rock and Pelican Island, 
but is an important path for lower energy ebb¬ 
tide flow, including water from parts of the 
Queensferry Embayment Plain. 

(vii) Hastings Bight Tidal Flats: This is a small, 
complex inlet, closest in morphology and degree 
of protection to the Churchill Tidal Flats, and 
strongly contrasting with the Middle Spit Tidal 
Flats on the opposite side of the North Arm 
Channel. The fine-grained sediments of the tidal 
flat (Tg) lie seaward of the well-zoned systems 
of Salt Marsh, Mangrove (M), and the Inshore 
Marginal Sandy Zone (Si), the areal distribution 
of the latter being increased by the protrusion of 
the bedrock Sandstone Island. Sand reappears in 
the outer part of the flat, seen in overwash sands 
(Co) and marginal (Odg), and intertidal (Ct?) 
Offshore Banks. 

(viii) Hanns Inlet Tidal Flats: In contrast to other 
isolated tidal flats, the inner part of this flat is 
unusually sandy; the dominant source of this sand 
is probably the nearby Sandy Point. Modifications 
by man complicate the interpretation. In contrast 
to the inner sandy area, an outer muddy area 
(Locality 443—100% mud) extends northwards 
from the inlet possibly to the unnamed Crib Point 
flat of similar muddy character, and also south¬ 
wards nearly to Sandy Point. Shell material is an 
important component here also, especially as shell 
coquinas, underlying the flat, and exposed along 
the margin of the North Arm trunk channel. 

(ix) Tooradin Tidal Flats: The large embayment- 
head tidal flat area has a morphological con¬ 
tinuity, and includes the Post Office Tidal Flats 
and the Tooradin Tidal Flats. Two morphological 
sub-units are recognized in the latter, the main 
one lying north of the trunk channel and extend¬ 

ing from Rutherford Inlet eastwards to the main 
tidal divide of the Bay. Its southern boundary is 
defined approximately by a line along Boulton 
Channel, swinging towards Palmer Point. The 
second, smaller but complex sub-unit lies south 
of the tidal divide, extending towards the Stock- 
yard Point-Sandy Point constriction, and has 
straight rather than meandering tidal channels. 

In the westernmost part of the Tooradin Tidal 
Flats sand is present, expressed in the sandy 
Offshore Banks and Shoals (Os) which are essen¬ 
tially part of the Barrallier Island Banks. The 
sand content diminishes rapidly eastward, and 

an essentially sand-free zone grading to clay- 
dominant sediment has been approximately de¬ 
lineated in the eastern part (Fig. 7). The channel 
margins are also sandy, due to flood-tide overwash 
transport (Co). Irregular overwash sheets on the 
divide between the Boulton and Bouchier Channels 
show flood-oriented bedforms. 

Although mostly grassed, some parts of the 
flats are bare, but appear to be stable, probably 
because of mud cohesion. Similar cohesion pos¬ 
sibly accounts also for lack of evidence of rapid 
lateral migration of the lesser channels. 

(x) Post Office Tidal Flats: These occupy the area 
south of the main channel and Boulton Channel, 
extending eastward from Scrub Point as far as 
Palmer Point. The striking, somewhat elongated 
depression of the ‘Post Office’ lies centrally. Its 
origin is not certain. 

These flats contrast sharply with the Tooradin 
Tidal Flats: they are generally sandy, with 
moderate to good sorting throughout, and have 
an even greater development of associated sandy 
Offshore Banks and Shoals. The margins of the 
channels are relatively diffuse and difficult to 
define on aerial photographs. This indicates 
grassed, relatively gently-sloping channel walls, 
contrasting with the steeper (vertical or near¬ 
vertical) channel walls of the Tooradin Tidal 
Flats, and suggests lower stability of the sandier 
sediments of the Post Office Tidal Flats. 

6. Offshore Banks and Shoals (Ocf Os and 
Variants) 

These also are relatively grass-free but mostly 
sub-tidal (Oc, Od and variants), with the excep¬ 
tion of the Barrallier Island Banks, the Palmer 
Point Bank and other unnamed areas which are 
in the intertidal zone (Os). The latter are in¬ 
cluded here because they are slightly higher than 
the surrounding grassed tidal flats and associated 
overwash (Co) areas. 

(i) Intra-channel Shoals: These are relatively 
small sand bodies with various origins, occasion¬ 
ally underpinned by bedrock. They include Joes 
Island, Eagle Rock and Crawfish Rock in the 
north; shoals off Corinella; shoals on the west side 
of Middle Spit, and shoals in the Middle Spit . 
Channel. In the latter they indicate ebb-transport. 
(ii) Middle Bank: This extends southwesterly 
from Sandy Point, with its western margin defined 
approximately by the 6 m bathymetric contour. 
This is a high-energy area where medium and 
coarse sands form a variety of sand waves and 
other bedforms, the orientation and asymmetry of 
which offshore from Somers and Sandy Point 
indicate dominant west-to-east flood-tide transport, 
with modification by lesser ebb-tide transport near 
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the main channel. This pattern is probably part 
of an overall net flood-dominance across Middle 
Bank with movement patterns broadly paralleling 
the arcuate Flinders-Sandy Point shoreline. Wave 
and breaker activity is frequent. 
(iii) San Remo Bank and The Narrows Tidal 
Delta: Following late development of the Eastern 
Entrance Channel and truncation of the Churchill 
Tidal Flat, inward sand transport has subsequently 
built a small flood-delta (Cb) inside The Narrows. 
Sand transport also seems to occur in a northwest 
direction along the frontal zone of the Churchill 
Tidal Flats, but docs not appear to encroach far 
into the East Arm Embayment Plain. 

On the San Remo Bank, outside The Narrows, 
bedforms indicate dominant ebb movement along 
the western channel of the entrance, with wave 
and flood transport across the eastern part of the 
bank. The origin and transport directions of the 
sand are unknown: the Cape Woolamai sand dune 
complex may be one local source. 
(iv) Barrallier Island Banks: This is an inclusive 
term for banks in the general vicinity of Barrallier 
Island. They include Barrallier Island itself, and 
banks east of Chicory Lane Channel; banks off¬ 
shore from Adams Point; and banks flanking each 
side of the entrance of Gentle Annie Channel. 
Their abundance here is associated with sand of 
probable relic origin. They form smooth, flat 
intertidal sand areas, and are surrounded by a 
peripheral zone of textured sand, morphologically 
equivalent to the Inshore Marginal Sandy Zone. 
Associated unusual curvilinear, north-south trend¬ 
ing ridges are essentially composed of moderately 
sorted mud-free medium sand, with slight positive 
skew (grid reference 544617). 

(v) Palmer Point Banks: The Palmer Point Banks 
lie within the sandy Post Office Tidal Flats as 
irregularly-shaped, flat sand banks. The sediments 
are moderately sorted fine sands with a significant 
mud content (17%—Locality 428). Their occur¬ 
rence is again suggestive of relatively short- 
distance transport of relic sediment but in a low 
energy environment, where admixing of introduced 
mud may occur. 

7. Embayment Plains 

Three submerged embayment plains have been 
delineated (Fig. 1). These are relatively flat areas 
with only minor, but often irregular, relief (rarely 
greater than 2 m). They exhibit a basin-like 
morphology in that they are partially ringed on 
their inner margins by depositional complexes of 
tidal flats and banks. The latter are commonly 
being built with a relative steep front outwards 
from the shoreline into the deeper water of the 
embayment plain. 

The embayment plains slope gently outwards, 
until terminated, often abruptly, by a steep descent 
to a major trunk tidal channel. The relatively flat 
but gentle slope may be an essentially inherited 
Quaternary feature, and the ultimate positions of 
the outer margins and the trunk tidal channels 
may have been determined by entrenchment dur¬ 
ing low sea level. Their irregular relief is probably 
due both to erosion, and to present-day con¬ 
struction by sediment transport. The basin-like 
morphology may be accentuated by an outer rim, 
as in the submerged East Arm Bank along the 
outer margin of the East Arm Embayment Plain. 

(i) The Western Entrance Embayment Plain 
slopes gently southward. Its depth increases from 
about 4 or 5 m at its northern margin, to about 
18 m at the Western Entrance, sloping fairly 
uniformly with gradients of up to 1:1000 (ap¬ 
proximately). The embayment plain is flanked on 
its west and north margins by beach, rock plat¬ 
form and Inshore Marginal Sandy Zones of the 
Mornington Peninsula, and its eastern flank is 
formed by the shallow Middle Bank. In the 
shallow zone offshore from Somers, irregular but 
patterned areas of seagrass occur, their distribu¬ 
tion partly controlled by rock outcrops, some of 
which are cemented and biologically-bound sands. 
Medium to coarse sand occupies the area of the 
plain to about the 18m bathymetric contour, 
beyond which the sediment cover appears to 
become sparser rapidly. 
(ii) The East Arm Embayment Plain is close to 
horizontal in its central portion where it lies at a 
depth of about 4 m. Its shallower boundaries are 
formed by the Churchill Tidal Flats, The Narrows 
Tidal Delta and the Inshore Marginal Sandy Zone 
from San Remo to the Bass Delta and between 
Reef Island and Corinella. In the latter area rock 
platforms are found more extensively. 

The embayment plain is truncated on its outer 
edge by the main East Arm Channel, along which 
the submerged East Arm Bank extends from 
Corinella southwesterly towards a point north of 
Rhyll. This forms a distinct, higher outer rim to 
the embayment plain. Its crest, ranging from 
2 to 8 m in height above the level of the plain, 
and its eastern flank descending to the plain, 
consist of medium sand, with some admixture of 
mud in places. Dominant sand transport from the 
main East Arm Channel appears to have built the 
bank by a sub-aqueous overwash mechanism. This 
is ascribed to flood-tide transport (Fig. 1), but 
ebb transport may also concentrate sand on the 
bank and possibly moulds its western extremity. 

Despite this and other peripheral sand sources, 
the East Arm Embayment Plain is strikingly 
isolated. Inward transport of sand is minimal. 
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The embayment plain shows a coarse-to-fine 
gradient towards the deeper water, where silt and 
clayey sediments occupy the central and eastern 
portions. The only sand-size material is biogenic 
carbonate. Further, the mud percentages, although 
variable, increase toward the centre of the embay¬ 
ment plain where sorting values trend to poor and 
very poor. The association of finer sediments with 
deeper water is relatively unusual in Westernport 
Bay where, in general, the deeper parts are high- 
energy tidal channels. 

(iii) The Queensferry Embayment Plain is both 
small and complex and differs significantly from 
the other two embayment plains. In particular, 
it is shallower and grades into the intertidal areas 
without any perceptable break. The Inshore Mar¬ 
ginal Sandy Zone also shows exceptional features. 

On the western boundary of the embayment 
plain the main East Arm trunk channel bifurcates 
and linear channel-derived sand bodies (Co and 
Os) are accumulating on the banks of both 
branches. Complex, somewhat anti-clockwise 
circulation patterns are suggested by the bank 
morphology and inconsistent bedform orienta¬ 
tions. Fine clay-rich sediment, with only small 
admixtures of sand and silt, predominates in the 
embayment plain. 

8. The Tidal Channel System 

Tidal energy supplies the drive for most sedi¬ 
ment movement in Westernport Bay, with the 
tidal channels the main system for transport of 
bedload and probably also of suspended load. 
Relatively high tidal velocities have resulted in 
the overall concentration of sand in the channel 
bedload (Fig. 7), even in the relatively minor 
channels within the embayment-head tidal flats. 
In contrast, finer sediment is generally concen¬ 
trated in marginal, shallower, lower-energy units. 
The overall fining-landward sediment distribution 
expresses the very minor role of streams, both as 
flushing agents and in contributing land-derived 
sediment to the Bay. Characteristic estuarine 
circulation and sediment movement patterns, 
driven by salinity gradients induced by fresh-water 
input, are also probably minimal in the channels, 
where rapid mixing has been reported (Hinwood 
1969, 1972). Wind-generated waves affect sedi¬ 
ment movement in the outer part of the Western 
Entrance and locally in shallower areas. 

Westernport is therefore essentially a tidal 
embayment dominated by its elongate, linear 
trunk channels (North Arm, East Arm, West 
Entrance Channels). The Eastern Entrance Chan¬ 
nel system contributes only about 15% of the 
water entering in any tidal cycle (Hinwood 1969) 
but is of significance to the circulation of the 

adjacent part of the Bay. 

Opposite margins of the trunk channels often 
show very different morphological characteristics. 
Marked cross-sectional asymmetry is a striking 
feature, for example, of the Western Entrance 
Channel, of the North Arm Channel (from Hast¬ 
ings to French Island) and of cross-sections along 
the East Arm. This asymmetric distribution must 
arise through marked differences between the 
paths of dominant flood-tide and ebb-tide move¬ 
ments, and also probably in their velocity charac¬ 
teristics. The general distribution of the morpho¬ 
logical units, and their internal characteristics 
allows the development of the tentative broad 
outline of sediment movement patterns shown in 
Fig. 1. 

In the major channels, water depth limits inter¬ 
pretation of the floor, but in places a variety of 
linear channel bars and other features formed by 
bedload material can be distinguished. The channel 
substrates are predominantly of potentially mobile 
quartzose and biogenic carbonate sand, but are 
variable and include muddy sands, coarse lag 
gravels, biologically-bound substrates, and areas 
of bedrock outcrop. 

Numerous, ribbon-like suspended sediment 
concentrations are prominent in, and elongated 
parallel to, the length of the channels. They are 
discernible on aerial photographs (PI. 6), and are 
not to be confused with bedload structures, visible 
in shallower water. The individual streams of 
suspended sediment have sharp boundaries, some 
originating from individual source areas, such as 
the larger tidal flat channels feeding into the trunk 
channels. Although rapid mixing has been re¬ 
ported (Hinwood 1969, 1972), some of these 
discrete water masses show a surprising degree 
of down-channel persistence, for example from 
the North Arm and East Arm Channels, extend¬ 
ing across Middle Bank and also well into the 
Western Entrance Channel past McHafAes (PI. 6). 
Their pattern presumably marks ebb-tide flow. 
This has implications for the question of sediment- 
water mixing, especially lateral mixing in the Bay, 
and for example, for the dispersal paths of fine- 
grained suspended spoils in the channel system. 

(i) North Arm Trunk Channel: The channel 
position and morphology is broadly controlled by 
bedrock outcrops on the mainland and French 
Island, a striking exception being the relatively 
small Middle Spit Channel which at present shows 
ebb-dominance. 

Sediment distribution varies from south to 
north. Near the Tortoise Head constriction, the 
sediment is very coarse sand and gravel, poorly 
sorted (negative skew suggesting lag sediment), 
but northward it decreases in mean grain size in 



Fig. 7 Distribution of textural sediment types, Westernport Bay. 
Proc. R. Soc. Viet. Vol. 87, Art. 11, Marsden and Mallett, Fig. 7. 
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irregular fashion to coarse sand off Crib Point, 
then to fine sand until Crawfish Rock, where the 
sediment reverts to coarse sand again. This dis¬ 
tribution is probably related to the bathymetry 
of the channel, which shallows northward to 
the vicinity of Crawfish Rock, where it rapidly 
deepens. 
(ii) East Arm Trunk Channel: Conditions of 
transport and supply differ from the North Arm, 
and medium sand is distributed relatively uni¬ 
formly throughout the channel. The occurrence 
of only moderate sorting is due to coarse biogenic 
carbonate, an important constituent which includes 
large proportions of brachiopod and molluscan 
debris. The marginal overwash deposits on the 
Peck Point Tidal Flats also contain similar debris. 
(iii) Western Entrance Channel: This is confined 
between the largely rocky northern margin of 
Phillip Island and the seaward margins of Middle 
Bank and the Western Entrance Embayment 
Plain. Virtually none of the confines which fix 
the position of the actual entrance are formed by 
sediment deposition. 

It is obviously a high-energy channel, with 
coarse to very coarse sand, some pebbly, with at 
least the coarser pebble fraction a lag deposit and 
not part of the mobile bedload. Core sampling on 
the higher areas within the Western Entrance 
during the Westernport Seabed Investigation, 
although not designed to give bedload sediment 
samples, indicates the presence of pebbly sandy 
gravels (Barton 1974). These may be the source 
in part of the bedload pebbly material. 

The Western Entrance is affected by strong 
tidal and wave action, and has, in parts, only 
sparse sediment cover. Further offshore the strik¬ 
ing Flinders Bank represents a substantial sand- 
constructed feature whose morphology may relate 
in part to inward and eastward longshore move¬ 
ment. The inner zone of Bass Strait has a 
relatively smooth floor with quartzose sands pass¬ 
ing out into finer quartz-carbonate sands. Areas 
of blue-grey to green muds appear to be confined 
to depths greater than 75 m (Holdgate 1973, 
Davies & Marshall 1973). 
(iv) Minor Tidal Channels and Creeks: In the 
North Arm, dendritic channel patterns become 
more prominent eastward towards the main tidal 
divide. The meanders generally have low sinuosity, 
and anastomosing patterns are rare, with the 
exception of the headwaters of Bouchier Channel 
and in Watsons Inlet and Blind Bight. Individual 
channels of the system also have different sedi¬ 
mentation roles, with differences in ebb-tide and 
flood-tide behaviour suggested by morphology and 
sediment characteristics (particularly mean grain 
size and sorting). 

Sediment of relatively coarser mean grain size, 
but poorer sorting and higher mud percentage in 
the Bunyip River-Lyall Channel system, and in 
the Yallock Creek-Bouchier Channel system, 
shows that these two systems carry much of the 
land-derived sediment influx from the north, with 
the first dominant. Improvement in sorting values 
in Bouchier Channel results from down-channel 
winnowing. 

This role is confirmed by the presence of 
considerable suspended sediment in these chan¬ 
nels, and ebb-flow sediment transport (assisted by 
stream discharge) is further suggested by the 
linear channel bars (Cb) at their junctions with 
the major trunk channel. Grassed overwash sand 
bodies (Cog) on the western bank of Lyall Chan¬ 
nel are inactive and have an uncertain but possibly 
related origin. 

Net down-channel transport of sand (Cb) in 
Horseshoe Channel, Inside Channel, and Chicory 
Lane Channel occurs. However, evidence for 
ebb-movement for Boulton Channel is notably 
lacking, indicating some degree of flood-tide 
transport forming overwash sands (Co). 

Other intertidal areas with dendritic channel 
systems include the five isolated tidal flat units. 
The Watsons Inlet channel system (and Blind 
Bight), however, show different characteristics, 
with a weakly reticulate, more irregular channel 
pattern, and the channels themselves broader and 
shallower than in other intertidal areas. As a 
result of ebb-flow in the channels from Watsons 
Inlet and Rutherford Inlet, small sand bodies 
(Cb) are formed at their confluences with the 
main trunk channel. These are then subjected to 
flood-tide movement, modifying the shape of the 
Cb sand bodies and transporting sand up the 
North Arm Channel and on to the adjacent bank 
areas, with general northeastward movement 
forming overwash bodies (Co). 

In the East Arm, the minor channels immedi¬ 
ately south of the tidal divide contrast strongly 
in morphology with the dendritic system to the 
north, in that they are relatively long and straight. 
Differentiation of ebb- and flood-tide circulation 
patterns is clear in the channel system between 
Stockyard Point and Sandy Point. Large washover 
sand fields (Co) associated with the easternmost 
channel are a response to net flood transport and 
in the western channel ebb-dominance is indicated 
by the presence of sand bars, etc. (Cb and Od). 
The flood-dominant channels within the Freeman 
Point Banks trend generally southwest to northeast 
arranged en echelon between the individual banks 
and the Inshore Marginal Sandy Zone. 
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SEDIMENT DISTRIBUTION 

Size analysis data and statistical parameters have 
been obtained to assess their applicability, firstly, 
in the recognition of sedimentation provinces 
(morphological units and regional provinces, e.g. 
major areas of sand or mud dominance), and 
secondly to interpret sediment sources and pro¬ 
cesses. In the light of the complexity of the 
sedimentation patterns already described, know¬ 
ledge of sediment distribution and movement in 
the Bay must be regarded as incomplete. 

CHARACTERISTICS OF SEDIMENT TYPES 

Grain Size 

Mean grain sizes were calculated using the sand 
and silt fractions only (recalculated to 100%) 
and were then grouped into classes of the Went¬ 
worth Scale. Mean grain size class names should 
not be confused with the nomenclature of sedi¬ 

ment types based on sand-silt-clay ratios (Figs. 
7, 9). Clay fraction data (and therefore clay- 
dominant sediments) were omitted from the mean 
size calculations because of the complexity of the 
mechanisms of transport and incorporation of 
clay into the sediments. The mean grain sizes 
therefore are more meaningful for the bedload 
population and particularly for channels. Nearly 
60% of the samples had less than 10% clay. 
Data taking into account the full sediment range 
in the samples is expressed as mud percentage 
(Fig. 8), and in the distribution of the sediment 
types based on sand-silt-clay ratios. 

Sediments having mean grain sizes of silt, fine 
and very fine sand (Table 2) are largely accounted 
for by the Tooradin (and other) Tidal Flats, and 
also the region including the East Arm Embay- 
ment Plain. In the major trunk channels (North 
Arm and East Arm) mean sizes of coarse and 
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Fig. 8—Distribution of Mud, Westemport Bay. 
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medium sand prevail. For the East Arm, all 
samples had a mean size in the medium sand 
range, indicating relative uniformity throughout 
the length of the channel. In detail, however, the 
mean grain sizes may show rapid areal variation 
and no simple distribution pattern, or correlation 
with depth or with other controls has been made 
(Fig. 7). 

In the Bay as a whole, and even in the channels, 
it is striking that the most frequently occurring 
mean size is medium sand (especially after making 
qualitative allowance for the relatively higher 
biogenic carbonate content in the coarser sand 
fractions). This, together with generally moderate 
to good sorting values, indicates that grain sizes 
close to medium sand form an important com¬ 
ponent of the population (instead of reflecting a 
wide spread between extreme sizes). This is 
further confirmed by the percentage of medium 
sand in the samples. The average was approxi¬ 
mately 40%. The second-highest percentage was 
the fine sand component, in keeping with the 
prominence of fine sand mean sizes shown in 
Table 2. 

Sediment Parameters and Relationships 

Binary scatter plots of mean grain size against 
sorting and skewness are shown in Figs. 10a, b, 

and three classes are differentiated (less than 5% 
mud; 5-30% mud; more than 30% mud). The 
dashed lines delineate the majority of samples 
having less than 5% mud from the other two 
classes. 

The ‘less than 5% mud’ is essentially the 
channel population, with sizes ranging from very 

CLAY 100% 

Fig. 9—Textural composition of Westernport Bay 
sediments. 

Table 2 

Distribution of mean grain sizes (based on sand 
plus silt fractions) 

All Samples 
Trunk 

Channels 
Only 

Granule 
Sand 

1 1 

Very coarse 2 1 
Coarse 22 15 
Medium 62 35 
Fine 36 6 
Very fine 19 _ 

Silt 7 — 

— — 

149 58 
— — 

fine sand to a well-defined coarse sand maximum, 
sorting becoming progressively poorer with in¬ 
creasing mean size. Almost 80% of this popula¬ 
tion shows negative (coarse) skewness, up to 
-0-6, with only a few samples showing positive 
values greater than 0-2. Poorer sorting with 
increasing size, together with the coarse-skewed 
character, suggests that channel sediments con¬ 
tain, in addition to the dominant medium (to fine) 
sand population, coarser material, concentrated as 
a terrigenous or biogenic lag. 

Samples from banks and tidal flats, etc. are 
included in both the ‘5-30%' and ‘more than 
30% * mud groups, between which no obvious 
differentiation can be made. Together, however, 
they show contrasts with channel sediments. Their 
maximum mean grain size is finer (medium sand) 
which, together with the marked trend toward 
negative (fine) skew reflects both lack of high 
energy and admixing of fines. Many of the samples 
are well-sorted, but the relationship between mean 
size and sorting is confused. Generally, the more 
poorly-sorted sediments appear to be those with 
finer mean grain size, the converse of the channel 
sediments. There is, however, a large scatter, and 
for a given sorting value, some samples show 
finer, and some coarser mean size. This probably 
reflects local variations in energy, supply, and 
bioturbation mixing, and hence a varying degree 
of incorporation of fine muddy sediment with the 
medium (to fine) sand population. 

Distribution of Mud (Silt and Clay) 

Silt is apparently relatively deficient in Western- 
port Bay. Only seven samples had a mean grain 
size in the silt range and sand-silt-clay ratios (Fig. 
9) show a strong emphasis on sand and clay. 
Only sixteen samples contained more than 30% 
silt, with only four having more than 50%. 
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Mud percentage data has been grouped as ‘Less 
than 5% mud’, ‘5-50% mud’, ‘More than 50% 
mud’ (Fig. 8). Although a different class limit 
from the parameter plots (30% instead of 50%) 
has been used, this has no significant effect (only 
13 samples occur between 30% and 50%). 

Westernport Bay shows an overall outward 
trend of decreasing mud percentage, particularly 
well demonstrated by the Tooradin Tidal Flats, 
although the nearby Post Office Tidal Flats show 
low mud content (e.g. Locality 430—12% mud). 
One exception to this general trend is found 
within the East Arm Embayment Plain, which is 
mud-rich as a result of declining sand transport 
towards its deeper, more offshore parts. 

Areas of ‘less than 5% mud’ lie deeper and 
further offshore, generally in the channels and 
other high-energy sandy zones, where there is 
either relatively strong winnowing or lack of mud 
for admixture. The limit of 5% mud was chosen, 
rather than zero, to allow for mud accumulation 
which occurs in the high-energy zones by settling 
of suspended sediment, and by transport, particu¬ 
larly from tidal flats, of sand-size biogenically 
pelleted mud, and of sand- and pebble-size eroded 
mud clasts. Mixing by bioturbation of discretely- 
deposited sands and clay-rich sediments is also 
locally important in producing muddy sediments. 

Mud distribution is unlikely to indicate mud 
sources, but rather is more indicative of areal and 
bathymetric energy conditions, related especially 
to the time distribution of velocity within ebb and 
flood tidal cycles, and to maximum velocity. 
Deposition by ‘settling lag’ (van Straaten & 
Kuenen 1958) can occur by landward movement 
during settling, late in the flood-tide phase and 
at slack water, of suspended sediment. Some 
of this may be retained on the substrate as a 

• < 5% Mud 

A 5-30% Mud 

■ > 30%Mud 

SORTING 

Fig. 10a—Binary scatter plot. Mean grain size 
versus sorting. 

result of its cohesion (‘scour lag’). Shoreward 
movement and deposition by settling lag is most 
likely in the tidal flats, but local mud accumula¬ 
tion can occur even in channels. 

The baffling, sediment trapping, and binding 
role of seagrass is important. The grassed areas 
vary in their substrate type and in their ability 
to retain sediment, and the presence of grass is 
not a simple indicator of the presence of trapped 
mud. Sandy substrates (either fixed or mobile), 
and stable muddy substrates developed initially 
under suitably low-energy conditions, may also 
carry grass. The area south of Stony Point 
(Locality 443, Hanns Inlet—100% mud) for 
example probably would not have accumulated 
mud without the presence of grass. As another 
example, the grassed areas on the Peck Point 
Tidal Flats show both trapping (mud) and non- 
trapping conditions (sand) within close proximity 
to each other. 

SEDIMENT MOVEMENT AND DEPOSITION 
PATTERNS 

One of the aims of the sedimentological studies 
of Westernport Bay has been to establish patterns 
of sediment movement and deposition. Data has 
been obtained from the individual morphological 
units and their sediments, by observing: 

—Position, morphology and behaviour of sedi¬ 
ment bodies such as washover sands, the long¬ 
shore movement of the Inshore Marginal Sandy 
Zone and various types of ebb-tide and flood-tide 
constructed features. 

—Orientation and behaviour of bedforms on 

sandy substrates, such as mega-ripples and sand 

waves, as on Middle Bank and the Freeman Point 
Banks. 
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Fig. 10b—Binary scatter plot. Mean grain size 
versus skewness. 
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—Variations in grain size, and in other para¬ 
meters. These can only be attributed to hydro- 
dynamic transport after consideration of other 
variables such as the distribution of relic sediment, 
as in the anomalous sandy northwestern segment 
of Westernport Bay. 
—Variations in composition of sediment derived 
from various onshore and offshore sources in the 
Westernport system, as in the depositional areas 
of Bass River sediments, and landward sediment 
transport onto tidal flats. 
—Distribution and movement of suspended sedi¬ 
ment in the water mass. 

Broad bedload sediment movement patterns 
have been interpreted for the trunk channels and 
for more local paths, and these are shown in 
Fig. 1. The vectors represent the net direction 
suggested by various lines of evidence. They do 
not imply unidirectional transport, but indicate 
the dominant direction. 

Although the bedload sedimentation patterns 
are generalized, they demonstrate ebb-flow and 
flood-flow differentiation. For example, general 
alternation of the path of flood-flow, progressively 
on either side of the Western Entrance and East 
Arm Channels, is matched by an analogous ebb- 
flow pattern. The prominent cross-channel sedi¬ 
mentation asymmetry reflects these patterns. Flood 
dominance occurs generally across Middle Bank 
along the Cowes Bank, and possibly along the 
southern margin of the East Arm Channel towards 
Corinella and then swings across to the Freeman 
Point Banks area. Complex differentiation occurs 
in the Queensferry area and includes apparent 
counter-clockwise patterns. Ebb-dominance areas 
include the Corinella and Peck Point Tidal Flats. 
Flow from the latter may join with the flow from 
the ebb-dominant Middle Spit Channel on the 
eastern side of North Arm, and leads to the head 
of the Western Entrance Channel. 

It is notable that prominent sand complexes 
(e.g. Sandy Point/Middle Bank, Cowes Bank) are 
associated with flood-tide dominant (and wave- 
affected) areas, but that ebb-dominant zones tend 
to be mud-rich, in part because of the lack of 
sand supply from the embayment-head areas. 

The moulding of the major and minor morpho¬ 
logical features of the Bay is closely controlled by 
these and other bedload transport patterns which 
are shown in more detail in Fig. 1, and referred 
to in the discussion of individual morphological 

units. 

CONCLUSION 

The distribution in Westernport Bay of such 
a large number of varied morphological units' 
emphasizes the relationship between Quaternary 

evolution, morphology, distribution of sediment 
type, and physical and biological processes. This 
may best be appreciated by summarizing the style 
of the rapid variability seen in the morphology 
of the Bay. 

1. Rapid variability within a local area, essentially 
an individual morphological unit, illustrated by 
the inclusion within the Hastings Bight Tidal Flat 
of overwash sands from the trunk channel, of 
eroded coquinas, of grassed fine-grained tidal flats, 
and the intimate juxtaposition of the Inshore Mar¬ 
ginal Sandy Zone, backed in turn by Mangrove 
and Salt Marsh zones. 

2. Gross regional variation between immediately 
adjacent units, illustrated by the contrasts between 
the lagoon-sand bank complex of the Rhyll 
Swamp, The Nits and the Cowes Bank; the clay- 
dominant Churchill Tidal Flats; and the sand 
sediment influx area of the Bass delta, all of 
which fringe the mud-rich East Arm Embayment 
Plain. 

3. Gross variation in sediment type between units 
having similar morphology and dynamics, illus¬ 
trated by the contrast between the muddy Toora- 
din Tidal Flats and the sandy Post Office Tidal 
Flats, hydrodynamic causes being subordinate, to 
the geological evolution of the area. 

All the sediment characteristics of Westernport 
Bay lead to the conclusion that the dominant sedi¬ 
ment population, found in a variety of environ¬ 
ments of different energy, consists of medium sand 
and fine sand, mixed with varying proportions of 
clay. This may indicate important provenance 
aspects of the Westernport system. 

Current velocities required to initiate transport 
of fine to medium sand are minimal compared 
with the threshold velocities required for coarser 
sand and for cohesive finer sediment (Hjulstrom 
1935). The concentration of medium and fine 
sands in the bedload of the Bay may therefore 
be due to winnowing by inward re-working, with 
consequent differentiation of the relic sediment 
developed during the late Pleistocene to early 
Holocene. Overall winnowing has probably been 
controlled by the hydrodynamic regime, particu¬ 
larly that of the channels. Only local hinterland 
sources such as the Bass River contributed minor 
fine-grained sediment. 

The potential sedimentary material developed 
during Phase 3 of the Quaternary probably had an 
overall compositional bias towards quartz and 
clay composition, the relative lack of silt-size 
materials possibly reflecting the very limited 
source areas of Lower Palaeozoic sedimentary 
rocks. The T1? and T2 sediments of the Bass 
system not only illustrate the likely silt deficiency 
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of the offshore Quaternary relic sediment of 
equivalent age, but also indicate the type of 
sediment to be expected by direct present-day 
contribution from Mesozoic and Tertiary sedi¬ 
mentary rocks. The extensive flanking basalts also 
contribute clays rather than silts. The coarser 
sands and gravelly sediments which are found in 
relatively minor amounts in channels may there¬ 
fore be lag deposits and in some cases are demon¬ 
strably immobile in the present dynamic regime. 
Some gravels may reflect transport concentration 
into small local zones of higher tidal velocities. 

Landward transport and deposition of clay-rich 
suspended sediment by tidal processes, aided by 
biological and mechanical factors, have accentu¬ 
ated the marked overall inward-fining sediment 
gradient of Westemport Bay, culminating in the 
extensive embayment-head tidal flats. The frequent 
reference to the various channel-margin, isolated 
and embayment-head intertidal areas as ‘mud-flats’ 
tends to obscure the significance of the variation 
in substrate sediment type actually found in these 
environments. 

Generally the coarsest sediments are found in 
the coarse sandy and gravelly zone along the 
southern Victorian coastline, with grain size 
decreasing outwards into Bass Strait. This is prob¬ 
ably a function of lower-energy conditions in 
deepening water, a lower degree of winnowing, 
and increasing distance from source areas. 

Morphological and sediment distribution evi¬ 
dence points strongly to specific net transport 
paths in the Bay, dominated by tidal energy, with 
net ebb-tide flow and flood-tide flow often differ¬ 
entiated. Confirmation and elaboration of these 
paths will require more detailed measurements of 
both short-term hydrodynamic and bedload and 
suspended sediment movements, and also studies 
of the structure and composition of earlier- 
deposited sediment bodies, to provide long-term 
data relating to the prevailing movement patterns. 

Variability of characteristics and processes is 
one of the very important features of Westemport 
Bay, and extrapolation of data from one morpho¬ 
logical unit to another, even over relatively short 
distances, could be hazardous. The design of 
sampling programmes, and, in particular, general¬ 
izations regarding the behaviour of the Bay, must 
be based on appreciation of the complex inter¬ 
relationships between its various parts, and the 
solution of problems relating to any specific part 
will need specific data relating to the processes of 
the relevant morphological unit. 
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DESCRIPTION OF PLATES 5-6 

Plate 5 

Aerial photograph of the morphological units in the Hastings Bight Tidal Flat area, for 
comparison with the Morphological Map of the area (Fig. 6). (Note that the photograph was 
taken in 1971, whereas Fig. 6 was based on later photography.) 

Plate 6 

Aerial photograph of the confluence area of the North Arm, East Arm and Western 
Entrance Channels, and part of Middle Bank, showing the distribution of suspended sediment 
streams in the East Arm Channel. Suspended sediment streams are distributed similarly in 
the North Arm Channel, and they persist continuously into the Western Entrance. General 
orientation is emphasized by dashed lines. 
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A Geotechnical Facies Analysis of Some Quaternary 

Sediments Beneath Westernport Bay 

By Colin M. Barton* 

Abstract: A combination of sedimentological and soils engineering procedures 
is used to reveal and assess the lateral and sequential variations in Quaternary strata 
underlying the main shipping channel of Westernport Bay. 

Clays, which are abundant in the inner parts of the channel, exhibit a sequential 
stratigraphic memory relationship with the associated sands. In the outer reaches of 
the channel, where coarse gravels predominate, no sequential pattern is evident. 

Field tests show that clays are generally of low plasticity with weak in situ shear 
characteristics and unconfined compressive strengths of <0-3 mPa. Sands are typically 
fine to medium grained with small uniformity indices and medium to high in situ 
densities. The coarse fluvio-littoral gravels are well graded and contain numerous 
pebbles and cobbles of basaltic rock. 

Evidence supports the viewpoint that the pronounced lateral facies changes are 
expressions of variations in the energy of the depositional environment, coupled with a 
post-formational fall in relative sea levels- Data are limited and results preliminary. 

Industrial and harbor construction works are now concentrated in areas where 
the finer grained Quaternary sediments are prevalent. Any future engineering activities, 
on the outer channel mounts, will tend to encounter the dissimilar and, in many ways, 
less amenable gravel facies. 

INTRODUCTION 
Westernport Bay is an excellent, relatively 

undeveloped deep water harbor on the south¬ 
eastern fringe of the Melbourne metropolitan area. 

The Ports and Harbors Branch of the Public 
Works Department of Victoria has recently car¬ 
ried out a sea bed investigation of the Bay to aid 
determination of the feasibility of dredging and 

harbor construction works. 
Detailed scientific investigations into the effects 

of present and future development of the area is 
well under way. A Westernport Bay Environ¬ 
mental Studies Group has been set up within the 
Victorian Ministry for Conservation, to report on 
environmental and developmental aspects. The 
PWD sea bed investigations, although specifically 
aimed at engineering feasibility considerations, 
provide additional data for incorporation in the 

comprehensive study. 
Field and laboratory data which have been 

accumulated as a result of the sea bed investiga¬ 
tion have added appreciably to the knowledge of 
soil conditions beneath the main shipping channel, 
and in the potential wharf sites. Four specific 
areas of detailed drilling are designated (1, 3, A, 

* CSIRO Division of Applied Geomechanics, P.O. Box 

4, Fig. 1). The areas extend along the main 
shipping channel from north of Long Island sea¬ 
ward to the mouth of the Bay. Drilling was by 
the barge mounted cable-tool method with adop¬ 
tion of surface powered rotary procedures for 
hard rocks and for specified bores in area 3. 

The CSIRO Division of Applied Geomechanics 
was involved through the main contractors, Geo¬ 
mechanics, a branch of Decca Survey (Barton 

1974). 

GENERAL GEOLOGY 
Westernport Bay occupies part of a Sunkland, 

or down-faulted area, between north-east/ south¬ 
west trending block faults (Fig. 1). The Tyabb 
fault and its probable extension, the Clyde mono¬ 
cline, form the western boundary of the Sunkland 
against the up-faulted Mornington Peninsula. The 
eastern boundary is marked by the Heath Hill 
and Bass faults which uplift the Lower Cretaceous 
and Lower Tertiary rocks of the South Gippsland 
Hills. Numerous secondary faults cross the area, 
but for the sake of simplicity these are omitted 
from the sketch map (Fig. 1). The Westernport 
region is covered by 1:250,000 (No. SJ 55-9) and 

54, Mt. Waverley, Victoria 3149. 
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1:63360 (No. 868 Zone 7) Geological Survey of 
Victoria maps and by a CSIRO Division of 
Applied Geomechanics terrain evaluation report 
(Grant 1973). The general geology and strati¬ 
graphy has been outlined by Jenkin (1974) and 
Thompson (1974). 

A considerable thickness of Tertiary and Quat¬ 
ernary sediments and Tertiary volcanic rocks in-fill 
the basinal structure of the sunklands. Mesozoic 
and Ordovician-Silurian sedimentary rocks are 
patchily exposed along the faulted margins and 
in the south coastal areas of French Island. 

Practically all of the Bay is floored by Quater¬ 

nary sediments. Seismic and drilling investigations 
indicate that in the main shipping channel, the 
Quaternary strata generally extends less than 50 ft 
(15 m) below sea bottom. 

Present information appears to be inadequate 
for precise stratigraphic sub-division and correla¬ 
tion of the Quaternary materials. It is clear, how¬ 
ever, that sea level was relatively lower than at 
present during deposition of the bulk of the 
sediments. The possibly lacustrine clays and sands 
of the northern inlet may be the equivalent of the 
Lower Pleistocene Heath Hill Silt (Thompson 
1974). The deposits are not precisely dated and 

western 
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Quaternary! 

Tertiary 

Gravels, sands, days, 
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Fig. 1—Westernport geological map and cross-section. 
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an Upper Pleistocene age cannot be discounted. 
Evidence is presented in support of an age of 
10-15,000 years for the Quaternary gravel beds 
of the outer channel. 

CHARACTERISTICS OF THE 
QUATERNARY SEDIMENTS 

An outline of the engineering classification and 
relative thicknesses of Quaternary soil types inter¬ 
sected during the drilling operation is presented 
in Table 1. The descriptive letter notation con¬ 
forms to the Unified Classification System (Table 
II, from Means & Parcher 1964). In the inland 
parts of the channel the sediments are composed 
essentially of clays and sandy clays with subord¬ 
inate sands. Towards the open sea, sandy coarse 
gravels and ‘clean’ sands are common. Sampling 
is biased in the outer area by the concentration of 
drilling on sea mounds within the confines of the 
channel. 

Sands are generally poorly graded with uni¬ 
formity coefficients of less than 5 and with log 
mean sizes within the fine to medium range. 
Eight size-distribution standard deviations, on a 
phi ( — logomm) scale (Folk 1968) ranged be¬ 
tween 0 4 to I T. Further analysis of the particle- 
size curves indicate that the distributions are more 
coarse (negative) skewed towards the open sea. 
Only eight high quality undisturbed samples are 
available and further tests are needed to confirm 
the relationship. In this context it is interesting to 
note that a similar trend is evident in the recent 
superficial sub-bottom sands (M. Marsden, pers. 
communication). Environmental implications of 
the relationship are outlined in the discussion 
section. In situ densities, derived from 3 field 
tests, showed 18, 22 and 68 blows per 0-305 m, 
values which are indicative of a medium to very 

dense state. 
Clays appear to be of illitic and kaolinitic types 

and are predominantly (57 per cent) soft in 
consistency. Clays adjacent to the sea bed are 
generally soft but, apart from this observation, 
no firm correlation is apparent between depth and 
consistency. 

Three Geonar-vane tests of in situ soils, taken 
in shallow water 0-3 m below the sea bed in 
area 1, produced undisturbed test results of 8-5, 
3 • 0 and >100 kilopascals. It is of interest to note 
that adjacent on-shore drilling into probable 
Quaternary strata, in area 1 (Learmonth & Garratt 
1969) encountered equivalent clays which gave 
indications of significantly higher in situ strength. 
Field observations taken during the sub-marine 
drilling showed that certain of the Quaternary 
clays rapidly increase in hardness after exposure 
to air. Investigations are proceeding to determine 

Table I 

Engineering Character and Relative Thickness of 

Drilled Sediments. 

AREA 1 and 1 

(Total strata S3m.) 
AREA A* 

(Total strata 53 m.) 
AREA 4* 

(Total strata 81m.) 

UNIFIED PERCENT UNIFIED PERCENT UNIFIED PERCENT 

CLASSIFICATION CLASSIFICATIC IN CLASSIFICATION 

CL 55 CL 44 SW and GW-GM 27 

CL-GC 21 SC-SM and SP 13 GW-GM 22 

CL-CH 14 SW-GW 12 CL-GC 17 

SW and SM 8 SP 7 SP 9 

ML 1 ML 6 GW-GC 7 

SC 1 SM 6 SW-GW 6 

SW-SC 4 SW and SM 4 

CL-GC 3 GW 4 

SC 3 GC-GM 2 

CL-SC 2 CL 1 

SW-SP 1 

* Refer Figure 1 for localities. Table 2 for unified classification 
guide. 

the reasons for the sub-aerial changes and to 
evaluate the variations in in situ consistencies. 

THE FACIES ANALYSIS 

An inspection of the tabulated uniformity in¬ 
dices for different localities along the length of 
the main channel (Table 1) provides evidence 
for the presence of distinct groups of different 
materials. In order to obtain a simple quantifica¬ 
tion of these lateral variations the proportions of 
clay-silt, as distinct from sand-gravel, are plotted 
at 3 specific points along the channel (Fig. 2). 
Three methods are adopted as the base for 
calculations: 

1. Selection of all clay-silt index letters, from 
the Unified Classification table (Table 1) with 
subsequent summation of the thicknesses of the 
selected strata. 

2. Summation of the thickness of the dominant 
fraction of each sediment unit. 

3. Summation of the thickness of the coarsest 
fraction in each sediment unit. 

The first method provides frequency data on 
all size components with equal weight allocated 
to minor constituents. The results are relevant to 
soil engineering investigations where, for example, 
the presence of relatively small fractions of clay 
can exert a significant effect on the behaviour of 
the material. The second alternative takes into 
account only the major size component of the 
soil and is insensitive to minor variations. The 
final alternative method is of greater relevance 
to sedimentary studies in that the maximum size 
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of clast is largely dependent, at least in this 
instance (refer discussion section) upon the 
energy available in the depositional environment; 
a low velocity current, for example, cannot shift 
a large pebble. A record of the maximum size of 
clast is also pertinent to the ‘dredgeability’ of 
gravels in area 4. 

All methods of calculation produce consistent 
results and show a reduction of clay-silt propor¬ 
tions in a seaward direction along the main ship¬ 
ping channel (Fig. 2). Implications of the lateral 
variations are considered in the discussion section. 

In addition to the lateral changes outlined 
above, it is apparent that parallel variations in 
sediment sequence are also operative. Sequential 
changes are analysed by means of a simple 
mathematical technique (Selley 1970). The basic 
data is obtained by recording the number of times 
that one sediment type passes up or down into 
another dissimilar unit. Details are presented in a 
data array (Tables III A and IV A). In the top 
row of the data array shown in Table III A, 
for example, clay passed down into another type 
of clay 8 times, sand down to clay 4 times and 
silt and gravel down to clay 0 times. Diagonals 
in the data array table represent transference from 
one type of material into a different type of the 
same material. Recognition of such multi-storey 
lithologies is essential to the analysis, and use of 
the method in the absence of good exposures is 
therefore dependent on the availability of very 
detailed bore logs. An alternative procedure is 
available whereby the stratigraphic column is 
subdivided into fixed intervals and a record is 

made at each point. Results produced in this way 
are dependent upon the arbitrary length of the 
interval, since a small interval weights the data 
towards multi-storey transitions. While the fixed 
interval method is consequently objectionable for 
most sedimentological facies analyses it is sensi¬ 
tive to relative thicknesses of material types and 
possesses corresponding advantages in cases where 
this feature is important. 

Data arrays showing the most common upward 
and downward transitions, in landward and sea¬ 
ward parts of the main channel (Tables III A 
and IV A) show that in both areas multi-storey 
transitions are most common. Facies relationship 
diagrams showing most common upward and 
downward transitions for these two areas are 
simply derived from the data arrays (Tables III, 
1 and IV, 1). The diagrams confirm the pre¬ 
ponderance of multi-storey lithologies, and show 
that in the seaward areas there is no ‘memory’ 
or order in the sequence between clay-silt, sand 
and gravel. The preponderance of clay-silt in the 
inland areas is again demonstrated. 

The facies relationship diagrams which are dis¬ 
cussed above, do not take into consideration the 
frequencies of transitions which would be antici¬ 
pated under a random system. This bias is cor¬ 
rected in the following manner (Selley 1970). 
An additional predicted data array is produced 
by cross multiplying row and column totals and 
dividing the product by the grand total of the 
original array (Tables III B and IV B). The cal¬ 
culation method is based upon the assumption 
that the beds are arranged in a random sequence. 

BASIS FOR CALCULATIONS. 
d.————coarsest fraction. 

b- . dominant fraction. 

€.•••••••• notable fraction in uniformity index. 

Fig. 2—Lateral facies change. 
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Table in 
Sequential Facies Relationship of 53 m of Quaternary Strata in Landward Parts of Westernport 

Shipping Channel (Areas 1 & 3). 

Clay Sand 

Clay 8 4 

Sand 3 0 

Silt 1 0 

Gravel 0 0 
12 4 

Silt 

0 

0 

0 

0 

0 

Gravel 

0 

0 

0 

0 

0 

12 

3 

1 

0 Grand 
16 Total 

Sand 

A. Data array of facies limitations 1. Facies relationship diagram 
showing the most common 
upward and downward transitions 
for each facies. 

(derived from A) 

Clay 
Clay 

9 
Sand 

4 
Silt 

0 
Gravel 

0 13 

Sand 2 1 0 0 3 

Silt 1 0 0 0 1 

Gravel 0 0 0 0 0 Grand 

12 5 0 0 17 Total 

B. Predicted data array assuming 
a random arrangement of beds calculated 
by cross multiplying row and column totals 
and dividing by grand total. 

Clay 

Clay 

+ 1 

Sand 

0 

Silt 

0 

Gravel 

0 

Sand + 1 0 0 0 

Silt 0 0 0 0 

Gravel 0 0 0 0 

C. Matrix showing the difference 

between the observed number of 
transitions and those predicted 
assuming a random arrangement. 

2. Corrected facies relationship 
diagram showing the upward 
and downward transitions 
which occur most often for 
each facies after allowing for 
the number expected had their 
arrangement been random 
(derived from C). 
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Table IV 

Sequential Facies Relationships of 135 m of Quaternary Strata in Seaward Parts of Westernport 

Shipping Channel (Areas 3 & 4). 

