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PREFACE

This issue of the Western Australian Year Book is the seventh of a new series. The old series, originally
published for the year 1886 and discontinued in 1905, developed from the Blue Books of the Colonial
Office, London, which contain the early statistical records of Western Australia.

The aim of the Year Book is to provide a general description of the State of Western Australia and its
development, in terms of its geography, climate and geology, the plants and trees which grow on its surface,
its animal life, and the activities and social patterns of its people in relation to this physical environment.
Ample use has been made of statistical tables to supplement the descriptive text and to give a numerical
account of what has been happening in the several fields of production, trade and commerce, population
and social condition, the functions of government, and so on. A list of illustrations, in the form of plates,
graphs and maps, and a synopsis of the contents are given in the opening pages.

The statistical tables in this issue relate in the main to periods ended the 30th June, or the 31st Decem-
ber, 1966 and, in general, were the latest available at the time the manuscript was prepared. Because
of the time required for editing and printing the Year Book, later data on a particular topic will often
be available in mimeographed publications or on request from the appropriate section of this Office.
The descriptive text has been taken forward, wherever possible, to the 31st December, 1967 and incorpor-
ates the effect of 1967 Commonwealth and State legislation or administrative decisions. In some in-
stances, the most recent developments have been included in the Appendiz which also contains a selec-
tion of such information from the 1966 Census as was available at the time of printing.

A wide range of current statistics is available in the periodical publications produced by this Office
in printed or mimeographed form, and listed at the back of the Book, as well as in the various publications
issued by the Commonweaith Statistician, Canberra and by the Deputy Commonwealth Statisticians in
other States. Many of the statistical tables in the Year Book have been adapted from information
appearing in the several Parts of the Statistical Register of Western Australia, to which reference should
be made if more detail is required.

My thanks are again expressed to the many government officials and others who willingly collaborated
in the preparation of letterpress or in the review of existing matter, to BP in Western Australia, Golds-
worthy Mining Limited, Western Mining Corporation Limited, Westralian Farmers Co-operative Ltd,
Paul Pearson and Associates, the Australian National Shipping Commission, The Western Australian
Art Gallery, the Library Board of Western Australia, the Main Roads Department, the Department
of Industrial Development, the Department of Mines, The Rural and Industries Bank of Western Aus-
tralia, the State Electricity Commission and the Fremantle Port Authority for the loan of blocks used
in some of the illustrations, and to the Government Printer and his staff for their continuing interest in
the work and for assistance and advice freely given at all times.

The authors of the articles appearing in Chapters I and II are especially thanked for contributions
of new material and for their ready co-operation in revising the earlier text of Chapter IT.

I wish to pay particular tribute to the Editor of Publications, Mr. J. E. Gowdy, B.Ec. (Hons}), who
prepared various sections of the Year Book and edited the remainder.

The reader’s attention is drawn to the intormation service and library facilities provided by this Office,
where all publications of the Bureau of Census and Statistics are available for reference. Business men,
manufacturers, primary producers, government authorities, students and the public generally are invited
to make full use of these services,

In the preparation of the Year Book, every care has been taken to ensure that the statistical and
other material is free from error. Limitations of space restrict the range of contents or amount of detail
that can be included in this publication but I shall be grateful to those who will be kind enough to make
suggestions for improvement.

Readers requiring the main statistical information of the Year Book in a concise form are referred
to the Western Australian Pocket Year Book.

F. W. SAYER
Deputy Commonwealth Statistician
and
Government Statistician
Commonwealth Bureau of Census and Statistics
Western Australian Office
PERTH, W.A.
22nd April, 1968
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CHAPTER 1-DISCOVERY, COLONIZATION AND
DEVELOPMENT

WESTERN AUSTRALIA-AN HISTORICAL SURVEY

Contributed by
B. K. de Garis, M.A. (W.A.), D. Phil. (Ozon.)
(Lecturer tn History, University of Western Australia)

The earliest inhabitants of Western Australia were the people now known as the Australian Aborigines,
a brown-skinned people of medium height and slender build, who migrated to Australia from Southern
Asia at least 20,000 years ago. In the absence of animals suitable for domestication or grasses suitable
for cultivation, the Aborigines remained a nomadic people dependent on hunting and food collecting
and with simple but effective implements made of stone, bone or wood. Nevertheless they had achieved
a delicate balance with an extremely harsh environment, and the limitations of their technology were
compensated for by an extremely complex and satisfying religious and cultural life.

For many thousands of years the Aborigines ocoupied Australia in tranquil isolation from the rest
of the world. It is likely that Indonesian fishermen and traders, and perhaps some Malays and Chinese,
occasionally visited some parts of the continent including the Kimberley coast, but their influence cannot
have penetrated far inland. To the developing civilization in Europe, Australia remained a complete
mystery ; a hypothetical Great South Land was often drawn in at the bottom of maps of the world,
but there was no real evidence for its existence. By the sixteenth century, however, the improvement
of shipbuilding and navigational techniques enabled Portuguese and Spanish sailors to explore the Pacific
and come close to the north-east coast of Australia. The long period of isolation was nearing an end.

The first Europeans definitely known to have visited the shores of Western Australia were the crew
of the tiny Dutch sailing ship, ““Eendracht”, which in October 1616 explored the area now called Shark
Bay. We can speak with certainty about the visit of the *“ Eendracht ** because its skipper, Dirk Hartog,
left behind a pewter dish fixed to a pole and inscribed with the details of the incident. It is possible
that other European sailors had reached Western Australia before 1616 ; indeed there are tantalising
fragments of evidemce which suggest this, but Hartog and the * Eendracht” remain the earliest
authenticated visitors.

From 1616 onwards, however, Dutch vessels touched on the Western Australian coastline in rapid
succession, some, such as the *“ Batavia *’ in 1629 and the  Vergulden Draeck * in 1656, being wrecked
there. All of these visits were largely accidental, being brought about by the strong westerly winds
which blew ships engaged in the thriving trade between Holland and the East Indies off their course.
One exception to this rule was the visit in 1644 of Abel Tasman, who was sent by the authorities of the
Dutch East India Company to explore the north and north-west coasts of the new land about which reports
were constantly being received. Tasman named the western end of the continent * New Holland ”,
but like all the other early visitors he was not very impressed by what he saw of the arid terrain and
its aboriginal inhabitants. Thus although the Dutch had pieced together quite a lot of information about
Western Australia by the mid-seventeenth century, they showed no interest in further exploration or
settlement.

The first British ship to reach Western Australia was almost certainly the ¢ Trial ”’, which in May,
1621 was wrecked in the vicinity of the Montebello Islands. Two boatloads of the survivors made their
way to Batavia. There wasno further British activity in the area until 1688 when a group of buccaneers
in the *“ Cygnet » spent some time on the north-west coast, beaching their vessels for repairs in King
Sound. One of these men was William Dampier, who subsequently published an account of “ New
Holland ” in a volume called New Voyage Around the World which attracted a great deal of attention.
The British Government was stirred into outfitting the ‘ Roebuck "’ and commissioning Dampier to
make a further voyage of exploration. In 1699 Dampier again visited the north-west coast of Australia,
from Shark Bay to the Dampier Archipelago, and kept a careful record of all that he saw. On both
ococasions Dampier, like the Dutch, formed an unfavourable impression of “ New Holland ”, which he
described as dry, sandy, and unsuitable for agriculture. * The inhabitants of this country > Dampier
described as *“ the miserablest people in the world ”’, and he held out little hope of profitable trade with
them. Such eomments did not encourage governments to spend further money on investigation, and
for another one hundred years there was little activity off the west coast.

2748—(2)
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In the meantime, Captain James Cook in the “ Endeavour * had in 1770 discovered the east coast
of Australia, and his reports about it were much more favourable than those of earlier sailors about the
north and west coasts. Cook formally claimed the eastern portion of “ New Holland  for the British
Crown and named it *“ New South Wales . Thus it came about a few years later that the British Govern-
ment, no longer able to send convicts to a newly-independent America and with gaols bursting at the
seams, decided to make New South Wales the site for a new penal colony.

In January, 1788, Captain Arthur Phillip arrived at Sydney Cove with a party of convicts and marines
and the European occupation of Australia had begun, though it was some time yet before Western
Australia was colonized, for Phillip’s commission as first Governor of New South Wales gave him authority
over little more than half the continent. In 1825 Governor Darling’s commission was extended beyond
that of his predecessors to cover two-thirds of the country, but the western third remained unclaimed
territory. However, the colonization of New South Wales had provided a base for more detailed
exploration of Australian coastal waters and by the 1820s the western coast had been extensively charted
by two enterprising British naval officers, Matthew Flinders and Philip Parker King, and by French
navigators such as Baudin, Hamelin, and Freycinet.

The interest being shown in ‘“ New Holland ” by the French alarmed the British Government
slightly, and although the area was still not formally claimed for Britain a small military garrison under
the command of Major Edmund Lockyer was sent from Sydney to keep out * trespassers . On Christmas
Day, 1826 Lockyer and his party arrived at the majestic anchorage of King George Sound ; the tiny and
isolated outpost they established there was the first British settlement in Western Australia. This was
not intended to be a permanent settlement, but before its abandonment in 1831 a full-scale colony was
established several hundred miles up the west coast.

THE SWAN RIVER COLONY

The British authorities were reluctant to add the trouble and expense of a new and remote colony
to their already vast imperial responsibilities, but their hand was forced by a combination of pressures.
A naval officer named James Stirling, who was in Australian waters in 1826-27 in command of H.M.S.
““ Success ”, secured permission from Governor Darling to visit the west coast. In March, 1827 Stirling
spent a fortnight examining the Swan River area, hitherto better known to the Dutch and French than
to the British. His report, and that of the New South Wales Government Botanist who accompanied
him, spoke in glowing terms about the desirability of establishing a permanent settlement on the Swan,
and Stirling offered to lead a party for this purpose. Governor Darling was easily persuaded to endorse
the proposal but the British Government firmly rejected it and the scheme might well have ended there
had Stirling not been invalided back to London in 1828. Once he had recovered from his illness Stirling
lost no time in seeking support for his plan for a Swan River colony, and he soon aroused the interest
of a syndicate of capitalists who were prepared to invest large sums there. Stirling’s frequent visits to
the Colonial Office, together with his evidence that there was considerable public support for a new colony
and recurrent rumours that the French still had designs upon “ New Holland »*, at last overcame official
reluctance.

In November, 1828 Captain Fremantle was despatched in H.M.S. * Challenger ” to take formal
possession of the western third of the Australian continent, and this he did on the 2nd May, 1829. In
the meantime the Colonial Office had announced that a colony was to be established at the Swan River
with Captain Stirling as its first Lieutenant-Governor and that all settlers who arrived there before the
end of 1830 would be granted one acre of land for every one-and-sixpence worth of capital, stock or equip-
ment they took with them, with a further two hundred acres for every labourer they took. These grants
were to be absolutely free provided that the land was developed within ten years of arrival, though the
settlers had of course to meet the expense of transporting themselves, their families and their servants
to the colony.

These were remarkably favourable terms and they caused a great deal of excitement in an England
where social status was still largely dependent on landownership and where land was increasingly difficult
to obtain, The Colonial Office was bombarded with enquiries about the proposed colony and there were
references in the press to *“ Swan River Mania . Many of the enquirers ultimately stayed at home, or
went elsewhere, but there was no shortage of those who decided to throw in their lot with the new colony.
Perhaps the most famous of the early colonists was Thomas Peel, son of a wealthy Manchester manu-
facturer and merchant, and cousin of the Tory Prime Minister, Sir Robert Peel. Peel was promised no
less than 250,000 acres of land on the south bank of the Swan in return for taking out 450 workmen and
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sinking his fortune of at least £20,000 in the Colony. Many of the other colonists were ex-naval or
military men who could not afford to bring up families in England on the half-pay to which they had been
retired after the Napoleonic wars. Others were younger children of the minor gentry and clergy with
small expectations at home, or merchants who had amassed a modest fortune and wished to take up
land. Such people were attracted by the Swan River scheme not only by the cheap land but because,
unlike New South Wales, this was to be a colony for free men and free men only.

Captain Stirling set sail for the colony in the transport ship ‘ Parmelia ”, which was accompanied
by H.M.8. “Sulphur” bearing a detachment of troops under the command of Captain F., C. Irwin. Other
officials in the party were J. S. Roe, who was to be Surveyor-General and Peter Brown, the Colonial
Secretary. The Colonial Chaplain, Rev. J. B. Wittenoom, followed a few months later. The ¢ Parmelia
arrived off Rottnest Island on the 1lst June, 1829, followed by the ‘‘ Sulphur ”’ a week later, and on the
18th June, 1829 a Proclamation was read and the colony officially came into being. However, wet
and wintry weather conditions kept the shiploads of settlers who began to arrive, huddled in tents on
Garden Island. The name “ Fremantle ” was bestowed on a site at the mouth of the Swan River and
this was then proclaimed to be the port of the colony. The choice of a capital was more difficult and
several sites were toyed with before a spot at the foot of Mount Eliza, twelve miles up river, was selected.
The name “ Perth » was given to the capital, this being the shire represented in the House of Commons
by the Secretary of State for Colonies, and the new town was founded on the 12th August, 1829, with
the ceremonial felling of a tree.

The colonists now began to move up to Perth from Garden Island, and by the end of 1829 most

of the central blocks had been allocated and occupied. The number of settlers built up with embarrassing
speed for twenty-five ships had arrived between June and December and by the end of 1831 the per-
manent population had reached 1,600. The surveyors could not keep pace with the spate of new arrivals
clamouring for immediate land grants, so that the land was occupied most haphazardly and grants
allocated with little knowledge of its quality.
" In the first instance exploration and settlement was to the south of Perth. Onee the land up the
river to Guildford had been taken, small settlements were made down the coast at Bunbury and Augusta
and on the Vasse River. A party from Perth visited the military outpost at King George Sound, and after
that garrison was withdrawn to Sydney in 1831 the area was renamed the Plantagenet District with
Albany as its town, and settled by intending farmers. Albany was also important to the infant colony
as g port, for it had much better harbour than Fremantle and it was also closer to the main shipping route
to Sydney. For much of the nineteenth century therefore, most overseas vessels called at Albany and
goods and mail were then carried to Perth either overland or in small coastal packets. Another party
led by Ensign Hay at length crossed the Darling Range and found good land in the York-Northam-
Beverley district and after Stirling had verified this for himself settlement was allowed to spread in this
direction also.

Unfortunately the rate of agricultural development was much slower than had been hoped and the
first few years of the Swan River Colony were just such a struggle for subsistence as they had been in New
South Wales. Few of the colonists were experienced practical farmers. Few had any conception of
what Australia would be like or of the difficulties in bringing virgin bush under cultivation. Few had
any idea what implements would be needed in the colony, or how little use they would have for their
fine carriages, their pianos and their gracious furniture. Few indeed were accustomed to, or capable of,
the manual labour which the shortage of workmen in the colony soon made imperative. Moreover
many of the workmen who did come to the colony were little more suited to the pioneering life than their
masters, having been recruited from among the paupers of London and other big towns in the south of
England.

The delays which occurred in surveying and granting land in the early years added to the problem,
as did the poor quality of the soil near Perth and along the coast. Further south where the soil was
richer there were dense hardwood forrests which were difficult to clear. The best agricultural and pastoral
lands of Western Australia lay further inland and to the north and were not opened up for some years.
In the meantime many settlers became discouraged and left the colony. Rumours reached England
that the Swan River Colony was a stagnant backwater, a place better avoided, and this discouraged
further investment and migration.

It was particularly unfortunate that Thomas Peel’s grandiose plan did not succeed, for this might
have given the colony the boost it needed. Peel fulfilled his undertaking to bring out 450 immigrants
but he arrived too late to qualify for his original grant on the south bank of the Swan and had to be
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content with a quarter of a million acres of coastal sandplain and swamp between Armadale and Pinjarra.
He proved incapable of running his vast estate, his men deserted him, his partner failed to send essential
equipment and supplies, and the whole scheme collapsed. A land settlement scheme at Australind
organized by the Western Australian Company, a few years later, was also unsuccessful.

For those who remained in the colony and settled down to adapt themselves to the hard conditions
and make the best of their new home, life was relatively uneventful through the 1830s and 1840s. Even
after the establishment of colonies in South Australia and Victoria in the mid 1830s the Swan River
settlers were still isolated by many hundreds of miles from other European settlements, and visitors
were few. The Aborigines did not offer any real resistance to the white men who displaced them from
their ancestral lands, though in 1834 thirteen Aborigines and one white policeman died as a result of
the ‘ Battle of Pinjarra ”, the only serious clash between the two peoples.

The colonists were too scattered and too absorbed in wresting a living from the soil for there to be
much social and cultural life, though in Perth itself there were regular balls, picnics, race meetings, and
musical evenings, with Government House the gentre of polite society. From the beginning the Swan
River settlers emphasised the fact that theirs was a “ gentleman’s colony *’ as opposed to the ‘‘ pick-
pocket colonies ”* of New South Wales and Van Diemen’s Land, and for many years Western Australia
remained the most * English ” of the antipodean colonies. Divisions between classes were naturaily
more fluid and more informal than in Britain, but an elite group of wealthy land-owning families quickly
established a monopoly first of social prestige and later of political influence. There were few facilities
for education in the early years. Those who could afford to do so imported governesses for their children
until they were old enough to be sent to English boarding schools, but most children received scarcely
any schooling. There were few clergymen in the colony but devoted lay people saw to it that religion
was not entirely néglected. From 1840 onwards the colonial government subsidised the main denomi-
nations and Anglican, Wesleyan and Congregational churches were built. Catholic priests arrived from
Ireland in the 1840s, and at much the same time a party of Spanish Benedictine monks founded
a monastery and mission to the Aborigines at New Norcia.

Until 1838 Captain Stirling remained governor of Western Australia, as the Swan River Colony came
to be known following the suggestion by Matthew Flinders that the continent as a whole should be called
Australia. He was succeeded by John Hutt, who held the office from 1839 until 1846. For the first few
years Stirling wielded absolute and undivided authority. In 1832 Legislative and Executive Councils
were created, composed of a handful of government officials and later a few wealthy colonists nominated
by the governor, but in practice for more than half a century the governor remained the supreme power
in the colony.

THE CONVICT ERA

By the late 1840s, two decades after the colony’s foundation, the population of Western Australia
was still less than 5,000 strong and the rate of economic development remained painfully slow. An
impasse had been reached. The colony could not attract the labour and capital it needed until it showed
signs of more dynamic progress, but without additional labour and capital, progress was impossible.
In desperation the leading colonists swallowed their pride and asked the British Government to send out
convicts to Western Australia. Their request was acceded to with embarrassing speed, for by this time
New South Wales had refused to accept any more convicts and Britain was once again facing its old
problem of overcrowded gaols. In June, 1850 the first boatload of convicts arrived, before any prepara-
tions had been made for their reception and deployment. Convicts continued to be transported to the
colony for a period of eighteen years, the total number sent being 9,668, all of whom were men. The
last party arrived in 1868 and thereafter the number of convicts gradually dwindled, though it was not
until 1886 that the convict system was finally disbanded.

Each convict spent an initial period under direct government control, usually employed on public
works, and then was given a ticket-of-leave to work for a private employer in one of the country districts.
A man with a ticket-of-leave remained under the supervision of police and magistrates and could be re-
arrested for even the most trivial of offences, but he had a choice of employers and had to be paid wages.
In due course a well-behaved ticket-of-leave holder could apply for a conditional pardon, which made
him a free man provided that he did not return to the United Kingdom before the expiration of the full
term of his sentence. This scheme differed considerably from the haphazard assignment system of New
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South Wales, and the treatment of convicts in Western Australia was also less brutal than had been the
cage in the eastern colonies. Chain gangs, solitary confinement, and the cat-o -nine-tails were still used,
but they were used less frequently and less indiscriminately.

One of the most obvious ways in which the conviets made an impact on Western Australia was
that their labour gave the colony its first good roads, bridges, and public buildings. Before 1849 there
had been neither the money nor the labour for public works ; even between Perth and Fremantle most
of the traffic had been by river because the road was so bad. The availability of conviet labour changed
this and though for the first few years the convicts were used mainly for the construction of buildings
for themselves and their gaolers, later the benefits of their work were spread around the colony. The
streets of Perth and Fremantle were levelled and improved ; a main road to Albany was cleared ; scores
of bridges were built including a new causeway at Perth; jetties were constructed at Bunbury and
Busselton ; and courthouses were built in all the major country towns. In Perth itself the convicts were
solely or partially responsible for such buildings as the old Perth Boys’ and Bishop Hale’s schools, the
Town Hall, the Pensioners’ Barracks, and a new Government House. By 1870 Perth gave an appear-
ance of solidity and prosperity and looked like a town rather than an untidy village.

Convict labour also gave a boost to agriculture and other industry, for the settlers now had a much
larger work force on which to draw. Moreover there were more people to be fed, clothed, and housed,
and there was a more reliable flow of shipping to and from the colony, so that both the internal and
external market for colonial produce was expanded. The introduction of conviet transportation also
injected much needed capital into the colony, for the British Government had necessarily to spend a great
deal of money on feeding, clothing, and guarding the convicts.

As a result of these and other factors the colony developed much more rapidly in the 1850s and
1860s, the convict decades, than it had done in its first twenty years. The population soared from
5,886 in December 1850 to 22,915 in December 1869, and clearly the arrival of nearly ten thousand con-
viots and five-and-a-half thousand assisted migrants, sent out as part of the colony’s bargain with the
British Government, had a lot to do with this., The total area of land under cultivation increased sixfold
in the same period, and the number of sheep, cattle and other livestock kept pace with this rate of expan-
sion. Wool-growing boomed just as it had done in the eastern colonies thirty years before, and this was
particularly valuable because it provided the colony with an export industry, most of the clip going
straight to Britain. Other useful exports were hardwood timber to South Australia, sandalwood to
China and horses to India.

With so much progress being made, some colonists began to feel that the colony was ready to stand
on its own feet again. At much the same time the British Government came around to the view that
transportation was an expensive and inefficient method of dealing with the penal problem and in 1865
it announced that no further convicts would be sent to Western Australia after 1868. The eastern
Australian colonies were jubilant at the news, for they had long objected to the steady trickle of ex-
convicts making their way across the continent, and most Western Australians were also pleased with
the decision. However, in the 1870s and 1880s it became apparent that the colony had been more
dependent on the conviet system than most people had realized. In the twenty years after the end
of transportation the rate of population growth dropped back to only half that of the previous twenty
years, and for a time the agricultural industries actually lost ground. A series of bad seasons aggravated
the problem, and, for a time, food supplies had once again to be imported. Fortunately the export
of sandalwood and hardwoods continued to prosper and the pastoral industry also flourished, the total
number of sheep in the colony being in excess of one-and-a-half million by the mid-1880s. Another
bright feature of the period was the dramatic rise of the pearling industry off the north-west coast to
become a valuable export-earner.

As time passed, the search for minerals, timber, and better farming land, plus curiosity and adven-
turousness, led the colonists to explore their vast territory more widely and the frontiers of settlement
spread. In the 1850s and 1860s the South-West was extensively occupied as far south as Albany aand
Kojonup, and to the north the Greenough district was opened up and quickly became the principal wheat-
producing region. In the 1870s the pastoralists pushed further north to occupy the De Grey, Gascoyne
and Murchison districts, and by the 1880s even the Kimberley districts: were beginning to be settled.
The completion in 1877 of the Overland Telegraph line connecting Perth with Adelaide and Darwin
and thence with the outside world did much to reduce the isolation of the colony, and railway building
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in the late 1870s and the 1880s improved communication and transport within the colony. However,
the scope of such works was limited by the impoverishment of the colonial treasury in the post-trans-
portation period.

Part of the price which the colonists paid for their convict labour was that political development
was very slow. Throughout the convict era Western Australia was ruled by semi-autocratic governors
sent from Britain, with the aid of their paid officials and a few prominent settlers chosen by themselves.
Once transportation ended the colonists lost no time in agitating for a greater voice in the conduct of
affairs, and in response to their demands a new constitution was introduced in 1870 embodying the prin-
ciple of representative government. Thereafter the Legislative Council consisted of eighteen members,
twelve of whom were elected by the colonists, and was presided over by its own Speaker rather than by
the Governor. However, the powers of the Council were very restricted and when the Governor and the
Council clashed, the former always prevailed.

The introduction of ten thousand conviets changed the character of Western Australian society
much less than many people feared. Naturally there was a slight increase in lawlessness but few of
the convicts committed further serious crimes in the colony and bushranging was less common than
it had been in eastern Australia. The colony was so isolated that few convicts attempted to escape from
it, though a party of sixty Irish Fenians who arrived on the last conyict ship caused some trouble. One
of them, John Boyle O’Reilly, escaped by stowing away on an American whaler in 1869, and seven years
later he successfully arranged for a group of his friends to abscond from Fremantle Gaol to another
American ship, the ‘ Catalpa ”, which escaped because the local authorities were afraid to fire on the
American flag. Such incidents were rare, however. Most of the convicts gave no trouble at all, and
“the policy of dispersing them around the agricultural districts enabled them to be absorbed so easily that
they soon became indistinguishable from the rest of the working-class population. Since all of the
convicts were men and few of their wives were prepared to accompany them, even when offered a free
passage, the ratio of men to women in the colony rose as high as two to one for a time. However, the
Government saw to it that most of the assisted migrants brought out to the colony were young single
women, mostly Irish, and this helped to redress the balance of the sexes. Fortunately there was little
prejudice against the convicts once they had served their sentence, and marriages between ex-convicts
and free women were common. At the other end of the social ladder, the grip of the old-established
land-owning families on the affairs of the colony remained unchallenged during and immediately after
the transportation period. Western Australia was a quiet and conservative colony and retained its
quaintly * English ” flavour well into the 1880s. Though no longer the stagnant backwater of the
1830s and 1840s, it was still very much the “ Cinderella ” of the Australian group of colonies when com-
pared with its brash and prosperous neighbours. However, before the end of the century the state of
the colony was altered dramatically by the discovery of gold.

THE GOLD RUSHES OF THE ’NINETIES

The Western Australian colonists had always hoped that one day gold would be found in their
colony, just as it had been in most of the others, and in 1885 their dream began to come true. The
first goldfield to be proclaimed as such was situated at Halls Creek in the Kimberley district, a remote
spot some 300 miles east of Derby and 250 miles south of Wyndham. Despite its extreme inaccessability
and the scarcity of food and water there, several thousand men flocked to it as soon as the strike was
announced. The Kimberley gold was exhausted within a few years but the experienced prospectors
it had attracted to the colony soon began to find payable gold elsewhere. From the Yilgarn and Pilbara
fields, which were both proclaimed in 1888, the golden trail led through the Ashburton and Murchison
finds in 1890 and 1891, to the fabulous discoveries of Bayley and Ford at Coolgardie in 1892 and of Hannan,
Flanigan and O’Shea at Kalgoorlie in 1893. Suddenly Western Australia came to life and began to over-
take the eastern colomies with giant strides.

‘While the gold rushes were at their height thousands of men streamed towards the ’fields on foot,
on bicyecles, on camels and horses, across hundreds of miles of arid scrub and desert. Settlements rose
and fell almost overnight as rumours of new finds lured diggers from one area to another. Even on the
established fields conditions were very tough in the early years, with makeshift huts or tents for shelter,
a continual shortage of food and water, high temperatures, choking red dust, and little or no sanitation.
The death toll was high from thirst, dysentery and typhoid, but by and large the diggers were law-abiding
and there was little of the violence of the Californian gold rushes or the bushranging of the Vietorian
diggings. :



HISTORICAL REVIEW 7

In the early days most of the diggers prospected for alluvial gold by dry-blowing, or sank shallow
shafts in search of gold-bearing reefs. Fach man worked his own small claim, or joined together with a
few mates to do so. Alluvial mining of this kind reached its peak in 1897 and then fell away rapidly.
As early as 1894 it had become apparent that the richest deposits lay underground and required expensive
machinery and large-scale operations. By the end of the ’nineties the average digger had reluctantly
abandoned his hopes of easy wealth and turned to working for wages in deep-shaft mines operated by
large companies. The decline of alluvial digging brought to a close the colourful pioneering phase of the
gold boom, but the value of gold production continued to rise yearly until 1903 when it reached a record
of more than 2 million ounces. The bigger centres such as Kalgoorlie gradually took on a more permanent
appearance with hotels, theatres, hospitals and schools being constructed. With the arrival of the wives
and children of miners in increasing numbers, the goldfields had begun to settle down.

One indication of the startling impact which the discovery of gold made on the colony was that the
population leapt from 35,000 in 1885 to 101,000 in 1895, and by 1904 had reached 239,000. In other
words the number of people in Western Australia increased almost sevenfold in the space of twenty years.
Most of the new arrivals came from eastern Australia, which was suffering from a severe depression and
a series of prolonged strikes in the early 1890s. Quite a large number migrated directly from Britain
and there was a sprinkling from Europe and North America. By 1901 the “ old colonists ”, those who
had been born in Western Australia or had lived there before the gold rushes began, were in a distinet
minority in their own colony.

The gold boom attracted capital as well as people to the colony ; British investors lost confidence
in the other Australian colonies in the late nineteenth century but they vied with each other for opport-
unities to invest in Western Australia. More than 600 companies were floated in London for mining
operations in Western Australia and shares changed hands feverishly in London, Perth, and Kalgoorlie,
often at inflated prices. Large sums of money were thrown away on speculative or bogus ventures,
but the more successful mines returned rich dividends to their shareholders.

From 1890 onwards the Colonial Government boldly embarked on a programme of large-soale develop-
mental works financed by extensive borrowing on the London money market. The Eastern Railway
was extended to Southern Cross in 1894 and then on to Coolgardie and Kalgoorlie. At the same time a
new South-Western line was constructed, and the Government encouraged private investors to build
the Great Southern line to Albany and the Midland Railway line into the northern wheatbelt. Fremantle
Harbour was dredged and moles were built to make it a deepwater port, and ships were encouraged to
make Fremantle rather than Albany their main port of call. Not least among the Government works,
most of which were presided over by C. Y. O‘Connor, the colony’s briliant Engineer-in-Chief, was the
Eastern Goldfields Water Socheme. This ambitious project which was completed in 1903, piped fresh
water 350 miles from Mundaring Weir to Kalgoorlie and also supplied the agricultural districts along
its route.

Not all of these projects were for the benefit of the goldfields, indeed it was the policy of the Govern-
ment to channel much of its revenue and loan money into agricultural and pastoral development so that
the colony would have a solid base to fail back on when the gold began to peter out. Thus the Home-
stead Act of 1893 allowed bona fide settlers to take up small holdings free of charge provided they made
specified improvements. An Agricultural Bank was founded in 1894 to finance new farmers, and an
Agricultural Bureau was opened to give them advice. Moreover, the Government placed tariffs on
imported livestock and foodstuffs to give the farmers further encouragement. With all these incentives
and a vastly expanded local market as well, the agricultural industries could scarcely fail to prosper,
and despite some bad seasons the acreage under cultivation soared. The pastoral industry experienced
a lean period in the early ’nineties but recovered around the turn of the century, with wool remaining
a valuable source of export income. Other established industries such as pearling and timber shared in
the general prosperity and various forms of light manufacturing industry sprang up around Perth and
its metropolitan area.

The changed economic circumstances of the colony were gradually reflected in its politics. In
1890 a new constitution conferred upon Western Australia the same kind of responsible self-government
which the other colonies had enjoyed for thirty years. The old Legislative Council was abolished and
in its place there was to be an elected Legislative Assembly of thirty members and a nominated Legis-
lative Council of fifteen members ; executive government was to be entrusted to a Premier and Cabinet
responsible to the Assembly.
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When the new parliament met in 1891, Sir John Forrest was appointed as the first Premier of
Western Australia, a position which he retained for a decade. A native-born Western Australian and
a former explorer and Surveyor-General, Forrest gave the colony the strong leadership it required.
There were no political parties at this stage and all members prided themselves on their independence,
but Forrest’s ministry could always muster the support of a majority in the Assembly.

The miners had little to do with the movement to secure responsible government and after it was
granted, the restricted franchise meant that few of them were eligible to vote, and the electoral boundaries
left the mining districts practically unrepresented. At first the miners were too preoccupied with the
search for gold to pay much attention to their political rights, but as they became dissatisfied with the
Government’s mining regulations, high tariffs and freight charges, and emphasis on agricultural develop-
ment, they began to agitate for reform. The protests of the mining communrity strengthened the hand
of the more liberal representatives from metropolitan and agricultural constituencies and by 1901 all
adult men and women had been granted the right to vote in elections for the Legislative Assembly,
which was increased in size to give reasonable representation to the goldfields. The Legislative Council
had been enlarged and made elective, and payment of members of parliament introduced. For the
time being the old colonial elite remained in control of the government but it was obvious that their days
were numbered, for the transfusion of men and ideas which it had received had changed the character
of the colony and brought it much more into line with the rest of Australia.

This trend was at once demonstrated and reinforced by the colony’s reaction to the movement for
the federation of the Australian colonies. Forrest himself favoured federation but most of his colleagues
and supporters were reluctant to relinquish to a central government the powers which they had only just
received, and feared that Western Australia would suffer from being yolked with areas which were
economically more advanced. On the other hand, the miners were solidly in favour of federation, partly
because so many of them had come from the eastern colonies and partly because they hoped that a
central government would be more sympathetic to their needs than the local government was. When
the Government refused to allow a referendum on the subject, the goldfields petitioned the British Govern-
ment for separation from Western Australia and the creation of a new colony which could then federate
in its own right. Although Britain did not take this request seriously, the agitation on the goldfields
helped to force the Government’s hand. A hasty referendum showed a heavy majority in favour of feder-
ation, and the Colony of Western Australia was just in time to become an original State of the Australian
Commonwealth when it was proclaimed on the 1st January, 1901.

CONSOLIDATION 1901-29

The impetus of the gold rushes naturally carried over into the first decade of the twentieth century ;
indeed gold production did not reach its peak until 1903. But after the turn of the century gold no
longer dominated the colony as it had done in the 1890s. The mining population dwindled steadily and
agriculture took up the slack, just as the Government had hoped and planned. The thirty-year period
between federation and the onset. of the great depression was for Western Austraha a time of consolidation
of the gains made during the gold boom, through the development of primary resources.

The incentives to agricultural expansion which Forrest had introduced in the 1890s were continued
and supplemented by all the governments of this period. Newton Moore and James Mitchell were
perhaps the principal architects of the expansion of the wheatbelt, but Labour Premiers in John Scaddan
and Phillip Collier ably seconded their efforts. All the land along existing railway routes was surveyed
and thrown open on generous terms and more than 2,500 miles of new line was constructed, most of it
between 1904 and 1919, to give access to hitherto unsettled areas. = Settlers were enabled by the experi-
mental work of the Department of Agriculture (formerly the Agricultural Bureau) to push out in an easterly
direction into districts which earlier generations had considered too dry for farming. Most significant
in this respeot was the development of two new strains of wheat, Nabawa and Bencubbin, which were
particularly suited to local conditions. Through its Agricultural Bank the Government made money
available to almost anyone who was prepared to try his hand on the land. Moreover, once the torrent
of gold-seekers tapered off the Government began to bring out assisted migrants from Great Britain in
considerable numbers. Thirty-three thousand people arrived in this way before the outbreak of the
Great War in 1914, with a farther forty-three thousand in the *twenties, and many of the “ new chums *
were turned into farmers.
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These policies soon produced results. The acreage under cultivation trebled between 1905 and
1911, and trebled again between 1911 and 1916. The war gave a slight check to development, but
in the ’twenties wheat production trebled again to reach a record of thirty-nine million bushels in the
1929-30 season. Long before then Western Australia had been transformed from an importer of grain
and flour to a large-scale exporter ; indeed wheat had displaced gold and wool as the State’s principal
export commodity.

Of course not all government policies succeeded as well as this, the most notorious failure being
Sir James Mitchell’s attempt in the 1920s to found a dairying industry. Under a plan known as the
Group Settlement Scheme, British migrants and others were sent in small groups to various spots in the
south-west corner of the State and set to work in teams at clearing the heavily-timbered Jand. Onoce
this had been done each man was allocated a block and equipped with a home and stock. Unfortunately
the inexperience of the men, their difficulties in clearing the land, and the poor prices obtained when their
farms did begin to produce, meant that many of the “ groupies ” gave up in despair. The State did
receive some benefits from the scheme but scarcely in proportion to the money outlayed. At the other
end of the State the Kimberley beef cattle industry also made little progress, due to transport difficulties
and the paucity of markets.

Most other primary industries flourished, however. The increasing popularity of mixed farming
in the southern wheatbelt kept sheep numbers and wool production on the rise despite a degree of stag-
nation in the northern pastoral areas. Fruit and vegetable growing expanded, with the Harvey irrigation
scheme of 1916 and the introduction of banana growing near Carnarvon in the *twenties being noteworthy
developments. The Australia-wide wave of railway and telegraph construction and general building
ensured the prosperity of the timber industry, and pearling reached its peak just before the outbreak
of the war.

Secondary industry made much less progress in this period and was almost insignificant in the overall
economy of the State. In this respect some of the fears of the anti-federationists may have proved
justified, for the Commonwealth Government’s twin policies of external tariff protection and interstate
free trade made it almost impossible for infant Western Australian industries to compete with established
industries in the Eastern States. Apart from this the new Commonwealth Parliament and Government
did not make much impact on the lives of most Western Australians, Even after the completion in 1917
of the Transcontinental Railway Line, part of Western Australia’s price for federating, Melbourne and
later Canberra still seemed remote and irrelevant to the citizens of the West, though in fact the financial
supremacy of the Commonwealth over the States was growing rapidly in this period.

In the political sphere Western Australia experienced several important developments in the first
three decades of the twentieth century. In 1901 Sir John Forrest left State politics to enter the first
Federal Cabinet and with his departure the State was plunged into a period of unstable Ministries, which
culminated in the formation of a party system. Among the gold seekers of the 1890s there had been
some experienced trade unionists, who were largely responsible for organizing Western Australia’s first
Trades and Labour Congress in 1899. This Congress decided upon the formation of a Politieal Labour
Party—which at the State elections of 1901 captured eight seats in the Legislative Assembly. Only three
years later the State had its first taste of Labour rule when a minority government led by Henry Daglish
held office for twelve months. The rapid rise of the Labour Party as a parliamentary force compelled
the existing independents and liberal and conservative factions to come together to form a Liberal Party,
which governed from 1906 until 1911. In the latter year Labour won a resounding electoral victory which
enabled it to enjoy five years of office and to experiment with State socialism of a mild kind. Nation-
wide controversy about conscription for war service led to a serious split in the Labour Party in 1917,
however, and its leader, John Scaddan, and some of his followers joined a Nationalist coalition with
the Liberals. For a few years political instability returned, but in the ’twenties the State settled to
the regular alternation of Nationalist and Labour Ministries. One complicating factor was the Country
Party, which had appeared on the scene in 1914 to represent the interests of the farming community.
The Country Party normally supported the Nationalists, but not without periodic tensions and disagree-
ments within the non-Labour camp.

Western Australia loyally backed-up the Commonwealth Government’s decision to enter the 1914.18
war in support of Britain, by providing more volunteers for military service overseas, in proportion to
its population, than any other State. The absence of so many able-bodied men caused difficulties in
some industries, as did the disruption of shipping to overseas markets, but the war did not otherwise
change the tempo of life very much for those who remained in the State.



10 WESTERN AUSTRALIAN YEAR BOOK

By 1929, the centenary of its foundation, Perth had grown into quite a large city for, despite the
State’s reliance on primary industries, more than fifty per cent. of its population lived in the metropolitan
area. Though there were fresh challenges and fresh opportunities for-every generation, the introduction
of modern conveniences had made Western Australia a more comfortable place to live in than it had been
during the pioneering years. Most parts of the State were well supplied with fresh water, and Perth,
at least, had eleotricity. In addition to its railways, the State had an improving network of main roads
and almost forty thousand licensed motor vehicles to use them. In the city these were supplemented
by a tram service, which had begun around the turn of the century, and several private bus companies.
As befitted a State of vast distances and dispersed population, Western Australia was also well to the
fore in the development of civil aviation. W.A. Airways, which was founded by Major Norman Brearley
in 1921 for operations in the North-West, was Australia’s first commercial airline, and by 1929 there
was also a regular Perth-Adelaide service. In 1913 the University of Western Australia received its
first students, and its establishment crowned a system of free and secular State education which catered
for the needs of children all over the State.

In its centenary year of 1929 the State was able to look ba,ck over one hundred years of progress
with a great deal of satisfaction. Few people had any inkling of the dark days which lay just around
the ocorner.

DEPRESSION AND WAR

The worldwide economic depression of the early 1930s affected Western Australia severely. There
were several reasons for this, one of the most important being the State’s over-dependence on a few
primary industries, which left it vulnerable to fluctuations in prices. Then again, the Government
had financed its ambitious development schemes, many of which had not yet begun to pay for themselves,
by raising large and frequent overseas loans. When the sources of overseas capital dried up, not only
did the public works programme come to an abrupt halt, but the Government had great difficulty in
meeting interest payments. To make matters worse, the financial crisis was reinforced by a series of poor
5028018,

The onset of the depression first a.ttracted attention in Western Australia through a steep fall in
the world prices of wheat and wool in 1930. As the situation worsened many farmers were forced off
the land, and there was a general withdrawal from the marginal areas which had been brought under
cultivation during the optimistic years of prosperity. When the Government cut back its public works,
and commercial activity of all kinds slowed to a walk, thousands of men found themselves out of work.
Even those who kept their jobs had to accept wage cuts, the State basic wage being slashed from £4 7Ts.
($8.70) to £3 9s. ($6.90) per week. Oddly enough the only industry to benefit from the depression was
gold mining. The financial difficulties of the 1930s led to an inereased world demand for gold and induced
the Commonwealth Government to offer a bonus to producers. This bonus plus a rise in the price of gold
caused by devaluation of the currency, brought prosperity back to the goldfields and helped to draw
off some of the unemployed.

Elsewhere in the State the picture was a gloomy one. Some men left their families in Perth and
went out to the backblocks in search of work, or lived in government camps whilst employed part-time
on relief projects. Thousands of families were dependent on the “ dole > and on handouts from charitable
organizations to keep them from starvation. Though few people actually starved, malnutrition was
common. The widespread dismay at this turn of events resulted in an increase in lawlessness and
violence ; on many occasions the police were called in to control rowdy demonstrations by the unemployed.

The impotent discontent felt by so many Western Australians was further reflected in a move for
the State to secede from the Australian Commonwealth. The old anti-Federal feeling of the 1890s had
never entirely died out, and the social and economic dislocation of the 1930s gave it new life. Those
who favoured secession argued variously that Western Australia would never be able to develop secondary
industry until it could protect its manufacturers from Eastern States’ competition ; that the protective
tariffs imposed by the Commonwealth for the benefit of manufacturers in the Eastern States increased
the costs of farm production to a level which was disastrous for a State dependent on primary industry ;
and that the Commonwealth Government had starved Western Australia of funds. So strong did the
secession movement become that the State Government agreed to hold a referendum on the subject.
The Commonwealth prepared a booklet and sent a deputation to argue the case for preserving the
Federal union, but when the vote was taken, in April, 1933, a two-to-one majority of voters favoured
secession A delegation was then despatched to London to ask the British Parliament to pass legislation
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making Western Australia independent, only to be told that this was constitutionally impossible.
Despite the overwhelming vote a few months earlier, the British rebuff was accepted and the secession
movement died away, which lends credence to the view that many voters had realised that secession
was impossible but had used the opportunity to express their dissatisfaction with the Commonwealth’s
failure to cope with the depression.

Apart from the secession episode, State politics were very dull during the ’thirties. Labour had
the good fortune to be defeated at the polls in 1930, which meant that a Nationalist-Country Party
government under Mitchell held office between 1930 and 1933 and inocurred the illwill of those adversely
affected by the depression. On the same day as the secession referendum, Labour won an electoral
victory and embarked on what was to prove to be a period of fourteen years unbroken Labour govern-
ment, under Premiers Collier, Willcock, and Wise. Of course the real responsibility for dealing with
the depression lay with the Commonwealth Government, which by this time had agsumed far-reaching
economic and financial powers. At first the Commonwealth did not handle the task very well. The
Scullin Government was torn by internal divisions and handicapped by its lack of a majority in the Senate
and a lack of co-operation from the Commonwealth Bank. Not until 1933 was a definite plan adopted
for meeting the emergency and by that time conditions had in any case begun to improve. However,
the Premiers’ Plan of 1933 did assist the recovery by rallying the nation to a united course of action
for the first time. By 1935 conditions were considerably better than they had been at the height of the
depression, between 1931 and 1933, but even in 1939, on the eve of the World War, it is doubtful whether
the State was back to nmormal.

Australia, and hence Western Australia, entered the war against Germany on the 3rd September,
1939. Volunteers for overseas military service were called for, as they had been twenty-five years before,
and once again the response was extraordinarily good. But for the first two years of the war the lives
of those who remained at home differed little from peacetime. All this changed dramatically in December,
1941, when Japan attacked the United States base at Pearl Harbour and began her southward advance
through South-East Asia and the Pacific in the direction of Australia. For a time it seemed likely that
Australia would be invaded. Several towns in the North-West of Western Australia were bombed and
the whole State was placed on a war footing. A total blackout was imposed and air raid shelters were
dug all round Perth and in country centres. Most able-bodied men were compulsorily called up for
military service and other men and women were directed to work in strategic industries. Food, clothing,
and petrol were rationed, and stringent price control introduced, as the nation channelled all its resources
into a total war effort.

In response to Japan’s entry into the war, Prime Minister Curtin recalled Australian troops from
North Africa and the Meditarranean for defence of their homeland, and also turned to the United States
for aid. Thousands of American servicemen passed through Australia, and fought side by side with
Australians in the Pacific. Fremantle became for a time a major allied naval base for operations in
the Indian Ocean and the South-West Pacific. By the end of 1942 the Japanese advance had been halted
and the danger of invasion had passed, but the war continued for a further three years before cease-fire
agreements were reached in both Europe and the Pacific. By then Western Australians had fought with
distinction in practically every theatre of war.

Throughout the war years and the period of reconstruction immediately afterwards, the primary
industries on which Western Australia was so dependent were subject to government control. Farmers
were told what crops to grow and in what quantity, and their entire output was purchased at fixed prices.
This meant that primary producers were protected from the price fluctuations of the ’ thirties, at the
cost of accepting organized marketing. The shortage of manpower led to further mechanization and
in many cases to improved efficiency. Industries located in the North-West and Kimberley regions
suffered most from the war, through the closure of the Wyndham Meatworks and the disruption of
transport facilities. Manufacturing industry experienced mixed fortunes. On the one hand the need
to produce munitions, small arms, and other military supplies led to a growth in factory production, but
on the other hand those factories which could not be converted to wartime uses were deprived of their
manpower and forced to close. However, the vigorous programme of reconstruction after the cessation
of hostilities gave secondary industry a valuable shot in the arm.

The highly-centralised administration of the war and reconstruction years carried Western Australia
astage further towards complete integration with the rest of the Commonwealth. By the 1940s the expanded
role of the Commonwealth in both raising and spending revenue, and its monopoly of povéer in such fields
as foreign policy and defence, had made clear its paramountcy over the States. The vast increase in
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Commonwealth expenditure in Western Australia reconciled most people to this development, and in
contrast to the secession movement of the * thirties, Western Australia offered more support than any
other State for further increases in Commonwealth powers at several referenda held in the ’ forties.

A STATE ON THE MARCH

The years since the end of the Second World War have been good ones for Western Australia.

The vigorous immigration policy launched by the Commonwealth at the conclusion of the war
received the full support of the State Government, and contributed to a rapid growth in population to
reach a total in excess of 836,000 by the Census of 1966. In addition to the British migrants of earlier
years, migrants from a wide range of European countries were now included in assisted passage schemes
and absorbed into the community without difficulty.

Most of the traditional primary industries enjoyed continued growth and prosperity. In the early
1950s wool prices soared to six times their pre-war level, largely due to stockpiling by nations involved
in the Korean War, and a pastoral boom followed. For a time everyone who could lay their hands on
grazing land and stock sought to grow wool, but the boom tapered off and by the *sixties the wool industry
had fallen back on an expensive research and promotion campaign to stave off the competition from
synthetic fibres. Whereas the woolgrowers returned to their pre-war auction system as soon as they
were permitted to do so, wheatgrowers agreed to the continuation of organized marketing. The Australian
Wheat Board proved very efficient at disposing of large harvests at reasonable prices, and apart from
slight seasonal fluctuations, Western Australian wheatfarmers enjoyed a series of good years, Further
mechanization of rural industry and the application of scientific discoveries to combat disease and in-
crease fertility led to improved yields from established farms and the opening up of additional lands.
In particular the scientific innovations of the post-war years enabled several million acres of  light
land in the south-east of the State to be brought under cultivation. In addition to many individual
holdings in this area, an American syndicate undertook to develop one-and-a-half million acres in the
vicinity of Esperance and has made good headway on the project. By 1987 Western Australia boasted
of at least thirty-two million acres of arable land and a record wheat harvest of over one hundred and
three million bushels. The production of other cereals, fruit, vegetables, pigs, and other primary produce
also made excellent progress.

One of the features of post-war economic planning was a revived interest in northern development.
Transport facilities for the northern pastoral industry were improved, firstly by the “Air Beef ” scheme
of 1949, and later through substantial government expenditure on beef roads. However, the pastoralists
continued to suffer from marketing difficulties and the deterioration of their land through insufficient
éxpenditure on improvements. In 1961 the State embarked on an imaginative scheme of water con-
servation and irrigation based on the Ord River in the East Kimberley region. By 1962 a diversion
dam had been completed and in subsequent years increasing quantities of cotton, sorghum and other
tropical crops were produced, though not until 1967 did the Commonwealth agree to make funds avail-
able for the construction of the main dam and irrigation works. The establishment of an American
low frequency naval communications station at North-West Cape also contributed to the opening up
of the North, quite apart from the mineral boom which was perhaps the most exciting development
‘of the ’sixties.

The search for oil in the north of Western Australia began soon after the war and was quickly
rewarded by a strike near Exmouth Gulf in 1953. Not until 1966 was oil found again, this time in com-
meroial quantity, at Barrow Island. Several further finds of oil and natural gas were made subsequently,
with a possibility of commercial exploitation in the future. However, the most startling progress has
been made in the field of iron-ore extraction. In 1960 the Commonwealth Government was persuaded
to lift a long-standing embargo on the export of iron ore and this gave a stimulus to exploration and survey
which resulted in the location of thousands of millions of tons of ore reserves. With Japan providing
a ready market for the ore and British, American, Japanese and Australian capital available to finance
its extraction, developments were very rapid. By 1967 contracts had been approved for the export of
320 million tons of ore, and shipments had well and truly begun ; new townships, railways, and port
facilities had sprung up in the Mount Goldsworthy, Mount Tom Price, and Mount Newman areas. More-
over, the mineral boom was not confined to iron. Bauxite extraction in the Darling Range was expanding
and vast new bauxite reserves were being tested near Gingin and in the Kimberleys. And a wild seramble
for nickel shares occurred in 1967, following the successful operation of Australia’s first nickel mine,
at Kambalda, and the discovery of further deposits in the Eastern Goldfields region.
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The two post-war decades also witnessed significant progress in the field of manufacturing industry,
beginning with the opening in 1955 and 1956 of an oil refinery and a steel rolling mill at Kwinana, on
Cockburn Sound. By 1967 work was well under way on the first stage, the construction of a blast furnace,
of the conversion of the rolling mill into an integrated iron and steel complex. Other major industrial
concerns were attracted to the Cockburn Sound area by the improved transport facilities and favourable
terms offered by the Government, and by the late 1960s Western Australia had at last overcome the
handicaps which had inhibited industrial development for so long.

Much of the credit for these achievements must be assigned to the governments of the period, all
of which did their best to promote local industry and draw the attention of the Commonwealth to the
needs of the State. In its term of office between 1953 and 1959 the Hawke Labor Government sowed
the seeds of future industrialization by attracting to Western Australia the oil refinery and steel rolling
mill which subsequently became the symbols of a new era in the State’s development. The Liberal-
Country Party Government led hy David Brand, which took over from Labour in 1959 and was still in
office at the end of 1967, was even more active in this respect. Brand, and his dynamic Minister for Indus-
trial Development, Charles Court, succeeded in persuading the Commonwealth to make large sums avail-
able for beef roads, the Ord River Scheme, and a standard gauge rail link between Perth and the Eastern
States, in addition to providing for expanding needs in the field of housing, hospitals, education, transport,
and social services. The Brand Government also attracted to the State the vast quantities of private
investment capital needed to finance the development of mineral extraction and industrial diversification.
Relations between the major parties remained amicable, whichever was in office, and the differences
between them were differences of means rather than ends. In the late ’fifties politios were enlivened
by the birth of the Democratic Labor Party, but though this party influenced the outcome of subsequent
elections, it was not able to win any seats.

The State’s capital city, Perth, and the tempo of life in it, naturally reflected all these developments
of the post-war years. The city skyline became higher and more modern as nineteenth century buildings
gave way to multi-storeyed concrete and glass structures. The Narrows Bridge, spanning the Swan
just outside Perth, was opened in 1959, and progress was made on several freeways to cater for increasingly
heavy motor traffic. Trams were banished from the city in 1958, and a new Transport Trust took over
the responsibility for all metropolitan bus services. The suburbs of Perth sprawled out in many directions
to provide accommodation for the growing population. The influence of European migration made
itself felt in changes in eating and recreational habits and modes of dress and a slightly more cosmopolitan
atmosphere. Something of the characteristic rush and bustle of big cities began to manifest itself, but
most Western Australians were determined that the price of progress should not be the erosion of the
friendly informality on which they prided themselves.



14

CHAPTER Il -PHYSICAL FEATURES, CLIMATE, FLORA
AND FAUNA

PART 1-PHYSICAL FEATURES AND GEOLOGY

Contributed by
Rex T. Prider, B.Sc., Ph.D., F.G.8., M.Aust.1. M. M.
(Professor of Geology, University of Western Australia)

The development of any country depends on its natural resources and the industry of its people,
and there can be few more important investigations for any country than those dealing with the pro-
ductive capacity of its territory. Natural resources—be they power, mineral, or soil resources—are
dependent entirely on the climate, physical features and geology. Looking at the pattern of develop-
ment of Western Australia we see that for nearly seventy years after the foundation of the Swan River
Colony in 1829 agricultural production barely kept pace with the requirements of the small population.
The discovery of gold in the 1890’s, however, led to a period of rapid expansion, and Western Australia
became one of the major gold-producing areas of the world, and with this increase in mining production
there was a corresponding expansion of the agricultural and pastoral industries. We are now experiencing
an expansion of our secondary industries. Moreover today, with the realization of the extent of the
iron-ore deposits of the State, particularly those of the Pilbara, and the discovery of important nickel
deposits; we are entering another period of major development in this country. In each of these phases
of development we can, if we look closely, see the dominating influence of the geological environment.

The nature of the rocks underlying any region is one of the major factors controlling topography,
soil, and mineral resources. The latter is seli-evident. The soil, on which we are so dependent, was
formed by the weathering of the underlying rocks and many of its characters are due to the parent rock
material. Much research has been carried out into trace element deficiencies in soils and the applica-
tion of the new knowledge has produced astounding results as far as land utilization is concerned. At
first sight it would seem fantastic to think of the underlying rocks being in any way responsible for mal-
nutrition of stock, but when it is demonstrated that the malnutrition is due to the lack of some minor
element in the fodder which is due to its deficienoy in the soil, a deficiency which, in its turn, is due to the
absence or relative absence of such elements from the parent rocks from which the soil was derived, the
significance of the geological environment becomes evident. Topography which is important in connexion
with land utilization, water conservation, power (hydro-electric) resources, and in affecting climate, soil
erosion, coastal erosion, transport routes, harbours, and so on is also dependent to a great extent on the
nature and structure of the underlying rocks.

It is appropriate therefore that we should consider here the physical features and geology of Western
Australia since they, together with the climate, are the primary controls of our soil, mineral, water and
power resources, on which our existence and future development are entirely dependent.

'

PHYSICAL FEATURES
In the broadest way this State can be divided into two physical regions : (i) a tableland (the
Great Plateau) in various stages of dissection occupying the whole of the interior of the State, (ii) a low-
lying narrow strip (the Coastal Plains) ranning almost continuously along the coast from near Albany
to Broome. A third physical region, the Scarplands, separating the Coastal Plains from the Great
Plateau, may be distinguished. This, although only a narrow belt, is a significant one in the southern
part of the State becauss of its importance in connexion with the water conservation schemes on which
the metropolitan area, the major gold-mining field in the vicinity of Kalgoorlie, the intervening agricultural
and pastoral districts, the irrigation areas on the coastal plains south of Perth, and more recently the

wheat belt along the Great Southern Railway, are dependent.

The Great Plateau

The Great Plateau which occupies more than 90 per cent. of the area of the State varies considerably in
elevation. In its highest parts (in the North-West) it attains a height of approximately 4.000 feet above
sea-level. The greater part is, however, below the 2,000-ft. contour and its average elevation is of the
order of 1,000 to 1,500 feet above sea-level. Although there is this considerable variation in level the
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changes are so gradual that the plateau character of the country is not obscured and for the most part
it may be regarded as having a vast gently undulating surface. Occasional hills (monadnocks, which
are remnants of a previous cycle of erosion) rise above the general surface of the plateau.

The Great Plateau may be conveniently subdivided into an area of exterior drainage (where there
are definite rivers which flow to the sea), an area of interior drainage (where such water as flows passes
Into inland basins), and two areas of no surface drainage but which, if they had drainage, would belong
to the exterior drainage system. The area of exterior drainage can be marked out by connecting the
source of the streams which flow to the sea and if this is done it will be seen that the width of the exterior
drainage belt varies considerably. Thus in the Kimberley and North-West Divisions some of the rivers
are hundreds of miles long, but in the south-west part of the State many of them are comparatively short.
The areas of no surface drainage are in the north North-West along the Eighty Mile Beach from the mouth
of the De Grey River to the north of Broome, and on the Nullarbor Plain in the south-eastern corner
of the State. The remainder of the country forms the interior drainage area.

In the area of exterior drainage the dominant feature of the extreme south-west and the northern
part of the plateau is a reticulate pattern of rather deeply-incised watercourses. In the southern part
of the State these deeply-incised watercourses where they pass from the plateau to the coastal plains
are of great significance (as has already been mentioned) in connexion with water supply schemes. Else-
where in the State the marginal portion of the Plateau is drained by rivers that flow to the sea only at
times of exceptional rainfall and, speaking in the most general way, have courses at right angles to the
coast. ’

The area of interior drainage is arid and practically riverless. Small creeks run from the higher
parts of the country but they either disappear on the extensive flats or reach the shallow basins which
are termed salt or * dry” lakes, the term * dry” being used since these so-called lakes are free from
water except after fairly heavy or long-continued rain. These * lakes ™ are generally elongated, narrow,
and often winding salt-encrusted flats arranged in long, more or less connected streams. After heavy
rain they are covered with a thin layer of water and, after unusually heavy rain, water has been known
to flow southwards from one to another of the * lakes ” of a string, except towards the western margin
of the plateau where the drainage is to the west. It is evident that these elongated *‘ lakes” are the
remnants of an old river system developed during a more humid period. The salt lakes are of some
economic significanoce since, on the evaporation of the water, common salt and other substances such as
gypsum are deposited on the floor of the lake. The gypsum, which crystallizes earlier than the common
salt, is generally blown from the damp surface of the dried-up lake and deposited as dunes of * seed
gypsum " on the leeward (eastern) side of the lake. These dunes are utilized, for example at Lake Sea-
brook north of Yellowdine, as a source of gypsum for plasters. Common salt, which separates later,
forms a crust on the floor of the lake when it has been completely dried up and such salt deposits are
exploited, for example at Lake Lefroy near Widgiemooltha. In a few of the Western Australian salt lakes
significant deposits of alunitic clay have been discovered which have been worked as a source of potash.

Over a large portion of the interior drainage part of the Great Plateau there are extensive sand-
plain soils overlying a hard laterite (*‘ ironstone ”’) layer, which is of the order of up to fifteen feet in
thickness, below which lies an intensely weathered zone from which most of the nutrient elements so
important for plant growth have been leached. These more recent geological formations will be discussed
in the section of this Part dealing with geology, but we may note here the significance of this lateritic
profile (sandy soils near the surface, ‘‘ ironstone” a few feet below, and completely kaolinized rocks
still deeper) so far as soil fertility is concerned. This lateritic profile is the result of long-continued
weathering processes which have resulted in almost complete leaching of the valuable nutrients and as
a result soils developed in any part of this profile are generally very poor in character. It is only where
erosion has cut through the lateritic profile and still younger soils have been formed by weathering of
the underlying rocks that the better soils are found. As has been mentioned, however, with recent
studies of trace element deficiencies much can be done with these ‘ light * soils by the addition of suitable
nutrients.

The areas of no surface drainage include the Eucla Division and portions of the Eastern Division of
the State. This area is occupied largely by horizontal or nearly horizontal limestones of the Nullarbor
Plain and the drainage here is sub-surface in character through subterranean streams and caverns in
the limestone. The Nullarbor Plain is an extensive monotonously level plain standing at a height of
about 600 feet above sea-level. The Western Australian part of the Nullarbor Plain is bordered to the
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south by a narrow coastal plain but further east, at the head of the Great Australian Bight, in South
Australia, this coastal plain is absent and the southern edge of the Plain is truncated by cliffs which
rise almost sheer for 200 to 400 feet above sea-level.

The hills of the Great Plateau are of two kinds, ridged and table-topped. In the southern half
of the State the ridged hills, a few of which rise as much as 1,500 feet above their surroundings, are generally
elongated in a north-north-west direction, reflecting in their trend the structure of the underlying rocks.
The table-topped hills are seldom more than 200 feet above the general level. They are capped with a
subhorizontal layer of laterite (““ ironstone ') and bounded by low cliffs, in many places undercut, which
are known in Western Australia as ‘* breakaways.” The table-topped hills are reliots of erosion of a
former laterite-covered peneplain (the Darling Peneplain) which was uplifted in Pliocene times to form
the Darling Plateau and has subsequently been subjected to erosion under semi-arid conditions. The
ridged hills on the other hand are elongated monadnocks which, being cored by resistant rocks such as
jasper bars, withstood erosion and so rise above the general level of the remnants of the laterite-covered
Darling Plateaun.

The Great. Platean slopes down very gradually to the south and west. The downward slope to the
south is interrupted by a narrow broken chain of rugged hills, the Stirling and Mt. Barren Ranges which
rise to heights of from 1,000 to 3,600 feet above sea-level. The western margin of the Plateau is, in the
south, formed by the ‘‘ Darling Range > which, being merely the dissected margin of the Plateau, is
much better called the Darling Scarp. This Darling Scarp is clearly defined between latitudes 31° 30" S.
and 33° 30’ 8., i.e., between Moora and Donnybrook, but it is difficult to recognize farther north or south.
In the Kimberley Division the mountain ranges are the relicts of erosion between the deeply-incised
rivers and in this region the highlands of the platean terminate abruptly along a steep, deeply-indented
coastline.

The Coastal Plains

Bordering the Great Plateau are the Coastal Plains which vary in width. The Swan Coastal Plain
which extends from the neighbourhood of Perth to near Busselton averages about fifteen miles in width
and is divisible into the following belts : a narrow band of moving sand dunes along the coast ; a zone,
averaging three or four miles wide, of sandy limestone which rises in places to heights of 100 to 200 feet
above sea-level ; a zone three or four miles wide of loose sand fixed by vegetation ; and, abutting against
the Searp which forms the western margin of the Plateau, a zone of clayey soils of about the same width.
A strip of low plain extends along the coast at intervals as far north as King Sound and coastal plains
of some width occur near Port Hedland and Exmouth Gulf. A parrow plain fronts the cliffs of the
Great Australian Bight for some distance and also occurs in other places along the south coast.

The coastline of Western Australia, some 4,350 miles in length, is broken by capes between Wynd-
ham and Broome, between Port Hedland and Shark Bay, and between Cape Naturaliste and Israelite
Bay. The intervening parts are comparatively featureless.

Tt has only been possible here to briefly outline the principal physical features of Western Australia
and for a fuller description of the physiography of this State the reader should consult J. T. Jutson’s
* Physiography (Geomorphology) of Western Australia >’ (Geol. Surv. West. Aust. Bull. 95).

GEOLOGY

More than two-thirds of Western Australia is occupied by the ancient Australian Precambrian
shield which is composed of a complex of igneous, metamorphic and sedimentary rocks formed more than
600 million years ago. Most of our mineral deposits of economic importance, except coal, oil and water
and superficial deposits such as lateritic iron and aluminium ore deposits and black sand and other alluvial
accumulations, occur in these Precambrian rocks. The remainder of the State is occupied by sedimentary
basins in which Palaeozoic and later sediments are developed. Tt is in these younger sedimentary basins
that artesian water, coal, oil and natural gas are likely to occur. Finally there are the still younger
superficial deposits—laterites, salt-lake deposits, and soils on which much of the economy of this country
depends. It will be convenient therefore, in outlining the geology of the State, to consider it under the
three main headings :

(2) The Precambrian basement.
(b) The sedimentary basins.
(c) The superficial deposits.

The distribution of the solid rocks (omitting superficial deposits) is shown in the accompanying

map (see page 18).



PERTH FROM MOUNT ELIZA, 1847

Frem a watercolour by Horace Samson

Blocks

by courtesy of
The Western
Australian
Art Gallery

PERTH AND THE SWAN RIVER FROM ST. GEORGE'S TERRACE, 1850

From a watercolour by A. Taylor



PHYSICAL FEATURES AND GEOLOGY L

The Precambrian Basement

This includes the Archaean and Proterozoic rocks, The Archaean is a complex of orystalline igneous
and metamorphic rocks, dominantly granites and gneisses with minor amounts of basic igneous and
schistose metasedimentary formations. In places, particularly in the North-West and Kimberley Divi-
sions, this Archaean complex is overlain unconformably by sedimentary and volcanic rocks of Proterozoic
age which do not exhibit the extensive metamorphism so characteristic of the older Archasan complex,
Within the different areas occupied by the Precambrian rocks the same generalized sequence can be
distinguished.

In the Kimberley the oldest rocks are metamorphosed igneous and sedimentary rocks intruded by
granite and carrying in places auriferous ore deposits, and these are overlain by nn-metamorphosed sedi-
ments with basic igneous intrusives. The Precambrian age of all these rocks is evidenced by the fact.
that in the East Kimberley they are overlain by sedimentary rocks containing fossils of Cambrian age.
This is the only area in Western Australia where the Precambrian age of the rocks of this erystalline-
complex can definitely be proved on stratigraphical evidence alone. In the southern part of the State-
we find a similar sequence of crystalline schists with intrusive granites and by lithological correlation
(which is not a very sound method) we assume that they are Precambrian although they cannot actually-
be traced through from the Kimberley. We do know that in the Carnarvon Basin these gneisses, schists.
and granites are older than the Devonian, which unconformably overlies them, and in the Perth Basin
they are older than the Permian. During recent years the Precambrian age of these rocks has been con-.
firmed by actual age determinations based on the decay of radioactive elements which oceur in them.
This work indicates that the bulk of the massive granitic intrusions of the southern part of the State-.
crystallized from a molten state some 2,700 million years ago. Some, however, such as those in the
vicinity of Albany and along the south coast, are much younger, being emplaced approximately 1,100
million years ago.

The Precambrian sequence in the North-West Division appears to be the most complete that is.
present in Western Australia and, from oldest to youngest, is as follows :

The Warrawoona Succession, which consists mainly of greenstones and green schists which were, prior
to the intense folding and metamorphism to which they were subjected after deposition, basaltic lavas.
and tuffs with interbedded chemically deposited secondary rocks (jaspilites or banded iron formations):
in the upper part of the sequence. These jaspilites have been the protores of important iron-ore deposits.
such as those of Mount Goldsworthy. The Warrawoona Succession is overlain by a succession (the Mos-.
quito Creek Succession) of sedimentary rocks which have also been intensely folded and metamorphosed.
to various types of platy-structured schists, slates and quartzites. Both the Warrawoona and Mos--
quito Creek Successions are invaded by granitic igneous rocks emplaced approximately 2,700 million
years ago and both carry auriferous ore-bodies. All of these rocks in the North-West Division—the
Warrawoona and Mosquito Creek Successions and the granites intrusive into them—are therefore of”
Archaean age and have been called the Pilbara System. Still younger sedimentary rocks such as con-
glomerates, sandstones, shales and banded iron formations with interbedded basic igneous rocks, were-
deposited unconformably on the highly-folded, granite-intruded Pilbara System. This thick seccession
consists of a number of distinet groups. The three lower groups (the Fortescue, Hamersley and Wyloo
Groups) are of lower Proterozoic age as the youngest (the Wyloo Group) is intruded by granite aged ap-
proximately 1,700 million years. The two upper groups (the Breshnahan and Bangemall Groups) are of”
Middle and Upper Proterozoic age respectively. Of these Proterozoic rocks the Hamersley Group is most
important economically since most of the iron-ore deposits of the Hamersley and Ophthalmia Ranges occur-
within, or have been derived from, the thick jaspilites (banded iron formations) within this group. Except
in occasional narrow belts the Proterozoic rocks have not suffered the intense folding that affected the
older rocks and consequently they are flat-dipping to horizontally bedded unmetamorphosed sediments.
Such sediments cover very extensive areas in the North-West (see Geological Map of Western Australia
on page 18) and they are similar in many respects to the flat-dipping Proterozoic sediments which cover-
the plateau country of the North Kimberley. The final episode in the Precambrian history of the North-
West was the intrusion of dolerite dykes and sills into all of the earlier rocks.

Coming to the southern half of the State we find a similar sequence to that in the North-West. In.
the part of the Precambrian shield extending south of latitude 26° S. the oldest rocks that are recognizedi
are the greenstones of the various gold-mining fields which oocur in comparatively narrow belts elongated
in & general N.N.W. direction (see Map, page 18).  These greenstones, which are for the most part.
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metamorphosed basaltic lavas, contain interbedded jaspilites and are overlain by metamorphosed sedi-
mentary rocks (generally referred to as whitestones). This System of rocks is the Kalgoorlie- Yilgarn
-System. TFrom the mining point of view it is most important since the auriferous ore deposits of the main
mining fields are confined to it and it also contains, in the jaspilites, important iron-ore deposits such
as those of Koolyanobbing in the Yilgarn. It appears to be the equivalent of the Pilbara System
of the North-West. After the formation of the Kalgoorlie-Yilgarn rocks they were intensely compressed
into tightly closed folds with N.N.W.-trending axes. During this period of intense earth-movement
alkaline solutions permeated the older rocks, converting them into granitic gneisses which occupy the
bulk of the southern half of Western Australia. Subsequently granite magma was intruded as in the
North-West. This completes the Archaean sequence. The Proterozoic is represented by a narrow strip
of slightly altered sedimentary rocks along the Darling Scarp and the rocks of the east-west Stirling and
Mt. Barren Ranges along the south coast. As in the North-West all of these Precambrian rocks are
intruded by dolerite dykes.

Putting together the information available throughout the State, we conclude that the oldest rocks
found in Western -Australia belong to the older part of the Archaeozoic Era. It is a great succession
of rocks, generally much metamorphosed, which is called the Kalgoorlie-Yilgarn System in the southern
part of the State and the Pilbara System in the North-West region. In the early part of Kalgoorlie-
Yilgarn times there was much volcanic activity which took the form of eruptions of basic and intermediate
lavas, tuffs, and breccias. These were penetrated, shortly after their extrusion, by intrusions from the
same magma ; similar events must be occurring now in the interior of great volcanic masses like Etna or
Hawaii. In later Kalgoorlie-Yilgarn times, the dominant process was sedimentation, so that the earlier
volcanic rocks, with the minor associated bands of sediment, became overlain by a great thickness of
sandy and clayey sediments. These sediments must have been derived from some land mass composed
of rocks of pre-Kalgoorlie-Yilgarn age but this, possibly the oldest of all rock assemblages, has apparently
not yet been found in Australia or any other part of the World.

After the accumulation of the Kalgoorlie-Yilgarn System came a period of intense earth-movement
during which the rocks were, in most places, closely folded and regionally metamorphosed. The folding
was accompanied by widespread granitic intrusions,some of which consolidated into primary gneisses.
whereas others soaked into the Kalgoorlie-Yilgarn rocks, penetrating them along bedding planes, joints.
and other fractures, and so forming hybrid granitic gneisses by granitization.

Where they were not affected by this First Granite Invasion, the voleanic rocks of the Kalgoorlie~
Yilgarn System were regionally metamorphosed, in some places very strongly into dark-coloured schists,
in others only very slightly. Similarly, the sedimentary rocks of the Kalgoorlie-Yilgarn System, where
they have escaped the first granite invasion, i.e., have not been granitized, are in some places but slightly
regionally metamorphosed, in others they are converted into various types of sohist and quartzite.

All the Archaean rocks described above were invaded by the “ Younger ” Granite, which, unlike
the ** Qlder » Granite, formed well-defined intrusions many of which are stocks, though smaller offshoots.
from the same magma, in the form of “ porphyry dykes,” ocour at nearly every mining centre. These
events occurred after the folding but before Proterozoic times. Any of the Archaean rocks in Western
Australia may contain ore-bodies yielding gold and other minerals of economic value. It seems Hkely-
that many of these ore-deposits were formed at the time of the Second Granite Invasion which, from
radioactive age determination studies, occurred about 2,700 million years ago. Important iron-ore de-
posits occur in the Archaeozoic rocks at many localities, for example at Mt. Goldsworthy in the Pilbara,
Tallering Peak in the Yalgoo Goldfield, and Koolyanobbing, Bungalbin and many other localities in the.
North Yilgarn. These are all banded ironstone deposits which are interbedded with the basaltio lavas
and sedimentary rocks of early Archaean age. In many places there are important manganese deposits.
associated with these banded iron formations. A rich nickel deposit discovered in Archaean rocks at.
Kambalda near Kalgoorlie in 1966, has now become an important producer of nickel concentrates.

Fimally, in Proterozoic times we had the deposition, under shallow-water conditions, of conglomerates,
sandstones, shales and banded iron formations and another period of voleanic activity yielding basaltic
lava flows. These rocks have not suffered the intense earth movements which affected the older rocks,
and so are practically un-metamorphosed. Important blue asbestos deposits in these rocks have been
exploited at Wittenoom Gorge in the Hamersley Range of the West Pilbara. The deposits occur in
banded ironstone formations which also contain large iron-ore deposits. The well-known iron-ore deposits
of Cockatoo and Koolan Islands in Yampi Sound, which have been exploited for many years, are meta-
sedimentary deposits of Late Proterozoic age. Although the Proterozoic rocks cover extensive areas in
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the northern parts of the State they have largely been stripped off the southern half by erosion. The
final episode in the Precambrian history of this State was the widespread intrusion of dolerite dykes
approximately 550 million years ago.

The Sedimentary Basins

There are five major sedimentary basins in Western Australia—the Bonaparie Gulf Basin in the
north-east part of the Kimberley Division extending into the Northern Territory, the Canning Basin
of the West Kimberley, the Carnarvon Basin of the North-West, the Perth Basin extending from lat.
29°8. to lat, 33°S. and the Eucla Basin occupied by the Nullarbor Plain. Large areas of the Central Divi-
sion are covered by sediments of the Amadeus Basin of Central Australia and the shallow Officer Basin.
In addition to these major basins there are smaller basins such as that at Collie and scattered areas where
sediments, which are dominantly lacustrine in nature, have been deposited. In these sedimentary areas
we find sediments ranging from Lower Palacozoic to Pleistocene in age. These sediments of Palaeozoic
and later age are, as a rule, less disturbed than those of Precambrian times and many are abundantly
fossiliferous. Therefore, there is a sure means of correlating formations even in widely separated places,
and so our knowledge of the history of these sedimentary areas is more detailed than in the much altered,
highly folded, unfossiliferous Precambrian rocks of the basement.

Apart from the superficial deposits the economio significance of these basins is confined to their
possibilities for the occurrence of artesian water, coal, oil and natural gas. A prime requisite for the
occurrence of artesian and sub-artesian water is the occurrence of interbedded strata of varying porosity
and permeability. These conditions are met in a number of the sedimentary basins in Western Australia
and the development of the pastoral industry in the arid or semi-arid parts of these basins has been
largely dependent on the occurrence of artesian water. In the metropolitan area, artesian bores are
an important source of water supplies. Coal deposits are also confined to areas of sedimentary rocks
and occur in the Permian rocks of two of the minor basins, viz., the Collie and the Irwin River Basins,
and in the Lower Jurassic sediments of the Perth Basin (at Eneabba, where a seam 100 feet thick has
been found at a depth of 6,000 feet in a borehole sunk in search for oil, and as indicated in shallow shot-
holes in the Hill River area). Up to 1966 the coal deposits of the lacustrine Permian beds of the Collie
Basin constituted the only power source in Western Australia, since oil of commercial significance had
only then been proved and the gently undulating topography combined with low rainfall make the hydro-
electric resources insignificant. So far as oil is concerned the first occurence of flow oil in Australia was
-encountered in Rough Range Bore No. 1, in the Carnarvon Basin, late in 1953. This discovery of flow
oil resulted in an increase in the rate of geological exploration of all the major sedimentary basins. The
results of extensive geological mapping, geophysical surveys and exploratory drilling have to date been
rather disappointing. However, a commercial field was proved at Barrow Island off the north-west
coast in 1966. Smaller oil ocourrences have been located at various localities in the Perth Basin and this
indicates the presence of suitable source material and conditions for oil formation and preservation.
Moreover, oil search drilling operations have located some widely-spaced finds of natural gas in con-
siderable quantities, which may ultimately prove to be of commercial significance. The possibilities,
therefore, of locating other commercial oilfields in the Carnarvon, Canning and Perth Basins are by
no means exhausted and the search is being actively continued.

A detailed description of the sedimentary formations of different ages, from the Cambrian to the
Recent, in the various sedimentary basins has been set down in * The Stratigraphy of Western Aus-
tralia » (Journal Geological Society of Australia, volume 4, part 2, pp. 1-161, 1958). It is f:roposed here
merely to indicate the main features of the various basins.

The Bonaparte Gulf Basin, in the East Kimberley, extends into the Northern Territory. As already
mentioned, this and the nearby Ord Basin are the only basins in Western Australia where rocks of proved
Cambrian age are exposed. On Western Australian territory the Cambrian rocks extend as a narrow
belt along the interstate border between lat. 16° 15’ S. and lat. 18° 30" 8., reaching westward from the
border for 15 to 75 miles. The Cambrian consists of basalts at the base of the sequence, overlain by Middle
Cambrian fossiliferous limestones, shales and sandstones. There is a small development of sandstones
which are considered to be of Lower Ordovician age, following which there is a big time gap and the next
youngest formations are sandstones and limestones of Upper Devonian and Lower Carboniferous age.
Upper Carboniferous and Lower Permian formations are absent, the next marine transgression being
in the Middle Permian when there was a thick sequence of conglomerates, sandstones, and limestones
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deposited. The only other sedimentary rocks in this basin are freshwater sediments (siltstones, marls
and cherts containing freshwater fossils) of late Tertiary age.

The Canning Basin (formerly named the Desert Artesian Basin), in the West Kimberley, extends from
the coast between Derby and the De Grey River in a south-easterly direction almost to the 128° meridian
(see Map, page 18). The north-east or Fitzroy part of this basin contains sediments ranging in age
from Ordovician to Triassic and in the larger Canning Desert portion, to the south of the Fitzroy River,
the sediments range from Permian to Lower Cretaceous in age. Most of the Canning Desert section of
the basin is unexplored but the Fitzroy section is comparatively well known. It was in this area that the
early bores seeking oil were first drilled in Western Australia, following the discovery in 1919 of traces
of oil in a water bore on Gogo Station.

The oldest Palaeozoic sediments in the Fitzroy portion of the basin are richly fossiliferous lime-
stones of Ordovician age outcropping near Price’s Creek. These are overlain by Devonian reef lime-
stones, sandstones and conglomerates, followed by Carboniferous sandy limestones. These in turn are
followed by a thick Permian sequence of sandstones (of marine glacial origin deposited from floating
ice), fossiliferous caloareous shales and limestones, and in Upper Permian times fossiliferous ferruginous
siltstones and sandstones. All of these formations dip gently in a general south-westerly direction
towards the centre of the basin but these regional dips are interrupted by local folding. Shale and
sandstone beds of Triassic age occur in the Fitzroy section of the basin. The youngest rocks in this
ares are igneous intrusions in the form of intrusive sheets, dykes, and volcanic necks which have been
found intruding all rocks of the sequence from the Precambrian granitic basement to the youngest
sediments (Triassic) present. These igneous rocks, from direct geological evidence, are of post-Triassic
age, and radioactive age determinations made in 1959 indicate that they were formed 180 million years
ago (i.e,, in Juragsic times). This is one of the two areas in the whole of Western Australia where post-
Cambrian igneous activity is known,

In the Canning Desert section of the basin the Palaeozoic rocks are not well exposed and the greater
part of this portion of the basin (where not obscured by superficial unconsolidated sands) is occupied
" by Mesozoic sediments ranging in age from Lower Jurassic to Lower Cretaceous. There is no evidence
in the entire basin of any marine transgression after Lower Cretaceous times.