Clay Sand Silt Gravel 

Clay 9 5 3 1 18 

Sand 8 36 0 1 45 Sand 
A 

Gravel 
A 

Silt 1 0 0 0 1 Jilt 136 t4 
Gravel 2 0 0 4 6 Grand Clay'J Sand Gravel 

20 41 3 6 70 Total 

A. Data array of facies limitations 1. Facies relationship diagram showing 

the most common upward and 
downward transitions for each 
facie (derived from A) ^ 

Clay 

Clay 

5 

Sand 

10 

Silt 

1 

Gravel 

2 18 

Sand 12 26 2 4 44 

Silt 0 0 1 0 1 

Gravel 2 4 0 1 7 Grand 

19 41 3 7 70 Total 

B. Predicted data array assuming 

a random arrangement of beds calculated 
by cross multiplying row and column totals 

and dividing by grand total. 
Clay 

Wr Clay L 

Silt 

Sand 

\w 
Sand 

Gravel 

i1 
Gravel 

Clay 

Clay 
♦4 

Sand 
-5 

Silt 
+2 

Gravel 
-1 

Sand -4 + 10 -2 -3 

Silt + 1 -1 0 0 

Gravel -4 0 +3 0 

C. Matrix showing the difference 

between the observed number of 
transitions and those predicted 
assuming a random arrangement. 

2. Corrected facies relationship 
diagram showing the upward and 
downward transitions which occur 
most often for each facies after 

allowing for the number expected 
had their arrangement been random 
(derived from C). 
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Each item in the observed data array is then sub¬ 
tracted from the equivalent item in the predicted 
data array to reveal a residual matrix (Tables 
III C and IV C). The matrix shows the most 
common upward and downward transitions which 
are expected after correction for a random 
arrangement of beds. The corrected data arrays, 
which have been produced from the residual 
matrices of Quaternary channel strata (Tables III, 
2 and IV, 2) reveal a simple clay-silt sequence 
in the landward zones and a disconnected clay- 
silt, sand and gravel sequence beneath the more 
exposed waters of the outer channel. Implications 
of the findings are discussed below. 

DISCUSSION 
The quantification and description of the dif¬ 

ferent facies has been outlined but little attempt 
has yet been made to explain either the mode 
of origin or the engineering significance of the 
variations. 

Facies variations can arise as a consequence of 
difference in the source materials, in the trans¬ 
portation mechanisms and/or in the biogenic 
conditions. While biogenic effects may be of 
considerable secondary importance it is considered 
that, in these essentially detrital deposits, source 
type and transportation mechanisms are of over¬ 
riding significance. The proximity to older Ter¬ 
tiary basaltic source rock in area 4 is relevant 
to the presence of abundant re-worked basaltic 
pebbles and cobbles within the Quaternary gravels. 
Basaltic pebbles also occur in the Quaternary 
strata as far inland as Sandy Point, and volcanic 
rocks, although much weathered, occur immedi¬ 
ately beneath the Quaternary sediments on the 
inland channel areas adjacent to Stony Point. 
The proposition is therefore advanced that differ¬ 
ences in the overall character of the sediments 
from inland and exposed channel zones are de¬ 
pendent more on the sorting effect of waves and 
currents than on differences in source material. 

Despite great complexity in detail, an overall 
trend towards coarser sediments in the exposed 
parts of the Bay is evident not only in the Pleisto¬ 
cene strata but also in the Holocene deposits. 
A similar parallel trend is shown in the indicated 
increase in coarse skewness of sands in outer 
channel areas, possibly because of removal of the 
fine clay-silt component during current transport. 
In view of the above considerations and in the 
light of previous geological investigations (Jenkin 
1962, 1974) it is clear that the inlet of Western- 
port Bay was in existence during the Quaternary. 
In the outer parts of the channels, in the Quater¬ 
nary as at present, the water would be more 
exposed and the fringing coastal terrain would 

tend to be steeper. Transportation and deposition 
of gravel-sized clasts is feasible under these con¬ 
ditions. A sequential pattern of Quaternary de¬ 
position is evident only in sheltered waters of 
areas 1-3. In the outer channel, where a more 
changeable high energy depositional environment 
is anticipated, the sequential array is less ordered. 

The minimum depth to the base of the gravel 
beds in area 4 is approximately 60 ft (18 m) 
below sea level. Since the beds are thought to be 
littoral or fluvio-littoral deposits (E. D. Gill, pers. 
communication), a post-depositional rise in sea 
level of some 70 ft (21 m) is indicated. In the 
likely absence of significant structural movements 
and on evidence of sea level changes from other 
areas (Gill 1973) an age of 10,000-15,000 years 
is proposed. This interpretation is complicated by 
the proximity of the site to the present outcrop of 
volcanic rocks on northern Phillip Island and the 
slight possibility that the deposits are submarine 
colluvial accumulations. No marine fossils have 
yet been recorded from the gravels. 

The predominant soft-firm consistency of sub¬ 
marine clays, in areas 1-3, would appear to be 
advantageous for dredging and pile insertion, 
through the Quaternary strata, into the more 
competent underlying materials. It is of interest 
to note that, in area 3 near Stony Point, where 
extension of wharf facilities is possible, the under¬ 
lying highly plastic Tertiary weathered basalt 
clays exhibit a remarkably even and apparently 
predictable, deep weathering profile. 

The increase of sand and particularly coarse 
gravel on the sea floor beneath channel mounts 
in area 4 is very significant, as future removal of 
those obstructions is a distinct possibility. The 
procurement of truly representative samples of 
the gravel is extremely difficult and attendant 
estimation of ‘dredgeability’ would seem to be 
dependent upon future field trials. Sufficient data 
are available, however, to indicate the potential 
difficulties of dredging in this area. It is antici¬ 
pated that if removal of the material is necessary, 
methods can be found to do this. Decisions on 
feasibility and design rest with the Ports and 
Harbors Branch of the PWD, Victoria. 

CONCLUSIONS 

Quaternary sediments are located at many 
points along the length of the main shipping 
channel of Westernport Bay. The analysis of the 
engineering logs prepared for the Westernport 
Sea Bed Investigation has shown that distinct 
differences are apparent between strata of the 
inland and seaward section of the channel. The 
tabulated unified classification indices give indica¬ 
tions of these lateral lithological variations. 



WESTERNPORT BAY—GEOTECHNICAL ANALYSIS OF SEDIMENTS 

Three alternative calculation methods are used 
to demonstrate the consistent reduction in the 
relative proportions of clay-silt in a seaward direc¬ 
tion. Sequential facies relationships, determined by 
application of a simple mathematical procedure, 
show that upward and downward transitions be¬ 
tween different stratigraphic units fall into distinct 
groups. In the inner parts of the channel a simple 
inter-related clay-sand sequence is operative, while 
in the exposed areas apparently unrelated groups 
of clay-silt, sand and gravel are demonstrated. 

Variability in the energy of Quaternary deposi- 
tional environments is thought to be more signifi¬ 
cant in the creation of facies variability than 
differences in the availability of source materials. 

A variety of constructional activities is likely 
in the inner harbor, where soil conditions are in 
general more conducive to development. Since the 
most obvious potential activity in the seaward 
extension of the main channel is in the removal 
of the relatively small channel mounds, the char¬ 
acteristics of the strata which are relevant to 

dredging operations are of over-riding importance. 
The presence of abundant well-graded coarse 
gravels, with many hard basalt pebbles and 
cobbles, is a significant factor of influence in the 
design of suitable methods of excavation. 

The analytical methods outlined in this paper 
incorporate both soils engineering and sedimen- 
tology procedures. Such a blend of disciplines is 
of prospective value in the applied study and 
assessment of submarine and coastal sediments. 
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The Invertebrate Fauna of Westernport Bay 

By Brian Smith,* Noel Coleman! and Jeanette E. Watson* 

Abstract: Westernport Bay is a land-locked tidal embayment of about 1,500 km2 

in which are two large islands: French Island centrally situated, and Phillip Island to 
the south facing Bass Strait. Morphologically the area is complex and may be divided 
into a number of habitat types each of which has its own characteristic fauna. 

Seven main faunal assemblages are recognized as occurring within the Bay. These 
range from the faunal assemblages of the salt marsh and mangrove, and the molluscan- 
crustacean-polychaete associations of the littoral zone, to the sublittoral associations of 
the deep-water channels and reefs. 

INTRODUCTION 
This paper sets out briefly the present know¬ 

ledge of the invertebrate fauna of Westernport 
Bay and shows how the distribution of this fauna 
is related to both the biological and the physical 
aspects of the environment. Although primarily 
concerned with the fauna, mention is also made 
of the dominant plant species, for these are impor¬ 
tant in many communities, feeding and sheltering 
large numbers of invertebrates and providing a 
surface for the attachment of epiphytes. 

The first collections of invertebrates from Vic¬ 
toria were made in the 1820’s, in Westernport, 
by scientists from the French exploration vessel 
Astrolabe. During the second half of the last 
century and the first half of this, several workers 
included Westernport fauna in studies of the 
invertebrates of Victoria, or made collections 
solely within the Bay. These include Joshua 
(1859, 1868) on echinoderms; MacGillivray 
(1859, 1868) on bryozoa; Carter (1886) on 
sponges; Pritchard and Gatliff (1898, 1900), 
Gabriel (1908) and Gatliff and Gabriel (1910, 
1917, 1931) on molluscs; Parr (1932) on fora- 
minifera; and Blackburn (1937) on hydroids. 

Four more recent studies of Westernport in¬ 
vertebrates have been ecologically as well as taxo- 
nomically orientated. In 1965 the Fisheries and 
Wildlife Division, Victoria, carried out an exten¬ 
sive survey of the benthos around Crib Point in 
North Arm and in 1973-74 undertook a more 
extensive survey, sampling throughout the Bay. 
Two other studies have been carried out by 
groups working in conjunction with the National 

Museum of Victoria. The Marine Study Group 
of Victoria has made extensive collections of 
littoral animals from the Bay (Smith 1971) and 
the Underwater Research Group of Victoria has 
studied the sublittoral flora and fauna of the 
north-western region of North Arm (Watson 
1971). The present paper is based on the results 
of these four surveys. 

FAUNAL ASSEMBLAGES 

The distribution of species within the Bay is 
governed by the prevailing hydrological condi¬ 
tions, the substratum available for settling and 
colonization, and the degree of aerial exposure 
(if any) to which the substratum is exposed at 
low tide. In relation to differences in these factors, 
seven main faunal regions, each having its own 
characteristic fauna, may be recognized. None of 
these regions is entirely homogeneous and each 
may be subdivided according to minor differences 
in the physical conditions and types of habitat it 
offers. The distribution of these regions within the 
Bay is illustrated in Fig. 1; the regions are as 
follow: 

L Salt marsh—the zone between the mangroves 
and the beginning of truly terrestrial vegetation: 
subject to intermittent inundation by very high 
tides. 

2. Mangroves—the mid-tide zone occupied by 
mangrove trees. 

3. Tidal flats—areas of muddy sand, usually with 
sea-grass beds, exposed at low tide. 

4. Beaches—intertidal areas of clean sand. 

5. Rock platforms—intertidal rocky areas. 

* Invertebrate Department, National Museum of Victoria, Melbourne 3000. 
t Marine Pollution Studies Group, Fisheries and Wildlife Division, Ministry for Conservation, 

Melbourne, 3000. 
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6. Channel system—the main channels of North 
Arm and East Arm and the subsidiary channels 
which feed them. 
7. Sublittoral reefs—sublittoral rocky areas. 

1. Salt Marsh 

Because it occurs above the normal high tide 
level, receiving seawater only by seepage or during 
high spring tides, this habitat is classed as a 
littoral fringe zone. It is a well defined area, 
extending along most of the shoreline of North 
Arm, between the upper limit of the mangroves 
and the beginning of the typical terrestrial vege¬ 
tation. The salt content of the plants and soil of 
this zone is relatively high, and the soil is bound 
by the plants’ root systems. 

The dominant plants of this zone are Arthro- 
cnemum arbusculum (R. Br.) Moq., Suaeda aus¬ 
tralis (R. Br.) Moq., Puccinellia stricta (Hook.f.) 
C. Blom, and Salicornia quinqueflora Bunge ex 
Ungern-Sternberg. The fauna is characterized by 
a number of species of air-breathing snails includ¬ 

ing Salinator solida (von Martens), Ophicardelus* 
ornatus (Ferussac), Marinula meridionalis (Bra% 
zier) and Truncatella scalarina Cox. The littorinid 
Bembicium melanostomum (Gmelin) is found ir\ 
the lower part of the salt marsh zone where i( 
borders on the mangroves. 

2. Mangroves 

Bird (1971) describes the mangrove com\ 
munity in detail and discusses its possible infiu\ 
ence in the overall ecology of Westernport. Th^ 
mangrove trees grow in, and help to consolidate^ 
a soft muddy substratum; their trunks and 
pneumatophores are the only firm substratum it* 
this zone and a number of epiphytic filamentous 
algae, including Caloglossa, Catanella and BosU 
rychnia, grow on them. Bembicium nanunx 
(Lamarck), B. melanostomum, and the barnacle 
Chamaesipho columna (Spengler) are commonly 
found on the trunks and pneumatophores, and 
the mussel Mytilus edulis planulatus (Lamarck) 
may be found attached to the roots. 

Fig. 1—Map of Westernport Bay showing main faunal regions. 
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3. Tidal Flats 

The tidal flats, situated mainly in the north and 
east of the Bay, consist largely of fine, muddy 
sand overlying, in many places, old shell beds. 
They support meadows of the sea-grass Zostera 
muelleri, Irmisch ex Aschers, the root systems of 
which help to consolidate the soft substratum. 
At low tide parts of the flats are exposed to the 
air, but large areas remain covered with a few 
inches of water. 

Infaunal species include the bivalves Anadara 
trapezia (Deshayes), Homalina deltoidalis (Lam¬ 
arck), H. mariae (Tenison Woods), Laternula 
tasmanica Reeve and the mud yabby, Callianassa. 
Also found on or in the substratum are the 
arenaceous foraminiferan species Ammotium 
cassis (Parker), and Trochommina sorosa Parr, 
polychaetes belonging to the genera Nepthys, 
Lumbrineris and Nereis, the air-breathing snail 
Salinator fragilis (Lamarck) and the carnivorous 
gastropods Nassarius burchardi Phillipi and Poli- 
tiices sordidus (Swainson). The sea-grass bears 
epiphytic filamentous algae, occasional sponges 
and ascidians, and a large number of grazing 
molluscs of the families Trochidae and Rissoidae. 

4. Beaches 

Open beaches composed largely of clean sand 
are found at a number of localities in the south 
of the Bay and support a scant fauna consisting 
of only a few species including the beach blood¬ 
worm Abarenicola. In shallow water where wave 
action is moderate, the offshore sands are colonized 
by a fringe of the marine angiosperm Amphibolis 
antarctica (Labill.) Saunder & Ascherson, whose 
wiry stems and flat leaves support many species 
of encrusting coralline algae and bryozoa, the 
hydroid Lineolaria spinulosa Hincks, and the 
colonial ascidian Molqula sabulosa (Quoy & 
Gaimard). High tide mark is usually lined with 
detritus of A. antarctica which remains damp 
during low tide and so provides a sheltered en¬ 
vironment for large numbers of the sand hopper 
Orchestia sp., enchitrid worms, and the shore crab 

Card nits maenas (Linne). 

5. Rock Platforms 

The intertidal substratum in much of the south¬ 
western region of the Bay consists of wave-cut 
basalt rock platforms with tide-pools, gutters, 
and loose rocks on the seaward edge. One or two 
other areas of intertidal rock, either of weathered 
basalt or of ferruginous sand stone, are found in 
the northern and eastern areas of the Bay, and 
isolated rocks are found on the intertidal flats. 

The upper littoral zone, especially on the more 
sheltered platforms, has colonies of the blue-green 

algae Rivularia and Nostoc, and of the black 
lichen Lichina confinis, C. Argardh. The gastro¬ 
pods Melarapha unifasciata (Gray), M. praeter- 
missa May, and, at slightly lower levels, Siphonaria 
diemenensis Quoy & Gaimard occur on the rock 
surface. 

In the mid-littoral zone, the gastropods Cel- 
lana tramoserica (Sowerby), Bembicium nanum, 
Melanerita melanotragus (Smith) and Austro- 
cochlea spp. are found on the upper rock sur¬ 
faces whilst beneath boulders and stones the limpet 
Chiazacmea flammea (Quoy & Gaimard), the blue 
sea-star Patiriella exigua (Lamarck) and the crab 
Paragrapsus quadridentatus Milne Edwards are 
common. On more exposed faces the barnacles 
Ibla quadrivalvus (Cuvier) and Chamaesipho 
columna, the mussels Mytilus edulis planulatus 
and Modiolus pulex (Lamarck), and the tube- 
worm Galeolaria caespitosa Lamarck occur. 

The lower littoral zone and the sublittoral fringe 
possess a very rich and diverse fauna and through¬ 
out this zone the undersurfaces of the rocks are 
richly encrusted with sponges and ascidians. The 
algae present include Caulocystis, Zonaria, Die- 
tyotaf Caulerpa, Ethelia and Champia, and they 
support large populations of small gastropods, 
mainly species of Clanculus, Micrastraea, Phasi- 
anotrochus and rissoids. Other commonly occur¬ 
ring molluscs are Scutus antipodes Montfort, Sub- 
ninella undulata (Solander), Floraconus anemone 
(Lamarck) and Cominella eburnea (Reeve). The 
tubiculous polychaete Terebellides stroemi Sars 
and the errant polychaetes Eunice and Palola are 
common under rocks. The urchin Holopneustes 
inflatus Liitken is found on weed, and the large 
urchin Heliocidaris erythrogramma Valenciennes 
is abundant under rock ledges. Also common are 
the sea-stars Tosia australis Gray, and Patiriella 
brevispina H. L. Clark, and the brittle star Ophio- 
nereis schayeri (Muller & Troschel). At Settle¬ 
ment Point, Corinella, a wave-cut platform flanked 
to the north by mud and rocks and to the south 
by tidal flats, is one of the few places in the east 
of the Bay where an extensive rock-platform type 
of flora and fauna is found. The fauna of this 
platform, while similar to that of the rock plat¬ 
forms in the south of the Bay, is charcterized by 
large numbers of the boring bivalve Venerupis 
crenata Lamarck embedded in the weathered 

basalt. 

6. The Channel System 

The North Arm and East Arm, together with 
their subsidiary feeder channels, the inlets and 
adjoining subtidal seagrass meadows form one of 
the major physiographic and ecological units of 
Westemport. 
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Seagrasses border the major and minor chan¬ 
nels, cover the subtidal sandbanks and, in the 
northern and south-eastern regions of the Bay, 
form extensive meadows continuous with those of 
the tidal flats. The meadows have a rich plant 
community in which the seagrass Heterozostera 
tasmanica (G. Martens) Aschers is the dominant 
plant, although in areas sheltered from wave 
movement the green alga Caulerpa cactoides 
(Turner) C. Argardh may also be very abundant. 
The seagrass community supports a rich epiphytic 
red algal flora, and both algae and seagrass pro¬ 
vide food, shelter and substratum for small species 
of hydroids, molluscs, Crustacea, annelids, asci- 
dians and sponges. The infauna of the seagrass 
meadows is similar to that of the tidal flats and 
is characterized by the bivalve molluscs Homalina 
mariae, Katelysia rhytiphora Lamy and Anadara 
trapezia. 

The shallow channels and inlets have a plant 
community similar to that of the seagrass meadows 
and may also, at depths of 6-8 m, have a band 
of the angiosperm Halophila ovalis (R. Br.) Hook 
growing in soft mud. Near shore the biota of the 
minor channels is similar to that of the tidal flats, 
but near the confluence with the major channels 
there is a gradual intergradation with the deep 
channel fauna. 

The main channels are from 10-30 m deep and 
have a moderate to very strong current flow. The 
substratum consists of fine to coarse clean sands, 
or sands mixed with organic detritus, shells and 
ironstone rubble. High water turbidity due to 
suspended sediment and organic matter reduces 
light penetration to the extent that plant-life is 
virtually absent from the channel floors. 

The most conspicuous species of the channel- 
floor epifauna is a small apricot coloured seapen, 
Sarcophyllum sp. which may reach densities of 
200 individuals/m2. Old shell and rubble provide 
a substratum for the attachment of many other 
epifaunal species including the limpet-like gastro¬ 
pod Sigapatella calyptraeformis (Lamarck), the 
articulate brachiopod Afagellania australis Quoy & 
Gaimard and the solitary ascidian Pyura stoloni- 
fera Heller. The leathery test of P. stolonifera 
offers a substratum for many epizoic species of 
small sponges, hydroids, and other ascidians. 
MageUania australis, a species uncommon in Bass 
Strait, is extremely abundant in Westernport and 
may attain densities of 250 individuals/m2. Other 
members of the epifaunal community are the 
sea stars Nectria ocellata Perrier, Patiriella brevi- 
spina and Tosia magnified (Muller & Troschel), 
and the echinoid Goniocidaris tubaria (Lamarck) 

Conspicuous amongst the infauna are the mol¬ 
luscs Pronucula spp., Neotrigonia margaritacea 

(Lamarck), Notocallista diemenensis (Hanley), 
Bellucina crassillirata (Tate) and Venericardia 
bimaculata (Deshayes). A small orange sponge, 
Suberites sp., is commonly found attached to the 
shells of living Neotrigonia. Outcrops of lignitic 
bedrock on the channel floor may be bored by 
the bivalve Pholas australasiae Sowerby. Several 
species of carnivorous gastropods, including Nas- 
sarius burchardi (Phillipi), Pterynotus triformis 
(Reeve) and Amorena undulata (Lamarck), feed 
upon the bivalve population. 

The two most abundant infaunal groups are 
the polychaetes and the crustaceans, although 
neither group is known in great detail. 

7. Sublittoral Reefs 

There are very few sublittoral reefs in Western- 
port Bay. Few are known on the southern part 
of the Bay or in East Arm, but some scattered 
outcrops of sandstone and lignite occur in North 
Arm. The largest of these outcrops, Crawfish 
Rock, a reef emergent at low tide, provides the 
only rocky shore habitat in the northern part of 
Westernport and has a littoral biota showing 
affinities with that of the intertidal platforms to 
the south. 

Sublittorally, the horizontal distribution of the 
biota of Crawfish Rock is related to the strong 
tidal flow and current patterns, whilst vertical 
zonation of the algae is dependent upon light 
penetration. Where current flow is strongest there 
is a forest of the brown kelp Ecklonia radiata 
(C. Ag.) J. Agardh reaching to a depth of about 
8 m. In more sheltered places there is a shallow- 
water Sargassum-Scabaria-Caulerpa community 
and a rich red algal flora which includes such 
delicate species as Claudia elegans Lamouroux, 
Griffithsia teges Harvey, Myriogramme gunniana 
(Harv.) Kyi in and Rhodymenia sp. 

At a depth of about 10-11 m where there is 
insufficient light to allow algal growth there is an 
abrupt transition to a rich and diverse invertebrate 
community. This is dominated in terms of biomass 
by the sponges Ancorina corticata Carter, Geodia 
sp., and Ircinia sp., whilst in number of species 
the smaller Aplysillidae are dominant. The ascidian 
fauna is rich in encrusting species, dominant 
amongst which are Didemnum plat id um (Herd- 
man), growing in places of moderate current flow, 
and the colonial species Amphicarpa diptycha 
(Hartmeyer) which grows where fine sediments 
are deposited. Solitary ascidians are poorly repre¬ 
sented except for the orange and purple striped 
Halocynthia hispida (Herdman), a species widely 
distributed throughout the northern region of 
Westernport. Erect bushy colonies of the horny 
bryozoans Amathia biseriata Krauss and the 
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brilliant green Bugula dent at a (Lamouroux) are 
very common where currents are strong, whilst 
the calcareous species Celleporaria prolifera (Mac- 
Gillivray) and the lace-like Triphyllozoon mono- 
lifera (MacGillivray) prefer sheltered clefts in 
the rocks. The pycnogonid Styllopallene longi- 
cauda Stock and a small gastropod, Microginella 
tninutissima (Tenison Woods) are known to spend 
their entire life cycles in association with A. 
biseriata. (D. A. Staples, pers. comm.; Murray 
1970). The hydroid fauna includes the athecate 
species Pennaria sp. and Eudendrium generalis 
von Lendenfeld, often associated with calcareous 
bryozoa in sheltered places. Stolonic colonies of 
Aglaophenia plumosa Bale, Plumularia se taco ides 
Bale, Sertularia unguiculata Busk and the scarlet 
Halopteris buskii (Bale) are common in places 
where currents are moderate, whilst the edges of 
large boulders exposed to maximum current flow 
are occupied by the large, erect species Plumularia 
procumbens Spencer and Sertularella lata (Bale). 
Other conspicuous members of the reef com¬ 
munity are the sea stars Nectria ocellata and 
Petricia vernicina (Lamarck), and the very 
abundant echinoid Heliocidaris erythrograrnma 
which feeds upon sea-grass drift. 

DISCUSSION 
Much has been written (e.g. Thorson 1957, 

Mills 1969) about the community concept in 
marine biology, the relationship between organism 
and environment, and the factors that must be 
borne in mind when choosing species with which 
to characterize a particular environment or type 
of habitat. In this paper Westernport Bay has 
been considered as being divisible into seven 
distinct types of habitat, and certain species, 
visually conspicuous because of their size, shape 
and colour have been described as characteristic 
of each habitat. However, the description of a 
species as characteristic of, or dominant in, a 
particular habitat does not necessarily imply that 
it is the most abundant species there. It is gene¬ 
rally true that the most numerous animals are 
also the smallest and Stephenson et al. 1972, have 
noted that it may be necessary to choose as 
characterizing species those which are dominant 
by number or by weight, since it is not always 
possible to choose species which dominate by both 
characteristics. The most numerically abundant 
groups of the soft bottom infauna in Westernport 
Bay are the annelids and the crustaceans (in the 
two quantitative surveys conducted by the Fish¬ 
eries and Wildlife Division, Victoria, these two 
groups provided at least 80% of all the individuals 
collected) but many species are precluded from 
a characterizing role because they are small, 

inconspicuous and not easily identifiable. 
In dividing an area into several habitat types 

and characterizing each by a few dominant species 
there is a tendency to emphasize the discreteness 
of animal associations. It is true that some adjacent 
areas will show disjunct species distributions, and 
this is particularly so where hard, epifaunally 
colonized substratum adjoins an area of soft, 
infaunally colonized substratum, but in many 
cases one faunal zone will intergrade gradually 
with another without sharp discontinuities in 
distribution. Thus in Westernport the bivalves 
Katelysia rhytiphora and Homalina mariae, char¬ 
acteristic of the muddy tidal flats, and also found 
in the shallow muddy portions of the main chan¬ 
nels, give way to Neotrigonia and other molluscs 
typical of the deeper channel areas only where the 
substratum contains less mud. 

Approximately 2,000 species of invertebrates, 
including many new to science, are known from 
Westernport, and since it includes few meio- or 
micro-faunal species or even larger organisms 
such as sponges this figure must be regarded as 
a very conservative estimate. Even so, this shows 
Westernport Bay to be an area of great species 
richness and there are few, if any, other benthic 
surveys (e.g. Gilat 1964, Laakso 1965, Jones 
1951, Gage 1972, Damodaran 1973, Hutchings 
& Retcher 1974, Stephenson et al. 1974) which 
give species lists indicative of the degree of faunal 
diversity that is found in Westernport. 

In the northern region of the Bay the natural 
turbidity of the water reduces light penetration 
and this has led to a ‘compression’ of the photic 
zone so that plant growth is limited to relatively 
shallow water. For example, the brown kelp 
Ecklonia radiata grows down to a depth of only 
8 m at Crawfish Rock compared with 30-35 m 
in neighbouring Bass Strait. Reduced light pene¬ 
tration, together with the secondary factors of 
shelter from deep wave movement and the pre¬ 
sence of good current flow, has permitted the 
incursion into the channels and reefs of Western- 
port Bay some species more typical of a deeper 
water oceanic fauna. Amongst these are the 
hydroids Plumularia procumbens and Halopteris 
buskii, the bivalve Neotrigonia margaritacea, and 
the brachiopod Magellania australis. 

Apart from its overall richness and diversity, 
the fauna of Westernport includes a number of 
species of particular interest. 

Neotrigonia margaritacea is a living fossil form. 
More than one hundred species of fossil trigonias 
are known from Europe, North and South Amer¬ 
ica and India, but living members of the family 
are found only in the waters around Australia 
where there are, supposedly, six species, one of 
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which, Neotrigonia margaritacea, is recorded from 
a few localities in southern New South Wales, 
Victoria and Tasmania. After the first discovery 
in 1802 of living members of the family, Neo¬ 
trigonia was for a time considered so rare that 
even single, worn valves changed hands for large 
sums of money. 

The brachiopod genus Magellania and a few 
related forms are found as fossils dating back at 
least as far as the early Tertiary only from the 
Australian region (Richardson, pers. comm.). 
Today, Magellania australis is confined to southern 
Australian waters, and so far as is known, occurs 
most abundantly in Westernport. 

Living ark-shells Anadara trapezia, common in 
tidal flats from Queensland to New South Wales, 
are rare in Victoria but are abundant in deposits 
of Pleistocene age in Victoria and South Australia. 
One of the areas in Victoria in which Anadara is 
found is Westernport Bay, where extensive beds 
of Anadara occur in the mudflats. Within recent 
years Anadara has been transplanted from 
Westernport to South Australia in an attempt to 
re-establish it there (Plant 1957). 

In summary it can be said that the fauna of 
Westernport Bay is remarkable for a number of 
reasons. One of the common species found there 
is a ‘living fossil* with a very restricted distribu¬ 
tion, and several others also have an extensive 
geological history; the natural turbidity of the 
water has reduced light penetration, particularly 
in the northern region of the Bay, leading to a 
compression of the vertical zonation shown by 
species and allowing the incursion of deeper water 
species, and the area shows a degree of species 
diversity for which there are few, if any, parallels 
recorded from any part of the world. 
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Basic Limnology of Two Crater Lakes in 

Western Victoria 

By B. V. Timms* 

Abstract: Lake Mumblin, near Terang, and Lake Surprise, near Macarthur are 
the only true crater Jakes sensu stricto in Victoria. Each is small, near 12 m deep and 
enclosed by steep crater walls. 

Both lakes stratify in summer. Extreme wind protection and opaque water result 
in sharp thermoclines and lower heat budgets than expected for southern Victoria. The 
lake waters are slightly alkaline, hard and dominated by Na+ and Cl" ions. 

Of the three communities investigated, 
and benthos, not one, except zooplankton in 
lakes elsewhere in Victoria. 

Mumblin appears to be relatively more 

INTRODUCTION 
Of the many lakes resulting from past volcanic 

activity in the Western District of Victoria, only 
two are true crater lakes (sensu Hutchinson 
1957): Lake Mumblin (38°20'S, 142°56'E), 
9 km south of Terang, in a basalt-rimmed crater 
of a complex volcano known as Staughtons Hill, 
and Lake Surprise (38°04'S, 141°55'E), an 
elongated lake in the craters of Mt. Eccles, 9 km 
southwest of Macarthur (Ollier & Joyce 1964). 
Both originated in late Pleistocene or Recent 
times, Mt. Eccles being the most youthful (ca. 
5000 years B.P.) eruption point in Victoria 
(Ollier & Joyce op. cit.). 

Although the basic features of salt lakes in the 
Western District have been surveyed (Bayly & 
Williams 1966) little is known on the freshwater 
lakes of the region. Hussainy (1969) has provided 
some data on Lakes Purrumbete and Elingamite, 
the author (Timms 1973) has worked intensively 
on Purrumbete, while Yezdani (1970) reported 
on macrophytes and phytoplankton of a few lakes, 
including Mumblin. The present work provides 
limnological data on the remaining two deep 
freshwater lakes of the volcanic plains. 

MORPHOLOGY 
(a) Methods: Each lake was sounded with a 

‘Roden’ SR385 echo sounder. This was mounted 
on a boat which was moved at near constant 

* Zoology Department, Monash University, Clayton, V 
Avondale College, Cooranbong, N.S.W., 2265. 

zooplankton, littoral weedbed invertebrates 
Surprise, is as diverse as that in freshwater 

productive than Surprise. 

speed along a number of transects (4 in Mumblin 
and 12 in Surprise). The sounder was calibrated 
by direct soundings with a weighted line. The 
positions of the transects were determined on an 
enlarged aerial photograph which also provided 
an outline of the lake shore. The approximate 
altitude of each lake was established by the 
careful use of an aneroid barometer. 

The data so obtained were used to construct 
morphometric maps (Figs. 1 and 2) and to calcu¬ 
late a number of parameters (Table 1). 

(b) Results and Discussion: Mumblin (Fig. 
1) is round with uniform underwater slopes and 

a flat bottom. In contrast. Surprise (Fig. 2) is 
elongated with complex shoreline configuration 

and variable underwater slopes. Both lakes are of 
comparable depth and volume (Table 1) but the 
larger surface area in Surprise results in a smaller 
mean depth than in Mumblin. There has been 
considerable sedimentation in both so that sedi¬ 
ments are greater than 1 m thick (> 1-5 m in 
Mumblin, Yezdani 1970), and in addition there 
is extensive littoral infilling by peat formation in 
Mumblin. The crater walls around Surprise are 
steep and high giving considerable protection 
from wind; Mumblin is less well protected. 

The outstanding morphometric parameter is the 
low shoreline development (1 004) in Mumblin. 
Crater and maar lakes are usually near-circular 
(Hutchinson 1957, p. 171) but rarely as per- 

Dria, 3168; Present address: Sciences Department, 

159 
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Fig. 1—Morphometric map of Lake Mumblin. 
Depth in metres. 

fectly circular as Mumblin. Although a crater 
lake, Surprise is irregular in shape, due to the 
complex physiography of the Mt. Eccles eruption 
area (Boutakoff 1963). The lake occupies one 
large crater and two smaller ones which are 
contiguous. 

PHYSICO-CHEMICAL FEATURES 

(a) Methods: Both lakes were visited in July 
and November 1971 and in February 1972, and 
there were extra trips to Mumblin in January, 
April and May 1972. 

Temperatures were measured with a resistance 
thermometer (accurate to ± 01°C), dissolved 
oxygen with the azide modification of the Winkler 
technique (A.P.H.A, 1971), pH with a Metrohm 
portable pH meter, and Total Dissolved Solids 
(hereafter TDS) by evaporation at 105°C. A 
Secchi disc was used to measure light penetration 
and water colour was measured against methyl 
orange standards and expressed in Pt units on the 
basis of 0 01 mg/1 of methyl orange being 
equivalent to 2-8 Pt units (Hutchinson 1957, 
p. 413). 

Mud particle size was determined by using 
nested graded sieves, organic matter by per cent 
loss on ignition at 550° C for 45 minutes, nitrogen 
by the Kjeldahl method and redox potential using 
a modification (Timms 1973) of Beadle’s method 
(Beadle 1966). 

(b) Results and Discussion: Mumblin water 
is light peaty brown in colour (42 Pt units) and 
light penetration is low (mean Secchi disc trans¬ 
parency, 167 cms) while Surprise water is clear 
(10 Pt units) and transparency is potentially high 
(> 8 m) but is considerably reduced in summer 

Fig. 2—Morphometric map of Lake Surprise. 
Depth in metres. 

by phytoplankton blooms (Table 2). 
Annual surface temperatures ranged 9-8°C in 

Mumblin and 11*8°C in Surprise, with maxima 
near 20°C—values typical for deep lakes in the 
Western District (Timms 1973). Both lakes 
stratify strongly during summer (from November 
or earlier to April in Mumblin) and circulate in 
winter (Fig. 3) and hence are of the cheimomictic 
type (Bayly & Williams 1973). In both the ther- 
mocline is sharp and gradients of 2°C/m are not 
uncommon. Despite limited depth there is in each 
case a well defined hypolimnion of 2-5 m in 
thickness. These features must be associated with 
extreme wind protection and small size and also 
by low transparency water in Mumblin since in 
the larger, slightly deeper and more exposed Lake 
Gnotuk, stratification is shorter in duration, the 
thermocline less steep and the hypolimnion of 
lesser thickness (Timms 1973). 

The annual heat budget is small in each in¬ 
stance—6370 g cal/cm2 in Mumblin and 5300 
g cal/cm2 in Surprise. Both of these values are 
lower than predicted by the relationship between 
mean depth and heat budget in other Western 
District lakes during 1969-72 [(H)ba = 15-23 
log10z— 516] (Timms 1973). At least two 
factors contribute to this: (a) lower temperatures 
than normal during the 1971-72 summer and (b) 
deep mixing in each is hindered by the protected 
position and/or low transparency water. 

Epilimnetic waters generally were close to being 
saturated with oxygen in Surprise, but not in 
Mumblin, where saturation values ranged from 
60-93%. During stratification hypolimnetic waters 
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Table I 
MORPHOMETRIC PARAMETERS FOR LAKES MUMBLIN 

AND SURPRISE 

Parameter Mumblin Surprise 

Surface area (ha) 3.8 6.3 

Volume (m^ x 10^) 0.28 0.34 

Max. length (m) ] 675 

Max. width (m) 
230 

190 

Max. depth (m) 12 13 

Mean depth (m) 7.3 5.4 

Mean depth : Max. depth 0.613 0.415 

Length of shoreline (m) 695 1550 

Shoreline development 1.004 1.73 

Volume development 1.84 1.24 

Direction of major axis (round) NW*-*-SE 

Altitude a.s.l. (m) 156 88 

Mean height of crater walls (m) 27 49 

Table 2 

SECCHI DISC TRANSPARENCY, pH AND TDS IN LAKES MUMBLIN 
AND SURPRISE 

Month 

Mumblin Surprise 

S.d.(cm) pH TDS(ppm) S.d.(cm) pH TDS(ppm) 

July 100 7.7 444 404 7.7 380 

November 150 7.8 442 820 7.8 371 

February 203 7.6 471 150 8.5 394 

April 

o
 

00 
r-H

 8.2 484 

May 204 7.1 469 

Mean values 167 7.7 462 458 8.0 381 

quickly deoxygenate and a sharp boundary forms 
between the deoxygenated hypolimnion and oxy¬ 
genated epilimnion (Fig. 3). As the epilimnion 
deepens during autumn this boundary is sharpened 
and pushed deeper. Deoxygenation is a little more 
severe in Mumblin than in Surprise. This is 
evident, not only from the form of the oxygen 
depth profiles (Fig. 3) but also from the strong 
odour of hydrogen sulphide in hypolimnetic water 

from Mumblin. 
The water of each lake is slightly alkaline and 

hard (Table 2). The ionic dominances of Na > 
Mg > Ca > K and Cl > HC03> S04 (Table 3) 
are typical of freshwater lakes in the Western 
District (Maddocks 1967). 

The sediments in each lake are somewhat 
different. In Mumblin at 12, 8, and 4 the sediment 
is a hrown-black mud with much visible organic 
detritus, while in Surprise at 13, 8, 4, and 2 m 
it is a grey mud containing some mollusc shells. 
Percent organic matter is greatest in Mumblin and 
since the nitrogen content in each lake is similar, 
Mumblin has a higher C/N ratio (Table 4). 
Based on this ratio, Mumblin’s profundal sedi¬ 
ment is classified as a dy and that of Surprise as 
gyttja (Hansen 1959), but there is some doubt 
on the applicability of this scheme to Western 
District lakes (Timms 1973). The redox potential 
of the profundal sediments is lowest in Mumblin 
(Table 4), but both values are surprisingly high 
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■►Temperature (°C) and Oxygen (°/0 saturation) 

8 10 12 14 16 18 0 20 40 60 80 100 

Pig. 3—Depth profiles of temperature (-) and oxygen (-) in Lake Mumblin on (a) 1st July, 
1971, (b) 14th November, 1972, (c) 5th January, 1972, (d) 22nd February, 1972, (e) 17th April, 1972, 
and (f) 16th May, 1972 and in Lake Surprise on (a) 5th July, 1971, (b) 23rd November, 1971, and 

(c) 28th February, 1972. 

Table 3 

CONCENTRATIONS OF MAJOR IONS (mcq/1) IN LAKES MUMBLIN 
AND SURPRISE 

Lake Na+ K+ Ca++ M ++ Mg 
Sum o+ 
Cations 

Sum of 
Anions Cl" HCO- so- 

Mumblin 4.83 0.17 0.41 1.33 6.74 6.64 5.07 1.15 0.42 

Surprise 3.52 0.20 0.77 1.36 5.85 5.78 2.93 2.64 0.21 

Table 4 

SOME FEATURES OF THE SEDIMENTS OF LAKES MUMBLIN 
AND SURPRISE 

Lake 
and 
Depth 

% by weight 
of particles 
< 0.0625 mm 

% Organic Matter % C* % N C/N Eh? in mV 

Mumblin 97.6 67.5 27.0 2.28 11.8 +328 

12m 

Surprise 98.8 44.2 17.7 2.23 7.9 +413 

13m 

* Calculated as 40% organic matter 
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considering the seasonal deoxygenation of the 

hypolimnion. 

BIOLOGICAL FEATURES 
(a) Methods: On each visit, limnetic zoo¬ 

plankton was collected by a vertical haul from 
the deepest part of the lake with a conical net 
(33 cm aperture, and mesh size 159u). Micro- 
invertebrates of littoral weedbeds were caught 
with a Birge cone net (mouth diameter 18 cm, 
net mesh size 159p, and brass cone mesh size 
2 5 mm). Larger invertebrates were collected 
with a coarse pond net (mesh size 0-8 mm). A 
Birge-Ekman grab of 200 cm2 gape was used to 
sample benthos. Triplicate samples from repre¬ 
sentative depths were collected and sieved through 
a sieve of mesh size 0-4 mm and the organisms 
retained were sorted alive in the field. Benthic 
animals were preserved in 70% alcohol and the 
remainder in 5% formalin. 

(b) Results and Discussion: Zooplankton is 
abundant and diverse in Surprise (Table 5) and 
the assemblage of species is typical of that in 
freshwater lakes in the Western District (Hus- 
sainy 1969). In Mumblin there is little zooplank¬ 

ton and few species are present (Table 5). The 
reason for this is not obvious. Brand (1967) has 
shown that humic, acid water tends to exclude 
Boeckella symmetrica and Ceriodaphnia sp., two 
common zooplankters in the Western District, 
but Mumblin, although humified, is alkaline. 

In Mumblin, the extensive littoral weedbeds of 
Eleocharis sphacelata R. Br. and Triglochin pro- 
cera R.Br. (Yezdani 1970) harbor at least 34 
species of invertebrates while 26 species are 
recorded from Surprise where weedbeds of Carex 
appressa R.Br. and Triglochin procera are local¬ 
ized and sparse. The list in Table 6 is no doubt 
incomplete. There are inadequate comparative 
data to comment on species composition, but 
taken as a whole, diversity is much lower than 
in Lake Purrumbete where 67 species have been 
recorded (Timms 1973). Purrumbete has, how¬ 
ever, been studied intensively and there are a 
number of weedbed types. 

The benthic faunas are depauperate with only 
nine species in Mumblin and five in Surprise 
(Table 7). Antipodrilus davidis and Chaoborus 
sp. are dominant in each, while Chironomus spp. 
are seasonally numerous in Mumblin. The data 

Table 5 

LIMNETIC ZOOPLANKTON OF LAKES MUMBLIN AND SURPRISE 

Species 

Mumblin Surprise 

1/7/71 14/11/71 23/2/72 5/7/71 23/11/71 28/2/72 

Boeckella symmetrica 
Sars 

+++ ++++ ++ 

Eucylops serrulatus 
(Fischer) 

+♦ ++ ++ + + 

Daphnia carinata 
Ki ng 

++ + +++ 

D. lumholtzi 
Sars 

+ 

Ceriodaphnia quadranqula ++ 

(Muller) 

Brachionus sp. + + 

Filinia sp. + + + 

Keratella sp. + 

Unidentified water mite + + + 

Code to relative abundance + uncommon 
++ present 

+++ common 
++++ very common 
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Table 6 
LITTORAL WEEDBED INVERTEBRATES IN 

LAKES MUMBLIN AND SURPRISE 

Species Mumblin Surprise 

CNIDARIA 

Hydra sp. + + 

ASCHELMINTHES 

Unidentified nematode + 

ANNEDIDA : OLIGOCHAETA 

Unidentified naid worm + + 

ARTHROPODA : CRUSTACEA : OSTRACODA 

Candonocypria asslailis Sara + 

Gomphocyt here so. ♦ 

Revnhamia fenestrata King + ♦ 

ARTHROPODA : CRUSTACEA : CLADOCERA 

Simocephalus australiensis (Dana) + + 

Chydorus sphaerlcus (Muller) + 

Pseudochydorus globosua (Baird) 

Alona costata Sara ♦ 

Pleuroxus aduncus (Jurine) ♦ 

ARTHROPODA : CRUSTACEA : COPEPODA 

Eucyclopa euaeanthua (Sara) + 

E. serrulatua (FiBcher) + + 

Macrocyclopa albldus (Jurine) + + 

Mesocyclop8 leuckarti (Claua) + 

ARTHROPODA : CRUSTACEA : MALACOSTRACA 

Heterias pul8ella (Sayce) + 

Austrochiltonia subtenuia (Savce) + 

Paratya australiensis Kemp + 

Cherax de8tructor Clark + 

ARTHROPODA : INSECTA 

Atalophlebia sd (australis) group + 

Aeshna brevistvla Ramb. + 

Austroagrion cyane Selya + 

Sigara sp. + + 

+ + 

Naucoris congrex Stal. + + 

Sphaerodema egues Dufour ♦ 

Atriplectides an + 

Antiporua interrogation!a Clark 

A. blokei (?) Clark ♦ 

Enochrus maculjeeps Macl. + 

(Appendix 1) are sufficient to indicate that there 
are seasonal fluctuations in numbers of individuals 
and in their depth distribution, but are inadequate 
to elucidate these changes. Most obvious, how- 

Table 6 (continued) 

Species Mumblin SurPris, 

Helochares auatralia Blkl. 
+ 

Hydrobia australaaiae Clark + 

Limnoxenu8 zelandicuo Brovn + 

Macroporu8 homatua Clark + + 

fleeterosomo. penicillotun Clark + 

Rhantua pulverosus Steph. + + 

Sternopri8cua hausordi( ? Xciark) + 

Ablabesmyia bo. 
♦ 

Corynonevira so. + + 

Orthoclad sp A + 

Orthoclad sp B ■f 

orthoclad sp C 
+ 

Cryptochironomus (Parachironomus group) + 

Polypedilum so. + 

Paratanytaraua furvus Glover + 

Unidentified pyralid larva + 

MOLLUSCA : GASTROPODA 

laodorella newcombi (Adams and Angus) + + 

Total 3U 26 

ever, is the lack of animals in the hypolimnion 
of Mumblin in summer, due probably to severe 
anoxic conditions there (see earlier). 

Mean weighted biomass, determined by multi¬ 
plying the weight of benthos at each depth by the 
bottom area of the lake represented by that depth 
and dividing by the area of the lake, is 6-8 g/m2 
in Mumblin and 2-6 g/m2 in Surprise. In the 
first lake chaoborids and oligochaetes make equal 
contributions (42% and 39% respectively) but 
in Surprise oligochaetes contribute 93% and 
chaoborids only 5% to the total biomass. 

Based on appraisal of a number of criteria 
(including summer oxygen profiles and benthic 
biomass) Mumblin can be considered a productive 
lake, i.e. eutrophic, and Surprise somewhat less 
productive. 
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Table 7 

RELATIVE ABUNDANCE OF BENTHIC INVERTEBRATES IN LAKES MUMBLIN 
AND SURPRISE 

Species Mumblin Surprise 

Antipodrilus davidis (Benham) +++ +++ 

Procladius villosimanus Kieffer + + 

Kiefferulus intertinctus Skuse + 

Cryptochironomus curtivalva Kieffer + 

Chironomus duplex Walker ++ 

Chironomus oppositus Walker + 

Polypedilum nubifer (Skuse) + 

Chaoborus sp. +++ ++ 

Economus sp- + 

Unidentified water mite + + 

Code for relative abundance as in Table 5 

Werribee, Victoria (Ostracoda); Professor Kie¬ 
fer, Max-Auerback-Institut, Western Germany 
(Cyclopoida); Dr. Martin, Melbourne University 
(Chironomidae); Mrs. Morrisey, Perth (Parasta- 
cidae); Mr. Nebois, National Museum, Victoria 
(Hemiptera, Coleoptera); Professor O’Farrell, 
University of New England (Odonata); Dr. Riek, 
CSIRO, Canberra (Trichoptera); Dr. Smirnov, 
USSR Academy of Sciences, Moscow (Chydo- 
ridae); and Dr. Smith, National Museum, Victoria 
(Gastropoda). 

Criticism of the manuscript by Dr. I. A. E. 
Bayly, Zoology Department, Monash University, 
is appreciated. 
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Appendix 1 

NUMBER OF BENTHIC ANIMALS PER m2 AT VARIOUS DEPTHS IN LAKES MUMBLIN 
AND SURPRISE 

Sped es 
Mumblin Surprise 

4m 6m 9m 12m 2m 4m 6m 8m 10m 13m 

Antlpodrilus davldis A 203 951 110 93 1303 72 _ 

B 346 1595 17 17 456 72 1611 

C - 203 127 - 38 275 1523 550 3960 1743 

Procladius villosimanus A 17 17 - - 93 - . 