The Carnarvon Basin (formerly called the North-West Artesian Basin) has been the most intensively
studied of the major sedimentary basins in Western Australia. It extends along the west coast from
Onslow near the mouth of the Ashburton River as far south as the mouth of the Murchison River (see
Map, page 18), the maximum width of the basin being 125 miles at the latitude of Carnarvon. In
this basin the eastern portion up to 50 miles wide is occupied by a thick sequence of marine Palaeozoic
sedimentary rocks ranging in age from Middle Devonian to Upper Middle Permian, all of which have a
westerly regional dip. The estimated maximum thicknesses of the Palaeozoic strata are :

Permian 13,175 feet
Carboniferous 2,510 feet
Devonian . 5,120 feet

This Palaeozoic sequence which consists of fossiliferous Devonian limestones and sandstones, Carbon-
iferous limestones and Permian marine glacial beds, limestones, sandstones, and shales, is almost entirely
marine in origin. In the Carnarvon Basin we have the only wholly marine Permian sequence in Aus-
tralia, and without doubt one of the thickest marine Permian sequences in the World.

No rocks of Silurian age were known from the western half of the Australian continent until 1957
when a bore sunk by West Australian Petroleum Pty. Ltd. at Dirk Hartogs Island in Shark Bay en-
countered limestones of Silurian age underlain by sandstones which are now correlated with the reddish
sandstones which outerop in the lower reaches of the Murchison River.

To the west the Permian rocks are unconformably overlain by Cretaceous sandstones, shales, marls
and limestones attaining a total thickness of 2,000 feet, It is the basal formation, the Birdrong Sand-
stone, of the Cretaceous sequence that is the oil sand encountered in Rough Range Bore No. 1. Another
Cretaceous formation, the Windalia Formation, is one of the important oil reservoirs of the Barrow Island
Oilfield. The Cretaceous rocks outerop in a north-south belt averaging 50 miles wide between the Palaeo-
zoic and Precambrian rocks on the east and the Tertiary limestones to the west. The only other Mesozoic
formation exposed at the surface in this basin is a Jurassic sandstone 25 feet thick. However, a deep
well (Cape Range No. 2) drilled in search of oil at Exmouth Gulf, after passing through the base of the
Cretaceous at 3,707 feet, entered the Lower Jurassic which extended to the depth of 15,169 feet at which
the bore was discontinued, thus proving a thickness of at least 11,462 feet of Lower Jurassic strata in
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this area. It is apparent that there is a marked thickening of the Mesozoic formations from east to.
west in this area. The westernmost belt of the Carnarvon Basin is occupied by Tertiary strata, mainly
limestones, which are well exposed in the Rough and Cape Ranges of the Exmouth Gulf area. These:
limestones, which range from Lower Miocene to Pliocene in age, total 1,200 feet in thickness and are-
discontinuously overlain by Pleistocene and Recent beds approximately 450 feet thick. Marine Tertiary-
sediments which are so well developed along the western margin of the basin extend as a thin discon-
tinuous formation unconformably over the Permian beds of the eastern part of the basin, indicating
that in Upper Eocene times the sea transgressed practically the whole of the Carnarvon Basin.

The sedimentary rocks of the Carnarvon Basin were affected by earth movements at various times..
Even the youngest of the Tertiary rocks have been thrown into gentle folds which are significant so far
as the search for oil is concerned because, in addition to having suitable conditions for the formation and:
preservation of oil, suitable structures are necessary for its concentration into local areas (oil *“ pools ).
So far as structure is concerned, the general picture of the Carnarvon Basin is the gentle westerly regional
dip of the Palaeozoic sediments of the eastern half of the basin and the gentle dome and basin foldingr
of the western half.

The Perth Basin (formerly called the Coastal Plain Artesian Basin) is a narrow elongated basin om
the western border of Western Australia extending from Geraldton in the north to Cape Leeuwwn in
the south. At Geraldton it is 30 miles wide and is flanked both to the west and east by Precambriam
crystallme rocks (mainly gneisses). The maximum width of the basin is approximatelv 50 miles at
Watheroo and it narrows again to the south being approximately 30 miles wide in the sunkland betweem
Busselton and Augusta. At this southern end it is again flanked both to the east and west by Pre-
cambrian rocks. The surface of the basin is mostly covered by Recent sands but occasional outcrops:
of rocks as old as the Permian occur in places. The only evidence available regarding the structure,
thickness and age of the sediments in the basin is that provided by geophysical surveys and some deep-
bores sunk in the search for oil and a number of water bores up to 2,400 feet deep in the metropolitan.
area. QOravity surveys indicate that there is a very considerable thickness of sediments, perhaps exceed-
ing 30,000 feet, and it is probable that in this basin we have a complete succession from the Younger
Proterozoic (Cardup Group), which outcrops along the Darling Scarp, to the Recent sands. Other than
the Proterozoic of the Darling Scarp, the oldest sediments exposed are the gently folded Permian marine
sediments of the Eradu and Irwin River Basins at the north end of the main basin. The Permian sedi-
ments of the Irwin River area have a total thickness of 4,000 feet and vary from marine glacial beds at.
the base (as in the Carnarvon and Canning Basins) through fossiliferous marine shales and limestones.
to lacustrine sandy sediments with coal seams in the upper part of the sequence. Marine and continentak
Jurassic limestones and sandstones outerop east of Geraldton and Jurassic beds, overlain by Cretaceous
chalks and greensands, occur near Gingin and Dandaragan. In the southern part of the Perth Basin the
oldest rocks exposed (if we except the Permian of the separate minor Collie Basin which is situated well
to the east of the Darling Scarp in a glacially-gouged trough) are the Cretaceous Donnybrook Sandstones.

In the vicinity of Perth, artesian bores to a maximum depth of 2,400 feet expose a sequence vary-
ing from Jurassic sandstone at depth, through Cretaceous and Eocene shales, The King’s Park Shale of
Eocene (older Tertiary) age is overlain by Pleistocene aeolian sandstones of the Coastal Limestone Forma-
tion, the base of which is approximately 100 feet below sea-level. There is therefore a big gap in tne
succession here between the Eocene and Pleistocene. Many boreholes have been sunk in the north-cen-
tral part of the basin in the course of oil search operations. Boreholes near the coast (at Jurien Bay and
Beagle Ridge) struck Precambrian crystalline basement rocks at comparatively shallow depths of 3,360
feet and 4,860 feet. The sediments thicken further inland, as evidenced by the increasing depth to the
Precambrian basement in Cadda No. 1 (9,002 feet), Woolmulla No. 1 (9,218 feet) and Arrowsmith No. I
(11,220 feet). Very thick sedimentary sequences have been disclosed by Eneabba Bore No. 1 (which
bottomed in Lower Triassic at 13,712 feet) and Gingin No. 1 (in Lower Jurassic at 14,908 feet). To the
south of Perth three deep wells have been drilled, namely Pinjarra No. 1 (the second deepest well yet
drilled in Western Australia) which bottomed in Upper Triassic sandstone at 15,001 feet, in the far south
(near the south coast) Sue No. 1 which encountered Precambrian granulites at 10,021 feet, and near
Perth, Cockburn No. 1 which was abandoned at 10,020 feet in Lower Jurassic sandstone.

The only evidence of igneous activity in the Basin is the Cretaceous basalt of the sunkland betweenm
Bunbury and Cape Gosselin on the south coast.

Very little is known about the structure of this basin. It is bounded to the east by a large fault or
monoclinal fold. The evidence available indicates that the main structural character of the deeper
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part is a regional dip to the east (of 15° to 20°) traversed by north-south trending faults with down-
throws to the west. There is an unconformity (Upper Jurassic to Lower Cretaceous) at a depth of
-approximately 2,000 feet above which the Cretaceous and Tertiary sediments are almost horizontal.

The Eucla Basin ocoupying the Nullarbor Plain, in the south-eastern corner of the State is
-occupied at the surface by marine fossiliferous Middle Tertiary (Miocene) limestones with a marginal
belt of Lower Tertiary (Eocene) limestones. The Tertiary rocks lie on sandstones and shales of probable
“Cretaceous age, which in turn overlie the Precambrian crystalline rocks. Little is known of the details
-of the stratigraphy and structure of the Eucla Basin since the beds are very flat-lying and have only
been penetrated by water bores in a few places such as Madura near the coast and Loongana on the Trans-
Australian Railway. The Madura bore is artesian but bores along the Trans-Australian Railway have
-only yielded sub-artesian water (¢.¢., the water will rise under pressure only part of the way to the surface).
"The oil prospects of this basin are poor because of the comparatively small thickness (2,000 feet) of the
sediments and the absence of suitable folded structures to form oil traps.

The Collie Coal Basin—Of the minor basins and isolated occurrences of post-Cambrian sediments,
"Collie, since it is the only operating coalfield in Western Australia, is the only one which will be considered
there. It is situated approximately 100 miles S.8.E. from Perth, and has an area of about 100 square
miles. Actually it is made up of two basins separated by a subsurface granitic ridge. It is composed
-of sandstones and shales with interbedded coal seams and is surrounded by Precambrian rocks, The
-©oal measures, of Permian age, are of the order of 2,000 feet in thickness of which approximately 130
feet is coal. The actual contact between the Permian coal measures and the Precambrian granitic
‘basement has nowhere been seen at the surface but has been encountered in deep drill holes in various
parts of the Basin. Such drill holes reveal that Permian mudstone containing granite pebbles lies on
-an jce-planed surface of the Precambrian granitic rocks. This suggests that the Collie Basin, formerly
coonsidered to be a block of the Permian downfaulted into the Precambrian basement, is actually a
glacially-gouged trough formed by terrestrial glaciation in the Permian and since filled with Permian
lacustrine sediments. Coal occurs at three horizons and the seams, which average six feet in thickness,
persist over fairly long distances. From the associated plant fossils these coal measures appear to be
comparable in age with those of the upper part of the Permian sequence at the Irwin River near the
northern end of the Perth Basin.

The Superficial Deposits

Over a great part of the State fresh rock outcrops are comparatively sparse and are covered by highly-
weathered rocks, laterite, drift sand, soils, and, in the salt lake country, by thin evaporite deposits.

Laterite—In the southern half of the State the remnants of the Darling Plateau are covered by a
thin layer up to 10 or 15 feet thick of a reddish brown rock composed of spherical pebbles tightly or
loosely cemented together by a lighter-coloured earthy matrix. This material in its poorly consolidated
state is popularly referred to as * ironstone gravel” and when strongly cemented as * ironstone.” This
tock, called laterite, although it covers large areas, is purely superficial and wells or bores sunk in it
pass within a few feet into highly weathered country rock which may extend down for distances up to
100 feet before encountering fresh unweathered rock. This laterite crust and the underlying highly
weathered country rock were developed on a gently undulating surface during a period of warmer, more
humid, climatio conditions. These tropical conditions probably existed in Late Tertiary (Pliocene)
times when a great part of Western Australia had been reduced by long-continued erosion to a peneplain
lying close to sea level, or soon after, when this peneplain had been uplifted to form the Darling Plateau.
This uplift, judged by the elevation of the laterite-capped hills and the occurrence of fossiliferous marine
Eocene sediments 900 feet above sea-level at Norseman, was of the order of one thousand feet. On the
Great Plateau, remnants of this Darling Plateau are evidenced by the table-topped hills so characteristic
of much of the Plateau country. The significance of the laterite profile and the soils developed from
the laterite and associated weathered rocks has already been mentioned. Economically, the laterite is
important for road-making materials and in a few places (such as Wundowie) as an iron ore. The main
constituents of the laterite are the insoluble products of intense rock weathering—iron oxide, alumina
and silica. In many places the alumina content is sufficiently high to call them bauxites. Bauxites
are the main source of aluminium, and the bauxite laterites of the Dwellingup area in the Darling Range
near Perth are being exploited as aluminium ore.

The mid-Tertiary land surface of the Southern half of Western Australia on which the laterite profile
was developed at a time when this country was subjected to a tropical climate extends into the northern
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part of the State. In the Hamersley Iron Province of the North-West Division this old land surface
truncated the Lower Proterozoic banded iron formations of the Hamersley Group. On this old land
surface, (the Hamersley Surface) which can be traced without tectonio break from sea-level to elevations
of 4,000 feet, there was a secondary concentration of the iron of the Lower Proterozoic rocks resulting
in extensive rich iron-ore deposits which make this area one of the richest iron provinces in the World.

In the far south-west of the State subsurface hard pan formations consisting of ferruginous sandstone
are & potential source of low-grade iron ore.

Soils and drift sands—Western Australia, an area of 975,920 square miles extending from lat. 13°
44’S. to lat. 35° 08’ 8., although having little variety in its broad physical features, has very considerable
variation in climates from the tropical areas of summer rainfall in the north through a central and inland
province of low rainfall to the temperate areas of winter rainfall in the south. Moreover, throughout this
enormous area there is very considerable variation in the nature of the country rocks. The nature of
the soils developed is dependent on these two factors—climate and parent rock—so it will be apparent
that there will be very considerable variation in the soils over this extensive area. L. J. H. Teakle
has recognized the following major soil zones of Western Australia :

A. Grey, yellow and red podsolised, or leached, soils of the temperate sclerophyll forests.
B. Red brown earths of the eucalyptus-acacia woodlands.
C. Grey and brown calcareous, solonised soils of the low rainfall eucalyptus woodlands—

(* mallee ” soil zone of Prescott).

D. Red and brown acidic soils of the acacia semi-desert scrub—mulga, etc.

E. Brown acidic soils of the spinifex semi-desert steppes of the north-west.

F. Pinkish brown calcareous soils of the Nullarbor Plain desert shrub steppes.

G. Pinkish brown calcareous soils of the acacia semi-desert scrub, mallee and salt bush-blue
bush zone.

H. Brown soils of the tropical woodlands, savannahs and grasslands.

I. Red sands of the central desert sandhills—spinifex with desert acacias, desert gums and
mallees (Bucalyptus spp.)

Each of these major soil zones may be subdivided into one or more soil regions and the reader is referred
to a paper ‘A Regional Classification of the Soils of Western Australia ” by L. J. H. Teakle (Jour. Roy.
Soc. West. Aust. XX1V, pp. 123-195) for details concerning the soil characteristics of these various zones
and regions.

There are considerable areas of Western Australia covered by drift sand which may be in the form
of parallel red sand dunes or, in the southern part of the State, extensive sandy plains. The latter have
been generally considered to be vesidual from the weathering of granite. These sand plains are often
underlain by lateritic material and they probably represent the leached zone of the laterite profile. The
youngest of the drift sand deposits are the coastal sand dunes.

Coastal sand deposits are of considerable economic importance. At various places along the south
and west' coasts there are beach sand deposits in which there is a natural concentration of heavy min-
erals such as zircon, monazite, rutile and ilmenite. Such deposits are at present being exploited at
Capel and Bunbury for their ilmenite content, which is valuable because of its low chrome content.
The other heavy minerals such as zircon and monazite are also being exported overseas.

Salt lake deposits—These together with the coastal sand deposits represent the youngest of the geo-
logical formations developed—indeed they are in course of formation at the present time. They are
evaporite deposits resulting from the evaporation of lake waters in the areas of internal drainage. Soluble
salts produced by rock weathering are leached out by rain and running water and transported by streams
to these lakes. During the long dry summers most of these lakes dry up and the soluble salts are deposited,
yielding accumulations of gypsum and common salt. In a few of these lakes hydrated potassium aluminium
sulphate (alunite), which is a valuable source of potash for fertilizers, has been formed but its actual
mode of formation has not yet been satisfactorily explained.

Conclusion

From the foregoing summary of the geology of Western Australia we see that, although nowhere
do we find the complete geological succession, somewhers in the State there are deposits representative
of every Period. The geological history of Western Australia begins with the basaltic igneous activity




PHYSICAL FEATURES AND GEOLOGY 26

-of the Early Archaeozoic some 3,000 million years ago, followed by sedimentation, intense mountain
building activity and associated granitization and granite intrusions leading to the formation of the
major deposits of economically important minerals. In post-Archaean times there isa record of sedi-
mentation throughout all the main geological periods, Igneous activity ceased in the Lower Palaeozoio
-and only re-occurred during the late Mesozoic, yielding the basaltic lavas of the far South-West and
the voleanic rocks of the West Kimberloy. By mid-Tertiary times much of Western Australia had
been reduced by denudation to a gently undulating peneplained land surface on which, under tropical
-climatic conditions, there was an extensive development of laterite which in places constitutes valuable
aluminium and iron ore deposits. Geological processes are continuing and at the present day rocks and
sofls are still in the process of formation.




2 CHAPTER 1l — continued
PART 2-CLIMATE AND METEOROLOGY

(Contributed by the Western Australian Regional Office of the Bureau of Meteorology)

m

Western Australia is the largest State in the Commonwealth, extending from latitude 13° 44" 8. to-
35° 08’ 8., and from longitude 113° 09’ E. to 129°E. It stretches a distance of about 1,500 miles in a.
north-south direction and about 1,000 miles west-east. A little more than one-third of the State lies.
within the tropics, while the remainder extends southward to the temperate zone.

Because of its large size and its latitudinal position, Western Australia has entirely different climates:
in its northern and southern parts, while in the central regions there is a gradual change from the tropicak
climate of the north to the typical Mediterranean climate of the south.

Most of the State is a plateau between 1,000 and 2,000 feet above mean sea-level and there are no.
outstanding mountain ranges. Where the edge of the plateau forms the Darling Range along the southern
part of the west coast, it exerts a marked influence on the rainfall, causing a rapid increase from the-
coastal plain to the higher land. Elsewhere the effect of topography is less marked and its main influence-
is seen in the general decrease of rainfall with increasing distance from the coast.

PRESSURE SYSTEMS

Waeather during the year is controlled largely by the movement of the anticyclonic belt (high pressure-
systems with anti-clockwise winds), which lies in an east-west direction across the continent for about
gix months of the year.

In winter this system moves northward, bringing clear skies with fine sunny days and easterly winds-
to the tropics. With this northward movement, westerly winds on the southern side of the anticyclones.
extend over the southern part of the State, bringing with them cool cloudy weather and rain. In mid-
winter the northern fringe of the “ Roaring Forties ” extends to Western Australia and there are frequent.
westerly gales in the south coastal belt.

These westerly winds are maintained by a series of depressions (low pressure systems with clockwise
winds), which move eastward well south of the Western Australian coast, and others which originate in.
the Indian Ocean and move south-eastward past Cape Leeuwin. The extent to which westerlies affect
the State depends largely on the intensity and the position of these depressions.

Towards the end of winter the anticyclonic belt moves southward, and the westerlies are con-
fined more to the lower south-west and the south coastal districts. By summer the anticyclonic belt
has moved so far south that its centre is off the south coast and easterly winds prevail over most of the-
State. .
During this summer period the midday sun is at a high elevation in the tropics and the continual
heating leads to the development of a monsoonal depression over this region. Wind circulation round:
this system causes easterlies on its southern or inland side, but in the coastal districts north-east from.
Onslow, and in parts of the Kimberley, westerlies prevail. Winds in both the north and the south of the-
State are then in the opposite direction to those prevailing during the winter.

As the sun moves northward again the anticyclonic belt follows it. The monsoonal depression.
over the tropics dissipates and westerlies again gradually extend northward to the southern part of the-
State.

During the northern ““ Wet * season (from about December to March), occasional cyclones, known.
locally as * willy willys,” bring strong winds and rain to the tropics. They originate generally in the-
Timor Sea or off the north-west coast and often move first in a south-westerly direction parallel to the
coast and later in a south-easterly direction.

They frequently move inland between Broome and Onslow but occasionally travel further westward.
before curving to the south-east and moving inland over the west coast. Others fade out at sea without.
ever crossing the coast. Those that move inland usually commence to dissipate soon after crossing:
the coast, but occasionally they move right across the State, passing into the Southern Ocean and moving-
off towards Tasmania.

These storms are often extremely violent and have on occasions almost completely wreoked towns.
on the north-west coast, while a cyclone which struck a pearling fleet off the Eighty Mile Beach in 1887
caused the loss of 22 vessels and 140 lives.

(1) A brief account of the historical development of meteorological services in Western Australia is given on pp. 34-36-
of the Official Year Book of Western Australia, No. 2—1960 (New Series) and on pp. 36-37 of the succeeding issue, No. 3—1962.
The provision of Meteorological Services in the State is summarized on pp. 44—45 of the Official Year Book of Western Australia, .
No. 4—1964 and No. 51965, and on pp. 46-47 of the Western Australien Year Book, No. 6—1967.
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However, despite the damage which they cause, the storms are of great benefit to the pastoral regions
on account of the heavy and widespread rain which generally accompanies them. The heaviest fall
ever recorded in one day in Western Australia, 29-41 inches, was received at Whim Creek from a cyclone
in 1898.

RAINFALL

The moist rain-bearing winds in this State are in general from a westerly direction. The easterlies,
having come from the dry inland parts of Australia, usually bring fine weather and clear skies.

Because of this the highest rainfall occurs in the winter months in the south of the State, and in the
summer months in the north. In between these areas there is a gradual change from one rainfall regime
to the other.

From the map on page 27, which shows the wettest six-monthly period of the year, it can be seen
that summer rains extend southward from the Kimberley to the Trans-Australian Railway, where
there is a rapid change to the winter rainfall regime of the south coast. However, the difference between
summer and winter totals decreases southward, and the southern part of this region is one of almost
uniform rainfall.

Proceeding northward from the winter rainfall area of the south-west of the State, the wet period
oconrs earlier during the year. Across a belt Carnarvon-Menzies-Eucla, there is a more rapid change,
and this belt divides the winter rainfall area from that which receives most of its rain in the first six
months of the year. Further north, the change is more gradual but continuous, and in the Kimberley
most of the year’s rainfall is received in the summer months, which in the southern parts of the State
are the driest of the year.

The mean annual rainfall for the State is shown on the map following the index to the Year Book.
The following table shows the average rainfall and number of wet days, the highest and lowest
monthly totals, and the highest daily fall for various centres.

RAINFALL AT REPRESENTATIVE CLIMATOLOGICAL STATIONS

(Stations are arranged from north to south in three groups : Coastal, Wheat Belt and Other Inland)

|
Reporting Station and 3 . . , :
Charscteristic Jan. | Feb. | Mar, | Apr. | May | June | July ‘ Aug. | Bept ‘ Oct. ‘Nov Dec. | Year
COASTAL
Wyndham (23 feett)—
Rainfall —Average (points) 749 | 649 | 470 109 30 20 17 2 8 45 | 185 | 434 (2,718
Highest (points) | 2,842 | 2,058 | 1,758 | 2,027 | 347 | 473 | 524 84 | 186 | 334 | 558 |1,088 (5,634
Lowest (points) 51 54 0 0 1] 0 0 0 0 28 (1,438
Highest one day
(points) .. |1,212 500 (1,250 | 1,782 | 247 | 445 | 838 42 | 136 | 225 | 835 | 383 |1,732
‘Wet days—Average number 13 12 9 3 1 1 1 0 2 6 10 5
Broome (37 feett)—
Rainfall —Average (points) 410 | 559 | 209 128 | 187 66 35 8 7 5 115 | 1,803
Highest (points; 3,256 | 2,358 | 2,360 (1,019 700 | 973 | 283 | 374 88 48 | 1,005 | 1,440 | 4,307
Lowest (points; 11 6 0 0 0 0 0 0 0 0 0 544
Highest one day
points) ... 1,400 1,191 1,062 714 | 346 | 563 | 216 | 147 82 28 | 563 | 680 (1,400
‘Wet days—Average ‘number 10 10 7 3 2 2 2 0 1 1 1 5 44
Port Hedland (25 feeti)—
Rainfall —Average (points) 103 | 365 | 176 74 | 180 58 46 17 8 9 86 | 1,164
Highest (points) | 1,969 | 1,432 (1,716 (1,006 | 873 | 696 | 384 | 584 99 | 120 | 336 | 1,023 | 4,018
Lowest (polnts) 0 0 0 0 0 0 0 0 0 0 0 0 125
Highest one day
(polnts) 600 | 955 (1,113 | 469 638 [ 560 | 185 | 364 85 | 127 304 | 900 |1,113
Wet days—Average number 4 6 4 2 8 2 2 1 1 1 1 27
Roebourne (40 feett)—
Rainfall —Average (points) | 247 | 240 | 283 | 124 | 116 | 102 56 21 3 7 38 |1,243.
Highest (points) | 1,448 (1,278 | 1,607 (2,173 | 887 | 7384 | 530 | 385 | 168 | 120 120 | 507 | 4,173
Lowest (points) 0 0 0 0 0 0 0 0 0 0 13
Highest one day
‘points) 911 666 [1,082 |1,144 | 660 | 3256 | 530 | 172 90 | 115 66 | 383 |1,144.
Wet days—Average number 3 4 4 2 2 2 1 1 0 0 0 2 21
Omlow (14 feett)—
Rainfall —Average (points) | 108 291 305 26 186 | 2038 87 18 2 2 15 11 | 1,252
Highest $pomts) 1,028 (1,498 | 1,633 | 1,100 (1,020 | 908 | 872 | 421 49 [} 287 | 241 | 4,285
Lowest (points) 0 0 0 0 0 0 0 0 0 0 0 0 57
Highest one day
(points) . 932 11,079 | 1,238 | 617 937 436 | 3556 | 251 27 29 117 | 198 |1,238
Wet days—Average ‘number 2 4 3 2 4 4 4 2 1 0 1 1 28.

1 Height above mean sea-level.



CLIMATE AND METEOROLOGY 29

RAINFALL AT REPRESENTATIVE CLIMATOLOGICAL STATIONS-—continued

Reporting Station and | [ I ! 4
Characteristio , Jan, ! Feb. | Mar. | Apr. May .Tune July | Aug. | Sept. | Oct. | Nov. | Dee. | Year
- ‘ ]
COASTAL—continued ‘ |
Carnarvon (15 feett)—
Rainfall —Average (points) 21 95 65 31 168 198 168 70 18 17 8 3 862
Highest (points) 614 719 520 647 800 865 593 355 96 198 75 483 | 2,536
Lowest (points) 0 0 0 0 0 5 6 0 0 0 0 0 266
Highest one day
(points) 358 441 470 197 410 475 322 193 63 104 28 469 476
Wet days—Average number 2 3 2 3 6 7 7 5 2 3 1 1 42

Geraldton (13 feett)—
Rainfall —Average (points) 33 51 38 | 107 278 423 406 268 105 60 21 28 | 1,818
Highest (points) | 379 517 666 457 (1,292 (1,292 958 952 412 429 157 230 | 3,365

Lowest (points) 0 0 0 0 0 132 70 33 0 0 0 0 902
Highest one day
(points) . 310 324 | 3691 270 307 430 | 201 365 169 | 280 | 140 | 202 430
Wet days—Average number 2 3 3 6 10 14 16 12 9 7 4 2 88

Perth—OQbservatory (197 ft.+)—
Rainfall —Average (points) 32 44 81 181 497 722 688 557 319 216 82 59 | 3,478
Highest (points) | 217 | 655 | 571 | 585 |1,218 |1,875 (1,673 (1,258 | 784 | 787 | 278 | 317 | 5,267

Lowest (points) 0 0 0 0 77 | 216 | 242 46 34 15 0 0 | 2,000
Highest one day
(points) . 174 | 343 | 303 | 262 | 800 | 390 | 300 | 291 182 173 | 164 | 184 390
Wet days—Average number 3 3 4 8 14 17 18 18 14 12 [} 4 12t

Bunbury (17 feett)—
Rainfall —Average (points) 38 47 93 183 515 732 690 501 325 216 97 54 | 3,401
Highest (points) | 340 | 405 | 330 | 690 (1,047 |1,620 | 1,640 |1,187 793 | 769 | 331 316 | 5,374

Lowest (points) 0 0 0 0 38 | 287 | 194 82 0 26 0 0 | 1,904

Highest one day
(points) 222 338 | 258 | 240 | 317 | 472 | 372 | 263 227 164 | 205 104 472
Wetdays——Average number 3 3 4 7 14 18 18 17 14 11 6 4 119

Pemberton (565 feett)—
Rainfall —Average (points) 103 69 | 180! 353 | 662 | 831 | 902 | 730 | 488 | 300 | 241 156 | 5,105
Highest (points) | 579 | 347 | 519 | 821 (1,331 |1,469 | 1,563 (1,672 | 860 | 764 | 577 | 379 | 6,807

Lowest (points) 9 5 11 42 | 141 | 497 | 519 | 412 | 208 97 43 19 | 3,601
Highest one day
(points) 262 | 133 | 309 | 284 | 310 | 248 | 280 | 181 163 | 210 | 222 | 137 310
Wet days——Average number 7 5 9 12 18 20 21 20 17 15 12 9 165

Mount Barker (829 feett)—
Rainfall —Average (points) 88 94 144 224 341 304 420 367 325 281 159 117 | 2,954
Highest (points) | 706 | 702 505 | 920 | 957 | 824 |1,027 683 | 618 | 630 | 532 | 343 | 4,326

Lowest (points) 4 3 14 15 684 170 88 131 72 64 13 5 | 1,688
Highest one day
(points) . 412 | 284 | 192 | 548 | 270 | 208 | 285 259 175 | 214 | 251 173 548
Wet days—Average number 7 7 10 12 17 19 20 19 17 16 11 9 164

Albany (41 feett)—
Rainfall —Average (points) 04 90 160 286 485 540 573 511 408 318 157 126 | 3,748
Highest (points) 854 635 6563 921 1,140 | 1,152 | 1,060 | 1,124 706 | 736 671 459 | 5,484

Lowest (points) 4 0 10 19 | 174 | 159 | 205 | 198 80 56 19 8 | 2,607
Highest one day
(points) 345 | 226 353 226 408 | 285 | 240 | 443 | 312 184 | 307 | 323 443
Wet days—Average number 7 7 10 13 18 20 20 20 18 16 11 9 169

Esperance (14 feett)—
Rainfall —Average (points) 68 79 107 181 322 401 417 375 280 217 114 92 | 2,653
Highest (points) 524 | 471 491 691 705 (1,076 945 727 | 687 574 453 320 | 3,625

Lowest (points) 0 0 0 8 80 109 23 7% 42 52 0 0 |1,724
Highest one day
(points) 274 154 175 496 178 416 218 232 455 179 200 279 496
Wet days—Average number 5 5 7 9 14 16 17 16 14 12 7 [ 128

WHEAT BELT

Carnamah (879 feett)—
Rainfall —Average (points) 42 54 34 85 200 812 283 219 117 68 42 35 | 1,541
Highest (points) | 404 | 405 | 551 422 | 561 | 910 | 742 | 757 | 332 | 288 | 857 | 222 3,078

Lowest (points) 0 0 0 0 8 83 53 48 2 0 0 0 837
Highest one day
(points) 380 226 | 299 350 | 200 | 241 170 | 260 | 129 167 | 280 197 380
Wet days—Average number 2 2 2 4 9 12 13 11 8 6 2 2 73

Wongan Hills (906 feett)—
Rainfall —Average (points) 43 49 86 88 | 200 | 302 | 282 207 | 107 72 40 39 | 1,624
Highest (points) | 274 | 435 | 6531 320 | 739 | 866 | 687 | 515 | 285 | 202 | 171 230 866

Lowest (points) 0 0 0 0 1 87 32 33 [] 0 0 0 0
Highest one day
(points) 273 | 314 | 320 | 243 | 250 | 274 | 161 135 | 146 | 141 117 | 226 320
‘Wet days—Average ‘number 1 1 2 4 8 11 13 10 7 5 2 1 85

1 Height above mean sea—lavel.
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RAINFALL AT REPRESENTATIVE CLIMATOLOGICAL STATIONS-—continued

Reporting Station and | ‘ |
Charac tic ‘ Jan, | Feb. ‘ Mar, ‘ Apr. ‘ May |June July | Aug. | Sept. | Oct. | Nov. | Dec. ‘Year
7
WHEAT BELT-—continued | |
Kellerbervin (820 feett)— E
Rainfall —Average (points) 38 50 89 80 | 170 | 224 | 220 | 167 | 104 76 42 56 | 1,315
Highest (points) | 282 | 499 | 599 | 396 | 308 | 603 | 483 | 302 | 289 | 303 | 266 | 265 | 603
Lowest (points) 0 0 0 0 0 59 41 10 8 1 0 0 0
Highest one day ’ :
(points) ..o | 198 | 426 | 404 | 228 | 159 | 184 | 150 | 158 93 | 168 | 120 | 224 | 426
Wet days—Average number 2 2 3 5 8 12 13 10 8 (] 3 2 74
Southern Cross (1,170 feett)—
Rainfall —Average (points) 47 72 94 80 | 130 | 143 | 149 | 116 78 60 51 45 | 1,060
Highest gpoints) 380 | 538 | 665 | 504 | 469 | 371 | 420 | 346 | 418 | 312 | 203 | 282 | 1,957
Lowest (points) 0 0 0 0 0 20 42 2 0 0 0 0| 464
Highest one day
(points) ... | 172 331 | 240 | 172 | 217 | 131 | 1483 | 120 | 205 | 216 | 200 | 166 (| 331
Wet days—Average number 3 2 4 4 7 8 9 9 6 5 3 2 62
Merredin (1,046 feott)—
Rainfall —Average (points) 39 50 87 89 | 161 203 | 216 [ 156 | 101 77 51 b4 | 1,284
Highest (points) | 220 | 315 | 634 | 447 | 462 | 516 | 498 | 340 | 337 | 296 | 271 | 364 |2.219
Lowest (points) 0 0 0 0 5 23 46 24 0 3 0 0 512
Highest one iay
(points) 157 | 260 | 325 | 235 | 194 | 160 | 181 132 | 176 | 105 | 144 | 191 325
Wet days—Average numbe 2 3 3 4 8 11 12 10 7 6 3 2 71
Northam (480 feet})— .
Rainfall —Average (points) 33 46 76 80 | 226 | 327 | 340 | 249 | 142 96 42 36 | 1,702
Highest (points) | 219 | 747 | 744 | 304 | 565 | 918 | 871 | 669 | 506 | 395 | 162 | 259 (2,798
Lowest (polnts) 0 0 0 0 4 40 77 12 10 0 0 0| 764
Highest one day
(points) 148 | 455 | 407 [ 258 | 257 | 226 | 220 | 150 | 180 | 185 | 126 | 195 | 407
Wet days—Average number 2 2 3 5 10 14 16 13 10 7 3 2 86
Wandering (1,100 feett)—
Rainf:,‘lf—-Average points) 87 54 01 | 180 | 324 | 474 | 472 | 378 | 257 | 181 70 60 | 2,528
Highest (points) | 222 | 961 | 481 | 476 | 766 (1,450 (1,274 (1,062 | 757 | 508 | 254 | 416 | 1,450
Lowest (points) 0 0 0 [ 42 99 | 133 b4 33 11 0 0 0
Highest one day .
_ (points; | 192 | 543 | 410 | 190 | 240 | 336 | 273 | 210 | 180 | 168 | 190 | 250 | 543
Wet days—Average number 3 3 b 8 18 17 19 17 13 11 (] 4| 119
Narrogin (1,114 feett)—
Rainfall —Average (points) 30 65 8 | 117 | 2556 | 367 | 364 | 277 [ 190 | 132 56 51 | 1,989
Highest (points) | 270 | 934 | 502 | 495 | 599 [1,182 | 957 | 729 | 478 | 483 | 212 | 373 | 2,017
Lowest (points) 0 0 0 0 38 90 [ 115 62 26 6 0 0 | 1,056
Highest oue day
(points) 197 454 450 1568 269 280 320 165 144 139 87 196 454
Wet days—Average number 2 2 4 (] 11 13 16 14 11 8 4 3 93
Katanning (1,016 feett)—
Rainfall —Average (polnts) 42 61 04 | 122 | 245 | 806 | 308 ( 243 | 182 | 144 71 67 11,885
Highest (points) | 341 | 884 | 525 638 | 583 | 721 | 685 | 681 | 484 | 450 | 355 | 293 | 3,077
Lowest (points) 0 0 0 2 28 84 86 51 14 17 0 0 |1,072
Highest one day
(points) .| 258 | 495 | 271 417 | 283 | 276 | 182 | 117 | 145 | 198, 165 | 216 | 495
Wet days—Average number 3 3 5 7 12 15 17 15 18 10 5 4| 109
OTHER INLAND ]
Halls Creek (1,225 feett)— i
Rainfall —Average (points) | 528 | 468 | 158 76 51 22 33 10 9 52 | 120 | 261 (1,771
Highest (points) | 2,274 (1,467 (1,451 | 646 | 659 | 344 | 316 | 221 | 207 | 408 | 780 | 905 | 4,204
Lowest (polnts) 20 11 0 0 0 0 0 0 0 0 0 12 | 844
Highest one day
(points) 831 510 685 578 241 143 189 206 123 142 198 471 831
Woet days—Average number 12 12 6 3 2 1 1 0 1 2 [ 9 55
Marble Bar (595 feett)—
Rafnfall —Average (points) [ 285 | 200 | 214 83 89 93 52 21 4 18 35 | 135 |1,319
Highest (points) | 1,219 | 924 | 1,530 | 047 | 588 | 825 | 527 | 135 95 | 458 | 242 | 957 | 2,920
Lowest (points) 0 0 0 0 0 0 0 0 0 0 0 0| 280
Highest one day
(points) 574 | 470 |1,200 | 536 | 274 | 412 | 247 | 125 95 | 332 | 238 | 6592 (1,200
Wet days—Average number 7 6 4 2 2 2 2 1 0 0 2 4 32
Mundiwindi (1,840 feett)—
Rainfall —Average (points) | 177 | 181 | 193 86 84 76 33 81 14 | 32 42 | 107 |1,056
Highest époints) 1,262 11,278 | 1,051 543 | 477 | 445 | 276 | 209 [ 240 ‘ 368 | 280 | 628 |3,211
Lowest (points) 0 0 0 0 0 0 0 0 0 | 0 0| 103
Highest one day !
(points) 274 | 278 | 688 | 223 | 210 159 | 168 | 152 | 135 210 | 227 | 450 | 688
Wet days—Average number (] 6 5 3 3 3 ‘ 2 2 1 1 3 4 39

1 Height above mean sea-level.
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RAINFALL AT REPRESENTATIVE CLIMATOLOGICAL STATIONS—continued

|
Repmg:f mst?ﬂt;(t)ﬂa and ‘ Jan. | Feb. ‘ Mar. | Apr. | May ‘ June" July ‘ Aug. ‘ Sept. ‘ Oct. ‘ Nov. | Dec. ‘ Yeoar
OTHEBR. INLAND—continued ‘ J ‘
Meekatharra (1,676 feett)—
Rainfall —Average (points) 135 118 80 34 78 160 64 38 16 11 41 21 79¢
Highest (points) | 841 526 | 608 542 514 | 615 200 304 143 101 371 411 | 2,081
Lowest (points) 0 0 0 0 0 0 1] 0 0 0 0 0| 191
Highest one day ‘
(points) 335 330 405 431 303 238 134 153 132 84 322 270 431
Wet days— A verage number 5 4 4 3 5 7 6 3 2 1 1 2 43
Kalgoorlie (1,247 feett)— .
Rainfall —Average (points) 73 143 64 82 88 | 108 99 76 88 36 61 45 | 043
Highest (points) | 802 /1,238 | 655 | 404 | 376 | 468 | 324 | 318 | 386 | 314 | 276 257 11,804
Lowest (points) 0 0 0 0 0 0 8 0 0 0 0 0 475
Highest one day
(points) 379 | 700 279 | 282 315 226 147 137 174 246 | 254 199 700
Wet days—Average number 3 4 4 5 7 8 9 7 5 4 3 3 62
Rauwlinna (607 feett)—
Rainfall —Average (points) 59 57 72 72 65 72 51 69 42 52 48 53 | 712
Highest (points) | 828 483 | 336 | 448 317 513 207 609 | 334 | 250 | 317 461 | 1,966
Lowest (points) 1] 1] 0 0 0 1] 0 0 1] 1] 0 1] 310
Highest one day
(points) 393 229 | 187 227 122 | 149 | 100 261 282 98 257 192 | 393
Wet days—Average number 2 2 3 8 4 5 4 4 3 8 3 2 38
Collie (624 feett)— .
Rainfall —Average (points) 53 58 | 103 104 | 524 | 736 7556 | 582 | 421 281 112 66 | 3,885
Highest (points) | 304 | 702 | 414 | 719 |1,036 11,8656 (1,731 | 1,628 | 977 | 837, 362 | 317 |1,865
Lowest (points) 0 0 0 15 58 | 230 | 203 | 123 57 24 2 1 0
Highest one day .
(points) . 224 419 | 331 249 | 243 | 357 | 272 | 281 220 | 164 | 141 126 | 419
‘Wet days—Average number 4 3 6 10 16 19 21 19 17 13 8 5 141
Manjimup (917 foett)—
Ralofall —Average (points) 76 79 132 | 254 | 563 | 715 | 720 | 599 | 441 326 172 | 104 | 4,181
Highest (points) | 285 | 462 542 | 763 11,069 |1,307 |1,268 (1,272 {1,010 | 652 | 423 306 (1,307
Lowest (points) | 0: 1] 2, 34| 104 | 330 | 168 | 193 94 74 10 0 1}
Highest one day 1 i
{points) 136 | 172 | 221 204 | 312 | 325 196 213 231 170 | 183 | 115 | 825
‘Wet days—Average number \ 6 5 8 \ 11 18 20 22 21 16 15 11 8 161

TEMPERATURE

The hottest month in Western Australia is November in the Kimberley, December a little further
south and January near the Tropic of Capricorn. In the tropics temperatures generally rise from July,
the ooldest month, to November.
“ Wet ” prevents this further rise and there is a slight fall.
temperatures commence to rise again and there is' another minor peak in March or April.
there is a general fall until July.