B - 72 - 55 - - - 

C 17 - - - - 55 - - - - 

Kiefferulus intertinctus A - 38 _ _ 

B 17 - - - 

C - 17 17 - - 

Cryptochironomus curtivalva A 93 - - 

B 

c 
17 38 - 

Chironomus duplex ) A 17 38 55 
) p 

Chironomus oppositus ) 
C 

165 1798 “ 

Polypedilum nubifer A 17 17 _ 

B 

c 
17 165 - 

Chaoborus so A 182 2953 3850 _ 17 72 182 

B 401 621 72 - 17 38 495 

C - 55 715 - - 55 165 55 - 148 

Ecnomus sp A 17 . _ 

B 

c 
- 17 - 

Unidentified water mite A - _ . . 17 _ 

B - - - - - - - 

C 17 - - - - - - - - - 

TOTALS A 546 3976 4015 93 1468 144 182 

B 946 4306 89 89 473 110 2106 

C 34 258 842 - 38 402 1688 622 3960 1891 

Code:- A - July, 1971 

B - November, 1971 

C - February. 1972 
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A Revision of the Bryozoan Genus Corbulipora 

MacGillivray 

By Robin E. Wass* 

(Communicated by Professor G. M. Philip) 

Abstract: Restudy of specimens of the bryozoan genus Corbulipora shows that 
the genus is divisible into two subgenera, Corbulipora (Corbulipora) and Corbulipora 
(Anaskopora) based on development of the frontal wall. The species C. ornata, C. 
cornuta, C. pennata, C. oriparma sp. nov., C. collaris and some specimens of C. 
ampulla are referred to Corbulipora (Corbulipora) and C. elevata and some specimens 
of C. ampulla are referred to Corbulipora (Anaskopora). The stratigraphic range of 
the genus in Tertiary strata of southern Australia is examined. 

INTRODUCTION 38°15'S, 140°29'E, 85-120 fathoms; 180K, 
Af\OAQfQ 1/lOO/n/c r 

The bryozoan genus Corbulipora was erected 
by MacGillivray (1895) with C. ornata, the only 
species described. Maplestone (1901) described 
C. ampulla, also from the Tertiary of Victoria. 
Canii & Bassler (1920) described C. collaris from 
the Tertiary of U.S.A. and in 1958, Brown de¬ 
scribed a new species, C. pennata, from the 
Tertiary of south-western Victoria and also re¬ 
assigned Cribrilina cornuta Macgillivray and 
Cribrilina elevata MacGillivray to Corbulipora. 

In a previous study (Wass 1973) a cursory 
examination of type specimens had shown that 
the frontal wall appeared to be of two distinct 
types. One group typified by Corbulipora ornata 
showed a distinctly regular arrangement of costae 
comprising the frontal wall, whereas the second 
group, characterized by C. elevata, showed the 
frontal wall calcified with irregularly spaced 
lacunae; the only regular arrangement was costae 
arising from the gymnocyst and essentially sup¬ 
porting the frontal wall. Examination of addi¬ 
tional material has established these two groups 
as distinct entities and for this reason, Corbuli¬ 
pora is divided into two subgenera, Corbulipora 
(Corbulipora) and Corbulipora (Anaskopora) 
subgen. nov. Wass (1973) described calcification 
in Recent specimens of Corbulipora from the 
southern Australian continental shelf. Specimens 
used in that study form the basis of a new species, 
Corbulipora (Corbulipora) oriparma sp. nov. from 
the following localities of Wass et al. (1970): 
90K, 35°03'S, 134°1 l'E, 109 fathoms; 123K, 

* Department of Geology and Geophysics, University 

Terminology follows that of Larwood (1962) 
except that upgrowths from lumen pores, pelma 
or pelmatidia, are termed secondary spines. 
Observations are based on the distribution of 
calcification. 

The following is a list of localities from which 
the genus has been mentioned previously in 
bryozoan literature from southern Australia. 
References are to the source of information, 
additional information or a map of the locality. 
Tertiary series names have been supplied by 
D. J. Taylor (pers. comm.). 

Balcombe Bay: This locality is probably Fossil 
Beach at the northern end of Balcombe Bay, 
Port Phillip, south-east of Melbourne; basal Mid- 
Miocene, Balcombe Clay. (Gostin 1966). 

Bird Rock: This is a rock in Half Moon Bay, 
south of Torquay, 80 kilometres south-west of 
Melbourne; Early Miocene, Torquay Group. 
(Singleton 1941, Fig. 8). It is not the locality of 
the same name at the northern entrance to Corio 
Bay. 

Corio Bay: This locality is probably on Western 
Beach, north of Geelong; Late Miocene, Fyans- 
ford Clay. (Bowler 1963, Spencer-Jones 1970). 

Gellibrand: The exact locality is uncertain as 
there are numerous fossiliferous localities in the 
region. 

Mitchell River, Bairnsdale: The locality could 
be one of many, and therefore the stratigraphic 
horizon and age may vary. Rocks in the area 

Sydney, N.S.W., 2006. 
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range from basal Mid-Miocene to Late Miocene 
(Carter 1964, Fig. 5). 

Mornington: This locality is probably the same 

as Schnapper Point. 
Muddy Creek: This probably refers to Mac¬ 

Donalds Bank, Muddy Creek, west of Hamilton, 
Victoria; basal Mid-Miocene, Muddy Creek Marl. 
(Spencer-Jones 1971, p. 247, Fig. 12-1). 

Schnapper Point: This is a headland on Port 
Phillip Bay at Mornington, 40 kilometres south¬ 
east of Melbourne; basal Mid-Miocene, Balcombe 
Clay. (Gostin 1966). 

Localities referred to Brown (1958) have been 
updated stratigraphically by Cockbain (1971) 
and this information is used through the text. 

Abbreviations used throughout the text are 

listed below: 
NMV National Museum of Victoria, Mel¬ 

bourne. 
SUP Sydney University Palaeontological Col¬ 

lection, Sydney. 
MGSV Museum of the Geological Survey of 

Victoria, Melbourne. 
USNM United States National Museum, Smith¬ 

sonian Institution, Washington, D.C. 
BM British Museum (Natural History), Lon¬ 

don. 
No measurements of zooecia are included in 

the systematic section as zooecial boundaries are 
rather arbitrarily defined in Corbulipora. 

SYSTEMATIC PALAEONTOLOGY 
Genus Corbulipora MacGillivray 1895 

Type Species: (by monotypy) Corbulipora ornata 
MacGillivray, 1895, p. 60, PI. 8, figs. 20, 21 from 
Schnapper Point and Muddy Creek, Victoria. 
Diagnosis: Zoaria bilamellar or encrusting, some¬ 
times quadriserial; zooecia rectangular to oval in 
outline; frontal wall developed from vertical or near 
vertical costae which rise from the gymnocyst and 
bifurcate or bend to form a regular or irregular 
arrangement of costae and lacunae; orifice semi¬ 
circular, oral spines and avicularia may be present; 
ovicell entozooidal. 

Subgenus Corbulipora subgen. nov. 

Type Species: as for the genus. 

Diagnosis: as for the genus, but the frontal wall 

is composed of costae with a regular, sometimes 

radiating pattern. 

Remarks: Species previously referred to Corbulipora 
and included in the subgenus are C. ornata, C. col- 
laris, C. cornuta, C. pennata and some specimens 
referred to C. ampulla. 

Corbulipora (Corbulipora) is known from the 
Tertiary and Recent of Australia and North America. 
It has been found living only on the southern 
Australian continental shelf. 

Corbulipora (Corbulipora) ornata MacGillivray 
(PI. 7, figs. 1-2) 

Lectotype (here chosen): NMV 27642 from 
Schnapper Point. (MacGillivray, 1895, PI. 8, fig. 20). 
Other Specimens: NMV 28041 from Schnapper 
Point, NMV 28043, 28040, 27643 (MacGillivray, 
1895, PI. 8, fig. 21) from Muddy Creek, NMV 
28039 from Bird Rock, USNM 85636 from the 
Mitchell River, Bairnsdale, USNM 60171 from 
Muddy Creek, BM D34219 from the Gellibrand 
River. Specimens are recorded by Brown (1958) 
from Localities XVI, XXII, XXIII, and XXVI. 
Diagnosis: Corbulipora with zooecia arranged quadri- 
serially; frontal wall composed of 16 to 22 costae, 
regularly arranged; a strongly developed apertural 
bar and elongate region of smooth, proximal gymno¬ 
cyst present; avicularia lacking. 
Description: Zooecia are elongate and arranged 
quadriserially around the zoarium. Both lateral and 
proximal gymnocyst are finely granulated; they appear 
smooth under normal optical conditions. Zooecia are 
characterized by a marked development of the 
proximal gymnocyst which may be more than one- 
third the length of frontal shield. The frontal wall is 
composed of from 16 to 22 costae which rise verti¬ 
cally or nearly vertically from the gymnocyst and bend 
towards the central region before forming pelmatidia 
and subsequently secondary spines. Costae are generally 
normal to the growth direction, and finely granulated 
but appear smooth under normal optical conditions. 
Lacunae are absent on most specimens which also 
show complete calcification between uprising costae. 
The two most distal costae form a strong apertural 
bar which in lateral view projects distally and 
vertically. The orifice is semicircular with the distal 
margin rounded. Two oral spines are present, both 
being distolateral to the orifice. Ovicells and avicularia 
have not been observed. 
Remarks: This species shows some similarity to 
C. (Corbulipora) collaris but can be readily dis¬ 
tinguished because of the fewer costae in the frontal 
wall. The presence of an elongate area of proximal 
gymnocyst is sufficient to separate it from all species. 

Corbulipora (Corbulipora) cornuta (MacGillivray) 
(PI. 7, figs. 3-6, PI. 8, fig. 3) 

Lectotype (here chosen): NMV 27635 from 
Schnapper Point (MacGillivray, 1895, PI. 8, fig. 11). 
Other Specimens: NMV 28047, 28149, 28045 from 
Schnapper Point; NMV 27636 (MacGillivray, 1895, 
PI. 8, fig. 12) from Muddy Creek; NMV 28044 from 
Gellibrand; NMV 28150 from Corio Bay; NMV 
28046, 27634 (MacGillivray, 1895, PI. 8, fig. 10) 
from unknown localities; BM D35474 from Muddy 
Creek, BM D34233 from Balcombe Bay, MGSV 
53106 from the Myaring Beds (Cockbain, 1971) at 
Locality XI of Brown (1958, p. 13). Brown also 
records specimens from Locality XVI. 
Diagnosis: Zoaria tending to be elongate cylindrical 
or spherical in form; frontal wall composed of 20 
to 24 costae in a regular, radiating pattern; two oral 
spines distal to orifice; distal adventitious avicularia 
pointing distally or laterally. 
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Description: Zoaria are elongate cylindrical or 
spherical in form; zooecia tend to be oval, elongate 
disto-proximally, in outline. Zooecia are generally 
arranged irregularly and closely packed so the terms 
proximal and distal refer only to the growth direction 
of a single zooecium. The irregular arrangement and 
close packing of zooecia results in a variable area of 
lateral and proximal gymnocyst. It has a gnarled 
appearance. From 20 to 24 smooth and/or granu¬ 
lated costae arise from the gymnocyst. Just above 
the level of gymnocyst, they change attitude and rise 
gradually to the central region of the frontal shield. 
Lateral costal fusions and lacunae are evident 
throughout their length. No secondary spines are 
present. 

The orifice is slightly constricted proximally and 
some specimens possess condyles which divide the 
orifice into a one-third poster, two-thirds anter. One 
oral spine is strongly developed on each distolateral 
side of the orifice. In some zooecia there are minor 
granulations around the distal rim of the orifice and 
these may indicate development of additional oral 
spines. Ovicells have not been observed. Adventitious 
avicularia are present, in most cases, distal to the 
orifice. They point distally, if space is available for 
their development; if not available, they may point 
laterally but no avicularia have been observed 
pointing proximally. Both proximal and distal ends 
are rounded and lateral constrictions are centrally 
placed. 
Remarks: The regular, radial arrangement of costae 
in the frontal wall associated with the distal avi¬ 
cularia are features sufficient to differentiate this 
species from all others. MGSV 53107 from Locality 
XXV of Brown (1958) shows some similarity to this 
species but whereas in C. (C.) cornuta there may be 
up to 9 lateral costal fusions per costal length, in this 
specimen the number is reduced to two. 

Corbulipora (Corbulipora) oriparma sp. nov. 
(PI. 9, figs. 1-7), PI. 10, figs. 1-6, 9-11) 

Holotype: SUP 14409 from Locality 180K of Wass 

et al. (1970). 
Paratypes: SUP 14403-14407 from 90K; SUP 14408, 
14410 from 180K; SUP 14411-14412 from 123K of 
Wass et al. (1970). 
Diagnosis: Bilamellar, encrusting Corbulipora with 
proximal zooecia elongate and narrow, zooecia of the 
central region shorter and wider and those of the 
distal region oval and rounded; the oral spines, one 
distal and two distolateral, arch proximally over the 
orifice to form an oral shield. 
Description: Zoaria are bilamellar or encrusting; 
proximal zooecia are elongate and narrow in shape 
and their frontal wall is composed of from 14 to 20 
costae; distal zooecia have from 12 to 15 radiating 
costae comprising the frontal wall of their rounded 
or oval zooecia; zooecia in the central region of the 
colony are shorter and wider than those in the 
proximal region and their frontal wall has from 
13, to 16 costae. Except in distal zooecia, most costae 
are normal to the growth direction. The lateral and 

proximal gymnocyst is smooth and of reduced area. 
Costae arise vertically from the gymnocyst at a level 
below the frontal membrane. Once above this level 
they bifurcate; one costa travels in a horizontal plane 
above the membrane whereas the other travels 
vertically to form the equivalent of a secondary spine. 
These also form from pelma and pelmatidia along 
the length of costae and have an unusual structure 
in that they are composed of a central tube sur¬ 
rounded by a series of rounded, hollow depressions. 
The spines may fuse with other spines from the same 
or adjacent zooecia. Lacunae and lateral costal 
fusions are present throughout the costal length. 

The orifice is semicircular with a rounded distal 
margin at a lower level than the straight proximal 
margin. The operculum is hinged proximally. Three 
oral spines are present, one being placed at the distal 
margin of the orifice and the other two on the 
distolateral margins. The latter develop before the 
distal spine but all three may bifurcate and eventually 
project proximally and coalesce to form an oral 
shield. This completely covers the orifice. Oral spines 
may project proximally as far as the third costa. 

Ovicells and avicularia have not been observed. 
As mentioned previously, the zooecial shape changes 
throughout the zoarium. An ontogenetic state can 
develop in which the oral shield has developed in 
astogenetically later zooecia at the growing edge 
before its development is complete in older zooecia. 
Communication between adjacent zooecia is by means 
of a pore-plate; the distal regions of the colony have 
communication by means of a structure which has 
3 levels. At the lower level is a plate with multi- 
porous septulae; the outer margins of this plate grow 
upwards and distally and an opening forms at a 
higher level and then from the margins of this 
opening additional calcification produces an even 
larger opening. It is from this structure which is 
placed distally or disto-laterally that budding of 
subsequent zooecia ensues. 

Only one specimen exhibited an ancestrula. Its 
frontal wall is composed of 14 costae which rise from 
the gymnocyst, and bifurcate with one branch pro¬ 
jecting radially and horizontally into a central region. 
An orifice cannot be seen. 

In some zoaria, long rootlets are evident at the 
growing edge. They appear to develop from budding 
structures. 

Remarks: The change in zooecial shape from the 
proximal to distal regions and the presence of the 
oral shield and secondary spines give this species 
such a bizarre appearance that it is easily separated 
from all others. 

Corbulipora (Corbulipora) pennata Brown 
(PI. 10, figs. 7-8) 

Holotype: MGSV 53025 from the Early Miocene 
Sandford Limestone at Locality XXIII (Brown, 1958, 
pp. 13, 55, fig. 33). 

Other Specimens: As far as I am aware, no other 

specimens of the species exist. 

Diagnosis: See Brown (1958, p. 55). 
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Remarks: The frontal wall is composed of 16 
radiating costae which rise vertically from a smooth 
lateral and proximal gymnocyst. They bifurcate and 
the costae so formed grow in both vertical and 
horizontal planes. In a horizontal plane, costae 
projecting across the frontal membrane are by far 
the stronger; costae growing upwards over the gym¬ 
nocyst project beyond the basal margin of the 
zooecium; vertical growth at the point of bifurcation 
produces a secondary spine in some cases. 

Brown (1958) states ‘this bizarre form is of the 
Corbulipora elevata type’. In my opinion, the two 
species are quite distinct and C. (Corbulipora) pen- 
nata shows more resemblance to C. (Corbulipora) 
cornuta in the appearance of the frontal wall com¬ 
posed of radiating costae. However, the lack of 
lateral costal fusions and the structure of the aper- 
tural bar in pennata enable the two species to be 
readily distinguished. 

Corbulipora (Corbulipora) collaris Canu & Bassler 

(PI. 8, figs. 7-9) 

Holotype: USNM 64035 from the Middle Jack¬ 
sonian (Late Eocene), Castle Hayne Limestone, 
Wilmington, North Carolina, U.S.A. (Canu & Bassler, 
1920, p. 309, PI. 43, fig. 14). 

Other Specimens: USNM 189309 (labelled Corbu¬ 
lipora by Bassler). 

Diagnosis: Zoaria may be quadriserial; zooecia 
elongate with frontal wall composed of 24 to 32 
costae, most of which are regularly arranged and 
oriented normal to growth direction; costae possess 
lumen pores, lacunae present; avicularia present, 
pointing laterally; apertural bar strongly developed. 
Remarks: Preservation of specimens is not good and 
it is difficult to understand how Canu & Bassler 
observed so much from USNM 64035. The additional 
specimen, USNM 189309, exhibits a swelling remark¬ 
ably similar to an entozooidal ovicell. There appears 
to be some development of laterally placed oral spines 
in some zooecia. 

The arrangement of costae shows some resemblance 
to C. (Corbulipora) ornata; differences between the 
two species have been discussed previously. 

Corbulipora (Anaskopora) subgen. nov. 

Type Species: Corbulipora elevata (MacGillivray), 
1895, p. 59, PI. 8, figs. 19, 19a from Schnapper Point. 
Diagnosis: As for the genus, except that the frontal 
wall does not possess a regular pattern of costae. 
Remarks: Corbulipora (Anaskopora) is known only 
from Tertiary strata in Victoria. As well as the type 
species, some specimens of C. ampulla can be 
referred to the subgenus. 

Corbulipora (Anaskopora) elevata (MacGillivray) 

(PI. 8, figs. 1, 2, 4) 

Lectotype (here chosen): NMV 27641 from Schnap¬ 
per Point. (MacGillivray, 1895, PI. 8, fig. 19). 
Other Specimens: NMV 28038 from Corio Bay; 
BMD 34738 from Muddy Creek; BMD 35452 from 
Balcombe Bay; USNM 85692 from Mount Gambier: 

specimens are recorded by Brown (1958) from 
Localities XI and XIV. 
Diagnosis: Zoaria sub-spherical; zooecia with 8 to 
10 costae; bifurcating costae produce a frontal wall 
devoid of regular arrangement; two oral spines 
lateral to orifice; avicularia adventitious or inter- 
zooecial, generally distal to orifice, pointing distally 
or laterally. 
Description: Zoaria are spherical; autozooids are 
oval in outline, possessing both lateral and proximal 
gymnocyst with the latter being the better developed. 
The gymnocyst has a gnarled appearance. From 8 
to 10 costae arise from the gymnocyst and spread 
inwards. They bifurcate, and subsequent bifurcations 
enable a frontal wall to be formed which is devoid 
of a regular, radial arrangement The frontal wall 
may be at the same level as the costae or slightly 
depressed below this level. No secondary spines arise 
from the bifurcating costae. Lacunae are from 9 to 12 
in number, lacking regular orientation. 

The orifice tends to be oval laterally possessing a 
broad sinus, approximately one-third the orifice width 
and possibly two condyle-like structures. Two strongly 
developed oral spines are present, one on each side 
of the orifice. In some zooecia there may be other 
spinose structures on the distal margin of the orifice. 

Ovicells have not been observed. Avicularia are 
common. They tend to be adventitious or inter- 
zooecial and are placed distal to the orifice. They 
generally point distally but this may become laterally 
depending on space for their development. The dis¬ 
tal end is distinctly rounded and lateral constrictions 
are present near the proximal one-third of the 
avicularium. 

Although not observed, the orientation of the 
zooecia suggests that budding takes place through 
distal and distolateral pore chambers. 
Remarks: Within the subgenus and Corbulipora 
(Corbulipora), the small number of costae arising 
from the gymnocyst enables this species to be 
differentiated from all others. 

Corbulipora (Anaskopora) ampulla Maplestone 

(PI. 8, figs. 5-6) 

Lectotype (here chosen): NMV P10156 from 
Momington (Maplestone, 1901, PI. 34, fig. 9). 
Other Specimens: BM D34736 from Muddy Creek. 
Diagnosis: Zooecia oval, with more than 20 costae 
arising from the gymnocyst; orifice with strongly 
developed bar; frontal wall composed of calcification 
with irregularly spaced lacunae. 
Description: Zoaria appear to be encrusting; zooecia 
are oval in outline with a smooth, narrow gymnocyst. 
Smooth costae, generally more than 20 arise verti¬ 
cally or nearly vertically from the gymnocyst. They 
bifurcate and proceed in a nearly horizontal plane 
to form the frontal wall with no regular arrangement 
of costae; the frontal wall is pierced by irregularly 
placed lacunae. Strong development of the two most 
distal costae results in the formation of an apertural 
bar which is elongated distally to form a hood over 
the orifice. 
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SPECIES OLIGOCENE EARLY MIOCENE j MIDDLE MIOCENE LATE MIOCENE 
ornata 

cornuta 

pennata 

elevata 

ampulla 

cf ampulla 

Fig. 1—Stratigraphic ranges of species of Corbulipora in Tertiary strata of Australia. 

Remarks: Brown (1958) referred specimens from 
his Locality XIV to Corbulipora sp. aff. C. ampulla. 
To my knowledge these specimens were not cata¬ 
logued. Brown also referred BM D34752 to this 
species. 

This specimen BM D34752 consists of a zoarium 
in which one zooecium is broken around the lateral 
and proximal gymnocyst in a plane parallel to the 
frontal membrane. The frontal wall shows an arrange¬ 
ment similar to that of Corbulipora (Anaskopora) 
but on viewing the undersurface of the frontal wall 
a definite radiating pattern of costae and interspersed 
lacunae can be observed. One wonders therefore if it 
is not an abundance of calcification which destroys 
the regular radiating arrangement of costae in species 
which possess numerous lacunae in the frontal wall. 
Corbulipora (A.) ampulla would be typical of these 
species. The problem would not be so great with 
species whose frontal wall possesses few lacunae, 
e.g. Corbulipora (A.) elevata. 

STRATIGRAPHIC DISTRIBUTION 
Bryozoa are very plentiful in the Tertiary strata 

of southern Australia. In this study, all known 
specimens of Corbulipora in Museum collections 
have been examined. Many of them do not possess 
locality information but for those specimens that 
do, except for Corbulipora (Corbulipora) ori- 
parma, their distribution is shown in Fig. 1. 
Corbulipora (Corbulipora) collaris from U.S.A. 
is not included. 

The bryozoan distribution is such that Bryozoa 
may be used, along with other phyla, in the 
stratigraphic assignation of beds. In postulating a 
phylogenetic development, I would suspect that 
C. (C.) ornata would be the original species, 
giving rise to C. (C.) cornuta with its oval outline 
and regular, radiating costae. This, in turn, would 
give rise to C. (A.) elevata with an oval outline 
but the regular, radiating costal pattern has been 
replaced by an irregular arrangement of lucunae 
in calcification formed from radiating costae. 
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EXPLANATION OF PLATES 7-10 

All photos were taken on a scanning electron microscope; PI. 9, fig. 1 was taken at the 
British Museum (Natural History); all other photos were taken by the Electron Microscope 
Unit, University of Sydney. 

PLATE 7 

Fig. 1—Corbulipora (Corbulipora) ornata MacGillivray, NMV 27642, view of zoarium; 
X 45. 

Fig. 2—Corbulipora (Corbulipora) ornata NMV 27643, view of frontal wall showing 
apertural bar; X 90. 

Fig. 3—Corbulipora (Corbulipora) cornuta (MacGillivray), NMV 27635, frontal view of 
zooecium; X 55. 

Fig. 4—As above, lateral view of zooecium to show relation of costae to lateral gymnocyst; 
X 55. 

Fig. 5—As above, frontal view of zooecium to show relation of orifice and distal avicu- 
larium; X 75. 

Fig. 6—Corbulipora (Corbulipora) cornuta, NMV 27634, to show relation of zooecia to 
one another; X 27. 

PLATE 8 

Fig. 1—Corbulipora (Anaskopora) elevata (MacGillivray), NMV 27641, showing relation 
of costae to lateral gymnocyst; X 50. 

Fig. 2—As above, to show details of orifice and distolateral avicularium; X 85. 
Fig. 3'—Corbulipora (Corbulipora) cornuta, NMV 27634, showing details of frontal wall, 

orifice and distal avicularium; X 45. 
Fig. 4—Corbulipora (Anaskopora) elevata, NMV 27641, showing relation of zooecia and 

avicularia to one another; X 35. 
Fig. 5—Corbulipora (Anaskopora) ampulla Maplestone, NMV P10156, frontal wall of one 

zooecium; X 75. 
Fig. 6—As above, showing costae and their relation to the frontal wall; X 150. 
Fig. 7—Corbulipora (Corbulipora) collaris Canu & Bassler, USNM 189309, showing frontal 

wall; X 95. 
Fig. 8—As above, USNM 64035, showing frontal wall; X 90. 
Fig. 9—As above, USNM 189309, showing an ovicell; X 80. 
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PLATE 9 

Fig. 1—Corbulipora (Corbulipora) oriparma sp. nov., an unnumbered British Museum 
(Natural History) specimen, showing the edge of a broken frontal membrane at a 
level above the base of costae; basal wall of zooecium is in lower right comer; 
X 560. 

Fig. 2—As above, SUP 14409, showing details of frontal wall and oral shield; X 75. 
Fig. 3—As above, SUP 14403, lateral view of ancestrula; X 105. 
Fig. 4—As above, SUP 14403, view of frontal wall of ancestrula; X 120. 
Fig. 5—As above, SUP 14409, lateral view of zooecium, showing projection of oral shield 

over frontal wall; X 120. 
Fig. 6—As above, SUP 14412, disto-lateral view of oral shield, first costae of frontal wall 

is at bottom of photo; X 150. 
Fig. 7—As above, distal view of oral shield; X 120. 

PLATE 10 

Fig. 1—Corbulipora (Corbulipora) oriparma, SUP 14409, showing details of lateral and 
basal walls; X 45. 

Fig. 2—As above, showing proximally hinged operculum; X 95. 
Fig. 3—As above, SUP 14405, showing proximal zooecium with oral shield formed whereas 

frontal development is not complete on distal zooecium and oral shield has 
commenced formation; X 75. 

Fig. 4—As above, SUP 14406, showing oral outline of a distally placed zooecium; X 95. 
Fig. 5—As above, proximal region of colony showing variation in zooecial shape; X 35. 
Fig. 6—As above, SUP 14409, showing three levels of a distally placed pore chamber; 

X 110. 
Fig. 7—Corbulipora (Corbulipora) pennata Brown, MGSV 53025, lateral view of zooecium; 

X 150. 
Fig. 8—As above, frontal wall of a zooecium; X 90. 
Fig. 9—Corbulipora (Corbulipora) oriparma, SUP 14405, showing relation between develop¬ 

ment of frontal wall and oral shield in adjacent zooecia and rootlet associated with 
distal zooecium; X 70. 

Fig. 10—As above, SUP 14409, frontal view of oral shield showing projection of spine to 
second costae; X 170. 

Fig. 11—As above, distal view of three zooecia with oral shields; X 50. 
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Potassium-Argon Ages from the Quaternary 

Succession in the Warrnambool-Port Fairy 

Area, Victoria, Australia 

By Ian McDougall1 and Edmund D. Gill2 

Abstract: The Yangery Basalt of the Warrnambool area has an age of 1-95 m.y. 
and is therefore Late Pliocene. The Woodbine Basalt exposed on the coast between 
Port Fairy and Cape Reamur is 0*30 m.y. old. This provides an age for a low stand 
of the sea, as the subaerially erupted Woodbine Basalt fills a valley cut to a depth of 
at least 30 m below present sea level. 

INTRODUCTION 
In the Warrnambool-Port Fairy area of the 

southwest coast of Victoria, detailed geological 
studies by Gill (1943, 1947, 1967) reveal a 
remarkable record of Quaternary events related 
to the changing sea levels associated with the 

glaciations of this period. The stratigraphic record 
includes eruption of basalts of the Newer Volcanic 
Series and deposition of marine and aeolian sedi¬ 
ments. In this article we report K-Ar ages on 
these basalts, providing important data on the 
timing of the events in the region. 

Fig. 1—Outline map of the Warrnambool-Port Fairy area showing the location of the samples dated. 

1Research School of Earth Sciences, Australian National University, Canberra, A.C.T., 2600. 
2National Museum of Victoria, Russell Street, Melbourne, Victoria, 3000. 
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GEOLOGY 

Underlying the whole area is the horizontal 
marine Port Campbell Limestone of Miocene age. 
To the north of Warrnambool, Gill (1967) has 
mapped the Yangery Basalt, which overlies the 
Port Campbell Limestone with erosional uncon¬ 
formity. The Yangery Basalt is considered to be 
Late Pliocene to Pleistocene on the basis of 
stratigraphic and geomorphological arguments. 
In an embayment in the old coastline formed by 
the basalts between Warrnambool and Port Fairy, 
Gill (1967) recognized and mapped a sequence 
of marine sands and aeolianites (Fig. 1). Because 
of the lack of evidence of tectonic movements, 
the interpretation of the history of the region is 
based upon the assumption that the major ad¬ 
vances and retreats of the sea as recorded in the 
stratigraphy are glacio-eustatic in origin. The area 
concerned overlies a stable structural platform, 
the Warrnambool High of Wopfner and Douglas 
(1971). 

The Warrnambool Aeolianite and associated 
formations are lithLfied dune limestones, strati- 
graphically younger than the Yangery Basalt. 
These formations are considered to be older than 
the subaerially erupted basalt of youthful appear¬ 
ance cropping out along the coast from Port Fairy 
westward. This basalt, the Woodbine Basalt of 
Gill (1967), fills a valley that was cut to a depth 
of at least 30 m below present sea level during 
Penultimate Glacial times, according to Gill 
(1967). Subsequent to the eruption of the Wood¬ 
bine Basalt the shallow water marine Port Fairy 
Calcarenite was deposited during a period of 
higher sea level in the Last Interglacial. Gill 
(1967) reports a uranium disequilibrium age of 
125,000 years measured by J. W. Valentine on 
shells from the Port Fairy Calcarenite. Younger 
formations, including eruptions from the Tower 
Hill volcano, have been recognized in the area. 

METHODS 

Samples were collected from several localities 
in the Yangery Basalt and the Woodbine Basalt 
for possible dating by the K-Ar method. Samples 
were chosen for analysis following examination 
in thin section. All were olivine basalts, generally 
free of alteration except for slight iddingsitization 
of olivine. They consist of clinopyroxene, plagio- 
clase, olivine and iron oxide with a few percent 
of well crystallized feldspathic material. The 
absence of glass in the basalts and their un¬ 
altered character suggests that they are likely to 
have retained radiogenic argon quantitatively 
since eruption. Potassium was determined by 

flame photometry and argon by isotope dilution; 
details of techniques of measurement of the K-Ar 
ages were described previously (McDougall 1964, 
McDougall et al. 1969). Results are given in 
Table 1 which includes localities and grid refer¬ 
ences, and localities of the dated samples are 
plotted in Fig. 1. 

RESULTS AND DISCUSSION 

A sample from the Yangery Basalt just north 
of Warrnambool yields an age of 1-95 m.y., and 
a similar age of 1-99 m.y. was obtained on a 
basalt about 8 km east of Warrnambool. Clearly 
both samples belong to the same eruptive episode. 
Employing the stratigraphic definition that the 
Calabrian Formation of Italy is basal Pleistocene, 
the Pliocene-Pleistocene boundary has an age of 
about 1*8 m.y. (Berggren et al. 1967, Glass et al. 
1967, McDougall & Stipp 1968, Hays & Berggren 
1971). Thus the Yangery Basalt is Late Pliocene, 
and confirms that the stratigraphic sequence 
above this basalt formation in the Warrnambool- 
Port Fairy area is virtually wholly within the 
Quaternary. 

The Woodbine Basalt flow is exposed con¬ 
tinuously from Cape Reamur eastward to Port 
Fairy, a distance of about 8 km (Fig. 1). Samples 
collected from Cape Reamur and Port Fairy yield 
concordant K-Ar ages of 0*31 and 0*30 m.y. 
respectively (Table 1). Nearly 20 per cent of the 
argon extracted from each sample was radiogenic, 
and is a consequence of the low air argon con¬ 
tamination in the samples. The possibility that 
the ages are too old because of the presence of 
extraneous radiogenic argon at the time of crystal¬ 
lization is regarded as unlikely, mainly because 
of the excellent agreement between the two 
results. Therefore we believe that the ages are 
reliable and geologically meaningful. Thus the 
eruption of the Woodbine Basalt occurred 0-30 
m.y. ago, and at this time sea level is considered 
to have been lower than the present by at least 
30 m. 

An unnamed olivine basalt collected about 
19 km north of Port Fairy gives a K-Ar age of 
0-42 ± 0*02 m.y.; it appears to be significantly 
older than the Woodbine Basalt, but its field rela¬ 
tionship with the Woodbine Basalt is unknown. 

It would be desirable to integrate the data on 
the low stand of the sea recognized in Victoria 
0*30 m.y. ago into the world picture of eustatic 
changes in sea level and periods of glaciation. 
However, owing to the lack of reliable physical 
age data, there are considerable difficulties in 
doing this with any degree of confidence. Although 
progress has been made (Shotton 1967, Flint 
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1971), much additional stratigraphic and geo- 
chronologic information is required. Ultimately 
data from the deep-sea sedimentary cores may 
enable such world-wide correlations of glacio- 
eustatic sea level changes to be made, but even 
here there are wide differences in opinion on the 
age and number of cool periods recorded (eg 
Emiliani 1966, Hays et al. 1969, Hays & Berggren 
1971). However, it is noteworthy that Hays et al. 
(1969), using data from the Caribbean and the 

a raarked cooling at an estimated 
300,000 years ago, corresponding to the fourth 
youngest cooling episode from the present-day. 
Our results perhaps are best regarded as providing 
key information that ultimately will enable such 
world-wide correlations to be made with confi¬ 
dence. They are a first step toward a physical 
time scale for changes in the sea level during the 
Quaternary of Australia for times beyond the 
limit of radiocarbon dating. 

The basalts dated in this study provide addi¬ 
tional evidence that the Newer Volcanics of 
Victoria were confined to the Pliocene and 
Quaternary (McDougall et al. 1966, Aziz-ur- 
Rahman 1972). 
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Devonian Tentaculitids from North-West Australia 

By Kathleen Sherrard* 

Abstract: Tentaculitids from the Napier, Virgin Hills and Pillara Formations 
and the Sadler Limestone in the Devonian in the Canning Basin of North-West Australia 
are described, figured and classified. They show affinities with tentaculitids from Middle 
and Upper Givetian, Middle, Upper Middle and Upper Frasnian strata in the USSR 
and Czechoslovakia. 

Tentaculites, Dicricoconus, Uniconus, Multiconus and Homoctenus are represented. 
For the most part, the zones indicated by the tentaculitid species supplement correlations 
already made by other workers using conodonts and ammonoids in the same rocks. 

INTRODUCTION 

The presence of tentaculitids in Silurian and 
Devonian rocks has been recorded in palaeonto¬ 
logical literature for over a century but it was 
not until recently that their value as index fossils 
was appreciated. G. P. Ljaschenko (1959, 1965) 
after having studied tentaculitids occurring in the 
USSR, was able to demonstrate their potentiality 
as zone markers. Similar work has been done by 
Boucek in Czechoslovakia (1964), Zagora in East 
Germany (1962, 1964) and Lardeux in Western 
Europe and North Africa (1969). 

In New South Wales I described tentaculitids 
from Silurian and Devonian rocks and compiled 
a table of their occurrences (1967). Therefore 
the opportunity offered me by Mr. W. Cowan of 
the West Australian Petroleum Pty. Ltd. to study 
tentaculitids from Middle and Upper Devonian 
limestones along the northern margin of the 
Canning Basin of West Australia was most wel¬ 
come. The Canning Basin, formerly called the 
Desert Artesian Basin, in the West Kimberley, 
extends from the coast between about 17°S and 
20°S in a south-easterly direction almost to the 
128°rneridian. 

Some of the limestones in this Basin have 
been dated and correlated in terms of standard 
Devonian zones (Glenister & Klapper 1966, 
Seddon 1970) by means of ammonoids and 
conodonts. Tentaculitids in these limestones can 
therefore be dated, but some of the best preserved 
tentaculitids occur in rocks at localities BC 83-11 
and BC 83-12 where reliable dating by ammonoids 
and conodonts has not been possible and Mr. 

* 43 Robertson Road, Centennial Park, N.S.W. 

Cowan has informed me that inferences as to their 
age can be drawn only from their field relations 
and accompanying macrofossils. Further, it should 
be pointed out that the ages of some samples of 
tentaculitids differ from those suggested by ac¬ 
companying conodonts and ammonoids. 

Tentaculitids are by no means abundant in the 
material that I have received, and since their 
calcareous shells occur in an unsilicified lime¬ 
stone it has been impossible to free them from 
their matrix. In rare samples whole fossils are 
exposed on fractured rock surfaces (PL 11, fig. 1) 
but most of the study has had to be carried 
out on polished rock surfaces, photographs, thin 
sections and peels. 

The table, p. 181, shows the distribution accord¬ 
ing to age of tentaculitids described. 

As the table shows, Tentaculites, Dicricoconus, 
Uniconus, Multiconus and Homoctenus have been 
recognized in the collection. They can be com¬ 
pared with, or show affinities with, species set up 
by G. Ljaschenko, and have been named accord¬ 
ingly. 

The majority of tentaculitids discussed here are 
from localities within 8 km of Bugle Gap, between 
Emanuel and Lawford Ranges, situated about 
126°E, 18°40'S in the Northern Canning Basin 
of West Australia and about 80 km south-east 
of Fitzroy Crossing. Others were obtained near 
Menyous Gap through Pillara Range, 40 km 
north-west of Bugle Gap. A third collection is 
from Windjana Gorge, through Napier Range, 
over 200 km north-west of Bugle Gap. 

I wish to acknowledge with gratitude the kind¬ 
ness of Dr. George Thomas of the School of 
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£10- 1 Locality map for tentaculitid occurrences in the Northern Canning Basin, North-West Australia. 
sketch_rJ}aP indicate the following: 1, Pillara Range and Menyous Gap (Localities BC 45 

?Ci>4 i 2A Em^uel Range and Prices Creek (Locality BC 21). 3. Lawford Range (Localities BC 83, BC 85)! 
4. Bugle Gap (Locality BC 23). 5. Margaret River. 6. Christmas Creek. 7. Fitzroy River. 8. Fitzroy Crossing. 

>. Lennard River. 10. Windjana Gorge and Napier Range (Localities BC 7, BC 127). 
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Distribution, according to age, of tentaculitids described. 

Devonian 

Upper Uniconus aff. livnensis 

Frasnian Middle 

Tentaculites aff. donensis 
Uniconus aff. kremsi 
Multiconus cf. schimanskii 
Dicricoconus aff. lanciformis 
Homoctenus aff. krestovnikovi 

Lower 

Givetian 
Upper Dicricoconus aff. tagangaevi 

Middle 
Tentaculites aff. maslovi 
Dicricoconus aff. mesodevonicus 

Geology, University of Melbourne who is respon¬ 
sible for the photographs used in PI. 11, figs. 1 
& 3, and of Dr. R. McTavish of West Australian 
Petroleum Pty. Ltd. for his helpful advice on the 
manuscript of this paper. 

SYSTEMATIC DESCRIPTIONS 
Class Coniconchia G. Ljaschenko 1955 

Order Tentaculitida G. Ljaschenko 1955 
Family Tentaculitidae Walcott 1886 

This family is represented by two genera, Tenta- 
culites Schlotheim 1820 and Dicricoconus Fisher 
1962. 

Genus Tentaculites Schlotheim 1820 

The apical part of the narrowly conical shells of 
this genus is covered with fine, transverse, equal¬ 
sized annulations. These are succeeded towards the 
aperture of the shell by coarser annulations each 
separated by fine riblets. 

Tentaculitids showing affinity with two species of 
this genus have been identified from the Canning 
Basin. One form is T. aff. maslovi G. Ljaschenko 
and the other is T. aff. donensis G. Ljaschenko. 
T. aff. maslovi occurs at localities BC 83-11 and 
BC 83-12 in the Sadler Limestone and at localities 
BC 85-6 and BC 85-7 in the Pillara Formation at 
outcrops on the west flank of the Lawford Range, 
east of Bugle Gap. 

T. aff. donensis is found as small fragments in 
limestone from near the Lennard River about 200 km 

north-west of Lawford Range at locality BC 127-6, 
in the Napier Formation, and also about 30 km to 
the south at locality BC 108-11, and at locality 
BC 113-2 on the Napier Range 15 km north of the 
Lennard River. It has also been recognized at locality 
BC 49-4 20 km NNE. of Fitzroy Crossing. 

Tentaculites aff. maslovi G. Ljaschenko 
1957 

(PI. 11, figs. 3, 4) 

1957 Tentaculites maslovi G. Ljaschenko, p. 220, 
PI. Ill, figs. 8-12. 
1959 Tentaculites maslovi G. Ljaschenko, p. 77, 
PI. IV, figs. 1-5. 

Specimens of Tentaculites aff. maslovi in this 
collection attain a length of 8 mm and an apertural 
diameter of 0-5 mm with an apical diameter of 
0-2 mm. The apical part of the shell is covered 
with small annulations four of which occur in the 
width of the diameter of that part. Annulations 
coarser than these are seen near the shell’s aperture. 
They are of two sizes, each of the coarser being 
separated by 4-5 smaller annulations. In the width 
of the aperture, four coarse annulations (both sizes) 
occur. In the whole length of the shell, the rounded 
interstices are one and a half times as wide as the 
annulations. The internal surface of the shell is 
smooth in the apical region but follows the annula¬ 
tions near the aperture. Three or four partitions cross 
the internal chamber near the apex. 

T. maslovi is recorded from the Middle Givetian 

Tentaculites aff. maslovi G. Ljaschenko 

BC 83-12(4) BC 85-7 M IBC 83-12 VL2 BC 85-7 HK 

Length in mm 70 3-8 5 4-5+ 
(apical (apical 

section) section) 
Diameter aperture 0-5 0-35 0-4 0-45 

tip 0-2 0-1 01 015 
Total annulations 65 50 72 50 
Annulations in size of apertural diameter 3 4 4 5-6 

apically 4 
Annulations in 1 mm 11 17 9 9-14 
Interstices: Annulations 3:2 2:1 1:1 2:1 
Angle of growth 3° 6° 3° 
Internal surface All apically smooth, aperturally ringed 
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by G. Ljaschenko (1959), so that the occurrence of 
T. aff. maslovi in localities BC 83*-ll and BC 83-12, 
BC 85-6 and BC 85-7 indicates this age for the 
rocks in these localities. BC 83-11 and BC 83-12 
have not been dated by conodonts by Seddon (1970, 
p. 748), but Mr. W. Cowan informed me in a letter 
that localities BC 85-6 and BC 85-7 ‘are possibly 
Givetian*. 
Material: 20 specimens. 

Tentalculites aff. donensis G. Ljaschenko 1959 

(PI. 11, fig. 2) 

1959 Tent acuities donensis G. Ljaschenko, p. 80, 
PI. Ill, figs. 1, 2. 

This species occurs as small fragments of shells 
(up to 3*5 mm long) at locality BC 127-6 in lime¬ 
stone in Windjana Gorge, about 200 km north-west 
of Lawford Range, and at other localities indicated 
earlier. Vertical sections through fragments show 
sharply pointed large annulations separated by three 
or four much smaller ones. There are two to three 
annulations in 1*2 mm which is the size of the 
diameter at the apertural edge of the shells. The 
interstices between the smaller annulations are 
rounded and two to three times wider than the 
annulations. The internal surface of the shell usually 
reflects the annulations of the external surface. This 
species indicates an Upper-Middle Frasnian age. 
The conodont evidence indicates the stage of to 1/3/7 
—to It which is consistent with the evidence from 
the tentaculites. 

Material: 8 specimens (fragmentary). 

Genus Dicricoconus Fisher 1962 

Tentaculitids with comparatively large conical shells 
and transverse annulations of two sizes indicating 
that they belong to the genus Dicricoconus have been 
identified in the collection. Three species have been 
found: D. aff. mesodevonicus (G. Ljaschenko), D. 
aff. tagangaevi (G. Ljaschenko) and D. aff. lanci- 
formis (G. Ljaschenko). 

Dicricoconus aff. mesodevonicus 

(G. Ljaschenko 1954) 

(PI. 11, figs. 5, 6; PI. 12, fig. 7) 

1954 Tentaculites mesodevonicus G. Ljaschenko, 
p. 32, PI. VII, figs. 1-3. 
1959 Heteroctenus mesodevonicus G. Ljaschenko, 
p. 86, PI. VI, figs. 1-4. 
1962 Dicricoconus mesodevonicus (G. Ljaschenko), 
Fisher, Treatise W 114, fig. 58(3). 
1969 Dicricoconus mesodevonicus (G. Ljaschenko), 
Lardeux, listed pp. 7, 59. 

In shells showing affinity with this species, small 
annulations occur for about one-third their length 
from the apex and are followed by a few coarse 
annulations occurring singly, each of which is 
separated by up to twelve smaller ones. Thin rings 
occur on the aperturally facing surfaces of some 
coarse annulations (PI. 11, figs. 5, 6; PI. 12, fig. 7). 
This character and the occurrence of a large number 
of small annulations between each big one, suggest 
that these shells are closer to D. mesodevonicus than 
to D. tagangaevi, which is also recorded as a 
Givetian species (Ljaschenko 1959). The total num¬ 
ber of coarse annulations is smaller than is quoted 
in the diagnosis of D. mesodevonicus and is closer 
to that for D. tagangaevi. The sharp-edged annula¬ 
tions which also suggest D. tagangaevi are seen in 
specimens from locality BC 85-6, but on the other 
hand the alternation of wider with narrower annu¬ 
lations in ‘absolutely rhythmical order’ noted by 
Boucek (1964, p. 27) as a character of D. meso¬ 
devonicus is seen in specimens from localities 
BC 83-11 and BC 85-6 (PI. 11, fig. 6) in the 
Sadler Limestone and Pillara Formation. The affinity 
with D. mesodevonicus seems the greater. 
Material: 50 specimens. 

Dicricoconus aff. tagangaevi 

(G. Ljaschenko 1959) 

(PI. 13, fig. 13) 

1959 Heteroctenus tagangaevi G. Ljaschenko, p. 85, 
PI. VII, figs. 1-4. 

Dicricoconus aff. mesodeyonicus (G. Ljaschenko) 

BC 83-11 BC 85-7(4) BC 19-1 BC 85-6 BC 85-7 (cor) 

Length (mm) 7*8 9 10 8-f- 6*5+ 
Diameter aperture 0-55 0*65 0*75 0*65 0*65 

tip 01 0*35 
(above tip) 

Total annulations 60 50 50 52 
Annulations in size of 

apertural diameter 5 3 3 2 4 
Annulations in 1 mm 8 5 3 3 6 
Interstices: Annulations 5:2 2:1 3:2 2:1 
Angle of growth 2° 4° 
Internal Surface Smooth Repeats Smooth 

external 
surface 
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\969 Dicricoconus tagangaevi (G. Ljaschenko), Lar- 
(Jeux, listed p. 59. 

The conical shells of tentaculitids in the collection 
vvhich show affinity with this species are incomplete, 
the longest fragment being 3-5 mm with 25 annula- 
tions. In the fragments, solitary large annulations 
are followed by a series of smaller ones which are 
arranged in a series of diminishing sizes in a direction 
away from the apex until the next large one is 
reached. Such a gradual diminution in size of thq 
small annulations is characteristic of the species 
tagangaevi. Near the apex width of shell is 0-55 mm 
(measured from extreme tip of an annulation to 
extreme tip on other side). In this length near the 
apex 4 annulations occur. At the apertural end of 
fragments width of shell is 0-8 mm (also measured 
from tip to tip of the largest annulations). Seven 
annulations occur in this length in this part of the 
shell. Eight occur in 1 mm. All annulations are 
shaped like a bird’s beak. The size of the rounded 
interstices between the annulations also gradually 
decreases. The internal surface of the wall is smooth. 
The angle of slope of the walls is 4°. 

D. tagangaevi is recorded by G. Ljaschenko (1959) 
from the top of the Givetian. In the Canning Basin 
the tentaculitids showing affinity with D. tagangaevi 
occur, though very rarely, in the ? Pillara Limestone 
at locality BC 40-1 east of Cave Spring in Bugle Gap 
and nearby at locality BC 86-2, and in the Sadler 
Limestone at Menyous Gap in the Pillara Range, 
at localities BC 45-13 and BC 45-14. Dr. McTavish 
tells me the condonts from there suggest the zone of 
Polygnathus asymmetrica (bottom of Upper Devonian, 
Glenister & Klapper 1966). 
Material: 8 specimens. 

Dicricoconus aff. lanciformis 

(G. Ljaschenko 1959) 

(PL 12, fig. 8) 

1959 Heteroctenus lanciformis G. Ljaschenko, p. 89, 
PI. VIII, figs. 1-3. 
1969 Dicricoconus lanciformis (G. Ljaschenko), 
Lardeux, listed p. 59. 

Shells, showing affinity with this species are found 
incomplete, as oblique sections measuring up to 
3 mm long and from 0-6 to 0*8 mm in apertural 
diameter. Up to 20 annulations of two sizes can be 
counted. They are of a blunted triangular shape and 
are separated by shallow semi-circular interstices 

twice to three times the width of the annulations. 
The larger annulations are about three times as big 
as each of the seven or more annulations between 
them. The smaller annulations vary very little in size 
among themselves. The internal surface of the wall 
is smooth. Four annulations occur in the size of the 
apertural diameter (0-8 mm). 

D. aff. lanciformis is accompanied by Homoctenus 
aff. krestovnikovi at Prices Creek on the north side 
of Emanuel Range at localities BC 21-5, BC 21-8 and 
BC 21-14, and at localities BC 83-15 and BC 93-16 
in the Lawford Range east of Bugle Gap. The occur¬ 
rences of these tentaculties of Middle Frasnian age 
(Ljaschenko 1959) endorses information given me 
by Mr. Cowan that localities BC 83-15 and BC 83-16 
may contain fossils younger than at BC 83-11 and 
BC 83-12 which contain tentaculitids from the Middle 
Givetian. 
Material: 10 specimens. 

Family Homoctenidae G. Ljaschenko 1955 
Genus Homoctenus G. Ljaschenko 1955 

Homoctenus aff. krestovnikovi 
G. Ljaschenko 1957 
(PI. 12, figs. 9, 10) 

1957 Tentaculites krestovnikovi G. Ljaschenko, p. 94, 
PI. 1, figs. 1-4. 
1959 Homoctenus krestovnikovi G. Ljaschenko, p. 
102, PI. XX, figs. 1-3. 

Only one species of one genus belonging to this 
family has been recognized in the collection. Tenta¬ 
culitids referred to it show an affinity with H. kres¬ 
tovnikovi or possibly H. tokmovensis. They are very 
small, sharply pointed cones whose dimensions are 
given in the accompanying table. A longitudinal 
section (PI. 12, fig. 10) shows annulations meeting 
in sharp projections, between which the rounded 
interstices increase in size towards the cone’s aperture. 
The internal surface of the thin wall repeats the 
ringed pattern of the external wall. There is in some 
specimens a suggestion of the stepped appearance 
characteristic of the neighbouring genus, Polycylind- 
ritesy but an allocation to Homoctenus is considered 
more satisfactory. 

Homoctenus aff. krestovnikovi has been collected 
at locality 23-1 (a2) on the east side of Bugle Gap. 
Conodonts from this locality have been dated as to 
It which is approximately co-eval with the Middle 
Frasnian. Tentaculitids from localities BC 21-5, 
BC 21-8, BC 22-6, BC 22-13 and BC 38-2, west of 

Homoctenus aff. krestovnikovi G. Ljaschenko 

Length (mm) 
Diameter aperture 

tip 
Total annulations 
Annulations in 
size of diameter 

Angle of growth 

BC 
23-1(a2) 

BC 
23-l(a2) 

BC 
23-l(a2) 

BC 
21-8 

BC 
21-8 

BC 
21-8 

BC 
21-5b 

3 4 2 5+ 2 2 2-3 
0-4 0-35 0-35 0-55 0-2 0-25 0-45 
0-2 0-2 01 0 075 01 

50 70 40 50 53 40 30 

3 6 5 (aper.) 4 10 (aper.) 5 
3 (tip) 5 (tip) 

8° 5° 7° 6° 4° 10° 
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Uniconus aff. livnensis G. Ljaschenko 

BC 7-4 BC 7-4 BC 7-4 

Length (mm) 5-4 4 2 
Diameter (mm) aperture 0-4 0-75 0-75 
Total annulations 65 25+ 
Annulations in size of diameter 4 (aper.) 

5 (tip) 4 
Angle of growth 5° 
Internal surface Smooth 

Bugle Gap and BC 128-8 near the Lennard River have 
also been identified as Homoctenus aff. krestovnikovi 
although Mr. Cowan sent me the information that 
their dating from field relations and accompanying 
macrofossils is ‘probably to la,’ that is, older. No 
conodont dating has been given me for locality 
BC 21, BC 22 nor BC 128. 
Material: 10 specimens. 

Sub-Family Uniconinae G. Ljaschenko 1955 
This sub-family is represented by two genera, 

Uniconus G. Ljaschenko 1955 and Multiconus G. 
Ljaschenko 1955. Tentaculitids showing affinity with 
two species of Uniconus and one of Multiconus have 
been identified. 

Uniconus aff. livnensis G. Ljaschenko 1959 

(PI. 13, figs. 15, 16) 

1959 Uniconus livnensis G. Ljaschenko, p. 112, 
PI. XVI, figs. 1-3. 

These tentaculitids whose dimensions are given in 
an accompanying table, have straight narrowly coni¬ 
cal shells on which external surfaces show nearly 
identical annulations separated by rather deep tri¬ 
angularly shaped interstices twice as wide as the 
annulations. The annulations are sharply inclined 
towards the aperture of the shell. The internal surface 
of the thick wall is smooth. The wall is pierced by 
radial canals. 

U. aff. livnensis has been found at Locality BC 7-4 
in the Napier Formation in the Windjana Gorge 
which the Lennard River has cut through the Napier 
Range. 

U. livnensis is placed by Ljaschenko in the upper¬ 
most zone of the Upper Frasnian and is the youngest 
tentaculite described by her (1959, 1965). Conodonts 
dated to 15—post to 15, that is uppermost Frasnian 
to basal Famcnnian, also occur at locality BC 7-4. 
Conodonts and tentaculites, therefore, suggest a 
similar age. 

Material: 5 specimens. 

Uniconus aff. kremsi G. Ljaschenko 1959 

(PI. 13, fig. 14) 

1959 Uniconus kremsi G. Ljaschenko, p. Ill, Pi. 
XVII, figs. 1-4. 

Tentaculitids showing an affinity to this species 
occur as incomplete conical shells up to 4-5 mm 
long and between 0-5 and 0-65 mm in apertural 
diameter. There are up to 30 annulations on the 
shells. All annulations are of a similar almost equi¬ 
lateral triangular shape, 3 or 4 of them occurring 
in a length equal to the apertural diameter of the 
shell. The annulations are separated by rounded 
interstices twice as wide as they are. The internal 
surface of the shell is smooth. 

This species has been recognized in dark-pink 
limestone from localities BC 1.13-2 on Napier Range, 
BC 127-3 and BC 127-6 in the Windjana Gorge in 
the Napier Formation. Tentaculites aff. donensis also 
occurs at these localities. Both it and U. aff. kremsi 
indicate an Upper-Middle Frasnian age. Conodont 
dating is to Ifi/y—to It. 

Material: 12 specimens. 

Uniconus aff. kremsi G. Ljaschenko 

BC 127-3 BC 127-3 BC 127-3 

Length (mm) 
Diameter (mm) 

3 1-8 2-2 

aperture 
tip 

0-7 0-45 0-5 

Total annulations 
Annulations in 
size of diameter 

14 22 20 

(apertural) 
Annulations in 
1 mm 
Angle of growth 
Internal surface 

4 

All smooth 

5 4 

BC 127-6 BC 127-6 BC 127-6 BC 127-6 

4-5 3 2-5 4 

0 6 0-65 0-45 0-5 
0 2 0-35 0-3 

30 12 18 40 

4 * 3 3 

8 8 8 
3° 3° 



DEVONIAN TENTACULITIDS 185 

Multiconus cf. schimanskii 

G. Ljaschenko 1957 

(PI. 12, fig. 11; PI. 13, fig. 12) 

J957 Tentaculites schimanskii G. Ljaschenko, p. 95, 
pi. I, fig. 5; PI. II, figs. 4-6. 
1959 Multiconus schimanskii G. Ljaschenko, p. 114, 
pi. XVII, figs. 5-8. 

A tentaculitid quite distinct from others in the 
collection occurs at locality BC 21-9, west of Bugle 
Gap. A longitudinal section shows annulations with 
sharp angular tips which are of varying sizes. They 
are arranged in three successive series which rest on 
top of one another. Each series has annulations which 
gradually increase in size and then suddenly decrease 
to a much smaller size and then increase again. The 
largest annulations project from the wall by 0-3 mm 
and are followed by annulations of gradually diminish¬ 
ing diameter for a distance of L5 mm until the 
smallest is reached. The smallest annulation projects 
less than 01 mm approximately, and is succeeded 
immediately by an annulation projecting 0-2 mm from 
the wall. This is followed by another series of annula¬ 
tions in which each annulation projects by a diminish¬ 
ing amount until a third series of larger annulations 
is reached. The wall is thick but its internal surface 
is not entirely smooth, because its internal surface 
sometimes repeats the external surface. The length of 
the incomplete shell is 4 5 mm and its apertural 
diameter is 0-75 mm. The sharp angular annulations 
are separated by rounded interstices one and a half 
times as wide as the annulations. There are four 
large annulations in the size of the apertural diameter, 
but in the same space seven small ones occur. The 
total number of annulations in the incomplete 
tentaculitid is 32. 

Material: 1 specimen. 
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EXPLANATION OF PLATES 11-13 

Plate 11 

Fig. 1—Tentaculitid, Loc. BC 83-12, West of Lawford Range. X 20. 
Fig. 2—Tentaculites aff. donensis G. Ljaschenko. Loc. BC 127-6, Lennard River. X 50. 
Fig. 3—Tentaculites aff. maslovi G. Ljaschenko. Loc. BC 83-12, West of Lawford Range. 

X 10. 
Fig. 4—Ibid, X 55. 
Fig. 5—Dicricoconus aff. mesodevonicus (G. Ljaschenko). Loc. BC 83-11, West of Lawford 

Range. X 50. 
Fig. 6—Ibid. Loc. BC 85-7, West of Lawford Range, showing thin annulations on larger 

ones. X 50. 

Plate 12 

Fig. 7—Dicricoconus aff. mesodevonicus (G. Ljaschenko). Loc. BC 19-1, NE. of Emanuel 
Range. X 50. 

Fig. 8—Dicricoconus aff. lanciformis (G. Ljaschenko). Loc. BC 21-5, Lloyd Hill, Prices 
Creek, x 50. 

Fig. 9—Homoctenus aff. krestovnikovi G. Ljaschenko. Loc. BC 21-8, Lloyd Hill, Prices 
Creek. X 50. 

Fig. 10—Ibid. Loc. BC 23-1, East of Bugle Gap. X 50. 
Fig. 11—Multiconus cf. schimanskii G. Ljaschenko. Loc. BC 21-9, Lloyd Hill, Prices Creek. 

X 5. 

Plate 13 

Fig. 12—Multiconus cf. schimanskii G. Ljaschenko. Loc. BC 21-9, Lloyd Hill, Prices Creek. 
X 40. 

Fig. 13—Dicricoconus aff. tagangaevi (G. Ljaschenko). Loc. BC 45-14, NE. Menyous Gap, 
Pillara Range. X 50. 

Fig. 14—Uniconus aff. kremsi G. Ljaschenko. Loc. BC 127-6, Lennard River. X 30 (about). 
Fig. 15—Uniconus aff. livnensis G. Ljaschenko. Loc. BC 7-4, Windjana Gorge. X 20 (about). 
Fig. 16—Ibid. X 65 (about). 
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Density and Species Diversity of Bird Populations in 

Eucalyptus Forests in Victoria, Bass Strait Islands, 

and Tasmania 

By Ian Abbott* 

Abstract: Bird populations in Eucalyptus forests on three islands in Bass Strait, 
Tasmania and Victoria were counted during 1969-1971. No difference in diversity 
between mainland pnd island 'bird populations was found. Diversity, and number, of 
land bird species were highly correlated. Population densities of birds were lower in the 
non-breeding season. Total population densities did not differ between island and main¬ 
land habitats studied. Average density per species in the breeding season on the islands 
was 13% less than on the mainland, but in the two cases studied in the non-breeding 
season was 40% higher. Island species were more equally abundant during the breeding 
season than mainland species. 

In the breeding season, population densities of six species were higher on islands 
than on mainland, and for five species were lower on the islands. This is consistent with 
Janzen’s demonstration that the arthropod faunas of islands are non-random samples of 
the mainland fauna, and with a hypothesis that island bird species which forage in 
places where the arthropod fauna is impoverished will be rarer than on the mainland, 
and conversely. 

INTRODUCTION 

Without exception, islands support fewer breed¬ 
ing species of birds than an equal-sized area of 
the nearest mainland. The probable explanation 
is that most species in a community are rare 
(Preston 1948, Williams 1964), so that on islands 
these tend to become easily extinct and are not 
quickly replaced because of isolation (MacArthur 
& Wilson 1967). Also, many species are absent 
because they cannot cross to the island often 
enough or in large enough numbers to effect 
establishment (Abbott 1972, 1973, 1974). Often 
the populations of species present on islands 
become even denser than they are on the 
mainland, owing to a relaxation in competition 
(Crowell 1962, Grant 1966 a, b) and predation 

(Grant 1966 b). 
My study on the bird populations in Eucalyptus 

forests in Victoria, three islands in Bass Strait and 
Tasmania was designed to see whether such forests 
on islands also support an impoverished avifauna 
relative to mainland forests. The question is com¬ 
plex, because impoverishment may a priori mean 
that the number of species, the total number of 

individual birds (or their density), or the diversity 
of bird species (where diversity refers to the 
weighting of species number by population size) 
in Eucalyptus forests is lower on islands than 
mainland. 

These three aspects of impoverishment inter¬ 
relate, and all need consideration. Thus, because 
islands have fewer bird species than equal-sized 
mainland areas, interspecific competition should 
be relaxed, resulting in populations of some bird 
species increasing in density. This should result in 
Eucalyptus forests on the islands having a smaller 
diversity of bird species in comparison with 
Eucalyptus forests on mainland Victoria. 

AREAS STUDIED, AND METHODS 

Censuses of eight areas were made during 
1969-71; five of these areas were on islands 
(Fig. 1). The mainland areas, being more acces¬ 
sible from Melbourne, were censused more fre¬ 
quently than those on the islands, most of which 
were censused only once. Details of sites are as 
follow. 

Creswick. Five censuses of one plot, and four 

* Department of Zoology, Monash University, Clayton, Victoria. Present address: Zoology Department, 
University of Western Australia, Nedlands, W.A., 6009. 
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Fig. 1—Location of plots on which censuses of bird 

populations were made. 

each of two other plots, were made. All plots 
consisted of Eucalyptus dives and E. obliqua dry 
sclerophyll forest with undergrowth of Acacia spp. 
Censuses of a plot adjacent to the Victorian 
Forestry School were made during August 1969 
(1), October 1969 (6), November 1969 (7), 
May 1970 (2) and September 1970 (8). The 
numbers in parentheses refer to code numbers of 
each census in Appendix 1. Four censuses of the 
second plot (next to St. Georges Lake) were 
done, in October 1969 (9), November 1969 (10), 
May 1970 (3) and September 1970 (11). In 
August 1969 (4), October 1969 (12), November 
1969 (13) and May 1970 (5), a census of the 
third mainland plot (at Leonards Hill) was made. 

Deal Island. A census of this plot, in the gully 
between the lighthouse and living quarters, was 
made in March 1971 (2, Appendix 2). Vegetation 
was dominated by Eucalyptus nitida of mallee 
habit, with undergrowth of Leptospermum, Acacia 
and Casuarina. 

Flinders Island. Censuses of this plot, on the 
south facing slope of Smiths Gully, were done in 
November 1969 (3), April 1970 (1) and Novem¬ 
ber 1970 (4). (Numbers in parentheses refer to 
censuses in Appendix 2). The forest was com- 
posed of Eucalyptus obliqua, E. globulus and E. 
viminalis. with understorey of Acacia, Melaleuca 
and Pteridium. 

King Island. One census of a plot on the south 
facing slope of Raffertys Gully in the Pegarah 
Forestry Reserve was made during October 1970 

(5, Appendix 2). Vegetation was as for Flinders 
island plot except that Pteridium was absent. 

Maria Island. One census of a plot, NE. of the 
abandoned farm near Chinamans Bay, was done 
in November 1970 (6, Appendix 2). Vegetation 
in the plot consisted of Eucalyptus globulus, E. 

obliqua and Acacia sp. 
Howden, Tasmania. A census of a plot, on the 

eastern side of Mt. Louis, was made in November 
1970 (7, Appendix 2). Dominant trees were of 
Eucalyptus rasmanica, E. linearis and Acacia sp. 

In choosing these plots, an effort was made to 
pick areas with trees of similar height and with 
similar proportions of vegetation and of open 
space. All plots were approximately 32,400 m2 
(8 acres) in area. (The figure of 10 acres was 
mistakenly used by Abbott 1973; the correct 
figure is however given in Abbott 1972.) All plots 
were representative of the extensive Eucalyptus 
habitats found in lowland Victoria, coastal 
Tasmania and the Bass Strait Islands. 

In order to make the census of each plot as 
thorough as possible, I counted birds at dawn, 
early morning and late afternoon, usually on five 
consecutive days. Consequently this left no time 
for me to make censuses of other habitats on the 
islands. My aim was to make a census of one 
area as completely as possible, rather than of a 
number of plots superficially. All parts of a plot 
were covered many times during each census. 

A grid of 33*3 m (100 ft) squares was marked 
over each plot. The position of birds sighted and 
heard, and their movements and nests, were noted 
on hand maps of the plot. Territorial boundaries 
and the number of sedentary individuals on the 
plots were thus determinable. My chief interest 
was the sedentary individuals, since these have to 
feed and find shelter in the plot. Criteria for an 
individual to be proved sedentary were that it 
must be consistently found in a similar part of 
the plot or, if not, have most of its home range 
within it. Individuals not meeting these conditions 
are treated as transients, and are marked 4- in 
Appendices 1 and 2. Some species in each plot 
were represented by resident individuals and 
transients. However, the number of these transient 
individuals is not recorded in the Appendices 
because it varied from hour to hour, and those 
present may or may not have been feeding. These 
techniques are justified relative to other popular 
techniques in detail in Abbott (1972, pp. 27-29). 

RESULTS 

The results of censuses are given in full in the 
Appendices. Autumn and Winter censuses are 
grouped as Non-breeding censuses, and Spring- 
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Rummer ones as Breeding censuses. Diversity of 
pird species is measured as: 

£ PilnPi 
i= 1 

where Pi is the proportion of individuals in the 
Ith species (i = 1, . . S). Also listed in the 
Appendices are the average population density 
per species, the maximum possible diversity of 
bird species for each plot (In 5), and /, a 
pleasure of evenness of the abundance of species. 
As shown by Lloyd and Ghelardi (1964), D has 
two separable components, species richness (5) 
^nd equitability of abundances, J (= Dl InS), 
Where O ^ S ^ and 0^7^ 1. 

D and In S are highly correlated (Fig. 2), 
implying that diversity of bird species can be de¬ 
scribed by simply counting the number of species. 
This is surprising, because counting species and 
ignoring their abundances should give biased 
results in that rare species are overemphasized 
and common species underemphasized. This result 
also holds for censuses in North America (Tramer 

Fig. 2—Scatter diagram of relation between diversity 
of bird species and logo number of species. Correlation 
coefficient = -96, P < *001. • mainland censuses; 

▲ islaind censuses. 

NUMBER of BIRD SPECIES 

Fig. 3—Scatter diagram of relation between total 
density of all sedentary bird species and number of 
these species. Correlation coefficient = -68, P < 01. 

• mainland censuses; □ island censuses. 
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1969). Tramer concluded that the factors deter¬ 
mining diversity of bird species really determine 
how many species can live together in a com¬ 

munity. 
My data for breeding censuses are adequate to 

look for differences in density, diversity, species 
richness and equitability between island and main¬ 
land plots. The total population density (= total 
number of sedentary individuals, because all areas 
are of same size) for mainland plots is slightly 
higher than for island plots, but the difference is 
non-significant (Table 1). As expected, total 
population densities are less during the non- 
breeding season. The average density per species 
in the breeding censuses is 13% lower on island 
plots than on mainland plots; in the non-breeding 
season, the two available island censuses have a 
40% higher mean density per species than those 
of the mainland plots. Furthermore, the total 
population density of all sedentary bird species is 
highly correlated with the number of these present 
in each plot (Fig. 3). This therefore means that 
as the number of species packed into a habitat 
increases, the total density increases in a regular 

way. 
The total population density can be further 

analysed by comparing densities in the island and 
mainland plots, as in Table 2. For statistical 
reasons, species sedentary in only one mainland 
or island plot are not considered. Out of 12 cases 
of censuses made in the breeding season, popu¬ 
lation densities of six species were higher on the 
island plots, population densities of five were 
higher on the mainland plots, and there was one 
species for which densities were unchanged. In 
the non-breeding season, data for only two cases 
are available: one shows an increase in population 
density on the island plots, the other a decrease. 
Thus the result above, that total population densi¬ 
ties on the island and mainland plots are not 
significantly different, can be understood as being 
brought about by equal numbers of species on the 
island plots increasing or decreasing in density. 

The island plots have more species of birds in 
the breeding season than do the mainland plots, 
but the difference is not significant (Table 1). 
Equality of species numbers in 8 acre plots on 
mainland and islands is to be expected from 
species-area curves (Preston 1962). In the breed¬ 
ing season, the diversity of bird species on islands 
is higher than on the mainland, but not signifi¬ 
cantly so (Table 1). The equitability component 
of diversity is significantly higher in the breeding 
season in island plots than mainland plots (Table 
1), meaning that abundances are more evenly 
divided among the species present in the island 
plots. 

DISCUSSION 

If competition is the unremitting and pervasive 
process in nature that many ecologists believe 
(e.g. Lack 1971, MacArthur 1972), then these 
results should be easily explained in terms of 
competition theory. Because islands have fewer 
species of birds than equal-sized areas of main¬ 
land, many vacant niches should exist (Keast 
1968, 1970), and in consequence the small num¬ 
ber of species of birds present on islands should 
expand into these, and so change in distribution 
and abundance as compared with the mainland. 
The evidence for and against distributional 
changes on the Bass Strait islands and Tasmania 
has been discussed by Abbott (1973). On islands, 
the expected overall change in abundance of 
species present is that more species should be 
commoner than on the mainland. A change of 
this kind can be looked at in many ways. Total 
population density, average density per species, 
equitability and diversity should change in pre¬ 

dictable directions on islands. None of these 
occurred with the bird communities in Eucalyptus 
forest in Tasmania and the islands of Bass Strait. 

Diamond (1970) found that total population 
densities in coastal lowland rainforest on islands 
off New Guinea were 41-77% less than in the 
same habitat in New Guinea. Precisely the oppo¬ 
site condition is found on Bermuda (Crowell 
1962), Tres Marias (Grant 1966a, b) and Islas 
Perlas (MacArthur et al. 1972). These last 
authors argue that decreased density of birds on 
islands would occur when few mainland species 
reach such islands, and the available habitats are 
occupied by less appropriate species. However it 
is difficult to decide independently which species 
are less appropriate than others. Bird species in 
Eucalyptus forests on the islands in Bass Strait 
and Tasmania are mostly the same as those in the 
mainland Eucalyptus forests studied. Species 
sedentary in my mainland plots but absent from 
the island plots are Eopsaltria australis, Climac- 
teris Jeucophaea, Meliphaga leucotis, M. chrysops, 

and Strepera versicolor. The first three have 
similar ecological representatives in the island 
endemics Petroica vittata, Melithreptus validiro- 

stris and Meliphaga flavicollis respectively (pers. 
obs., Ridpath and Moreau 1966). Thus only two 
mainland species are in effect missing from the 

island habitats I censused. 
Another possible explanation for altered densi¬ 

ties of island birds is that the level of predation 
is different on islands relative to the mainland 
(Grant 1966 b). Most islands have few species 
of predators compared with the mainland number. 
On my island plots, up to six species of predatory 



BIRD POPULATIONS IN EUCALYPTUS FORESTS 191 

Table 1 

POPULATION STATISTICS FOR MAINLAND AND ISLAND FOREST 
COMMUNITIES OF BIRDS. 

Statistic Mainland Island Significance 

(if tested with 

^t-test) 

Total population density 

Breeding season 38.1 ± 3.5 36.8 ± 4.0 NS 

Non-breeding season 27.6 ± 7.5 25.5 - 

Total no. species 

Breeding season 11.3 + 0.8 12.6 ± 1.9 NS 

Non-breeding season 8.0 ± 0.8 5.5 - 

Diversity in avifauna 

Breeding season 2.22 ± 0.10 2.37 ± 0.17 NS 

Non-breeding season 1.83 ± 0.12 1.53 - 

Equitability 

Breeding season 0.92 ± 0.02 0.95 ± 0.07 P < .001 

Non-breeding season 0.89 ± 0.11 0.90 - 

Average density per species 

Breeding season 3.44 3.00 - 

Non-breeding season 3.31 4.62 - 

Note: NS means P > .05. 

birds occur compared with four on the mainland 

plots. No overall quantitative comparisons are 
possible because most are transients. In addition, 
foxes occur on the mainland plots (but not 
island ones), and cats on some of the island and 
mainland plots. Snakes were seen only on some 
island plots. These facts are insufficient to prove 
or disprove the predation hypothesis. 

If the arthropods on islands are a non-random 

selection of those available on the adjacent main¬ 
land (Janzen 1973), the species of birds that 
increase in density should be those whose food 
supply consists of those arthropod species that 

are well represented and common on the islands. 
Bird species that decrease in density (or even 
become extinct) should, on this hypothesis, be 
those whose food supply is poorly represented on 
islands. On this hypothesis, Malurus cyaneus and 
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Table 2 

DENSITY OF 16 SPECIES OF BIRDS IN MAINLAND AND ISLAND 
Eucalyptus HABITATS 

Mean Density (No. Cases) 

Mainland 
-— — 

Island 

Breeding season 

Malurus cy emeus 5.0 (4) 2.7 (3) 

Rhipidura fuliginosa 3.9 (8) 5.0 (3) 

Petroica multicolor 2.2 (5) 3.3 (3) 

Pachycephala pectoralis 2.0 (6) 2.7 (3) 

P. olivacea 2.0 (2) 2.0 (2) 

Colluricincla harmonica 2.3 (6) 2.0 (2) 

Pardalotus punctatus 2.4 (5) 3.3 (3) 

P. striatus 2.0 (2) 2.7 (3) 

Meliphaga leucotus / M. flavicollis 13.0 (3) 4.6 (5) 

Melithreptus lunatus / M. affinis 4.0 (4) 3.3 (3) 

Eopsaltria australis / Petroica vittata 2.3 (6) 3.0 (4) 

Sericornis frontalis / 5. kumilis 5.4 (7) 2.7 (3) 

Non-breeding season 

Rhipidura fuliginosa 1.3 (3) 6.0 (2) 

Sericornis frontalis / S. humilis 7.0 (4) 5.0 (2) 

Source: Appendix. 

Sericornis spp. are not so common on the island 
plots as the mainland plots (Table 2) because the 
arthropods they prefer or hunt for on the ground 
are scarce. Rhipidura fuliginosa would be com¬ 
moner on the islands (Table 2) because the 
arthropods it hunts for (insects taken in mid-air) 
are common. This is an attractive general hypo¬ 
thesis that would account for the differences 
between the North American and Australian/New 

Guinea islands in bird densities. More critical 
data need to be collected so that this hypothesis, 
the predation hypothesis and the competitive 
release hypothesis may be tested. 

CONCLUSIONS 
1. Eight acre areas of Eucalyptus forests on 

three Bass Strait islands and Tasmania have (a) 
approximately the same population density of 
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bird species, (b) similar numbers of bird species, 
and (c) approximately the same diversity of bird 
species as such areas on mainland Victoria. 

2. Of 12 bird species found on more than one 
island and one mainland plot, six had higher 
densities on the islands, five had the reverse and 
one was unchanged in density. 

3. The hypothesis that competition between 
bird species is relaxed on these islands is not 
supported. Differences in the level of predation, 
and intrinsic differences in the food supply, 
between Eucalyptus forests on the islands and 
the mainland may be responsible for changes in 
population density of bird species. 

ACKNOWLEDGMENTS 

This study was supported by a CSIRO Post¬ 
graduate Studentship. I thank Dr. D. F. Dorward 
for supervising the project and Dr. P. R. Grant 
for criticizing a draft. 

references 

Abbott, I. J., 1972. The ecology and evolution of 
passerine birds on islands. Ph.D. thesis, Depart¬ 
ment of Zoology, Monash University. 
-, 1973. Birds of Bass Strait. Evolution and 

ecology of the avifaunas of some Bass Strait 
islands, and comparisons with those of Tasmania 
and Victoria. Proc. R. Soc. Viet. 85: 197-223. 
-, 1974. The avifauna of Kangaroo Island and 

causes of its impoverishment. Emu 74: 124-134. 
Crowell, K. L., 1962. Reduced interspecific com¬ 

petition among the birds of Bermuda. Ecology 
43: 75-88. 

Diamond, J. M., 1970. Ecological consequences of 
island colonization by southwest Pacific birds. II. 
The effect of species diversity on total population 

density. Proc. natn. Acad. sci. USA 67: 1715- 
1721. 

Grant, P. R., 1966a. The density of land birds on 
the Tres Marias islands in Mexico. I. Numbers 
and biomass. Can. J. Zool. 44: 391-400. 
-, 1966b. The density of land birds on the 

Tres Marias islands in Mexico. II. Distribution 
of abundances in the community. Ibid. 44: 1023- 
1030. 

Janzen, D. H., 1973. Sweep samples of tropical 
foliage insects: effects of seasons, vegetation 
types, elevation, time of day, and insularity. 
Ecology 54: 687-708. 

Keast, A., 1968. Competitive interactions and the 
evolution of ecological niches as illustrated by the 
Australian honeyeater genus Milithreptus (Meli- 
phagidae). Evolution 22: 762-784. 

---, 1970. Adaptive evolution and shifts in 
niche occupations in island birds. Biotropica 2: 
61-75. 

Lack, D., 1971. Ecological isolation in birds. Black- 
well: Oxford. 

Lloyd, M. & Ghelardi, R. J., 1964. A table for 
calculating the equitability component of species 
diversity. J. anim. Ecol. 33: 217-226. 

Macarthur, R. H., 1972. Geographical ecology. 
Harper and Row: New York. 
- & Wilson, E. O., 1967. The Theory of 

island biogeography. Univ. Press: Princeton. 
-, Diamond, J. M. & Karr, J. R., 1972. 

Density compensation in island faunas. Ecology 
53: 330-342. 

Preston, F. W., 1948. The commonness, and rarity, 
of species. Ibid. 29: 254-283. 
-, 1962. The canonical distribution of com¬ 

monness and rarity. Parts I and II. Ibid. 43- 
185-215, 410-432. 

Ridpath, M. G. & Moreau, R. E., 1966. The birds 

of Tasmania: ecology and evolution. Ibis 108* 
348-393. 

Tramer, E. J., 1969. Bird species diversity: com¬ 
ponents of Shannon’s formula. Ecology 50- 927- 
929. 

Williams, C. B., 1964. Patterns in the balance of 
nature. Academic Press: London. 



194 IAN ABBOTT 

APPENDIX 1. CENSUSES OF MAINLAND PLOTS 

1-5 Non-breeding season; 6-13 Breeding season 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 

Gloeeopaitta concinna + 

Platycercue elegans + + + + + + + + + + + + + 

Caccmanti8 pyrrhophanus + 2 2 

Ckrysococcyx sp. 2+ 1 + 

Dacelo novaeguinae + + + 

Coracina novaehollandiae + 

Turdu.8 merula + + 2+ + + + 4 4 

Zoothera dauma 2 

Cinclosoma punctatum 2 

Acanthiza pusilla 4+ + + 2+ + 5-+ 6+ 2+ 6+ 2+ 2+ 1 

A. chrysorrhoa + + 3+ 4+ + + 

A. striata + + 

A. reguloides + + + 

Sericomis frontalis 2 + 8+ 8 10+ 4 2+ + 2 6+ 4+ 10 10+ 

Malurus cyaneus + + + 8 6+ + 4+ 6 + 4 6+ 

Bipidura fuliginosa 1 2+ 1 + 2+ 2 5+ 7 8 4 2 1 

B. rufifrons + 

Myiagra rubecula + 

Petroioa multicolor 2 4 2 2 3 2 2 2 + 

P. rosea + 

P. phoenicea + + 

Eopsaltria australis 2 1 2 2 2 2 2+ 3 2 3 2 

Pachycephala rufiventris 4 4+ + + 

P. peotorali8 2 3+ 2+ + 2 2 2 2 2 2 

P. olivacea 4+ 2 2 2+ 

Colluricincla harmonica + + + 4 + 2+ 2 + 2 2 + 4 2 

Climacteri8 leucophaea 2 2 2+ + + 2+ 4 3 2 2 2 + 

Pardalotus punctatus + 4 + 2+ + + 2 2+ 4 2 

P. etriatus 2 + 2 

Zosterope lateralis + + + 
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Species 1 2 3 4 5 6 7 8 9 10 11 12 13 

Meliphaga ohrysops + 2 2 2 + 2+ + 5+ 

M. leucotis + 1 16+ 8 1 20 18 

Melithreptus lunatus + + + + 4 4+ 4+ + 4+ 

M. brevirostris + 

Phylidonyris pyrrhoptera + 2+ 

Acanthorhynchu8 tenuirostris + 3 2+ + + 

Anthochaera carunculata + 2 

Aegintha temporalis + + 

Strepera versicolor + + 2 2 3 2 + 1 

Corvus sp. + + + + + 

No. sedentary individuals 17 14 20 55 32 38 40 21 30 44 33 51 48 

No. species 8 6 8 11 7 15 13 8 10 13 11 10 10 

Diversity index 2.02 1.45 1.82 2.13 1.72 2.65 2.49 2.02 2.13 2.40 2.31 1.91 1.84 

Average population 

density/species 2.13 2.33 2.50 5.00 4.57 2.53 3.08 2.63 3.00 3.38 3.00 5.10 4.80 

In no. species 2.08 1.79 2.08 2.40 1.95 2.71 2.57 2.08 2.30 2.57 2.40 2.30 2.30 

J .97 .88 .89 .88 .87 .98 .97 .97 .93 .93 .96 .83 .80 

Note: + indicates transient individuals (See text). 

APPENDIX 2. CENSUSES OF ISLAND PLOTS 

1-2 Non-breeding season; 3-7 Breeding season 

Species 1 2 3 4 5 6 7 

Acoipiter sp. + 

Falco b&rigora 2 

Cotumix yp8ilophoru8 2+ 

Tumix varia + 

Phapa slogans + 

Calyptorhynchus funereus + + + 

Lathamu8 discolor 2+ 

Platyaercus eximius + 

P. caledonicue + + + + + + 

Cuculue pallidus 2 2 + 

Caoomanti8 pyrrhophanua 3+ + + + 

Chry80ccocyx sp. + 
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Appendix 2 (cont.) 

Species 1 2 3 4 5 6 7 

Ninox novaeseelandiae + 

Daoeld novaeguinae 2 + + 

Petrochelidon nigricans 4+ + 

Coracina novaehollandiae + + 2 

Turdus merula + 2+ + + + 

Acanthiza pusilia 6+ 

A. ewingi + + + 2+ 

A.ckrysorrhoa + 

Serioomis frontalis/humilis 2+ 8+ 4+ 2+ 2+ 

Malurus cyaneus 4+ 4+ 2 2+ 

Rhipidura fuliginosa 10+ 2+ 4+ 5 6+ + 

Myiagra cyanoleuca + + 2 

Petroica multicolor + 4 4 2 + 

P. phoenicea + + 2 1 + 

P. vittata + 4 3 + 2 3 

Pachycephala pectoralis 2 + 2 4 2+ + 

P. olivacea + 2 2 + 

Colluricincla harmonica + 2 2+ + + 

Pardalotus punctatus + 4 2+ + 4 

P. etriatus 2+ 2 4+ 2 + 

P. quadragintus 2 + 6+ 

Zosterops lateralis + + + + + 

Meliphaga flavicollis 9 3+ 4+ 8 2 6 

Melithreptis lunatus + 

M. affinis + 2+ + + 4+ 2+ 

M. validirostris + + + 3+ + + 

Phylidonyris pyrrhoptera + 4 + 5+ + 

P. novaehollandiae + 8+ + 

Acanthorhynchu8 tenuirostris + 2+ 

Anthochaera paradoxa 2 2 

Emblema bella 1 

Stumus vulgaris + 2+ + + + 

Artamus cyanopterus 2 

Corvus sp. + 2+ + + 

No. sedentary individuals 29 22 50 41 31 35 27 

No. species 6 5 18 15 9 13 8 

Diversity index 1.56 1.50 2.84 2.63 2.01 2.41 1.98 

Average population 

density/species 4.83 4.40 2.78 2.73 3.44 2.69 3.38 

In no. species 1.79 1.61 2.89 2.71 2.20 2.57 2.08 

J .87 .93 .98 .97 .91 .94 .95 

Note: + indicates transient individuals (See text). 
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STUDIES ON AUSTRALIAN CAINOZOIC BRACHIOPODS 

4. Growth Patterns of the Loop and Cardinalia 

in Five Recent Terebratellid Species 

By Joyce R. Richardson* 

Abstract: The developing loops of Magellania australis (Quoy and Gaimard), 
Neothyris lenticularis (Deshayes) and Waltonia inconspicua (Sowerby) display, during 
intermedate growth phases, the lacunae considered previously to be characteristic of 
dallinid development. Lacunae have not been observed in Pirothyris vercoi (Blochmann) 
or in Jaffaia jaffaensis (Blochmann), both species possessing an adult loop pattern 
equivalent to an early intermediate phase of M. australis. The solid hinge plates of 
N. lenticularis and P. vercoi are preceded in ontogeny by the excavate, lamellar plates 
characteristic of adult members of M. australis and W. inconspicua. 

INTRODUCTION 
Elliott (1953, 1965) in reviewing the loop 

development of terebratellacean species states that 
they display two patterns of loop development 
defined as dallinid and terebratellid. The dallinid 
pattern is characteristic of the Dallinidae and 
Laqueidae (now regarded as synonymous with 
the Kingenidae—see Richardson 1973 b) and the 
terebratellid pattern is seen in members of the 
Terebratellidae. The pattern of terebratellid loop 
development has been assessed from phases 
observed in five species. In only two of these 
were the series of described patterns considered 
to be complete, namely in Terebratella dor sat a 
(Gmelin) described by Fischer and Oehlert 
(1892) and in Waltonia inconspicua (Sowerby) 
described by Thomson (1915). Isolated growth 
stages only were described by Thomson (1916) 
for Jaffaia jaffaensis (Blochmann), by Douville 
(1879) for Neothyris lenticularis (Deshayes) and 
by Fischer and Oehlert (1892) for Magellania 
venosa (Solander). 

The present studies incorporate an account of 
the developmental patterns of the loop and car¬ 
dinalia of five terebratellid species. Magellania 
australis (Quoy & Gaimard) is described and 
figured in detail. Development in the other four 
species, Neothyris lenticularis, Jaffaia jaffaensis, 
Pirothyris vercoi (Blochmann) and Waltonia 
inconspicua is described only where it differs from 
M. australis. The development of W. inconspicua 
was re-examined because Thomson (1915) did 

not include in his series growth phases between 
8 mm and 19 mm and because at different sizes 
but at comparable growth phases M. australis 
showed lacunae in the dorsal bands of the ring. 

Shell lengths referred to in the text are always 
the maximum shell lengths, i.e. the length of the 
ventral valve. The material figured in this paper 
is housed in the collection of the National 
Museum of Victoria (NMV) under the catalogue 
numbers quoted. 

GROWTH STAGES OF THE LOOP AND 
CARDINALIA 
Magellania australis (Quoy & Gaimard) 

The development of the loop and the cardinalia 
is described and figured from a collection of 
specimens from a depth of 10 m from Western- 
port Bay, Victoria. The first structure to appear 
concerned with the formation of the loop is the 
septal pillar visible as a thickening of the mid¬ 
section of the dorsal valve at a shell length of 
approximately 2 mm (PI. 14, fig. 1). In succeed¬ 
ing growth phases the septal pillar increases in 
height and extent assuming a roughly quadri¬ 
lateral lateral outline with the ventral free border 
or crest of the pillar almost parallel with the 
dorsal border which is fused with the valve floor 
(PI. 14, fig. 2). In this form the septal pillar 
displays a slight groove in the posterior segment 
of its ventral crest (PI. 14, fig. 2, 3, Fig. 1A). 
The deepening of this groove with the flaring or 
expansion of the rim produces a small hood or 

* C/- National Museum of Victoria, Russell Street, Melbourne, 3000. 
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Fig. 1—Magellania australis. Line drawings of dorsal valve interiors to illustrate the formation of the ring 
and the descending branches and, in D and E, variability in the thickness and spinosity of the septum. 
A, The septal pillar with ventral crest grooved posteriorly. Shell length 2-4 mm, hypotype NMV H193; 
B, the septal pillar with hood and anterior rudiment of the descending branch of the right hand side. A 
low median ridge links the pillar with the posterior cardinalia area. The extent to which the hinge plates 
are excavate posteriorly is indicated by a dotted line. Shell length, 2 4 mm, hypotype NMV H194. C, the 
median septum (formed from the fusion of the septal pillar with the posterior median ridge) bearing a ring 
and the anterior attachments of the complete descending branches. Shell length 3 0 mm. hypotype NMV 
H195. D, shell length 31 mm, hypotype NMV HI96. E, shell length 3-9 mm, hypotype NMV H197. 

cone on the posterior crest of the septal pillar; 
the septal pillar also carries small triangular plates 
(anterior rudiments of the descending branches) 
set obliquely at its approximate mid-height (PI. 
14, fig. 4, Fig. IB). Resorption of the anterior 
border of the septal pillar appears to commence 
at approximately this growth phase, resulting in 
the jagged or spinous appearance of the anterior 
border of the pillar in subsequent growth phases. 
In all these growth phases sockets and socket 
ridges are defined as are the areas to be occupied 
by other parts of the cardinalia. A thickening of 
the posterior margin of the valve marks the area 
of the future cardinal process and the anterior 
borders of the developing hinge plates are indi¬ 
cated by thickenings on the valve floor which 
extend medially from the bases of the socket 
ridges and the developing crura; a low median 
ridge extends from this area of the cardinalia to 
a point just short of the posterior limit of the 
septal pillar (Fig. IB). 

In the following growth phase (Fig. 1C) the 
septal pillar is continuous with the posterior 
median ridge, the two structures combining to 
form the median septum. These two components 
of the septum can be differentiated visually in 
subsequent growth phases, the anterior component 
being less opaque than the posterior component 
(PI. 15, fig. 4 shows the septum in Pirothyris 
vercoi). At this phase the cardinal process is 
defined and the anterior borders of the hinge 
plates are separated narrowly from the underlying 
valve floor, i.e. the hinge plates are anteriorly 
excavate. The area of the valve floor bounded by 
the hinge plates, socket ridges and cardinal pro¬ 
cess is covered by a layer of secondary thickening 
and thus differentiated from the remaining thin¬ 

ner regions of the valve floor. The descending 
branches are now complete and resorption of the 
posterior end of the hood has led to the forma¬ 
tion of a ring enveloping the posterior crest of 
the septum. The oblique lines of attachment of 
the descending branches to the septum lie parallel 
with the lines of attachment of the ring. 

Variability in the extent, thickness and spinosity 
of the ventral crest of the septum is apparent 
in the next two growth phases of comparable 
maturity (Fig. ID, E). In these phases the ring 
envelops most of the crest of the septum, a 
condition achieved by two processes, the gradual 
anterior erosion of the septum and the growth 
of the ring by the accretion of lamellae at its 
anterior borders. The hinge plates are excavate 
for about one third to one half of the total length 
of the cardinal area. 

Succeeding growth phases show the gradual 
anterior convergence of the attachments to the 
septum of the ring and the descending branches. 
The anterior fusion of the attachments of the 
ring and of the descending branches is seen in 
Fig. 2 A-D. As noted for Frenulina sanguinolenta 
(Gmelin) by Richardson (1973a) this fusion may 
occur while the septum, partition-like, separates 
each side of the loop; alternatively the fusion of 
the attachments may occur simultaneously with 
the anterior resorption of the septum so that the 
anterior lines of ffision are free. The hinge plates 
are excavate for almost the full length of the 
cardinalia area, the socket ridges forming their 
lateral boundaries, the medium septum their 
medial boundaries. At this growth phase crural 
bases cannot be distinguished from the hinge 
plates or socket ridges. 

From growth phases of approximately 4-3 mm 
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ABC D 

Fig. 2 -Magellania australis. Line drawings of dorsal valve interiors illustrating the anterior fusion of the 
attachments" of the ring and the descending branches. Fig. 2A is a ventral view, Fig. 2B a laterally tilted 
view of the same specimen in which the attachments fuse while the septum extends beyond and separates 
each side of the loop. Fig. 2C is a ventral view, Fig. 2D a laterally tilted view of a specimen in which 
anterior resorption of the septum occurs simultaneously with the fusion of the attachments. A-B, shell length 

5 0 mm, hypotype NMV HI98. C-D, shell length 4-2 mm, hypotype NMV HI99. 

lacunae may perforate the dorsal segments of the 
ring (PI. 14, fig. 5, 6). The lacunae enlarge and 
breach the posterior borders of the ring, a process 
which must occur with great rapidity as specimens 
displaying lacunae are rare compared with those 
exhibiting the loop phases occurring immediately 
before or after their appearance (PI. 14, fig. 7, 8). 
The adult loop pattern begins to emerge as the 
result of the concurrent action of the processes 
referred to previously, i.e. the progressive fusion 
(in an anterior to posterior direction) of the ring 
and descending branch attachments, the anterior 
resorption of the septum, the enlargement of the 
loop bands by the addition of lamellae on one 
border with resorption on the other. At a growth 
phase of 6 mm (PI. 14, fig. 7, 8) although frag¬ 
ments of the dorsal segments of the ring still 
adhere to the septum, its anterior borders and 
ventral segment can now be distinguished respec¬ 
tively as the ascending branches and the transverse 
band. With the complete resorption of its mid- 
dorsal and posterior segments no part of the ring 
remains in contact with the median septum. 
The attachments of the descending branches to 
the septum remain in ontogeny to form the lateral 
connecting bands (PI 14, fig. 9), the ultimate 
resorption of which gives the adult loop free of 
the septum (PI. 14, fig. 10). This resorption of 
the bands linking the loop with the septum is 
correlated with the disappearance of that part 
(anterior component) of the septum which earlier 
gave rise to the ring and the descending branches. 
With the complete fusion of the ring (now trans¬ 
lated into transverse band and ascending branches) 
and the descending branches, only the posterior 
component appears to represent the adult septum. 

In adult specimens of M. australis he examined, 
Allan (1939) described the presence of crural 

bases which were fused with the socket ridges. 
In many specimens examined by the author there 
is no identifiable structure lying between the 
socket ridges and the hinge plates; in some speci¬ 
mens ridges, in others linear depressions, form 
traces of the crura in these areas. 

Neothyris lenticularis (Deshayes) 

The only description of the developing loop of 
N. lenticularis is that of Douvilld (1879) who 
illustrated two growth phases from an unnamed 
locality. These figures show the loop after the 
fusion of the ring and the descending branches 
and with an elevated septum lying between the 
fused attachments. 

These studies show that the same growth pat¬ 
terns of the loop follow the same sequence in 
N. lenticularis (trawled at 80 m off Oamaru, 
New Zealand) as they do in Magellania australis. 
In addition, despite the larger average adult size of 
N. lenticularis (48 mm as compared with 32 mm 
for M. australis) the different developmental 
patterns occur at the same approximate shell size 
as they do in M. australis. In both species at a 
ventral valve length of approximately 2-5 mm a 
ring and incomplete descending branches are 
present, at 3 0-3-5 mm the descending branches 
are complete, at 4 0-5-5 mm the attachments 
of the ring and the descending branches fuse 
anteriorly and lacunae appear in the dorsal seg¬ 
ments of the ring, at 6 0 mm the penultimate 
loop phase is evident with lateral connecting 
bands only linking the loop with the septum. 