South of the tropics the hottest month is January, except in coastal districts where February is
hotter. The coldest month is again July.

The most consistently hot place in the State is Wyndham, where the mean maximum throughout

1t Height above mean sea-level.

In some places further rises occur, but in others the onset of the

As the rains cease at these latter places

After this ’

the year is 93-1°F. and the mean minimum for the coldest month is 66-2°F. At Marble Bar the yearly
mean maximum of 96-2°F. is higher, but mean minimum temperatures are consistently lower, falling
to 62-5°F. in the coldest month. The mean maximum at this centre is the highest in Australia, ex-
ceeding 100°F. in the six months from October to March inclusive. There are often long spells of hot
weather in this region and during one period, from the 31st October, 1923 to the 7th April, 1924, the
maximum temperature at Marble Bar reached or exceeded 100°F. on 160 consecutive days.

Further south temperatures are lower, but even in the southern parts of the State there are occasional
heat waves, and the highest temperature on record, 123-2°F., was recorded at Eucla on the south coast.

Near the coast the sea breeze generally brings relief from high temperatures. It blows nearly every
afternoon in the hot months, and is known in Perth as the‘‘ Fremantle Doctor”. Away from the influence
of the sea, extremes are greater, day temperatures being higher and night temperatures lower than in
the coastal districts. During the winter, temperatures have fallen below 30°F. in most of the inland
part of the State south from the tropics. The lowest on record is 20-2°F. which occurred at Booylgoo
Springs near Sandstone, and as far north as Mundiwindi, almost in the tropics, 22-4°F, has been recorded.



32 WESTERN AUSTRALIAN YEAR BOOK

Frosts are at times widespread over the southern part of the State and occasionally extend into the
tropics, but they are not particularly troublesome as they normally occur during that period of the year
when crops are least susceptible to frost damage. They occur mainly in the months May to September
inclusive and are most frequent in July and August. :

The table below shows, for each month of the year, the mean maximum, mean minimum, and extreme
temperatures and the average number of days with registrations of 90°F. and over and of 100°F. and
over. The average number of days with temperatures of 36°F. or below, which provides an indication
of frost frequency, is also shown.,

TEMPERATURES AT REPRESENTATIVE CLIMATOLOGICAL STATIONS
(Stations are arranged from north lo south in three groups : Coastal, Whea! Belt and Other Inland)

N |
Reporting Station and ‘ ‘ ‘
Characteristic | Jan. ‘ Feb. ‘ Mar. | Apr. ! May !June ! July | Aug. | Sept. | Oct. ! Nov. | Dec. “Yea.r
1
COASTAL f | }
Wyndham—
Temperature ;
Mean max., °F. oo | 95°9 | 95-5 | 95-8 | 94-7 | 90-1 | 858 | 85-0 | 88-5 | 93-5 | 96-9 | 98:-5 | 97-6 | 903-1
Mean min,, °F, v | BO-2 | 797 | 79-5 | 77-2 | 72-4 | 68-0 | 66-2 | 69-5 | 74-8 | 79-7 | 81-4 | 81-2 | 75-8
Highest max., °F. ... (1185 [111-0 |108-0 [106-0 [103-0 | 97-5 | 96-0 (102-0 (106-0 |111-0 (113-6 |112:0 [113-6
Lowest min., °F. ... | 67-0 | 62-0 | 65-0 | 63-0 | 52-0 | 50-0 | 48-0 | 47-0 | 60-1 | 65-0 | 58-0 | 65-0 | 47-0
Number of days 90° and over | 29-2 | 256 | 29-1 | 26-3 | 262 | 11-7 | 13-4 | 24-1 | 29:56 | 30-6 | 29-3 | 29-0 |304-0
Number of days 100° and over| 17-3 | 12-3 | 15-6 721 07 0-0! 00| 04 4-3 | 16-8 | 21-0 | 18-3 (114-8
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Broome—
Temperature :
Mean max., °F, ... ... | 91-3 ] 901-8 | 03-1 | 93-3 | 88-0 | 82-5 | 81-8 | 85-0 | 88-8 | 90-5 | 92-7 | 93-2 | 89-3
Mean min,, °F, ... e | 79-2°1 79-1 | 777 | 71-6 | 64-8 | 59-5 | 57-0 } 60-0 | 65-1 | 72-1 | 76-7 | 79-4 | 70-2
Highest max., °F. ... [111-5 |108-8 |107-0 [107-0 (101-0 | 97-2 | 95-0 |100-5 |103-5 |109-1 (111-8 |112-7 |112-7
Lowest min., °F. ... | 64:0 | 9.0 | 55-0 | 54+0 | 45-1 | 43-4 | 37-0 | 40-6 | 48-0 | 52-8 | 58-5 | 63-0 | 37-9
Number of days 90° and over | 27-5 | 25-6 8-5 | 26-2 | 14-5 4.2 4-4 9-8 | 15-8 | 19-4 | 25-1 | 28-5 [229-5
Number of days 100° and over| 3-0 | 1:5 53 2:6 00| 00 00| 0-1 0-8 5-0 | 33| 3-5|26-0
Number of days 36° and under| 0-0| 00| 0-0| 00| 00| 0-0 | 00, 00 00| 00| 00| 00| 00
Port Hedland—
Temperature :
Mean max.,, °F 94-3 | 94-6 | 95-3 | 93-3 | 86-1 | 80-2 | 79-3 | 82-3 | 86-9 | 89-7 | 93-2 | 04-2 | 89-1
Mean min., °F. ... 79-4 | 79-1 | 77-6 | 71- 63-7 | 57-9 | 55-6 | 58-4 | 62-5 | 68-1 | 73:5 | 776 -7
Highest max., °F. ... [117:0 (115-7 (112-1 [118-0 [101-0 | 94-0 | 93-7 | 98-8 (102-0 (110-4 |114-0 |118-2 |118-2
Lowest min., °F, ... |60-0| 61-4 | 63-8 | 51-2 | 44-6 | 40-4 | 38-8 | 38-7 | 456-0 | 51-9 | 67-8 | 62-2 | 38-7
Number of days 90° and over | 28-1 | 25-9 | 20-6 | 24-3 | 82| 0-83 | 0-4| 4-3 | 15-3 | 20-5 | 23-83 | 27-7 |207-9
Number of days 100° and over| 8-8 | 6-1 | 18-7 4-4 | 00| 00 00| 0-0| 0-3 4-3| 7-4 |10-7 | 55-7
Number of days 36° and under| 0-0 | 00| 00| 00| 00| 00| 00| 00| 0-0| 00| 0-0 0-0]| 0-0
Roebourne—
Temperature :
Mean max., °F. ... ... |100+8 (100-9 | 98-5 | 93-9 | 86-2 | 79-4 | 79-0 | 82:9 | 89-6 | 04-4 |100-5 |101-7 | 92-3
Mean min., °F. ... e | 7942 | 79-8 | 77-4 | 70-6 | 64-0 | 58-2 | 55-4 | 57-5 | 616 | 66-6 | 73-2 | 76-7 | 88-3
Highest max., °F.. ... |118-0 |116-0 [113-4 (109-8 |100-0 | 93-8 | 91-0 | 97+0 |106-8 |113-0 114-5 |116-0 |118:-0
Lowest min., °F. v | 66:6 | 55-0 | 63-0 | 657-8 | 46-7 | 40-0 | 41-0 | 44-0 | 48-1 | 55-0 | 49-0 | 53-0 | 40-0
Number of days 90° and over | 29-8 | 26-83 | 27.9 | 24-1 72| 02| 0.2 8.3 | 15-2 | 23-3 | 28-1 | 30-5 (218-1
Number of days 100° and over| 17-7 | 15°0 | 159 | 47| 00| 0.0 | 0-0| 00| 08| 50 | 16-2 | 19-4 | 956
Number of days 36° and under| 0-0( 0-0( 00| 0-0| 00| 00| 00| 00| 00| 0-0( 0.0 0-0| 0-0
Onslow—
Temperature : !
Mean max., °F. ... .| 964|964 | 954 | 01-9|84:3 | 780! 77-3 | 80-0 | 86-1 | 88-9 | 93-5 | 95-4 | 88-5
Mean min., °F. ... e | 74-2 | 747 | 73-5 | 87-1 | 60-3 | 54:5 ; 51-5 | 53-5 | 56 61-0 | 66-3 | 70:5 | 63-7
Highest max., °F, ... [117-8 |119-0 |115-6 (110-9 [101-0 | 90-0 | 90-2 | 95-6 (101-0 |112-2 (115-0 |117-5 |[119-0
Lowest min., °F, ... | 60-5 | 61-9 | 58-4 | 650-0 | 42-0 | 37-3 | 37-5 | 40-0 | 41-9 | 45-4 | 50-0. | 54-5 | 37-3
Number of days 90° and over | 25-8 | 24-1 7-8 | 16-7 | 28 | 0-1 0-0| 08| 5-2|13-3 | 19-1 5-2 (160-9
Number of days 100° and over| 9-1 70| 88| 16| 00| 00 0:0( 00| 02| 2.0 5-7 9-8 | 44-1
Number of days 86° and under| 0-0 0-0 0-0 0-0 0.0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Carnarvon—
Temperature :
Mean max., °F, ... ... | 87:2 | 88-1 | 86-9 | 84-4 | 78-3 | 78-7 | 71-7 | 73-1 | 75-4 | 77-4 | 81-4 | 84-2 | 80-2
Mean min., °F. ... e | 72-1 | 72-4 | 71-6 | 65-8 | 58-8 | 54-0 | 51+6 | 53-4 | 57-2 | 61-1 | 65-8 | 60-2 | 62-7
Highest max., °F. ... |117-8 1115-2 (112-8 [105-9 |100-4 | 90-2 | 86-8 | 90-2 | 97-8 |108-83 (109-1 [113-0 |117-8
Lowest min., °F, ... | 58:0 | 61-2 | 56-8 | 47-0 | 42-8 | 87-0 | 37-0 | 38-3 | 42-0 | 45-5 | 50-4 | 54-6 | 37-0
Number of days 90° and over 8-0 9-8 1-3 70 0-4 0-0 0-0 0-1 0-9 2-1 2.5 3-6 | 45-7
Number of days 100° and over| 3-4 3-8 3.7 1-3 0-0 0-0 0-0 0-0 0-0 0-4 05 0-9 | 14-0
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0:0 0-0
Geraldion—
Temperature :
Mean max,, °F. ... ... | 84:5 | 85-2 | 83-6 | 80-5 | 74-2 | 69-7 | 67-7 | 68-8 | 71-4 | 73-6 | 78+5 | 82:0 | 76-8
Mean min., °F. ... ... | 66-3 | 66-5 | 85-0 | 60-9 | 56-9 | 53-8 | 51-7 | 52:1 | 53-0 | 55-4 | 60-0 | 63-4 | 58-7
Highest max., °F. .o [117-9 |115-5 [111-7 (108-0 | 94-7 | 83-8 | 81-9 | 88-9 | 96-5 (104-6 (108-8 |113-0 (117-9
Lowest min,, °F. .. | 48-0 | 51-0 | 47+0 | 41-8 | 36-0 | 33-5 | 33-4 | 35-1 | 85-3 | 87-0 | 44.0 | 45-8 | 33-4
Number of days 90° and over 8-2 9:8 9-8 3-9 1-1 0-0 0-0 00 0-1 1-3 4-9 5-0 | 44-1
Number of days 100° and over| 3-4 35 2-1 0-8 0-0 0-0 0-0 0-0 0-0 0-1 0-9 1-8 | 12-1
Number of days 36° and under| 0-0 | 0-0| 0-0| 0-0| 00| 0-2| 0-1 0-0| 0-1 0-0 00| 0-0 | 0-4
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CYCLONE ** SHIRLEY ™’

This photograph of Cyclone *‘ Shirley '’ was taken by the satellite ESSA 2 during its 386th orbit on

the 3lst March, 1966. The centre of the photograph is latitude 24° 03 S. and longitude 113* 02" E.,

while the centre of wind circulation is latitude 14° S, and longitude 116” E.  The top of the photograph
faces north,
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TEMPERATURES AT REPRESENTATIVE CLIMATOLOGICAL STATIONS-—continued

Reporting Station and . | s }
Chamoteristic l Jan, ’ Feb, ‘ Mar. ] Apr. | May | June | July ’ Aug. | Sept. | Oct. | Nov. | Dec.
COASTAL-—continued
{'erth (Observatory)—
Temperature :
Mean max., °F. ... 84-6 | 85-83 | 81-8 | 76+3 | 69-0 | 64-4 | 62-9 | 64-0 | 66-7 | 69-6  75-0 | 81-2
Mean min., °F, ... ... | 63-2 | 63-6 | 61-4  57-3 | 52-6 | 49.7 | 48-0 | 48-3 | 50-1 | 52-4 | 56-7 | 60-5
Highest max., °F. .~ |110-7 |112-2 |108-4 | 99-7 | 90-4 | 81-7 | 76-4 | 82:0 | 90-9 | 99:0 |104:6 |107-9
Lowest min., °F. 486 | 477 | 45-8 | 89-3 | 34°8 | 34-9 | 342 | 85-4 | 367 | 40-0 | 420 | 475
Numberofda.ys 90° and over 8-8 8.2 5-5 1-2 0-0 0-0 0-0 0-0 0-0 0-3 2.2 5-6
Number of days 100° and over| 1:6 1-8 0-7 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-1 0-8
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-0 0-1 0-1 0-0 0-0 0-0 0-0 0-0
Bunbury—
Temperature :
Mean max., °F. ... ... | 82:1 | 81-9 | 78-9 | 74-4 | 681 | 64-1 | 62-5 | 631 | 65-5 | 68-1 | 74-4 | 78-9
Mean min., °F. ... | 59+1 | 59-1 | 57-1 | 53-6 | 50-8 | 48-6 | 47-1 | 47-4 | 48-8 | 50-4 | 54-0 | 56-8
Highest max., °F. ... (106-2 [104-2 |101-0 | 93-0 | 83-7 | 77-2 | 72-2 | 756-5 | 83-8 | 92-5 | 99-8 {1015
Lowest min., °F 42-0 | 41-3 | 39-8 | 36-7 | 821 | 83-0 | 28-0 | 383-0 | 80-0 | 33-0 | 39-2 | 38-4
Number of days 90° and over 4-2 3.2 1-6 0-1 0-0 0-0 0-0 0-0 0-0 0.0 0-3 1-1
Number of days 100° and over| 0-1 0-2 0-0 0-0 00 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Number of days 86° and under| 0-0 0-0 0-0 0-0 01 0-4 0-3 0-2 03 0-3 0-0 0.0
Pemberton—
Temperature :
Mean max., °F. 63-9 | 63-6 | 60-1 | 57-9 | 59-6 | 61-6 | 64-6 | 60-8 | 78-9
Mean min,, °F. 51'8 | 484 | 46+8 | 44-4 | 44-2 | 44-0 | 48-8 | 40°8 | 52+0
Highest max., °F. . 93+0 | 80+0 | 72-0 | 70-0 | 78+0 | 83:0 | 87:0 | 95-0 |100-0
Lowest min., °F. . . 37-0 | 82:0 | 34-0 | 32-0 | 30-0 | 315 | 35-0 | 35-8 | 89-0
Numberofday590°andover 8.9 2-8 2:5 0-4 0-0 0-0 0-0 0-0 0-0 0-0 0-5 2-1
Number of days 100° and over 0-6 | 0-0 | 0-1| 0-0| 0-0| 00| 0-0( 0.0 00} 00| 0-0| 00
Number of days 36° and under| 0.0 0-0 0-0 0:0 0-2 0:7 1-3 1:6 0-9 0-2 0-0 0-0
Mt Barker—
Temperature ¢
Mean max,, °F. ... ... | 781 | 78-3 | 74-1 | 69-7 | 68-0 | 58-8 | 57-2 | 68-7 | 619 | 65-83 | 71-3 | 75-4
Mean min,, °F. ... ... | 641 | 54-3 | 53-4 | 50-5 | 468 | 44-1 | 42-0 | 42-4 | 44-0 | 45-9 | 49-3 | 52-2
Highest max., °F. w.. |111-0 (110-5 |105-0 | 96-8 | 87-0 | 756-8 | 70:0 ( 77-0 | 84-8 | 96-0 |102-9 |109-3
Lowest min., °F. 35-0 | 89-0 | 88-5 | 36-0 | 33-0 | 32-0 | 28-0 | 20-7 | 31-0 | 83-0 | 34-0 | 34-0
Number of days 60° andover | 4-3 | 4:0) 25| 0-4 0-0| 00| 00| 00| 00} 0+:1) 1:0| 28
Number of days 100° and over| 0-8 | 0-8 | 02 00| 00| 00 00| 0-0| 00| 00| 0-1 0-3
Number of days 36° and under| 0-0 | 00| 00| 01| 03| 1-5| 3-5| 83| 1-9| 0-4| 0-0]| 0-0
Albany—
Temperature : ,
Mean wax,, °F. .. .. | 73-8 | 74-2 | 72-3 | 70-3 | 65-9 | 62.2 |'60-9 | 61-7 | 63-6 | 65-7 | 60-2 | 72-0 -8
Mean min., °F. ... .. | 58-5 | 58-8 | 57-5 | 54-5 | 50-7 | 47-8 | 46-3 | 46-6 | 48-3 | 50-0 | 53-8 | 56- 4
Highest max., °F. -~ [107-0 |112-6 |105-4 | 99-9 | 05-3 | 76-2 | 73-5 | 81-0 | 87-0 | 97-2 |108-0 [106-0 -6
Lowest min., °F 42-3 | 41-0 | 38-7 | 89-5 | 3851 | 35-0 | 32-2 | 84-3 | 34:0 | 36-2 | 40-6 | 41-2 -2
Number of days 80° and over 0-8 0-3 09 0-6 0-0 0-0 0-0 0-0 0-0 0-1 0-4 0-9 -0
Number of days 100° and over| 0-3 0-0 0-1 0-0 00 0-0 0-0 0-0 0-0 0-0 0-0 0-2 -6
Number of days 36° and under| 0-0| 00| 0-0| 0-0| 00| 00| 00| 00| 00| 00| 0:0| 0-0 -0
Esperance—
Temperature :
Mean max., °F. ... o | 766 | 775 | 75-4 | 72-2 | 67-4 | 63-6 | 62-1 | 63-5 | 66:4 | 68-4 | 71-9 | 745 -0
Mean min., °F. ... . | 59-9 | 603 | 58-9 | 54-4 | 50-3 | 46-8 | 45-4 | 45-7 | 47-9 | 50-3 | 54-4 | 675 -6
Highest max., °F. ... |[117-0 |111-4 §110-5 [102-0 | 91-5 | 81-0 | 78-8 | 88-7 | 96-0 [103-8 |108-0 [109-0 -0
Lowest min., °F. 40-8 | 40-8 | 39-0 | 38-0 | 85-0 | 32-0 | 81-0 | 32-0 | 84-3 | 33-9 | 38:0 | 40-0 -0
Numberotdays90° and over 8-1 3.1 2-6 0-8 0-1 0:0 0.0 0-0 0-1 0-6 1-6 2.5 -5
Number of days 100° and over| 1.2 | 1.0, 0-5| 00| 0.0 00| 0.0 00| 0-0 0-1| 02| 0-8 8
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-1 0-8 0-9 0-5 0-2 0-0 0-0 0-0 -5
WHEAT BELT
Carnamah—
Temperature :
Mean max., °F. . oo | 9547 | 955 | 89-4 | 82+3 | 72-2 | 67-2 | 64-2 | 67-0 | 71-8 | 77-9 | 85-3 | 908 -9
Mean min., °F. ... e | 83:5 | 63-7 | 605 | 56:0 | 49-7 | 47-3 | 44.7 | 44-6 | 45°5 | 49- 54-6 | 59-2 -2
Highest max., °F. o (114-1 114-0 |111-0 |102-0 | 01-0 | 82-0 ! 82-0 | 85-0 | 95-1 |104-0 |109-5 |111-0 -1
Lowest min., °F. 41.1 | 48-0 | 37-0 | 350 | 35-0 | 32.0 | 33.0 | 84-3 | 38-0 | 34.0 | 30-0 | 44-0 -0
Number of days 90° and over | 23.8 | 22.2 | 18.7 | 6-5 00| 00| 0-0( 00/ 0-6 3-5| 88| 18-8 -9
Number of days 100° and over| 12-2 9-4 4-5 00 0-0 0-0 0-0 0-0 0-0 01 1-8 5.9 -4
Number of days 36° and under| 0-0 0-0 0-0 00 0-1 0-5 0-8 0-8 0-3 0-0 0-0 0-0 -5
Wongan Hills—
Temperature :
Mean max., °F. ... o | 9247 | 90-4 | 87-9 | 78-4 | 67-2 | 62-4 | 60-4 | 61-9 | 68-6 | 73-5 | 80-2 | 85-8 -8
Mean min,, °F. ... oo | 6341 | 62-9 | 61-1 | 55°5 | 485 | 45-2 | 41-8 | 41-7 | 45-6 | 47-9 | 52-0 | 57-1 -9
Highest max., °F. ... [112-0 |109-6 |108-5 | 98-6 | 89-2 | 74-2 | 76-3 | 79-6 | 90-3 | 99-5 |104-2 |111-8 -0
Lowest min., °F, 47-9 | 49-1 | 45-4 | 37-1 | 84-2 | 83-0 | 322 | 31-5 | 32-3 | 85-0 | 39-7 | 415 5
Nutnber of days 90° and over 18-3 | 15-5 | 14-5 2.7 0-0 0-0 0-0 0-0 0:0 1-0 5:2 | 10-7 -9
Number of days 100° and over| 6-7 | 4.0 | 1-3| 00| 00 00| 00| 00| 00| 00| 0-2| 1-7 -9
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-2 08 2.5 2-7 1-1 0-0 0-0 0-0 -3

2748—(3)
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TEMPERATURES AT REPRESENTATIVE CLIMATOLOGICAL STATIONS —continued

Reporting Station and { 3 . ‘ ‘
e o ‘ Jan, | Feb. | Mar, | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. !Year
I
WHEAT BELT—continved i
Kellerberrin—
Temperature &
Mean max., °F. ... .. | 93-0 | 92-3 | 86+4 | 79-1 | 69-3 | 63-4 | 61-3 | 64-0 | 70-2 | 76-1 | 85-0 | 9056 | 77-b
Mean min,, °F. ... w.. | 61-8 | 61-4 | 58-8 | 52-2 | 46-5 | 43-6 | 41-5 | 41-9 | 43-8 | 47-8 | 54-5 | 58-8 | 51-0
Highest max,, °F. ... [116:0 |116-0 [112-0 |102-6 | 96-0 | 80-4 | 76:0 | 82-6 | 97-7 (103-0 |109:5 |113-0 |116-0
Lowest min., °F. 45-0 | 430 | 40-7 | 34-0 | 28-0 | 26-5 | 26-0 | 27-6 | 30-0 | 32-5 | 39-0 | 42-0 | 28-0
Number of days 90°andover 19-9 | 18-7 | 11-8 2.7 0-2 0-0 0:0 0-0 0-2 1-8 8-5 | 15-0 | 76-3
Number of days 100° and over| 6-9 | 5-5( 1-8( o0-1| 0-0| 00| 00| 00| 0-0| 0-1 1-4 | 4-6 | 20-4
Number of days 36° and under| 0-0 0-0 0-0 0-1 2-4 4-6 7-4 7-0 34| 06 0-0 0-0 | 26-5
Southerr Cross—
Temperature :
Mean max., °F. ... o | 94:3 | 93-0 | 87-0 | 78-9 | 60-5 | 63-0 | 61-7 | 64:7 | 72-0 | 77-7 | 86-5 | 92-3 | 78-4
Mean min., °F. ... ... | 62-2 | 62-2 | 58-4 | 61-7 | 45-1 | 41-5 | 89-1 | 40-3 | 43-1 | 47- 56-0 | 59-9 | 50-5
Highest max., °F. ... (115:0 (117-0 |112.0 |103-2 | 92-0 | 81-5 | 80-0 | 856-9 | 04-6 (102-8 (110-2 |114:6 |117-0
Lowest min., °F. 42-0 | 42-0 | 38-2 | 80-0 | 26-0 | 24-3 | 23-0 | 250 | 26-0 | 30-6 | 35-6 | 40-8 | 23:0
Number of days 90° and over | 21-5 | 17-3 | 12-7 | 8-2 | 00| 0-0| 0-0| 0.0 0.4 | 2.7 | 106 | 18-5 | 869
Number of days 100° and over| 9:1 | 7.2} 26| 0-1| 00| 0-0(.0-0| 00| 00| 0-1| 2:0| 6-4 ]| 27-4
Number of days 36° and under| 0-0 0-0 0.0 0-6 2-4 7-1 86 9-6 3.5 0-4 0-0 0.0 | 32-2
Merredin—
Temperature :
Mean max., °F. ... . | 92:8 | O1-5 | 85-8 | 77-2 | 68-0 | 62-1 | 60-1 | 62-7 | 69-3 | 75-8 | 83-3 | 89-1 | 76-4
Mean min., °F. ... .o | 62:2 | 621 | 59-3 | 5240 | 46-3 | 43-2 | 404 | 40-3 | 42-4 | 46-9 | 53-8 | 58- 650-7
Highest max., °F. ... |118:0 |112-0 [109-6 |101-8 | 93-5 | 81-4 | 77-4 |-82-2 | 92-6 [102-5 (107-0 [112-1 |113-0
Lowest min., "o, .. | 46:5 | 43-0 | 41-2 | 29-8 | 25-0 | 27-0 | 25-83 | 25-9 | 27-5 | 20-8 | 83-0 | 41-0 | 25-0
Numberofday590°s.ndover 19-8 | 16-1 | 10-6 | 1-7| 00| 00| 00 00| 0-1| 1:5( 7-1( 14-0 | 70-9
Number of days 100° and over| 6-2 | 50 ( 1-4| 01| 00| 0.0 00| 00| 00| 01| 07| 8-5]|17-0
Number of days 36° and under| 0-0 | 0.0 | 0-0 | 0-4 | 1-4| 4-2| 6-5| 8-7| 42| 08| 00| 0-0| 26-2
Temperature :
Mean max., °F. ... .. | 92:8 | 92-3 | 86+5 | 79-2 | 69-5 | 63:5 | 61-8 | 63-8 | 69-1 | 74-2 | 836 | 80-6 | 77-2
Mean min., °F. ... e | 62°7 | 62-7 | 59-8 | 58°2 | 47-3 | 48-7 | 41-7 | 42:4 | 449 | 48-3 | 55 60-1 | 51-8
Highest max,, °F, w.. [116°2 116-0 (111-0 |108-0 | 93-0 | 81-0 | 76+0 | 82-4 | 94-2 |103-0 |111-3 |114-0 |116-0
Lowest min,, "o, 45+1 | 45-5 | 41-9 | 33.0 | 27-2 | 256-0 | 28-3 | 30-0 | 30-4 | 32-8 | 37-4 | 42-0 | 26-0
Number of days 90° and over | 20-2 | 17-3 | 11-7 | 32| 01| 0-0| 00| 00| 01| 1-3| 7-1115-0 | 76-0
Number of days 100° and over| 7-3 5-9 2:4 0-0 0-0 0-0 0-0 0-0 0-0 0-1 1-1 4-5 | 21-8
Number of days 36° and under| 0-0 0-0 0-0 0-2 1-1 4-7 56 6-2 2-0 0-2 0-0 0-0 | 19-9
Wandering—
Temperature :
Mean max., °F, ... ... | 88:3 | 87-6 | 82-0 | 74-9 | 656-9 | 60-5 | 59-2 | 60-5 | 64-9 | 69-6 | 78-9 | 84-9 | 73-1
Mean min., °F. ... ... | 56:5 | 55-9 | 53-6 | 47-5 | 43-6 | 40-5 | 39-0 | 30-3 | 41-4 | 43-8 | 48-9 | 53:5 | 470
Highest max., °F. ... (114-0 |110-8 [107-5 | 97-0 | 87-0 | 77-0 | 71-8 | 79:0 | 86-0 | 98-5 |103-5 |109-0 (114-0
Lowest min,, °F. 38-0 | 37-0 | 30-9 | 28-0 | 22-0 | 21-8 | 24+0 | 25-0 | 27-0 | 28-0 | 30-5 | 85-0 | 21-8
Numberofdays 00° and over | 15-2 | 12-0 9-3 1-3 0-0 0-0 0-0 0-0 0-0 0-4 2-3 7-4 | 47-9
Number of days 100° and over| 3-7 2-4 0-b 0-0 0-0 0:0 0-0 0-0 00 0-0 0-1 1-8 8-0
Number of days 36° and under| 0-0 0:0 0-0 1-3 7-9 9-8 9-9 9-5 9-4 5.3 1-0 0-3 | 54-¢4
Narrogin—
Temperature :
Mean max., °F. .. <0 | 73-3|64-6 | 59-2 | 57-8 | 69-3 | 64+1 | 69-2 | 78-1 | 83-9 | 72-0
Mean min., °F. ... 4| 501 | 45-6 | 43-1 | 41-2 | 41-1 | 42-4 | 44-5 | 49-1 | 53-1 | 48-1
Highest max., °F. +6 | 96-0 | 89-5 | 791 | 70-2 | 76-8 | 86-7 {100-0 ({103:5 (109-7 |110-7
Lowest min,, "R, . ‘9| 82:01(29-5| 280|272 27-2| 265 | 20-0 | 32:0 | 35-2 | 26-5
Numberofdays90°s.ndover 11:5| 90| 4-3| 06| 00| 00| 00| 00| 00| 02| 2:6| 7-2| 35-4
Number of days 100° and over| 2-1 1-7| 04| 00| 0.0 00| 00 00 00| 00| 0:2| 09| 5-3
Number of days 36° and under| 0-0 0-0 0-0 0-4 2-4 3-8 86 8:5 6-9 3-4 0-9 01| 310
Katanning—
Temperature : X y
Mean max., °F. ... ... | 86-0 | 85-1 | 79-3 | 78-2 | 64-7 | 59-7 | 57-9 | 59-5 | 64-1 | 68-8 | 77-6 | 82-8 | 71-6
Mean min., °F. ... ... | 56+3 | 58°5 | 54-7 | 50-4 | 46-5 | 43-6 | 41-9 | 42-0 | 43-7 | 45-7 | 50 53 48-8
Highest max °F ... |110-9 |112-3 [107-0 | 96-2 | 88-4 | 75-8 | 71-0 | 88-0 | 87-0 [100-0 |106-0 |110-0 |112-3
Lowest min., °F. 41-0 | 37-9 | 350 | 383-0 | 30-0 | 28-3 | 25-0 | 28-1 | 29-8 | 81-0 | 85-0 | 87-6 | 25-0
Numberofday590°a.ndover 12-3 | 7-5| 58| 11| 00| 00| 00 00| 0-0( 03| 2:0| 5-9| 34-4
Rumber of days 100° and over| 2-6 | 1-4 | 0-3| 00| 0.0 0.0 00| 00| 00| 0-.0| 00| 09| 52
Number of days 36° and under| 0-0 0-0 0-0 0-2 1-8 3-6 4-4 4-5 2-8 1-1 0-2 0-0 | 18-6
OTHER INLAND
Halls Creck—
Temperature :
Mean max, °F, ... 97-6 | 97-0 | 95-6 | 92-3 | 856-7 | 80-6 | 80-1 | 85-9 | 92-7 | 98-3 (100:5 | 99:5 | 92-2
Mean min., °F. .... v | 75°4 | 74-2 | 71:2 | 63:0 | 56-0 | 505 | 47-6 | 52-1 | 59-0 | 69-5 | 742 | 75-56 | 64-0
Highest max., °F. ... |111-8 [110-8 (107-6 [103-8 | 99-0 | 95-0 | 93-2 |100-0 (104-3 |110-8 |110-8 |111-6 |111-8
Lowest min., °F. 60-0 | 54-0 | 51-8 | 45-0 | 86-4 | 32-4 | 80-0 | 82-8 | 87-4 | 48-0 | 53-0 | 53-8 | 30-0
Number ofdaysQO a.ndover 28-5 4:8 9-1 | 22-7 95 0-8 1-3 7-3| 28-2 | 29-2 | 29-7 | 20-0 12351
Number of days 100° and over| 17-8 8-5 96 1-8 0-0 0-0 0-0 0-0 0:7 | 12-7 | 17-6 | 19-2 | 87-7
Number of days 36° and under| 0-0 0-0 0-0 0-0 0-0 0-3 0-8 0:0 0-0 0-0 00 0-0 1-1
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TEMPERATURES AT REPRESENTATIVE CLIMATOLOGICAL STATIONS—continued
Rﬁmchlungamg?ﬁt;%% and Jan. ) Feb. ) Mar. ) Apr. | May | June \ July | Aug. Sept.‘ Oct. ‘ Nov. | Dec. i Year
OTHER INLAND—continued
Marble” Bar—
Temperature @
Mean max., °F, ... 106-2 |105-5 |102-9 | 97-0 | 88-0 | 80-9 | 80:8 | 85-8 | 93-8 |100-1 |105-9 1107-5 | 96-2
Mean min., °F. -9 | 786 | 76-8 | 69-5 | 61-3 | 54:7 | 52-4 | 55:7 | 61-7 | 68+7 | 75-2 | 781 | 67-6
Highest max., °F. 5 (119:0 [116+0 {113-0 |103-0 | 93-0 | 95-0 | 99-0 |108-7 |114-0 |117-0 |119-0 |120-5
Lowest min., °F. .. | 66-0 | 57-0 | 59-6 | 52-0 | 42:0 | 84:0 | 36-0 | 89-0 | 42-0 | 50-0 | 58-0 | 63-0 | 34-0
Number of days 90° and over | 30-3 | 26-5 | 28-8 | 26-0 | 10-1 | 0-5 | 0-8 | 7-3 | 22-6 | 26-3 | 30-0 | 30-5 |239-7
Number of ddys 100° and over| 27-9 | 22.1 | 18:9 | 8:8| 0-2| 00| 00| 0-0| 2-0| 12-6 | 24-2 | 28-7 |145-4
Number of days 36° and under| 0.0 | 00| 0-0| 00| 00| 00| 0-2! 08| 00| 00| 00| 0-0]| 1-0
Mundiwindi—
Temperature :
Mean max., °F. ... 100-5 | 98-7 | 94-0 | 86-7 | 77-7 | 70-4 | 70:0 | 74:6 | 83-2 | 89-4 | 96-2 | 99-8 | 86-8
Mean min., °F. ... 73.6 | 727 | 69-0 | 60-3 | 51-2 | 43-4 | 41+4 | 45-0 | 51-3 | 586 | 66-7 | 71-2 | 58-7
Highest max., °F. 112-2 |112-0 [108-2 |105-0 | 97-6 | 85-7 | 87-0 | 99-0 | 99-0 [106-5 |110-0 (112-0 |112-2
Lowest min., °F. ... | 67-0 | 55-0 | 49-0 | 39.0 | 28-9 | 24:0 | 22-4 | 256-5 | 29-0 | 37-9 | 46-0 | 53-0 | 22-4
Number of days 90° and over | 29-3 | 25-8 | 25-4 | 116 | 0-6 | 00| 0-0| 0-4| 5-6| 15-9 | 2563 | 29-1 1685
Number of days 100° and over| 20-3 | 15-7 | 10-2| 02| 0-0| 0-0| 0-0( 0-0{ 0-0| 1-3| 9-81|19-9 | 77-4
Number of days 36° and under| 0-0 | 0-0| 00| 00| 06| 56| 73| 37| 0-2| 00 0-0| 0-0|17-4
Meekatharra—
Temperature :
Mean max., °F. .. 100-4 | 99-7 | 93-9 | 85-7 | 76-0 | 68-6 | 67-5 | 71-2 | 78-6 | 84-8 | 92-9 | 98-2 | 84-8
Mean min,, °F. ... 73-1 | 781 | 69-4 | 610 | 525 | 46-3 | 44-0 | 46-5 | 51-0 | 569 | 64-7 | 70-0 | 59-0
Highest max., °F. 113-0 (114-1 (110-4 [104-2 | 94-4 | 85-0 | 81-7 | 90-7 | 97-0 (103-0 |109-1 (110:8 |114-1
Lowest min., °F. .| 54-0 | 54-1 | 52-2 | 42-4 | 33-0 | 26-4 | 81-6 | 34-0 | 34:0 | 40-2 | 43-0 | 51-9 | 26-4
Number of days 90° and over | 28-8 | 24.3 | 21-7 | 98| 0-3| 00| 00| 0-1| 1-8| 83 |17-9 | 25.6 1386
Number of days 100° and over| 18-6 | 13-7 | 6-2 | 0:3| 0-0| 00| 0-0( 0-0| 0-0| 0-4| 3-5]| 10-6 | 58-3
Number of days 36° and under|, 0-0 | 00| 00| 00| 02| 09| 13| 01| 00| 00| 00| 00| 2:5
Kalgoorlie—
Temperature :
Mean max., °F. ... 93-2 | 93-0 | 86-3 | 78-4 | 70-1 | 63-6 | 62-5 | 66-0 | 73-6 | 79-0 | 86-3 | 91-1 | 78-6
Mean min., °F. ... 64-2 | 64+4 | 61:3 | 55-2 | 48-9 | 44-6 | 42-9 | 43-0 | 48-2 | 52-7 | 58-3 | 62:3 | 530
Highest max., °F. 114-4 [116-0 |111-0 [102-5 | 92-0 | 81-8 | 81-0 | 87-0 | 96-0 |105-2 |110-6 (113-0 |115-0
TLowest min., °F. .. | 47-1 | 48-0 | 416 | 35-0 | 28-8 | 27-4 | 26-0 | 27-7 | 30-9 | 30-2 | 38-2 | 45-5 | 26-0
Number of days 90° and over | 18-8 | 12.9 | 10-8 | 2.9 | 0-1| 0-0| 00| 0-0| 0-4| 2-9| 7-4| 14-8 | 71-0
Number of days 100° and over| 7.5 | 4.3 | 27| 0-3| 00| 00| 00| 00| 0.0 0-1| 1-3| 3-9] 201
Number of days 36° and under, 0-0 | 00| 00| 01| 03| 1-8| 39| 36| 03| 00 00| 0:0]10-0
Rawlinnga—
Temperature :
Mean max., °F, ... 90+0 | 89-8 | 84+4 | 78-0 | 71-2 | 65-3 | 64-2 | 67-8 | 74:4 | 79-0 | 84-4 | 83-8 | 781
Mean min., °F. ... 589 | 69-2 | 57-8 | 52-2 | 46-4 | 41-6 | 30-3 | 41-1 | 45-3 | 49+4 | 54-2 | 57-6 | 50-2
Highest max., °F. .. [118-0 [115-5 |112-0 [104-0 | 95-0 | 88-3 | 85-0 | 93-0 |102-7 (107-0 (112-2 [114-3 |118-0
TLowest min., °F. .| 42-0 | 41-0 | 42-9 | 35-0 | 32-0 | 29-2 | 27-8 | 26-2 | 81-6 | 33-2 | 36-4 | 41-2 | 26-2
Number of days 90° and over | 14-8 | 10-8 | 10-3 | 28| 05| 0-0 00  ©0-0{ 1.7 3-6| 7-9)18-31657
Number of days 100° and over| 6-8 | 3.5 | 3.2 | 0.2| 00| 00| 00| 00| 01| 08| 25| 57228
Number of days 36° and under| 0-0 | 0-0.| 00| 0-0| 1-2| 3-5| 53: 4-4| 0-8( 02| 0-0, 00| 15-4
Collie—
Temperature :
Mean max., °F. ... 86-4 | 857 | 804 | 74-3 | 65-9 | 61-3 | 59-8 | 61-0 | 64.8 | 68-8 | 77-2 | 83-0 | 724
Mean min., °F. ... 55:6 | 54-9 | 52+5 | 47+1 | 429 | 40-4 | 39-1 | 89-8 | 42-5 | 456-3 | 40-7 | 53-1 | 46-9
Highest max., °F. 112-0 (110-2 |105-4 | 08-0 | 86-8 | 76-0 | 73-0 | 79-0 | 86:6 | 97-4 |101-8 (106-2 |112-0
Lewest min,, °F. .. | 87-71385-2| 382.3 | 29.6 | 28-0 | 24-8 | 25-0 | 26-2 | 28-0 | 31-0 | 32-6 | 35-0 | 24-8
Number of days 90° and over | 13-0 | 11-3 8:0 1-2 Q-0 Q-0 0-0 00 0-0 0-3 2-1 5-7 | 41-6
Number of days 100° and over| 2.2 1-4 0-7 00 0-0 0-0 0-0 0-0 0-0 0-0 0-1 1-1 5-5
Number of days 36° and under| 0-0 0:0 0-1 0-8 5-3 78 7-9 6-6 5.9 1-8 0-3 0-1| 36-6
Manjimup—
Temperature :
Mean max., °F. . . 78:3 | 79-4 | 74-8 | 69-5 | 62-8 | 59-3 | 57-4 | 58-7 | 61-4 | 64-7 | 71-0 | 75-3 | 67-7
Mean min., °F. ... 53-7 | 54-0 | 53-0 | 50-5 | 46-5 | 44-5 | 42-5 | 43-0 | 48-7 | 46-2 | 49-3 | 51-8 | 48-2
Highest max., °F. 107-0 {1050 {102-0 | 92-0 | 81-0 | 72:0 | 71-0 | 76-4 | 82-5 | 92-0 | 99-3 {100-0 |107-0
Lowest min., °F. . | 42.0|40-0 | 38-0 | 35-0 | 34-0 | 33-0 | 27-0 | 30-0 | 31-0 | 33-0 | 35-0 | 40-0 | 27-0
Number of days90° and over | 5-7 [ 4-3 | 3-3| 05| 00| 0.0 00| 0:0| 00| 0:0 03| 2:0)16-1
Number ofdays 100° and over| 0-3 0:1 0-2 0-0 0-0 0:0 00 0-0 0-0 0-0 0-0 0-1 0-7
Number ofdays 36° and under| 0:0 0-0 0:0 0-1 0-5 1-3 2:3 3-2 2-1 0-1 0-0 0-0 9-6
THUNDERSTORMS

Thunderstorms are most frequent along the Kimberley coast, where they occur during the “Wet”
season but are practically unknown in the *“Dry”. In the remainder of the tropics they occur over roughly

the same period, but the season is a little shorter and the storms less frequent.