The development of the cardinalia also shows 
a similar pattern to that described for M. aus¬ 
tralis. However the two species differ in the 
earlier definition and development in N. lenti¬ 
cularis of the hinge plates, the cardinal process, 
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and the posterior median ridge which also com¬ 
bines at a relatively earlier stage with the septal 
pillar to form the median septum. At a growth 
phase of 5 mm these parts of the cardinalia are 
thicker than the equivalent structures in adult 
specimens of M. australis. Crural bases are not 
differentiated as structures distinct from either 
the socket ridges or the crural bases at any growth 
phase. The hinge plates, like those of M. australis, 
develop as excavate structures (PL 14, fig. 11, 12) 
but in later growth phases, as a result of secondary 
thickening, they fuse with the valve floor. There 
is a general deposition of secondary thickening 
in the posterior region of the valve so that, in 
addition to the hinge plates, the socket ridges, 
cardinal process and septum all become thick and 
heavy. In the young adult illustrated in PI. 14, 
fig. 12, the thickening is sufficient to alter the 
outline and extent of the socket ridges and 
cardinal process but the hinge plates remain 
excavate anteriorly. Adult specimens of N. lenti- 
cularis in which the hinge plates are thick and 
completely fused with the valve floor are de¬ 
scribed and illustrated in Neall’s recent review 
(1972) of the genus Neothyris. 

Waltonia inconspicua (Sowerby) 

The development of Waltonia inconspicua has 
been examined in examples of the species from 
two New Zealand inter-tidal localities, Purau Bay 
in Lyttleton Harbour and Chatham Islands. The 
patterns seen in the series from Purau Bay corre¬ 
spond well with that described for Magellania 
australis and they occur within a comparable size 
range. Although they achieve a similar average 
adult size, i.e. a length of 20-24 mm, the speci¬ 
mens from Chatham Islands examined are 
characterized by the relatively later inception of 
intermediate loop patterns, e.g. lacunae appear 
at a growth phase of approximately 12 mm in¬ 
stead of at the 4-6 mm phases of W. inconspicua. 
The development of the cardinalia also corre¬ 
sponds with that described for M. australis and 
crural bases were not apparent in any of the 
specimens examined. 

In 1915 Thomson described the loop develop¬ 
ment of examples of Terebratella rubicunda = 
Waltonia inconspicua from three New Zealand 
localities: Cook Strait, Foveaux Strait and Wel¬ 
lington harbour. Thomson noted that the develop¬ 
ment of W. inconspicua differed in no important 
respect from that of Magasella sanguinea (Leach) 
examined by him (loc. cit.) and of Terebratella 
dorsata (Gmelin) described in 1892 by Fischer 
and Oehlert. Thomson does not describe any 
growth phases of W. inconspicua between 8 mm 
(= magelliform phase) and 19 mm (= terebratel- 

liform phase) but it is strange that neither he nor 
Fischer and Oehlert observed the presence of 
lacunae in any of these species, while they are 
found to be present in specimens of W. incon- 
spicua examined by the author (PI. 15, fig. 8). 
The first appearance of the lacunae in the band 
forming the ring is followed rapidly by their 
enlargement to breach the posterior borders of 
the ring so that specimens displaying lacunae are 
rare. However, it is not uncommon to find 
evidence of their earlier existence in the shape 
of the band forming the ring. Therefore it is 
possible that in some species or even populations 
of the same species the early ring may be formed 
by a band of narrower diameter than is the case 
in the series examined here. All parts of the loop 
grow by the simultaneous accretion of lamellae 
on one edge and resorption at the other. Such a 
gradual and continuous process may be sufficient 
to reduce the diameter of the band of a narrow 
ring, consequently the presence of lacunae indi¬ 
cating the need for more extensive resorption 
would not be required. Therefore it is concluded 
that there may be a direct relationship between 
size and the method by which parts of the ring 
are resorbed. This supposition implies that two 
methods of resorption of the ring may exist in 
the one species if there is variation in the width 
of the band forming the ring. In W. inconspicua 
such variation does not seem unlikely for Thom¬ 
son notes ‘there is a great deal of latitude in the 
relations between size of shells and stage of loop- 
development attained* (1915, p. 406). Thomson 
does not relate differing sizes with the three 
localities from which he obtained specimens. 
However, as noted above, there seem to be 
differences in the shell size of the same develop¬ 
mental pattern found in specimens of W. incon¬ 
spicua from Purau Bay and from the Chatham 
Islands. How consistent these differences are and 
whether there is also variation in the size of the 
ring and the pattern of its resorption can be 
determined only by the study of greater numbers 
of specimens from the many different localities in 
New Zealand in which W. inconspicua is present. 

Pirothyris vercoi (Blochmann) 

The development of P. vercoi agrees with that 
of M. australis in the sequence of early loop 
patterns present. It differs from M. australis in 
the smaller shell size at which these patterns occur 
and in the earlier definition of the elements of 
the cardinalia. These differences are probably 
associated with the smaller adult size of P. vercoi 
(average length 7 mm) compared with that of 
M. australis (32 mm).‘The adult loop pattern of 
P. vercoi is comparable toith that of M. australis 



GROWTH PATTERNS IN RECENT TEREBRATELLIDS 201 

before the appearance of lacunae in the band 
forming the ring in the latter species, i.e. when 
the ring and descending branches are fused 
anteriorly but posteriorly are separately attached 

to the septum. 
At a shell length of 1*8 mm (PI. 15, fig. 1) 

the dorsal valve displays a low septal pillar which, 
at a growth phase of 2-8 mm (PI. 15, fig. 2), 
develops into a high, blade-like structure bearing 
a hood on its posterior border and descending 
branch rudiments on its lateral surfaces. In both 
growth phases the elements of the cardinalia are 
well defined and lamellar hinge plates are 
anteriorly excavate for about half the distance 
between their anterior borders and the cardinal 
process. In the 1*8 mm growth phase a low 
median ridge extends from the cardinalia to a 
point near the posterior limit of the septal pillar 
and at 2 • 8 mm these two structures are continuous 
forming the median septum. As a result of the 
resorption of its posterior end the hood becomes 
a ring and at a growth phase of 3-3 mm (PI. 15, 
fig. 3) the descending branches are complete. 
Between shell lengths of 3-4 mm the posterior 
surface of the cardinal process begins to assume 
its characteristic adult trefoil shape and the hinge 
plates and other parts of the cardinalia thicken. 
The posterior regions of the valve and the car¬ 
dinalia thicken rapidly so that in growth phases 
of more than 4 mm the hinge plates are no longer 
excavate but are fused with the valve floor. 
Further development of the loop is not neces¬ 
sarily related to size so that specimens with a 
length greater than 4 mm can display two different 
loop patterns. One pattern is an enlarged version 
of the previous growth phase with the ring (now 
occupying the entire length of the crest of the 
septum) and descending branches attached separ¬ 
ately to the septum (PI. 15, figs. 5, 6). In the 
second and more advanced pattern there is 
anterior fusion of the descending branch and 
ring attachments but posteriorly they remain 
separately attached to the septum (PI. 15, fig. 7). 

The appearance and development of the septum 
are noteworthy in P. vercoi. The septal pillar 
bearing the early hood is, in relation to dorsal 
valve size, higher and narrower in lateral outline 
than it is in the other terebratellid species de¬ 
scribed in this paper. There seems to be little or 
no erosion of its anterior border, a process which 
commences almost as soon as the pillar is formed 
in other species. The septal pillar unites with the 
posterior median ridge to form the median septum 
early in development (2-8 mm herein). Further 
growth of the septum appears to occur pre¬ 
dominantly in that region derived from the median 
ridge (posterior component) so that this enlarged 

component replaces the attachment of the septal 
pillar to the valve floor. In other words the 
anterior component of the septum (the septal 
pillar bearing the ring and the anterior attach¬ 
ments of the descending branches) appears to sit 
on top of that portion of the septum derived from 
the posterior median ridge. As noted in the pre¬ 
vious description of the developing septum of 
M. australis, visual differences are apparent in 
the septal components. In the photograph (PI. 15, 
fig, 4) an attempt is made to illustrate these 
differences in P. vercoi. The anterior segment of 
the septum bearing the parts of the loop is more 
translucent than the remainder of the septum. 
The low posterior segment of the septum linking 
the pillar with the cardinalia is more opaque and, 
as noted above, appears gradually to engulf or 
replace that portion of the anterior segment lying 
below the descending branch attachments. 

Jaffaia jaffaensis (Blochmann) 

Thomson (1916) examined several early loop 
phases of J. jaffaensis and from these concluded 
that, while there were resemblances to the loop of 
Campages (Dallinidae) the genus Jaffaia should 
be referred to the Magellaniinae (= Terebratel- 
lidae). This reference to the Magellaniinae was 
based upon the absence of dental plates and on 
the separate attachment to the septum of the 
descending branches and the loop in early growth 
phases of J. jaffaensis. In 1927 Thomson trans¬ 
ferred the genus, with reservations because of the 
absence of dental plates, to the Dallininae (= 
Dallinidae) stating that while the separate attach¬ 
ment of the descending branches and ring did not 
occur in Dallina and Macandrevia it had been 
described in Dallinella by Beecher (1895). Allan 
(1940) shifted Jaffaia back to the Terebratellidae 
claiming that other dallinid genera without dental 
plates, viz. Campages and Dallina display a sep¬ 
tum passing under excavate hinge plates. In the 
possession of a hinge trough associated with a 
bifurcating septum Allan stated that Jaffaia was 
more appropriately placed in the terebratellid 
subfamily, the Neothyrinae. The appearance of 
an apparently bifurcating septum results from the 
thickening of the septum and the hinge plates. 
In J. jaffaensis, as in the other species described 
herein, the hinge plates develop as excavate 
structures which fuse on top of the median 
septum. The hinge plates extend forward medially 
and anteriorly onto the crest of the septum so 
that their anterior border is V-shaped. In later 
growth phases they, together with the septum, 
thicken but remain excavate anteriorly. 

The early phases of loop development of J. 
jaffaensis are similar to those already described 
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for M. australis and for N. lenticularis. At a 
growth phase of 1-8 mm a high septal pillar 
arises from the mid-line of the dorsal valve, and 
at 2-4 mm the pillar bears descending branch 
rudiments and a hood. Following this early growth 
phase, differences between M. australis and J. 
jaffaensis are apparent in the form and extent 
of the ring. The development of the ring from 
the hood in J. jaffaensis is accompanied by rapid 
growth along the anterior to posterior axis of the 
attachments of the ring to the septum so that at 
a growth phase of 4 0 mm these dorsal segments 
are approximately ten times as wide as the ventral 
segments of the ring (PI. 15, figs. 9, 10). This 
differential growth of the band forming the ring 
results apparently in the cross section of the ring 
changing from a circular outline to one of an 
incomplete circle topped by an inverted V. As 
development proceeds the differences in width of 
the parts of the band forming the ring become 
less pronounced, consequently at a growth phase 
of 8 mm a cross section of the ring is again 
subcircular (PI. 15, figs. 11, 12). At this phase 
also there is anterior fusion of the attachments 
of the descending branches and the ring. In the 
adult loop of J. jaffaensis (PI. 15, fig. 13) these 
attachments are fused for approximately three 
quarters of their length and posteriorly they are 
attached separately to the septum. 

At present Jaffaia is retained in the Terebratel- 
lidae. However, since the genus displays features 
shared by some members of both the Dallinidae 
and the Terebratellidae, its systematic position 
remains uncertain. It is discussed in relationship 
to these families in a subsequent paper in which 
the family Dallinidae is redefined. 

DISCUSSION 

Major steps in the formation of the terebratellid 
loop are: 

1. The formation of axial structures, a septal 
pillar bearing a ring (preceded by a hood) and 
descending branch rudiments. 

2. The fusion of these structures with posterior 
components from the cardinalia region to form 
descending branches and a median septum. 

3. The growth and fusion of the ring and 
descending branches, a process culminating in a 
loop free of the septum but attached posteriorly 
to extensions of the cardinalia, the crura. 

The formation of the ring and the descending 
branches is followed by their anterior fusion and 
separation from the septum while posteriorly each 
structure remains attached separately to the 
septum. This growth pattern is seen as the adult 
loop of /. jaffaensis and P. vercoi which differ 

in the width of the bands forming the ring and 
the descending branches. In the other species 
described this phase is succeeded by extensive 
resorption of segments of the ring so that its 
posterior attachments to the septum are lost. 
Thus only the descending branch attachments 
remain on the septum as the lateral connecting 
bands. This pattern is the adult loop form of 
W. inconspicua and the resorption of the con¬ 
necting bands results in the adult loop seen in 
M. australis and N. lenticularis. 

In W. inconspicua, M. australis and N. lenti¬ 
cularis lacunae are described in those segments 
of the ring which are resorbed after the anterior 
fusion of the ring and descending branch attach¬ 
ments. Lacunae are regarded as characteristic of 
dallinid loop development but have not been 
described previously in the development of any 
terebratellid species. The brachiopod loop de¬ 
velops by ‘the accretion of lamellae on one edge 
and simultaneous resorption on the other’ (Rud- 
wick 1970, p. 128). The presence of lacunae 
probably indicates the need to establish more 
extensive lines of resorption, a need associated 
with a greater degree of early calcification. There 
could be two reasons why lacunae have not been 
noted previously in the developing loops of the 
three terebratellid species described in this study. 
In the first place the presence of complete lacunae 
is rare as a result of their rapid enlargement to 
breach the posterior borders of the ring. Over 
100 specimens of M. australis were examined 
before finding a ring with the identity of the 
lacunae still intact. Secondly, it is possible that 
the presence of lacunae is a variable character in 
some terebratellid genera or even species. Their 
presence is associated apparently with a band of 
greater width than that which can be resorbed by 
the gradual erosion of its posterior borders. In any 
species in which the band forming the ring varies 
sufficiently in width it is possible that more than 
one line of resorption is required to produce loop 
bands of adult dimension. As indicated on p. 200 
such variation may be found in different popula¬ 
tions of W. inconspicua. 

Cooper (1973) recently described the loop 
development of Magellania venosa (Solander) 
and of his new species Aneboconcha obscura. 
In neither species does he describe the presence 
of lacunae at any growth phase. Cooper’s photo¬ 
graphs of M. venosa show that it possesses a ring 
composed of a relatively narrow band and in 
which there is no evidence of the existence of 
lacunae. On the other hand A. obscura possesses 
a wide ring band and two photographs of the 
developing loop of this species (Cooper 1973, 
PI. 4, figs. 9, 10) show a ring pattern similar to 
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that of M. australis at a comparable phase (illus¬ 
trated PI. 14, figs. 7, 8), i.e. in which the shape 
of the band forming the ring gives evidence of 
the earlier presence of lacunae. 

Other variables noted in this study are the 
extent, thickness and degree of spinosity of the 
septum and the extent of anterior septal resorp¬ 
tion relative to the fusion of ring and descending 
branch attachments. All these features show as 
much variation within one species as they do 
between different species. In one species, Piro- 
thyris vercoi, there is little variation in septal 
shape and little or no spinosity although the adult 
loop varies in the extent of its attachment to the 
septum. There is general conformity in the shell 
size at which different growth patterns of the 
loop occur in M. australis, N. lenticularis and 
J. jaffaensis despite large differences in average 
adult size. On the other hand W. inconspicua 
shows much variation between different popula¬ 
tions and in P. vercoi, the smallest adult species, 
early loop patterns occur in shells of smaller size 
than they do in the other species. 

In these Recent terebratellid species the median 
septum, as described by Baker (1972) for the 
Jurassic species Zeilleria leckenbyi, is the result 
of the fusion of two components, the anterior 
septal pillar and a posterior median ridge. The 
pillar appears first in ontogeny and resorption is 
apparent in its anterior border at about the time 
it is united posteriorly with the median ridge. 
Further development entails the gradual replace¬ 
ment by the posterior component of the anterior 
component which is resorbed and finally dis¬ 
appears with the loss of its last links with the 
loop, the lateral connecting bands. These steps 
can be traced because the two components of the 
septum are composed of shell matter differing 
visually in density (PI. 15, fig. 4). The septum, 
like the bands of the loop, is a structure develop¬ 
ing by growth on one border and resorption on 
the other, the loop growing by the accretion of 
lamellae, the septum by the deposition of thicken¬ 
ing. Whether or not these structures differ only in 
thickness is not clear, as the structure of the shell 
has not been part of this study. Williams (1968) 
states that the predominantly impunctuate septum 
of Laqueus contains a punctuate strip of shell, the 
position of which does not appear to coincide 
with the boundaries of the different septal com¬ 
ponents noted in this study. This difference in 
shell density is seen also at the areas of union 
of the descending branches and the crura (PI. 14, 
fig. 12), i.e. the crura and the anterior septal 
component are more translucent than the bands 
of the loop and the posterior septal component. 

The development of the cardinalia is similar in 

ail the species studied. The socket ridges are the 
first structures to appear and the cardinal process 
is forecast early in development as the thickened 
posterior margin of the valve. Other structures, 
the hinge plates and the crura, appear to emanate 
from the anterior bases of the socket ridges. 
Crural bases, visible as ridges lying between the 
socket ridges and the hinge plates, are apparent 
only in the late development phases of some 
specimens of one species, M. australis. The rela¬ 
tionship of the hinge plates to the septum is 
noteworthy. The term ‘hinge plate’ has been ap¬ 
plied in the past only to excavate plates occupying 
the area between the socket ridges and serving 
for the attachment of the dorsal pedicle muscles. 
During development in the species described here 
the hinge plates fuse medially on the crest of the 
septum so that they form an excavate platform 
buttressed medially by a median septum. The 
hinge plates extend forwards anteriorly and 
medially onto the septum so that their anterior 
border is V-shaped in outline. If secondary thick¬ 
ening occurs the septum, as a result of its position 
at the point of the V of the border of the thick¬ 
ened hinge plates, gives a superficial appearance 
of bifurcation. A hinge trough is defined in the 
Treatise (1965) as a structure ‘formed by the 
fusion of a bifurcated median septum with com¬ 
bined socket ridges and crural bases of some 
terebratellaceans’ (Elliott HI46). The terebratel- 
laceans alleged to display a hinge trough include 
Neothyris, Jaffaia and Pirothyris which are shown 
in this study to possess solid or thickened hinge 
plates preceded in ontogeny by excavate structures. 

The significance of the apparent bifurcation of 
the septum, the presence of crural bases and of 
excavate hinge plates, factors used previously in 
the differentiation of subfamilies, will be discussed 
in a future paper on Australian terebratellid 
brachiopods. 
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EXPLANATION OF PLATES 14-15 

Plate 14 

Magellania australis (Quoy & Gaimard) 
(10 m Westemport Bay, Victoria) 

Fig. 1-4—Stereoscan photomicrographs of the dorsal valve interiors of three specimens 
each with a shell length of approximately 2 0 mm and showing: 1. The early 
septal pillar, X 67, hypotype NMV H190. 2. The septal pillar (before resorption 
commences) and parts of the cardinalia, the socket ridges (ridge on left-hand 
side broken), crura and developing hinge plates, X 33, hypotype NMV H191. 
3. An enlargement of the septal pillar in fig. 2 which shows the slight groove 
(which precedes hood formation) apparent in the most posterior segment of the 
ventral crest of the pillar, X 100. 4. The septal pillar with the hood enveloping 
its posterior crest and rudiments of the descending branches extending from its 
lateral surfaces, X 100, hypotype NMV HI92. 

Fig. 5, 6—Two dorsal valve interiors showing the lacunae which perforate the dorsal band 
of the ring. In both specimens the right-hand side of the ring is broken. 5. Shell 
length 5-75 mm, hypotype NMV H200. 6. Shell length 5 0 mm, hypotype NMV 
H201. 

Fig. 7, 8—Ventral and lateral views of the loop of a specimen in which the posterior walls 
of the ring have been breached by the enlargement of lacunae. Evidence of the 
earlier presence of lacunae is indicated in the shape of the band forming the ring 
and which now forms the ascending branches and the transverse band. Shell 
length 6 0 mm, hypotype NMV H202. 

Fig. 9—Penultimate loop pattern in which the descending branches only remain attached 
to the septum, these attachments now being referred to as the lateral connecting 
bands. Shell length 8 mm, hypotype NMV H203. 

Fig. 10—Adult loop pattern. Shell length 19 mm, hypotype NMV H204. 

Neothyris lenticularis (Deshayes) 
(80 m off Oamaru, New Zealand) 

Fig. 11—A young specimen displaying lamellar hinge plates. At this growth phase the ring 
and the descending branches are separately attached to the septum; part of the 
ring on the left-hand side is broken in this specimen. Shell length 5-1 mm, 
hypotype NMV H206. 

Fig. 12—Young adult specimen with thick but anteriorly excavate hinge plates. Note the 
thickening of all parts of the cardinalia and the difference in shell density 
apparent at the line of union of the descending branch and the crus on the 
left-hand side. Shell length 38 mm, hypotype NMV H207. 



GROWTH PATTERNS IN RECENT TEREBRATELLIDS 205 

Plate 15 

Pirothyris vercoi (Blochmann) 
(40 m Backstairs Passage, South Australia) 

Fig. 1—Dorsal valve interior with septal pillar. Shell length 1-8 mm, hypotype NMV 
H209. 

Fig. 2—The septal pillar with a ring on its posterior crest and a descending branch 
attachment barely visible on its lateral surface. Posterior descending branch 
rudiments extend from the cardinalia. Shell length 2-8 mm hypotype. NMV 
H210. 

Fig. 3—Growth phase in which the descending branches are complete, their attachments 
to the septum (formed by the fusion of the septal pillar with a posterior 
component) lying underneath those of the ring. Hinge plates are excavate at this 
growth phase. Shell length 3-3 mm, hypotype NMV H211. 

Fig. 4—Lateral view of the median septum of a specimen of a young adult to illustrate 
the visual differences in density in parts of the septum (anterior border of the 
septum to the left of the photograph). Both the ring and the descending branches 
have been removed, the descending branch attachment to the septum is visible 
as an oblique line on its lateral face, the ring attachment as a line/ridge just 
below the crest of the septum with which it is almost parallel. The low posterior 
segment of the septum linking the anterior pillar with the cardinalia is apparent 
as a structure of greater opacity than the remainder of the septum. Shell length 
5 mm hypotype NMV H214. 

Fig. 5, 6—Ventral and laterally tilted views of a specimen 5-5 mm in shell length, hypo¬ 
type NMV H212. 

Fig. 7—Ventral view of a specimen 5 0 mm in length, hypotype NMV H213. 

Waltonia inconspicua (Sowerby) 
(Purau Bay, Lyttleton Harbour, New Zealand) 

Fig. 8—Dorsal valve interior with juvenile loop showing lacunae in the dorsal segments 
of the band forming the ring. The descending branches are obscured by the 
dried soft parts adhering to the skeleton. Shell length 6 0 mm, hypotype 
NMV H208. 

Jaffaia jaffaensis (Blochmann) 
(300 m off Cape Jaffa, South Australia) 

Fig. 9, 10—Ventral and laterally tilted views of the early loop with the ring and the 
descending branches separately attached to the septum and the ring displaying 
its anterior V-shaped extension. This specimen (length 4 0 mm, hypotype 
NMV H215) coated with magnesium oxide. 

Fig. 11, 12—Ventral and laterally tilted views of a loop displaying anterior fusion of the 
ring and descending branch attachments. Shell length 8 0 mm, hypotype 
NMV H216. 

Fig. 13—Loop of an adult specimen coated with magnesium oxide. Shell length 16 0 mm, 
hypotype NMV H217. 
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Litter Fauna in Nothofagus cunninghamii Forests 

By Truda M. Howard* 

Abstract: The composition of the litter fauna of Nothofagus cunninghamii 
forests in Victoria and Tasmania is compared. In Tasmania both pure Nothofagus and 
Nothofagus-Eucalyptus delegatensis forests were studied at a single sample time. In 
Victoria pure Nothofagus forest litter was sampled throughout the year. Populations 
ranged from 2000 to 5000/m2 and consisted predominantly of mites (40-50%), Collem- 
bola (11-18%), and dipteran larvae (10-33%), but isopods, amphipods, diplopods, and 
chilopods formed the greatest part of the biomass. In the Victorian forest mites, isopods, 
and millipedes were most numerous in spring and summer and dipteran larvae and 
curculionid beetles in autumn and winter. Populations appear to be smaller than those 
of Danish or Japanese beech forests but the breakdown of litter is probably more rapid. 

INTRODUCTION 
There is little published information on the 

litter fauna of Australian forests. Birch and Clark 
(1953) based their paper on the study of a rain¬ 
forest north of Sydney in which the amphipod 
Talitrus sylvaticus Haswell was considered to be 
an important element in the fauna. There is also 
little information on the litter populations of 
southern beech forests. Some information is given 
in recent papers by Dutch and Stout (1968) and 
Wood (1970, 1971). 

The present paper records the litter fauna of 
beech forests and mixed beech-eucalypt forests in 
Tasmania and Victoria, Australia, and provides 
further data on the fauna of southern hemisphere 
forests and a comparison with the previous studies 
of European and Japanese beech forests. 

In Surrey Hills, Tasmania (see Fig. 1) two 
sites at which Nothofagus cunninghamii Oerst. 
occurs as a forest dominant, and two at which it 
forms an understorey to Eucalyptus delegatensis 
R. T. Baker were sampled in January 1965. 
Samples were collected at monthly intervals, from 
March 1966 to February 1967, from a N. cun¬ 
ninghamii dominated site on Mt. Donna Buang 
in Victoria. These samples were used to compare 
the fauna of two different adjacent forest types, 
of geographically separated forests of the same 
type, and of monthly samples at one site. 

PHYSICAL ENVIRONMENT 
All forest sites studied occur in Koeppen’s CfB 

climatic type (Trewartha 1943). This is defined 
as a warm temperate rainy climate, with the 

average temperature of the coldest month below 
18° but above —3°C and the average temperature 
for the warmest month over 10° and under 22°C. 
There is no distinct dry season, and the driest 
summer months receive more than 30 mm of rain. 

The annual rainfall for the Victorian site (Mt. 
Donna Buang, elevation 1006 m) was calculated 

Fig. 1—Litter collection localities in Victoria and 
Tasmania. 

* Present address: School of Botany, University of New South Wales, Kensington, N.S.W., 2033. 
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as 2410 mm (Howard 1970) and that of the 
Surrey Hills District of NW. Tasmania (average 
altitude 610 m), calculated on the basis of two 
years’ records, probably exceeds 2000 mm. Snow 
falls occur but the snow does not persist for more 
than a few days. The main feature of the tempera¬ 
ture regime is the possibility of frosts which may 
occur throughout the year, but are most prevalent 
in winter time. 

The effect of both rainfall and temperature on 
the litter layer is modified by the forest canopy, 
which retards heating and cooling of the air within 
the forest and intercepts and redistributes the rain, 
fog or snow. 

The Victorian site studied is located on a south 
facing slope (10°) of Mt. Donna Buang on a 
deep kraznozem derived from Upper Devonian 
dacite (Hills 1930). 

The Tasmanian stands are growing on kraz- 
nozems derived from Tertiary basalt which forms 
a plateau in the Surrey Hills area. Although the 
structure of the kraznozems is good, drainage is 
not always as rapid in the Surrey Hills area as 
on Mt. Donna Buang. The two forest sites 
dominated by N. cunninghamii are on north and 
south facing slopes of 11°. The two eucalypt 
dominated sites are on almost flat terrain. 

VEGETATION 

(a) Nothofagus cunnnighamii dominated forests. 
The only differences detectable between the 

Victorian and Tasmanian Nothofagus stands were 
the presence of a few endemic species in Tas¬ 
manian stands and differences in the litter and 
ground stratum. These differences are minimal, 
as the two land areas were connected during a 
glacial period between 20,000 and 37,500 years 
ago (Howard & Hope 1970), if not more recently. 
In general the floristics and structure of the forest 
were the same. 

Nothofagus forest is dominated by N. cunning¬ 
hamii which forms a closed canopy (crown cover 
75%), and reaches a height of 30 m. Athero- 
sperma moschatum Labill. (and Phyllocladus 
aspleniifolius Hook. f. in Tasmania) may also 
occur as part of the tree stratum. The mean 
density of N. cunninghamii in a number of Vic¬ 
torian stands was 600 trees/ha, with a mean basal 
area of 40 m2/ha. Nothofagus trees are usually 
single or double trunked, and A. moschatum is 
often multi-stemmed. The crown occupies one 
half to one third of total Nothofagus tree height, 
and fine branches are present on the remainder 
of the trunk. Beneath the tree stratum there may 
be a low (up to 3 m) tree fern stratum (pre¬ 
dominantly Dicksonia antarctica Labill.) and 

sometimes a few shrubs [e.g. Comprosma quadrL 
fida (Labill.) Robinson]. A ground stratum of 
ferns, such as Polystichum proliferum R. Br. and 
Blechnum procerum (Forst. f.) Swartz may be 
present. In Victoria the litter layer is thin (I-3 

cm) and very disturbed by lyrebird (Menura 
novaehollandiae) cultivation. In this stand th^ 

annual litter fall over one year was measured as 
7-50 tonnes/ha, with a turnover rate of 42% p.a. 
In Tasmania the litter is thicker (10-15 cm) and 
the forest floor is often covered with a deep layer 
of mosses, lichens and liverworts. Mosses, liver¬ 
worts and lichens are also a feature of Victoria** 
stands, but there they tend to be confined to dead 
wood, stones and tree trunks, and do not extend 
onto the forest floor. 

(b) Nothofagus—eucalypt forests. 
Forests of eucalypts, such as Eucalyptus reg~ 

nans F. MuelL, E. nitens Maid, or E. delegatensis, 
when growing in a sufficiently high rainfall area 
(greater than 2360 mm per annum in Victoria) 
are likely to be replaced by a forest of N. cun- 
ninghamii. This is if no fires occur for about 
400 years (Howard 1973a), and Nothofagus seed 
is available. Sixty to one hundred years after the 
invasion of a eucalypt forest by Nothofagus, a 
forest similar to that described above results, 
except that above the Nothofagus closed canopy 
is a tall (36-46 m) open (15-25% cover) eucalypt 
canopy, whilst under the Nothofagus there may 
be a straggling shrub stratum [e.g. Drimys lanceo- 
lata (Poir.) Baill., Leptospermum scoparium] up 
to 6 m tall, and a number of shade tolerant small 
shrub species. This forest has been called Mixed 
Forest (Gilbert 1959). Without the intervention 
of fire, this forest becomes pure Nothofagus forest 
when the eucalypts die (400 years appears to 
be their maximum age) as they are unable to 
regenerate in the heavy shade of Nothofagus 
(Howard 1973b). 

The litter layer in these forests is fairly deep 
(5-10 cm). Moss, lichen and liverwort growth is 
not as common on the ground as in the mature 
Nothofagus forest. At all Tasmanian sites litter 
accumulation and moss build-up are greatest 
around the boles of Nothofagus trees and in 
places exceed 60 cm in depth. 

SAMPLING AND EXTRACTION OF 
LITTER FAUNA 

Samples of litter were collected at random, 
except that the litter accumulation around trees 
and fallen logs was avoided. A spade was used 
to cut squares 25 x 25 cm. The litter was then 
scraped rapidly into a plastic bag, and sealed. 
Care was taken not to collect mineral soil during 
this process, though in the Victorian forest this 
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was difficult due to the disturbed surface. At the 
four Tasmanian sites 25 samples were collected 
from each on a single occasion, and at the 
Victorian site 15 samples were taken each month. 

The litter fauna was extracted as soon as 
possible by the use of a Tullgren Funnel. A 60 
watt lamp held 15 cm above the litter surface 
provided heat and light, and the fauna was 
collected in a phial of 70% ethyl alcohol. The 
litter appeared to be completely dry after 48 
hours, and was removed before it started to fall 
into the phial. The dried litter was weighed. 

The fauna was sorted by eye and with the aid 
of a 20 X binocular microscope; only the 
larger species were counted. Many groups were 
not identified beyond the ordinal level, e.g. 
Collembola, but in some cases more detailed 
classification was possible. All material has been 
placed in the National Museum, Melbourne, 
Victoria. (The identified groups are listed in the 
Appendix). 

The Victorian data was analysed using the 
Canberra Hierarchical programme (Lance & 
Williams 1967) MULTBET, under the super¬ 
vision of Dr. W. Williams. 

RESULTS 

(a) Tasmanian forests (Table 1). 

The data show that:— 
a. There is little difference between the two types 
of forest except in the number of insect larvae 
and the presence at one Nothofagus-eucsAypt site 
of a distinctive prostigmatid mite. 
b. The most numerous animals were mites, 
Collembola and insect larvae. Apart from the 
Collembola, of which at least 5 species were 
present, the most common adult insects were 
curculionid beetles. 
c. The Isopoda, Amphipoda, Diplopoda and 
Chilopoda, although relatively few in number, 
comprised the greatest biomass. 

(b) Victorian forests (Table 2). 

The data showrs that:— 
a. The three most numerous groups are the mites, 
Collembola, and dipteran larvae, although the 
latter are only poorly represented during the 
spring and summer months and the monthly 
variation is great. The curculionid beetles were 
the most numerous adult insects. 
b. The Isopoda, Amphipoda, Diplopoda and 
Chilopoda comprise the greatest biomass. 

(c) Effect of Season and Locality on the 

Victorian Forest Fauna (Table 3). 
a. A major division occurred between those groups 
which were most numerous in spring and summer 

and those most numerous in autumn and winter. 
Mites, isopods, and millipedes were most num¬ 
erous in spring and summer; dipteran larvae and 
curculionid beetles in autumn and winter. A 
number of groups were of equal importance in all 
months, and others were too few for conclusions 
to be drawn from their distribution, 
b. The proximity of samples to ground ferns 
(B. procerum, Polystichum proliferum R. Br.) 
had no appreciable effect on the composition of 
the fauna. The only relationship observed was 
that of Peripatus, which occurred near rotting 
wood. 

DISCUSSION 

One of the most noticeable characteristics of 
samples taken from the same forest types is the 
wide variation in the numbers of a particular 
animal type between samples. This makes statis¬ 
tical comparison between samples on either an 
area or litter dry weight basis unreliable. The 
expression of animal numbers in terms of litter 
dry weight adds little to our understanding of 
animal density. It is probable that populations 
cluster at random within the litter layer, and 
that this is one of the reasons for the very variable 
number of individuals per sample. 

The fauna of all the sites sampled showed 
general similarity although the level of classifica¬ 
tion was inadequate for critical evaluation. 
However, species of Collembola and some mites 
as well as the amphipod Talitrus, appeared to be 
identical at all sites. Amongst the most interesting 
insects identified were the Hemodoecus spp. 
(Peloridiidae) which are primitive flightless 
Hemiptera confined to southern forests (Britton 
1957). The methods of sampling tend to under¬ 
estimate the oligochaete and mollusc populations 
but the importance of terrestrial isopods and 
amphipods is characteristic of southern rain 
forests. 

Seasonal variation shown in the Victorian 
samples is probably due to both differences in 
life-cycle and vertical migration associated with 
changing physical conditions, particularly tem¬ 
perature. Changes in the populations of predators 
such as phalangids, centipedes, pseudoscorpions 
and spiders, may also reflect changes in the 
populations of food species. Two kinds of mites, 
the amphipod and the Collembola remain in 
almost constant numbers throughout the year, 
though Collembola show a slight summer maxi¬ 
mum. The only major difference between the 
Victorian and Tasmanian sites, apart from the 
depth of the litter, is the presence of the lyrebird 
at the former. The lyrebird cultivates the soil 
extensively. At the Mt. Donna Buang site records 
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Table 1 

THE TOTAL NUMBER OF INDIVIDUALS OF EACH TYPE IN 25 SAMPLES AT EACH 
FOREST SITE IN FORESTS CONTAINING NOTHOFAGUS CUNN1NGHAM1I, SURREY 

HILLS, NW.TASMANIA. 

Vegetation If. cunninghamii 
forest 

Nothofa 
Eucalypt 

gue - 
forest 

Number in: 25 samples 1000 g 25 samples 1000 g 

Site: 1 2 1 2 3 4 3 4 

Myriapoda 
13 8 73 17 Diplopoda 75 44 30 2 

Chilopoaa 70 30 29 9 12 14 3 3 

Symphyla 3 1 1 0 16 2 4 0 

Insecta pterygota (Adults) 
222 61 53 Diptera 116 140 46 45 215 

Hemiptera 
Homoptera 6 32 2 9 6 8 1 2 

Coleoptera 
Curculionidae 32 31 12 9 34 38 9 9 

Neuroptera 2 2 0 0 3 1 1 0 

Hymenoptera 0 1 0 0 0 1 0 0 

Lepidoptera 4 0 1 0 4 1 1 0 

Insecta pterygota (Larvae) 
56 578 684 161 165 Chironomidae 542 188 212 

Scatopsidae 72 229 28 72 479 460 130 110 

Rhagionidae 49 84 20 25 220 135 62 32 

Tabanidae 27 160 11 48 55 39 15 9 

Ceratopogonidae 40 24 16 7 39 117 11 28 

Lepidoptera 78 64 31 19 117 195 33 47 

Others (incl. Coleoptera) 117 59 47 18 169 124 48 29 

Insecta apterygota 
303 137 Collembola 973 451 345 135 L07 0 571 

Crustacea 
Malacostraca 

Isopoda 22 70 9 21 11 17 3 4 

Amphipoda (Talitrus sp.) 139 45 55 10 43 90 12 21 

Arachnida 
P seudo scorpionida 3 4 1 1 1 5 0 1 

Araneida 25 37 10 11 75 23 21 6 

Acarina (Parasitiformes) 
Mesostigmata (1. 321 142 127 42 5 15 1 3 

(2. 118 218 47 62 318 156 90 39 

Uropodidae 169 232 67 73 216 886 61 93 

Diplogyniidae 
(Mesostigmata, 
Antennophorina) 45 8 17 2 54 4 15 1 

Sphaeroluchidae 
(Prostigmata) 0 0 0 0 0 841 0 202 

Unknown mites 259 78 103 24 106 21 30 5 

Acarina (Sarcoptiformes, 
Oribatei) 

Galumnidae 207 224 82 70 555 80 150 19 

Phthiracaridae 713 542 281 162 621 514 177 121 

Oligochaeta 37 19 14 6 16 9 5 2 

Total number of organisms 4264 3159 1664 94 9 5046 5346 1410 1158 

% Contribution of Acarina 42.9 45.3 - - 37.1 47.0 - - 

% Contribution of Collembola 22.8 14.2 - - 21.1 10.7 - - 

% Contribution of Dipteran Larvae 21.2 25.6 - - 32.8 32.7 - - 
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Table 2 

TOTAL NUMBER OF INDIVIDUALS OF EACH TYPE PER MONTH IN 15 SAMPLES (25 cm X 25 cm) 
OF LITTER AT MT. DONNA BUANG, IN NOTHOFAGUS CUNNINGHAM11 FOREST 

Taxa March -April May June Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
1966 1966 1966 1966 1966 1956 1966 1966 1966 1967 1967 

Mvriapoda 
Diplopoda 15 8 23 64 32 21 18 46 16 46 38 
Ciiilopoda 20 3 23 52 9 43 43 54 6 37 26 
Symphyla 

Insecta pterygota 
Diptera (Adults) 

4 1 10 17 4 5 13 30 1 7 5 

203 177 1 0 24 10 74 84 81 13 36 
Oiptera (Larvae) 

Chironomidae 90 90 12 116 48 62 4 23 14 3 23 
Scatopsidae 175 177 103 106 171 70 71 64 6 13 24 
Rhagionidae 0 35 24 23 41 27 1 0 1 1 0 
Ceratopogonidae 0 0 0 0 0 6 2 102 2 19 1 

Coleoptera (Adults) 
Curculionidae 58 58 68 136 130 74 55 47 17 32 33 
Scydmaenidae, Pselaphidae 0 4 0 10 16 8 8 6 10 8 7 

Miscellaneous Adult Insects 6 1 0 1 3 1 5 6 34 12 8 
Miscellaneous Larvae 36 33 21 24 14 36 22 37 6 21 11 

Insecta apterygota 
Colleabcla 150 276 150 186 102 140 187 568 65 155 111 

Arachnida 
PseudoscorpionIda 0 0 0 0 0 5 30 / 28 0 67 32 
Araneiua 
Acarina 

11 14 8 48 31 35 39 62 8 20 18 

Mesostigmata 56 18 20 14 76 150 230 28 99 339 142 
Uropodidae 53 26 75 124 94 98 223 183 50 257 58 
Diplogyniidae 

Cr y pto s t igna ta 
9 7 11 44 22 54 25 41 16 8 6 

Galumnioae 200 28 109 100 53 0 66 474 386 74 105 286 
Phthiracaridae 159 130 166 198 181 231 320 137 82 140 87 
Unknown Oribatidae 0 0 0 0 0 43 47 60 44 93 49 

Unknown Mite A 111 126 118 72 228 211 274 133 102 221 72 
Unknown Mite d 0 0 31 29 47 35 7 27 11 97 54 
Phalangida 14 6 26 77 40 55 £3 76 9 23 19 

Annelida 
Oligochaeta 6 6 4 16 16 13 17 8 0 9 5 

Crustacea 
Walocostraca 

Isopoda 59 24 105 180 113 158 199 249 20 111 80 
Amphipoda (Talitrua sp.) 37 37 72 172 119 140 £8 153 20 78 97 

Onychophora (Peripatue sp.) 0 0 0 3 1 1 2 7 1 0 6 

Total number of organisms 1462 1293 1180 1812 1620 2603 2541 2645 794 1935 1333 

% Acarina 40.8 26.5 44.9 32.0 43.5 61.8 62.8 37.6 60.1 68.6 56.5 

% Dipteran Larvae 18.1 23.3 11.8 13.6 16.0 6.3 3.0 6.7 3.0 1.8 3.6 

% Collembola 10.3 21.4 12.8 10.3 6.3 5.2 7.3 21.4 8.2 6.9 8.3 

of scratching activity were kept for 15 months 
and during this time the observed soil surface was 
cultivated to a depth of 2-5 cm 1*79 times. The 
cultivation is concentrated on patches of soil 
without ferns, but the lack of difference between 
the fauna of ferny and femless areas in this forest 
indicates that this scratching is not significant in 
terms of the litter fauna type or quantity. 

Differences in sampling methods and extraction 
techniques make comparison with published data 
difficult, but populations, whether on an area or 
weight basis, appear to be smaller than in New 
Zealand litter (Dutch & Stout 1968) and the 

Victorian forest, on an area basis, appears to 
have a slightly smaller population than the Tas¬ 
manian forests. All the southern forests appear 
to have much smaller populations than the 
European (Bornebusch 1930) or Japanese cold 
temperate beech forests (Kitazawa 1967), al¬ 
though the quantity of litter fall appears to be 
greater and the rate of turnover higher. This is in 
accord with the view that although less numerous, 
populations increase in activity with increasing 
temperature. The other important distinction of 
the southern forest faunas is the importance of 
terrestrial amphipods. 
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Table 3 

THE DISTRIBUTION OF FAUNA AT MT. DONNA BUANG BETWEEN TWO SEASONAL 
GROUPINGS (SPRING-SUMMER, AUTUMN-WINTER) 

Animals most prominent from 
Sept.-Feb. 

Mean Number 

Sept.-Feb. 

per Plot 

Mar.-Aug. 

Uropodidae 10.948 2.794 

Unknown Mite A 22.459 18.757 

Unknown Oribatidae 3.639 0.132 

Galumnidae 20.711 9.265 

Diplogynidae 1.814 0.985 

Diplopoda 2.309 1.515 

Isopoda 9.784 5.926 

Chilopoda 2.876 0.632 

Pseudoscorpionidae 1.670 0.147 

Phalangida 3.237 1.706 

Araneida 2.010 1.471 

Animals with no particular 
seasonal prominence 

Phthiracaridae 22.334 22.989 

Unknown Mite B 1.918 2.162 

Amphipoda (Talitrus sp.) 6.814 5.515 

Diptera Adults 3.742 2.809 

Collembola 14.464 10.103 

Animals of rare occurrence 
throughout the year 

Oligochaeta 0.729 0.185 

Peripatus sp. 0.271 0.074 

Pselaphidae + Scydmaenidae 0.557 0.667 

Gasteropoda 0.629 0.185 

Symphyla 1.000 0.111 

Animals most prominent from 
Mar•-Aug. 

Scatopsidae Larvae 3.557 9.294 

Chironomidae Larvae 1.351 5.088 

Rhagionidae Larvae 0.206 1.941 

Curculionidae Adults 3.289 5.647 
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APPENDIX 
Abbreviations: x = presence of specimens indicated; 
Vic. = Mt. Donna Buang, 1006 m, 1966-1967, N. 
cunninghamii forest litter; Tas. = NW. Tasmania, 

610 m, Dec. 1964, N. cunninghamii forest litter. 

Curculionidae 
Mandalotus sp. 
Mallixus sylvicola (Oke.) x 

Melandryidae 
Orchesia sp. 

Vic. Tas. DIPTERA 
HEMIPTERA Culicidae x 
Homoptera Chironomidae x 

Peloridiidae Tipulidae x 
Hemidoecus leai China X Dolichopodidae x 
H. donnae Woodw. X Empidae x 

Heteroptera Lauxaniidae x 
Miridae X Psychididae 
Lygaeidae Mycetophylidae 

Pachybrachis sp. X Sciara sp. X 
Homoptera Ceratopogonidae X 

Aphidae X X NEUROPTERA 
COLEOPTERA Hemerobiidae 

Larvae (total) 
Cerambycidae 

X Micromus? tasmaniensis 
M. tasmaniensis Walk. 

X 

Anthemistus sp. X HYMENOPTERA 
Scarabaeidae Braconidae 

Sericestis sp. 
Pselaphidae 

Pselopnus sp. 
Rhybaxis sp. 

X 

X 
X X 

Belythidae 
Diaparidae 

LEPIDOPTERA 

X 
X 
X 

Pselaphus sp. X Geometridae 
Carabidae Geometrinae x 

Notomus sp. X Boarmiinae x 
Agonochila sp. X Noctuidae x 

Tenebrionidae 
Seirotrana crenicollis Pasc. X 

TRICHOPTERA 

Adelium sp. X Leptoceridae 
Symphitoneuria sp. X 

Identifications of insects by Mr. A. Nebois, Curator of Insects, National Museum of Victoria. 

x 

x 

X 

X 

X 
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Evolution of Australia’s Unique Flora and Fauna 

in Relation to the Plate Tectonics Theory 

By Edmund D. Gill1 

With Appendix by H. D. Ingle2 

Lecture delivered to the Society May 10th, 1973 

Abstract: The Plate Tectonics Theory shows us a different world. Instead of a 
masses stand high above the heavier masses. The oceans cover the lower heavier rocks, 
continuous crust, we see a jigsaw of plates with active interfaces. The lighter rock 
and the high standing lighter rocks are the continents. These two environments of land 
and sea are ancient, so each has its own ecologic and evolutionary systems; albeit they 
influence each other strongly. 

Threaded through the oceans are some 60,000 km of submarine mountain ranges, 
often split down the middle with rift valleys. From these rifts new crust oozes out and 
the ocean floor glides slowly away. Drift rates average 2-3 cm per year. Where the 
deep trenches line the edges of continents, in areas peppered with seismic centres and 
volcanoes, the heavy ocean crust is subducted beneath the light continental crust and 
re-absorbed. The gigantic pressures there, attended by great chemical and physical 
changes, often push up mountain ranges. Australia experiences mild tectonic activity 
because it is in the middle of a plate, but New Guinea and New Zealand experience 
strong seismic, volcanic, and mountain-building activity because they are on the edges 
of a plate. 

The Plate Tectonics Theory envisages all the continents as welded, in the Mesozoic, 
into a single land mass, Pangaea. Then a big split occurred that divided the mass 
into Laurasia (Northern Hemisphere land) and Gondwana (Southern Hemisphere 
land). These in turn broke up into the continents we know. Australia is believed to 
have broken from Antarctica then drifted away (probably well separated events) 
between 100 X 10" yr and 50 X 10" yr ago. When the continents parted they shared a 
common biota, but the longer they were isolated, the more divergent their floras and 
faunas became. Thus during the Cainozoic there has been a great increase in the 
diversity of living things. Australia has drifted northward, it is claimed, from cold 
climates to warm ones, from humid to desertic latitudes. The continent’s climate has 
been complicated by the changes in world climate. 

The new theory thus avers that: (a) The crust of the earth is far more mobile, 
plastic and changing than previously believed, (b) Life on the earth has had to contend 
with far greater changes than previously envisaged. 

The author proposes that the Australian flora and fauna have suffered two major 
revolutions: (a) After separation from Antarctica, the Mesozoic fern/conifer flora was 
supplanted by the Australian Tertiary conifer/Nothofagus flora, when rainforests were 
widespread (e.g. Duigan, 1966). (b) The humid Tertiary climate gave way to the 
modern dry conditions. At this time Eucalyptus and Acacia came into their own. 
Massive adjustments by the fauna were necessary. Radiation in both flora and fauna 
occurred to take advantage of the new environments. In the opinion of the author this 
radiation is still going on. 

INTRODUCTION involves many sciences, including geophysics, 
geology, geomorphology, geochronology, geo- 

Our subject is as wide as the world and as deep chemistry, seismology, botany, zoology and 
as the earth’s crust. It is multi-disciplinary. It palaeontology. No one can master it all, yet 

1Hon. Associate, National Museum of Victoria, Russell Street, Melbourne, Victoria, 3000. 
224 Howard Street, Kew, Victoria, 3101. 
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the basic ideas are straightforward. The Theory 
of Plate Tectonics is like the Theory of Relativity 
in that its complexities cannot be comprehended 
immediately. Yet its fundamental tenets are 
simple. These we will briefly outline, and examine 
their implications for Australia with its unique 
flora and fauna. 