In most of the State south from the tropics thunderstorms are most frequent in the summer months
but in the south-west they are more uniformly distributed, and in many places in coastal districts they
are most frequent in winter.
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The winter storms are often accompanied by hail which, however, is usually not heavy enough to
cause any damage. Hail accompanying summer storms can be much heavier, and occasionally damages
ripening crops in the wheat belt. Both winter and summer thunderstorms may be accompanied by
tornadic squalls, but these are infrequent.

EVAPORATION

Except in the lower south-west, evaporation from a free water surface exceeds the annual rainfall,
and in a large proportion of the State it is more than ten times greater than the rainfall.

It is least in the winter months, amounting in July to less than 1 inch in the far south-west, and to
about 8 inches in the northern tropics. In January, when evaporation is highest, it totals about 5 inches
on the far south coast and reaches 14 inches in the East Gascoyne and North-Eastern Meteorological
Districts. Further north, evaporation is reduced by the moister air over the tropics at this time of*
the year.

The map on page 36 shows total annual evaporation throughout the State.

GROWING SEASON

Less moisture is required to sustain plant life when evaporation is low than when it is high, and
the minimum amount required can be related to evaporation from a free water surface.

That part of the year during which rainfall is greater than this minimum amount (the * effective
rainfall '), may be taken as the growing season. The map on page 38 shows the length of this season in
the agricultural area of the State. It is based on average monthly rainfall and effective rainfall, the
latter being calculated from the formula P = 0-54 X E°7 (after Prescott), where P is effective rainfall
and E is evaporation (both in inches per month).

SNOW

Snow has been known to fall as far north as Wongan Hills, but it is only in the southern districts
that it occasionally lies on the ground. It is seen on the top of the Stirling Range for a short time nearly
every winter, but elsewhere is very infrequent and of negligible importance.

METROPOLITAN CLIMATE

Perth has more sunshine and a greater number of clear days during the year than any other State
capital city. It also has the wettest winter, the driest summer, and is the windiest of the capital cities.
Details of its climate are shown in the second table on page 45.

TROPICAL CYCLONES

One of the most devastating of natural phenomena is the low pressure system which develops in
the tropical areas of the world, and is named the tropical cyclone from its circular form and area of genesis.

These systems occur in many places over the sea areas of the world, and are known by different
names depending on the area in which they occur. In the West Indies they are called hurricanes from
a word meaning ¢ big wind ”. In the Western North Pacific the name typhoon is used which again is
derived from words meaning “ strong wind ”’. Local names such as * Baguio” in the Philippines or
“ Willy Willy ”” (believed to be derived from a native word for water) in the north-west of Western
Australia are also used.

By whatever name these systems are known, however, there is no essential difference between them
a8 they occur in various parts of the world. All have the same characteristics, being approximately
circular in shape with a small central area of calm or relatively light winds where the lowest pressures
are recorded, in which cloud tends to decrease and may clear entirely. This central area is surrounded
by a region of variable extent in which there is much cloud and rain and often, in the formative stage,
considerable thunderstorm activity. The pressure gradient because of the extremely low central pressures
is very steep and, away from the centre, winds of extreme speeds occur.

" In the low levels of the atmosphere the wind in the Southern Hemisphere blows in a clockwise
direction spiralling inwards to the centre. Over the oceans where unlimited moisture is available this
gives rise to very rapid vertical motion of the air and development of a deep cloud structure usually
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with heavy rain, The cloud form follows the inward spiralling of the wind as is clearly shown in the
satellite photograph facing page 32, of a cyclone on the 30th March, 1966 about 400 miles north-west
of Port Hedland. The structure of a cyclone is illustrated in the diagrammatic sketch below.

{IN WHICH
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MOVING
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One of the areas in which these tropical cyclones occur is the Arafura and Timor Seas and the eastern
part of the Indian Ocean. They are not limited to the waters immediately adjacent to the continent
but may occur well out in the Indian Ocean and still affect Western Australia. The earliest record of
eyclones in this region refers to one which occurred in April, 1778 at Banda Island about 450 miles north
of Darwin. The next was reported by the ship “ Abercrombie ” in January, 1812 about 500 miles north
of Onslow. The settlement at Port Essington in the Northern Territory was wrecked by a cyclone in
November, 1839. Since that date the expansion of settlement in the north of the continent, the increased
movement of ships in adjacent waters and better communications have resulted in a steadily increasing
volume of records on these systems near Western Australia and over the ocean and to the westward.

Area of Formation

The cyclones form over the tropical oceans mainly within about 10° of the equator. Those affecting
Western Australia may even develop as far west as the Cocos-Keeling Islands. Occasionally a system
which has developed in the Coral Sea will cross the north of the continent and descend with renewed
vigour on Western Australia. A large number of cyclones also form further westward in the Indian
Ocean, but these will only affect Western Australia indirectly.

Extent

The size of tropical cyclones varies very considerably. Some are only about 50 miles in diameter
while others may be 500 to 600 miles wide. Their vertical development also varies ; in some it may
not reach above 20,000 feet and in others it may be much deeper.

Frequency

The first record of a cyclone actually crossing the coast of Western Australia was in March, 1839 when
one occurred at Shark Bay, but due to the lack of settlement and any organized system of meteorological
observations it is likely that a number of cyclones which developed in the early years were never reported.

"The incidence of these systems has steadily increased as settlement extended northward and as the
population increased. The average number of cyclones per annum which cross the coast of Western
Australia is slightly in excess of two but the number affecting this State exceeds three, since some remain
over the sea for the whole of their lifetime.

Movement

Contrary to common belief cyclones follow no regular track. Because they usually move to the
westward in tropical areas, and if they go far enough south will ultimately move to the eastward under
the influence of westerly winds of the temperate zone, the idea has grown that these systems move
in a parabolic path but such is not the case. Their movement is largely governed by conditions in the
upper atmosphere and while some will recurve and move south-eastward very quickly, others never do
8o but continue the westward movement ; on occasions they may even move in a complete circle in their
track before continuing in the original direction. In February, 1956 one such system moved south-west
down the Timor Sea, crossing the coast near Broome, moved inland to the western border of the Northern
Territory, then recurved moving north and west to cross the Kimberley Division and moved sea-ward
again near Derby, finally following the coastline south-west and south, crossing into the Southern Ocean
slightly south of Perth.

The most frequent track is one along which the cyclone, after first forming, moves south-westward
from the Arafura or Timor Sea area, continuing this movement for a time but gradually changing direction
until it moves south-east.

Cyclones have been known to originate in the Coral Sea, cross Cape York Peninsular into the Gulf
of Carpentaria, move across the Northern Territory into the Indian Ocean and after following the Western
Australian coastline, recurve south-eastward near Geraldton and cross the south-west of the State into
the Southern Ocean.

As with direction, the speed and movement is very varied but it is of the order of 5 to 10 knots
becoming much faster as the system moves out of the tropics.

Time of Qccurrence

Cyclones develop mainly in the months of J: anuary, February and March, and to a lesser degree in
November, December and April. Only rarely do they occur outside these months near the continent
and no authenticated storms are recorded in June, August or October. They do occur, however, over the
ocean areas to the west of the continent and, if these are included, the month of June alone is cyclone free.
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Pressures

Tropiocal cyclones originate in areas of relatively low pressure. As they develop, the air pressure
decreases rapidly so that readings below 982 millibars (29-00 inches) are not unusual, while reports of
914 millibars (27-00 inches) are on record.

The pressure decreases as the storm advances and a sudden very rapid reduction to the lowest value
ocours as the centre approaches and passes over the station, followed by an equally rapid rise after that
passage.

The pressure fall is by no means a steady one throughout. Rhythmic oscillations, the causes of
which are unknown, and violent fluctuations are frequently recorded.

The sudden reduction in pressure is strikingly illustrated in the following reproduction of portion
of an actual barograph chart recorded at Onslow on the north-west coast in January, 1961.
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Winds

Normally the wind speed increases rapidly as the centre is approached, while the clockwise motion
and inward spiralling cause rapid direction changes round the system. Strong winds may blow for
several hours as the cyclone approaches or recedes from the station, and extreme gusts in excess of 120
knots may be experienced. The strongest gust yet measured on the north-west coast ocourred at Onslow
in February, 1963 when 125 knots were recorded, and it is possible there were gusts of greater speed in
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that storm. Due to the sparse network of recording anemometers and the faot that none at all were
installed before 1939, it is quite likely that this extreme gust has been exceeded at other places also.
Winds of 90 to 100 knots are not uncommeon.

The area of strongest winds is generally within about 30 miles of the centre and the highest speeds
usually in the front left hand quadrant of the storm. As the centre or eye of the cyclone passes over a
place there is a lull, and calm or nearly calm conditions prevail. After a short period, which may range
from a few minutes to an hour or more, depending on the width of the eye and the forward speed of the
cyclone, the wind suddenly strikes from the opposite direction with a speed nearly equal to that before
the lull. It is this sudden onset of extreme wind which frequently causes great damage.

Gustiness is extreme, the variation between the mazimum and minimum speeds being of the order
of half the mean wind speed ; thus with a mean wind of 100 knots, extremes can range between 75 knots
and 125 knots or thereabouts.

The area of extreme winds is usually relatively small.

Eye of the Cyclone

This central portion of the cyclone has been remarked on by observers throughout the world since
records were first available. It is the part of the system in which the pressure reaches its lowest value,
where the wind lulls to calm or relatively light conditions, the rain ceases and the cloud decreases or
wholly clears. The width of the eye is very variable ; it may be very small, perhaps a mile or two in
diameter in young or miniature systems, or perhaps 40 miles in mature ones.

The sudden decrease in wind and rain and the relative quiet in the centre is an awesome experience
which has given rise to descriptions such as suffocating. But apart from the calm and the cessation of
the rain there is little change in the temperature or humidity.

Sea Swell

Because of the extreme winds very high seas are built up ; towards the centre of the cyclone these
become quite confused as wave trains moving in different directions meet. Also, these seas which leave
the area of generation and swell provide a precursor of the cyclone even at considerable distances from it.

In some parts of the world waves generated in cyclones have been reported up to 45 feet in height.
On the Western Australian coast waves of 35 feet have been recorded on several occasions.

The interaction of the several wave trains in the cyclone moving in different directions near the
centre of the system gives rise to the development of very confused and dangerous pyramidal seas.

Outside the actual area of the storm these wave trains travel away as.a swell gradually decreasing
in height. Thus they often provide indications of a cyclone which has developed undetected. Also,
the direction from which the train is moving points to the area in which the waves were generated and hence
the location at the time of generation of the cyclone. Finally, changes in direction of the swell will give
a clue to the movement of the system.

Sea swells from these cyclones travel great distances. A cyclone in the vicinity of Mauritius caused
a swell which reached Fremantle as waves of about two feet.

Storm Waves and Storm Tides

Because of the very low pressures, the sea surface in the area of influence of the cyclone will be
higher than usual, while the strong winds blowing for long periods pile up water along the coastline when
the direction and movement of the system favours it (that is, when a storm is approaching the coast).
These increases in the water level are superimposed on the ordinary gravitational tides so that abnormally
high tides may occur and flood extensive areas. These high tides have the further serious effect of allow-
ing the ocean swells to move and break inland from the normal coastline.

More serious is the so-called ““ storm wave,” which is a sudden rise of the sea level generally near the
centre of intense storms. As this happens so quickly that there is no possibility of escape, in some parts
of the world whole towns have been inundated. Due to the difficulty of observations we are without
any clear appreciation of this phenomenon and consequently the cause is unknown. It seems likely that
it may result in some way from rapid pressure fall near the centre or the interaction of the wind and sea
in that region of the storm. These sea effects are most notable in areas where the water mass is surrounded,
or partially so, by land, as a configuration of the coastline appears to intensify the effects. On the north-
west coast of Western Australia only limited small areas are so enclosed and in many cases these are
sheltered by off-shore reefs and islands ; at the same time the cyelones are operating in the open sea
and there is no restriction on the water movement. For these reasons incursions by the sea onto the
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north-west coast are rare ; however, they can, and have, occurred. Thus in January,1939 Port Hedland
was badly flooded and in March, 1956, also at Port Hedland, a storm tide four feet above the normal
tide was recorded when the cyoclone was about 150 miles to seaward.

Life of a Cyclone

The life of these storms is by no means uniform. Some will develop rapidly and die just as fast ;
others mature slowly and can be identified for many days, while yet others may weaken and re-intensify
in a passage over a long period. In 1958 one cyclone was tracked and retained its identity from the
16th February to the 4th March. Yet another in March-April, 1923 was first identified in the Coral Sea
east of New Guinea on the 21st March, was tracked across Northern Australia, over the north-west coast
and finally lost on the 9th April in the Bight south of Eucla.

Rainfall

The rainfall in such storms is usually, but not always, widespread and heavy. Rain gauge measure-
ments are at best only an approximation to the actual amount of rain which has fallen. This is due to
the extreme wind which drives the rain drops horizontally so that they are moving almost parallel to the
surface and therefore are not collected in the gauge ; this effect results in a recorded fall less than the
true amount. \

While rain will occur near the outer edge of the oyclone, the heaviest falls are concentrated in the
inner part near the eye where the pressure decrease is greatest. It follows that if the system moves
alowly over a station and is in one place for some time, that area will be deluged ; on the other hand if
the storm is moving rapidly, falls will be lighter.

The rainfall is largely conocentrated in the front of the storm and in the direction of motion. Outside
that area the falls decrease in amount and tend to become less widespread. Even in the area of most
intensive rainfall there is some variation in amounts from place to place and this becomes more marked
as the outside edge is approached.

Many falls of 10 inches or more in 24 hours have been recorded in Western Australia. The greatest
amount measured in one day ocourred at Whim Creek on the 3rd April, 1898 when 29-41 inches were
received, and an amount of 36-49 inches in 48 hours. The rate of fall also varies and can be extremely
high. Exact measurements are not available as few continuous recording instruments are instailed
and even these have only been operating in recent years. A report from Bulla Bulla on a storm in March,
1900 stated that three inches fell in 256 minutes, and in the same storm 10-32 inches were recorded, most
of which, it was claimed, fell in 10 hours.

Damage

While the periodic cyclone probably makes possible the pastoral industry in the north-west of this
State because of the invaluable rains which are associated with them, they also do considerable damage.

The heavy seas generated and the associated winds are always a menace to ships at sea, many of
which have been lost. Notable instances of these are firstly, the cyclone of the 22nd April, 1887 when,
on the Eighty Mile Beach near Wallal, 22 vessels were lost and 140 men drowned ; and secondly, a few
years later in December, 1893 when 20 men lost their lives and 10 luggers foundered near Onslow. The
worst, disaster was the loss of the S.8. “ Koombana > which sank near Port Hedland on the 21st March,
1912 with 74 crew and 76 passengers. Great damage to port installations, such as occurred on the 24th
January, 1961 when 700 feet of Onslow jetty was destroyed, is caused by the pounding of the heavy seas.
This was a repetition of damage which had previously occurred in March, 1953 and March, 1935 at the
same port. In 1925 the Point Samson jetty was destroyed and this loss was repeated on the 31st Decem-
ber, 1954. On the latter occasion the damage done was estimated at $100,000. In addition to damage
to installations, the seas may also cause changes in the coastline, eroding the beaches in places and building
up shoals in others.

Structural or crop damage often results from the extreme winds in cyclones. It was estimated
after a cyclone at Cockatoo Island in December, 1960 that $200,000 worth of damage was done, while
after a visitation in Carnarvon in March, 1963 the toll taken of the plantations was estimated at $500,000.

Following the heavy rains which usually accompany the tropical cyclones, the inland rivers, which
are for a large portion of the year dry, flood and become raging torrents while water spreads over wide
areas of the countryside away from the river beds, extensively damaging roads and bridges, As the
cyclone moves inland taking with it the heavy rain, such floods may extend to areas where they would
not normally be expected ; thus in January, 1939 the cyclone which damaged Port Hedland caused
extensive flooding and damage estimated at $400,000 in Kalgoorlie.
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INTERSTATE COMPARISONS—RAINFALL, HUMIDITY, TEMPERATURE

Dai
Height | Averago Relnfall | Relattve Humidity (@) AT etre
above

Reporting Station mean
sea- May to | November| May to | November| May to | November
level October to April October to April October to April
feet inches Inches % % °F. °F.
Bunbury . 17 29-96 5:01 77 70 57-0 67-5
Sydney, New South Wales 138 21:53 2327 66 69 58-2 69-3
Perth . 197 30-24 4-80 69 55 58-2 70:8
Vewcast]e, New South Wales 112 20-56 20-80 70 74 58-7 69-7
Kalgoorlie 1,247 5-16 4-53 58 48 58:0 74-5
Cobar, New South Wales 822 5-88 6-73 59 46 56-8 752
Geraldton 13 1604 2-39 67 62 62-3 73-0
Brisbane, Queensiand ... 137 12-01 28-08 86 89 63-3 747
Wiluna 1,700 3-21 8-59 50 35 60-4 80-9
Charleville, Queensland 965 8:19 1178 55 46 61-1 79-5
Carnarvon 15 6-48 2-60 83 63 65-5 77-4
Bundaberg, Queensland 45 10-86 31-51 73 74 84:5 757
Mundlwindi 1,840 2:74 8-28 39 30 83-0 82-4
Longreach, Queensland 612 3-92 11-62 50 50 65:7 82:3
Onslow 14 4-45 4-88 55 56 69-3 82-9
Mackay, Queensiand 35 11-49 51-67 78 80 66-8 77-7
Port Hedland ... 26 3-33 9-23 50 59 72-6 85-3
Townsville, Queensland 73 5-49 37-57 86 73 71-7 80-3
Derby 53 1-67 23-78 51 66 76-9 86-5
Inmqul Queensland 22 35-88 103-27 85 85 89-7 78-1
‘Wyndham 23 1-13 25-51 43 59 80-9 88-0
Cooktown, Queensland 17 8-08 5979 76 78 75°1 81-1
Albany .. 41 28:75 8-87 76 73 55-8 64-3
Adelalde, South Australia 140 14-42 8-67 64 45 56-5 69-6
Swan Hill, Victoria 230 7-88 5-21 70 54 53-4 69-8
Canberra, "Australian Capltal Terrltory 1,837 11-85 11-45 72 81 47+6 64-0
(@) Saturation = 100%.
CLIMATOLOGICAL DATA—PERTH OBSERVATOF
(For other dala relaling to Temperature and Rainfall see preceding labies)
| Relative Cloud |
Humidity Sun- | (PTOPOr- Evapera-
Wind Temperature (Saturation | shine t1gn of | tion
= 0,
‘l i 100%) Covered)
Month ' _
! Prevailing ‘\ Speed Mean of
| Directlon . : Mean |readings
‘ | Highest in Lowest Mean Daily |at9a.m,| Mean
Sun Terrestrial Amount | 3 p.m. | Amount
’ 9 3 Aver- | High- and
| a.m. p.m, age | est i | 9 p.m, ‘
Number of ] N
years of 30 (a) } 30(e)| 52 I 62 66 30 (a) ‘ 30 (a) ' 30 (a) 30 (@)
observations |
‘ m.p.h.| m.p.h. l °F. i date °F. date % % hours i % inches

January . 8.8.w. | 10-9 50 1177-3 22/1914 | 30-5 | 20/1925 53 43 10-4 29 10-37

February ... N. S8.W. [ 107 54 (173-7 4/1934 | 39-8 1/1913 52 43 9-8 31 8-63

March . S.8.W. | 10-1 70 [167-0 | 19/1918 | 86:7 8/1903 57 46 8-8 35 752

April N. S.8.W. 8:5 83 |157-0 8/1916 | 30-8 | 26/1960 60 48 75 42 4-62

May E. |WSW.,| 84 74 |146-0 | 4/1925 | 25-0 | 31/1964 68 58 5.7 54 2.80

June . N.W. 8-4 80 185-5 9/1914 | 25-9 | 27/1946 72 63 4-8 59 1-82

Juiv .N. W. 8-8 85 (183-2 | 13/1915 | 25-1 | 30/1920 73 63 5-4 56 1-76

August N. W.N.W, 9-4 97 |145-1 | 29/1921 | 26-6 18/1966 71 60 6-0 56 2.37

\eptember LE.N.E S.8.W. 94 68 |153-6 | 29/1916 | 27-2 64 57 7-2 49 3-44

October S.E. S.W. 10-0 65 [161+2 | 19/1954 | 29-8 16}1931 64 54 81 48 5-38

November.... E. S.W. 10-7 63 |167-0 | 30/1925 | 35-0 3/1047 57 47 9-6 39 765

December .. f E. S.S.W. | 110 64 1168-8 | 11/1927 | 38-0 | 29/1957 54 46 10-4 3 9-69

Year—

Average .. ‘1 B. S.S.W 9-7 62 52 7-8 44 -
Extremes 97 (177-3 | 22/1/14 | 250 | 31/5/64 . . .
Total | 66-03

) (a) Standard 30 years’ normal (1911-1940).

(b) BRecorded on 8th September, 1952 and 6th September, 1956,
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INTERSTATE COMPARISONS

In general, humidity and rainfall are lower in Western Australia than in corresponding places in
eastern Australia. The first table on page 45 shows rainfall, mean humidity and temperature for groups of
reporting stations at approximately the same latitude. The stations have been selected in such a way
that, in each pair, one is on the west coast and the other on the east coast or, where a pair relates to
inland stations, each station is situated at about the same distance from the coast. The group appearing
last in the table has been included to provide a comparison between observations at Albany, the most
southerly town in Western Australia, and those at places elsewhere in Australia at about the_fsa.me lati-
tude. The height above mean sea-level is also given for each station.
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CHAPTER "—— continued

PART 3 — THE VEGETATION OF WESTERN AUSTRALIA
WITH SPECIAL REFERENCE TO ORCHIDS

(Contributed by R. D. Royce and A. 8. George,
Western Australian Herbarium, Depariment of Agriculture)

The flora of Western Australia comprises over 6,500 Angiosperms, some fifty ferns and over four
hundred marine algae, as well as many mosses, lichens and liverworts which have never been completely
listed.

It is one of the most interesting floras of the world, due very largely to its high degree of endemism,
i.¢., the large number of species which are entirely restricted to the region. This is especially noticeable in
the South-West Vegetation Province, which extends from Shark Bay at its northern extremity to Israelite
Bay on the south coast and has an eastern boundary approximating closely to the 10 in. isohyet.

This area has been aptly described as the cradle of the Western Australian flora since it comprises
that part of the State which has been for the longest period exposed above the level of the sea, and where
the flora has thus had the longest period in which to develop. The area has for an immeasurably long time
been isolated by expanses of ocean to the north, west and south and by a desert area to the east which
stretches from the Eighty Mile Beach in the north-west to the Great Australian Bight in the south-east.
Protected thus from continued invasion of elements from alien floras, the indigenous plants have been able
to evolve in a peaceful environment such as few present-day continental areas have probably ever ex-
perienced. This has resulted in a flora which has been produced by a long period of natural selection, and
is now highly specialized to suit its own peculiar environment.

It has been estimated that the endemism of the South-West flora is as high as 75 per cent. When
compared with island floras, this may not, of course, appear to be a very impressive total. The Hawaiian
Islands for instance record an endemism of 90 per cent. and more, but the number of species and the actual
area of land involved are not very great. When considered as a portion of a continent, however, the figure
for the South-West flora is a particularly high one and is possibly exceeded only by the Cape Province of
South Africa and some areas of the South American continent.

Despite this high percentage of endemism among its species, and the consequent great interest centred
around the Western Australian flora, it is not to be regarded as being completely different or highly in-
dividual when considered from the standpoint of its larger groups. At the generic level, the western flora
is remarkably similar to that of eastern Australia, while the plant families in Australia as a whole are, with
only two exceptions, well represented in other countries.

Speaking of the Australian flora as a whole in his Imtroduction to the Flora of Tasmania (1859),
J. D. Hooker states: ‘It contains more genera and species peculiar to its own areas, and fewer plants
belonging to other parts of the world, than any country of equal extent. About two-fifths of its genera,
and upwards of seven-eighths of its species, are entirely confined to Australia. On the other hand, if, dis-
regarding the peculiarities of the flora, I compare its elements with those of the floras of similarly situated
large areas of land, or with that of the whole globe, I find that there is so great an agreement between these
that it is impossible to regard the Australian vegetation in any other light than as forming a peculiar but
not an aberrant or anomalous botanical province of the existing Vegetable Kingdom; that with only two
small exceptions, the Australian families are also found in other countries; that most of those most widely
diffused in Australia are such as are also the most widely distributed over the globe; and that Australia
wants no known family of general vegetation. . . ... .. Turning again to other countries which are re-
markable for the peculiarity of their vegetation, I find that South America contains many more peculiar
families than Australia, and South Africa about as many”.

In Western Australia there is only one truly endemic family, the Cephalotaceas, a family which
consists of only one species, the Albany Pitcher Plant, Cephalotus follicularis. This remarkable plant, with
leaves closely resembling those of the insect-trapping Nepenthes of tropical Asia, is found in sandy soils
in and around low-lying swampy areas along the south coast as far east as Mount Manypeaks and extending
northwards to the Blackwood and Margaret Rivers.

The other families in Western Australia are represented either in eastern Australia or in countries
overseas. In a great many of these families, however, the degree of speciation is very much greater in the
South-West than in other areas of their occurrence. This raises an interesting point connected with the
origin of the State’s flora, since this large number of species could have arisen under two very different
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circumstances. Either the ancestors of the present flora evolved on the ancient land mass of the south and,
after conturies of intense speciation, gradually spread into other countries thus developing their preéent
distribution patterns or, on the other hand, the ancestral plants may have originated outside of the present
Australian continent, and the development of species may then have followed the migration of primitive
forms into Australia where conditions were suited to a vigorous speciation. The large number of species
in individual families may therefore denote either an ancient and truly ancestral group, or it may indicate
a very successful but younger migrant family.

One of the most interesting families in the Western Australian flora is the Orchidaceae. This family
is world wide in distribution, but in south-western Australia its 140 species are principally small-flowered
terrestrial plants very unlike the large-flowered epiphytes, native to the tropical rain-forests, which are
8o popular with horticulturists.

The high degree of endemism so characteristic of the flora as a whole is evident in this family also,
as 70 per cent. of the species ocour only in this State. However, at the generio level, only four out of
twenty-four genera are endemic—viz. Drakaea, Elythranthera, Epiblema and Rhizanthells. Ouly four
species have so far been recorded from the Kimberleys, and none of these is endemic. The Eremean
Province is also devoid of orchids apart from a few along its southern fringes. The following account
concerns only those from the South-West Province, several of which extend a short distance into the
Eremea where they find refuge mainly around granite outcrops.

The South-Western orchids are all terrestrial, though a few may occasionally be seen on dead logs
or the lower trunks of trees in humid situations. The dry summer accounts principally for the lack of
epiphytic species. It is also the reason for the paucity of summer-flowering species. As with the South-
Western flora in general, the majority flower during the spring. Only a few-—usually swamp inhabitants—
extend into January and one (Cryplostylis ovata R.Br.) into February and March. The arrival of the
autumn rains then brings the appearance of several autumn-flowering and winter-flowering species.

In general, there are few species with the spectacular flowers often associated with this family.
However, there is a variety of delicate forms and a wide range of colour. The genus Caladenia (Spider
Orchids) is probably the most beautiful, some species having flowers up to 20 cm. across with slender
petals and sepals and a prominent labellum. The Butterfly Orchid, Caladenia lobata Fitzg. has a labellum
about 2 cm. across, of a maroon and lemon-yellow colour and with elegantly fringed margins. This is
balanced on a hinge and trembles, like a butterfly hovering, in the slightest breeze.

In the same genus are smaller but brightly coloured species such as the yellow C. flava R.Br., the
blue C. gemmata Lindl., and the pink C. replans Endl. Others assume unique forms, reflected in their
vernacular names, such as the Lazy Spider Orchid, C. multiclavia Reichb., the Goat Orchid, C. menziesii
R.Br., and the Dragon Orchid, C. barbarossae Reichb.

The genus Thelymitra is well represented in this State. Known as Sun Orchids, their flowers open
only in sunlight and are often self-pollinated. They differ from other orchids here in having an almost
regular perianth, the labellum being similar to the petals in structure. Closely allied to Thelymitra is
Epiblema grandiflorum R.Br., a monotypic genus endemic in Western Australia. Its large mauve flowers
with purple markings adorn a few swamps in the early summer. Among Australian terrestrial orchids,
the Enamel Orchids, Elythranthera spp., are unique in having a glossy inner surface to the perianth, .
one species being deep purple, the other bright pink.

Many of the less prominent orchids are intriguing for their unusual flowers. The Beard Orchid,
Calochilus roberisonii Benth., has a densely fringed labellum giving it the appearance of a bushy beard.
The common name of the Hammer Orchids (Drakaea spp.) likewise stems from the floral structure. The
labellum moves up and down on a slender hinge resembling the movement of a hammer. The Slipper
Orchid (Cryplostylis ovata R.Br.) also has a prominent labellum, with insignificant petals and sepals.
This is the only South-Western orchid with perennial leaves, the aboveground parts of all the others
being of seasonal appearance.

The tallest of our orchids are some species of Leek Orchid (Prasophylium spp.) which occasionally
reach 2 metres in height. They bear spikes of small, often drab-coloured flowers, which however, have
an elegant structure and are reversed on the stem. Of similar habit, though smaller, are the Mignonette
Orchids (Microtis spp.) in which the tiny green or white flowers are borne erect in a dense spike.

Sensitivity is a feature of the Greenhoods (Pterostylis) and the Flying Duck Orchid (Caleana nigrita
Lindl.). The labellum is set on a sensitive hinge and is triggered off by an insect crawling past it. As
a result the insect is trapped within the flower, and can only escape by crawling out past the stigma and
the anther, thus collecting pollen which is deposited on the stigma of the next flower similarly visited.



BIRD ORCHID
Pterostylis barbata Lindl.

Reproduced by courtesy of the Librory Board of Western Australia
Photogroph by F. A. Sharr

Referred to popularly as the Bird Orchid, this plant is widely distributed in the south-west corner of

Western Australia. It is characterised by the possession of an elongated thread-like labellum, and is

the only one of the species of Greenhoods to possess this feature. The plants are leafy, |0~15 inches

tall and produce a single flower. They occur on many soil types, ranging from low swampy depressions
to stony hillsides.

For many years this plant was known as Pterostylis turfosa, but recent researches have shown that there

is such variation in the specimens from Western Australia that there is no valid difference between

this and the eastern P. barbata. As this latter species was actually described from a specimen collected

in the vicinity of the Swan River, it has become necessary to suppress the name P. turfosa and use only
P. barbata.
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A SELECTION OF WESTERN AUSTRALIAN ORCHIDS

Epiblema grandiflorum R. Br. (Babe in a Cradle)—half size.
Pterostylis barbata Lindl. (Bird Orchid)—natural size

Caladenia multiclavia Reichb. f. (Lazy Spider Orchid)—natural size
Cryptostylis ovata R. Br. (Slipper Orchid)--half size

Lyperanthus forrestii F. Muell. (rare Potato Orchid)-—natural size
Drakaea glyptodon Fitzg. (Hammer Crchid)—natural size
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In this way, cross-pollination is achieved. A widespread species of Pterostylis, P. nana R.Br., is one of the-
few orchids which extend into the Eremean Province ; another is Diuris longifolia R.Br., one of the-
wallflower-coloured Donkey Orchids.

Another fascinating method of pollination is found in the Slipper Orchid. Here the agent is an.
ichneumon fly, and chiefly the males visit the flowers. It has been shown that the insects attempt to.
mate with the flower under the impression that it is a female. In doing so, pollen is collected from the-
anther and transferred to the stigma of the next flower visited. Though scentless to man, the orchid:
apparently emits a powerful lure which can attract insects over long distances.

Scent is not prominent among Western Australian orchids. However, several species of Caladenia,
Thelymitra, Prasophyllum, and Eriochilus produce a sweet though often light perfume. The most
strongly and heavily scented is Lyperanthus forrestii F. Muell. though strangely, the other two species of this.
genus in the south-west have no scent at all.

The small Elbow Orchid, Spiculaea ciliata Lindl., is noteworthy for its adaptation to an extremely ex-.
posed habitat. It grows in shallow soil pockets on open granite outcrops which are subject to very high
temperatures during the summer, when they also dry out. During the spring, the plant develops a,
fleshy floral scape which dies at the base as flowering commences. All the requirements for the develop-
ment of the flowers and fruits are stored in the stem. Even when pressed, the flowers attempt to.
continue developing but become distorted by the pressure of the papers. The plant survives the summer-
through the dormant corms, as do all our orchids except Cryptostylis.

A different form of adaptation is seen in the two saprophytic species Gastrodia sesamoides R.Br, and .
Rhizanthella gardneri Rogers. These plants lack chlorophyll, and hence cannot produce their own,
organic requirements. This is obtained instead through the medium of a fungus which grows in associa-
tion with the orchids’ rhizomes.  Rhizanthella is almost unique in the orchid world, as it is entirely-
subterranean. It has only been found four times, in each case accidentally, by farmers clearing virgin,
land. Nothing is known about the development and pollination of this extraordinary plant, which is.
paralleled only by one of similar habit in New South Wales.

It remains only to mention another species which also is almost unique in the orchid world, since-
it has been introduced here from South Africa, its native country. This is Monadenia micrantha Lindl.,.
which was first discovered near Albany in 1944 and has since spread along roadsides in the hinterland,
and as far as Collie, over 100 miles to the north-west of the original finding.

A summary of the orchid genera found in Western Australia is given in the following table.

TABLE OF ORCHID GENERA IN WESTERN AUSTRALIA
A. Genera Indigenous in the South-West Province

Total spp. in W.A. Endemic spp..

1. Acianthus 2 1
2. Caladenia 40 34
3. Caleana 1 1
4. Calochilus 1

5. Corybas 2
6. Cryptostylis ... o1 1
7. Diuris 8 7
8. Drakaea 4 4
9. Elythranthera 2 2
10. Epiblema 1 1
11. Eriochilus 3 3.
12. Gastrodia 1
13. Leptoceras 1
14. Lyperanthus 3 3.
15. Microtis o 8 3.
16. Prasophyllum 18 16
17. Pterostylis ... 15 5.
18. Rhizanthella 1 1
19. Spiculaea ... 1 1
20. Thelymitra ... 22 12;

B. Genus Introduced in the South-West Province
Monadenia ... Native to South Africa

C. Genera Indigenous in the Kimberley District
1. Cymbidium
g’ Eﬁ?ggﬁgum One species of each recorded, none endemic.
4. Nervilia
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VEGETATION PROVINCES
It has been said that of all the factors which determine and control the vegetation of the earth,
the climatic factor is the most important, and rainfall and temperature are the most important of the
climatic elements. In Western Australia there are three distinct climatic regions. These are the tropical
north with a short hot rainy period, the temperate south with a rainy period occurring in the coldest
months, and the arid interior which has no regular rainfall pattern. The flora is remarkably different within
these three areas which for this reason have been used as natural divisions of the ﬂora,. Diels referred to
them as the Northern, the South-West and the Eremean Provinces.
The description of the climatic and vegetative characteristics of these Provinces contained in the
following sections is by C. A. Gardner, formerly Government Botanist of Western Australia.

Climatic Characteristics

The Northern Province extends over the Kimberley Division to some foew miles southward from
the Fitzroy River, thence contracting into a narrow coastal isthmus in the vicinity of the Eighty Mile
Beach, and expanding southward to include the De Grey River and the greater part of the Fortescue
system. It is the area which, lying north of the Tropic of Capricorn, receives its rain entirely in the
summer months, with a seagonal rainfall during the four wettest months ranging from about seven inches
in its southern portions to over forty inches in parts of the Kimberley Division, and has an annual mean
maximum temperature of 90° F. or over, although during the growing season temperatures may be even
higher. The season from the commencement of April until the end of October is relatively rainless.

The South-West Province extends from the southern end of Shark Bay in the north to Israelite
Bay in the south. On the west and southern sides it is bounded by the ocean, while its inland boundary
passes close to Mullewa, Morawa, Koorda, Bencubbin, Burracoppin, Hyden, Ravensthorpe and Grass
Patch. It is pre-eminently the winter rainfall province which receives its maximum rainfall from May
to August inclusive and, with the exception of the southern portion, experiences a seasonal drought
extending from November to March or April. The average maximum temperature is less than 80°F. with
much lower temperatures during the growing season.

The Eremean Province lies between the Northern and the South-West Provinces, and occupies approxi-
mately two-thirds of the total area of the State of Western Australia. It is intermediate in character
between the other two ; its rainfall is received either from extensions of summer rainfall southward
(and this makes up the greater portion, especially such rainfall as is received from tropical hurricanes
during the late summer months), or in the south from extensions of the winter systems, while rarely a
general rainfall may occur throughout.

Vegetative Characteristics

The Northern Province is essentially the savannah-steppe Province in that a herbaceous ground-
-covering mainly composed of grasses occurs. This varies from the rich grasslands of Kimberley to the
harsh spinifex “ steppe ” of the country southward from the Fitzroy, broken only by the alluvial grass-
land plains of the De Grey and Fortescue districts, especially the Roebourne Plains. Scrubland as such
is unknown, except to a very limited extent in the rough sandstone range country of north-west Kim-
berley. Forests as such do not occur and mulga too is absent. Floristically the Province is characterized
by the part played by tbe * Indo-Melanesian Element * in its constitution. In places this element may
predominate to the extent that amongst the trees Eucalyptus plays a secondary role, and deciduous
trees are prominent. The grotesque Baobab is common. together with various soft-wooded trees, while
the herbaceous growth is rich in members of the Hibiscus family and several others. With the excep-
tion of the river bank and swamp formations, most herbaceous growth is either dead or resting during
the winter months.

The South-West Province, on the other hand, is characterized by a total absence of the Indo-
‘Melanesian influence, and its flora bears a distinct southern or “ Antarctic” impress. Trees and shrubs
predominate with a marked diminution of grasses, and there is no true grassland. The herbaceous species
are of winter growth, and the plants remain dormant during the dry summer months, especially the
species of Acacia and Casuarinaceae. The Proteaceae, which assume a minor role in the North, here hold
sway, as do the Myrtaceae and Leguminosae. The principal formations are forest woodland and scrub-
land, with extensive tracts of sand heath. Mulga and spinifex are absent and the various salt bushes either
-exist as inhabitants of the physiologically dry salt pans, or occur only marginally. There is a distinctive
plant architecture among the woody plants in which the effect of the dry season is apparent.
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The Eremean Province is again intermediate. Floristically it is characterized by the * Australian
Element,” recruited from northern and southern influences, and those hardy species which have arisen
in response to an adverse environment. Notably there is an increase in the spacing of plants due to
root competition between neighbours. The result is a series of “open formations” ; Mulga bush, con-
gisting of leafless species of Acacia with resinous or stiff leaf-like phyllodes ; a predominance among the
ghrubs of species of Acacia, Cassia and the attractive species of Eremopkhila, notable for the size and
colour of their blossoms. The Northern influence is expressed most strongly by the Spinifex (7'riodia)
which is the dominant tussocky grass of the lighter and stony soils, while the Mulga occupies the more
-closely-grained soils, the true mulga (Acacia aneura) being restricted to hard-pan soils. The Southern Ele-
ment is most strongly asserted in the loose red sand and around granite rocks, the former carrying those
-sand-loving species for which the South-West is famous (even the Blackboy extends into the heart of the
Eremea) while the species of the granite rocks owe their existence to an improvement in the water
-content of the soil in addition to the shelter and shade provided by declivities. In the northern portions
-of the Province we find, where watercourses provide permanent pools and moister conditions than else-
where, an intrusion of the Northern Element, especially in the grasses and the herbaceous flora generally.
Bavannah and steppe occur in the north, Mulga and spinifex steppe occupy the middle areas, while in the
south we have woodland formations, with some degree of heath development. The salt soils carry dis-
tinctive associations of salt-tolerant plants in which salt bushes are predominant, and this same formation
-ocours on the limestone soils of the Nullarbor Plain. Forests are absent.

VEGETATION FORMATIONS

Within the three large Vegetation Provinces plant species are grouped into associations which are
‘basically dependent on soil type. The soil, within the limits of each rainfall zone, governs the amount
-of water available to the plants and influences the habit and character of the plant cover. Thus there are
Forest Formations, Woodland Formations, Shrub Formations and many others,

“The Forest Formations of the South-West

The Jarrah Forest—The most important of the forest formations of the South-West is that dominated
by the Jarrah (Eucalyptus marginata), which reaches its greatest development in the lateritic soils from
" the Darling Scarp eastward to the 20 in. isohyet, although it does occur also on the sandy coastal soils.
Within the forest area Jarrah forms an almost pure stand, but along watercourses Blackbutt (Bucalyptus
_patens) is common, while Marri (Eucalyptus calophylia) is almost always present where sandy soils occur.
In the richer soils of the valleys, Wandoo (Bucalyptus redunca var. elata) and Powder Bark Wandoo
{Bucalyptus accedens) commonly occur, the latter being usually associated with granite outcrops. The
understorey of the Jarrah forest consists principally of Banksia and the related Persoonia, Hakea and
Dryandra, together with the Christmas Tree (Nuytsia floribunda), Sheoak (Casuarina fraseriana), Blackboy
{Xanthorrhoea preissii) and Zamia (Macrozamia riedlef) in varying associations.

The Karri Forest—To the south of the Jarrah forest, in an area where the rainfall is heavier and more
evenly distributed throughout the year, the Karri (Bucalyptus diversicolor) forms almost pure stands in
-certain light types of soil, mainly on the hillsides. Associated with it in the valleys is Bullich (Eucalyptus
megacarpa), a tree which closely resembles Karri, while Jarrah and Marri occur where there are gravelly
or sandy soils. The understorey consists of the Karri Sheoak (Casuarina decussata), Peppermint (Agonis

Slezuosa), Warren River Cedar (Agonis juniperina), Bull Banksia (Banksia grandis) and River Banksia
(Banksia wverticillata). The shrubby components are Karri Wattle (Acacia pentadenia) and Hazel
(Trymalium spathulatum) with Hovea, Crowea and Boronia providing masses of colour in the flowering
season.

The Tingle Forest—Around the lower reaches of the ¥rankland River, the Karri trees are largely
replaced by Red Tingle (Eucalyptus jacksonit) occurring mainly on the slopes and tops of hills, and Yellow
‘Tingle (Eucalyptus guilfoylei) found mainly in the valleys and low situations generally. The associated
‘vegetation is almost identical with that of the Karri forest.

The Wandoo Forest—There are few large areas of true Wandoo forest in the South-West, although
the tree is widely distributed in the country to the north and east of the Jarrah belt. Where the Wandoo
penetrates into the Jarrah forest it is associated with an understorey which, though closely resembling
that of the Jarrah forest, lacks Persoonia, Sheoak and Christmas Tree. In the more open stands to the
-east, however, it is associated with a much reduced shrubby undergrowth, and frequently with Jam
(Acacia acuminata). Within the Wandoo forest, the Mallet species Bucalyptus astringens and E. gardner:
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form dense associations on stony hillsides, while in the southern portion of the forest the Swamp Yate
{Bucalyptus occidentalis) occurs freely on the low-lying country.

The Tuart Forest—The Tuart (Eucalyptus gomphocephala) occurs in a typical forest formation
between Ludlow and Busselton where it is associated with Peppermint, species of Banksia and a large num-
ber of herbaceous species. The formation extends northward as far as the Hill River and throughout its
ocecurrence is restricted to limestone soils. To the north of Ludlow the forest gradually merges into a sparse
woodland formation with an abundance of shrubby undergrowth and relatively few herbaceous species.

Woodland Formations

The Woodland formations differ from the forests of the South-West in being less uniform. Whereas
the forest is invariably dominated by a single species, the woodland on the other hand consists of a series
of co-dominant species which oceupy relatively small areas in the intricate pattern which makes up the
mozaic of the Woodland formation. The principal trees are the Salmon Gum (Eucalyptus salmonophloia),
Gimlet (Euealyptus salubris), Morrel (Eucalyptus oleosa var. longicornis) and Yorrel (Eucalyptus gracilis).
Many other species are locally dominant and the undergrowth consists of species of Acacia, Grevillea,
Hakea and mallee forms of Fucalyptus. This formation is chiefly South-Western, but it extends also into
the Eremean Province where, although the tree species remain fairly constant, the undergrowth changes
in character with an increasing number of the species of Poverty Bush (Eremophila), Saltbushes (Atriplez)
and Bluebushes (Kockia),

Shrub Formations

The Mallee Eucalypts—The mallee form of Eucalyptus is found in many districts from the west coast
to the South Australian border, and it is absent only from the forest areas of the South-West. Mallee
thickets reach their greatest development in the alluvial soils, but they occur in almost any type of soil.
In the lighter soils they frequently occur in association with other shrubs, particularly tea tree whioh at
times actually dominates in a sandy habitat.

’ The Mulga Bush— The Mulga bush occupies & large part of the Eremean Province. This formation

extends almost without interruption from the west coast between Onslow and the Wooramel River east-
ward as far as New South Wales and, although its species may change, it maintains its character and
identity throughout. The species of Acacia referred to as Mulga have a greyish resinous foliage and
it is the dominance of these species, more than anything else, which gives the Mulga bush its character.
Component: shrubs are rather widely spaced. Another characteristic of the formation is ite differential
response to rain, a winter precipitation producing an immediate germination of vast numbers of annual
and perennial herbs and shrubs, while summer rains promote a vigorous growth of grasses.

The Sand Heath— Tt is in the sand heath formation that the flora of the State displays the greatest
number and diversity of its species, as well as the greatest development of colourful and interesting endemic
forms. The most extensive sandplains are found at the northern and eastern extremities of the South-
West Province, between Northampton and the Murchison River and from Ravensthorpe to Israelite Bay.
They occur also on the eastern fringes of the South-West Province, and in the Eremean Province where
important areas occur at Comet Vale and to the east and south of Southern Cross.

Savannah and Steppe Formations

Except for a weak development in Jam and York Gum (Eucalyptus loxophleba) country in the South-
West, savannah and steppe formations are restricted to the Northern and Eremean Provinces where there
are the necessary climatic conditions of summer rains alternating with a dry cool winter. On river flats the
dominant species is the Coolabah (Eucalyptus microtheca) with a grass element consisting of species of
Sorghum and Citronella Grass (Cymbopogon spp.) In the sandier soils Spinifex (Triodia spp.) is the
dominant grass, while the tree layer consists of a number of bloodwoods and the Micum tree (Bucalyptus
brevifolia). On the basalt soils the Grey Box (Bucalyptus tectifica) is associated with certain cabbage gums
and Kangaroo grass (Themeda ausiralis). An interesting type of open savannah occurs in coastal country
between the De Grey and Fitzroy Rivers and is referred to as Pindan. In this formation, several species
of Acacia are associated with a large number of grasses both annual and perennial although in recent
years the introduced Buffel Grass (Cenchrus ciliaris) is dominating the grass cover.

Southward from the Fitzroy River is the large area of Spinifex steppe dominated by T'riodia, where
very few trees occur. The shrubs are mainly species of Acacia and Cassia. This formation gradually
merges into the more open desert country of the interior, which is almost unknown botanicalty.
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THE ECONOMIC VALUE OF THE FLORA

Although the flora of Western Australia is so large and diversified, relatively little industrial use-
has been made of many of its species, due principally to the fact that rot enough is known about the:
chemical and other properties of the native plants. Species of obvious value are the timber trees, many
of which are abundant in the South-West Province. Pre-eminent are the hardwoods jarrah and karri,
large quantities of which are felled each year, with smaller amounts of many other spedies also being
milled.

There is an established plywood industry, using local timbers. Among the cabinet woods are Banksia,
Casuarina and Jarrah, the so-called “curly” jarrah in particular producing attractively-figured surfaces.
In the tropical north of the State there are many excellent cabinet woods which have not yet been exploited.
Principal among these are the ebony (Maba humilis), the Leichhardt tree (Nauclea coadunata) and the
Red Ash (Alphitonia excelsa). In contrast to the hardwoods of the South-West a number of the Northern
trees are.soft-wooded, notable among them being the Yeelbar (Erythrina vespertillio) which is reputed to-
produce a timber almost as light and soft as balsa wood. This species has not yet been exploited and
neither has the Kimberley Cypress Pine (Callitris intratropica) which is perhaps our most termite-resistant
timber, due doubtless to its sandarac content. Large trees of the Kimberley Cypress Pine still exist in
certain localities but they suffer severely from the effects of fire and whole forests of pine are sometimes
destroyed by bush fires.

The early settlers in the south-west of the State used the bark of certain wattles, as well as the kino
of the Marri (Bucalyptus calophylla), for tanning purposes but these generally ceased to be used when the
bark of Brown Mallet (Eucalyptus astringens) was discovered to possess a greatly superior tannin. Even
today mallet bark is still used to a certain extent for the production of hard leather, while wattle bark
is used for the softer types. One of the best barks for tannin content and quality is that of the Micum
tree (Bucalyptus brevifolia) which is found on the Hamersley Range, and also in the East Kimberley
extending from the upper reaches of the Margaret River almost to Wyndham. Tanning materials are
also extracted on a commercial scale from the timber and bark of the Wandoo tree. Several other chemical
products are recovered from Wandoo in the wood-distillation plant associated with the charcoal-iron
industry at Wundowie. The several species of Mangrove are also possible sources of tannin.

The Manna Wattle (Acacia microbotrya) yields a gum which has all the properties of gum arabic,
but the.yield per tree is very low and the gum ““ tears” are frequently stained by the tannins from the bark.
The gum is nevertheless of commercial value. Attempts have also been made to exploit the common species
of Blackboy (Xanthorrhoea preissii) and, although it yields large quantities of gum as well as drying oils,
a turpentine substitute and acetic acid, there has been little interest in the exploitation of the large though
rapidly diminishing supplies of this species.

Among the drug plants of the flora, special mention should be made of the many species of Eucalyptus
which arerich in oils. No industry exists in Western Australia at present, despite the fact that in Fucalyptus
oleosa var, plenissima this State has a variety which gives the highest yield of any known species. However,
it would now be difficult to secure adequate areas of this valuable species, much of it having been destroyed
in the expansion of agriculture. Several species of Citronella Grass (Cymbopogon spp.) occur freely in the
Kimberley, but the quality of the oil has not been investigated. Sandalwood oil is obtained from two
species, Santalum spicatum and Santalum lanceolatum. The collection of sandalwood, formerly a profitable
industry, has declined because the more readily accessible supplies have been virtually exhausted and
natural regeneration is slow.

One of the strychnine trees (Strychnos lucida) is widely distributed in the tropical regions, and this
species could have a potential value for the production of both strychnine and brucine. The small shrub
Grewia polygama, known for its remarkable value as a remedy for dysentery, is also found there. Inquiries
from foreign manufacturing firms have been received in the past for supplies of this plant. The Pituri
(Dubotsia hopwoodii) contains nicotine in very appreciable quantities-and could be used for the production -
of insecticides. The species of Tephrosia and many other plants used by the aboriginal population as fish
poisons are a relatively unknown group and await chemical investigation. The toxic principle of the many
species of Gastrolobium and Oxylobium is also still unknown, although an intensive investigation is being
carried out under the auspices of the Phytochemical and Toxic Plant Committee of the Western Australian
Department of Agriculture. This Committee is also investigating the alkaloid content of the flora in an
attempt to locate and identify all the potentially toxic as well as the potentially useful plants in the flora
of the State. g
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The wildlowers of Western Australia are widely recognized as an important tourist attraction. Flowers
‘for commercial purposes are taken mostly from the wild, and it is probable that as more and more land is
-cleared an increasingly profitable trade will become available to those who have them under cultivation.
Large quantities of fresh wildflowers are sent to other States and overseas.

Among the wildflowers there is one, the Brown Boronia (Boronia megastigma) native to the forest
-areas of the South-West, which deserves special mention on account of its commercial and industrial
use. A considerable acreage of this plant is cultivated in Victoria for the cut-flower trade and for the
manufacture of scent. In Western Australia, however, it is the uncultivated land which provides the supply
for both purposes and large areas are systematically stripped of the blossom each year.

CONSERVATION OF THE FLORA

Agricultural expansion in Western Australia since the end of the second World War has been
considerable. With increased knowledge of trace elements in relation to plant nutrition, large areas of
formerly unused land have been opened up for farming and, since this is of great significance in the economy
-of the State, it is likely that a steady increase in the use of land, particularly for agriculture, will continue
for some time. In the face of this development the flora and fauna must give way. Many plant communities
-could become extinct and thus be lost to scientists and the general public for all time. The flora of the
State is widely recognized, both in Australia and overseas, as being unique and deserving of preservation.
Because of the growing need for land for agricultural and pastoral use, conservation of the flora on land
not yet cleared is a matter of urgency. It is principally by the creation of vested Flora Reserves that this
conservation can be brought about.

Already much has been accomplished but, if sufficient really representative reserves are to be estab-
lished, there is still a lot to be done. A considerable number of reserves both small and large have already
been set aside. Some of the smaller reserves have been established for the protection of a particular species
-or plant community, while others have been created for purposes, such as water catchment, which although
not specifically directed to the protection of the flora do nevertheless assist in the preservation of the
plant cover. Among the larger reserves are some which are specifically designed to preserve the whole
of the environment and biological structure of important areas such as the Stirling Range, or of flora
associations such as sandplain, woodland, and so on. These reserves are as large as they can be made,
having due regard to the requirements of agriculture, forestry and other activities in the district. It is
the large size and the diverse conditions in these reserves which permit the plants and animals within them
to live in equilibrium, without affecting any of the species involved and thus preserving the biological
balance.

Many of these reserves are not vested in any authority, but the most valuable are vested either in
a Government Department, a special authority or the local governing body. Some of them are legally
established as Class ““A” Reserves. The National Parks Board administers the largest of the reserved
areas which have been set aside specifically for the preservation of flora. The principal National Parks
are those of the Stirling Range, Porongorups and Nornalup. The Stirling Range in particular is a most
valuable botanical area, and is also of value as a fauna reserve. Nornalup National Park contains some
magnificent stands of timber and some excellent examples of coastal swamp formations, as well as a most
picturesque estuary and river mouth.

A number of the most important nature reserves in the State are vested in the Fauna Protection
Advisory Committee. The main concern of this Committee is the conservation of fauna, but it is obvious
that the preservation of the flora within the reserves is of vital importance to the success of its work in
protecting the fauna. Among the reserves administered by the Fauna Protection Advisory Committee
are Bernier and Dorre Islands at the entrance to Shark Bay, Lake Magenta Reserve south of Newdegate,
and the Pingelly Reserve.

The reserves described in the following paragraphs have been selected as being representative of the
types of reserves already discussed. Reference to other such areas is made under the heading ‘‘ Public
Parks and Reserves” in Part 1 of Chapter VIIL.

The Mwurchison River Reserve is situated near the mouth of the Murchison River and includes the
greater part of the gorge of the southern loop of the river, extending almost to the edge of the Ajana
agricultural area. It is a large reserve, approximately 358,000 acres in area, and consists mainly of gently
undulating sandplain which is underlain by a gravelly soil resting on Cretaceous sediments or in some
areas on the Tumblagooda Sandstones of Silurian-Ordovician age. The gorge is one of the most remark-
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able physiographic features of Western Australia and must in time become one of the foremost tourist
attractions the State has to offer. It is extremely rugged and picturesque and its sheer walls drop five
hundred feet from the level of the sandplain. Permanent pools of brackish water occur along the gorge.

Three distinct types of flora are recognized in the area. They are the predominant sand heath, the
lateritic association along the eastern boundary, and the coastal heath vegetation on the limestone soils.
The area is one of the most valuable flora reserves in the State. Itsimportance is due largely to its location
at the northern end of the South-West Province, where it comes under the influence of the Desert or
Eremean Province. This overlap of two flora types has resulted in the development of a unique flora,
containing an exceptionally large proportion of plants which are entirely restricted to the area. In this
connexion the species of Banksia are of particular significance, while many other related plants in the
Banksia family as well as a number of Myrtles found here occur nowhere else in the world. The gorge of
the Murchison River contains many very fine examples of the picturesque River Gum (Zucalyptus
camaldulensis), as well as a number of endemic species some of which are entirely restricted to this
environment. However, it is the heath vegetation of the sandplain for which the area is particularly
notable. This formation covers the greater part. of the reserve, its flora being extremely rich both in
species and in variety of colour and form. It undoubtedly constitutes the richest botanical area of the
reserve, and during the spring and early summer it is a blaze of colour. Not only has vigorous speciation
taken place here in past ages to produce a number of unique plants, but the reserve also contains the north-
ernmost representatives of several typical South-West plants. Species such as the Firewood Banksia,
Blueboy, Tree Smokebush and Mangles Kangaroo Paw extend northwards as far as this reserve, but are
not known to occur much further to the north. It is important scientifically that these plants occur
within the borders of the reserve, since they will be preserved for all time as evidence of the wide
distribution of these and co-existing species.

The Stirling Range National Park of 284,540 acres is situated to the east of Tenterden and encloses
the entire mountain system of the Stirling Range, which consists of Proterozoic sandstones, shales and
slates. The Range reaches to a height of over 3,500 feet and is the dominant landmark of the country
to the north of King George Sound. The reserve consists of the mountain range surrounded by a broad
undulating plain carrying a low heath vegetation with a predominance of species of Myrtles and of
Proteaceae. Stirling Range Poison (Gastrolobium velutinum) is common, and many other species of the Pea
family also occur. A striking component of this heath is the Red Kangaroo Paw (Anigosanthos rufa).
Around the base of the mountain peaks are forests consisting principally of stunted Jarrah. Springs and
damp areas occur in the forests due to seepage from the higher land and there are several lakes both within
the reserve and outside its boundaries. Because of the height of several of the peaks, snow is sometimes
recorded, while a cloud blanket frequently covers all but; the lowest peaks. Due to these phenomena the
reserve contains a highly interesting and scientifically important endemic flora which makes it one of the
outstanding botanical reserves in Australia. Altogether there are over a hundred species which occur
within the reserve and are not known elsewhere in the world. A large proportion of the plants are out-
standingly attractive, prominent among them being the Mountain Bells ( Darwinia spp.), nine species of
which are restricted to the Range while some are entirely confined to a single peak. Isopogon latifolius
is the most spectacular member of a group which is restricted to Western Australia. It occurs on the upper
levels of Bluff Knoll, the highest point in the Range. Several species of Banksia and of Hypocalymma are
endemic in the Range. The high degree of endemism and the spectacular character of the flora, some
unique features of the fauna, and the rugged grandeur of the Range itself make the Stirling Range National
Park one of the most valuable of the nature reserves of the State.

Bernier and Dorre 1sland Reserves—Bernier and Dorre Islands, which together comprise an area of
about 26,000 acres, constitute portion of the western boundary of Shark Bay. They are some 16 and 19
miles in length respectively and are very narrow. They are in fact elongated dunes running in a north and
south direction and consist largely of quaternary aeolianite with some loose sand. The islands are chiefly
of value as fauna sanctuaries, since they contain vigorous populations of six native mammals some of
which are rare on the mainland. They are situated at the northern extremity of the South-West Province
where they come under the influence of both the South-West and the Eremean Provinces. The vegetation
includes typical South-West plants such as Phyllanthus, Triglochin and several species of Myrtles, while
a number of plants from coastal dunes such as Spinifex and some of the Daisy family are common on both
islands. The Desert or Eremean flora is represented by the Poverty Bushes, Wattles, Solanum, and species
of the Pea-Flowered and the Hibiscus families. The T'riodia (Spinifex) which occurs over a great part of
the interior of the State is also present on Bernier Island and is well represented on Dorre Island. The
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Northern elements have also penetrated to the islands and occur chiefly among the grasses, of which
there are several species. Other plants demonstrating Northern affinities are the native Fig, the Caper,
Jasminum, and the Euphorbiaceae. Several species in the island floras are endemic in the Shark Bay
area, and a few were originally collected on the islands. These reserves are of extreme importance
biologically both as yardsticks to measure the effects of sheep-grazing on the neighbouring Dirk Hartogs
Island and as natural laboratories in which to study and understand the processes of ecological interaction
within our native plant and animal communities.

The Pingelly Reserve is situated to the east of Pingelly and is an outstanding example of extreme
-diversity of habitat types in a small area. It is no more than 3,000 acres in extent and consists of lateritic
highlands in the northern and southern areas, between which erosion has uncovered masses of the country
granite and produced extensive granitic soils, It is particularly rich in native animals while the plant
-assemblage covers some seven well-marked associations ranging from sandplain to a White Gum forest.
This latter type is found in the more fertile loams in the valleys, where it is associated with Box Poison
and Jam. Two different associations of Aeacia are evident, the more important being that dominated by
Jam, occurring on the better-class soils and merging into the White Gum area, the other being a Black
Wattle association occurring along the bottoms of the valleys and along the watercourses. Sheoak forms
almost pure stands in the granitic soils while thickets of Mallet clothe the steep rocky slopes below the
gravelly tops of the hills. Few plants regularly grow in association with Mallet but, in this reserve, Bullock
Poison (Gastrolobium trilobum) forms a constant understorey. York Gum dominates the flora in certain
places, while in the lateritic soils on the tops of the scarps there has developed a mixed association
-dominated by Dryandra and containing several other members of the Proteaceae, together with represent-
atives of the Myrtaceae and other families. It is the sandplain association, however, for which the area
is most noteworthy. This vegetation type occurs in seven localities scattered throughout the reserve, each
-of them being distinctive in one or more respects. For example, one of these localities is distinguished by
the Christmas Tree, another by the Narrow-leaved Banksia, a third by a deep yellow sand development,
and another by heavily leached white sand where Jarrah is found. Despite its limited area, this reserve
-contains a remarkable diversity of flora and fauna, making it one of the most valuable of the nature
Teserves of Western Australia.
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CHAPTER |l — continued

PART 4 - THE FAUNA OF WESTERN AUSTRALIA

Coniributed by
W. D. L. Ride (Director of the Western Australian Museum)
and
D. L. Serventy (Officer-in-Charge, W.A. Station, C.8.1.R.0., Division of Wildlife Research)

ZOOGEOGRAPHY

Terrestrial Vertebrates

An analysis of most of the Western Australian groups of vertebrate animals shows that they cam,
be referred to one or other of the three great faunal assemblages which zoogeographers recognize in.
Australia, namely the Bassian, Eyrean and Torresian faunas. Most members of these faunas are-
characteristic, respectively, of the following regions, the South-West (Bassian) with its regular winter
rainfall, the arid and semi-arid interior and North-West (Eyrean) with intermittent and unreliable
rainfall and the Kimberley Division (Torresian) with regular summer rainfall. Several elements of”
these faunas are sufficiently wide in their requirements for them to occur as * foreigners » in neighbouring
regions, such as Torresian species which are found in the otherwise Eyrean Pilbara district of the North-
West, and Eyrean species which occur in the Bassian South-West. Otherwise, the regions, as indicated:
above, have tolerably distinctive faunas.

The sharpest faunal break is between the Torresian fauna of the Kimberley Division and the Eyrean
fauna of the Pilbara. The Kimberley is the headquarters in Western Australia of the Fruit Bats.
( Pteropus), various marsupials such as the Flying Possum (Pefaurus breviceps), the Little Rock Wallaby
(Peradorcas concinna), the Jungle or River Wallaby (Protemnodon agilis), and among the birds the-
Scrub-Fowl (Megapodius freycinet), the Fruit Pigeons (Ptilinopinae), Lorikeets (T'richoglossus and.
Psitteuteles), White Cockatoo (Kakatoe galerita) and most of the grass-finches.

The Torresian species which penetrate further south include the Northern Native Cat Dasyurus-
hallucatus (to the Fortescue River), the Brolga (normally only to Onslow), White-breasted Wood-swallow
(to Shark Bay), and the Brown Honeyeater (right through to the South-West).

The boundary between the majority of the Eyrean species and the bulk of the Bassian species is.
less well-defined as there is a good deal of overlapping. For example, the line which separates the wood--
land eucalypts and the mulga, the so-called “ mulga-eucalypt line,” is the extreme limit of most Bassian.
species, though many do not range inland beyond a line connecting Geraldton, Moora, Northam and
the Stirling Range. The mulga-eucalypt line separates, to quote an example, the main distributions.
of the Grey Kangaroo (Bassian) and the Red Kangaroo (Eyrean). This line is also the northern limit.
of such well-known Bassian species as the Red Wattle-bird. It is also the northern boundary of many
Eyrean species which are restricted to the south ; such as the Rufous Tree-creeper, Purple-crowned:
Lorikeet, Smoker Parrot and the Squeaker.

The South-West of the State has representatives of many well-known Bassian species also found:
in south-eastern Australia. These include among birds, the Brush Bronzewing, White-tailed Black.
Cockatoo, Western Rosella, Scarlet Robin, Yellow Robin, Southern Emu-Wren, Silvereye, White-naped:
Honeyeater, Western Spinebill, New Holland Honeyeater and Red-eared Firetail. Among mammals-
there are the Pigmy Possum, the Wambenger, the Grey Kangaroo, the Tammar Wallaby, the Brush
Possum and various dunnarts (marsupial mice, Sminthopsis). Among frogs there are various Crinia-
and Heleioporus inornatus and australiacus; and fishes such as Galaxias and Nannoperca. However,
there has been an extensive intermingling of Eyrean and Bassian elements in the South-West on a scale-
not paralleled in south-eastern Australia. In the South-West we have a blend of faunas in the sclerophyll.
forests which, though essentially Bassian in character, contain such Eyrean intrusives as the Purple-
crowned Lorikeet, the Twentyeight Parrot, the Rufous Tree-creeper, the Western Warbler, the Banded:
Blue Wren and the Red-tipped Diamond-bird.

It should not be thought, however, that the distribution of animals is in any way permanent or static.
The distribution of various species is very sensitively adjusted to climate, the main factors being tem-
perature and rainfall and the time at which the rain falls. From the long-term point of view there have-



FAUNA 59

‘been very drastic climatic changes in Western Australia during the Pleistocene Ice Ages, and the discovery
-of fossil remains in local caves has shown that there has been a dramatic change in both faunal composition
and distribution in the South-West. There has been an ebb and flow, as it were, of faunal elements out
-of and into the South-West. During the times when suitable conditions reigned, various mammals
-occurred which are now extinct in this State but still persist in south-eastern Australia. These included
-the Koala, the Tasmanian Wolf (Thylacinus) and the Tasmanian Devil (Sarcophilus). In other times,
-creatures which are now living only in the desert country of the northern interior ranged as close to
Perth as Jurien Bay. Among these were the Crest-tailed Marsupial Mice (Dasycercus) and the desert
-dunnarts (Sminthopsis hirtipes). The Ghost Bat (Macroderma gigas) once ranged as far south as the
Margaret River ; it is now known no nearer than Wiluna, the Warburton Range country, and the Barlee
Range.

Climatioc alterations, on a minor scale, are constantly going on. In the past half-century, or longer,
“there has been a considerable change in northern Europe, Asia and America, an amelioration in some
parts and a drying-up in others, with widespread effects on the distribution of animals. Something
-similar  appears to have been taking place in Western Australia. Many dry-country bird species, of
“the Eyrean faunal assemblage, have made notable extensions of range into the south-west corner. These
include the Galah, Little Corella, Budgerygah, Smoker Parrot, Crested Pigeon, Black-faced Wood-
-swallow, Crested Bell-bird, Blue-and-white Wren, Black-throated Butcher-bird and Little Crow. The
‘wecords of local naturalists, who keep district lists of local birds and mammals over a period of years, are

very useful sources of data for plotting these changes. Frequent Museum surveys will provide more
positive information.

In some cases distribution changes due to natural causes may be masked or modified through the
-alterations of habitat due to settlement. These habitat changes act to the detriment of woodland birds
‘but favour open-country species (like pipits and plovers).

<Coastal Marine Fauna (1)

The long Western Australian coastline (4,350 miles) extends from tropical to warm temperate waters,
“from Cape Londonderry at 14°S with a mean water temperature of 81°F to Albany at 35°S with a mean
water temperature of 63°F. As is to be expected, the marine fauna is very different at the extremes.
‘Two principal elements in this fauna have been recognized ; a northern tropical and a southern temper-
-ate fauna. The northern fauna is found right around northern Australia and many of the animals have
-a much wider distribution through the tropical Indian and west Pacific Oceans. For example the Ser-
pent’s Head Cowrie (Ravitrona caputserpentis) and the sea urchin Echinomeira mathaei are found from
“the east coast of Africa through the Pacific islands ; both are abundant as far south as Rottnest Island.
"The southern fauna extends along the southern coastlines of Western and South Australia, with some
+species being common also on the New South Wales coast, though absent from Victoria. The boundary
between these faunas has been drawn at different points along the west coast, according to the specialities
-of particular authors. However, there is in fact a broad area of overlap between North West Cape and
-Cape Leeuwin. Some southern species, such as the periwinkle Melaraphe unifasciata, are commeon as far
north as Shark Bay and even to North West Cape. On the other hand some northern species are common
-on the rocky shores between Cape Naturaliste and Cape Leeuwin, for example the cowrie mentioned above,
-and may even extend east to Albany or Hopetoun. There are extensive colonies of the coral Turbinaria

in Geographe Bay and smaller colonies of Pocillopora on Rottnest Island. Turbinaria occurs also in the
.Archipelago of the Recherche.

In addition to these northern and southern faunal elements there is a considerable number of endemic
-species, found only in the south-western part of the State. Both among the molluscs and less well-
known animals such as the sea squirts there are many species which have not been found outside this

'region. Two examplos are the Slate Pencil Urchin ( Phyllacanthus magnificus) and the cone shell Dyrapsis
-dorreensis.

The islands of this part of the coast are of particular interest. At the Abrolhos Islands there are
~extensive coral reefs and other northern marine animals are much more numerous than on the adjacent
majnland coast. At Rottnest also there are a dozen or more reef-building corals, although most species

«oceur only as scattered colonies so far south, and again there are more northern species than along the
«adjacent mainland.

(*) Written In collaboration with Dr. E. P. Hodgkin and Mrs. L. Marsh.
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Fauna of Inland Waters (2)

The inland waters are of many types and possess very varied faunas. They may be divided into four
main ecological groupings : (1) the rivers of the Kimberley Division ; (2) the river system of the North-
West from the De Grey to the Murchison ; (3) the streams, swamps, and lakes of the south-west corner ;
and (4) the temporary waters of the dry inland represented by two widely different habitats, (i) freshwater
claypans and soaks (including man-made dams) and (ii) the salt lakes.

The rivers of the North-West from the De Grey to the Murchison flow only intermittently, and
between times of flood the fauna must survive in widely separated spring-fed pools in river beds. These
pools, like those at Millstream Station on the Fortescue River, are often of striking beauty. Their fauna
is relatively sparse as compared with the richer assemblages in the Kimberley rivers, the most conspicuous.
element being a few fish species and a freshwater tortoise (Chelodi teindackners) which is confined
to the region.

The permanent hill streams of the South-West have a diverse arthropod fauna. Most of these are
insects but, in addition, there are several species of freshwater crayfish and freshwater mussels in slower-
running parts—Marron (Cheraz tenuimanus) occur in permanent streams of deep water ; Jilgie (C.
quinquecarinatus) in shallow permanent water ; Koonac (C. preissi) make burrows in the mud of swamps.
A species of a closely related group, the so-called *land-crabs” (Engaeus), has been recently discovered
in the swamps of the South-West. Most rivers stagnate and may become saline in summer ; they are
reduced to chains of large or small pools to which the fauna is restricted. The small transparent prawn
Palaemoneles is often abundant in these pools. Shallow permanent lakes and swamps near the coast.
also have a fairly varied insect fauna, among which certain species of dragonflies are particularly abundant ;
at times there are enormous numbers of Daphnia and related small crustaceans.

The inland freshwater claypans are characterized by an interesting ephemeral fauna, mainly of phyl-
lopod Crustacea. The most conspicuous is the large shield shrimp (T'riops australiensis) but a variety
of fairy shrimps (Anostraca and Conchostraca) ocouralso. The eggs of these creatures survive for years.
in the dried mud and development is rapid when the claypans fill after occasional rains.

The most conspicuous animals in the waters of the salt lakes are the brine shrimps (Artemia and.
Parartemia), which at times build up to such high population densities as to attract large flocks of Banded.
Stilts, which breed only in certain of the inland salt lakes.

The fishes of the inland waters are described in a subsequent section.

THE COMPOSITION OF THE FAUNA

The fauna of Western Australia includes representatives of all major phyla of the Animal Kingdom
and individuals range in size from the Blue Whales (Balacnoptera musculus), the largest mammals that.
have ever lived, to minute single-celled protozoa which cannot be seen without a microscope. No esti-
mate can be made of the number of species, and probably the number of species of insects alone out-
numbers all the rest by a comfortable margin. Here we have not attempted to describe all phyla. The-
vertebrates are given fairly full treatment because they are obvious and familiar animals to most of us.
The insects (mostly those of economic importance) are dealt with in Part 5 of this Chapter, and the-
remaining phyla are treated in a few paragraphs which confine themselves to groups of interest.

THE VERTEBRATE FAUNA
Mammals

Unlike the birds and reptiles, wild mammals are not frequently seen in most parts of Western Aus--
tralia. This is because most of the species are small and secretive and appear only at night. However,
there are exceptions and, as any traveller in inland and northern parts of the State can attest, kangaroos.
of one species or another can often be seen in large numbers during daylight hours.

Most species of mammals have distinct ecological preferences which allow them to be categorized.
into one or other of the three main faunal groups which are described earlier in this Part under the head--
ing Zoogeography. For example, in the kangaroo family, the Tammar Wallaby (Protemnodon eugeni),.
the Quokka (Setoniz brachyurus), and the Brush Wallaby ( Protemnodon trma) are found only in the South-
Woest or on certain isolated islands off the coast. These species may be said to be Bassian and, of these,
the Brush Wallaby is closely related to the South Australian Tolache Wallaby (Protemnodon greyi) and
the Tammar to the Flinders Island Wallaby and the now extinct St. Peter Island Wallaby of South

(2) Written in collaboration with Dr. E. P. Hodgkin.
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Australia. The most familiar kangaroo of the dry country with unreliable rainfall occupied by the
Eyrean fauna is the Red Kangaroo or Marloo (Megaleia rufa), while in the Torresian fauna which occurs
in the summer-rainfall country of the Kimberley Division we find such species as the Jungle or River
Wallaby (Protemnodon agilis), the Little Rock Wallaby (Peradorcas concinna) and the Organ-grinder
Wallaby or Karrabul (Onychogale unguifer). In addition to the species which sort out in this convenient.
way, there are others which are widely distributed and in fact occur as members of all three faunal assem-
blages. The most familiar members of the family which do this are the Euro or Biggada (Macropus robus-
tus), the Boodie (Bettongia lesueuri), and the Rock Wallaby (Petrogale lateralis). Of these, the Euro may
still be found anywhere in suitable local habitats from the Kimberley to the South-West and inland to
the South Australian border. At one time this was true also of the Boodie and the Rock Wallaby which,
however, are today unfortunately absent from much of their former range.

So far, only the kangaroos have been mentioned but, in fact, representatives of all three major divi-
sions of the mammals (i.e., monotremes, marsupials and placentals) occur in the State.

The egg-laying monotremes are represented by the Echidna (T'achyglossus aculeata), sometimes called:
Spiny Anteater or Porcupine. This curious and completely inoffensive animal is not uncommon in the
country around Perth and it even appears on occasions in densely-settled suburban areas. In drier dis-
tricts, its diggings, made in its search for insects, are familiar around rocky hills and breakaways.

Marsupials, or pouched mammals, occur in great variety in Western Australia. The kangaroos
and wallabies, already mentioned, are the herbivorous members of the group. These animals are the
Australian evolutionary equivalent of the antelopes, deer, and horses of the other continents and there
is often an extraordinary similarity in structure between members of the kangaroo family and
these other herbivores. These similarities extend even to such details as the physiology and shape
of the stomach and other organs of digestion. The reproductive systems of marsupials and their physi-
ology have also long been of great interest to biologists because they differ from those of other animals.
For example, it is now known that in the Quokka, and some other wallabies, the adults mate again im-
mediately after the birth of the ‘ joey.”” The embryo which is the product of this second mating does-
not develop immediately but is held in a dormant state in the female system. However, if the first
young joey is lost from the pouch, this dormant embryo immediately begins to develop and a second
joey is produced after a minimum period of time.

In Western Australia the kangaroos and wallabies are all terrestrial (there are no tree kangaroos),
and even their arboreal relatives, the phalangerids, are few in number as compared with other parts of
Australia. The Brush Possums, the Pigmy Possums and the Ring-tails have Western Australian repre-
sentatives, but the Koalas and the striped Possums are absent, and of the four species of flying possums
of eastern Australia only one (Petaurus breviceps) occurs in Western Australia and that only in the Kim-
berley Division. Although the species of possums in Western Australia are few in number, there are
some unique forms which are of great interest. One of these is the rare Scaly-tailed Possum (Wyulda}
of the Kimberley ; unlike other Australian possums this animal has a hairless scaly tail and only three
specimens of it are known. There is also the curious and rarely-seen Honey Possum (Z'arsipes) of the
South-West. Wombats are known to have occurred in Western Australia around the turn of the century
but have not been reported since that time.

Although the large carnivorous marsupials no longer live in the State, the smaller representatives
of this group are still fairly common. There are two separate species of native-cats, a southern species
(Dasyurus geoffroyi) and a northern one (Dasyurus hallucaius) as well as many species of smaller carni-
vorous and insectivorous forms. One of the smaller members of this family, the Dibbler (Anfechinus
apicalis), one of our least-known marsupials and last recorded in 1884, was rediscovered during 1967
at Cheyne Beach near Mount Manypeaks on the south coast. Studies are being made at La Trobe Uni-
versity on its biology.