Australia has climates from cold to temperate 
to tropical, but the first explorers did not find on 
this island continent samples of all the types of 
animals and plants familiar to them, and proper 
to those climates. Instead they discovered many 
families of plants and animals which the world 
had never seen before. The early records catch 
this first reaction to things wholly remarkable, 
some almost unbelievable. Such a feeling I had 
in the Mohave Desert north of Harold, California, 
when I stood in front of a Joshua Tree for the 
first time. I felt as if I had landed on another 
planet. 

It was difficult enough for the first explorers to 
have to report that in Australia swans were black 
whereas everyone knew swans were white. It was 
at first quite unbelievable when they reported the 
platypus: it had fur like a mammal, laid eggs like 
a bird or reptile, had a bill and webbed feet like 
a duck, yet suckled its young. From New Zealand 
the bones of a fossil bird (moa) sent to Professor 
Sir Richard Owen in London at first seemed quite 
incredible—a bird 4-5 m high! However, he 
found that the bones were real and the giant 
Dinornis did exist. 

Another puzzle in Terra Australis Incognita was 
that there were rats, mice, cats, dogs, moles, 
rhinoceros1, badgers2, tigers3, lions4, and so on, 
but instead of being placentals as they were known 
in other countries then, they belonged to the 
Marsupialia, an Order almost extinct in the rest 
of the world. Moreover, Australia had its own 
Devil—the Marsupial Devil5. 

In this strange world of Australia there was 
another anomaly. Most of the placental groups 
had their marsupial counterparts, but with one 
remarkable exception. There were no marsupial 
horses and cows. Instead, the grasslands and 
savannahs were occupied by curious animals with¬ 
out parallel elsewhere—the kangaroos and their 
ilk. The large herbivores elsewhere had four legs, 
but the kangaroo only two, used for a hopping 
locomotion. The tail is adapted as a balancing 
organ. 

At the time Australia was discovered, each 
species was thought to have been created indi¬ 
vidually, but nevertheless many of the highly 

1 Nototherium. 2 Wombats were at first called badgers, 
hence the Badger River in Tasmania. 3 Thylacinus. 
4 Thylacoleo. 5 Sarcophilus. 

specialized beasts were regarded as oddities. The 
emigrants from Europe found this very difficult 
to explain. Biologically, the continent is a world 
all its own, a museum in which all the world is 
interested. The uniqueness of the Australian flora 
and fauna has been explained in two ways: (a) 
the traditional view, involving a static isolated 
continent related to Asia, and (b) the modern 
view, involving a drifting continent and relation¬ 
ships with Gondwana countries (Antarctica, 
South America, Africa and India) (Fig. 1). 

EXPLORERS1 OBSERVATIONS 

Before the views on the origin of Australia’s 
flora and fauna are outlined, it should be noted 
that Australia’s physical characters also require 
explanation. The first explorers were from humid 
Europe, but in Australia they discovered the driest 
continent. However, the broadleafed flora of a 
humid forest is found fossil in present deserts 
(e.g. Balme & Churchill 1959). Laterite, the soil 
of monsoonal rainforests, occurs over thousands 
of square kilometers of desert country (Fig. 2). 

The first explorers came from a continent with 
a varied terrain of high mountains. They knew 
and loved their Alps. They had discovered India 
which has the highest mountains in the world. 
By contrast, they found Australia a continent 
without high mountains, and indeed it is the 
flattest continent. This also requires explanation, 
and the Theory of Plate Tectonics has one. 

CONTINENTAL RAFT 

Another physical feature (among many that 
could be listed) is the shape of the continent. 
For example, why has Australia a concave 
southern edge? To get the geologic viewpoint of 
the continent, strip off in your imagination the 
mantling ocean, and see the land for what it is 
(Fig. 1). On this view, Bass Strait, Torres Strait, 
and such have little meaning. They are shallow 
furrows in a high-standing continent. With com¬ 
paratively steep-walled ramparts, the continent 
stands some 4000 m (over two miles) above the 
plain of the deep ocean floor. The edge of the 
continent is not the present coast (an ephemeral 
boundary), but the rim of the continental shelf. 
Addition of the shelf makes Australia one third 
larger, adding another 1-3 x 106 km2. Using the 
shelf rim gives the continent a different shape as 
well as a larger size. In Fig. 1 Australia stands 
above the ocean floor as a giant raft of lighter 
continental rocks (sial) in a plate of heavy 
oceanic rocks (sima), all slowly gliding north¬ 
wards. 

The traditional view could explain Australia’s 
shape only by saying it was made that way. Plate 



Fig. 1—Australia in relation to the ocean floors. New Guinea, the mainland and Tasmania constitute a 
single raft of continental rocks. During the low sea-levels of the Quaternary they formed one land mass. 

(Reproduced by kind permission of The National Geographic Society.) 
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Fig. 2—Distribution of laterite and associated materials throughout Australia (after G. G. Stephens). Laterite 
is a product of monsoonal rainforest, and is now forming in only a comparatively small area in northern 

Australia. 

Tectonics explains it by its fit with the other land 
masses to which it was attached. The concave 
southern edge of the continent fits the convex 
northern edge of Antarctica. 

TRADITIONAL VIEW OF AUSTRALIAN 
FLORA AND FAUNA 

Let us now return to the biologic side of our 
subject, and review briefly the traditional and 
modern views of Australia’s unique biota. 

When Charles Darwin published his ‘Origin of 
Species’ in 1859, the view was almost universally 
held that Australia was where it was and con¬ 
tained what it did because it was created so, and 
was meant to be so. This static view was inimical 
to dynamic concepts. People looked back and not 
forward. Change was not anticipated, but never¬ 

theless the leaven of the Renaissance was working. 
Already the idea of a flat earth at the centre of 
the universe had given way to the idea of a 
spherical earth spinning round a central sun. 
People came to see that Nature works through 
inbuilt mechanisms. So they accepted this view of 
the physical world, but thought the biologic world 
was different. 

A second shock wave was caused by the mild 
and retiring Charles Darwin. He showed that not 
only the inanimate world but also the animate 
world is governed by inbuilt processes. Darwin 
said that change is constant, and that life is con¬ 
tinuously evolving under the guidance of natural 
selection—another inbuilt mechanism. People in 
time came to accept this idea, but thought that 
man must be an exception, because as a self- 
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conscious thinking being capable of value judge¬ 
ments, he is so different from the rest of the 
animal kingdom. 

The discoveries of recent years have provided 
a third shock wave, this time to the thinking 
about man. The large numbers of fossil hominids 
discovered prove that evolution applies as much 
to man as to any other member of the animal 
kingdom. The findings are summarized in Fig. 3. 

Thus after a long (and at times painful) mental 
odyssey, people have come to accept change and 
evolution as important principles in astronomy, 
geology, biology, palaeontology, anthropology, 
and indeed in every field of learning. The new 
world view left only one thing stable—the con¬ 
tinents—but these also are now considered to be 
mobile and evolving, according to the Theory of 
Plate Tectonics. The physical changes envisaged 
have enormous implications for the history of life 
in Australia. 

Forty years ago the generally accepted opinion 
concerning the Australian flora and fauna was 
that they: (a) developed endemically, or (b) were 

transported to the island continent from Asia by: 

i. their own efforts, such as birds flying and 
crocodiles swimming, 

ii. natural rafts, such as rats in drifting logs, 
and 

iii. land bridges now destroyed (Fig. 4). 

For Australia, the theory of a land bridge to 
Asia was never really satisfactory, either geo¬ 
logically or biologically. For example, if mar¬ 
supials crossed from Asia to Australia (or vice 
versa), why are there not many fossil marsupial 
faunas in Asia? But in spite of search none has 
yet been found. Also if the marsupials crossed, 
why not the placentals, as both appear to have 
evolved about the same time? It may be that the 
desire to find another answer caused some to 
jump at the idea of ‘Continental Drift’ in the 
early stages when the evidence was inadequate. 
In 1965 the Royal Society (London) held a 
Symposium on Continental Drift, at which Pro¬ 
fessor Westoll said, ‘Perhaps more dubious and 
unconvincing “evidence” has been published in 
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Fig. A—Dispersal of marsupials. The traditional view is that a broken landbridge connects Asia and Australia. 
Marsupials crossed this ever discontinuous bridge from the former continent to the latter. The Continental 
Drift view is that Australia glided northwards carrying marsupials and they are now slowly dispersing 
across the broken landbridge to Asia. Based on Cox 1970. Numbers against names of areas indicate the 

number of marsupial genera there. 
H 
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this field by enthusiastic “drifters” than in alj 
other fields put together’. On this, Professor 
Hallam commented, ‘Unfortunately it is hard to 
disagree with this statement’. The careful analysis 
by Professor Dorothy Hill (1970) of fossil coral 
reefs in relation to the drift of continents shows 
how easy it is to interpret too much into our 
evidence. 

PLATE TECTONICS THEORY 

Basic Ideas 

The theory is always out of date. It is develop¬ 
ing so fast that version follows version in rapid 
succession. For example, Gondwana has meant 
very different things at various times to various 
people, and ideas are still changing. However, 
the basic opinion remains the same—the rocks of 
the globe (lithosphere) are viewed as a series of 
relatively rigid plates, perhaps 20 in number 
(Fig. 5). Plate boundaries are of three kinds, 
viz. mid-ocean ridges, transform faults and ocean 
trenches. These are the zones along which the 
foci of earthquakes are concentrated. 

Where plates collide, mountain ranges are 
pushed up. The high mountains of New Guinea 
are the leading edge of the northward drifting 

Australian plate. Australia is coming closer to 
Asia at a speed of probably 2-3 cm per year. 

Transcurrent Faults Prove Mobility 

Where the plates grind tangentially against one 
another, the vast transcurrent faults of the world 
are found (Wellman 1971, Fitch 1972). Examples 
are the Alpine Fault system of New Zealand and 
the San Andreas Fault system in North America. 
These fault systems are each hundreds of kilo¬ 
metres long, are of high energy, and may be 
associated with mountain building (having a 
vertical component also), with earthquakes and 
volcanic activity. They demonstrate a mobility in 
the earth’s crust not suspected a century ago. 
The Alpine Fault system is associated with the 
Southern Alps of New Zealand, then runs up the 
west coast of the North Island (where Jurassic 
rocks are crushed, and earth movements are 
strong) and across the middle of that island 
where considerable thermal activity can be found. 

The San Andreas Fault system is responsible 
for the rift that separates Baja California from 
the continental mainland, for the coastal moun¬ 
tain ranges, and for the notorious Los Angeles 
and San Francisco earthquakes. North of Los 
Angeles I have seen a fault zone a quarter of a 

?IGui5VAuStralia’ ^ituated wel1 away from the active tectonic plate borders, experiences mild tectonics. The 
double lines mark the mid-ocean ridges, where new material is added to the plate margins, while the single 
cross lines represent major transform faults. The thick lines are trenches where one lithospheric plate slides 
under another, often associated with ocean deeps. Arrows indicate the direction plates are moving with 

respect to one another. After Oliver, Sykes and Isaaks 1969. 
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kilometre wide, characterized by innumerable 
faults where strong rocks are mushed to meal. 

The World as a Heat Engine 

Then what is the enormous power that drives 
the rafts along? It is thought that far below the 
surface of the earth there is a series of vast 
convection cells that move slowly but surely to 
cause rifts and move rafts. The plastic rock is 
envisaged as moving slowly upward on each side 
of a rift, then outward, causing sea-floor spreading 
and the drifting of continents and ocean basins. 
This hypothesis has yet to be substantiated (see 
Wright 1966 on its application to the southwest 
Pacific). 

Oceanographic Evidence 

With the technological advance of some large 
nations and their consequent increased wealth, 
it has been possible to undertake continuous, very 
expensive but very revealing oceanographic sur¬ 
veys. Ways have been devised for mapping the 
ocean floors accurately, for making all kinds of 
measurements of their physical properties, and 
more recently for boring and sampling the floors 
of the deepest oceans, thousands of metres from 
the surface of the sea. The surveys proved the 
presence of mid-oceanic ridges (Fig. 5) centrally 
divided by rifts, and peppered with volcanoes and 
earthquake foci, while the geophysical measure¬ 

ments showed them to be high temperature zones 
oozing new rocks. Dating showed that the ages 
of the rocks increased overall away from the rifts. 
Palaeomagnetic measurements showed that there 
were corresponding bands of rock on each side 
of the rift. So emerged the idea of seafloor 
spreading—that the convection currents keep 
carrying away the rock from the rift, while new 
rock emerges to take its place. 

If the seafloor is constantly spreading, where 
does all this rock go? It is believed to be sub¬ 
ducted (withdrawn beneath the surface) at the 
edges of the continental plates where deep oceanic 
trenches exist and earthquake foci are concen¬ 
trated. As a result of all these contrary pressures, 
it is hypothecated that the Atlantic Ocean is 
widening and the Pacific narrowing. Also there 
are dead ridges, where activity has ceased. 

So according to the Plate Tectonics Theory, 
the earth’s crust is very mobile on the scale of 
geologic time, though movement is difficult to 
measure on the scale of the human life span. 

The Time of Drifting 

Then when did all this mobility begin? When 
did Australia start moving? If the continents have 
drifted, were they once united? The theory is 
that in the Mesozoic a single land mass, Pangaea 
(Fig. 6) broke up, first separating Eurasia from 

Fig. 5b—Dots represent the epicentres of earthquakes with focal depths greater than 100 km. After Barazangi 
and Dorman 1968. Their association with tectonic plate borders is very marked. Australia’s position well 

within the Indo-Australian plate accounts for its relative freedom from such earthquakes. 
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1 

ANCIENT WORLD 

20 0 x 1 06 yr 

One Supercontinent - PANGAEA 

One Ocean - PANTHALASSA 

No sea barriers 

Reptiles plentiful, but 

no birds known 

2 

AGE OF REPTILES 

135 x 1 06 yr 

Two super continents - 

LAURASLA (to the north) and 

GONDWANA (to the south) 

shown here breaking up 

Supercontinents separated by the 

TETHYS SEAWAY - a potent biotic 

barrier 

South America is rifting away 

Lfrom Africa. Tethys and other 

oceanic ridges operative. 

Earliest known birds 
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AGE OF 

MAM MALS 

65 x 106 yr 

The modem multicontinerftal 

world becoming recognizable 

Widespread oceanic ridges 

Many marine barriers leading 

to increased diversity in 

terrestrial life 

Australia achieves its 

independence as a continent 

Its own flora and fauna 

isolated to follow their own 

evolutionary trends 

ANTARCTICA 

Fig. 6—Three stages in the evolution of the modern continents according to the Theory of Plate Tectonics. 
Australia’s severance from other Gondwana countries and no subsequent contact with other land masses 

explains the unique elements in Australia’s fauna and flora. 
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the block of southern continents, which split into 
South America/ Africa and Antarctica/India/ 
Australia. In the Upper Cretaceous to Eocene 
(between 100 and 50 m.y. ago) Australia is 
believed to have separated from Antarctica by 
rifting, and then later (probably much later) a 
mid-oceanic ridge developed that pushed Australia 
and Antarctica apart. Thus Australia began its 
northward drift. 

Palaeomagnetism 

The earth is a magnet, and its field is recorded 
in magnetically susceptible minerals. For example, 
as a lava flow from a volcano congeals, it freezes 
its magnetically susceptible minerals in the direc¬ 
tion of the earth’s field at the time. When the 
rocks containing these minerals are grossly 
changed in position by the drift of continents, 
the magnetic record appears to be chaotic. 
Palaeomagnetism sets out to discover the patterns 
of the earth’s magnetic field in times past by 
re-orienting the rock masses of a given age. 
If the continents are moved so that the palaeo- 
latitudes are in their correct positions, then they 
occupy places that fit also many geologic and 
biologic features. 

THE EFFECT OF DRIFT ON 
AUSTRALIAN FLORA AND FAUNA 

Looking at the world as a whole, it is difficult 
in the traditional view to explain the patterns of 
distribution of plants and animals, their great 
increase in diversity since the Mesozoic (Valen¬ 
tine & Moores 1970, Axelrod 1972), and the 
changing climates they indicate (Fig. 7). On the 
subject of diversity, for example, it may be noted 
that mammalian species have evolved during the 
Cainozoic in a relatively short space of time. 
Fifty per cent more orders of mammals than of 
reptiles have appeared in one third the length of 
time. Another feature is the contemporaneous 
development of similar forms in placentals and 
marsupials. Also even in the placentals, members 
of different orders perform the same functions in 
different areas. All this requires explanation, and 
the Plate Tectonics Theory has one to offer. A 
single continent (Pangaea) broke up during the 
Mesozoic. This in turn divided into the present 
continents, isolating their floras and faunas. The 
increase in the number of land masses meant an 
increase in the number of faunas and so greater 
diversification. Continent contacts permitted dis¬ 
tribution. However, it must not be inferred that 
all the problems have been solved. In our present 
state of partial knowledge there are many 
unanswered questions (e.g. Meyerhoff 1970a, b, 
Meyerhoff & Teichert 1971). 

TRIASSIC JURASSIC CRETACEOUS CAINOZOIC 

1-1_I 

Fig. 7—Increase in biological diversity following con¬ 
tinental drift. Increase in number of families during 
the Mesozoic and Cainozoic eras (After Valentine 

and Moores 1970). 

One great event that must have profoundly 
affected the flora and fauna was the flooding of 
Australia by an epicontinental sea that turned it 
into a group of islands (Fig. 8), extending its 
coastline, changing its climates, and isolating 
biotas. At the same time great sedimentary basins 
were initiated, such as the Great Artesian Basin 
and the Murray Basin. It may be that the sinking 
of the land to admit the ocean was a result of 
the strain and stress set up prior to the break 
between Antarctica and Australia. 

Another great marine event occurred in Nthe 
Pleistocene Ice Age when a number of times the 
sea level fell very low as the great ice caps were 
built up, extracting water from the ocean. At 
those times New Guinea, the Australian mainland 
and Tasmania were one land mass, so that ex¬ 
changes of flora and fauna could occur. However, 
the sea is not the only barrier. The Red Gum, 
Eucalyptus camaldulensis grows in every State of 
Australia except Tasmania. The reason appears 
to be that when the sea level was low enough for 
this tree to extend its range to Tasmania, the 
climate was too cold (Gill 1961a). A similar 
explanation has been given for the absence of 
mistletoe in Tasmania. 

The break-up of a single land mass into a 
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number of smaller areas increases the length of 
the coastline, and the extent of continental shelf 
available for the evolution and distribution of 
shallow water species, thus leading to a greater 
diversity. The climate also is changed through 
the loss or the lessening of continental elfects, 
and the differences created between east and west 
coasts. The break-up of a land mass increases 
isolation of faunas, which leads to the emergence 
of new life forms. If at the present time Asia 
should break away from Europe, the coastlines 
of those continents would be lengthened, the con¬ 
tinental climate of the Urals and Siberia would 
be considerably modified, new coasts would be 
established, new areas for shallow water marine 
organisms, and the flora and fauna of the region 
would be divided, thereafter tending to follow 
their own evolutionary lines. 

In review, two ideas could not be more different 
than the static world (created 6000 yr ago) 
of 19th century thought, and the modern dynamic 
concept of a pageant of life billions of years old 
on ancient continents drifting across the face of 
the earth and stimulating the evolution of new 
life forms. 

THE LONGEVITY OF AUSTRALIAN 
FOSSIL GENERA 

Echidna and Ornithorhynchus used to be re¬ 
garded as relics from the Cretaceous age. Mr. 
Claude Austin of Western Victoria made a collec- 

Fig. 8—-The Lower Cretaceous epicontinental sea of 
Australia. The division of the continent by this sea 
must have increased diversity, and is probably con¬ 
nected with the early radiation of Australian mar¬ 
supials. The withdrawal of the sea made Australia 
one continent, and the present major drainage systems 

were established. 

tion of bones from a cave at Strathdownie (Gill 
1957a) which included the crania of Zaglossus, 
the New Guinea highland echidna, and beautifully 
preserved jaws of extinct kangaroos, and many 
other marsupials (Merrilees 1965). This finding 
stimulated the study of fossil monotremes, and it 
was discovered that: 

(a) Dun (1895) recorded Proechidna (= Zag- 
lossus) and ornithorhynchus from auriferous 
beds near Gulgong, N.S.W., believed to be 
of Pliocene age, but all his material is 
Zaglossus. The site is a deep cave (c. 60 m) 
in limestone below basalt on which a deep 
red soil is developed. It was much easier to 
work out the stratigraphy while the gold 
mining was in operation than it is now. 
The Geological Survey concluded that the 
sediments with the fossils were younger than 
the limestone and older than the basalt. The 
auriferous deposits are part of a formation 
extending c. 24 m above the top of the caves 
they filled (Wilkinson 1877). The sediments 
also contained Tertiary fruits, reptiles, and 
other remains (Wilkinson 1887). 
On the geomorphology, the soil on the basalt 
(cf. Gibbons & Gill 1964), the age of the 
basalt by analogy with those dated by marine 
fossils, and the stratigraphy revealed by the 
pits in diatomaceous earth at Home Rule, 
the original ascription of a Pliocene age is 
reasonable. However, Dalhunty (1971) has 
recently published a K/Ar age of 14-3 m.y. 
(average of two dates) for the basalt, i.e. 
Middle Miocene. On this evidence the Gul- 
gong Zaglossus is the oldest monotreme so 
far found in Australia. 

(b) On the Australian mainland and in Tasmania, 
Zaglossus was more common during the 
Pleistocene than Echidna, although the 
former is now extinct there. So instead of 
Echidna being a sole relic from the Creta¬ 
ceous, it was dominated by Zaglossus as 
late as the Pleistocene, and probably in the 
Tertiary as well. Zaglossus is now limited to 
the highlands of New Guinea. It is a genus 
adapted to humid conditions, while Echidna 
is adapted to dry conditions. The record of 
Zaglossus from the Miocene is thus in keep¬ 
ing with the humid forest of that time. This 
facies was very widespread in Australia 
during the Tertiary, so it can be expected 
that suitable species had wide distributions. 
Protemnodon otibandus appears to be an 
example, as it has been recorded from New 
Guinea (Plane 1967), Queensland (Plane 
1972), New South Wales (Marshall 1973) 
and Victoria (Plane 1972). 
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The development of Australian marsupial 
studies (e.g. Gill 1953, 1957b, Stirton 1957a, 
b, 1963, 1967, Woods 1958, 1960, Wakefield 
1972, Ride 1964, 1970, Stirton, Woodburne 
& Plane 1967, Stirton, Tedford & Woodburne 
1968, Tedford 1966, 1967a, b, Merrilees 
1965, 1967, Woodburne 1967, Plane 1967, 
1972, Plane & Gatehouse 1968, Turnbull & 
Lundelius 1970, Bartholomai 1967, 1970, 
Marshall 1973) shows an early establishment 
of the orders, and that many of the families 
are very old. On the other hand, many 
species are newly emerged (see below). 

A NEW HYPOTHESIS 

Finding the idea of Australia as a land of 
Cretaceous relics unacceptable, I prepared a six- 
page circular in 1962 setting out an alternative 
theory of the evolution of the flora and fauna. 
This was sent to some 200 correspondents round 
the world, and the response was very encouraging. 
It is asserted that Australia is not a biologic 
asylum where ancient forms of life persist, but 
a continent with a life of its own. Rather than 
being ancient, much of the present flora and fauna 
are recent developments in response to climatic 
changes. There has been failure to distinguish 
between the continuity of ancient patterns of 
organization (e.g. the monotremes) and absence 
of change. 

AUSTRALIAN FLORAL EVOLUTION 

Although the Australian flora is so distinctive, 
it contains ancient elements shared with other 
continents (e.g. Protcaceae) and derived from a 
common flora before the continents were separ¬ 
ated. Where then does the Australian Cretaceous 
flora find its affinities? It has always been recog¬ 
nized that the correlatives existed in the other 
Gondwana countries—Africa, South America and 
India. The traditional view saw the Raj Mahal 
Cretaceous flora of India as an Asian flora shared 
with Australia, whereas the Plate Tectonics 
Theory sees India as a piece of Gondwanaland 
that (with the common flora) drifted north and 
collided with Asia, thus causing the crumpling up 
of the Himalayas. 

Climatic changes have occurred. The traditional 
view is that these were world-wide, whereas the 
modern view says this is only one element, an¬ 
other being that the climate changed because of 
the northward drift of Australia during the 
Cainozoic. Certainly the evidence of the presence 
of ice in southeast Australia during the Lower 
Cretaceous cannot be explained on the traditional 
view, whereas it is what would be expected on 

the premises of the Plate Tectonics Theory (Gill 
1972 and references). 

It is difficult to imagine Australia without 
Eucalyptus and Acacia, but so it was. They are 
unknown in the Mesozoic, although angiosperms 
have been recorded from the Lower Cretaceous 
(Kenley 1954, Medwell 1954). Australia was 
then a cooler and more humid place than now. 

On palaeomagnetic evidence, the South Pole 
was SE. of Tasmania (Wellman et al. 1969). The 
Plate Tectonics interpretation is that as Australia 
was rafted northwards ‘into a zone of warmer 
drier climate, plant genera such as Acacia, 
Eucalyptus, Casuarina, Melaleuca, Hakea and 
Eremophila adapted to progressively drier, more 
continental climate (Fig. 9). And as drought 
continued to spread over the interior, new oppor¬ 
tunities appeared for temperate austral families 
which evolved a wholly new flora composed of 
desert and desert-border alliances restricted to 
the drier parts of Australia’ (Axelrod & Raven 
1972). (See Fig. 10.) As will be seen later, the 

Living and fossil Eucalyptus, Acacia 
and Casuarina 
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Fig. 9—Time-line showing dated southern Victorian 
sites that illustrate the transition in the Upper Caino¬ 
zoic from the Tertiary conifer/Nothofagus flora 
(humid climate) to the present sclerophyll Eucalyp¬ 
tus/Acacia flora (comparatively dry climate). The 
Tertiary climate formed kaolinitic soils on basalts 
whereas the Quaternary climate formed montmoril¬ 

lonitic soils on them. 
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Fig. 10—The northward drift of Australia. 
A. Australia’s position in the Lower Tertiary in a cold 
and humid climate. B. In the Middle Tertiary the 
climate was humid and subtropical (in the south at 
least), due apparently to world climatic changes. 
C. The present position of Australia with a tropical 
climate in the north and two-thirds of the continent 
dry. These changes of latitude and climate through 
the Cainozoic brought strong pressure to bear on the 

flora and fauna. 

palaeoclimatic picture is not quite as simple as 
that. 

The earliest Eucalyptus wood is dated Oligo- 
cene (Gill et al. 1962); no pollen of Eucalyptus 
type (Myrtaceidites eucalyptoides) is known 
earlier than this. For a long time no Acacia earlier 
than the Pliocene could be found, but now ‘the 

first appearance of Acacia pollen appears to occur 
at the base of the Middle Miocene in the Muddy 
Creek Marl (Harris 1971, p. 75). 

If the world climate did not change during the 
Tertiary, and Australia drifted northward at a 
regular rate, then the climate would get gradually 
warmer and drier, as the present world desertic 
zone was reached. This is not what occurred. 
In the mid-Tertiary southern Australia had a 
tropical or subtropical climate. Large crocodiles 
existed as far south as Victoria. Kauri trees 
(A gat his) and Araucaria (which will not repro¬ 
duce further south than Queensland now) grew 
in profusion as far as southern Tasmania. Laterite, 
the soil of the subtropical monsoons, was formed 
as far south as Tasmania. The contemporary 
marine faunas are such as are now found much 
further north. 

Finally, the evidence of the oxygen isotope 
palaeotemperatures fits the biologic evidence 
(Dorman & Gill 1959, Gill 1972). The palaeo¬ 
climatic record for Australia in the Cainozoic is 
therefore at variance with what would be expected 
from a regular northward drift (Raven & Axelrod 
1972). It is inconceivable that Australia drifted 
northwards into the tropics and then back again. 
The explanation is probably that the world climate 
altered, and that a wider tropic belt existed in the 
mid-Tertiary. There is much evidence round the 
world that this was actually so. 

On present knowledge, three stages can be 
defined in the history of the Australian Cainozoic 
flora. 

Stage 1 

The Mesozoic fern/conifer flora was followed 
by a long period when rainforests were wide¬ 
spread in Australia. These existed in southern 
Queensland, New South Wales, Victoria, South 
Australia, and in Western Australia as far north 
as the Coolgardie district (Balme & Churchill 
1959). How much further they extended has yet 
to be ascertained. The flora was rich in conifers 
(Agathis, Araucaria, Podocarpus, Phyllocladus, 
see Appendix 1), ferns and Southern Beech 
(Nothofagus). A typioal deposit is the brown coal 
at Yallourn, Victoria, the fossils from which have 
been described by Cookson (1945, 1946), Cook- 
son & Duigan (1950), Patton (1957), Duigan 
(1966) and others. Cookson (1945) showed That 
while no Nothofagus wood had been discovered 
in the coal, the pollen of this genus was very 
abundant (c.f. Duigan 1966), sometimes enough 
to form pollen coal. The conclusion was that 
while the conifers and other trees grew on the 
swamp flats,Nothofagus occupied the well-drained 
slopes, as it does today. 
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Stage 2 
This covers a period of two or three million 

years during which a slow changeover occurred 
fr0jn the humid rainforest conditions to the 
present aridity. On Grange Burn in Western 
yjctoria (Gill 1957b) there is a geologic section 
wjth carbonaceous deposits between Lower Plio¬ 
cene (Kalimnan) marine beds and a basalt dated 
4.35 x 10° yr by K/Ar. The carbonaceous de¬ 
posits reveal a flora more or less half and half 
of the Tertiary rainforest (conifer/Nothofagus) 
and the present {Eucalyptus/Acacia) flora. In the 
^eaton district of Victoria, basalt from a bore 
at the West Berry Consols mine, about 2 km west 
of that town, is dated 211 m.y. by K/Ar (Aziz- 
ur.Rahman & McDougall 1972). Beneath it a 
clay has a pollen assemblage indicating a flora 
like the present, but not far away A gat his was 
found? and the bones of a crocodilian genus, 
showing that the change to the present climate 
was not yet complete. 

On the Murray River, a bed considered to be 
at or near the base of the Pleistocene (taken at 
ca. 1*8 x 106 yr) yielded a palynologic profile like 
the present one (Churchill 1973, Gill 1973a). 
This change from rainforest to sclerophyll flora 
for a large part of Australia is a major and far- 
reaching event. It provided a wide range of new 
opportunities for sclerophyll genera. Eucalyptus, 
Acacia and other genera extended to form the 
widespread savannah woodlands and sclerophyll 
forests we now know. These in turn have strongly 
affected the animal life, especially the tree-dwellers 
and ground-living forms. Furthermore, the wide 
extension of desert and desert-border ecologies 
has brought about the proliferation of species 
fitted to these habitats. Acacia, first known in the 
Middle Miocene, has now some 400 species, and 
it is considered that this radiation is to a large 
extent a function of this climatic change from 
humid to dry conditions. 

The genera of Eucalyptus and Acacia are re¬ 
markable for their diversity, and notorious for 
the problems presented in their taxonomy. Of 
living forms alone, some 600 species of Euca¬ 
lyptus have been described, and some 400 endemic 
species of Acacia. Many Eucalyptus species are 
very difficult to define because of great variation 
and much hybridization. The intense speciation 
and the taxonomic instability suggest a process 
of radiation. The process of differentiation began 
in the Upper Miocene or Pliocene, and came into 
full force in the Pleistocene when the Nothofagus 
and conifer forests became reduced in extent and 
in number of species, and restricted to compara¬ 
tively small areas of high rainfall. Thus the full 
opportunity for the above two genera to expand 

came only about two million years ago. During 
the past 2 m.y. there have been considerable 
oscillations in both temperature and humidity in 
Australia associated with the glacial/interglacial 
cycles. The changing climate would mean selec¬ 
tion, and multiplication of opportunities for new 
adaptations. In eastern Australia the period was 
also one of tectonic change. The quick-changing 
climatic oscillations of the Quaternary are still 
taking place, and it is interpreted that Eucalyptus 
and Acacia are still in process of radiation and 
adaptation. The very variable environment has 
led, it is thought, to their extensive variation and 
many unstable species. Eucalyptus and Acacia 
apparently suited the Quaternary conditions, and 
were flexible enough to succeed in spite of the 
many and great changes in Quaternary climate. 
What has been said about the two foregoing 
dominant tree forms, no doubt applies to many 
other plants. 

Stage 3 

This is the present floral stage, characterized 
by widespread desertic and sclerophyll types of 
vegetation. As Australia is the driest continent, 
it is pertinent to enquire when these desertic 
conditions began and how they spread. On the 
north bank of the Murray River a short distance 
east of the South Australian border, a deposit of 
probably lowest Pleistocene age includes pollens 
and spores indicating a flora the same as the 
present semi-arid one (Churchill 1973, Gill 
1973a), but below it is a laterite, indicating 
subtropical monsoonal rainforest conditions. This 
marks the time of incoming of the present aridity 
in SE. Australia. Some zoologists claim that the 
taxa which are the object of their studies indicate 
a long period of evolution in desertic conditions. 
Geological evidence as at present available sug¬ 
gests that the northwest of Australia has been dry 
throughout the Cainozoic, so one envisages the 
evolution of desertic forms there, later to spread 
and radiate when the rainforests retreated. 

So two radiations appear to have occurred in 
the flora: 

(a) when the Australian rainforest floras de¬ 
veloped in the Lower Tertiary, and 

(b) when the rainforests departed and the 
present dry regime became established. 

Many genera have become extinct or very 
restricted in distribution on the mainland of 
Australia, but others appear to have adapted 
themselves to the new conditions. An example is 
Microcachrys which presently occurs only on the 
high plateau of Western Tasmania. It grows in 
that cold, wet environment as a recumbent shrub 
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in a hostile ecology, but in the Cretaceous it was 
a widespread forest tree. When I went to the 
National Museum as palaeontologist in 1948, I 
noted some beautifully preserved silicilied coni¬ 
ferous wood with an inadequate locality specifica¬ 
tion, and decided as opportunity was offered to 
find out where it came from. Other pieces came 
to light, but not the locality, until many years later 
a schoolteacher brought in a large piece, provid¬ 
ing at the same time an approximate locality. 
The farmer on whose property it occurred near 
Casterton showed me the remains of a large log 
of this wood, from which he said people had been 
taking pieces for many years. Mr. H. D. Ingle of 
CSIRO Wood Structure Section kindly examined 
the wood and determined it as Microcachrys. 
A photograph and description of this wood by 
him appears as Appendix 1 to this paper. 

In the meantime Cookson (1947) recognized 
pollen of this genus and described it as Micro- 
cachrydites antarcticus. Dettmann (1963) later 
documented its distribution and referred to its 
dominance (p. 122). Harris (1971) reported it 
as late as the Oligocene on the mainland (p. 74). 

So the abundant forest tree of the Cretaceous 
has become a relict recumbent shrub of a difficult 
and limited environment. 

EVOLUTION OF THE AUSTRALIAN 
FAUNA 
The Environment 

The Australian continent we know came into 
existence in the Upper Cretaceous, when the 
Lower Cretaceous epicontinental seas (Fig. 8) 
that had turned it into a group of islands finally 
withdrew. This was a most important event, 
widespread in its consequences. As Tappan and 
Loeblich (1972) point out, ‘Advancing or re¬ 
treating epicontinental and shelf seas, and changes 
in continental position and height, affected atmo¬ 
spheric and oceanic circulation and climatic 
regime, causing variations in nutrient supply and 
fluctuations in productivity and food resources’. 
With these dramatic geologic, geomorphologic 
and climatic changes came the angiosperm revolu¬ 
tion (Gill 1961b), the demise of the Age of 
Reptiles and the ushering in of the Age of 
Mammals. Such fossils as are known show that 
there was an early radiation of the marsupials, 
and this in time (and also no doubt in aetiology) 
was connected with the physical changes. When 
Australia achieved its continental unity by the 
withdrawal of the invading seas, the great river 
systems such as the Murray/Darling were insti¬ 
tuted. However, the greater humidity of the 
Tertiary meant much larger rivers than now. 
The copious acidic waters deeply leached the 

country rock, so establishing the Nunawading 
Terrain (Gill 1964) with its kaolinites and baux¬ 
ites which are now the basis of many industries. 
Then as the tropical belt retreated northwards, 
a belt of monsoonal climate crossed the con¬ 
tinent, forming the Timboon Terrain with its 
widespread laterites, also now the basis of many 
an industry. Tertiary laterite and other deeply 
leached profiles cover some 1-5 x 10° km2, a 
feature which makes Australia different from every 
other continent. Australia is a continent of small 
tectonic movements. The Plate Tectonics Theory 
provides an explanation of this; it is in the middle 
of a large plate. Mountain range systems are 
formed at the edges of plates, where they collide 
with others. Australia’s surface has been little 
disturbed and ancient soils such as the bauxites 
and laterites are widely preserved. On the Great 
Dividing Range erosion did occur, and the deeply 
leached rocks were washed away leaving rich 
deposits of gold from Palaeozoic rocks. This is 
why Australia had gold rushes in its early history. 

On the other hand, Australia’s flora and fauna 
had to evolve so as to be able to cope with these 
impoverished deeply leached soils. The first settlers 
came from Europe where the Pleistocene ice 
sheets like giant bulldozers had cleared away old 
soils; young soils developed on this new surface 
and on the loess of periglacial areas. So the early 
settlers were puzzled by the ancient soils they 
found here. CSIRO invited an international soil 
expert to visit Australia and he began by spending 
two months in South Australia where he saw 
laterites, red earths and such. When he came to 
Victoria and saw the young soil (chernozem) on 
the Keilor Terrace of the Maribyrnong River, 
he said it was the first soil of a type he knew 
that he had seen since landing in Australia. 

With the change from the humid Tertiary 
climate to the modern rather arid one, the flora 
and fauna had to cope not only with poor soils 
but also with lack of water. 

Effect of Open-Crown Forests on Fauna 

New forests mean new animals; they migrate 
or evolve, or both. When the rainforests departed 
and the open sclerophyll forests became estab¬ 
lished, a powerful pressure for change was exer¬ 
cised on the fauna. This did not happen rapidly, 
but took a couple of million years, so the fauna 
had time to adapt and evolve. The biologic and 
geologic changes are greater than would be 
achieved simply by a northward continental drift 

500 km (2 m.y. at 2-5 cm/yr), which means 
that apparently a factor of world climatic change 
is also involved. Other evidence is believed to 
favour such a change. 
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The new forests had open crowns instead of 
closed ones. Volant mammals have limited oppor¬ 
tunity in the thick crowns of rainforest trees, 
but they can proliferate in the open cupolas of 

e scierophyll forests. 
Leadbeater’s Possum (Gymnobelideus) was 

long thought to be extinct, but was then re¬ 
discovered (Wilkinson 1961). It is a non-volant 
form remarkably like the volant Petaurus. 
petaurus evolved from Gymnobelideus, and skele- 
tally they arc so much alike that this must have 
been a recent event. Indeed it was not until 
detailed work was done that the skeletons of the 
tvvo genera could be distinguished. They were 
niade different genera on the presence or absence 
0f the flying membrane. 

Further detailed work by the late N. A. Wake¬ 
field (not previously published but made available 
by him to me) has shown that the divergence of 
one genus from the other is a Quaternary event, 
pleistocene Gymnobelideus has the same limb 
proportions as the living form (cf. Wakefield 
i960), but in Petaurus there is a major elonga¬ 
tion of the radius and ulna compared with other 
lirnb bones. Wakefield was able to trace this 
change against time. Radiocarbon dates prove that 
the Petaurus of 15-17,000 years ago in Victoria 
were less slender and less elongated in the limbs 
than are the living Petaurus. That length of time 
ago, the forelimb bones of Petaurus were about 
midway between Gymnobelideus and modern 
Petaurus in the proportion of bone length to width 
-—an adaptation to the flying habit (Fig. 11). 

It cannot be inferred that twice as long ago 
the Petaurus flight limb bones had the same 
proportions as Gymnobelideus, or (a different 
thing) that it became volant at that time. By 
analogy, one would expect more time to be 
involved. However, it can be said that much of 
the adaptation of the flight limb bones of Petaurus 
has taken place in the past 20,000 years, i.e. 
evolution is in process from the non-volant to 
the volant. 

The gliding membrane of Petaurus is well 
developed, as it extends right to the manus and 
not just to the elbow; also there is extra hair on 
the 5th digit compared with Gymnobelideus. Its 
flight is effective and rates at about 9 m per 
second. The flight path makes an angle of the 
order of 30° with the ground. Petaurus can bank 
and swoop. Unlike Schoinbates it glides when 
spotlighted. One interesting adaptation of Petaurus 
as a glider is that it has a wider habitat tolerance 
than Gymnobelideus. 

The plexus of Petaurus species, subspecies and 
varieties has not yet settled into a group of well 
defined species, so differences of opinion on 
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Fig. 11—Radiocarbon dates show that in the past 
20,000 yr the volant Petaurus has been diverging 
from the very similar but non-volant Gymnobelideus 
which has remained unchanged (information from 
the late Mr. N. Wakefield). This is interpreted as 
part of a contemporary radiation of mammals to fit 

the modern Eucalyptus/Acacia flora. 

classification such as have occurred are not 
surprising. The group is still in radiation. 

Just as Petaurus is a volant form closely related 
to Gymnobelideus, so Schoinbates is a volant 
form closely related to the non-volant Ringtail 
Possum Pseudocheirus. These represent a second 
line of evolution of volant forms from non-volant. 
The former has the femur, tibia and fibula signi¬ 
ficantly elongated relative to the latter, Wakefield 
points out, but the humerus less so. The radius 
and ulna are proportionately much less elongated. 
Schoinbates has a flight path of the order of 40°, 
and avoids windy conditions, which Petaurus does 
not. Schoinbates is sedentary in habit relative to 
the migratory habits of Petaurus. Schoinbates 
feeds on eucalypts, while the non-volant Pseudo¬ 
cheirus takes a variety of plants for food. 

Acrobates represents a third evolutionary line 
of flying possums, and is related to the pigmy 
possums. It may be the most primitive. A sub¬ 
species in Queensland appears to be a recent 
development. Thus there has been in geologically 
recent time a wide adaptation of flying forms to 
take advantage of the new ecologic feature—the 
open crowns of the eucalypt forests. 

Effect of Open Forest Floors 

The new forests had open floors as well as 
open crowns. They had light, even direct sunlight, 
on the floor. The floors were also warmer and 
drier than those of the rainforests. They were a 
new factor of profound ecologic importance. 
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Large mammals do not normally inhabit rain¬ 
forests because of restriction to movement, 
but they do inhabit open forests. Large ratite 
birds typically belong to the open forests and 
plains. The new forests allowed the entry of 
kangaroos and wallabies, and a host of smaller 
animals. Opportunity was provided for phasco- 
gales (brush-tailed marsupial rats) to expand in 
species and numbers. Placental rats changed their 
distribution. The increased areas of open country 
provided new opportunities for bandicoots, in 
which also there seems to have been a radiation. 

Emergence of the Grasses and Kangaroos 

Much remains to be done to clarify the history 
of grasses in Australia. In the rest of the world 
the emergence of grasslands as a major habitat 
led to the evolution of the large grazers such as 
the horse and cow. The ecologic equivalent in 
Australia is the kangaroo and the proliferation 
of macropodid species in the late Cainozoic may 
be associated with the emergence of extensive 
grasslands. It is likely that in the mid-Tertiary 
there were grasslands and savannah woodlands in 
areas now desert, in which the macropodids 
described by Stirton and others were present. 
However, Gramineae pollen certainly becomes 
abundant in the Pliocene and this is an ecologic 
fact of great importance. It seems that exten¬ 
sion of grasslands provided an opportunity for 
the kangaroos and related animals to radiate, 
giving the very rich Quaternary faunas, later 

impoverished. 

Effect of Extension of Grasslands and 

Deserts 

With the retreat of the Tertiary rainforests, 
their areas were replaced with sclcrophyll forests, 
savannah woodlands, grasslands and deserts. With 
this change in ecology, there had to be changes 
in fauna. Numerous Australian animals are 
adapted to desert and desert margin conditons. 
The close relationships of some species-groups 
suggests comparatively recent evolution. For 
example, the rat kangaroos (four genera) are 
notably difficult to separate as species and appear 
to represent a recent radiation. They are charac¬ 

teristic of grassy country, rocky outcrops and 
bush country. Caloprymnus is specialized for the 
desert. As with many other groups, there are 
Tasmanian variants of the mainland species. 

Evolution of Australian Birds 

Penguins, ratites (ostrich, emu, cassowary, moa, 
rhea and such) and some other birds are limited 
to the Southern Hemisphere, a fact that requires 
explanation. The Plate Tectonics Theory postu¬ 

lates that these birds evolved on Gondwana after 
it separated from Laurasia. The earliest known 

birds are: 

(a) Archaeopteryx from the Solenhofen Lime¬ 
stone of late Jurassic age in Germany— 
a Laurasia bird. 

(b) Unnamed bird known by feathers only 
from Lower Cretaceous in Victoria—a 
Gondwana bird. 

These birds are not very different in age, and 
the detail of development in each suggests con¬ 
siderable evolution from reptile stock before their 
appearance. It is not known where the first fossil 
birds evolved. It could be Australia, or Europe, 
or somewhere else. An interesting possibility is 
that birds are descended from two stocks (Laur- 
asian and Gondwanan). However, when flapping 
flight evolved, birds could fly from continent to 
continent. Thus the majority of present Australian 
birds are related to Asian families (Cracraft 
1972). 

Penguins, as Gondwana birds, are of special 
interest to our subject. They are known from the 
Eocene and Oligocene (Glaessner 1955, Simpson 
1957), and the Miocene (Simpson 1959, 1966, 
1970) of Australia. 

Ratites are of interest because they also are 
Gondwana birds. Little is known yet of their 
early history, but the avifauna in the past was 
richer than now, when the emu and cassowary 
arc the only ratites in Australia. Stirling and Zietz 
described the huge extinct Genyornis (Stirling 
1900, Stirling & Zietz 1896a, b) from the bed 
of the dry Lake Callabonna (Stirling 1900b) in 
Central Australia. I found the footprints of a 
bird of similar size (central toe over 20 cm long) 
in the Last Interglacial aeolianite at Thunder 
Point, Warrnambool. Other footprints in the 
same formation show that other birds were also 
present. Bell and De Merlo (1969) recorded a 
ratite from aeolianite that I consider to be also 
Last Interglacial in age at Venus Bay, Gippsland. 
At the request of Mr. and Mrs. Lyndon I exam¬ 
ined the site, and think that the tracks are of 
two birds, one walking behind the other. The 
footprints are similar in size to those of an emu, 
but have a pronounced hallux print which is not 
present in emu spoor. Thus as recently as the 
Last Interglacial (about 125,000 years <ago) there 
were at least two ratite birds which are not 
present now. 

The Recent Faunal Impoverishment 

During the Upper Pleistocene, adversity over¬ 
took the Australian fauna as it did in many parts 
of the world. In addition to the birds, numerous 
species of kangaroos, wallabies, wombats and 
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other groups of marsupials died out. The largest 
marsupial that ever lived, Diprotodon optatum, 
failed to survive, as did all its family. Also, the 
whole family represented by the curious marsupial 
Xhylacoleo carnifex came to an end. The fact of 
the impoverishment of the fauna is well estab¬ 
lished, but the reason is not clear. Merrilees 
(1968) believes that man is the destroyer, but 
many of the extinctions occurred before man 
arrived in Australia (on present knowledge of 
his arrival date or likely time of coming). Even 
with all the scientific know-how and the tech¬ 
nologies now available, we cannot wipe out a 
virile species like the rabbit, and it is unlikely 
that Aboriginal man could destroy a virile species. 
That is, Aboriginal man could hasten the demise 
of a species already failing, but he could hardly 
be the cause of extinction. In Africa, where man 
has been longest of all (Fig. 3), many giant forms 

still survive. 
The impoverishment of the fauna left gaps 

which other species could fill, and niches which 
could bring about the evolution of new forms. 
Active evolution must be going on now to adjust 
to the faunal debacle, but the scale of time is 
such that we cannot see any significant change 
in a lifetime. 

Some writers have blamed the dingo for caus¬ 
ing the faunal impoverishment. However, many 
extinctions took place before the first Aboriginals 
arrived, and the dingo came with a later migra¬ 
tion. Moreover, the dingo cannot expunge the 
rabbit either. 

Now there is a new factor—European man and 
his massive machines. Earlier this century, an 
Australia-wide effort was made to wipe out the 
emu, and large amounts of money were spent on 
the scheme (Marshall 1966, p. 61). In spite of 
the slaughter, the emu continued. What the 
shooters, poisoners and egg-smashers could not 
do, land-clearers do without trying. The emu will 
breed only in the bush, so where the land is 
completely cleared, the emus have ceased to exist. 

In addition to the faunal impoverishment in the 
late Quaternary, there have been some remarkable 
changes in distribution. The Tasmanian Tiger, 
Thylacinus, once present over the whole of 
Australia is now doubtfully surviving in Western 
Tasmania. The Tasmanian Devil, SarcophiJus, 
was also once to be found all over Australia, 
but is now limited to Tasmania. This genus 
suffered a retreat to the south. By contrast, the 
anteater Zaglossus, once present over the whole 
of Australia, has retreated north to New Guinea 
(Fig. 12), We do not yet understand these 
patterns of species retreat (limitations of distribu¬ 
tion). 

Fig. 12—As part of the Late Quaternary faunal 
impoverishment, these genera limited their distribu¬ 
tion from the whole of Australia to bordering islands. 
Some retreated to the north and some to the south. 

CONCLUSION 
The unique character of the Australian fauna 

and flora is now well defined. The Theory of 
Plate Tectonics offers an acceptable explanation 
of more factors than the traditional view, but 
there is still a great deal that is not understood. 
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Appendix 1 

Microcachrys FROM THE LOWER 
CRETACEOUS OF COLERAINE, 
WESTERN VICTORIA 

By H. D. Ingle 

Silicified wood from Coleraine is referable to 
Microcachrys. The wood is primitive, with 
tracheid pitting large, abundant, and oval in radial 
section. The crossfield pits are large and of the 
type of living Microcachrys. 

This fossil wood is figured in Plate 16, Nos. 
1-3, from a sample collected by Mrs. Stone of 
Garvoc, Western Victoria, and presented to the 
National Museum of Victoria. 

Appendix 2 

FOSSIL WOODS IN THE COLLECTION OF 
THE NATIONAL MUSEUM OF VICTORIA 

By H. D. Ingle and Edmund D. Gill 

The fossil woods in this list were determined 
by H. D. Ingle. The geology and dating are by 
E. D. Gill, who collected them or selected them 
from the Museum collection. All are from 
localities in Victoria, Australia. 

Quaternary 

1. Camperdown. Tree stumps and branches in 
peaty soil revealed when Lake Bullenmerri 
sank to the lowest known level. Radiocarbon 
date 1865 ± 85 yr B.P. on a small branch. 
Eucalyptus camaldulensis. 

2. Melbourne. Excavation at the corner of 
Brunei St. and The Esplanade, Essendon. 
Wood in marine (estuarine) shell bed bored 
by marine borers, Eucalyptus possibly tere- 
ticornis. 14C age 4820 ± 200 yr B.P. Also 
Casuarina wood (with bark) and cones. 

3. Melbourne. Wood from sewerage excavation 
at Power St., South Melbourne. Eucalyptus 
from 2-4 m below surface associated with 
marine shells. 14C age 6010 ± 100 yr B.P. 
Also Banksia wood. 
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4. Melbourne. Stump of Eucalyptus camaldu- 
lensis in position of growth 19 2 m below 
LWM. 14C dates on two parts of trunk: 
8300 ± 210 yr B.P. and 8780 ± 200 yr. 
Associated Sphagnum cristatum 8330 ± 

190 yr B.P. 
5. Melbourne. Wood from bore on centre line 

of Hanna St., South Melbourne on Yarra 
Bank Rd. at 28-3—28 6 m, Eucalyptus cf. 
camaldulensis, overlying basal gravel. 

6. Ettrick. Wood from gravel with marsupial 
bones under 31*4 m of basalt gave UC age 
of 19,300 ±. 600 yr B.P. Eucalyptus and 
Phebalium. 

1. Melbourne. Wood from 91m depth, 18-3 m 
north of the north side of Mill St., South 
Melbourne half-way between Sturt St. and 
Dodd St. Eucalyptus cf. tereticornis. 

Tertiary 

8. Coimadai. Casuarina stems from fruits as 
clear impressions in yellow leached siltstone 
in dolomite quarry. 

9. Brooklyn. Roots, probably of Eucalyptus, in 
growth position under basalt 24-4 m from 
surface in MMBW pump well on east side of 
Millers Rd., almost opposite Cypress Ave. 

10. Kooweerup. Pieces of wood from bore sunk 
by Mr. A. Kirwin on the property of Mr. 
C. Sutton, about 1 km south of Catani. 

Samples from about 51-8 m. Codia (Cuno^ 
niaceae) present. A bore by the same cop. 
tractor on the property of Mr. J. Porct} 
also at Catani, recovered Spondylostrobu^ 

smythii from 43-9 m. 
11. Rutherglen. Hardwood from 125 m in th^ 

Southern and Prentice deep leads. It is disv 
torted but could be Eucalyptus. 

12. Ballarat. Wood ‘cut from trunk of tree 320 ft 
(97-5 m) beneath the surface in gold drift\ 
Podocarpaceae. 

13. Langi Logan. Wood from New Langi Logat^ 
mine ‘about 4} miles south of Ararat’, Podo^ 
car poxy Ion australe. Pollen from this leaq 
contains Acacia so the age is Middle MiOv. 
cene or later. K/Ar dates on the Ararat 
basalt are 3*59 and 3-52 m.y. 

14. Daylesford. Wood from gold mine collected 
by Mines Dept. (1071), Phyllocladus. 

15. Richmond. Wood from fluviatile sediment 
below basalt (Mines Dept. 7595), Casuarina\ 
K/Ar dates on Merri Creek flow are 2*1(5 
and 2-23 m.y. 

16. Beechworth. Wood recovered by Cock’s EK 
dorado dredge (Mines Dept. 1072), Callitriss 

17. Beaumaris. Mineralized wood from near> 
shore marine sediments collected by T, 
Rayment. Conifer. 

18. Point Pember. Wood from the Paleocene 
Pebble Point Formation, collected by Dr. G. 
Baker, Agathis or Araucaria. 

DESCRIPTION OF PLATE 16 

Silicified wood of Microcachrys from Lower Cretaceous arkose 6-5 km south of Casterton, 
Western Victoria. 

1. Tran verse section, X 90. 
2. Radial section, X 90. 
3. Enlargement of part of No. 2 to show cross-field pits, X 325. 
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Locality Records for Some Endemic Australian 

Drosophilidae Based on Winter Collections 

By Joe Grossfield* and Peter A. Parsons** 

Abstract: The results of a preliminary survey of endemic Drosophilids in 
Victoria and Queensland are reported. Comments on collecting techniques and site 
characteristics are presented for several species. 

INTRODUCTION 
Investigations of the ecology and genetic archi¬ 

tectures of response to physiological stress of 
cosmopolitan species of Drosophila have added to 
our understanding of population and behavioural 
biology (Parsons 1974). Simultaneously, work 
with rapidly speciating endemic forms has con¬ 
tributed to the development of modern evolution¬ 

ary theory (for example Dobzhansky & Spassky 
1959, Carson 1970, Carson, Hardy, Spieth & 
Stone 1970). Nonetheless in no case has the 
study of natural populations been conducted con¬ 
currently with cosmopolitan and endemic species 
in the same area. Such studies would enable a 
direct comparison of population structures, 
responses to physiological stress and reproductive 
strategies, hence providing direct evaluations of 
the extent of microhabitat differentiation under 
known environmental variables. Additionally, such 
studies would permit an evaluation of the kinds 
of genetic architecture required for success in 
broad and narrow niche species—so far attempted 
for the cosmopolitan sibling species, D. melano- 
paster and D. simulans (Parsons 1975). Extensive 
work has also proceeded with endemics of the 
obscura and willistoni groups (for example Dobz¬ 
hansky & Spassky 1959, Dobzhansky, Anderson 

& Pavlovsky 1966). 

Australia would seem to offer an ideal base for 
such studies, because of its geographical position 
and geological history. Australia offers a diversity 
of habitats and yet relatively few endemic species 
of drosophilids have been reported. We therefore 
decided to begin a systematic effort to locate 
endemic species using techniques that had not 
been specifically applied to this group of flies. 

* Dept, of Biologv. City College, City 
N.Y. 10031, U.S.A. 

** Dept, of Genetics & Human Variation, 

COLLECTING TECHNIQUES AND 
SITE IDENTIFICATION 

Collecting techniques included intensive sweep¬ 
ing with several kinds of net, mouth aspiration of 
individual flies, and the setting out of bait. Of 
the various fermenting and non-fermenting baits 
tried (tomato, pear, potato, apple, orange, 
banana), only orange (Victoria) and banana 
(Queensland) attracted any flies. In mixed forest, 
collecting near a broadleaf shrub or tree that was 
not the common one in the area was rewarding. 

COLLECTION RECORDS 

Sites in Victoria were predominantly fern gullies 
characterized by tree fern (Dicksonia), gleich- 
eniad and Culcita ferns and Pomaderris aspera 
with some sites having Nothofagus cunninghamii 
or Eugenia smithii. These sites are generally in 
sheltered locations in mountainside gullies, and 
may have tall eucalypts constituting the highest 
canopy. There is generally permanent water flow¬ 
ing through the gullies. Those sites not fern gullies 
and productive of flies, were sheltered by thick 
low tree or tall shrub associations, with a some¬ 
what reduced light intensity but still well above 
the light intensity of fern gullies. Flight activity 
was not noted for Drosophila or other acalyp- 
terate flies at temperatures below about 12°C. 
At lower temperatures, flies could be aspirated 
from tree fern or the underside of other leaves 
where they were remaining motionless, or flies 
could be captured by disturbing wet leaf litter 
while sweeping. Temperatures ranged from 10° 
to 14°C during collecting trips (June-September 
1974) in Viotoria in the Otway Ranges, Wilsons 
Promontory, and Kinglake National Park. 

138th St. & Convent Ave., New York, University of New York, 

La Trobe University, Bundoora, Victoria 3083, Australia. 
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Collections from Victoria (Table 1) suggest 
that D. inornata is the most common endemic 
species, at least in the sites surveyed. In Wilsons 
Promontory National Park, several specimens 
were taken when sitting at low temperatures 
(less than 12°C) on Lonicera japonica (Capri- 
foliaceae) which has aromatic flowers, and many 
more were swept at 1 m from the ground (13°C) 
on Leptospermum phylicaides, a member of the 
aromatic Myrtaceae. D. inornata was attracted to 
bait made of oranges (Rutaceae) where it could 
be found below the usual collecting temperature. 
Baits of the other fermenting fruits were not 
successful. Some specimens were captured in a 
thicket of flowering bush pea Pultenaea mollis 
and a female was found inside the corolla of 
Epacris impressa, white variety. These findings 
suggest that this species is not restricted to a 
particular and highly specific host plant, but is 
often found in association with aromatic plants 
of various types. The bush pea thickets serve as 
a windbreak on Wilsons Promontory, and with 
higher ambient temperatures, there may be move¬ 
ment of the flies upwards. Indeed, during periods 
when the sun shone on small patches of ground, 
D. sp.-2 and D. inornata were seen hovering over 
bracken fern some 1-2 m from the ground. This 
is rather similar to the effect of spotty sunshine 
on activity seen while collecting in Hawaiian 
forests (Grossfield 1968). 

Queensland sites were either dense rain forest 
or moderately thick growth forest near the coast 
between Cairns and Innisfail. Temperatures ranged 
from 15°C in open forest to 18-22° in rain 

forest during a collecting trip in July 1974. The 
ground and leaf litter was quite dry. 

The Queensland collections revealed more 
species than Victoria, but showed a similar group¬ 

ing of ‘rare’ and common forms. Some additional 
specimens were obtained which cannot conveni¬ 
ently be placed in known genera at this time and 

are excluded from Table 1. Two specimens of 
D. sp.-9 and no other species came to banana 
bait. Other than the cosmopolitan Drosophila 
species, only Scaptomyza australis is found in 

both Victoria and Queensland. Records of other 
genera of the Drosophilidae are given in Table 1, 
again revealing more diversity in Queensland than 
in Victoria. 

D. sp.2 (Victoria) and D. sp.-3 (Queensland), 
morphologically similar to each other, were col¬ 
lected in almost identical habitats—sweeping under 
bracken fern near a stream bed. In general, 
August 1974 was quite dry in Queensland and 
unless one were in the vicinity of a flowing 
stream, flies were deep in leaf litter on the forest 
floor. These species seem quite susceptible to 
desiccation and may well minimize the stress by 
behavioural means, a stress not present in Victoria 
at this time. 

DISCUSSION 

Overall there are a number of species of droso- 
philids in Australia that are unreported, and do 
not appear to be obtainable with the usual Droso¬ 
phila collecting techniques of setting out bait cans 
of fermenting bananas, but which are obtainable 

Table 1 

COLLECTION RECORDS OF DROSOPHILIDAE 

Victoria (June-September 1974) 
Genus and species 22 

D. inornata 26 
D. sp. undescribed — 1 5 
D. sp. undescribed — 2 1 
Scaptomyza australis 1 
Leucophenga poeciliventris 1 

66 
7 

8 

Queensland (July 1974) 

Genus and species 29 

D. pseudotakahashii 7 

D. sp. undescribed — 3 1 
D. sp. undescribed — 4 2 
D. sp. undescribed — 5 1 
D. sp. undescribed — 6 
D. sp. undescribed — 7 1 
D. sp. undescribed — 8 1 
D. sp. undescribed — 9 10 
Leucophenga sp. — 1 1 
Leucophenga sp. — 2 1 
Leucophenga sp. — 3- 1 
Liodrosophila sp. — 1 1 
Liodrosophila sp. — 2 1 
Microdrosophila sp. — 1 
Scaptomyza australis 

66 
5 

1 

8 

1 
1 

Note: All Victorian flies were collected in Wilsons Promontory sites (Chinamans Creek, Growlers Creek 
Roaring Meg Creek) except for 3 D. inornata (2 29, lc?) and 1 S. australis 2 which were collected in 
the Otway Ranges in Paradise Valley, and 1 D. inornata 2 collected at Ferny Nook, Kinglake National 
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by sweeping with a net. Some species may have 
an association with aromatic trees and shrubs, 
e.g. the Myrtaceae. In Victoria, the association of 
Drosophila with fern gullies needs further explora¬ 
tion, especially as the resources used by the 
endemics are still unknown. Whether the associa¬ 
tion with Dicksonia is based upon temperature- 
humidity relationships or upon the utilization of 
Dicksonia itself as a resource is difficult to say. 
Until laboratory culture is possible no definitive 
answers are possible. It is, however, noteworthy 
that in relation to flora and climate, the Victorian 
fern gullies appear to have some parallels with 
some Hawaiian habitats where a massive adaptive 
radiation of the Drosophilidae is known (Carson 
et al 1970). 

The collection sites are discrete and identifiable, 
leading to the presence of isolated populations, 
and offering a model system for studying essen¬ 
tially continental ‘islands’ where these populations 
exist. Thus, it would appear that Australia offers 
a clear opportunity for comprehensive and con¬ 
current studies of both cosmopolitan and endemic 
species of the Drosophilidae. 
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The Morphology and Relationships of the Largest 

Known Terrestrial Lizard, Megalania prisca Owen, 

from the Pleistocene of Australia 

By Max K. Hecht* 

introduction 
Megalania prisca was originally described by 

Owen (1860) from the Condamine River deposits 
of Queensland. It was early recognized as among 
the largest of known lizards. In general, lizards 
are relatively small insectivorous vertebrates with 
the larger forms usually herbivorous or omni¬ 
vorous. Only members of the Varanidae, Helo- 
dermatidae and Teiidae are large and primarily 
carnivores or scavengers. The preponderance of 
small forms, less than a half-metre in total length, 
indicates that there are restrictions, some not 
completely understood, to the upper size limits 
of the basic lizard morpholoy. Megalania is prob¬ 
ably at that limit. The role that this species played 
in the Pleistocene fauna is of primary interest to 
biogeographers and paleontologists. 

RELATIONSHIP WITH THE VARANIDAE 
That Megalania is a varan id is indicated by 

several oestological features listed by McDowell 
and Bogert (1954), Romer (1956), Fejervary 
(1935), and Hoffstetter and Grasc (1969), as 
follow: 
1. Vertebrae characterized by oblique condyle- 
cotylar articulations particularly in the thoracic 
and lumbar regions. 
2. Vertebral centra constricted anterior to the 
condyles. 
3. Caudal vertebrae with pedicles for the haemal 
arches on the posterior portion of the ventral 
surface of the centrum. 
4. Open Meckelian groove on the dentary. 
5. Weakly developed zygosphene but no zygan- 
trum. 
6. Proximal bases of the teeth expanded and 
sculptured with fine vertical fluting. 
7. Vagus nerve passing through hypoglossal nerve 
foramen as indicated by single foramen. 
8. Sacrum composed of two vertebrae. 

* Department of Biology, Queens College of the City 
U.S.A. 11369. 

9. Interclavicle anchor-shaped. 
10. Phalanges with prominant dorsal arch in 
lateral view and with well developed ventral 
process for flexor insertion of muscles. 

The Varanidae includes 32 living species, all 
of which are now allocated to the genus Varanus 
which is in turn divided into ten subgenera. This 
family contains the largest living species of lizard, 
Varanus komodoensis of the Indonesian islands of 
Komodo and Flores, which attains a body length 
of at least 1-5 m with an equally long tail 
(Mertens 1942). 

Megalania differs from all living species of 
Varanus in many features. Many of these attri¬ 
butes are associated with large size, but others 
are not allometric features and indicate distinct 
morphological differences. The following differ¬ 
ences have been noted: 
(a) Adult teeth are large and slightly recurved 
distally, with the anterior cutting edge rounded 
and serrated only distally. The posterior cutting 
edge is thin, blade-like and serrated along its 
entire length. 
(b) Tooth replacement was slow with many teeth 
showing occlusal wear. 
(c) Thoracic and lumbar vertebrae are massive 
and always have weakly developed zygosphenes 
and depressed, small neural canals. 
(d) The dorsal protuberance of the ilium (attach¬ 
ment of ilio-pubic ligament of Romer 1922) is 
large, prominent and horizontally oriented (in¬ 
stead of dorsally at an acute angle as in Varanus). 
(e) The external ridge of the ilium (origin of the 
the gluteal muscles of Romer 1922) is a thick, 
prominent ridge; in Varanus it forms a thin, blade- 
like prominence or may be absent altogether. 
(f) The humerus has an unusually short shaft. 
(g) The supraoccipital bone forms a 90° angle 
with respect to the occipital condyle, and the 
processus ascendens is ossified. 

University of New York, Flushing, New York, 
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(h) The posterior process of the prootic is 
covered dorsally by the paraoccipital process. 

MATERIAL AND LOCALITIES 
Material of Megalania is widely distributed in 

museum collections. The best was obtained during 
the late 19th century from the east Darling Downs 
and sold by the local inhabitants to various 
museums. Few complete skeletons were found 
and if any were known they were disarticulated 
and distributed among various collections. Little 
material, however, has come from these deposits 
during the last 70 years. Megalania is now known 
from the collections of the Queensland Museum 
(QM), Australian Museum (AM), South Aus¬ 
tralian Museum (SAM), British Museum (Nat¬ 
ural History) (BMNH), University of California 
Berkeley Museum of Vertebrate Paleontology 
(UCMP), American Museum of National History 
(AMNH), Hunterian Museum of University of 
Glasgow (HM), National Museum of Victoria 
(NMV), and Western Australian Museum 
(WAM). The important collections are in the 
first six institutions listed above. Undoubtedly 
there is some material from the Darling Downs 
in the National Museum in Budapest, but this 
material has not been examined. 

On the basis of these collections, it can be 
stated that Megalania is known from the following 
Pleistocene localities: 
Queensland: East Darling Downs (Kings Creek 
near Pilton, Kings Creek near Clifton, Dalby, 
Bunya Creek near Bell Line, Warra, Fernless, 
Dandine Station); Dulacca; Springsure; Lynd 
Highway at Cape River crossing (Museum of 
Charters Towers Arch. Soc.). 
New South Wales: Cuddie Springs near Brewar- 
rina; Wellington Caves. 
South Australia: Lake Kanunka, Coopers Creek 
(various localities including Katipiri waterhole); 
Warburton River (various localities); east Lake 
Eyre Basin (various localities); Diamantina River 
between Toopoowarka and Kalamurina Govern¬ 
ment Station. 

No material from the Castlereagh River, New 
South Wales, reported by Etheridge (1917) has 
been seen. Anderson (1930) reports Megalania 
from Rosella Plains, near Cairns, Queensland. 
These specimens (AM F25228 and F25227) have 
been examined and are clearly the teeth of the 
crocodilian Pallimnarchus pollens, an Australian 
Pleistocene eusuchian crocodilian with a peculiar 
heterodont dentition. Most of the teeth are typi¬ 
cally crocodilian, but several teeth resemble 
strongly those of the Sebecosuchia (Bartholomai 
& Hecht, MS in preparation; Anderson 1930, 
PI. 1). 

Megalania is known from a limited number of 
skeletal components which are: a complete occi¬ 
pital region (BMNH), a single incomplete large 
maxilla (AM) and a single incomplete small 
maxilla (QM), an almost complete large dentary 
(QM) and fragments of smaller dentaries, 
numerous dorsal vertebrae, a single cervical 
vertebra (AM), two incomplete sacra (QM), 
articulated initial three postsacral vertebrae 
(QM), other anterior caudal vertebrae (QM, AM 
(UCMP)), an almost complete humerus (QM), 
right and left ulna (QM, AM), a complete femur 
(AM), a complete ilium and pubis (QM), frag¬ 
ments of the radius (QM, AM), a single carpel 
(AM), several metapodials (AM), terminal 
phalanges (UCMP, AM, AMNH, SAM) and 
other phalangeal elements. 

Most of the material of Megalania is of isolated 
fragments from many localities. The majority of 
the complete elements comes from Kings Creek 
near Pilton in the eastern Darling Downs. The 
best material in the Queensland and Australian 
Museums involves either two different skeletons 
or one nearly complete skeleton. De Vis (1889) 
records that a Mr. R. W. Frost of Kings Creek 
had brought to him ‘a series of six ribs, an 
imperfect end of a fibula, and a nearly complete 
ulna—these together with as many other bones 
(including a dentigerous jaw) given by Mr. Frost 
to a local collector, and thereby secluded from 
examination so far, were discovered lying to¬ 
gether in such relative positions, in a common 
matrix, as to convince the finder, who was then 
unaware of the value of such evidence, that all 
were parts of the same individual. Mr. Frost’s 
opinion is strongly corroborated by their obvious 
identity as to kind and degree of mineralization, 
as well as to their peculiar subochreous coloura¬ 
tion derived from the rather ferruginous sand in 
which they were buried.’ In 1892 a Mr. Herman 
Lau of Yandilla, Queensland, an immigrant re¬ 
turning to Germany, sent to the Australian 
Museum complete parts of a skeleton. In a letter 
of 16 August 1892 he stated, ‘Ten years ago I 
made a tour toward the head of King’s Creek, a 
tributary to the river Condamine in the Darling 
Downs near the Toowoomba range and a station 
called Pilton. Here high in the bank I perceived 
the tip of jawbone with tooth thrusting out about 
eight feet below the grassy surface. Setting to 
carefully with pick and knife to work for a whole 
day I brought successively, what remained from 
the bony skeleton to light, out of a position, dip¬ 
ping from North (the head) to South. Never 
broke a single bone, found them as vou behold 
them; the many fractures as you will observe, 
I believe are due to the small quantity of lime 
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with which the argillaceous soil was impregnated. 
Remarkable among the ribs is one, once broken 
and healed again, from which I imagine the result 
of a fight. Although I went for several days to 
the same spot, which I excavated to some extent, 
I was not fortunate enough in finding more.’ 

As mentioned above, in the Queensland 
Museum and Australian Museum there are right 
and left ulnae, which as will be discussed below 
are remarkably similar. The proportions of the 
various other elements are similarly preserved 
which may indicate that parts of the two collec¬ 
tions are from the same individual fossil. In fact 
De Vis mentioned that Frost may have given part 
of the skeleton to another collector. A letter from 
H. Lau clearly indicates that he collected his own 
material, however. Both collectors indicate the 
presence of a jaw. There is a fragment of a 
toothless maxilla in the Australian Museum col¬ 
lections and an almost complete dentary in the 
Queensland Museum collections. The Australian 
Museum material was originally catalogued as 
crocodilian remains, but the broken rib described 
by Lau is clearly among the materials in the 
collection. The Lau collection, probably from a 
single fossil individual, includes a single maxillary 
fragment, a single cervical vertebra, ten thoracic 
vertebrae, ribs and rib fragments, a complete ulna, 
parts of a radius, a single carpal element, meta- 
podials, a phalanx and femur. All bear the 
Australian Museum numbers F2203-2209 and 
F2212 (maxilla). 

MORPHOLOGICAL DESCRIPTION OF 
KEY MATERIAL 
Skull and Dentition 

The skull of Megalania is known from only 
two elements, occipital region and a fragmentary 
maxillae. 

The occiput (BMNH 39965; figured by Owen 
1880) is complete except for the paraoccipftal 
process, which is missing from the right side and 
incomplete on the left. A part of the basisphenoid, 
bearing the posterior of the sella turcica, is fused 
to the anterior portion of the basioccipital. 
General conformation of this specimen is most 
similar to the varanid occipital region, but there 
arc at least three distinct differences. 

In posterior view the supraoccipital abuts the 
parietal bone at a much more acute angle than 
in any species of Vara nits and bears on its dorsal 
surface a very prominent occipital ridge. In 
Varanus at the dorsoanterior border of the supra¬ 
occipital there is a cone-shaped cartilage corre¬ 
spond! ne to the processus ascendens tecti synotici, 
which fits closely into the deep, funnel-shaped 
depression (the parietal fossa) in the posterior 

border of the median line of the parietal (Bahl 
1937). The articulation between the supraoccipital 
and the parietal bones was called by Bahl (1937) 
a peg and socket joint. Frazzetta (1962) calls 
this kinetic area a metakinetic joint and states 
that it is involved only in a sliding motion. In 
Megalania the supraoccipital bone extends dorsally 
into a point composed of the processus ascendens 
completely ossified to the supraoccipital bone. The 
sliding action of the ‘parietal unit’ (Frazzetta 
1962) of the skull must have been lost. 

Furthermore the occiputs differ in another 
feature. In Varanus the posterior process of the 
prootic (Bahl 1937) and the paraoccipital pro¬ 
cess abut each other and meet dorsally in a clear 
linear suture, but in Megalania the paraoccipital 
bone is wrapped around the posterior process of 
the prootic dorsally. Although sliding action be¬ 
tween the two surfaces may have been possible 
in Varanus, it was not in Megalania. 

In most other respects the occiput of Mega¬ 
lania and Varanus are similar. An estimate of the 
size of this piece can best be indicated by the 
maximum height and diameter of the foramen 
magnum, 24 4 mm and 21-6 mm respectively. 
The maximum diameter of the occipital condyle 
is 41*6 mm. If Megalania had the same skull 
proportions as V. komodoensis this occiput would 
have been derived from a specimen with a body 
length of almost 2900 mm! 

The largest maxilla (AM F2212) is represented 
by the anterior portion only, bearing one broken 
tooth and nine sockets. Only about 153 mm of 
the dentigerous portion of the maxilla is pre¬ 
served, and the extent of the missing portion is 
difficult to determine. The width of the larger 
tooth bases is about 16 mm. This fragment is 
probably from a specimen of similar size to that 
producing the femur and ulna. 

The other maxilla (QM FI4/870) is a much 
smaller fragment, bearing one complete tooth and 
four sockets. The single complete tooth has a 
basal width of 10-5 mm and a maximum height 
of 17*2 mm. This single tooth is of significance 
because its anterior dorsal aspect is clearly worn 
straight and smooth, demonstrating a wear pattern 
unknown in Varanus with this type of dentition 
although wear patterns are known in lizards with 
large, molariform, posterior teeth. 

The teeth of Megalania are quite characteristic 
and will be discussed in a following section. 
Among the many isolated teeth available a few 
show wear facets but none more clearly than 
AMNH 9015 from the Menindee canal (PI. 17, 
fig. 1). This tooth, from a much larger speci¬ 
men than the maxillae described above, shows a 
single wear pattern. It has a maximum height of 
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16-2 mm and a tooth base maximum width of 

10-5 mm. The wear surface is 12-9 mm long. 
It is clear from these two specimens that some 
of the teeth in Megalania did occlude and were 

also slowly replaced. 
The mandible is known from a single, almost 

complete dentary and several dentary fragments. 
The most complete dentary (QM F6562, PL 17, 

fig. 3) is broken at the surangular and angular 
contact. Six teeth are represented by tooth bases, 
separated by alternate empty tooth sockets. The 
dentary must have originally borne twelve or 
thirteen teeth. 

The dentigerous portion of the dentary is 

approximately 180 mm as measured from the 

posterior border of the area to immediately 
behind the symphyseal contact. The maximum 
length of the dentary is 212 mm as measured 

along a straight line from the coronoid contact 
to the jaw symphysis. The six teeth are all in¬ 
complete, but two have most of the crowns still 
present. They all bear typical varanid striations 
or flutings on their bases and are slightly recurved 
on the anterior distal edges. The anterior edge of 
the tooth is rounded, and the posterior edge is 
blade-like bearing fine serrations with about six 
serrations to the millimetre. The most complete 
tooth has a maximum basal width of 15 mm and 
a height of 12-5 mm with about 20-25 per cent 
of the height missing. At the coronoid contact 
the dentary must have had a depth of about 
78 mm and at the level of the third tooth a 
depth of 31 mm. 

The basic morphology of the dentary is very 
similar to that of V. komodoensis and all other 
living varanids (Mertens 1942a). The curvature 
of the dentary, as viewed dorsally, apparently 
increased in the Megalania with greater length. 
In this respect Megalania most closely resembles 
V. komodoensis although it is slightly more curved 
than the living species. If the dentary occupied 
the same proportion of the total mandible length 
as in V. komodoensis, then it can be estimated that 
the head of Megalania as measured from the 
quadrate or ear opening would be about 500 mm. 
The body length of the specimen extrapolated from 
this estimate would have been about 3100 mm. 

The second smaller incomplete dentary (QM 
F871) lies within the size range of the larger 
living varanids, but is clearly identified as a 
Megalania by the teeth which bear an anterior 
rounded edge and posterior blade-like edge bear¬ 
ing serrations. This specimen bears only one 
complete tooth, the bases of three teeth, and one 
empty socket. Its basic morphology is very similar 
to the previously described specimen. The com¬ 

plete tooth has a base of 6 mm and a maximum 
height of 13 mm. 

Vertebral Column 

Vertebrae of Megalania are very similar to 
those of Varanus komodoensis, but about four 
times more massive. Many of the differences are 
primarily due to allometric factors. 

The close resemblance of Megalania to Varanus 
in general morphology should reveal similar fre¬ 
quencies of the different types of vertebrae. Un¬ 
fortunately the number and frequency of types 
of vertebrae is an unreliable index of the number 
of individuals found because these elements, per¬ 
haps from the same locality, have been frequently 
exchanged with various institutions and are, as a 
result, widely dispersed. Probably at one time 
there were as many as a hundred vertebrae known 
and at least one complete vertebral column. The 
most commonly preserved vertebrae are those 
from the dorsal series, which may be divided into 
the more abundant thoracic vertebrae and the 
less frequent lumbar vertebrae. 

Based on the variation known within the family 
Varanidae (Hoffstetter & Gasc 1969) there should 
be 29 presacral vertebrae. Of these, nine should 
be cervical vertebrae. Of the sixty Megalania 
presacral vertebrae, in various states of preserva¬ 
tion, only one is a cervical vertebra. This un¬ 
expected low frequency may be explained by the 
lower probability of preservation of cervical verte¬ 
brae because of their less robust morphology. 
An alternative hypothesis would be the reduction 
of the number of cervical vertebrae associated 
with the increased size of the head. 

The number of postsacral vertebrae of Mega¬ 
lania is also unusually low in frequency. Not 
more than twelve vertebrae can be definitely 
allocated to the postsacral position. The few 
caudal vertebrae known are all from the anterior 
region of the tail. It may be that the more 
posterior caudal vertebrae do not bear the classic 
indications of Megalania and have been identified 
as Varanus. In the east Darling Downs no Varanus 
have been identified associated with Megalania. 
There are, however, two isolated varanid verte¬ 
brae from the middle or posterior region of the 
tail, which could be either a large Varanus or 
Megalania. 

In most fossil deposits throughout the world 
in which varanids are preserved the caudal verte¬ 
brae are most frequently represented. This obser¬ 
vation should be expected because of the length 
of the tail and the number of caudal vertebral 
elements in most species of the genus. The data 
from Mertens (1942a, p. 22) indicate an overall 
species trend in the relationship between body 
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length and tail length. Longer species have a 
lower body/tail ratio. As a result total length is 
not a good indicator of body size. The Komodo 
Dragon, the largest Varanus, has a body/tail ratio 
of about 1:1 (Mertens 1942b). Other species of 
almost the same total length have longer tails but 
shorter bodies. One glaring exception to this rule 
is the small Australian Varanus brevicauda. There¬ 
fore the unexpected low frequency of caudal 
vertebrae in Megalania possibly may be explained 
by this morphological trend. This hypothesis would 
indicate that the tail length of Megalania must 
be less than the body length. 

The largest known Megalania vertebrae (QM 
F2947) is a posterior dorsal, possibly classified as 
a lumbar, and has a centrum length of 66-5 mm 
as measured from the ventral lip of the ootyle to 
the lip of the condyle. If comparison is made 
directly to the homologous vertebrae in Varanus 
komodoensis, then the approximate body length 
of this Megalania would be 3800 mm. Similar 
comparisons made with mid-dorsal (mid-thoracics 
and posterior thoracics) vertebrae from another 
vertebral column indicate a body length of 
between 2200 and 2400 mm. 

The sacrum of Megalania is represented by 
two specimens in the Queensland Museum and 
the University of California, Berkeley, Museum 
of Paleontology. QM FI4886, from the east 
Darling Downs, is only a fragment but enough 
to determine its varanid affinities and by its size 
to allocate it to the genus Megalania. UCMP 
56423, from the Coopers Creek, east Lake Eyre 
Basin, represents a more complete specimen. The 
oblique cotyle-condyle relationship clearly estab¬ 
lishes its varanid affinities. The condyle is badly 
abraded and the left transverse process broken. 
The cotyle has a maximum diameter of 33*2 mm 
and would have measured at a maximum 118m 
across the transverse processes. The specimen, if 
it belongs to Megalania, was of a young adult 
and within the upper size range of a very large 
Varanus komodoensis. 

Appendicular Skeleton 

The pectoral girdle is represented by only three 
nearly complete bones, the humerus, the ulna and 

a single carpal. 
A single humerus, QM F865, is probably from 

the east Darling Downs and has already been 
discussed and figured by De Vis (1885, 1889). 
It is probably from an old individual as all evi¬ 
dence of the epiphyseal plate has been erased by 
complete ossification. The shape of the humerus 
is very similar to Varanus and the distal end of 
the humerus has a well-developed trochlea and 
capitellum. It differs from comparable varanid 
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humeri only in the shortness of the shaft, which 
De Vis (1889) has already noted indirectly. 
Maximum length of the humerus measured from 
head to trochlea is 174 mm and the width across 
the epicondyles is 102-7 mm. 

There are two nearly complete ulnae from the 
east Darling Downs, a left (QM F867) and a 
right (AM F2207) (Anderson 1930, PI. 51). 
These specimens are both about 256 mm in 
maximum length. The semilunar notch is com¬ 
plete in the Australian Museum specimen and 
about 72 mm in maximum length. The coronoid 
process of the semilunar notch on the Queensland 
Museum specimen is broken. Both semilunar 
notches have bony overgrowths which may be 
old age osteoses. There are no signs of epiphyses 
or epiphyseal plates, which are usually seen in 
skeletons of Varanus. These ulnae thus appear to 
be from one or two old individuals. The minimum 
dorso-vcntral diameter of the ulnar shaft is 
35 mm. These ulnae are very similar in form 
to V. komodoensis differing primarily in the 
development of the radial facet and the distinct¬ 
ness of the muscle scars distal to the coronoid 
process and those at the distal end of the ulna. 
Direct comparison with ulnae of V. komodoensis 
would give an estimated body length of the 
individual Megalania of 2000 to 2300 mm. 

A single carpal element was preserved in the 
Lau collection of the Australian Museum 
(F2208). It is a complete radiale and bears 
strong resemblance with the typical varanid ele¬ 
ment. Its maximum breadth is 56-1 mm. Com¬ 
parison with Varanus komodoensis carpals indi¬ 
cates its origin to be from an individual of about 
2300 to 2400 mm in body length. 

The pelvic girdle is represented by two ele¬ 
ments, an almost complete ilium and the dorsal 
portion of the pubis. Both specimens bear the 
Queensland Museum number FI4877 and are 
from the east Darling Downs. They are not 
mineralized and dearly fit together. 

The almost complete ilium is broken only at 
the posterior part of the sacral attachment. 
The acetabular portion of the ilium is perfectly 
preserved and comprises 40 per cent of the 
acetabulum, which is shallow and has a maximum 
diameter (measured across the width of the ilial 
portion) of 73 mm. The pubic contact of the 
ilium is 59-8 mm long whereas the ischial contact 
is 49-4 mm (as measured from the acetabular 
surface). The ilium of Megalania is very similar 
to Varanus but with some noteworthy differences. 

The ilium of Megalania is characterized by a 
prominent horizontal, knob-like process to which 
the iliopubic ligament is attached. It is distinct 
in conformation from a similar process in 
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Varanus, which is more vertical in orientation 
and less prominent. The upper border of the 
acetabulum bears a prominent scar, probably the 
origin of the iliofemoralis muscle (Romer 1922). 
In V. koniodoensis this is represented by a thin, 
prominent ridge. 

The internal surface of the ilium is very similar 
to that of V. komodoensis with the origin of the 
gluteal muscles forming a thick, hillock-like 
prominence separated by a shallow depression 
from the ridge marking the area of sacral rib 
attachment. 

A fragment of the pubis showing perfect con¬ 
tacts with the ischium and ilium and the entire 
acetabular region has been preserved. This piece 
articulates perfectly with the ilium and is un¬ 
doubtedly from the same individual. It would 
appear that at one time there was also an ischium 
available. The pubic contribution to the acetabu¬ 
lum is most similar to that of V. komodoensis. 
The ischial contact is 35 mm long. The obturator 
foramen is large and prominent and approxi¬ 
mately 15-5 mm in its greatest diameter. A part 
of the border of the thyroid foramen is also 
preserved. As viewed dorsally the iliac contact is 
broad and thicker than in V. komodoensis and is 
about 35 mm in width. 

The perfectly preserved contacts between the 
three pelvic bones clearly demonstrate that in 
this specimen the pelvic ossification had not been 
completed, thus indicating subadult or young adult 
status. Most interesting is the fact that these two 
bones were most unlike all the other material of 
Megalania in not being mineralized. In cross- 
section at the suture lines both ilium and pubis 
show a thin compact bony layer on the outside 
and cancellous bone filling the area between. The 
entire appearance of both specimens is that of 
modern bones. 

A comparison of this ilium and pubis with 
similar elements from Varanus komodoensis 
results in an estimate of body length between 
1400 and 1600 mm, further supported by the 
lack of fusion between the various pelvic bones. 
An individual of this size is clearly a subadult of 
Megalania but would be in the maximum size 
category of Varanus komodoensis. 

A single femur of Megalania is present in the 
collections of the Australian Museum and bears 
the number F2206 (Anderson 1930, PI. 50). It 
is complete and is markedly similar to a large 
V. komodoensis but about twice its length. As 
distinct from those of Varanus, the epiphyseal 
plates are closed and only a weak line indicates 
their former prevsence. This femur is obviously 
from an older animal. Slight differences between 
the two forms are expressed primarily as more 

distinct muscle scars in Megalania. The maximum 
length of the femur is 293 mm and width across 
the condyles at its distal end is 99 mm. Direct 
comparison with a Varanus komodoensis would 
give an estimated body length for the Megalania 
as approximately 2200 mm. 

In the Lau collection of the Australian Museum 
there are several elements which may be con¬ 
sidered metapodials, but it is difficult to determine 
whether they are metatarsal or metacarpal ele¬ 
ments. Additionally, there are some phalangeal 
elements which cannot be identified. Unique 
among the metapodial elements is the classic 
hooked fifth metatarsal represented by one speci¬ 
men (AM F2208, PI. 18, lig. 3). If it is properly 
associated with the remainder of the Megalania 
skeleton, then it clearly shows some differences 
with that element of Varanus. Unfortunately it is 
incomplete and has a distal portion missing as 
well as part of the metatarsal hook. It can be 
clearly distinguished from the fifth metatarsal of 
Varanus by the expansion of the distal portion of 
the element, an expansion so great and so different 
that one might question whether it is part of 
Megalania. Assuming that the association is cor¬ 
rect, and the appearance of the bone and the 
preservation indicate so, then there must have 
been a remarkable difference in the pes of the 
fossil probably associated with its large size and 
its locomotory pattern. The maximum length of 
the fifth metatarsal was 62-2 mm. 

The terminal phalanx of lizards is easily 
identifiable, and several large complete terminal 
phalanges are known and allocated to Megalania. 
In the past these elements have been confused 
with bird phalanges but are distinguishable from 
these by the prominent development of a rec¬ 
tangular knob on the ventral surface of the 
phalanx which was probably the point of insertion 
of the flexor muscle. Furthermore, the varanid 
phalanx in lateral view bears a highly arched 
dorsal contour with shallow depressions on each 
side. 

Terminal phalanges are known from the follow¬ 
ing localities in South Australia: Coopers Creek, 
east Lake Eyre Basin; Warburton River; Katipirri 
Sands, Coopers Creek; Lake Kanunka. Another 
specimen from Bunya Creek, east Darling Downs 
is present in the Queensland Museum (F2477) 
collections. The variation in the size of these 
elements gives data which may be used to estimate 
body size. SAM PI 1529 measures 55 5 mm in 
maximum length and 23*4 in maximum height 
(from the flexor to the top of the dorsum). This 
specimen has no definitive data but Mr. N. Pledge 
suggests it could be the specimen referred to by 
Zeitz (1899) as a new species,'Varanus warbur- 
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tonensis’ (Kuhn 1939). UCMP 47956 measures 
41 * 1 in maximum length and 17*1 in maximum 
height and is from the Warburton River. QM 
F2477 is incomplete in maximum length and is 
17*5 mm in maximum height. This specimen is 
32 mm long but lacks approximately 8 mm of 
phalanx. It is difficult to compare these phalanges 
with any of Varanus because we do not know 
from which digit they originated. 

UCMP 56420 (PI. 18, Fig. 1) from Coopers 
Creek in the eastern Lake Eyre Basin is 84-5 mm 
in maximum length and 33-4 mm in maximum 
height. This specimen is over one-third longer 
than any previously examined material and is 
distinguished by its greater breadth and marked 
development of the flexor knob. These distinct 
features could easily represent either another 
unknown form or an unusually large Megalania. 
There are no other known remains of Megalania 
which would indicate individuals of this size. 
There are several possible explanations. Firstly, 
the terminal phalanx could be misidentified. 
Secondly, there remains the possibility that some 
claws have been enlarged in Megalania, but the 
obvious close relationship of the genus to Varanus 
precludes this conclusion, since no varanid is 
known with this condition. Thirdly, this phalanx 
is from a large varanid, most probably Megalania. 
If the latter is true, then the type of Varanus 
warburtonensis is certainly a Megalania, and the 
species should be placed in the synonymy of 
M. prisca. 

It would appear that the smaller terminal 
phalanges averaging a maximum length of 40 mm 
probably belongs to a Megalania with a body 
length of 2-5 m. The larger phalanx represent an 
individual probably 3 to 3-5 m long. The largest 
specimen could represent an individual of nearly 
4 to 5 m long. At present there is a problem 
because there are no other osteological elements 
which indicate a body length of greater than 
3 to 3-5 m. 

OTHER MATERIAL 
In the Australian Museum there are ribs which 

were associated with other material collected by 
Lau (AM F2209-2211). Some of the ribs are 
complete and are more robust and less bowed 
than the comparable elements in V. komodoensis. 
It is difficult to determine from which area of 
the rib cage these elements originated. 

A single lizard interclavicle, UCMP 47956, 
from the Warburton River, east Lake Eyre Basin, 
is most probably a part of Megalania as indicated 
by the characteristic anchor-shaped varanid form 
and its large size. The median piece of the inter¬ 

clavicle has a maximum width of 15-4 mm. If it 
was derived from a Megalania it was within the 

average size for the species or perhaps a little 
smaller. 

Status of Varanus dir us De Vis 

De Vis (1889) described Varanus dirus from 
a single isolated tooth from the Pleistocene of 
Kings Creek, east Darling Downs, Queensland. 
He did not give a diagnosis but recognized that 
it was smaller than the usual Megalania tooth 
and much larger than the teeth of the available 
Varanus. Fejervary (1918) concurred with De 
Vis and figured the isolated tooth. The holotype 
(QM F873) bears clear resemblance to teeth of 
Megalania in size, structure and general form. The 
tooth is twice the size of V. komodoensis, but 
two-thirds the size of the average Megalania. 
The tooth has a maximum height of 24-5 mm, 
which is well within the range of the larger 
species. 

The holotype of V. dirus differs from most of 
the extant Australian varanids by the presence 
of the posterior serrated cutting edge and the 
anterior rounded surface. Varanus have either 
anterior and posterior cutting edges with or with¬ 
out serrations on both surfaces or a general 
rounded surface on both edges. The holotype 
resembles Megalania and Varanus komodoensis 
by its posterior serrated cutting edge and its 
anterior face rounded at the base with only the 
slightest serrations on the distal anterior curvature. 
The tooth is distinctly more recurved than the 
largest Megalania teeth. 

The holotype bears resemblances to the teeth 
of V. komodoensis and particularly in the curva¬ 
ture of the distal portion of the tooth. The largest 
available Komodo lizard skeleton with known 
body length (1298 mm) has a maximum tooth 
height of 18 mm. The available teeth of Megalania 
indicate an ontogenetic change in the shape of the 
teeth as to curvature and thinness, whereby both 
of these might be reduced as the individual 
approached maximum size. In the light of the 
variation within Megalania it seems most parsi¬ 
monious to consider the apparent differences 
described by De Vis as at best individual variation 
and thus the name Varanus dirus should be 
treated as a synonym of Megalania prisca. 

A single maxilla (QM F874) from the Chin¬ 
chilla rifle range, west Darling Downs which is 
generally considered late Pliocene has been allo¬ 
cated by Fejervary (1918) to Varanus dirus 
DeVis. This maxilla is almost complete and bears 
three complete teeth, five tooth bases, one tooth 
socket. It is complete anteriorly but lacks the 
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posterior portion of the dentigerous area. The 
three complete teeth are in a linear series and 
they become slightly larger posteriorly. The base 
of the posterior tooth is 6 8 mm and its maximum 
height is 17 -5 mm. 

The external face of the maxilla is well pre¬ 
served (except for the aforementioned area), but 
the contact with the prefrontal is missing. The 
slight shelf making contact with the cartilaginous 
olfactory capsule (Bahl 1937) is complete and 
well developed. The contact with the premaxilla 
is complete, and large external nares are indicated 
at the anterointernal premaxillary contact. The 
palatal shelf is incomplete. 

This bone and its teeth resemble those of 
Varanus komodoensis. It can be compared with 
a specimen of approximately the same size 
(AMNH 37913). It differs from this specimen 
by having a larger external narial opening and a 
larger more vertical prefrontal process of the 
maxilla. In general the face must have been broad 
snouted as in the Komodo lizard, but the orbit 
may have been further back and the lateral face 
of the skull more vertical. 

In conclusion it seems most reasonable at this 
time not to assign this specimen to either Mega- 
lania or Varanus because the equivalent material 
is not available for Megalania. It is certain that 
this form is from an earlier fauna and may 
indicate the presence of a large varanid in the 
late Pliocene. 

In the older Queensland Museum collections 
from Chinchilla there are four vertebrae (two 
caudals and two posterior dorsals) bearing the 
numbers C20 and Cl 06. The largest vertebra, 
probably a lumbar, has a centrum length of 
32-5 mm as measured from the ventral lip of 
the cotyle to the posterior end of the condyle. 
Similarly the caudal vertebra has a centrum length 
of slightly more than 32 mm. Both of these 
specimens have the characteristic depressed neural 
canal of Megalania. The size and form of these 
vertebrae match closely the general proportions 
of a Komodo lizard of known body length of 
1298 mm. The fossil vertebrae can be distinguished 
by the more depressed neural canal. The dimen¬ 
sions of the vertebrae and maxilla indicate that 
they represent a similar sized individual, or 
individuals. 

In the collections of the Queensland Museum 
there are specimens with no data which appear 
to be from the same locality based on similarity 
of preservation. One of these vertebrae appear 
to be larger than the above. It is probable that 
the Pliocene species was a smaller species than 
the Pleistocene form. 

DISCUSSION OF Megalania 

Dimensions and Size 

The difficulty in reconstructing the size of 
Megalania is in the lack of complete skeletons. 
Most of the material in modern collections is 
fragmentary, of individual bones. Only two collec¬ 
tions have associated elements, the Lau collection 
in the Australian Museum and the Frost collection 
in the Queensland Museum. As was stated pre¬ 
viously, it is quite possible that both of these 
collections are the remains of a single individual. 
The most intact collection is in the Australian 
Museum. 

If an assumption is made that Megalania had 
basically the same proportions as Varanus komo¬ 
doensis (except in the length of the tail), then 
the following comparisons can be made. All the 
material of the Lau collection (femur, ulna, 
radiale, thoracic and lumbar vertebrae) yield an 
estimated body length of between 2200 and 2400 
mm. Similarly, the elements in the Frost collection 
of the Queensland Museum (ulna, thoracic and 
lumbar vertebrae) yield the same result. Most of 
this material indicates an average size mature 
lizard. The humerus in the Queensland Museum 
may have been part of this series, although it is 
not clear from De Vis’ discussion (1889). As 
stated previously this specimen is from a mature 
individual but is characterized by an extremely 
short shaft as compared with the Komodo lizard 
and indicates an individual with a body length 
between 1500 and 1600 mm. 