The remaining group of marsupials is that commonly called the bandicoot family. One of these,
the Pig-footed Bandicoot (Chaeropus ecaudatus) is probably the State’s rarest mammal, but it once
occurred in the Nullarbor region where its remains have recently been discovered in caves and two living
specimens of it were collected by John Gilbert in 1841 some miles to the north-east of Northam. No
confirmed record has been made of the species in Western Australia since then. On the other hand another
species of bandicoot, the Quenda, or Short-nosed Bandicoot (Isoodon obesulus), is one of the commonest
of marsupials. Its scratchings are common in country gardens and the little animal is often run over
and found dead on roads. It lives largely on insects, and being nocturnal it is seldom seen but it is
nevertheless very common in many areas in the South-West.
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The third main group of mammals is that of the higher mammals or placentals. Animals of this
group occur in Western Australia in addition to the marsupials and the monotremes, and it always comes
as something of a surprise to visitors (who generally have a strong preconception of Australia as a land
in which all but introduced mammals and the Dingo are pouched mammals and monotremes) to learn
that there are many species. of Western Australian native placental mammals. In fact, if the seals,
whales, and Dugong which occur around our coasts be counted, the species of native placental mammals
outnumber the marsupial and monotreme speocies.

The composition of the mammal fauna is shown in the following table.

Number of Species Number of Species
Kinds of Wild occurring in Kinds of Wild occurring in
Mammals Western Mammals Western
Australia | Australia
(a) u (@)
Monotremes ... 1 Introduced Placentals—
Marsupials ... 56 Rodents 5
Native Placenta.ls— Land Carnivores ... 2
Bats 22 Ungulates (Horses, Deer,
Rodents ... 21 Camels, etc.) 9
Marine Mammals : Rabbits 1 17
Seals (b) 2 — —_
Dugong ... 1 )
Whales .... . 22 TOTAL, ALL SPECIES 143
Land Ca.mlvores—Dmgo 1 69 —
[E—

(@) Total numbers of species are from a forthcoming Classification of Western Austral]a.n Mammals by W. D. L. Ride—
n reparation. (b) Only resident seals are counted. Amntarctic seals are occasionally * shipwrecked ** on southern coasts
these are clearly stragglers into the area.

Within Western Australia the best-established groups of native placental mammals, i.c., the bats
and rodents, are distributed in much the same ecological manner as are the marsupials; some are Eyrean
forms like Leggadina hermannsburgensis, the small mouse which builds mounds of pebbles on stony
ridges (3), others are Torresian like the majority of the Fruit-bats or Flying Foxes (Picropus and Macro-
glossus), while yet others are typical Bassian species and are confined to the country of reliable winter
rainfall in the South-West, e.g, the Southern bush-rat ( Ratfus fuscipes). These native placental mammals
are of great zoological interest because some of them, and in partioular the native rats and mice, have
been here for many millions of years and closely parallel (in adaptation to our stringent ecological con-
ditions) their relatives in similar places in other lands. Thus, we have tiny hopping-mice (Notomys), like
miniature kangaroos, which are very similar in appearance and habits to the jumping-mice (Zapodidae)
of the American and Eurasian dry-lands, and the jerboas (Dipodidae) of Africa; but it must be emphasized
that the jumping specializations of our own hopping-mice have evolved quite independently within Aus-
tralia.

Some of our native placental mammals are economically important. Until recently a shore-based
Western Australian fishery at Carnarvon depended upon the migrating groups of Hump-back Whales
(Megaptera novacangliae) which move along the western coast between their feeding grounds in Antarctic
waters and their breeding places in the tropics. Unfortunately, immoderate exploitation of the stocks
(principally in Antarctic waters) has so reduced the population that it is in danger of extermination and
the shore-based fishery has now collapsed. Another whale fishery, at Albany, is dependent upon Sperm
Whales (Physeter macrocephalus). The catching of Southern Fur-seals (Arciocephalus doriferus), formerly
lucrative, is now no longer permitted. The Dugong (Dugong dugon) was once an important source of
food for the natives of the coastline from Shark Bay to the Northern Territory. The Dingo (Canis
familiaris dingo) has probably not been in Australia for as long as the other native mammals, and may
well have entered with the first of the Australoid people who were ancestral to our present Aborigines.
In some parts of the State the Dingo is a major problem to the pastoral industry because of its attacks
on livestock,

The preceding table also shows that there is a large number of introduced species as well as native
mammals. These are now a part of the wild mammal fauna of Western Australia and all are placentals.

(*) It is suspected that these may be dew-traps.
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Some of these species are also agricultural and pastoral pests and they have become so well entrenched
in the environment that there is no doubt that any discussion of the mammalian fauna of the State must
take them into account and mention should be made of some of them here. Red Deer (Cervus elephus)
occur spasmodically in the South-West around Pinjarra, Waroona and Harvey. Camels (Camelus
dromedarius) occur in large numbers and are distributed through the Eastern Goldfields up through the
Pilbara and into the Kimberley. They have been declared vermin around Laverton, Nullagine, Port
Hedland, and Halls Creek. Donkeys (Equus asinus) have a distribution very much like that of the
camel and also oocur generally throughout the Kimberley. Wild goats (Capra hircus) are ubiquitous
in dry country but are mainly concentrated in the Murchison and the North-West. A small herd of
Black-buck (Antilope cervicapra) occurs near Geraldton. Rabbits (Oryctolagus cuniculus) are widespread
in Western Australia but are only of economic significance south of the Murchison. They are by no
means the problem that they used to be, due largely to programmes of intensive rabbit extermination.
Foxes (Vulpes vulpes), declared vermin, are also widespread but do not commonly occur north of the
De Grey River, having only been reported spasmodically from the Kimberley Division. The domestic
cat run wild (Felis catus) occurs commonly in the bush and is an efficient predator on native fauna. It
became feral in the early days of settlement and soon spread throughout the Colony. The naturalist
Keartland, while a member of the Calvert Scientific Exploring Expedition in 1896, recorded that *“ in
the desert of North-West Australia *” he saw a tabby cat at least four hundred miles from the nearest house.
Earlier still the ornithologist Tom Carter writing in 1887 from the Carnarvon district spoke of *‘ the domes-
tic cat, which is found quite wild and of a large size all through the colony .

Examination of the composition of the older mammal fauna of Western Australia, ¢.e., monotremes,
marsupials, bats and native rodents, as set out in the next table, reveals that one-quarter of all species
recorded from the State today appear to be confined to Western Australia. In fact, it is probable that
the number of species shown as indigenous to Western Australia is actually too high, because some
of them are known only from very few specimens and occur in environments which extend out of Western
Australia into the adjacent Northern Territory and South Australia. Examples of these are a small
carnivorous marsupial Antechinus rosamondae from the Pilbara and a native mouse Pseudomys rawlinnae
from Rawlinna on the Trans-Australian Railway. The South-West contains by far the greatest number
of endemic species. Some of these, e.g., native rats like Pseudomys shortridgei, P. occidentalis and the
Ringtail Possum Pseudocheirus occidentalis, may later prove to be local subspecies of South Australian
forms, but others like the Honey Possum (Tarsipes spenserae) and the Quokka (Setonix brachyurus) belong
to distinctive genera which are not found elsewhere and are true Western Australians,

ENDEMISM OF NATIVE MAMMALS

(excluding marine mammals)

Number of Endemic Species—
All
Endemic
Group and Non- Endemics | Endemics of | Endemics
endemic Total north of | South-West of
Species Endemics Fitzroy Land remainder
River Division of State
Monotremes . 1
Native Cats 20 4 1 2 1
Marsupial Moles 1 .
Bandicoots 6
Possums ... 6 3 1 2
Wombats 1 .
Kangaroos and Wallabies 22 6 4 2
Rats 21 1 3 5 3
Bats 22 1 1
Dingo ... 1 .
Totals .... 101 25 5 14 6
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Birds

The bird fauna of Western Australia consists of a selection of the species ocourring in eastern Aus-
‘tralia, with only a very minor development of endemic forms. Al of these latter, except one (the Western
Australian King Parrot, Purpureicephalus spurius), have a close and obvious affinity to other Australian
forms. The quantitative relationship of the Western Australian bird fauna to that of Australia as a
whole is indicated in the following table, which has been prepared on an ecological basis.

Number of Number of Non-breeding
Breeding Species Visiting Migratory Species
Western Western

Australia Australia Australia Australia
Land birds e 307 499 6 8
Inland water birds 51 52 33 42
Sea birds ... 25 38 33 55
Totad ... .. 383 589 72 105

Representatives of most of the families and genera of Australian birds occur in this State. Notable
absentees include the Cassowary (Casuarius casuarius), Brush Turkey (Alectura lathamsi), several of the
fruit-pigeons, the Crimson Rosella (Platycercus elegans), Lyre-bird (Menura novae-hollandiae), several
honeyeaters including the Regent (Zanthomiza phrygia), Apostle-bird (Struthidea cinerea), Cat-birds
(Ailuroedus), Satin Bower-bird (Ptilonorhynchus wviolaceus) and Rifle-birds (Ptiloris).

Space is insufficient to detail all the forms occurring in Western Australia. Mention may be made
of some distinctive species and groups which are common and widely distributed.

The Emu (Dromaius kollandiae) is still numerous all over the State and is occasionally en-
countered in the Darling Range near Perth. Australia’s only breeding species of penguin, the Fairy
Penguin (Eudyptula minor) nests on islands off the southern and south-western coasts as far north as
Carnac near Fremantle. The Mallee-fowl or Gnow (Leipoa ocellata) is still plentiful and, after a period
of decline during which its disappearance was feared, it is now increasing in abundance. All of the wide-
spread species of Australian quails occur but owing probably to the scarcity of natural grasses in the
south are not individually very numerous. Among the pigeons two species have shown notable recoveries
in population strength. After a long period of scarcity the Common Bronzewing (Phaps chalcoptera)
began a cycle of increase about 1936 and is still very abundant. The rare Flock Pigeon (Histriophaps
histrionica) of the more arid country of the North-West and the far North has declined all over Australia
and had not been recorded in this State since 1927 until 1958 when considerable flocks were observed in
the Hamersiey Range and the Fortescue River country. It has also reappeared in parts of the Kimberley
Division.

A very distinctive member of the rail family is the Black-tailed Native Hen or Gallinule (T'ribonyx
ventralis). It is a creature of the drier country but is subject to violent fluctuations in numbers, when it
is liable to invade the South- West in great strength. A famous oceasion was in May, 1833 when it overran
the settlers’ fields and gardens around Perth and did considerable damage to the crops. Similar irrup-
tions took place in 1853, 1886, 1897 and 1919. Later invasions, such as those in 1952 and 1964, have
been on a mueh more modest scale. Of the three Australian grebes the most plentiful is the Hoary-headed

Grebe (Podiceps poliocephalus) which assembles in the winter in big flocks on the southern estuaries, in-
cluding that of the Swan River.

In the petrel group there are five breeding species in local waters. The most numerous is one of the
mutton-birds, the Wedge-tailed Shearwater (Puffinus pacificus) which nests on most islands between
Carnac in the south and Sable Island, in the Dampier Afchipelago, in the north. A second mutton-
bird, the Fleshy-footed Shearwater (P. carneipes) nests between Cape Leeuwin and the Archipelago of
the Recherche ; it is a migratory species and in the winter months migrates to the north-western sector
of the Indian Ocean. A similar trans-equatorial migrant is the White-faced Storm-petrel ( Pelagodroma
marina), a diminutive form rarely observed at sea. It nests often in vast aggregations on islands off the
south coast and as far north as the Abrolhos. All of these species nest in the spring and summer months.
The remaining two breed in the winter. The Great-winged Petrel ([Pterodroma macroptera) shares the
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RED-EARED FIRETAIL FINCH
Zonaeginthus oculatus

Rarest of the Australian finches, the Red-eared Firetail is found
only in the humid coastal areas of the south-west of Western Aus-
tralia, south of Armadale, in the dense undergrowth of streams
and swamps. The nest, containing five or six pinkish eggs, is
usually situated in the tree-tops, a favourite position being a clump
of Marri nuts. Almost destroyed a few decades ago by trapping
and clearing, the finches are now rigorously protected.

Blocks by courtesy of BP

RED-COLLARED LORIKEET
Trichoglossus haematodus

Most gaudy of the Australian parrots, the Red-coilared Lorikeet is

the Western Australian representative of the Rainbow Lorikeet

of eastern Australia. The nest is merely a hollow in a Ghost Gum

tree, and the white eggs are laid in the rubble at the bottom. The

chicks, which are fed entirely on nectar collected from blossoms

with the brush-like tongue of the adult birds, remain in the nest
for almost two months.
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nesting islands off the south coast with the Fleshy-footed Shearwater in a sort of “ Box and Cox”
relationship. The black and white Little Shearwater ( Puffinus assimilis) has a wider nesting range, from
the Recherche to as far north as the Abrolhos ; in former times it nested at Parrakeet Island off Rottnest
Island. In the winter months some 22 species of southern-breeding petrels visit local seas. They vary
in size from the little Wilson Storm-petrel (Oceanites oceanicus), barely larger than a swallow, to the great
Wandering Albatross (Diomedea exulans). The Wilson Storm-petrel *“ winters ” all along the Western
Australian coast to the tropics and is a familiar sight around fishing boats in Shark Bay. The most com-
mon of the albatrosses is the Yellow-nosed Albatross (Diomedea chlororhynchos) and may be seen as far
north as Point Cloates., The most familiar of these visitors is the dusky Giant Petrel (Macronectes
giganteus). Ringing experiments have demonstrated that the birds seen here are first-year individuals
making circumpolar flights round the Southern Hemisphere ; marked birds found in the South-West
had been ringed a few months previously in their nests at Heard Island, Macquarie Island, and islands
in the South Orkneys in the South Atlantic.

All of the five species of Australian cormorants or shags occur locally. Despite complaints ot their
depredations on commercially important fish, investigations have cleared the birds of blame, though
one species, the Black Cormorant (Phalacrocoraz carbo), specifically identical with the Cormorant of
Europe, does occasionally include edible fish in its diet. One marine species, the Pied Cormorant (P.
varius), which enters the Swan River estuary and Peel Inlet, is mainly responsible for the guano deposits
on the coastal islands. Deposits at Shark Bay were commercially exploited in the last century and at one
stage, in 1850, a detachment of troops was stationed at The Quoin Bluff, Dirk Hartogs Island, to ensure
the collection of royalties. Pelicans in Western Australia, unlike those in eastern Australia, breed only
on coastal islands and not on inland waters. Until recently the nearest breeding place to Perth, and
presumably the origin of most of the Swan River Pelicans, was Pelican Island, Shark Bay. However,
since 1962 a breeding colony has become established at Peel Inlet, Mandurah.

Fourteen species of terns are recorded for the southern parts of the State and three more for the
Kimberley Division. Three of the seventeen are migrants from the Northern Hemisphere and ringed
individuals of the European Common Tern (Sterna hirundo) and the Arctic Tern (S. macrura), marked
in northern Europe, have been recovered near Fremantle. These birds must have reached our coast
via the Cape of Good Hope. The Silver Gull ( Larus novae-kollandiae) is noteworthy for having two breed-
ing seasons in the southern part of the State. On the islands at Safety Bay, for example, there is an egg-
laying peak inh the autumn and another in the spring. “

The numerous Order of wading or shore-birds (sandpipers, dotterels, and plovers) includes a few
locally-breeding species but the majority are migrants from the Northern Hemisphere, where they breed
in the tundra zone of northern Asia. Though they frequent ocean beaches and estuaries, as well as
swamps and lakes, they are listed in the category of * inland water birds ” in the table on page 64.
Some 25 species of these birds, commonly called * snipe ” (though the true Snipe of eastern Australia,
Gallinago hardwickii, does not ocour in this State) migrate to Western Australia. In addition there are
16 species of this Order which breed in Australia. One of them, the Red-capped Dotterel (Charadrius
alexandrinus), is virtually identical with the rare Kentish Plover of England. Here it is very common
and nests at Pelican Point on the Swan River. Another local breeder is the remarkable Banded Stilt or
Rottnest Snipe (Cladorhynchus leucocephalus), which is an attractive inhabitant of the salt lakes of Rott-
nest Island. However, it nests only on the inland salt lakes. The nesting habits remained long unknown
until colonies were discovered at Lake Grace and Lake King in 1930.

The Australian Bustard (““ Wild Turkey ”, Eupodotis australis) is a magnificent bird which has been
largely exterminated by shooters over much of south-eastern Australia and in the developed South-
West of this State. It is not uncommon in sparsely-settled areas and individuals occasionally appear
on the open coastal country quite near Perth. It has recently been demonstrated by ringing that the
Straw-necked Ibis ranges between south-western Australia and northern and eastern Australia. Fledg-
lings marked in the nests at Muchea have later been taken in the North-West, the Kimberley Division,
Arnhem Land and near Orange (New South Wales).

The Brolga (Grus rubicunda) is a northern bird normally found as far south as Onslow, but some
individuals may wander into the outer parts of the South-West as occurred in 1952. In the heron
family a new bird has been added to the State list—the Cattle Egret (Bubulcus ibis), which appears to have
colonized northern Australia from Indonesia and has now spread over much of eastern and Western Aus-
tralia.

2748—(4)
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There are 18 species of swans and ducks occurring in the State, one of the most remarkable, perhaps,
being the Cape Barren Goose, which is now restricted to the islands of the Recherche Archipelago. Recent
leg-ringing experiments have shown that the common and widespread Grey Teal (Anas gibberifrons)

wanders indiscriminately all over Australia, its movements being influenced by availability of surface
waters,

The State is also well provided with hawks and eagles, 24 species being found within its limits.
Most are harmless economically and the fow that do take chickens and lambs are not serious depredators,
though there is controversy on the role of the Wedge-tailed Fagle (Aquila audax) which is, however,

classified as vermin for the destruction of which a bonus is payable under the provisions of the Agriculture
Protection Board Act.

There are not as many species of the parrot group in Western Australia as there are in eastern
Australia but one species, the Western Australian King Parrot or Red-capped Parrot ( Purpureicephalus
spurius), is restricted to the South-West and has no near relatives elsewhere. The Twentyeight Parrot
is a form of the Port Lincoln Parrot (Barnardius zonarius) and is common almost everywhere, being
regularly present in King’s Park, a natural reserve adjacent to the City of Perth.

The Kookaburra ( Dacelo gigas), so common in the forests of the South-West, is not a Western Aus-
tralian native, but was introduced from eastern Australia by the Acclimatisation Board during Jan-
uary, 1897. A similar species, however, the Blue-winged Kookaburra (.D. leachii) occurs in the north,
as far south as the Wooramel River. The Rainbow-bird (Merops ornatus) in the south is a strict migrant,
arriving regulerly in the first week in October. Local birds migrate to the north of the State, the winter-
ing area being from the Gascoyne River northward, but some individuals cross the Timor Sea to the
Indonesian islands. There are eleven cuckoo species in our area, the commonest being the Pallid Cuckoo
(Cuculus pallidus) whose plaintive insistent note is heard soon after the winter rains set in.

In the great group of passerines, or song-birds, (Order Passeriformes) the most celebrated is the
Noisy Serub-bird (Atrichornis clamosus), a primitive almost-flightless bird which until recently was believed
to be the only Australian bird which had become extinct since white settlement. The last specimen was
collected by the ornithologist A. J. Campbell at Torbay in 1889, but late in 1961 a surviving population
was discovered at Two Peoples Bay east of Albany. Space is insufficient to deal in any detail with other
members of this large Order. Throughout the State there are 172 species, of which 95 occur in the
southern, settled parts and at least 33 are found in King’s Park. A distinctive robin, the White-
breasted Robin (Eopsaltria georgiana), occurs in the South-West. It is a relative of the yellow robins and
is found in the dense coastal and forest thickets from Geraldton southward and east to Albany and the
Porongorups. The Western Warbler (Gerygone fusca) is a sweet-voiced songster which may be heard
in the street trees of Perth, the only Australian capital city in which it lives ; in the other States the
bird is an inland species. Another distinction of the Perth metropolitan area is that four species of
blue-wren, a greater number of species than in the environs of any other capital city, have been noted
there. One species, the Red-winged Wren (Malurus elegans), which used to live near the city, disappeared
when Herdsman Lake was drained. The remaining species are the Splendid Wren (Malurus splendens),
oocasionally still seen in the University grounds ; the Blue-and-white Wren (Malurus leuconotus) in the
coastal dune scrubs, and the Causeway and Pelican Point samphire flats ; and the Variegated Wren (Mal-
urus lamberti) in the dune thickets. Honeyeaters are numerous, the largest, the Red Wattle-bird (Antho-
chaera carunculata), being a familiar bird in metropolitan streets and gardens. Most of the grassfinches
are restricted to the Kimberley Division, where ten speoies are found. However, one of them, the wide-
spread Zebra Finch (Taeniopygia castanotis), nests as near to Perth as Northam and York. Two bower-
birds occur in the State. The Great Bower-bird (Chlamydera nuchalis) is confined to the Kimberley Div-
ision, but the Spotted Bower-bird (C. maculata) is found in the North-West and ranges south to the East
Murchison country and Malcolm in the Eastern Goldfields.

In contrast with all other Australian States there are very few species of exotic birds established in
Western Australia. (The same is true of the Northern Territory.) In the towns of the South-West
two turtledoves are plentiful, the Indian (Streptopelia chinensis) and the Senegal (S. senegalensis). The
Goldfinch (Carduelis carduelis), an escapee from aviaries, breeds freely in the Perth metropolitan area
and around Albany. Recently another cage-bird escapee, the Red-browed Finch (Aegintha temporalis),
an eastern Australian species, has established itself east of Kalamunda in the Darling Range near Perth.
The Indian or Ceylon Crow (Corvus splendens) repeatedly arrives at Fremantle on ships from the Orient
but the vigilance of officers of the Department of Agriculture and port officials has led to the successful
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eradication of the unwanted immigrants. The House Sparrow (Passer domesticus) has been similarly
kept at bay at Fremantle. This species did, however, make a temporary colonization, from South Aust-

ralia, in the vicinity of Eucla and Mundrabilla in 1917-18 but it failed to make any headway and disappeared
from that sector.

Reptiles

In Western Australia the reptiles are represented by three major zoological groups or Orders. These
are the Chelonia (four marine species of turtles and six of freshwater tortoises), Crocodilia (two of croco-
diles) and the Squamata (62 species of snakes and 159 of lizards).

The freshwater tortoises of Western Australia, like those of the rest of the continent, belong to the
ancient group of side-necked tortoises. In most other parts of the world tortoises retract their heads
straight backwards bending their necks in a vertical S-shaped curve. Australian tortoises, and certain
others from South America, bend their necks sideways ; this is believed to be an ancient character.
Although the species of Western Australian tortoises are few, they are of great interest and their distribu-
tions are far from well understood. This is especially true of the species inhabiting the Kimberley.
Freshwater tortoises do not seem to fall into simple faunal zone classificaticns. The common species of
the South-West, Chelodina oblonga, also occurs in the Kimberley but not in between. The common
species of eastern and central Australia, Emydura macquarii, occurs in the Kimberley Division in a
glightly more globose form which has been called Emydura australis. The river systems from the Irwin,
in the Northern Agricultural Division to the De Grey in the northern Pilbara, have their own tortoise
(Chelodina steindachnert), while a highly specialized short-necked tortoise (Pseudemydura umbrina) is
apparently confined to a few square miles of winter swamps between Upper Swan and Bullsbrook to the
north of Perth. Because of its vulnerability to extinction this last species is rigidly protected.

Marine chelonians also occur in large numbers around the coasts. The Green Turtle (Chelonia mydas),
the species which is used for soup making, comes ashore to lay its eggs on the northern beaches. Attempts

are made from time to time to exploit this species commercially, but no permanent industry has been
successfully established.

There are two species of erocodiles in Western Australia. One is the harmless fish-eating Fresh-
water Crocodile (Crocodylus johnstoni) and the other the dangerous Salt-water, or Estuarine Crocodile (C.
porosus). The former is protected by law, while the latter forms the basis of a lucrative trade in hides.
Both species are confined to northern parts of the State. '

Snakes and lizards are common and widespread throughout the State, and in numbers of obvious
individuals they are probably surpassed among the vertebrates only by the birds. In the South-West,
Bobtails (T'rachysaurus rugosus) can often be seen crossing the roads at most times of the year, while
the walker among coastal sand dunes on warm days cannot avoid noticing innumerable small dragon-
lizards which move away from in front of him. In the southern part of the State the largest lizard
which is at all common is the Goanna (Varanus gouldi). These are frequently between three and
four feet in length. In northern areas the Bungarra (Varanus giganteus) exceeds it in size. A few
species are confined to the South-West and of these the most interesting are Mueller’s Snake (Rhino-
hoplocephalus bicolor), the Little Brown Snake (Elapognathus minor), the Black Striped Snake (Vermicella
calonota) and the Slender Snake Lizard (Pletholax gracilis) which is also one of our rarest species of lizard.
An Eyrean species which never ceases to surprise the visitor is the terrible-looking Mountain Devil (Moloch
horridus). This lizard is actually one of the most gentle and harmless of animals and lives exclusively
on ants,

The snake fauna of the State is diverse and, like that of other parts of Australia, contains many
venomous species, the best known being the Tiger Snake (Notechis scutatus), the Dugite (Demansia affinis),
the Gwardar (D. nuchalis), the Death Adders (Acanthophis antarcticus and A. pyrrhus) and the Mulga
Snake (Pseudechis australis).

The snakes and lizards are well described in Glauert’s Handbook of the Snakes of Western Australia
and Handbook of the Lizards of Western Australia (see bibliography at the end of this Part).

Because of the great distance of the Kimberley Division from centres of scientific research, insuffi-
cient is known of its snakes and lizards. As in the case of some of the smaller mammals, some endemic
species of lizards have been described, but until much more scientific collecting and research has been
done it will not be possible to evaluate such apparently-unique species. Some Kimberley species of
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lizard, e.g., the Frilled Lizard (Chlamydosaurus kingi), through being commonly illustrated in journals
because of their bizarre appearance, have become familiar to the public.

Amphibia(?)
Unlike the other continents Australia has no newts or salamanders (Urodela) or worm-like gymno-
phionans (Apoda). However, frogs (Anura) are abundant.

The frogs of Western Australia fall into the same grouping (Bassian, Eyrean and Torresian) which
was mentioned in the section on mammals, However, they lack the diversity of genera and species
shown by other groups and only ten genera with about thirty species are known from south of the Tropic
of Capricorn. Of these, two genera, Melacrinia and Myobatrachus, each with one species, are restrioted
to the South-West. Most of the other kinds of frogs are distinet from, but related to, species found else-
where in Australia.

Since most of Western Australia is exceedingly dry it is of interest to note that frogs are common
in these arid regions. Those species of Heletoporus which occupy marginal-desert habitats overcome
drought conditions by burrowing into the damp sub-soil. However, the arid-country species of Neoba-
trachus frequent clay soil where deep burrows are impossible and water can be lost. These species
show no special capacity to endure greater water loss than Heleioporus species, but they do display an
exceptional capacity for rapid replacement of water when water is present, as for example after thunder-
storms, The water-holding frog, Cyclorana platycephalus, is found in inland and northern parts of the
State. All *“ desert ” species retain an aquatic larval life, but this is much shorter than that of species
in the well-watered parts of the State. The only species lacking aquatic larval development occur in
the wetter South-West ; these are Myobatrachus gouldii, Melacrinia nichollsi and Crinia rosea. Myo.
batrachus gouldit is the only species which exhibits any strong dietary preference and eats only termites
(Isoptera).

Freshwater Fishes

The truly freshwater fish fauna of the southern part of the State is, by eastern Australian standards,
an impoverished one and the species, with the exception of the freshwater catfish (*“ cobbler ”’), are dimin-
utive in size. Most of the species are representatives of eastern Australian genera, such as the Pygmy
Perch (Nannoperca vittata), Mountain Trout (Galazias truttaceus), Black-striped Minnow (G. pusillus),
and the Native Minnow (G. occidentalis). Others are more distinctive, with no near relatives in eastern
Australia, such as the Nightfish (Bostockia porosa), the King River Perchlet (Nannatherina balstoni) and
the newly-described scaled galaxiid ( Lepidogalaxias salamandroides). There are several gobies (Glossogobius
suppositus and Lizagobius olorum) and Hardyheads (including Atherinosoma edelensis, A. rockinghamensis,
A. elongata and Craterocephalus cuneiceps). A lamprey (Geotria australis) ascends the rivers to breed and
has been recorded north to the Swan River system, but is more abundant in the streams emptying on the
south coast. An eel (Anguilla australis) has been recorded from the South-West but it is not known
whether it is native to the area or has been introduced. ’

The north-western rivers have a richer fish fauna. The most widespread is the Spangled Perch
(Therapon wnicolor), a useful food fish which occurs in all rivers south to the Murchison. A large catfish
(Arius australis) reaching 5 Ib, in weight, ocours in the systems south to the Fortescue. The Rainbow
Fish (Melanotaenia), popular with aquarists, occurs in the river systems of the Pilbara and the Kimberley.
The remarkable Blind Gudgeon (Milyeringa veritas) and blind eel (Anommatophasma candidum) occur
in wells and subterranean channels in the North West Cape area. The Kimberley Division has an even
larger series of freshwater fishes. These include a catfish (Neosilurus brevidorsalis), various Bony Bream
( Fluvialosa), various perch-like fishes (Therapon, Acanthoperca), Gudgeons (Carrassiops) and two fresh-
water saw-fishes (Pristis clavata and Pristiopsis leichhardti).. There is also a freshwater eel (Anquilla
bicolor) in these far northern waters.

Matine Fishes (5)

The marine fish fauna of Western Australia is probably richer in species than that of any other
Australian State. This is because the fish of the northern part of the State’s very long coastline belong
to the rich tropical Indo-Pacific fauna, while its southern fauna is a temperate one which includes many
elements peculiar to Australian waters. The most up-to-date list of the species of Western Australian

(%) Written in collaboration with Dr. A. R. Main.
(®) Contributed by Dr. G. F. Mees.
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fish, published in 1948, enumerates 740 species, but since that time collecting has revealed about 120
more. Even so, this figure is still far short of the total number which, it is suspected, will eventually
be found to be in the neighbourhood of two thousand.

From this it can be seen that there is much to be learnt about the fish of Western Australia but it
is probable that only a few of these species are confined to Western Australian waters. At present it
seems that most of the fish occurring in the tropical part of the State are widely distributed, and species
often range throughout the whole of the tropical Indian and Pacific Oceans, while the species which
are found along the south coast usually ocour also in the waters of South Australia, Victoria, Tasmania
and southern New South Wales.

Between Cape Leecuwin and Shark Bay both northern and southern elements are found, the tropical
element dominating as far south as the Houtman Abrolhos.

In addition to the widely-distributed tropical and southern elements, there are a number of species,
between thirty and forty, which seem to be peculiar to Western Australia. It is necessary to be cautious
here for two reasons. Firstly because the Indo-Pacific fish fauna is, as a whole, poorly known and some
fish, at present only recorded from Western Australia, may actually have wider ranges. Secondly, our
classification of fishes is still imperfect so that fishes which we regard as endemic to Western Australia may
be known from some other region, but under different names. On the other hand there can be no doubt
that at least a proportion of these species which we now believe to be endemic will prove to be confined
to Western Australian waters.

In the following very incomplete review, a number of the more important and interesting families
and species are listed.

Of the major groups, the Elasmobranchii (sharks and rays) are richly represented, with nearly eighty
species, of which the most familiar are the Port Jackson Shark (Heferodontus portusjacksoni), the Carpet
Shark or Wobbegong (Orectolobus maculatus) and the shark known locally as the Swan River Whaler
(Carcharkinus), which can be caught in the Swan River as far upstream as the Causeway. Its specific
identity has not yet been established beyond doubt, but it is probably widely distributed. The fore-
going species are regarded as harmless to man ; of the dangerous species, the Grey Nurse (Carcharius
arenarius) is perhaps the best known. Four fatalities from shark attack have been recorded for Western
Australia (in 1803, 1923, 1925 and 1967) and a few people are known to have been maimed. It may
be said, however, that in Western Australia the danger of shark attack is low.

Most major families of bony fishes are represented, but only a number of the more interesting or
familiar species can be mentioned here.

There are about ten species of true herring (Clupeidae), one of which, the Pilchard (Sardinops neo-
pilchardus) will in future probably become of economic importance. The rather similar-looking Ambly-
gaster postera seoms to be confined to Western Australia. The State is particularly rich in sea-horses
and pipe fishes, there being some 25 species. The most familiar of these is perhaps the leafy sea-horse
(Phyllopteryx foliatus) which is often found on the beaches after storms. The so-called Sand Shark or
Rat Fish (Qonorkynchus greyi), a peculiar fish and the sole representative of its family, deserves mention ;
it is fairly commeon off sandy coasts of the South-West. Though eels are represented by several families
and over twenty species, only three are common in the South-West : the Snake Eel (Ophisurus serpens),
a slender golden brown eel inhabiting sandy estuaries, which is often taken for a snake and referred to
as the water snake ; Woodward’s Eel (Gymnothorax woodwardi), found on rocky shores, yellowish green
with a network of grey lines ; and the Conger Eel (Conger wilsont), which normally is dark brown in colour.

Garfishes (Hemiramphidae) are common. Of their relatives the Long Toms (Belonidae), only Belone
ciconia is common in the South-West the others being more tropical in distribution, though one of the
northern species, Belone hians, has been found as far south as Rottnest Island.

Silversides and hardyheads (Atherinidae) are well represented and so are mullets (Mugilidae). Some
representatives of these groups have been mentioned in the preceding section, which deals with fresh-
water fishes,

The family Serranidae, known as gropers, rock cod, etc., are well represented by nearly thirty species.
The best known is the North-west Groper (Epinephelus tauvina) which attains a length of more than
seven feet. Most species have a very wide, mainly tropical, distribution, but Epinephelus rankini is only
known from a restricted area round Onslow and must be looked upon as endemic to Western Australia.
In temperate waters the preceding family is more or less replaced by the related Hypoplectrodidae.
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Some small families, like the Australian Salmon (Arripidae), Whiting (Sillaginidae) and Snappers
(Sparidae) are of great economic importance, though there are only a few species. On the other hand
the Skipjacks (Carangidae) are the largest family of the State and comprise some thirty species. Another
group which are also called Snappers (Lutjanidae) is prominent in the tropical part of the State. These
are often referred to as North-west Snappers and should not be confused with the southern Snapper
(Chrysophrys unicolor) which belongs to the Sparidae.

Coral fishes (Chaetodontidae) are richly represented, mainly along reefs in the tropics, but a number
of species come down to the Abrolhos Islands, and some even near to Perth. Most species have a very
wide distribution in the Indo-Pacific, but one, Chaefodon assarius, has not been found outside Western
Australia. *

The Mackerel family (Scombridae), which includes mackerel, Spanish mackerel, tuna, bonito and
albacore, is important both in tropical and temperate waters. The related marlins and swordfishes,
well known to sporting fishermen, also occur in these waters.

Flatfishes (Heterosomata) occur in a great variety of species, and the same can be said of Parrot-
fishes and Wrasses (Scaridae and Labridae). All these groups are as yet very insufficiently known.

The stargazers and stonelifters are sluggish bottom fishes that deserve mention because of their
unusual shape. One, Ichthyscopus barbatus, oocurs off the south-west coast and also in South Australia,
and is regularly caught by anglers. Another species, Ichihyscopus insperatus, a common fish of the
north-west coast from Broome to Shark Bay, seems to be confined to Western Aunstralia. The dragonets
(Callionymidae), of which nine species have been recorded, are smaller, but their pretty appearance
attracts attention, and one species, Dactylopus dactylopus, widely distributed in the Indo-Pacific, is
regularly found off sandy beaches as far south as Rockingham.

Blennies (Blenniidae), weedfish (Clinidae), and gobies (Gobiidae) are small fishes of which there are
many species ; blennies are most plentiful in rockpools and on reefs in the tropics, while gobies are also
found on sandy bottoms.

There are some twenty species of scorpion fishes known from the State, the most familiar of which
are Scorpaena sumptuosa in the south, and the small Scorpaena bynoensis in the north ; the first-mentioned
species is also interesting in that, though it has been known for almost a century, it has never been
recorded from outside Western Australin. Of the closely-related Synancejidae, the feared stone fish,
three species are known from the State, one of which, Erose daruma, is apparently restricted to the North-
West and is known from but two specimens. A related species occurs in Queensland and Japan.

Flatheads (Platycephalidae) are common in the temperate part of the State.

An interesting family is that of the angler fishes or toad fishes (Antennariidae). Their curious shape
with the leg-like pectoral fins does not fail to raise interest. There are about a dozen species, two of
which are endemio to the State. One of these is Echinophryne glauerti which is occasionally found washed
up on City Beach.

Leatherjackets (Monacanthidae) are a large group distinguished by the rough leathery skin and
a single large erectile spine on the nape. Some species, like Chactoderma penicilligera, are common and
of attractive appearance.

Of the blowfish family, the common Blowie (Tefraodon (Spheroides) pleurogramma) needs special
mention ; it is extremely plentiful off the coast at Fremantle and in the Swan River Estuary. It is
poisonous to eat and is greatly disliked by anglers who find that it greedily takes their bait. Fishes
of this family contain a poisonous substance called Tetraodon toxin and the celebrated navigator Captain
James Cook was very ill after eating a blowfish in the course of a voyage in the Pacific in 1774. Box-
fishes (Ostraciontidae) and porcupine fishes (Diodontidae) are related groups, each represented by a
number of species.

Further information about the commercial fishes in Western Australian waters is given in the
Fisheries section of Chapter VIII, Part 1-—Primary Production.

THE INVERTEBRATE FAUNA

The invertebrate fauna of Western Australia is large and varied, as one would expect in a third of a
continent which extends from temperate to tropical zones and includes both coastal and desert areas.
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Rather than spread our descriptions too thinly over this enormous field we have restricted ourselves to
8 brief summary of the position in relation to a few selected groups in which work is being actively carried
out.

Several invertebrate species are commercially exploited here, the most important being the marine
orayfish {Panulirus cygnus) which supports an extensive export fishery. Others commercially im-
portant include several species of octopus and squid, the Blue Swimming Crab (* Blue Manna ”, Portunus
pelagicus) and several species of prawns. Pearl-shell is fairly extensively fished along the north-west
coast.

A summary of the terrestrial and freshwater invertebrate fauna and their ecology is given in Main’s
Guide for Naiuralists (1954).

Eehinodermata (%)

The echinoderms of Western Anstralia have been shown by Clark (1946) to be derived from the
Indo-Malayan fauna. Most species of northern Australia are widely distributed in the Indian Ocean
and Malayan archipelago, while as one passes southward these decrease in proportion to the endemio
species until on the south-western coast nearly nine-tenths of the echinoderms are endemic to the region.

All five groups of echinoderms, feather stars (Crinoidea), sea stars (Asteroidea), brittle stars (Ophiu-
roidea), sea urchins (Echinoidea), and sea cucumbers (Holothuroidea) are well represented. Eighty-five
species of sea stars and fifty-five species of sea urchins are recorded from Western Australia including
the continental shelf. The other groups have smaller numbers of species.

On the rocky and sandy shores of the South-West about twenty species of sea stars are common
in shallow water. One of the most abundant is Coscinasterias calamaria which is widely distributed in
the Southern Hemisphere. Sea urchins are represented by about twelve common species ; on rocky
shores the most abundant of these is Heliocidaris erythrogramma which has a southern Australian dis-
tribution.

In Cockburn Sound, between Garden Island and the mainland south of Fremantle, an abundant but
specialized echinoderm fauna exists. This consists mainly of the small sea urchin ( Temnopleurus michael-
seni), the biscuit urchin (Peronella lesueuri), the heart urchin (Echi dium cordatum) and the sea star
(Stellaster inspinosus). On the south coast, King George Sound has long been known as a rich collecting
ground for echinoderms, but the fauna of other bays and inlets is much less well known.

Little is known of the echinoderm fauna of the northern coasts, and almost all that we do know
comes from the publications of H. L. Clark (see bibliography at the end of this Part) who collected exten-
sively in the Broome area and made smaller collections in other places. Near Broome, a wide variety of
echinoderms was collected in his dredges and along the shore.

Mollusea (%)

The molluscan fauna of the Western Australian coastline has not been recently catalogued, but from
the area within 35 miles of Fremantle 270 species of bivalves (Pelecypoda), and univalves (Gastropoda)
are recorded. The smaller groups, chitons (Amphineura), octopus and cuttlefish (Cephalopoda) and
tusk shells (Scaphopoda), are also represented.

Molluscs dominate the intertidal rocks of the west coast, especially chitons, periwinkles, and limpets ;
the limpets range from the very large Patellanaxz laticostata to the small Notoacmea onychitis. On the
north-western coast, rock oysters (Crassostrea tuberculaia) and barnacles take the place of limpets inter-
tidally. The oysters are fished commercially for food on a small scale in places where extensive beds are
uncovered at low tide.