It is most probable that the above-mentioned 
material was the average for the species as a 
whole, but in lizards there is continual growth, 
and undoubtedly there were exceptionally large 
individuals as indicated by the well-preserved 
large dentary, the largest lumbar vertebrae and 
the huge terminal phalanx. The large dentary 
(QM F6562) indicates a body length of about 
3100 mm and a head length of about 500 mm 
(as measured from the quadrate or the external 
ear to the snout). The largest known vertebra, 
a lumbar (QM F2947), has a centrum length of 
66-5 mm and would indicate a minimum body 
length of 3800 mm. The terminal phalanges 
indicate an average body length of about 2200 
to 2300 mm. The second largest phalanx indicates 
a body length of about 2600 or 2700 mm. The 
largest phalanx, if it is a Megalania, would 
indicate a body length of 4500 mm. 

The discussion of the morphology and fre¬ 
quency of postsacral vertebrae indicates that the 
tail must have been between one-half to one-third 
of the body length. Therefore the maximum length 
attained by this species would be a body length 
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of 4 5 to 5 m with a tail between 2 and 2-5 m 
long. The total length must have been close to 

7 m. 
With an estimate of body and tail length it is 

possible to extrapolate from data on living lizards 
and derive an estimate as to the body weight of 
Megalania. Auffenberg (1972) states that an 
eleven foot (3*3 m) Varanus komodoensis would 
weigh between 150 and 200 lbs (ca 79 kg). With 
the data provided by Pough (1973) on the rela¬ 
tion between body length and body weight in 
lizards, it is possible to make an estimate of 
the body weight of Megalania as being between 
600 kg and 620 kg, at a maximum. It would 
certainly appear that Megalania was a formidable 
predator. 

Systematic Status of the Genus 

McDowell and Bogert (1954) placed the genus 
Megalania within Varanus. The above morpho¬ 
logical analysis reveals significant differences 
between this fossil and the other forms of 
Varanus, such as: the reduction of kinetism in 
the skull and its associated morphological changes, 
the short humerus and peculiar fifth metatarsal 
indicating a change in locomotory pattern, and 
the distinct cutting surface of the teeth and 
associated wear patterns with an associated re¬ 
duction in tooth replacement. These differences 
and other changes, possibly allometric, distinguish 
the fossil from the other subgenera of Varanus. 
They are great enough to justify at least sub¬ 
generic status, if not generic. The latter evaluation 
is preferred. 

Ecological Role 

The presence of such a large lizard predator in 
the Pleistocene of Australia further substantiates 
the uniqueness of the megafauna of the period as 
demonstrated by Keast (1971) for the mammalian 
faunas. In his analysis Keast compares the mam¬ 
malian faunas of Africa, South America and 
Australia by partitioning the major adaptive zones 
occupied by mammals. Simple examination of the 
data reveals an unexpected low percentage of 
carnivores in Australia, particularly in the large 
carnivore (large felid zone) and the small carni¬ 
vore (mustelid) zones. On the basis of this 
analysis the mammalian fauna of Australia in 
the late Pleistocene may be considered as un¬ 
balanced when compared with that of Africa or 
South America. This type of analysis of a ‘taxo- 
cene’ (Whittaker 1972) has obvious faults because 
it implies that a systematic group can, in its 
adaptive radiation, fill all the available niches. 
The failure of the mammals to do this in Australia 
must have some historical basis in the develop¬ 

ment of the stratification of the vertebrate fauna. 
In the large carnivore adaptive zone Keast (1971) 
places the bizarre Thylacoleo, which must have 

been the most specialized of carnivores. It cer¬ 
tainly could not have filled the big felid niche. 
Furthermore, in the small carnivore adaptive zone 
there is a noticeable lack of diurnal predators. 

Within the Australian lizard fauna the family 
Varanidae makes up an unusually large part of 
the fauna. Of the thirty-two species of Varanidae 
in the entire world, nineteen are known from 
Australia. Of the eleven subgenera of the genus 
Varanus only two subgenera occur in Australia 
and one endemic subgenus occurs in New Guinea. 
These facts indicate that an adaptive radiation of 
this family has taken place in the Australasian 
region. Australia must have been colonized by at 
least two separate invasions. Within these two 
subgenera there has been a remarkable adaptive 
radiation into various niches. For example there 
are arboreal varanids (V. prasinus, V. gilleni, V. 
ti/norensis), aquatic varanids (V. inertensi, V. 
mitchelli), mangrove varanids (V. semiremex), 
general predators and scavengers (V. varius, V. 
gouldii), large predators of rabbit-sized prey 
(V. giganteus) and small insectivorous predators 
(V. eremias, V. brevicauda). This remarkable 
radiation today occupies all the adaptive zones 
except the large felid predator niche. 

All localities for Megalania are associated with 
late Pleistocene mammalian faunas. These locali¬ 
ties seem to offer no clear pattern except that 
they are primarily west of the Eastern Highlands. 
They indicate more a distribution of known 
Pleistocene fossil localities than the distribution 
of any particular organism. Only for the Warbur- 
ton River area has a tentative radiocarbon date 
been determined (23,000-25,000 B.P., Stirton et al. 
1968, Twidale 1972), and this is the first estimate 
of the absolute time at which this species lived. 
The occurrence of a single specimen at Lake 
Menindee lunette (AMNH 9016) indicates the 
possibility of another date of 19,000-26,000 B.P. 
(Stirton et al. 1968, Jones 1968). It is certain 
that Megalania was associated with the large 
herbivorous mammalian populations of the late 
Pleistocene, including four giant genera of Dipro- 
todontids, four genera of Macropodids and one 
giant wombat. It is also evident that except for 
Thylacoleo there is no real carnivore exploiting 
this trophic level of large herbivore. According 
to Auffenberg (1972) Varanus komodoensis holds 
such a predator role in the fauna of Flores and 
Komodo and actively hunts deer, horses and 
cattle. The larger Megalania could easily use the 
technique of the living Varanus and be the miss- 
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ing carnivore component in the megafauna of 
Australia, occupying the highest trophic level in 
the food pyramid based on the late Pleistocene 
herbivores. 

Pough (1973) in a review article on lizard 
energetics, diet and evolutionary strategy, states 
that lizards, upon evolving greater size, generally 
require an herbivorous diet. This observation was 
based on an analysis of five families which show 
such a trend. As he pointed out an obvious 
exception to the rule are the families Heloderma- 
tidae, Teiidae, Anguidae and Varanidae. His 
interpretation is that lizards on attaining the larger 
size would be unable to obtain large enough 
packets of food because their physiological effi¬ 
ciency is lower than mammals. It should be 
pointed out that lizards do have an advantage in 
that their lower metabolic activity during periods 
of lower temperature and activity is also a form 
of efficient utilization of limited resources. A 
more important difficulty with Pough's analysis 
is that it is based on his unidimensional interpre¬ 
tation of the present-day fauna. The determinants 
for any group have an historical background. 
The arrival of the varanids on a continent (e.g. 
Australia) in which no terrestrial vertebrates had 
occupied the carnivore niche completely, allowed 
for the opportunistic development of the primary 
consumer. Pough implies that it was the varanid 
approach to mammalian physiology which was 
the key factor. Actually the varanid strategy is 
quite different from the mammal but it was 
equally effective as Australia moved northwards 
into warmer climates and developed arid environ¬ 
ments during the Mid- to Late-Tertiary. In South 
America the large Teiid lizards have invaded 
an analogous adaptive zone for similar reasons. 
In the Greater Antilles, specifically on Jamaica 
and Hispaniola, large species of Celestus have 
occupied the crab-eating and small predator 
niches. In all these environments it was not 
physiological and behavioural limitations which 
guided the evolutionary strategy but the oppor¬ 
tunity to exploit available adaptive zones, which 
because of the nature of the fauna, were vacant. 
The real question is what occupied the varanid 
adaptive zone before the arrival of the lizards 
and why did the marsupials not fully occupy the 
zone? 

ORIGIN OF THE AUSTRALIAN 
VARANIDAE 

The living Australasian Varanidae have, as 
previously demonstrated, undergone an adaptive 
radiation based on at least two or three separate 
invasions. The herpetofauna of Australia can be 
divided into two major elements, the old Gond- 

wana faunal derivatives and the more recent 
invaders from the north. The Varanidae must be 
considered a late Tertiary invader of Australasia 
for the following reasons. Firstly, the earlier fossil 
varanids are from the Late Cretaceous, Paleocene 
and Eocene of North America, Europe and Mon¬ 
golia, certainly a Laurasian distribution. Secondly, 
the majority of the living subgenera of the family 
are in Eurasia. Thirdly, had the Varanidae a 
Gondwana distribution, its closest relatives should 
have been represented in South America. In place 
of the Varanidae, the South American lizard 
fauna have evolved complementary elements in 
the form of the large Teiid lizards. 

The earliest fossils of the Varanidae known 
from Australia have not as yet been formally 
described. A single broken varanid vertebra 
(UCMP 57250) is known from the Etadunna 
formation (Stirton et al. 1961), now generally 
considered Middle Miocene. If this identification 
is correct, then the Varanidae invaded Australia 
from the north at a time when the continent was 
further south. The dispersal over the enlarged 
water gap must have been a formidable feat, thus 
limiting the number of varanid forms which were 
capable of making the invasion. Fossil varanid- 
like vertebrae are known from the Waite Forma¬ 
tion in the Northern Territory, which is generally 
considered late Miocene. Whereas the Varanidae 
occur in Africa, another Gondwana continent, 
the invasion must have been very recent as 
evidenced by the lack there of varanid fossils in 
the Miocene and Pliocene (Hoffstetter 1962). 

CONCLUSIONS 
The varanid lizard Megalania prisca Owen is 

known from the Pleistocene of southern Queens¬ 
land, western New South Wales and north-eastern 
South Australia. It was the largest terrestrial lizard, 
attaining a maximum body length of five m and 
two or three m tail length and an estimated 
maximum weight of about 600 kilograms. This 
genus developed various specializations associated 
with its large size such as reduction of cranial 
kinesis and changes in limb structure related to 
locomotory patterns. Megalania was probably the 
important predator of the large diprotodontid 
herbivores and giant ground birds of the Aus¬ 
tralian Pleistocene and became extinct along with 
this associated fauna. 
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DESCRIPTION OF PLATES 

Plate 17 

Fig. 1—Isolated tooth of Megalania prisca showing occlusal wear. From the Menindee canal, 
N.S.W. (AMNH 9015), X 6. 

Fig. 2—Isolated, unworn tooth of Megalania prisca, X 6. 

Fig. 3—Lower jaw of Megalania prisca (QM F6562) from the east Darling Downs, Queens¬ 
land. A. External view, x l/6th. 

Plate 18 

Fig. 1—Terminal phalanx of Megalania prisca (UCMVP 56420) from Coopers Creek, east 
Lake Eyre Basin, X 2. 

Fig. 2—-Terminal phalanx of the type of Varanus warburtonensis Seitz, X 3-1/3*. 
Fig. 3—Fifth metatarsal of Megalania prisca (AN F2208) from Kings Creek, east Darling 

Downs, Queensland, X 1-1/3. 
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SHORT COMMUNICATIONS 

A CHECK-LIST OF THE VASCULAR FLORA OF THE HOLEY PLAINS, 
GIPPSLAND, VICTORIA 

The check-list presented here lists the 490 vascular 
plant species (422 native and 68 alien) so far 
recorded for the area of Crown Land mapped by 
Thornley (1972) as the Holey Plains Block. This 
comprises 12,018 ha of uncleared low sandy hills 
immediately south of the Rosedale-Longford road. 
No detailed floristic lists from the area have hitherto 
been published; Thornley (1972) provides a short 
list of common plant species, as well as relevant 
climatic, soil and vegetation data. 

The list is based on five days’ field work in 
February 1972 (A.C.B.) and in 1973 included three 
days in March (A.C.B.), three days in May (G.W.C. 
and R.F.P.), one day in June (G.W.C.) and nine 
days in December (G.W.C.). It includes some un¬ 
published records of Mr. and Mrs. O. Thompson and 
J. Galbraith. Voucher specimens are held at the 
National Herbarium of Victoria (A.C.B.) and at the 
Botany Department Herbarium, La Trobe University 
(G.W.C. and R.F.P.). Plant nomenclature follows 
Willis (1970, 1972) unless otherwise stated. The list 
is divided into plant communities defined on the 
basis of the eucalypts present; for example the 
Eucalyptus viminalis community is defined as carry¬ 
ing more than 60% of E. vimthalis trees in the 
tree layer, while the E. bridgesiana-E. viminalis com¬ 
munity must have from 40-60% of both dominants. 

As a guide to the use of abundance categories, 
very common indicates that the species was seen in 
thousands, common that it was seen in hundreds, 
rare that it was seen in dozens, and very rare that 
it was seen in numbers of less than two dozen. 

The survey discovered what are likely to be new 
species of both Pomaderris and Prostanthera, the 
latter apparently known only from the Holey Plains. 
A new species of Helichrysum related to H. acumina¬ 

tum was found in Long Swamp. Prior to this, and a 
recent record from French Island, it was known only 
from five widely scattered records in far southwestern 
Victoria. All three taxa are so far undescribed. 
Typical herbarium specimens are as follow: Poma- 
derris—A. C. Beauglehole 38201 and 41615 (MEL); 
Prostanthera—A. C. Beauglehole 38191 (MEL); 
Helichrysum—G. W. Carr 1012 (La Trobe University 
Botany Department Herbarium). 

A.C.B. wishes to thank the Land Conservation 
Council of Victoria for financial support. 
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Note added in Proof: 

Field work in March 1974 has added the following 
species: *Cichorium intybus T18 roadside; Pultenaea 
pedunculata T18 community G; Astroloma pinifolium, 
Danthonia pupurascens, Eucalyptus aromaphloia all 
X10 community C. 

The Check-List (pp 252-270) 

vc = very common, c = common, r = rare, vr = very rare, * = naturalized alien, 
-f- = record of O. Thompson or J. Galbraith. 

T17, T18 and X10 are the grid rectangles of the Plant Survey Council of Victoria partly 
covered by the survey. 

Plant communities are shown as G r Eucalyptus globoidea; N =r E. nitida; EN = E. 
cephalocarpa-E. nitida; C = E. consideniana; E = cephalocarpa; BG = bridgesiana-E. 
globoidea; BV = E. bridgesiana-E. viminalis var. racemosa; V = E. viminalis var. racemosa\ 
S = Swamps; W = Watercourses; M = Merrimans Creek about 5-6 km east of Willung. 

J 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PL ANT COMI lUNn ry 

T17 T18 X10 G N EN C E BG BV V S W M 

Acacia armata X X X vr vr vr 

A. botry cephala X X c c 

A. brownii X vr 

A. dealbata X X r r Vc 

A. diffusa X X VC vr vr 

A. implexa X vr 

A. longifolia X r 

A. mearnsii X X X vr c vr vr 

A, melanoxylon X X X vr r vr r 

A. mucronata + X 

A. oxycedrus X X X VC VC r r 

A. striata X r 

A. 8uaveolen8 X X X VC VC vr VC 

A. verticellata X c 

Aaaena anserinifolia X X X vr r r 

Aaianthu8 caudatus + X 

A. exsertus X X c c 

A. reniformis X c c 

Aarotriahe serrulata X X X c r vr c r r r vr 

Adiantum ae thiopiaum X X r vc 

Agropyron saabrum X r 

Agro8ti8 avenacea X X X r vr c c r r 

*A. tenuis X X r c 

*Ailanthue altissima X (pi ne f ores t jv ist c >utsi de c rowr 1 lar id) 

*Aira caryophyllea X X X c vr c r r 

*A. praecox X r 

Ajuga au8trali8 X r 

Ali8ma plantago-aquatica X vr 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

TT7 T18 X10 G N EN C E BG BV ' V S W M 

Amperea xiphoolada X X X c VC C c c r r r 

Amphipogon etrictue X r c 

Amyema pendulum X X X vr r vr vr 

*Anagallie arvensis X X vr vr r 

Anguillaria dioioa + X 

AniQovogon avenaaeue X X X VC r r 

AAnthoxanthum odoratum X r 

Aotus eriooidee X r r 

Apalochlamya epeotabilie. X (firebreak vr) 

Asperula subeimplex X r 

*A8ter 8ubulatu8 X X vr r 

Aetroloma humifusum X X X c r vr c r r r r 

Astrotricha parvifolia X vr 

Bankaia marginata X X X VC VC VC c r r 

B. eerrata X X X VC VC vr c r vr c r r 

Baumea acuta X X c VC c c 

Baumea articulata X c 

B. gunnii X vr 

B. juncea X X X r 

B. rubiginosa X X c c 

B. te tragona X X c c c 

Billardiera 8candens X vr 

Blechnum minus X r 

B. nudum X vr r VC 

B. procerum X vr 

Boronia anemonifolia X X X VC c vr 

B. parviflora X r 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

T17 T18 X10 G N EN C E BG BV V S W M 

Boaeiaea oinerea X X X VC VC VC r r r 

B. heterophylla X X X c VC vr 

B. prostrata X X X r r r r r r 

Braohycome eoapiformis X c 

B. angustifolia + X 

Braohyloma daphnoides X X X c c vr c VC 

*Briza maxima X c 

*B. minor X r 

*Bromu.8 unioloides X r 

Brunonia australis X X X vr VC r 

Burohardia umbellata X X X r VC VC r r r r 

Bursaria epinosa X X vr r vr 

Caesia parviflora X X r r r vr 

Caladenia oarnea + X 

C. menziesii + X 

C. sp.+ X 

Caleana major X vr 

Calli8temon oitrinus X X vr 

*Callitriche sp. X vr vr 

Calochilu8 robert8onii v X 

Calorophus lateriflorus X VC c c 

Calytrix tetragona X c 

Carex appre88a X vr 

C. brevioulmis X X vr r vr r 

C. fa8oioulari8 X vr 

Ca88inea aouleata X X X r r r r r 

C. longifolia X X X vr vr vr vr 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

T17 T18 X10 G N EN C E BG BV V S W M 

Ca88ytha glabella X c c vr 

C, pubescens X vr 

Casuarina littoralis X X X vr vr r r vr 

C, paludosa X X c 

C. striata + X 

Cau8ti8 pentandra X X VC VC r r 

ACentaurium minus X X X r VC r C r c c c r 

*C, pulchellum X X X c vr r 

C. 8pioatum X vr vr 

Centella oordifolia X X X VC r c VC 

Centipeda ounninghamii X r 

C. minima X r r r r 

Centrolepis aristata X vr 

C, fa8cicularis X X c r 

C. 8trigo8a X X X VC c r r c 

AChamaecytisus X r 

proli feru8 

Chamae8cilla oorymbo8a f X 

Chenopodium pumilio X 
vr 

C• trigonon X 
vr 

Chiloglotti8 reflexa X X c r 

Choretrum pauciflorum X vr 

Chorisandra oymbaria X 
c 

*Chry8anthemum laaustve X (disturbed roadside just outside crown land) 

*C. leucanthemum X (disturbed roac lsid< 2 juS t ou tsic 3e ci rown land) 

ACir8ium vulgare X X X vr vr vr vr vr vr r r vr r 

Claytonia austvalasioa X 
r 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PI ANT COMMUNITY 

T17 T18 X10 G N EN C E BG BV V S W M 

Clematis aristata X X vr vr 

C. glycinoides + X 

Come8perma calymega X X c r vr 

C. de foliatum X X vr vr 

C, volubile X X vr vr 

AConyza bonarieneis X X X vr VC vr r vr c c vr r 

AC. canadensis X X vr vr r 

Coprosma quadrifida X X vr r 

Correa reflexa X X c c c 

Corybas diemenicus -h X 

C. sp. X vr 

Cotula australis X vr 

C. coronopifolia X vr 

Cra8pedia glauca + X 

Cra88ula helmsii X c 

C. 8ieberana r 

Cryptandra tomentosa X r r 

Crypto8tyli8 eubulata X X r r 

Cyathea au8tralis X vr 

Cymbonotu8 prei86ianu8 X r 

Cynodon dactylon X X r r 

Cynoglo88um suaveolens X X vr vr vr 

Cyno8uru8 echinatu8 X X r vr 

Cypevu8 eragro8ti8 X r 

Cyperus lucidus X c 

ADactyli8 glomevata X c 

Dama8onium minus X vr 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PU \NT COMMUNITY 

T17 T18 X10 G N EN C E BG BV V S W M 

Dampiera atvicta X X c c r r 

Danthonia geniculata X X X c c c c c c 

D. pallida X vr 

D. racemoea X X X r c r r c r 

D, semi annularis X X r 

D. setacea X X c VC c r r c c c 

D. sp. X X vr vr 

"Dauiesia latifolia X X vr vr vr vr vr 

Dsyeuxia quadriseta X X X r r r r r c c 

Dianella laevis X vr 

O. revoluta X X r vr r vr 

D. ta8manioa X r r 

Dichelachne orinita X X vr r 

D. sciurea X X r r 

Dichondra repens X X X r r r c c VC VC r r vc 

Dichopogon 8 trictus X r r 

Dicksonia antarctica X vr vr 

Dillwynia glaberrima X X X c VC VC r c r r 

D. sericea X X X r c VC vr r 

Dipodium punotatum X X X vr vr vr vr vr vr vr 

Diuris sp. X vr c 

Drosera auriculata X vr 

D. binata X r 

D. glanduligera X vr vr vr 

D. peltata X r 

D. planchonii X r 

D. pygmaea X X c c 

D. spathulata X X c VC c 

2?. whittakeri + X 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

- 

T17 T18 X10 G N EN C E BG B V V S W M 

Echinopogon ovatua X X r C 

*Ehrharta ereota X 

Eleooharia acuta X X r 

E. atricha X c 

E. gracilia X c 

E. aphacelata X X X c c 

Entolaaia marginata X X c r r 

Epacria impveaea X X X c VC VC VC c vr r r 

E. microphylla X r 

E. obtu8ifolia X r r 

Epilobium 

billardierianum X r 

E. cinereum X r r 

2, hirtigerum X X X vr r 

Evagvoatie brownii X X X vr r vr r r 

Eriocaulon acarioaum X (disturbed roadside just outside crown land) 

Eriochilua cucullatua X c c vr 

E ucalyptue bridgeaiana X X X vr VC VC r 

E. cephalooarpa X X X r VC VC c 

E. coneideniana X X X vr VC 

E. globoidea X X VC c c 

E. melliodova X vr vr 

E• nitida X X X r VC VC vr r r r vr 

E. obliqua X vr 

E. ovata X X X r vr vr r c r 

2. polyanthemoa X 

2, radiata X X X vr vr vr r c 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

T17 T18 X10 G N EN C E BG BV V S W M 

Euaalyptue sieberi X 

E. tereticorni8 X vr 

E. viminalis X c 

E. viminali8 

var, racemosa X X X r VC VC r vr 

*Euphorbia peplus X r 

Ezocarpos cupressiformis X X vr vr 

E. strictus X r 

*Foeniculum vulgare X vr 

Gahnia clarkei X c c 

G. radula X X X c VC VC c VC c 

G. sieberana X vr c 

Geranium potentilloides X r 

G. solanderi X X r 

Gleiohenia circinnata X vr c 

G. miorophylla X vr vr 

Glo88odia major X c c 

Glycine clandestina X X vr vr vr c 

* Gnaphalium candidissimu 71 X X X vr c c r r 

G. involucratum X X X c r r vr 

G• j aponicum X X X r VC r r r c c r r c 

G. luteo-album X X X r vr vr vr 

AG. purpureum X X X c vr r c vr 

Gompholobium huegelii X vr r 

G. latifolium X vr 

Goodenia humilis X X c c r 

G. paniculata X X X r VC r c VC c 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNIT Y 

T17 T18 XI0 G N EN C E BG BV V S W M 

Gratiola peruviana X X X r r r r r c 

Grevillea ohryeophaea X X r c vr vc 

Gynatrix pulahella X vr 

Hakea nodosa X X r r 

H, teretifolia X c 

H. ulicina -f X 

Haloragis micrantha X X X r c c c 

H. tetragyna X X X VC r r c r c c r 

H. teuorioidee X r r 

Hardenbergia violacea X X r vr r r 

Heliohry8um apiculatum + X 

H. dendroideum X X X vr vr vr vr 

H. leuoopsideum X r 

H. obtu8ifolium X r c vr 

H. rosmarinifolium X vr 

H. rutidolepis X c 

H. 8corpioide8 X X X r vr c 

H. semipappo8um X vr 

H. sp. nov. X r 

H. thyrsoideum X vr 

Hemarthria unoinata X X X r r r vc c 

Hibbertia aoicularis X X X r VC vc vr c r r c 

H. caly oina X vr r 

H. fa8oioulata X vr 

H. 8triota X X X c VC c vc r 

H. virgata X X X r r r r r 

Hi8tiopteri8 inoisa X vr 
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Check-List of Vascular Flora, Holey Plains 

SPECIES GRID PLANT COMMUNITY 

T17 T18 XI0 G N EN C E BG BV V S W M 

*HqIqus lanatu8 X X X r r VC r 

Hovea heterophylla X r r 

Hydrocotyle hirta X X c r 

II. laxi flora X X X r r c r r 

H. pterocarpa X VC 

H. 8ibthorpioide8 X X r c r c 

H. tripartita X c 

Hypericum gramineum X X X r vr vr r r r r r r 

H. japonicum X c 

*H. perforatum X r 

*Hypo choeris radicata X X X r VC r c r r c VC r c 

Hypolaena fastigiata X X X VC VC r 

Hypolepis rugosula X 
r 

H. sp. X 
VC 

Hypoxis hygrometrica X c 

Imperata cylindrica X X c VC r c r 

Indigofera australis X vr 

* Inula graveolen8 X 
r 

Isotoma fluviatili8 X 
r 

Juncus amabilis X X r r 

*j. articulatu8 X X X 
vr r 

J. bufoniu8 X X X c r r 

V. bulbosus X X 
vr 

J. filicauli8 X X X vr vr vr 

J. fockei 

J. holoschoenu8 X 

X 

X X 
r r r 

vr 
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Juncus pallidus X X X r r vr c r 

J. pauciflorus X vr r 

J. planifolius X X X c c VC r c 

J. proceru8 X X r 

J. sp. X X c C 

Kennedia prostrata X X X c r r c r r 

*Lactuoa serriola X r 

Lagenophora gracilis X X r r r r r c r 

L. stipitata X X r vr vr r r vr r 

Laxmannia 8e88iliflora X X X c r vr 

*Leontodon taraxacoides X X X r r r r r r r r r 

Lepidium hyssopifolium X vr 

Lepido8perma concavum X X VC VC c VC VC 

L. elatius + X vr 

L. filiforme X X r r 

L. laterale X X X vr r r 

L, longitudinale X X X VC c VC c 

Leptocarpu8 tenax X X VC VC 

Leptorhyncho8 linearis X vr 

Leptospermum juniperinum X X X r c c VC r r VC c 

L. lanigerum X r 

L. myr8inoide8 X X X VC VC vr VC 

L. phylicoide8 X X X vr vr vr VC VC VC r c 

Lepyrodia muelleri X X X r VC vr c VC r 

Leucopogon australis X r 

L. ericoides X X X VC VC C c r r 

L. virgatus X X X r VC VC c r r 

Lilaeopsis polyantha X X c c 
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Lindsay a linearis X X VC r c 

Linum marginals X vr 

Lobelia alata X X r r vr c 

L. pratioidee X r 

*Lolium perenne X r 

Lomandra filiformis X X X VC r c r r 

L. glauca X X c vr 

L. longifolia X X X c c c c c c c c c r 

Lomatia iliaifolia X X vr c 

*Lycium fero ciesimum X (in pine forest just outside crown land) 

Lycopodium laterale X r r 

Lyperanthu8 nigricans + X 

Lythrum hyssopifolia X X X r r 

Marianthu8 procumbens X X X r r r 

Mazus pumilio X c 

*Medicago lupulina X X vr vr 

*M. polymorpha X vr 

Melaleuca ericifolia X X r r c c 

M. 8quarro8a X X r c c 

Mentha australis X 
c 

Microlaena stipoides X X X c c r c c c r c r c 

Microseris scapigera X vr 

Microtis parviflora X (disturbed swamp j LISt O utsi de c :rowr lar id) 

M. uni folia X X X vr vr 

AModiola caroliniana X 
vr 

Monotooa scoparia X X X VC VC VC c r r 

Muellerina eucalyptoides X vr 
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*Myoeotie oaeopitosa X X 

Myriophyllum amphibium X r 

M, propinquum X X X r c r 

AOenothera X vr 

erythrosepala 

Olearia lirata X X vr vr vr vr vr 

0. myreinoides X vr vr 

0. phlogopappa X vr 

Operoularia varia X X X c VC r c r r vr 

Ottelia ovalifolia + X vr 

0xali8 aorniculata X X X r r r vr r 

Paraoaleana minor X r 

(R.Br.) D. Blaxell 

AParentucellia latifolia X vr 

APaspalum dilatatum X X r r 

P. pa8paloide8 X X r c 

Patersonia fragili8 X c vr 

P. longiscapa X r c 

Pelargonium australe X vr 

APennieetum olandestinum X X c r 

Pentapogon quadrifidus X vr 

Per80onia juniperina + X 

Phragmite8 auetralis X X r c VC 

Phyllanthu8 hirtellus X X VC r VC VC 

APhytolaooa ootandra X 
r 

Pimelea humilis X X X c r vr VC c r r 

P. 1ini folia X X r vr vr 

APlantago ooronopus X X X c c 
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plantago debilis X r 

*p, lanceolata X X X r c 

p. varia X vr 

platylobium formoeum X r c r 

p. obtu8angiilum X X X VC c VC VC r 

platysaoe heterophylla + X 

p. lanceolata X r 

poa clelandii X c r 

p. labillardieri X vr vc 

p. sieberana X X X c c c c c r c r 

Polygonum hydropiper X vr 

p. lapathi folium X c 

p. minus X r 

*polypogon monspeliensis X vr 

Polystichum proliferum X vr 

Pomaderris aspera X r 

p. racemosa X vr 

p. sp. nov. X r 

pomax umbellata + X 

Poranthera microphylla X X X c r r r vr r 

Potamogeton tricarinatus X X r 

Prostanthera sp. nov. X r vr vr 

Prunella vulgaris X r vr 

Pteridium esculentum X X X VC VC VC vc r vc vc c 

Ptero8tylie acuminata (?] 
X (dii sturb ed s wamp just outside crown land) 

P. alata X c 

P. curta + X 
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Pteroetyli8 falcata X r 

P. longifolia + X 

P. nana X r c 

P. nutans X r 

P. parviflora X c vr 
4 

P. pedunculata + X 

P. revoluta X vr c 

Pultenaea dentata X X r 

P. humili8 X X r 

P. paleaaea X c c 

P. retu8a X vr vr c 

^Ranunculus repens X r 

R. rivularis X c 

R. sp. r 

Reetio tetraphyllu8 X r c c 

Ricinocarpus pinifolius X X VC VC 

*Romulea rosea X r 

Rorippa islandioa X r 

Rubus parvifolius X X vr r 

*Rubu8 prooeru8 X X vr vr 

Rulingia prostrata X r 

*Rumex aoetosella XXX VC r 

R. brownii X 

AR. conglomeratu.8 X r 

*R• criepu8 X r 

*R. obtu8ifoliu8 X r 

*R. pulcher X r 
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Saaevola hookeri X X r VC 

S. vamo8i88ima X vr vr 

Sohizaea asperula X r vr 

Sohoenus apogon X X X r r c 

S. bvevifoliu8 X X X VC VC c VC 

S. maschalinus X X c c r 

S. tenui88imus X c r r r 

S. tesquorum X X r c 

Soirpus antaroticu.8 X r vr 

S. cernuus X vr 

S. fluitans X r 

S. inundatu8 X X X r c c c c c 

S. nodo8U8 X vr c r c 

S. platycarpus X vr 

Selaginella gracillima X r 

5. uligino8a X X X c c VC VC 

Selliera radioans + X c 

Senecio biserratu.8 X vr 

S. glomeratu.8 X X X r vr r vr 

S. hi8pidulu8 X X X r r r r r r vr 

*S. jaoobaea X X X vr vr vr c r c 

S. lautus X X vr c r 

S. minimus X X X r vr r r 

S, quadridentatue X X X r vr r 

*Setavia geniculata X X r vr r 

*Silene gallioa X vr 

*Si8yrinchium 

iridifolium 

X X r vr 
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* Solarium nigrum X X X vr vr r vr 

5olenogyne bellioidee X vr 

*Sonohu8 a8per X X vr vr vr vr 

*S. oleraceus vr 

Sowerbaea junoea X vr 

Sparganium ramosum X r 

Spergularia rubra X vr 

Sphaerolobium vimineum X r vr 

Spiranthe8 sinensis X (disturbed area) 

*Sporobolu8 capensis X X r c 

Sprengelia incarnata X X VC c r 

Stackhousia monogyna X r r vr 

Stellaria pungens X X r c 

Stioherus sp. ♦ X 

Stipa hemipogon X X X c c r c r r 

S. nervosa X r 

S, pubescens X r 

S, semibarbata X r 

S' sp. X r 

Stylidium graminifolium X r vr 

Stypandra caeepitosa X X c 

Tetratheaa pilosa X X c VC r r 

Thelymitra pauciflora X vr vr 

T' rubra + X 

Themeda australis X X X r r c r c 

Thy8anotus patereonii X r vr c 

T, tuberosus X vr 
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Trachymene anieooarpa + X 

Tricoryne elatior X X X vr vr vr vr 

*Trifolium anguetifolium X X vr vr 

*T. repens X X r r r 

Trigloohin striata X c r 

Typha sp. X X r 

*Ulex europaeus X vr 

Vrtica inciea X vr 

Utrioularia diohotoma X X c VC c 

U. lateriflora X c c 

Veronica calyoina X X r r r 

V. plebeia X X vr vr r vr 

Villar8ia exaltata X X vr VC VC 

V. reniformis X X r c r 

Viminaria juncea X r 

*Vinca major X r 

Viola hederacea X X X vr c r c c VC 

AVulpia bromoides X X vr vr r vr 

*V. myuro8 X vr 

Wahlenbergia graoilenta X c 

V. gymnoclada X r 

quadrifida X X X r c r r r r 

striata X X X c r r r vr 

tadgellii X X X vr r r 

Xanthorrhoea australis X c 

X• minor X X X r c r c c c r r r 

Xantho8ia dissecta X X r r 
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Xantho8ia pilosa + 

Xyris graoilis 

X. operculata 

Zieria veronicea + 

X 

XXX 

X (r€ score 

r 

i not on 

VC 

crov m la nd) 

c c 

r 
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ABRIDGED REPORT OF THE COUNCIL 
FOR THE YEAR ENDING 14 MARCH, 1974 

MEETINGS AND LECTURES 
March 8—Medal Lecture: An Australian Syndrome. 

The Aboriginal Australian Political Systems. 

Professor C. D. Rowley. 
April 12—Presidential Address: Science in Conserva¬ 

tion. Mr. A. Dunbavin Butcher. 
May 10—The Evolution of Australia's unique Flora 

and Fauna in relation to Continental Drift. Mr. 

E. D. Gill. 
June 14—Examinations, Schools and Society. Mr. 

T. H. Timpson. 
July 12—Some aspects of the Anglo-Australian Tele¬ 

scope. Mr. H. Wehner. 
August 9—The Application of Scientific Research to 

the Management of Fisheries. Mr. M. J. Sanders. 
September 13—Symposium: The Urban Environment 

and Life. Mr. B. H. McNeill, Mr. D. G. D. 
Yencken, Professor H. C. Robertson, Dr. D. M. 
Churchill, Mr. J. Patching and Mr. G. A. Kauf- 
mann. 

October 11—Problems of Decentralization. Mr. J. J. 
Bayly. 

November 8—Soiree: Cave Art in Central Australia. 
Mr. A. L. West. Exhibits were contributed by 
Geology Department, University of Melbourne; 
Botany Department and Zoology Department, 
Monash University; National Museum; Science 
Museum; Fisheries and Wildlife Division, Minis¬ 
try for Conservation; ICI Australia Ltd. 

December 13—Research Reports: The age of the 

Grampians. Dr. D. Spencer-Jones; The Use of 
Fluorescent Tracers in the Study of Ants. Mr. P. 
Christy; The Bacchus Marsh Fossils. Mr. T. A. 
Darragh. 

MEMBERSHIP 

At 1st January 1974 membership was: Honorary 
Life Members 3, Life Members 35, Members 518, 
Associates 71. Total, 627. 

Council recorded with regret the deaths of Dr. I. C. 
Cookson (Life Member), Mr. M. Harrison, Mr. H. G. 
Byron Moore and Mr. R. B. Paton. 

Isabel Clifton Cookson, DSc, was born on 
Christmas Day 1893 in Melbourne, Victoria, and 
died on 1st July 1973. She spent her life in botanical 
research and mastered two important palaeobotanical 
fields, (1) Siluro-Devonian land plants and (2) Meso¬ 
zoic and Cainozoic pollen, spores and micro-plankton. 
Alone or in collaboration, she published 86 scientific 
papers. Dr. Cookson was Leader of the Pollen Re¬ 
search Unit in the University of Melbourne. She was 
invited to lecture at the opening of the Berbal Sahni 
Institute for Palaeobotany in India and was a Cor¬ 
responding Member of the Botanical Society of 
America. An ANZAAS Symposium was conducted 
in her honour at the 1971 Brisbane Congress. 

Council congratulates Professor J. S. Turner, OBE, 
who was honoured by Her Majesty the Queen at the 
New Year, and Mr. E. D. Gill, who was awarded the 
Australian Natural History Medallion for 1973. 

RESEARCH MEDAL 
Two Medals were awarded for 1973 in Category A 

Natural Sciences: to Dr. D. Metcalf, Head of the 
Cancer Research Unit, Walter and Eliza Hall Institute, 
Melbourne, and to Mr. J. H. Willis, formerly Senior 
Botanist at the National Herbarium, Melbourne. 

PROCEEDINGS 
During the year the Society published Volume 85, 

Part 2, of ‘Proceedings’ at a cost of $8624 and 
Volume 86, Part 1, at a cost of $5610. Council 
acknowledges with gratitude grants towards the cost 
of publication from the Government of Victoria, the 
University of Melbourne, the Australian National 
University, the Division of Fisheries and Wildlife, 
and Esso Australia Ltd. 

LIBRARY 
2421 volumes and parts were received during the 

year. 76 volumes were bound at a cost of $342. 416 
items were borrowed from the Library. 

HALL 
In addition to the Society and the Royal College 

of Obstetricians and Gynaecologists, 24 professional 
and other bodies held 90 meetings on the premises. 
Sound-reinforcing equipment has been installed in the 
Lecture Hall. The entrance hall, Supper Room and 
first floor stack room were redecorated at a cost of 
$749, and the exterior of the building was repainted 
at a cost of $2443. 

FINANCIAL STATEMENT 
Mainly on account of costs of publications and of 

redecoration of the Hall, referred to above, the 
Society’s reserves have been depleted by $8000, of 
which $1500 will be recovered from the Royal College 
of Obstetricians and Gynaecologists. Subscriptions 
have been increased to $12 per annum for Members. 

ACKNOWLEDGMENTS 
Council, on behalf of the Society, expresses its 

thanks to the many persons and organizations who 
have given valuable assistance during the year, includ¬ 
ing Mr. H. G. Stevens, Honorary Auditor, Sir Ian 
Potter, Honorary Financial Adviser; Mr. Leigh Masel, 
Honorary Solicitor; Mr. F. Suendermann on behalf of 
Sir Roy Grounds, Honorary Architect; ICI Australia 
Ltd.; the Parks, Gardens and Recreation Department 
of the Melbourne City Council and Mr. and Mrs. 
A. Sadik. 

R. R. BLACKWOOD, 
President. 
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INSTRUCTIONS TO AUTHORS 

Detailed lists of these Instructions are available from the Executive Officer. The following 
is an abbreviated version only. 

Papers considered for publication may be Reviews, 
Reports of experimental or descriptive research, or 
Short Communications. Length of Papers may vary; 
Short Communications should not be longer than 
1,500 words. 

Two copies of the manuscript, with any accom¬ 
panying Plates and Figures, should be submitted 
initially to the Executive Officer at the Society’s Hall, 
9 Victoria Street, Melbourne, 3000. 

Manuscripts must be typed on quarto paper, double¬ 
spaced, on one side of paper only, and with ample 
margins. Captions to Text Figures and Explanations of 
Plates must be attached to the Ms as final pages. 
Underlining should be restricted to generic and specific 
names of biological taxa. Measurements must be 
expressed in the metric system (SI units). 

References should be listed alphabetically at the end 
of the paper. Abbreviations of titles of periodicals 
must conform with those in A World List of Scien¬ 
tific Periodicals (1963-4, 4th ed., London, Butter- 
worth). References to books should give the year of 
publication, number of edition, city of publication, 
name of publisher. Titles of books and (abbreviated) 
names of periodicals should be underlined, in the 
typed list of references. 

Maximum size for Plates is 15 0 cm x 19*5 cm. 
Photographs must have clear definition and may be 
submitted as either glossy or flat prints, at actual size 
for reproduction. Each Plate (photograph) must be 
mounted on white card to furnish a white surround 
of at least 5 cm, and the Plate number clearly labelled 
on back of card. 

Line drawing for Text Figures should be made in 
black ink on white card or drawing linen. Maximum 
size (full page) is 15-0 cm x 19*6 cm: single column 
width 71 cm. Figures are preferably submitted at 
actual size: they may well be drawn larger and photo¬ 
graphed by the author to be submitted as glossy prints 
of required size. Graphic scales must be included with 
the drawings, and on maps and geographical plan 
views, compass directions should be indicated. Letter¬ 
ing on Figures must be inserted by the author, and 
special care is needed to ensure that all letters and 
numerals are still readable when the Figure is re¬ 
duced. 

Oversized illustrations, tables or maps are accepted 
for publication as Foldouts only with the under¬ 
standing that the author meet any additional costs 
involved in their production. Maximum size for Fold- 
outs is 19-6 cm x 31*5 cm. 

Short Tables will be type-set within the text. 
Extensive Tables which are likely to cover one page 
of print should be typed, on an electric typewriter to 
ensure clarity and evenness, within the dimensions 
27-9 cm x 22*5 cm. They should then be photo¬ 
graphed to reduce them to full page size, 15 0 cm 
x 19*6 cm, and submitted as glossy prints. They will 
be reproduced on metal, not type-set, and hence must 
be finally correct when submitted, since they cannot 
be corrected at the proof stage. 

The Society supplies authors with 25 Reprints 
free of charge; joint authors receive a total of 30. 
Additional reprints may be ordered by returning the 
order blank which accompanies the galley proofs. 

Honorary Editor: 

Professor J. W. Warren, 
Department of Zoology, 
Monash University, 
Clayton, Victoria 3168. 

Assistant Editor: 

Mrs. G. Matthaei, 
Department of Geology, 
University of Melbourne, 
Parkville, Victoria 3052. 

Honorary Research Secretary 

Professor M. J. Canny, 
Department of Botany, 
Monash University, 
Clayton, Victoria 3168. 

Executive Officer: 

Dr. R. R. Garran, 
Royal Society’s Hall, 
9 Victoria Street, 
Melbourne, Victoria 3000. 
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SYMPOSIA 

Papers presented at Regional and other Symposia organized by the 
Royal Society of Victoria have been printed in its Proceedings and 
are available as follows: 

THE VICTORIAN HIGH PLAINS. Included in Vol. 75, Part 2, 
1962, $6.25 per copy. 

THE BASALT PLAINS OF WESTERN VICTORIA. Included in 
Vol. 77, Part 2, 1964. $6.25 per copy. 

THE VICTORIAN MALLEE. Included in Vol. 79, Part 2, 1966. 
$6.25 per copy. 

EAST GIPPSLAND SYMPOSIUM. Vol. 82, Part 1, 1969. $5.00 
per copy. 

THE AQUATIC ENVIRONMENT AND MAN. Included in Vol. 
83, Part 1, 1969. $5.00 per copy. 

WEST GIPPSLAND SYMPOSIUM. Reprinted from Vol. 84, Part 
1, 1969. 80 cents per copy. 

BASS STRAIT SYMPOSIUM. Reprinted from Vol. 85, Part 2, 
1973. $2.50 per copy. 

Also 

BIBLIOGRAPHY OF BASS STRAIT, 1797-1971 . . . Part of the 
Bass Strait Symposium. Includes map. 50 cents per copy. 

All from The Executive Officer, 
Royal Society of Victoria, 
Royal Society’s Hall, 
9 Victoria Street, 
Melbourne, Victoria 3000. 
Australia. 



Establishment of the Royal Society of Victoria 

The Publications of the Royal Society of Victoria and of the 
Societies amalgamated with it 

Victorian Institute for the Advancement of Science 

Transactions and Proceedings, Vol. 1, 1854/55. 

Philosophical Society of 
Victoria 

Transactions, Vol. 1, 1854/55. 

These two Societies then amalgamated and became— 

Philosophical Institute of Victoria 

Transactions, Vol. 1-4, 1854/56-1859. 

The Society then became— 
Royal Society of Victoria 

Transactions and Proceedings (Vol. 5, entitled Transactions), Vol. 5-24, 1860-1887. 

Transactions, Vol. 1, 2, 3 (Pt 1 only was published), 4, 5 (Pt 1 only), 6, 1888-1914. 

Proceedings (New Series), Vol. 1-82, 1888-1969. 

Proceedings, Vol. 83,... . 1969 • • • • 
(“New Series" deleted from Title Page) 

Microscopical Society of 
Victoria 

Journal (Vol. 1, Pt 1, entitled Quarterly Journal), Vol. 1 (Pt l to 4), 2 (Pt 1), title page 
and index [all published], 1879-82. 

[The Society then combined with the Royal Society of Victoria] 

Note—Most of the volumes published before 1890 are out of print. 

Vol. 46, Part II, contains an author index of the Royal Society of Victoria and of the 
Societies amalgamated with it from 1855-1934. 

Vol. 73 contains an author index of the Proceedings of the Royal Society of Victoria, 
Vol. 47 (1934/5 )-70 (1958). 

Vol. 84, Part 2, contains an author index of the Proceedings of the Royal Society of 
Victoria, Vol. 71 (1959)-84 (1971). 
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Morphology of Western Port Bay 
PRELIMINARY EDITION 

87, art. 11, Marsden and Mallett, Fig. 2 
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Mud Distribution 
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Hastings 

FRENCH ISLAND 

Watsons 

Outline approximates outer 
limit of mangrove zone or 
beach. 

PHILLIP ISLAND 

Salt marsh 

OFFSHORE BANKS AND SHOALS 
Channel Crawfish Rk 

Sandy banks and sheets, usually no grass, 
subtidal. Bed forms shown \/j}\ 

Oc, but with thin or impersistent grass 

Oc, but with thick grass 

Sandy banks and sheets, smooth, usually 
ungrassed, intertidal zone. 

Submerged banks and shoals marginal to Os 
and tidal flats, usually grass-free. 

Od, but grassed 

Mangrove 

Reclaimed foreshore, dredge spoil 

Wave-cut platforms - some with cover of Si (Si/P) 

Beaches and other sandy areas : some developed 
by mangrove and salt marsh clearing 

Sand ridges - includes intertidal ridges, leg. Barrilliar Is. 
and beach ridges (eg. Tortoise Head) 

INSHORE MARGINAL SANDY ZONE 

General symbol for undifferentiated areas. 
Note: This symbol also includes INLETS, as a_ 
modification of this zone. Bed forms shown EH 

Areas of reticulate surface drainage patterns (including 
natural groyne patterns, Lang Lang Beach) 

Areas strongly modified by LONGSHORE SEDIMENT DRIFT 
(Cowes Bank) 

Areas modified by sediment INFLUX from rivers (drains) 
forming fans and deltas. 

Bass Delta - inner sandy zone 

Bass Delta - outer muddy zone 

TIDAL FLATS 
Scrub Pt. Tidal flats, thinly or impersistently grassed 

Tidal flats, heavily grassed 

Zones of eroded fossil shell beds 

Inside 

CHANNEL DEPOSITS 

Channel bar sands, generally ebb-flow deposits 
associated with channel junctions. 

Overwash sands on tidal flat margins, derived 
by flood tide flow from channels 

Co, but grassed and inactive 

Compiled by 
C.W. Mallett, Department of Geology, University of Melbourne, 

on the basis of ; 
t9 .Mf-PDLE 

Palmer Pt 

Aerial Photography 

Colour 1.15,000 

Black and white 1.15,000 

Black and white 1 :50.000 

Colour 1:15,000 - poor water penetration 

Area of detailed ground mapping 

Tg 
Hastings Bight 

Channel morphology is not shown, as the approximate photo-interpretation 

limit is 2 fathoms 
Sandstc 

Numbered lines indicate lOOOmetre Transverse Mercator Grid, based on 

R A.S.C and Victorian Department of Crown Lands and Survey map sheets. 

NOTE: Photo-interpretation was not controlled. All boundaries are approximate 

and should not be used for navigation. 

■ 6.— Bathymetic contours based on soundings from Admiralty Chart No. Aus. 149Y 
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