Bivalves occur mainly on sandy and muddy bottoms such as those of Cockburn Sound and King
George Sound, and along the north-western coast. They are less plentiful on the unstable sandy shores
of the open western coast. The pearl-shell fishery of north-west Australia is based on several species,
mainly the Black-lipped Pearl-shell ( Pinctada margaritifera) and the Silver-lip (P. mazima). The Shark
Bay Pearl-shell (P. carchariarium) is abundant in Shark Bay and has been fished there commercially.

Many species of cowrie shells ocour on the rocky shores of the north-west coast while a few species
such as Zoila friendii and Austrocyprea reevei are confined to the south-western corner of the State.

Two kinds of gastropods without visible shells are conspicuous members of the marine fauna off
Fremantle. One is the large sea-hare (Aplysia giganfea) with a small internal shell ; it may be cast up
on the beaches in large numbers after winter storms. The other is a nudibranch, with no shell at all,
the colourful Glossodoris westraliensis, well known to visitors to Rottnest Island.

(%) Written in collaboration with Dr. E. P, Hodgkin and Mrs. L. Marsh.
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Coelenterata (¢)
This group includes the corals (Anthozoa), the hydroids (Hydrozoa) and jellyfish (Scyphozoa).

Reef-building corals occur on the north-western coast in abundance and form reefs as far south as
the Abrolhos Islands (29°S.), and Port Gregory (28°S.) on the mainland. Further south, reef-building
corals are few in number and occur as small reefs and as scattered colonies on islands off the coast, but
not on the coast itself. The staghorn coral Acropora is plentiful around the Abrolhos Islands and at
Port Gregory but it has not been found further south except in Pleistocene fossil beds on Rottnest Island.
Two or three species of corals extend east of Albany, and one, Plesiastrea urvillei, occurs right along
the south coast of Australia.

Soft-corals are abundant on the muddy reefs of much of the north-west coast but few species occur
on the west coast. The brightly-coloured fan coral Mopsella is common on rocky reefs of the west and
south ocoasts.

Jellyfish of a few species, such as the white Aurelia aurita and the brown Phyllorhiza punctata, are
common in the Swan River in summer. Carybdea, the small * sea-wasp , occurs on the open coast.

Crustacea (%)

The most important commercial species of crustacean in Western Australian marine waters is the
“ Cray”, Panulirus cygnus. It occurs from North West Cape in the north to Hamelin Bay in the south.
In the tropics five additional species of Panulirus ocour ; these are collectively referred to as * Green
Crays” (Panulirus versicolor, P. ornatus, P. homarus, P. penicillatus and P. polyphagus). On the
southern coast occurs Jasus lalandii, which is the commercial species of crayfish in south-eastern Aus-
tralin, but it is not of economic importance in this State.

The Swan River Prawn or School Prawn (Metapenacus dalli) occurs on the west coast of this State
and extends into Indonesian waters. In Exmouth Gulf and in Shark Bay two species of tropical prawns
are caught commercially. These are the Tiger Prawn (Penacus esculentus) and the Banana Prawn
( Penaeus merguiensis). The Western King Prawn of the south is P. latisulcatus.

The Blue Swimming Crab (Portunus pelagicus), plentiful in the summer in the estuaries of the Swan
River and at Mandurah, is one of the common commercial crabs of Australia.

Two common species of crab are the Rock Crab ( Leptograpsus variegatus) and the Ghost Crab (Ocypode
pygoides). - The Rock Crab scrambles among rocks and jetty piles of the west and south coasts, whereas
the Ghost Crab digs near-vertical burrows at the edge of the beach and is endemioc to the west coast.

Of the many other species of non-commercial crustaceans some groups have been recently mono-
graphed by scientific workers. These are the swimming crabs, mantis shrimps and pebble crabs.

Crustacea are also common in inland waters (see Fauna of Inland Waters earlier in this Part).

Spiders (8)

Like most other invertebrate groups, the spiders are represented by a large number of genera and
species and it is not possible at this stage to give an accurate picture of the relationships of the Western
Australian fauna to the rest of Australia. Early work on the Western Australian spiders was restricted
to the description and naming of species. Research now is centred on investigations of the biology of
various species and the special adaptations of endemic forms to the particular conditions of the Western
Australian environment. The most interesting of the spiders, when viewed from this aspect, are the
burrowing groups, including primarily the Mygalomorphae (“trapdoor ” spiders) and the Lycosidae
(Wolf spiders). Some of these forms show special adaptations to semi-arid environments, to reduced
food supply, and to flash-flooding, such adaptations being paralleled in many taxonomically unrelated
genera. It is also of interest that some families, which in other parts of the world and in the wet forests
of Australia are primarily web weavers and litter dwellers, are burrowers in the arid parts of Western
Australia (and also in other dry parts of Australia). Such forms are essentially nocturnal and escape
the unfavourable conditions of the day by remaining in their burrows and some species seal their burrows
during the summer period.

(*) Written in collabcration with Dr. E. P. Hodgkin and Mrs. L. Marsh.
(?) Written in collaboration with Dr. R. W. George
(*} Written in collaboratlon with Dr. B. Y. Main.
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Insects

The more important insect species oceurring in Western Australia (particularly those of economic
significance) are dealt with in Part 5 of this Chapter.

CONSERVATION OF THE FAUNA

In recent years the need to conserve the Western Australian fauna has received considerable pub-
licity—this need has certainly never been greater than it is at present. In this State where new land
is being brought into production for agriculture and the pastoral industry at a rate of approximately
one million acres a year, and where the ever-increasing tempo of industrialization and mining activity
is obvious to all through its effect in increased population, the position of the native fauna is serious.
This is because human introductions such as sheep and cattle, as well as the more direct effect of the
plough and the sorub roller, is radically changing the environment, but also because an increase in human
population has meant a higher level of utilization of wild stocks such as ducks (which form a basis for
sport), kangaroos (which form a basis for a lucrative tradein pet meat and hides), and erayfish (which sup-
port the most valuable single Australian fishery).

From the early days of settlement in Western Australia, legal provisions were in existence under
which land could be reserved but, in early years it was not realized that the preservation of habitat is
basic to conservation and that protection of individuals against killing is of insignificant value except in
specialized cases (see below). In the early days, protection was afforded to some game animals, such as
kangaroos, to prevent them from being shot out, but it was not until land development became wide-
spread in the South-West that the first real attempt was made to set aside a large permanent native fauna
and flora reserve. This was in 1894 when 160,000 acres were gazetted between Pinjarra, North Dan-
dalup and the Bannister. Unfortunately, this reserve later became alienated.

From this early attempt at habitat conservation has grown a very conscious need for extensive reserves
carefully sited and selected in order to provide security for a representative sample of all the major habi-
tats throughout the State. In 1959, a committee of the Australian Academy of Science produced such
a plan for Western Australia and this plan has provided in subsequent years the basis for a policy of land
acquisition for this purpose by the two major bodies who control land for conservation, i.e., the National
Parks Board and the Fauna Protection Advisory Committee.

Outside the reserves, fauna gains its protection through the Fauna Protection Act. This Act re-
placed an earlier Game Act of 1912-1913 which had the rather different primary purpose of providing
some measure of protection for those species of native fauna shot or hunted for sport. Under the Fauna
Protection Act, all native vertebrate terrestrial fauna, except those species declared vermin or declared
otherwise unprotected, are protected against being taken, hunted, or confined. Owing to the very com-
plex relationship between many species and their environment, this Act has only a very limited long-term
conservative effect in areas of closer settlement or intensive agriculture. On the other hand, in pas-
toral and forest areas, and in unalienated crown land not in fauna reserves, the legislation is much more
valuable. The most important achievement of such protective legislation, however, is that it makes
people concious of the need to protect our native fauna and it is very likely that this educational function
is its main justification except:

(i) Where animals occur on small islands or restricted places on the mainland in such num-
bers or in massed concentrations that they are vulnerable to destruction by man. Local
examples are the Noisy Scrub-bird at Two Peoples Bay near Albany, sea birds in nesting
concentrations on small islands, and island populations of mammals such as the Quokka
on Rottnest or the various wallabies on Bernier and Dorre Islands in Shark Bay.

(ii) Where they are killed in the mass for commercial purposes, e.g., Humpback Whales, Fur
Seals, Kangaroos.

(ili) Where they are killed for sport, e.g., the Bustard (Plains Turkey), ducks.
(iv) Where they are taken in very large numbers for zoos, circuses, or aviculture, e.g., finches
and parrots.

In Western Australia today the only terrestrial native fauna subject to any marked degree of human
predacity are ducks, eagles, emus, kangaroos of three species (the Grey, the Red, and the Euro) and the
dingo. Excepting for certain vermin species on which a bonus is payable, figures for the total annual
number killed are not available (for the 12 months ended 30th June, 1967 bonuses were paid on 3,206
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dingoes, 11,032 emus, and 1,462 Wedge-tailed- Eagles) and until they are, and details of population size
and rate of stock recruitment are known, it will not be possible to say whether these species are in serious
denger. At present, only the crudest methods of observing abundance and subjectively comparing
these with previous experience oan be used to say whether it is necessary to apply protection to prevent
a serious decline in numbers.

By contrast, the position of the marine fauna is very different. There, intensive work has been
done on both fish and invertebrate stocks in past years and, although there has been some cause for
alarm in connexion with an apparently depleting crayfish stock, conservative measures have been devel-
oped, and there are very good grounds for belief that these have been successful. The great reduction
of the population of Humpback Whales due to over-predacity is a matter of considerable shame—it
illustrates well the dilemma of an industry which is faced with the alternative of a low level of fishing
over an indefinite period, or a highly lucrative but short period of exploitation as though the stock were
not capable of regeneration (a procedure akin to a mining operation). In the case of the whaling industry
in Western Australia the position was complicated by the fact that the stock was hunted both by the
shore-based Western Australian fishery and by the international pelagic fleets operating in the Antarctie.

At present, our greatest need is information upon which to base proper conservative measures. Pro-
tective legislation, no matter how effective it is in protecting individuals, must not be regarded as effective
in conservation unless measures to protect the environment are also taken. As a result, the authors
believe that the stages of work most urgent at present to conserve the Western Australian fauna are :

(i) To complete the reservation of lands designated in the report of the Western Australian
Sub-committee of the Australian Academy of Socience.

(ii) Recognizing that these areas are designated upon the best available information as to habi-
tat type, but not upon actual surveys of the fauna, the authors believe that the areas must
now be given thorough biological surveys to ensure that populations of all Western
Australian species of animals and plants are contained within them ; and also to estimate,

~ as far as possible, the sizes of the populations which they contain.

(iii) To get under way an increased amount of long-term work on the biology of species which
are suspected to be vulnerable. Through this work their particular requirements will be
discovered and an endeavour can then be made to ensure that the reserves contain these
requirements.

(iv) To insist on proper monitoring for any annual crop taken from vermin or other species
subject to human predacity so that these populations can be maintained at the level con-
sistent with the State’s particular requirements, and yet to avoid their extermination.

In Western Australia, land development has not yet gone too far for the State to preserve a repre-
sentative section of its fauna and flora for all time. The keys to this are habitat conservation, reserve
management, and education in conservative thinking. Through these means, it will also be able to
ensure that as much wild life as possible remains in altered environments as well. Indeed, if roadside
verges, small township reserves and timber lots on farms are preserved, a surprisingly large number of
native oreatures will survive. The importance of these minor habitats, often regarded condescendingly
by professional biologists who focus their atfention on big reservations, cannot be sufficiently stressed.
It is in these areas that the ordinary people and tourists gain an acquaintance with the native fauna
and flora. Here man and animals will contrive to co-exist in intimate association with each other and so
help to reinforce a popular sentiment for conservation.
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CHAPTER ” — continued

PART 5-—ENTOMOLOGY IN WESTERN AUSTRALIA

WITH PARTICULAR REFERENCE TO AGRICULTURE

Contributed by
C. F. H. Jenkins, M.A., Chief, Division of Biological Services, Department of Agriculiure

The entomological field in Western Australia is so vast and the number of active workers on the
subject so few that much still remains to be learned about the insects found in this State. A wide range
of environmental conditions exists, from the tropical north to the temperate south, and the geographical
isolation of the State has allowed the development of numerous endemic forms. As may be expected,
the insect fauna of the Kimberley Division shows closer affinities with that of North Queensland than with
the lower half of the State. The central desert, which reaches the coast to the south along the Great
Australian Bight and to the north along the Eighty Mile Beach, forms an effective barrier discernible
in the distribution of flora, mammals, insects and birds.

Owing to the limitations of space no attempt has been made to cover all the various insect orders which
oocur in the State, but the economic importance of various groups and their influence on major agri-
cultural industries have been outlined, and some of the more outstanding forms of general interest have
been mentioned. A brief description of some effects of the use of pesticides in the metropolitan area
in recent years is also given.

CLASS INSECTA (Insects)
Order Collembola (Springtails)

The Springtails include the Lucerne Flea (Sminthurus viridis) which was introduced into this State
from eastern Australia in about 1910. It has spread to almost all the clover-growing areas in the South-
West and is a very serious pasture pest. Partial control is exercised by a predatory mite, Biscirus lapi-
darius.

Order Odonata (Dragon flies and Damsel flies)

These insects are predatory in both the immature and adult stages and are usually regarded as bene-
ficial creatures. However, they sometimes injure vegetable seedlings by ovipositing into furrow-irrigated
crops. This has occurred mainly at Carnarvon where surface water is scarce and where irrigated plants
are presumably mistaken for aquatio vegetation.

In order to survive in the diverse climatic conditions which exist in Western Australia, some members
of the dragon fly group have developed the ability to breed in highly saline waters and to take advantage
of ephemeral inland pools. .

Order Orthoptera (Grasshoppers, Locusts, Mantids, Cockroaches, etc.)

The grasshoppers and locusts are represented by a large number of different species. The most im-
portant pest form is the Small Plague Grasshopper (Austroicetes cruciata). The normal habitat of this
species lies roughly between the 10 in. and the 15 in. isohyets. For breeding it favours hard bare soil
and as extensive areas once utilized for wheat growing have now reverted to grazing, these uncultivated
tracts periodically give rise to serious grasshopper swarms, which menace the adjacent wheat lands.
The Australian Plague Locust (Chortoicetes terminifera) so troublesome in other States occurs in Western
Australia but rarely as a plague species. In the Kimberley the Yellow-winged Locust (Gastrimargus
musicus), the Migratory Locust (Locusta migratoria) and the Spur-throated Locust (Austracris guttulosa)
assume plague proportions, but in the southern agricultural districts they occur in the solitary phase
only. The Praying Mantids (Mantidae) are represented by many different species. Their well-developed
fore-limbs are admirably adapted for catching prey and, like their foliage-feeding relatives the Phasmids
or leaf insects (Phasmatidae), their colouring harmonizes remarkably with the sticks and leaves on which
they rest. The cockroach fauna includes a large number of native species as well as several introduced
forms. The commonest pest species is the cosmopolitan American Cockroach (Periplaneta americana).
Some large and quite colourful forms occur in the inland regions with the genus Polyzosteria well repre-

sented.
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Order Isoptera (Termites)

The so-called White Ant is a serious pest in all pérts of the State. Earth-dwelling types occur mainly,
and among the most important species may be cited the large Mastotermes darwiniensis of the north and
the widely distributed Coptotermes acinaciformis. The large mounds of the grass-eating Nasufitermes
triodiae are characteristic of certain landscapes in the pastoral areas. Heavy annual losses are caused
by termite damage and the use of such chemicals as Dieldrin, Aldrin, Chlordane and Creosote is recom-
mended for the protection of timber structures.

Order Anoplura (Lice)

Indigenous species occur on birds and native mammals, and various introduced forms infest domestic
poultry, horses, cattle and sheep.

Order Thysanoptera (Thrips)

This order is represented locally by a large number of native species as well as several introduced
forms. The most serious native species is Thrips imaginis which may swarm in apple blossoms and
seriously affect the crop setting.

Thrips tabaci, often called the Tobacco or Onion Thrips, is a carrier for the plant disease Spotted
Wilt. Severe damage to tomato plants may result from this virus.

Order Hemiptera (Bugs, Aphis, Scale Insects)

This group contains a large number of pest species, many of them introduced. A serious vegetable
pest is the Green Vegetable Bug (Nezara viridula) which is partially controlled by an introduced wasp
parasite, Microphanurus basalis. The native Rutherglen Bug (Nysius vinitor) may at times swarm on vege-
tables and fruit trees, but seems less serious in this State than on the other side of the continent. The
Crusader Bug (Mictis profana), so named because of the light-coloured St. Andrew’s cross on the back of
the adult, feeds normally on Acacias and other native plants, but it frequently invades cultivated areas
and it may be troublesome to young citrus. The Apple Dimple Bug (Campylomma lLivida) is a native
species which sometimes causes severe malformation of apples by feeding upon the very small developing
fruit.

One native aphis (Anomalaphis comperei) has been recorded. The only two districts from which it
has so far been collected are Albany and Karridale where it has been found infesting native peppermint
(Agonis flexuosa). A point of interest about these occurrences is that the aphis were associated with a
heavy Argentine Ant infestation in the area. Since the removal of the Ants, following Dieldrin spraying,
no further aphis have been discovered.

Numerous introduced species occur as pests on vegetables, garden plants and fruit trees, e.g., Myzus
persicae (peaches, potatoes, ete.), Tozoptera aurantii (citrus), Brevicoryne brassicae (cabbages, cauli-
flowers, etc.), Eriosoma lanigerum (Woolly Aphis of apples). A recent record which may prove of some
importance is Aphis craccivora. This insect carries a virus disease of subterranean clover known as
 stunt.”

Of the native coccids the gall-forming members of the genus Apiomorpha are among the most
remarkable. The woody galls in which the female insects pass their days vary from small structures
a fraction of an inch across to woody knobs the size of an apple. From an economic point of view, how-
ever, the various introduced scale insects demand most attention. Included in the list of pest species
are the following :

San Jose Scale (Quadraspidiotus perniciosus), which is a serious pest of apples.

Citrus Red Scale (Aonidiella aurantii), found mainly on citrus but with a wide host range.

Olive Scale (Saissetia oleae), found attacking citrus, stone fruits and garden shrubs.

White Wax Scale (Ceroplastes destructor), which is mainly a pest of citrus but which attacks
many cultivated shrubs.

Soft Brown Scale (Coccus hesperidum), which has a wide host range but is of greatest im-
portance on citrus.

The Couch Mealy Bug (Anfonina graminis), a widespread and troublesome pest causing damage
to lawns particularly in the warmer parts of the State.
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Order Coleoptera (Beetles)

This order is the dominant one among existing insects and is represented in Western Australia by
many and varied forms. The carnivorous ground beetles or Carabidae are widely distributed, one of
the best-known species being the bright green Stink Beetle (Calosoma schayeri).

The Tiger Beetles (Cicindelidae) are of interest not only because of the metallic colouration seen
in many forms but because of their association with the inland salt-lakes. The larvae are subterranean
and may be collected by digging on the lake margins.

The Ladybirds (Coccinellidae) comprise a group of considerable economio importance and in addition
to native species the State contains a number specially introduced to combat various scale insects and
aphides. Among the best known of the introduced species are Crypiolaemus montrouzieri and Leis
conformis.  The larvae of Cryptolaemus are covered with a whitish material which makes the inseet
superficially resemble the Mealy Bugs upon which it feeds. Leis conformis in conjunction with the wasp
parasite Aphelinus mali plays an important role in. combating the Woolly Aphis of apple trees. Des-
tructive leaf-eating Ladybirds belonging to the genus Epilackna were once found only in the northern
parts of the State where they attack vegetables, especially pumpkins and melons. In 1956, specimens
of Epilachna were collected in Perth. Since then they have become established in several suburban
areas, but how the introduction occurred is not known.

The Jewel Beetles (Buprestidae) contain some of the most colourful beetles to be found anywhere
in the world. Western Australia is particularly rich in species and at times the beetles may be found
in large numbers on flowering mallee and sand plain flora. One of the commonest is the metallic green
Stigmodera gratiosa, and one of the largest is Julodimorpha bakewelli, measuring almost three inches in
length. Although the beetle larvae are wood borers, closely resembling the * bardee ” in appearance
and habits, they are of little economic importance.

The Cockchafers or Scarabs (Scarabaeidae) are represented by a great diversity of forms. Several
species may swarm on to flowering fruit trees and roses in the early summer and are popularly known
as Spring Beetles. The bronze-coloured Colymbomorpha lineata is a common pest of apple trees during
the blooming period and the Saddle-backed Beetle ( Phyllotocus ustulatus) sometimes visits citrus blossoms
in large numbers. An introduced species commonly known as the Black Beetle (Heteronychus sanctae-
helenae) has gained a firm footing in the State and is a troublesome pest of lawns and turf. It is also
growing in importance as a pest of vegetables in some areas. A native species Colpochilodes sp. has
caused damage to cereal crops and clover pastures and is apparently increasing in certain clover districts
in the southern portions of the State.

The Longicorn Beetles (Cerambycidae) are a group of wood-boring inseots represented by a number
of different species, They are often blamed for the death of forest eucalypts, although investigations
have shown that heavy beetle infestations are usually secondary and that healthy trees are seldom
seriously affected by the beetles. The larval stage of this group is the so-called “ bardee *’, one time
prized by the Aborigines as food. They are not a. pest of structural timber as they do not attack seasoned
material.

The Leaf Beetles (Chrysomelidae) may superficially resemble Ladybirds in general appearance
as some of them are rounded and quite brightly coloured. Two species have been introduced into the
State for the purpose of combating St. John’s Wort, a troublesome weed in some districts. Chrysomela
gemellata and C. kyperici were originally introduced into Australia from the South of France and liberated
in Victoria with very satisfactory results. The local colonies were obtained from the latter source and
have become established in several districts. In some situations a reduction in St. John’s Wort can be
attributed definitely to beetle activity, but in many areas the picture is obscure due to the extensive use
of chemical sprays.

Common pest species in eastern Australia are the Pumpkin Beetles (dulacophora hilaris and A.
abdominalis). These beetles are found in the north of the State but do not extend into the cooler latitudes.

The Weevils (Curculionidae) are a very specialized group characterized by the presence of a rostrum
or “snout ” which bears the mouth and antennae. The genus Leptopius contains a number of large
greyish weevils, many of which breed in association with Acacias. One of the best known members of
the family is Catasarcus rufipes which feeds on eucalypt foliage and may disfigure young street trees.
The almost world-wide Rice Weevil (Sitophilus oryzae) is our principal pest of stored grain, but the Granary
Weevil (8. granaria) also occurs. Two common orchard pests are the introduced Apple Weevil (Otior-
rhynchus cribricollis) and Fuller’s Rose Weevil (Pantomorus cervinus).
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Order Neuroptera (Lacewings)

This order contains a number of useful insects, for many of the Neuropterous larvae feed upon scale
inseots and other pests. The family Myrmeleontidae has a number of large, rather Dragonfly-like species,
the larval stages of which build conical sand pits and are commonly known as Ant Lions. Amongst
the most remarkable of the local Lacewings are two members of the family Nemopteridae in which the
hind wings are greatly modified. In the genus Croce they are long and thread-like and in the Spoon-
winged Lacewing (Chasmoptera hutti) they are spoon-shaped or paddle-shaped.

Order Diptera (Flies)
This group contains a vast number of species, many of which are of major economic importance.

The Mosquitoes are well represented, the commonest species being the Domestic Mosquito (Culex
fatigans) and the Yellow.fever Mosquito (Aedes aegypti). The latter species is the carrier for Dengue
fever in the northern portion of the State. The Anophelines are represented by the widely distributed
Anopheles annulipes and several much rarer forms. A. annulipes, together with Aedes alboannulatus,
have played an important part in the spread of the rabbit virus Myzomatosis.

Of the introduced flies, those causing most trouble are the Australian Sheep Blowfly ( Lucilia cuprina)
and the Mediterranean Fruit Fly (Ceratitis capitata). The Buffalo Fly (Siphona exigua) is a serious
stock pest in the Kimberley Division of the State, but so far has not become established in the cattle areas
of the south. It is believed to have originally reached Australia on buffaloes introduced from Asia.

The common House Fly (Musca domestica) is widespread as is also the native Bush Fly (Musca
vetustissima). Despite its common occurrence and extremely wide range, the natural breeding habits of
the latter fly are not fully known.

Modern insecticides such as DDT, Dieldrin and the various organic phosphates gave outstanding
control of various fly pests for several years. The widespread development of resistance in both housefly
and blowfly populations has greatly complicated the matter, however, and drawn attention to the im-
portance of preventive measures, such as sanitation in the case of houseflies, and the Mules operation
and crutching in the case of the sheep blowfly.

The March flies (T'abanidae) are well represented but, although their blood-sucking habits render
them annoying, both to livestock and humans, they are not a serious pest.

Of the many useful flies may be mentioned the Blowfly-like Tachinids which parasitize caterpillars,
grasshoppers and other pests and the Bee Flies ( Bombyliidae) which parasitize the eggs of other insects.
The maggots of the Bombylid Fly (Cyrtomorpha flaviscutellaris) are commonly found in the egg pods of
the Small Plague Grasshopper (Austroicetes cruciata).

Order Siphonaptera (Fleas) ,

A number of introduced as well as native fleas occur in this State. Echidnophaga myrmecobii, found
originally on native mammals, is a very common parasite of rabbits in the drier parts of the State. The
Fowl Stickfast Flea (E. gallinacea) closely resembles the former species but is mainly a pest of poultry and
domestic animals. The Rat Flea (Xenopsylla cheopis), the Human Flea (Pulex irritans) and the Cat
and Dog Fleas (Ctenocephalides felis and C. canis) are among the most important introduced species.

Order Lepidoptera (Moths, Butterflies, etc.) ;

The primitive Swift Moths (Hepialidae) are represented locally by a number of very beautiful forms.
The larvae are wood borers but do not occur in sufficient numbers to constitute a serious forestry pest.
Several large and striking members of the genus Charagia occur in the lower South-West.

A group of small native moths belonging to the family Crambidae and commonly known as Webworm
Moths (Hednota pedionoma, H. crypsichroa, ete.) is a serious pest of cereal crops (excepting oats) and grass
pastures. Depredations are controlled by planting on clean fallow, but the recent trend towards ley
farming has greatly favoured these pests.

A family of considerable interest to the orchardist is the Eucosmidae, for to this group belong the
Codling Moth (Cydia pomonella) and the Oriental Fruit Moth (C. molesta). Outbreaks of Codling Moth
have occurred on a number of occasions, but drastic eradication measures have so far prevented this
major apple pest from becoming permapently established and have given Western Australia the dis-
tinction of being the only large apple-producing country where the moth is not a major problem.
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One of the best-represented families is the Noctuidae (Cutworms) which contains several important.
pests. Included under this heading are the Climbing Cutworm (Heliothis punctigera), the Tobacco Cluster
Grub (Prodenia litura), the Rough Bollworm (Earias huegeli), the Common Cutworm (Agrotis munda)
and the Army Worm (Persectania ewingii). The first three species are serious pests in the cotton areas:
of the north. One of the most remarkable members of the group is the Whistling Moth (Hecatesia fen-
estrata). The male of this species is active just at sunset and makes a loud clicking noise during its fast.
circling flight. The Fruit Sucking Moth (Othreis materna) also belongs to this group and causes heavy
losses in citrus fruit grown around pastoral homesteads in the Kimberley and the North-West. In almost
all cases where moths and butterflies are regarded as pests it is only the caterpillar stage which is destruc-.
tive. The Fruit Sucking Moth, however, has a rasp-like proboscis capable of piercing orange and citrus.
skins and then sucking up the juice. Fortunately the creatures do not normally range to the citrus areas.
of the South-West.

Other common moth pests are the Cabbage Moth ( Plulella maculipennis), the Potato Moth ( Phthor:-
maea operculella) and the Apple Looper (Chloroclystis laticostata).

The beautiful Carthaea saturnioides with its large eye spots on the wings superficially resembles.
the Emperor Moths. Its range is restricted to south-west Australia and the creature is much prized
by collectors.

The butterfly fauna of the State lacks many large and showy forms. Some of the northern species
such as Hypolimnas bolina nerina are quite colourful but the State has nothing to compare with the-
conspicuous and beautiful species found in the tropics of eastern Australia.

The Blues (Lycaenidae) are well represented and the association of many larvae with ant nests
renders the group a particularly interesting one.

The Skippers (Hesperiidae) are relatively drab-coloured butterflies with strong powers of flight.
Over 20 species are recorded from the State and some forms are endemic to the South-West.

Only one butterfly is of economic importance and that is the introduced Small Cabbage White
(Pieris rapae) which reached this State in 1943. It attacks cabbages, cauliflowers and related plants.
as well as one or two other strong-tasting herbs such as watercress. The butterfly belongs to the whites,
or Pieridae, which group contains a number of native species. Several members of this family, including
the introduced Cabbage White, display extraordinary powers of flight and the native Caper White
(Anaphaeis java) has been observed to carry out mass migrations of remarkable proportions on the eastern:
side of the continent.

Order Hymenoptera (Bees, Wasps, Ants)

The Wood Wasps and Sirex Wasps (Siricidae) include several pests which have been established im
New Zealand and Tasmanian pine forests. Imported timber (including four million super. feet of pre-
fabricated housing material) has been fumigated from time to time following the location of infested.
material.

The Saw Flies (Tenthredinidae) are represented locally by a number of native forms. The larvae-
of the genus Perga may often be seen in caterpillar-like clusters amongst the foliage of eucalypts. An
introduced Saw Fly (Caliroa limacina) is a common pest on pear and plum trees. The smaller parasitic-
wasps (Ichneumons and Chalcids and their allies) are well represented and play an important role in
combating many insect pests. Some attack caterpillars, some aphis and scale insects and others insect.
eggs, so that without their aid the problem of pest control would be even more difficult than at present..

The ant fauna (Formicidae) of the State is extremely varied. One of the best-known native species.
is the Meat Ant or Mound Ant (Iridomyrmex detectus) which often nests ou gravel paths and road-sides..
Among the most remarkable of the local ants may be listed Camponotus inflatus, the Honey-pot Ant
of the interior, and Myrmecia regularis of the karri forest area which has the frog Metacrinia nichollss
as a tolerated guest in its nest. The Honey-pot Ant derives its name from the fact that certain individuals.
in the nest store honey until their abdomens become inflated to the size of grapes. This honey is then
regurgitated to other ants as required.- These ants were once prized by the natives as a food delicacy.

Two important introduced ant pests are the Argentine Ant (Iridomyrmex humilis) and the Singapore-
Ant (Monomorium destructor). The Argentine Ant was once widespread in the metropolitan area, Albany
and Bunbury, with several other country outbreaks. The insect has been reduced in recent years,
however, as a result of a large-scale control campaign. A five-year control echeme against the Ant, with
provision for an annual expenditure of $210,000 was inaugurated in 1954. The scheme involved the
spraying with Dieldrin of all known infested areas, which were originally estimated to cover approximately
25,000 acres. During the course of the campaign further outbreaks were discovered, giving an estimated,
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total of 45,000 acres and, in consequence, a year's extension of the campaign was authorized by Parlia-
ment. As a result of this a total of over 44,000 acres was sprayed and the Ant menace was
removed from the city and suburbs and most country districts. However, an area of almost impenetrable
swamp country north of Perth still harbours the Ants. To prevent spread from this area and to deal
with any survivals or later introductions, a * continuance scheme * financed from Consolidated Revenue
was approved. Approximately 7,000 acres consisting of survivals and new infestations in metropolitan
and country areas have been treated under this programme.

The Social Wasps (Vespidae) were once known only from the northern portion of the State. About
15 years ago, however, colonies of Polistes variabilis were located in various parts of the Perth suburban
area and they have now extended to some of the orcharding districts in the Darling Range. How the
introduction occurred is not known.

The Burrowing Wasps, including the Sand Wasps (Psammocharidae), the Flower Wasps (Thynnidae),
the Hairy Flower Wasps (Scoliidae) and Solitary Ants (Mutillidae) are well represented. The latter
are, of course, not true ants but the wingless females bear a superficial resemblance to ants which is further
accentuated by their ability to inflict a painful sting. The Flower Wasps are particularly numerous
and winged males carrying wingless females are common around flowering plants in the early summer.
Of the * Solitary Ants ” the black and white Ephutomorpha cribricollis is the best known. Most of the
wasps mentioned are beneficial, for they store caterpillars and other insects in mud nests and underground
burrows to serve as food for the wasp grubs.

The majority of native bees are solitary forms although some, like the Colletidae, often choose a
common site for nest burrowing and hundreds of tunnels may be located close to one another.

The Leaf-cutting Bees (Megachilidae) often attract notice from their habit of cutting circular pieces
from rose leaves and other foliage for use in nest construction.

The only native social bees belong to the genus T'rigona which does not occur in the southern portions
of the State.

CLASS ARACHNIDA (Spiders, Mites, Ticks, etc.)

Creatures grouped under the above heading are, of course, not true insects and will be dealt with only
very briefly. Several forms are of considerable economic importance, as for example the Cattle Tick
{Boophilus microplus) and the Fowl Tick (Argas persicus). The Cattle Tick is confined to the Kimberley
Division and its range corresponds roughly with that of the Buffalo Fly. The Ornate Kangaroo Tick
(Ambly triguttatum) is a common species. It is occasionally collected as an accidental parasite
on domestic animals and man.

The most serious mite pest is the Red-legged Earth Mite (Halofydeus desiructor) which is very destruc-
tive to young legumes and other seedlings. It may be particularly troublesome on subterranean clover
pastures. Other mites of importance to orchardists and market gardeners are the spider mites (Tetrany-
«chidae) which include such cosmopolitan species as the Red Spider (Tetranychus telarius) and the Bryobia
Mite (Bryobia praetiosa).

Spiders constitute a large group, most of which are useful on account of their insectivorous habits,
although bites from some of the larger species may produce painful after-effects. The most dangerous
local spider is the Red-backed Spider (Latrodectus kasseltii). This species, whose bite may even prove
fatal, is easily recognized by the conspicuous red streak down the centre of the abdomen.

Scorpions of various kinds are widely distributed over the State and the larger ones may be able
to inflict a painful sting. There is one record of a baby dying at Pemberton from the effects of scorpion
venom but no other reports of serious after-effects are available and, generally speaking, the group i»
of little local importance.

THE EFFECT OF PESTICIDES ON BENEFICIAL FORMS OF LIFE

Nature lovers and conservationists in many parts of the world are concerned at the ever-increasing
use of pesticides and the detrimental effects that many of these chemicals may have upon a wide range
of wildlife. The indiscriminate use of pesticides can have serious effects upon many forms of wildlife
and also present a grave hazard to public health, Unfortunately, however, these dangers have often
been overstressed and many of the incidents recorded to support the banning of chemicals for pest destruc-
tion have either been based on false premises or taken out of context.
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The largest single pest-control programme ever undertaken in Western Australia involved the Argen-
tine Ant (see section Order Hymenoptera earlier in this Chapter). Thousands of gallons of Dieldrin have
been used to treat infestations in many parts of south-west Australia. The view has been widely ex-
pressed that the removal of the Argentine Ant from large sections of the Perth metropolitan area has
been responsible for a great increase in many household and garden pests, and particularly house flies.
There is no doubt that, like most ants, the Argentine Ant is a seavenger and that consequently it would
remove much material suitable for fly breeding and may devour some of the maggots themselves.

On the other hand, Dieldrin and Chlordane have been widely recommended for fly control and
could be expected to reduce fly activity immediately after spraying. This actually occurred in many
areas and although the house fly problem was quite intense during much of the main ant-spraying period,
no evidence has been produced to actually link this fact with the campaign against the Argentine Ant.

As far as other pests are concerned, there is some evidence to suggest that certain caterpillars, spring-
tails and perhaps cockroaches increased, possibly as a result of parasite destruction, but the picture was
somewhat obscured by the fact that outbreaks were not alwaysrestricted to sprayed areas.

The reduction in certain insectivorous birds, particularly Willy Wagtails, was also alleged following
the ant spraying but, although some deaths did occur where birds were noted to fly into the spray mist,
the general bird population was not seriously affected.

Where heavy spraying was carried out in swamp country some water birds were unfortunately killed,
and dead foxes, rats and snakes were also noted. Frogs suffered heavily, in both swamps and home gard-
ens. The Burrowing Frog or Whoop Frog (Helioporus eyrei), once common in metropolitan gardens,
diminished greatly in numbers, probably due to Argentine Ant spraying.

It was anticipated that some temporary upsets in the natural balance might follow large-scale spray-
ing of Dieldrin and Chlordane and indeed this matter was investigated during and after a preliminary
experimental treatment at South Perth. Although, in some cases, the immediate results were quite spec-
tacular there was nothing to suggest that such upsets would be permanent. In fact, conditions in most
areas have apparently returned to normal, perhaps with the exception of the frog population, although
the Whoop Frog can now be heard in most of its former haunts.

In order to minimize the chance of future trouble from the use of dangerous chemicals, all pesticides
must be registered under the Health Act. It is provided that very dangerous chemicals may be banned
entirely, while others may be limited in concentration and made available to skilled operators only. Res-
idue checks on foodstuffs and other sources of contamination are also undertaken.

FURTHER SOURCES OF INFORMATION

The difficulties confronting anyone trying to review in a few pages the entomological fauna of such
a large State as Western Australia will be better appreciated if it is remembered that in the Western
Australian Year- Book for 1898-99 the late A. M. Lea expressed the opinion that there were about 30,000
species of inseots indigenous to this State. Many additions have been made in the last sixty years and
one is faced with the problem of deciding which creatures warrant special mention and which must be
excluded for lack of space. The general reader interested in consulting other short reviews of the local
insect fauna is referred to A. M. Lea’s article in the 1898-99 Year Book under the title of *“ The Insects
of Western Australia ” ; in the Year Book for 1900-01 the late H. M. Giles wrote “ A Glimpse of Western
Australian Entomology.”

Two short summaries have also appeared in conjunction with science conferences in this State.
The Handbook and Review published for the 1926 meeting of the Australasian Association for the Advance-
ment of Science contained an article by L. J. Newman and the Handbook for the 1947 meeting of the
Australian and New Zealand Association for the Advancement of Science printed a short summary of the
local insects by L. Glauert.

Readers interested in more technical summaries are referred to Professor G. E. Nicholl’s * The
Composition and Biographical Relation of the Fauna of Western Australia” (4.N.Z.4.4.8., Vol. XXI,
1933, p. 93), the relevant volumes of Die Fauna Sudwest-Australiens by Michaelsen and Hartmeyer,
1907-1930, and the report of the Swedish expedition under Dr. E. Mjéberg.

More detailed information relating to the forms of economic importance will be found in the publica-
tions of the Western Australian Department of Agriculture.

Books covering the general aspects of Australian Entomology include :
BARRETT, C. and BURNS, A. N. (1951)— Butterflies of Australia and New Guinea. N. H. Seward Pty.
Ltd., Melbourne. 187 pp.
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COMMON, 1. F. B. (1963)—Australian Moths. Jacaranda Press, Brisbane, 128 pp.
COMMON, 1. F. B. (1964)—Ausiralian Butterflies. Jacaranda Press, Brisbane. 131 pp.

McKEOWN, K. C. (1945)—Australian Insects. An Introductory Handbook. Published by R.Z.S. of
N.S8.W., Sydney. 303 pp.

MAIN, Barbara York (1964)—S8piders of Australia. Jacaranda Press, Brisbane, 124 pp.
RIEK, Edgar (1963)—Insects of Australia. Jacaranda Press, Brisbane. 128 pp.

TILLYARD, R. J. (1926)—The Insects of Ausiralia and New Zealand. Anguns and Robertson Ltd.,
Sydney. 560 pp.

WATERHOUSE, G. A. (1932)—What Butterfly is That. A Guide to the Butterflies of Australia. Angus
and Robertson Ltd., Sydney. 291 pp.

WATSON, J. A. L. (1962)—The Dragonflies (Odonala) of South-Western Australia. Western Australian
Naturalists’ Club, Perth. 72 pp.



CHAPTER Il — continued 8

PART 6 - NATURAL REGIONS
Contributed by
Rex T. Prider, B.Sc., Ph.D., F.G.S., M.Aust.I. M. M.
(Professor of Qeology, University of Western Australia)

The physical features, geology, climate, flora and fauna of Western Australia have been outlined
earlier in this Chapter and the subdivision of the State into * natural regions * may now be considered.
A Natural Region is one clearly marked off from neighbouring regions by topographical, geological,
climatio, or biological conditions, or by combinations of these, so that, as far as Man’s activities are con-
cerned, they have different economic possibilities. The subdivision of Western Australia into Natural
Regions (see map below) has been described by E. de C. Clarke (Jour. Roy. Soc. Wesi. Aust., vol. X11, pp.
117-132) and a summary of the characteristics of these different Natural Regions (reprinted by courtesy
of the University of Western Australia Press from Clarke, Prider, and Teichert : Elements of Geology
Jor Weslern Australion Students) is given in the accompanying table.
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